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Excessive oxidative stress may be implicated in a variety of
diseases.1 By reducing oxidative stress, antioxidant supplements
may prevent diseases and prolong survival. This updated Coch-
rane Collaboration systematic review includes 78 randomized
clinical trials that have assessed antioxidant supplements for
prevention of all-cause mortality. The randomized adult partici-
pants came from the general population (primary prevention) or
were patients with stable, chronic diseases (secondary
prevention).2

Summary of Findings
Seventy-eight randomized clinical trials (296 707 participants;
mean age, 63 years; 46% women) fulfilled our review inclusion
criteria. Twenty-six of the trials assessed 215 900 healthy partici-
pants. The remaining 52 trials assessed 80 807 participants with
stable, chronic diseases (eg, coronary disease, diabetes mellitus,
Alzheimer disease, and age-related eye disease).2 All antioxidants
were administered orally, either alone or in combination with vita-
mins, minerals, or other interventions. The mean duration of
supplementation was 3 years. Fifty-six trials covering 82% of the
participants had a low risk of bias.

Overall, the antioxidant supplements were associated with
neither higher nor lower mortality in a random-effects model
meta-analysis (relative risk [RR], 1.02 [95% CI, 0.98-1.05]), but a
fixed-effect model meta-analysis showed statistically significant
higher mortality (RR, 1.03 [95% CI, 1.01-1.05]). Heterogeneity
between studies was low, with an I2 of 12%. The risk of bias
and the type of antioxidant supplement were the only significant
predictors of intertrial heterogeneity in a meta-regression analy-
sis. The meta-regression analysis did not find a significant differ-
ence in the association of antioxidants with mortality among
people without any chronic disease vs among those with chronic
disease.

In the 56 trials with a low risk of bias, the result obtained with
both fixed-effect model and random-effects model meta-
analyses showed that the antioxidant supplements were associ-
ated with higher mortality (18 833 deceased per 146 320 partici-
pants [12.9%] vs 10 320 deceased per 97 736 participants
[10.6%]; RR, 1.04 [95% CI, 1.01-1.07]) (Figure).2 Trial sequential
analysis, designed to control for sparse data and multiplicity in
cumulative meta-analysis,3 confirmed this association.2 In these
analyses, beta carotene (RR, 1.05 [95% CI, 1.01-1.09]) and vitamin
E (RR, 1.03 [95% CI, 1.00- 1.05]) were associated with signifi-

cantly higher mortality, whereas vitamin A (RR, 1.07 [95% CI,
0.97- 1.18]), vitamin C (RR, 1.02 [95% CI, 0.98- 1.07]), and sele-
nium (RR, 0.97 [95% CI, 0.91-1.03]) were not associated with
higher or lower mortality (Figure). However, in a univariate meta-
regression analysis, higher doses of vitamin A were associated
with higher all-cause mortality (RR, 1.0006 [95% CI, 1.0002-
1.001], P = .002).

Discussion
When trials with a low risk of bias were analyzed separately from
trials with a high risk of bias, the antioxidant supplements were
associated with statistically significantly higher all-cause mortal-
ity. The higher risk of all-cause mortality was observed for beta
carotene and vitamin E, and in some analyses for higher doses of
vitamin A. Vitamin C and selenium were associated with neither
higher nor lower all-cause mortality.

Limitations
First, the examined populations varied. The associations between
supplements and all-cause mortality were assessed in the general
population and in patients with stable, chronic diseases. How-
ever, associations of antioxidants with mortality in these 2 popu-
lations were not significantly different.2 Second, the trials were
mostly conducted in countries without overt deficiencies of spe-
cific antioxidants. Accordingly, we could not assess whether anti-
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CLINICAL QUESTION Are antioxidant supplements associated with higher or lower all-cause
mortality?

BOTTOM LINE Antioxidant supplements are not associated with lower all-cause mortality.
Beta carotene, vitamin E, and higher doses of vitamin A may be associated with higher
all-cause mortality.
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oxidant supplements were associated with all-cause mortality in
populations with specific nutritional needs.

Comparison of Findings with Current Guidelines
Our results are consistent with the 2010 Dietary Guidelines
for Americans and the National Institutes of Health–sponsored State-
of-the-Science conference conclusions that there is no evidence to
support the use of multivitamin or mineral supplements.4,5

Conclusion
Antioxidant supplements are not associated with lower all-cause
mortality. Beta carotene, vitamin E, and higher doses of vitamin A
may be associated with higher all-cause mortality. Therefore, our re-

view does not support the use of antioxidant supplements as a pri-
mary or a secondary preventive measure.

Areas in Need of Future Study
Future randomized placebo-controlled clinical trials should try to de-
fine levels of malnutrition in otherwise healthy people where anti-
oxidant supplements may offer more benefits than harms. Future
randomized placebo-controlled clinical trials should also examine if
antioxidant supplements may offer more benefits than harms in sec-
ondary prevention as well as in tertiary prevention for specific dis-
ease states with defined levels of malnutrition. Such trials need to
be conducted with low risks of systematic errors (bias) as well as with
low risks of random errors (play of chance).
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Figure. Associations of Antioxidant Supplements vs Placebo (Collectively and Individually) on All-Cause Mortality
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Relative risks are from a random-effects model.
aThese data are from a fixed-effects model.
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