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Abstract

The current analysis reexamines the relationship between supplemental vitamin E and all-cause

mortality. All randomized, controlled trials testing the treatment effect of vitamin E

supplementation in adults for at least one year were sought. MEDLINE, the Cochrane Library, and

Biological Abstracts databases were searched using the terms “vitamin E,” “alpha-tocopherol,”

“antioxidants,” “clinical trial,” and “controlled trial” for studies published through April 2010;

results were limited to English, German, or Spanish language articles. Studies were also obtained

through reference mining. All randomized controlled trials using vitamin E, with a

supplementation period of at least one year, to prevent or treat disease in adults were identified

and abstracted independently by two raters. Mortality data from trials with a supplementation

period of at least one year were pooled. The selected trials (n = 57) were published between 1988

and 2009. Sample sizes ranged from 28 to 39,876 (median = 423), yielding 246,371 subjects and

29,295 all-cause deaths. Duration of supplementation for the 57 trials ranged from one to 10.1

years (median = 2.6 years). A random effects meta-analysis produced an overall risk ratio of 1.00

(95% confidence interval: 0.98, 1.02); additional analyses suggest no relationship between dose

and risk of mortality. Based on the present meta-analysis, supplementation with vitamin E appears

to have no effect on all-cause mortality at doses up to 5,500 IU/d.
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Introduction

Many chronic diseases associated with aging, such as cancer, cardiovascular disease,

cataracts and dementia, have been linked to cellular damage from oxidative stress [1]. In
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theory, antioxidants should be able to treat or prevent conditions associated with oxidative

stress. Though some epidemiological studies [2–4] and clinical trials [5–8] of vitamin E

have shown positive results, these are in the minority. In 2008, the Data Safety Monitoring

Board of The Selenium and Vitamin E Cancer Prevention Trial (SELECT), a large prostate

cancer prevention trial, determined during a planned interim analysis that there was no

difference in the primary endpoint (prostate cancer) of the trial and recommended that

supplementation be stopped due to futility [9]. Though vitamin E supplementation for

prevention or treatment of disease has not been supported by the accumulated evidence, it is

generally considered safe [1].

When evidence from individual trials is inconclusive or contradictory, a meta-analysis can

enhance understanding of an issue by combining evidence from multiple trials. Yet, meta-

analyses may also be contradictory or inconclusive since any given meta-analysis on a topic

need not contain the same individual studies or employ the same statistical methodology as

any other on that same subject. A 2004 meta-analysis [10], for example, found that the risk

of all-cause mortality increased slightly but significantly for those subjects taking at least

400 IU/d vitamin E (risk difference (RD): 39/10,000 persons; 95% confidence interval (CI):

3 to 74 per 10,000 persons). The included trials were generally small and involved subjects

with chronic diseases, and studies reporting fewer than 10 deaths were excluded. A 2009

meta-analysis reanalyzed these same studies using a Bayesian rather than a frequentist

approach and found no increased risk of mortality associated with vitamin E at any dose

[11]. A 2007 meta-analysis that included additional trials, however, reported that when trials

using selenium in combination with vitamin E and trials deemed to have a high risk of bias

(due to inadequate descriptions of blinding, follow-up, allocation generation of the

allocation sequence, or allocation concealment) were excluded from the analysis, vitamin E

supplementation was associated with a 4% increased risk of all-cause mortality (95% CI:

1.01, 1.07) [12].

Estimates based on the 1999–2000 National Health and Nutrition Examination Survey

suggest that at least 20% of Americans age 60 and older take 400 IU or more vitamin E on a

daily basis [13]. The purpose of the current analysis is to re-examine the safety of

supplemental vitamin E, particularly for older people, in light of additional evidence

provided by several large trials.

Methods

Data Sources and Searches

All randomized, controlled trials testing the treatment effect of vitamin E supplementation

were sought for this analysis. MEDLINE, the Cochrane Library, and Biological

Abstracts/RRM databases were searched using the terms “vitamin E,” “alpha-tocopherol,”

“antioxidant,” “clinical trial,” and “controlled trial” for articles published through April

2010. Results were restricted to English, German, or Spanish language articles. Studies were

also obtained by reference mining. Unpublished original research was not sought.
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Study Selection

Inclusion criteria were (1) peer review (indicated by publication in a peer-reviewed journal),

(2) randomized treatment conditions, (3) comparator arms, (4) adult participants (excluding

pregnant women), (5) parallel or factorial designs, and (6) the assignment of participants to

supplemental vitamin E, taken orally, alone or in combination with other drugs and

supplements for at least one year (Figure 1). Studies were assessed for inclusion by two of

the authors (ELA and RJK); one reviewer (ELA) screened all articles identified by the

search, and one reviewer (RJK) assisted in making inclusion determinations. Zero event

trials were included since their exclusion could produce biased pooled effect estimates and

widened confidence intervals [14–16]. Twenty-five studies met the inclusion criteria but did

not have available or sufficiently detailed mortality data [17–37], two were not peer

reviewed [38, 39], and one did not report dose [40]. These 25 studies were therefore

excluded. Fifty-seven studies were identified that satisfied all the inclusion criteria and are

described in Tables 1 and 2 [5–9, 41–93].

Data Abstraction and Quality Assessment

Two of the authors (ELA and JLM) independently abstracted summary data from each of

the studies; disagreements were resolved by additional review of the publications. For each

study, the design, number of subjects randomized to each treatment, age, gender, health

status of the subjects, length of follow up, duration of supplementation, the dose and form of

vitamin E used in the trial, other medications, if any, used in the trial, and the number of

deaths in each treatment group were recorded. Compliance assessment methods and aspects

of study quality including randomization method, blinding method, and description of

follow-up were also recorded.

Data Synthesis and Analysis

Total deaths in the vitamin E (14,636 deaths out of 123,149 participants) and no vitamin E

(14,659 deaths out of 123,222 participants) groups were compared using risk ratios and 95%

confidence intervals, where the exposure was defined as vitamin E supplementation and the

outcome was all-cause mortality. A continuity correction factor, delta = 0.5, was added to

each cell in the analysis to allow for the calculation of risk estimates in studies where no

deaths occurred. Sensitivity analyses were conducted using 0.5, 0.25, 0.1, and the inverse of

the sample size in the opposite treatment arm as delta values [94]. The 57 studies were

combined using the intent-to-treat principle, with the exception of one trial that did not

include the intent-to-treat randomization scheme in the published data [51]. For studies

using a factorial design, risk ratios were calculated based on a vitamin E main effect, where

all subjects receiving vitamin E were compared to all subjects not receiving vitamin E.

Pooled risk ratios (RRs) were obtained using a random effects model with studies weighted

by the inverse of the sample variance of the log RR [95]. Stratified analyses were conducted

to investigate the effect of dose on mortality. An initial cut-point of 400 IU/d was chosen

based on the findings of Miller et al. (2004) [10], and a sensitivity analysis was conducted

with cut-points of 100 IU/d, 500 IU/d, and 800 IU/d.

Stratified analyses were also conducted to investigate the effects of the subjects’ baseline

mortality risk and study quality. Coding of mortality risk depended on the death rate in the
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control arm. If the control death rate was above the median for all studies (M = 4.8%), then

subjects were judged to have a greater than average baseline mortality risk. If the control

death rate was below the median, subjects were judged to have a lower than average

baseline mortality risk. Coding of study quality was done by two raters (ELA and JLM).

Three factors were considered: (1) adequate description of the randomization method (e.g.,

computer generated random numbers), (2) adequate description of the blinding method (e.g.,

placebos matching in appearance, taste, and smell), and (3) adequate description of reasons

for drop-outs and withdrawals. A determination of adequacy meant that the methods

described were sufficiently detailed and appropriate. Additional stratified analyses were

performed to assess the effect of age using cut points of age 55 and age 60, as well as

treatment type (vitamin E studied alone versus other combined with other treatments), and

type of vitamin E (synthetic versus natural source).

Statistical analyses were performed using NCSS (Number Cruncher Statistical System) and

SAS/STAT® 9.1.3 software [95,96].

Results

The pooled trials were published between 1988 and 2009. Sample sizes ranged from 28 to

39,876 (M = 423), yielding 246,371 subjects and 29,295 all-cause deaths (Appendices A and

B). Duration of supplementation for the 58 trials ranges from one to 10.1 years (M = 2.6

years).

It is worth noting that 86% of the subjects and 91% of the deaths are contributed by 10 very

large trials (N > 5,000): GISSI-Prevenzione [58], SELECT [9], The Women’s Antioxidant

Cardiovascular Study (WACS) [57], The Women’s Health Study (WHS) [8], The Heart

Outcomes Prevention Evaluation Study (HOPE) [67], The Alpha-tocopherol and Beta-

carotene Cancer Prevention Study (ATBC) [49], The Linxian Nutrition Intervention Trial

[45], The Supplementation with Vitamins, Minerals, and Antioxidants Study (SU.VI.MAX)

[46], The Medical Research Council/British Heart Foundation Heart Protection Study

(MRC/BHF HPS) [83], and The Physician’s Health Study II (PHS II) [69]. Duration of

supplementation in these trials ranges from 3.5 to over 10 years. Three of the trials

[45,46,49], however, use very low doses of vitamin E and are less likely to contribute much

information about potential harms of vitamin E if risk depends on dose. WHS and WACS

participants received supplements every other day instead of daily. These two trials, in

addition to HOPE, use natural source vitamin E, while the remaining trials use synthetic.

Vitamin E was given in combination with other supplements (including other antioxidants)

or medications in all but 11 of the trials. Of the remaining 46 trials, 10 trials used vitamin E

in combination with medications only; 10 used vitamin E in combination with other

antioxidants, medications or non-antioxidant supplements; and 26 used vitamin E only in

combination with other antioxidants (see Appendix A). The dose of vitamin E was

converted to international units per day (IU/d) relative to all rac-α-tocopheryl acetate [1].

Where different doses of vitamin E were assigned to parallel groups, the study dose was

taken to be the daily average of all administered doses (Table 2). WHS and WACS assigned

participants to 600 IU of vitamin E every other day [8,57]; these subjects were recorded as
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having been exposed to 300 IU of vitamin E per day, which may bias the results if there is a

true dose-response effect. Thirty-five (61%) studies are parallel group designs. All but 10

studies are double-blind and placebo controlled: of these, one is double-blind but does not

use a placebo control; one is single-blind and placebo-controlled; four are placebo

controlled, but blinding is not fully described; and five are open label studies. Compliance

assessment was not specified or not addressed in 12 studies (see Appendix A).

The effect of supplemental vitamin E on mortality varied from a low RR of 0.20 to a high

RR of 3.09 (M = 1.00). Results from 4 of 57 studies show significant treatment effects (two

protective and two harmful) associated with vitamin E supplementation and all-cause

mortality [45,65,70,87].

An inverse-variance weighted random effects meta-analysis of the 57 studies yields a pooled

RR of 1.00 (95% CI: 0.98, 1.02), which indicates no treatment effect associated with

supplemental vitamin E (Figure 2). Cochran’s Q test for heterogeneity of these 57 studies is

not significant (df = 56; p = 0.52), and Higgins’ I2 = 0, which indicates that only a very low

percentage of the variation across the studies is due to heterogeneity rather than chance [97].

Inspection of a radial plot suggested that four studies may be outliers [45,65,70,87].

Excluding these four trials does not change the conclusion of no treatment effect: RR = 1.00

(95% CI: 0.98, 1.02).

Stratified analyses were conducted to evaluate the influence of study quality, baseline

mortality risk, dose, age, form of vitamin E given (i.e., natural or synthetic), and treatment

type (Tables 1a and 1b). There is no significant treatment effect associated with vitamin E in

any of the strata. No significant treatment effects are associated with supplemental vitamin

E, though it is perhaps worth noting that the risk ratio estimate increases as the dose cut

point increases. To further explore the impact of study quality, a separate analysis was

conducted on the subset of 47 double-blind, placebo-controlled studies (total participants =

197,078). Again, there was no significant treatment effect associated with vitamin E

supplementation: RR = 1.01 (95% CI: 0.99, 1.03).

Discussion

This random-effects meta-analysis of vitamin E and all-cause mortality based on 57 studies,

which is the largest and most inclusive to date, shows that vitamin E supplementation is

associated with neither a reduction nor an increase in the risk of all-cause mortality. This

finding differs from two recently published meta-analyses of vitamin E and all-cause

mortality [10,12], both of which found small but significantly increased risks of mortality

for those taking supplemental vitamin E. One possible explanation for the different findings

is the number of included trials. Miller and colleagues (2004) [10] reported on only 19 trials

and appeared prior to the release of mortality data from several large, well-conducted trials

including WHS [8], WACS [57], PHS II [69], and SELECT [9]. Bjelakovic and colleagues

(2007) [12] reported on 51 trials but only found a significantly increased risk of mortality

when a subset of 26 studies was considered. Both analyses were completed prior to the

publication of WACS [57], PHS II [69], and SELECT [9] mortality data, which contribute

98,221 subjects and 5,495 deaths.
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If vitamin E does have an adverse effect on mortality, no biological mechanism has yet been

identified although vitamin E supplementation has been reported to increase blood pressure

[98]. Unfortunately, cause-specific analysis of mortality is not possible because cause of

death is not typically reported in the trials that were reviewed. Meta-analyses of vitamin E

and liver diseases [99], gastrointestinal cancers [100], and cardiovascular disease [101] have

found no relationship between vitamin E supplementation and overall mortality or cause-

specific deaths.

Miller and colleagues (2004) [10] posited a quadratic-linear spline model that assumes a

quadratic trend for doses below 400 IU and a linear trend for doses above 400 IU; they

found a small but significantly increased risk of mortality for doses above 400 IU. Using a

Bayesian analysis of the same data, Berry et al. (2009) [11] found no association between

dose and risk of mortality. Of note, Bjelakovic et al. [12] found no relationship between

vitamin E dose and risk of mortality in any of their analyses. No increased risk of mortality

was observed in the current study. This suggests that inclusion of more trials may attenuate

the result observed in the Miller et al. paper. (2004) [10].

In 2005, following a series of neutral effect vitamin E trials including HOPE [67], GISSI

[58], ATBC [49], and MRC/BHF HPS [83], Brown and Crowley posed the question, “Is

there any hope for vitamin E?” [102]. The recent negative findings, both in terms of

treatment effects and mortality, of the large vitamin E trials WHS [8], WACS [57], PHS II

[69], and SELECT [9] appear to answer that question. These four trials have effectively

established that vitamin E holds no promise as a cancer or cardiovascular disease

prophylactic or therapy, so it is unlikely that future large trials will be conducted. Thus, it is

also unlikely that the publication of future trials will change the results of this meta-analysis.

Limitations

Meta-analysis can provide increased statistical power to detect small effect sizes. It is also

fraught with potential sources of bias. Selection bias is typically foremost among these.

Even if one could be confident that all published articles have been retrieved, there are many

more unpublished articles that often cannot be accessed. It is possible that the inclusion of

these inaccessible data in the meta-analysis would change the results. Moreover, bias present

in the individual studies due to study design may influence the results and conclusions of the

meta-analysis.

Additionally, combining data from different populations may not be appropriate. In the

current analysis, the gender and average age of participants are fairly consistent across

studies (Appendix A). Both chronological and biological age have been shown to

independently predict survival [103], and it is possible that if there was an interaction

between age and supplementation, aggregate measures of chronological age only would not

be sufficient to produce the result. Also, the characteristics and health conditions of patients

vary (Appendix A), and the studies differ by time on treatment, length of follow-up period,

dose, and other important factors. While Cochran’s Q and Higgins’ I2 do not indicate

significant heterogeneity, some unobserved heterogeneity may be present. However, the data

strongly indicate that given the differences among trials in study populations, treatments
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given, doses used, and length of supplement duration, there is very little heterogeneity in the

observed mortality between those who receive supplemental vitamin E and those who do

not.

The inability to assess the adherence of study patients is another significant limitation.

Results from an intent-to-treat analysis are conservative effect estimates because it assumes

that all patients adhered to their assigned conditions, and that all patients completed the trial,

which is very rarely true. Published compliance data from the CHAOS trial, for example,

indicates that of the 38 deaths due to ischemic heart disease in the vitamin E group, only 6

were known to be compliant, 21 were known to be non-compliant, and 11 had unknown

compliance [104]. Although many of the studies reported that adherence was assessed, often

through biomarkers, the exact numbers of compliant versus non-compliant subjects is rarely

given. Therefore, this and prior analyses of mortality due to vitamin E supplementation

could yield different results if compliance data (drop-in and drop-out rates) were more

detailed and entered as factors in the meta-analyses.

Perhaps more importantly, although several large studies have followed supplemented

patients for up to 10 years, most follow patients for much shorter periods of time. The

median for the 57 studies included here is 2.6 years. If it is the case that vitamin E

supplementation effects mortality but only after very long periods of time, then many of the

included studies would likely not demonstrate that effect due to insufficient length of

follow-up.

A final limitation of meta-analysis is that the treatment of interest may not be studied in

isolation. The studies in this meta-analysis comprised multiple interventions, including

vitamin E studied alone, in combination with other antioxidants, in combination with other

medications, and in combination with both additional antioxidants and medications. While

the biological mechanisms in combined therapies could result in additional risk or risk

reduction, stratified analysis based on these treatment combinations did not reveal any

significant differences.

Conclusion

For the populations reviewed here, supplementation with vitamin E appears neither

beneficial nor harmful in terms of mortality. Based on the information available,

supplementation with vitamin E as alpha-tocopherol cannot be endorsed as a means of

reducing mortality for the specified populations. In the absence of evidence to the contrary,

vitamin E supplementation should not be recommended as a means of improving longevity.
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Fig. 1.
Flow diagram for identification of selected trials
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Fig. 2.
Forest plot of risk ratio. Horizontal lines represent 95% confidence intervals. Symbols

proportional to sample size.
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Table 1b

Stratified analysis of study treatment.

Study Treatment Studies (n) Participants (n) RR (95% CI)

Vitamin E alone 11 3,636 0.95 (0.73, 1.25)

Vitamin E plus antioxidants 26 145,170 0.99 (0.95, 1.03)

Vitamin E plus medications 10 68,231 1.02 (0.97, 1.07)

Vitamin E plus antioxidants and medications 10 29,334 1.01 (0.92, 1.09)
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