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Summary

Background It has been suggested that increased intake of
various antioxidant vitamins reduces the incidence rates of
vascular disease, cancer, and other adverse outcomes.

Methods 20 536 UK adults (aged 40–80) with coronary
disease, other occlusive arterial disease, or diabetes were
randomly allocated to receive antioxidant vitamin
supplementation (600 mg vitamin E, 250 mg vitamin C, and
20 mg �-carotene daily) or matching placebo. Intention-to-treat
comparisons of outcome were conducted between all vitamin-
allocated and all placebo-allocated participants. An average of
83% of participants in each treatment group remained
compliant during the scheduled 5-year treatment period.
Allocation to this vitamin regimen approximately doubled the
plasma concentration of �-tocopherol, increased that of
vitamin C by one-third, and quadrupled that of �-carotene.
Primary outcomes were major coronary events (for overall
analyses) and fatal or non-fatal vascular events (for
subcategory analyses), with subsidiary assessments of cancer
and of other major morbidity.

Findings There were no significant differences in all-cause
mortality (1446 [14·1%] vitamin-allocated vs 1389 [13·5%]
placebo-allocated), or in deaths due to vascular (878 [8·6%] vs
840 [8·2%]) or non-vascular (568 [5·5%] vs 549 [5·3%])
causes. Nor were there any significant differences in the
numbers of participants having non-fatal myocardial infarction
or coronary death (1063 [10·4%] vs 1047 [10·2%]), non-fatal
or fatal stroke (511 [5·0%] vs 518 [5·0%]), or coronary or non-
coronary revascularisation (1058 [10·3%] vs 1086 [10·6%]).
For the first occurrence of any of these “major vascular
events”, there were no material differences either overall
(2306 [22·5%] vs 2312 [22·5%]; event rate ratio 1·00 [95% CI
0·94–1·06]) or in any of the various subcategories considered.
There were no significant effects on cancer incidence or on
hospitalisation for any other non-vascular cause.

Interpretation Among the high-risk individuals that were
studied, these antioxidant vitamins appeared to be safe. But,
although this regimen increased blood vitamin concentrations
substantially, it did not produce any significant reductions in
the 5-year mortality from, or incidence of, any type of vascular
disease, cancer, or other major outcome.
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Introduction
LDL-cholesterol may be rendered more atherogenic by
oxidative modification that allows it to accumulate in the
artery walls, and antioxidants have been shown to slow
the progression of atherosclerosis in animal studies.1–4

Vitamin E is a major antioxidant in LDL particles, and
supplementation with vitamin E substantially prolongs
the in-vitro resistance of LDL particles to oxidative
damage, and has other potentially protective effects.3–8

�-carotene, which can also function as a fat-soluble
antioxidant in certain physiological circumstances, is
carried with vitamin E in the fatty core of LDL particles.3,4

Vitamin C is a major water-soluble antioxidant in the
plasma, and it can help to regenerate oxidised vitamin
E.4,9–11 In several non-randomised observational studies in
different populations, dietary intake or plasma
concentrations of these antioxidant vitamins were
inversely associated with vascular disease incidence and
mortality,12–17 and blood concentrations of autoantibodies
to oxidised LDL and the degree of LDL susceptibility to
oxidative damage have been associated with
atherosclerosis.18,19 Dietary intake of antioxidant vitamins
has also been reported in observational studies to be
inversely associated with the incidence of various types of
cancer.16,17,20–23 But, without large-scale randomised
evidence, the possibility that these associations merely
reflect the effects of other aspects of the diet or lifestyle on
disease rates cannot be ruled out.20,24

Promising results on the progression of
atherosclerosis25,26 and on the incidence of vascular
disease27,28 have been reported from some small
randomised trials of a few years of vitamin E in people
with pre-existing vascular disease. But, the available
results from much larger randomised trials of several
years of vitamin E have been unpromising.29–34 Similarly,
the results thus far available from large long-term
randomised trials of �-carotene and of vitamin C have not
provided good evidence of benefit.29,30,34–37 Indeed, the
results of some trials have even suggested that these
vitamins have adverse effects (in particular on the
incidence of haemorrhagic stroke and particular
cancers30,35), although this observation has not been
confirmed by other trials.

The Heart Protection Study provides further evidence
about the effects of these three antioxidant vitamins on
vascular and non-vascular mortality and major morbidity
by assessing 5 years of their supplementation in a large
number of high-risk individuals.

Patients and methods
Details of the study objectives, design, and methods are
reported elsewhere38,39 (including the protocol on the study
website: www.hpsinfo.org) and are summarised below. As
well as comparing antioxidant vitamins versus matching
placebo in 20 536 randomised participants (which is the
subject of the present report), a “2�2 factorial” design
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was used to allow the separate assessment of cholesterol-
lowering therapy (see accompanying report39).

Eligibility and recruitment
Medical collaborators from 69 UK hospitals appointed
senior nurses to run special clinics for the study (see
Acknowledgments section in accompanying report39), and
obtained local ethics committee approval. Men and
women aged about 40 years to 80 years with non-fasting
blood total cholesterol concentrations of at least 
3·5 mmol/L were eligible provided they were considered
to be at substantial 5-year risk of death from coronary
heart disease because of a past medical history of coronary
heart disease, of other occlusive arterial disease, of
diabetes mellitus, or of treated hypertension alone.38,39

People were ineligible if they had other life-threatening
conditions, such as chronic liver disease, severe renal
disease, severe heart failure, severe chronic airways
disease, or diagnosed cancer (other than non-melanoma
skin cancer). In addition, anyone already taking high-dose
vitamin E supplements, or in whom such supplements
were considered indicated, was not to be randomised.
Those individuals who appeared eligible for the study
were given detailed information about it, and asked for
their written agreement to participate. Potentially eligible
people entered a prerandomisation “run-in” phase, which
involved about 2 months of active vitamins. Compliant
individuals who did not have a major vascular event or
other serious problem during the run-in, and agreed to
participate in the study for several years, were then
randomly allocated to receive the antioxidant vitamins
(600 mg synthetic vitamin E, 250 mg vitamin C, and
20 mg �-carotene daily) or matching placebo capsules in
specially prepared calendar packs. The central telephone
randomisation system used a minimisation algorithm40 to
balance the treatment groups with respect to eligibility
criteria and other major prognostic factors.

Follow-up
Following randomisation between July, 1994, and May,
1997, participants were to be seen in the study clinics for
routine follow-up checks at 4, 8, and 12 months, and then
6-monthly until the final follow-up visits between May,
and October, 2001. Those who became unable or
unwilling to attend the clinics were to be contacted by
telephone at the time of their scheduled follow-up (or,
alternatively, follow-up was to be maintained via their
general practitioner), and could continue to be supplied
with their allocated study vitamins or matching placebo
capsules by mail. Compliance with study treatment was
assessed at each follow-up by reviewing the calendar-
packed capsules remaining and, for those who had
stopped, the reasons for doing so were sought. To assess
the effects of the treatment allocation on blood
concentrations of the vitamins being studied, assays were
performed in non-fasting samples collected from about
5% of participants at the initial screening visit and at an
average of about 3 years of follow-up (ie, the approximate
mid-point of the study). Blood lipids were assessed in a
selected sample of about 5% of participants due for
follow-up at about the same time each year, and in all
participants attending follow-up between August, 2000,
and February, 2001. Differences in blood vitamin and
lipid concentrations were based on comparisons between
all those allocated the study vitamins and all those
allocated placebo, irrespective of whether or not they were
still compliant (with any missing data imputed from the
screening values, assuming non-compliance).

Information was recorded at each follow-up of any

suspected myocardial infarction, stroke, vascular
procedure, cancer, or other serious adverse experience,
and of the main reasons for all other hospital admissions
(including day cases). Further details were sought from
the participant’s general practitioner (plus, if considered
necessary, from any relevant hospital records) about all
reports that might relate to major vascular events, cancers,
or deaths, and from the UK national registries about the
sites of any registered cancers and the certified causes of
any deaths. All such information was reviewed by
coordinating centre clinical staff who were kept unaware
of the study treatment allocation, and events were coded
according to prespecified criteria.39

Statistical analysis
The data analysis plan was prespecified either in the
original protocol38 or in amendments (see study website)
made before any analyses of the effects of treatment on
clinical outcomes were available to the Steering
Committee. All comparisons involved logrank analyses of
the first occurrence of particular events during the
scheduled treatment period after randomisation among all
those allocated the vitamins versus all those allocated
matching placebo capsules (ie, they were “intention-to-
treat” analyses).41 The logrank analysis yielded the average
event or death rate ratio (with the proportional reduction
in this ratio expressed as a percentage), and the test of
statistical significance (two-sided p value). The primary
comparisons were of the effects of allocation to the
vitamins on “major coronary events” (defined as non-fatal
myocardial infarction or death from coronary disease) and
on fatal coronary heart disease. Secondary comparisons
were of the effects: (i) on major coronary events, and on
“major vascular events” (defined as major coronary
events, strokes of any type, and coronary or non-coronary
revascularisations), during the first 2 years and during the
later years of scheduled treatment; and (ii) on non-fatal or
fatal strokes of any type. Other secondary comparisons
included the effects on major coronary events, and on
major vascular events, in various subcategories of
participants determined at study entry. Tests for
heterogeneity or, if more appropriate, trend were to be
used to assess whether the proportional effects observed in
specific subcategories differed clearly from the overall
effects (after due allowance for multiple comparisons). In
addition, several tertiary outcomes were prespecified
(including site-specific cancer, cerebral haemorrhage,
vascular procedures, and hospitalisation for various
causes), again with due allowance in interpretation to be
made for the exploratory and, perhaps, data-dependent
nature of these, and the many other, analyses that might
be performed.41

Based on previous studies in similar populations, it was
estimated that there would be about 3000 major coronary
events and 5000 major vascular events among 20 000
such high-risk patients followed for an average of 5 years.38

If so, and if the antioxidant vitamins reduced these event
rates by at least 10%, then the study had an excellent
chance of demonstrating such effects at convincing levels
of statistical significance. There were also expected to be
more than 1000 deaths from causes other than coronary
disease and more than 1000 new cancers during the
scheduled follow-up. Such numbers would allow
reasonably reliable assessment of the 5-year effects of the
vitamin supplementation not just on all-cause mortality
but also on the main non-coronary causes of death and on
the main types of cancer. Interim analyses of mortality
and of other major events were reviewed at least annually
by the independent Data Monitoring Committee, but the
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investigators remained unaware of the results until
completion of the scheduled treatment period.

Role of the funding source
The study was designed, conducted, analysed, and
interpreted by the investigators entirely independently of
all funding sources.

Results
Patient enrolment
A total of 20 536 individuals (15 454 men and 5082
women) were randomised (figure 1), with 5806 aged at
least 70 years at study entry.39 Previous myocardial
infarction was reported by 8510 (41% of those
randomised), some other history of coronary disease by
4876 (24%), and no history of coronary disease by 7150
(35%). Among the 7150 participants without diagnosed
coronary disease, 1820 had cerebrovascular disease, 
2701 had peripheral arterial disease, and 3982 had
diabetes mellitus (with some having more than one of
these three conditions), whereas among the 13 386 with
coronary disease, 1460, 4047, and 1981, respectively, had
these conditions (again, with some “non-additivity” of
these groups). Although treated hypertension was
recorded in 8457 (41%) participants, only 237 (1%) were
included on the basis of hypertension alone. The large size
of the study (and the use of minimisation) produced good
balance between the treatment groups (see subcategory
figures below).

Compliance and effects on blood assays
The mean duration of follow-up was 5 years for all
randomised patients: 5·3 years for those who survived to
the scheduled end of study treatment and about half that
for those who did not (yielding 50 837 person-years

among all those allocated the study vitamins and 50 948
among all those allocated matching placebo). Compliance
at each follow-up was defined as at least 80% of the
scheduled vitamin or placebo capsules having been taken
since the previous follow-up. Similar percentages of
participants remained compliant in each treatment group,
with the average during the study being 83% (table 1).
Compared with placebo, allocation to the study vitamins
approximately doubled the average plasma concentration
of �-tocopherol, increased that of vitamin C by about one-
third, and quadrupled that of �-carotene (table 2). There
were also small, but highly significant, increases in the
measured values of plasma total cholesterol, LDL
cholesterol, and triglycerides among those allocated the
study vitamins (table 2).

Effects on mortality
During the scheduled treatment period, allocation to the
study vitamins was associated with a non-significant
excess in all-cause mortality (1446 [14·1%] vitamin vs
1389 [13·5%] placebo deaths; death rate ratio [RR] 1·04;
95% CI 0·97–1·12: figure 2). This excess  involved slight,
and non-significant, adverse trends in the mortality
attributed to coronary heart disease (664 [6·5%] vs 630
[6·1%]; RR 1·06; 95% CI 0·95–1·18), other vascular
causes (214 [2·1%] vs 210 [2·0%]; RR 1·02; 95% CI
0·84–1·24), and non-vascular causes (568 [5·5%] vs 549
[5·3%]; RR 1·04; 95% CI 0·92–1·17). No significant
differences were observed between the treatment groups
in any of the prespecified categories of non-vascular
mortality.

Effects on major vascular events
The non-significant excess of vascular mortality was not
supported by any excess of non-fatal vascular events, so it
may well have been largely or wholly due to chance.
Taking non-fatal and fatal events together, no significant
differences were observed between the treatment groups
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Follow-up (years) Vitamin-allocated Placebo-allocated

1 9003/10 113 (89%) 8971/10 082 (89%)
2 8369/9859 (85%) 8419/9876 (85%)
3 7918/9585 (83%) 7978/9642 (83%)
4 7427/9296 (80%) 7436/9333 (80%)
5 5640/7278 (77%) 5632/7317 (77%)

Study average (SE) 83% (0·1) 83% (0·1)

For missing follow-up, non-compliance is assumed.

Table 1: Compliance with study vitamins (�80% taken) during
follow-up

Mean (SE) plasma concentrations*

Vitamin- Placebo- Difference 
allocated allocated (vitamin–placebo)

Vitamins (�mol/L)
�-tocopherol 49·5 (0·6) 27·0 (0·2) 22·5 (0·6)
Ascorbic acid 58·9 (1·0) 43·2 (1·0) 15·7 (1·4)
�-carotene 1·22 (0·03) 0·32 (0·01) 0·89 (0·03)

Lipids and lipoproteins
Total cholesterol 4·89 (0·017) 4·74 (0·017) 0·15 (0·024)
LDL cholesterol 2·82 (0·014) 2·74 (0·014) 0·08 (0·019)
HDL cholesterol 1·10 (0·005) 1·13 (0·005) –0·03 (0·007)
Triglycerides 2·13 (0·020) 1·92 (0·018) 0·21 (0·027)
Apolipoprotein A1 1·083 (0·004) 1·063 (0·005) 0·021 (0·007)
Apolipoprotein B 1·022 (0·007) 0·970 (0·007) 0·051 (0·010)

*Intention-to-treat comparisons, with missing data inputed from initial
pretreatment screening values; mmol/L for total, LDL, HDL, and triglycerides,
and g/L for apolipoproteins.

Table 2: Average plasma concentrations of vitamins and lipids
during follow-up

20 536 randomised

32 145 started 
prerandomisation
“run-in”

11 609 not eligible
or withdrew

63 603 attended
screening

31 458 not eligible
or refused

Lost to follow-up for:
  mortality    4 (0·04%)
  morbidity 35 (0·34%)

Lost to follow-up for:
  mortality    3 (0·03%)
  morbidity 25 (0·24%)

10 228 (99·6%) with 
complete follow-up 
for average 
of 5 years

10 241 (99·7%) with 
complete follow-up
for average 
of 5 years

10 267 allocated 
matching placebo

10 269 allocated
 vitamins daily

Figure 1: Trial profile
Numbers lost to follow-up relate to those without information to the end
of the scheduled treatment period for mortality (as well as morbidity) and
for morbidity alone.
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Cause of death Vitamin- Placebo- Death rate ratio (95% CI)
allocated allocated
(10 269) (10 267)

Vascular causes

Coronary   664 (6·5%)   630 (6·1%)

Other vascular   214 (2·1%)   210 (2·0%)

Subtotal: any vascular   878 (8·6%)   840 (8·2%) 1·05 (0·95–1·15)
p=0·3

Non-vascular causes

Neoplastic   359 (3·5%)   345 (3·4%)

Respiratory   103 (1·0%)   101 (1·0%)

Other medical    90 (0·9%)    82 (0·8%)

Non-medical    16 (0·2%)    21 (0·2%)

Subtotal: any non-vascular   568 (5·5%)   549 (5·3%) 1·04 (0·92–1·17)
p=0·5

ANY DEATH  1446 (14·1%) 1389 (13·5%) 1·04 (0·97–1·12)
p=0·3

1·00·4 0·6 0·8 1·2 1·4

Vitamins better Placebo better
Figure 2: Effects of vitamin allocation on cause-specific mortality
Rate ratios (RRs) are plotted (black squares with area proportional to the amount of statistical information in each subdivision) comparing outcome among
participants allocated vitamins to that among those allocated placebo, along with their 95% CIs (horizontal lines; ending with arrowhead when CI extends
beyond scale). For particular subtotals and totals, the result and its 95% CI are represented by a diamond, with the RR (95% CI) and its statistical
significance given alongside. Squares or diamonds to the left of the solid vertical line indicate benefit, and to the right of the line indicate harm, with the
vitamins (but this would be conventionally significant [p<0·05] only if the horizontal line or diamond did not overlap the solid vertical line).

Type of major Vitamin- Placebo- Event rate ratio (95% CI)
vascular event allocated allocated

(10 269) (10 267)

Coronary events
Non-fatal MI   464 (4·5%)   467 (4·5%)
Coronary death   664 (6·5%)   630 (6·1%)

Subtotal: major coronary event  1063 (10·4%) 1047 (10·2%) 1·02 (0·94–1·11)
p=0·7

Strokes
Non-fatal stroke   430 (4·2%)   435 (4·2%)
Fatal stroke   108 (1·1%)   107 (1·0%)

Subtotal: any stroke   511 (5·0%)   518 (5·0%) 0·99 (0·87–1·12)
p=0·8

Revascularisations
Coronary   623 (6·1%)   615 (6·0%)
Non-coronary   472 (4·6%)   510 (5·0%)

Subtotal: any revascularisation  1058 (10·3%) 1086 (10·6%) 0·98 (0·90–1·06)
p=0·6

ANY MAJOR VASCULAR EVENT  2306 (22·5%) 2312 (22·5%) 1·00 (0·94–1·06)
p>0·9

1·00·4 0·6 0·8 1·2 1·4
Vitamins better Placebo better

Figure 3: Effects of vitamin allocation on first major coronary event, stroke, and revascularisation (defined prospectively as “major
vascular events”)
Symbols and conventions as in figure 2. Analyses are of the numbers of participants with a first event of each type during follow-up (with non-fatal and fatal
events also considered separately), so there is some non-additivity between different types of event. MI=myocardial infarction.
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in the numbers of participants who had non-fatal
myocardial infarction or coronary death (1063 [10·4%]
vitamin-allocated vs 1047 [10·2%] placebo-allocated; RR
1·02; 95% CI 0·93–1·11), or had any coronary or non-
coronary revascularisation procedure (1058 [10·3%] vs
1086 [10·6%]; RR 0·98; 95% CI 0·90–1·06: figure 3).
Nor were there significant differences in the numbers who
had a non-fatal or fatal stroke (511 [5·0%] vs 518 [5·0%];
RR 0·99; 95% CI 0·87–1·12: figure 3), or strokes of any
particular type or severity (figure 4). In particular, there
was no significant effect of the study vitamins on the
numbers having a haemorrhagic stroke (51 [0·5%] vs 53
[0·5%]).

A more stringent test of whether there was any net effect
of the study vitamins on vascular disease is provided by
analyses of all major coronary events, strokes, and

revascularisations considered together. Allocation to the
study vitamins did not significantly affect the numbers of
participants who had any of these “major vascular events”
(2306 [22·5%] vitamin vs 2312 [22·5%] placebo; RR 1·00;
95% CI 0·94–1·06: figure 3). The large numbers of events
on which this comparison is based allows reliable
assessment of the effects of the study vitamins in different
circumstances. No significant difference was observed
between the treatment groups in the numbers of
participants who had a first major vascular event either
during the first 2 years of scheduled treatment or, after
more prolonged treatment, during subsequent years
(figures 5 and 6). Nor were significant differences found in
any of the various prior disease categories included, or in
any other subcategory of participants examined (figures 7
and 8).
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Type and severity Vitamin- Placebo- Event rate ratio (95% CI)
of stroke allocated allocated

(10 269) (10 267)

Type
Ischaemic   345 (3·4%)   354 (3·4%)
Haemorrhagic    51 (0·5%)    53 (0·5%)
Not classified   122 (1·2%)   115 (1·1%)

Severity
Fatal   108 (1·1%)   107 (1·0%)
Severe    50 (0·5%)    43 (0·4%)
Moderate   127 (1·2%)   135 (1·3%)
Mild   158 (1·5%)   169 (1·6%)
Not classified    68 (0·7%)    64 (0·6%)

ANY STROKE   511 (5·0%)   518 (5·0%) 0·99 (0·87–1·12)
p=0·8

1·00·4 0·6 0·8 1·2 1·4
Vitamins better Placebo better

Figure 4: Effects of vitamin allocation on first stroke 
Symbols and conventions as in figure 2. For stroke type, analyses are of the numbers of participants having a first ischaemic or a first haemorrhagic stroke
(with 11 having both stroke types), whereas those reporting only strokes that could not be classified are given in the final row. (Haemorrhagic stroke
includes subarachnoid haemorrhage: 13 vitamin-allocated versus 7 placebo-allocated.) For stroke severity, black squares relate to the most severe stroke
that could be classified (so these categories are mutually exclusive). Open squares are used to indicate rate ratios for participants who had only strokes of
unknown type or severity.

Event rate ratio (95% CI)

1   494/10 269 (4·8%)   514/10 267 (5·0%)

2   466/ 9735 (4·8%)   449/ 9693 (4·6%)

3   456/ 9173 (5·0%)   412/ 9170 (4·5%)

4   379/ 8611 (4·4%)   388/ 8670 (4·5%)

5+   511/ 8111 (6·3%)   549/ 8144 (6·7%)

ALL FOLLOW-UP  2306/10 269 (22·5%)  2312/10 267 (22·5%) 1·00 (0·94–1·06)
p>0·9

1·00·4 0·6 0·8 1·2 1·4

Year of 
follow-up

Vitamin-
allocated

Placebo-
allocated

Vitamins better Placebo better

Figure 5: Effects of vitamin allocation on first major vascular event during follow-up
Symbols and conventions as in figure 2. Analyses are of numbers of participants having a first event during each year of follow-up and of those still at risk
of a first event at the start of each year.
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Effects on cancers
New primary cancers (excluding non-melanoma skin
cancer) were diagnosed in 800 (7·8%) of the participants
allocated vitamins compared with 817 (8·0%) of those
allocated placebo (RR 0·98; 95% CI 0·89–1·08: figure 9),
and were associated with death in 359 (3·5%) versus 345
(3·4%) participants (RR 1·04; 95% CI 0·90–1·21:
figure 2). These differences were not significant, and nor
were there significant differences between the treatment
groups in the incidence of cancers in any particular body
system (figure 9), or in non-melanoma skin cancer (only
one of which was fatal). When cancer sites were more
finely divided to investigate hypotheses raised in previous
studies, there were still no clearly significant differences
between the treatment groups (for example, lung: 160
[1·6%] vitamin vs 141 [1·4%] placebo: p=0·3; stomach:
66 [0·6%] vs 50 [0·5%]: p=0·1; prostate: 138 [1·8%] vs
152 [2·0%] men: p=0·4). 

Effects on other outcomes
Neuropsychiatric disorders—It had been suggested that
antioxidant vitamins (in particular, vitamin E) might
slow cognitive decline,42 so the modified Telephone
Interview for Cognitive Status (TICS-m) questionnaire43
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Figure 6: Life-table plot of effects of vitamin allocation on
percentages having major vascular events
See figure 5 for numbers of participants having a first event during each
year of follow-up.

Event rate ratio (95% CI)

Prior MI or other CHD

  352/  979 (36·0%)   354/ 1002+ Diabetes mellitus                                                         (35·3%)

+ Cerebrovascular                                                                 266/  746 (35·7%)   244/  714 (34·2%)

  606/ 2035 (29·8%)   643/ 2012+ Peripheral vascular                                                           (32·0%)

+ None of above                                                                   744/ 3698 (20·1%)   713/ 3716 (19·2%)

Subtotal: any CHD                 1656/ 6691 (24·7%)  1644/ 6695 (24·6%)

No prior CHD

  311/ 2002 (15·5%)   332/ 1980+ Diabetes mellitus                                                             (16·8%)

+ Cerebrovascular                                                                 190/  899 (21·1%)   194/  921 (21·1%)

  376/ 1335 (28·2%)   371/ 1366+ Peripheral vascular                                                           (27·2%)

Subtotal: no CHD   650/ 3578 (18·2%)   668/ 3572 (18·7%)

CHD or no prior CHD

  663/ 2981 (22·2%)   686/ 2982+ Diabetes mellitus                                                             (23·0%)

+ Cerebrovascular                                                                 456/ 1645 (27·7%)   438/ 1635 (26·8%)

  982/ 3370 (29·1%)  1014/ 3378+ Peripheral vascular                                                           (30·0%)

+ None of above                                                                   756/ 3819 (19·8%)   727/ 3833 (19·0%)

ALL PATIENTS            2306/10 269 (22·5%)  2312/10 267 (22·5%)

1·00·4 0·6 0·8 1·2
Vitamins better Placebo better

1·4Heterogeneity �2 for “Any CHD” vs “No CHD”=0·1

Prior disease
category

Vitamin-
allocated

Placebo-
allocated

1·00 (0·94–1·06)
p>0·9

0·97 (0·87–1·08)
p=0·6

1·01 (0·95–1·08)
p=0·7

Figure 7: Effects of vitamin allocation on first major vascular event in different prior disease categories
Symbols and conventions as in figure 2. There is no overlap between participants in “Any CHD” and “No CHD” baseline disease categories, but within
each of these categories there is some overlap (and, hence, some non-additivity). �2 test on one degree of freedom is given for heterogeneity between rate
ratios in participants with any prior coronary heart disease (CHD) versus those with no prior CHD.
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was administered to participants during their final
follow-up. A TICS-m score below 22 out of 39 was
prespecified to be indicative of some cognitive
impairment, and (as described in the accompanying
paper39) this well validated test appeared to have good
discriminatory ability. However, no significant difference
was observed between the treatment groups in the
percentages of participants classified as cognitively
impaired (23·4% vitamin-allocated vs 24·4% placebo-
allocated) or in mean TICS-m score (24·11 vs 24·02;
difference 0·09 [SE 0·07]). Similar numbers of
participants in each treatment group were reported to
have developed dementia during follow-up (31 [0·3%] vs
31 [0·3%]) or to have some other psychiatric disorder
(62 [0·6%] vs 65 [0·6%]).

Respiratory disease—In non-randomised observational
studies, higher intake of antioxidant vitamins has been
associated with lower rates of asthma and chronic

obstructive pulmonary disease,44–46 so respiratory function
was assessed by spirometry in all those attending the final
follow-up visit. No significant differences were observed
between the treatment groups in forced expiratory volume
during one second (FEV1: 2·06 L vitamin-allocated vs
2·06 L placebo-allocated; difference 0·00 L [SE 0·01]) or
in forced vital capacity (FVC: 2·83 L vs 2·82 L; difference
0·01 L [SE 0·01]). Nor were significant differences
observed in the numbers of participants hospitalised for
chronic obstructive pulmonary disease or asthma (149
[1·5%] vs 133 [1·3%]) or for any other non-neoplastic
respiratory cause (641 [6·2%] vs 642 [6·3%]).

Fractures—Higher dietary intake and blood concentrations
of vitamin C have been associated in observational studies
with greater bone density and lower prevalence of
fractures.47 Tertiary comparisons were, therefore,
prespecified of the effects of the allocated vitamins on
fractures (excluding the few related to road-traffic
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 1155/ 4255 (27·1%)  1094/ 4255 (25·7%)     2·66
  501/ 2436 (20·6%)   550/ 2440 (22·5%)
  650/ 3578 (18·2%)   668/ 3572 (18·7%)

 1904/ 7727 (24·6%)  1897/ 7727 (24·6%)     0·22
  402/ 2542 (15·8%)   415/ 2540 (16·3%)

  945/ 4919 (19·2%)   977/ 4920 (19·9%)     0·07
  617/ 2473 (24·9%)   560/ 2418 (23·2%)
  744/ 2877 (25·9%)   775/ 2929 (26·5%)

  678/ 3457 (19·6%)   676/ 3336 (20·3%)     0·01
  572/ 2488 (23·0%)   558/ 2575 (21·7%)

 1056/ 4324 (24·4%)  1078/ 4356 (24·7%)

  923/ 3593 (25·7%)   959/ 3583 (26·8%)     0·33
  656/ 2817 (23·3%)   624/ 2849 (21·9%)
  727/ 3859 (18·8%)   729/ 3835 (19·0%)

 2067/ 9595 (21·5%)  2101/ 9612 (21·9%)     1·96
  239/  674 (35·5%)   211/  655 (32·2%)

Treated hypertension                    
Yes                  1058/ 4223 (25·1%)  1079/ 4234 (25·5%)     0·19
No                   1248/ 6046 (20·6%)  1233/ 6033 (20·4%)

  463/ 2585 (17·9%)   474/ 2589 (18·3%)     0·43
 1469/ 6236 (23·6%)  1467/ 6213 (23·6%)
  374/ 1448 (25·8%)   371/ 1465 (25·3%)

 1014/ 5135 (19·7%)  1019/ 5134 (19·8%)     0·03
 1292/ 5134 (25·2%)  1293/ 5133 (25·2%)

ALL PATIENTS                             2306/10269 (22·5%)  2312/10267   (22·5%) 1·00 (0·94–1·06)
p>0·9

1·00·4 0·6 0·8 1·2 1·4

Event rate ratio (95% CI) Heterogeneity
or trend �2

Presenting feature

Prior disease
Prior MI
Other CHD
No prior CHD

Sex
Male
Female

Age (years)
�65
�65�70
�70

LDL cholesterol (mmol/L)
�3·0
�3·0�3·5
�3·5

HDL cholesterol (mmol/L)
�0·9
�0·9�1·1
�1·1

Creatinine
Normal
Slightly elevated*

Cigarette smoking
Never regular
Ex-cigarette
Current

Simvastatin allocation
Simvastatin
Placebo

Vitamin-
allocated

Placebo-
allocated

Vitamins better Placebo better

Figure 8: Effects of vitamin allocation on first major vascular event in different categories of participant
Symbols and conventions as in figure 2. �2 tests on one degree of freedom are given for heterogeneity between rate ratios within dichotomous categories
and for trend within other categories (with value >3·84 equivalent to p<0·05 before making allowance for multiple comparisons). Lipid categories relate to
measured values at the initial screening visit prior to starting any statin treatment.39 *Slightly elevated creatinine defined as �110 �mol/L for women and
�130 �mol/L for men, but <200 �mol/L for both.
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accidents). No significant differences were observed in the
numbers of participants having any such fractures 
(234 [2·3%] vitamin vs 237 [2·3%] placebo) or those that
are particularly related to osteoporosis (ie, hip, wrist, or
spine: 101 [1·0%] vs 99 [1·0%]).

Other outcomes—There did not appear to be any
significant difference between the treatment groups in the
numbers hospitalised for any other particular reason (even
before making allowance for the exploratory nature of such
analyses). In particular, there was no significant support for
the suggestion from observational studies that antioxidant
vitamin supplementation might prevent cataracts,48,49 with
379 (3·7%) vitamin-allocated versus 418 (4·1%) placebo-
allocated participants reporting  cataract (p=0·2). That
result is consistent with the lack of clear effects on cataract
in the large randomised Age-Related Eye Disease (ARED)
trial of a similar antioxidant regimen,34 and in other
randomised trials of antioxidant vitamins that have
assessed this outcome.50–54 No significant differences were
observed between the treatment groups in blood pressure
or bodyweight recorded at the final follow-up visit.

Discussion
No clear evidence of benefit or harm
The results of the Heart Protection Study indicate that
5 years of daily supplementation with 600 mg vitamin E,
250 mg vitamin C, and 20 mg �-carotene is safe. But,
although this regimen substantially increased the plasma
concentrations of these vitamins, no significant benefits
were observed among the high-risk individuals that were
studied. These results effectively rule out any substantial
reductions—or, indeed, increases—in heart attacks,
strokes, cancers, or other major adverse events during 
5 years of use of these vitamins. For example,
proportional decreases or increases of as little as 10% in
the rate of major vascular events are both excluded by
even a 99% CI (0·93–1·08). Factors to consider in
interpreting these findings include the population studied,
the vitamin dosages (and combination) tested, and the
duration of treatment and follow-up.

Relevance of populations studied
The non-randomised observational studies that found a
lower incidence of cardiovascular events to be associated
with higher intakes of different antioxidant vitamins were
chiefly of people without known coronary or other
vascular disease, and it has been suggested that these
vitamins might be protective only before occlusive disease
has developed.55,56 But, more than 7000 of the participants
in the Heart Protection Study had no evidence of
coronary disease prior to randomisation, and among them
there was no evidence of benefit. Likewise, about 
4500 older American adults who had not had a recent
vascular event were randomised in the ARED placebo-
controlled trial of a similar combination regimen of 
400 IU synthetic vitamin E, 500 mg vitamin C, and 15 mg
�-carotene daily. But, despite nearly 500 deaths during
the scheduled treatment period in that study, it too did
not find any difference in mortality between the treatment
groups.34 Oxidative stress is increased in some types of
people, such as those with diabetes, and it has been
suggested that antioxidant vitamins might be particularly
effective in them.55,57 There was, however, no evidence of
benefit either among all 6000 people with diabetes in the
present study or among the 3000 with diabetes who had
no occlusive arterial disease at entry—or, indeed, in any
other category of participant considered.

The same is true for trials of the primary prevention of
vascular disease with particular components of this
antioxidant regimen. Among about 4500 randomised
people without diagnosed vascular disease in the Primary
Prevention Project (PPP), 300 mg of synthetic vitamin E
daily did not appear to produce any improvement in
cardiovascular outcomes.33 Similarly, about 22 000 of the
29 000 randomised participants in the Alpha-Tocopherol
Beta-Carotene (ATBC) trial were free of coronary disease
at entry, but no significant improvements in
cardiovascular mortality were observed either with 50 mg
of synthetic vitamin E daily (albeit a relatively low dose)
or with 20 mg of �-carotene daily.30 Several other large-
scale randomised trials of between 15 mg and 30 mg daily
of �-carotene (either alone36,37 or in combination with 
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Cancer site
(primary)

Event rate ratio (95% CI)

(10 269) (10 267)

Gastrointestinal   228 (2·2%)   223 (2·2%)

Respiratory   181 (1·8%)   165 (1·6%)

Connective tissue*    60 (0·6%)    68 (0·7%)

Genitourinary   247 (2·4%)   284 (2·8%)

Central nervous system    11 (0·1%)     8 (0·1%)

Haematological    58 (0·6%)    58 (0·6%)

Other     3 (0·0%)     5 (0·0%)

Not specified    42 (0·4%)    43 (0·4%)

ANY CANCER (except 
non-melanoma skin)

  800 (7·8%)   817 (8·0%) 0·98 (0·89–1·08)
p=0·7

Non-melanoma skin   217 (2·1%)   228 (2·2%)

1·00·4 0·6 0·8 1·2 1·4

Vitamin-
allocated

Placebo-
allocated

Vitamins better Placebo better

Figure 9: Effects of vitamin allocation on site-specific cancer incidence
Symbols and conventions as in figure 2. Analyses are of the numbers of participants developing cancer at each site (excluding recurrences or new cancers
at the same site), so there is some non-additivity between cancers at different sites. *Not including non-melanoma skin cancer, which is given separately.
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30 mg vitamin E29 or 25 000 IU vitamin A35) have been
done in people without known vascular disease, but none
has provided any good evidence of benefit. One of those
trials, which was done in 30 000 people from Linxian in
China,29 also involved the separate assessment of 120 mg
vitamin C daily (combined with 30 �g molybdenum). It
had been thought that supplementation with antioxidant
vitamins might be particularly effective in Linxian because
of subclinical deficiencies of such micronutrients in this
population,58 and because of the high rates of strokes and
certain types of cancers.58 But, although plasma
concentrations of �-carotene and of ascorbic acid were
increased substantially in that trial, there were no clearly
significant reductions in cancer incidence or in mortality
from vascular or other causes. Hence, the available
evidence from large-scale randomised trials of different
antioxidant regimens in various populations does not
suggest that the lack of any clear benefits has been due to
the types of people studied.

Choice of antioxidant regimen
The daily dose of 600 mg of vitamin E tested in the Heart
Protection Study is greater than the amounts that have
been associated, in non-randomised observational studies,
with 20–40% proportional reductions in the incidence of
coronary events.4,12,14,15 The synthetic form of vitamin E
(all-rac-�-tocopherol: 1·1 IU/mg) used in this trial is
considered to be somewhat less bioavailable than the
natural form (RRR [2R, 4’R, 8’R], or d-�-tocopherol:
1·5 IU/mg).7,59,60 Despite this, the study regimen doubled
plasma concentrations of �-tocopherol, and the synthetic
formulation has been shown to prolong substantially the
in vitro resistance of LDL to oxidative modification6,8

(with no evidence that concomitant simvastatin influences
these effects61). Moreover, the randomised Heart
Outcome Prevention Evaluation (HOPE) trial used 
400 IU daily of natural vitamin E in over 9000 similar
high-risk patients, and it too found no evidence of any
beneficial effects on vascular or other outcomes.31 The
daily doses of 20 mg �-carotene and of 250 mg vitamin C
tested in the present trial are also well above the levels of
dietary consumption that have been associated with lower
rates of vascular disease and cancer in observational
studies.4,12–17,20–23 The �-carotene dose produced a highly
significant four-fold increase in plasma concentrations,
and although vitamin C concentrations increased by only
about one third, doses of vitamin C above 200 mg daily
do not appear to produce much further increase in either
blood concentrations or inhibition of lipid peroxidation.62

It has been suggested that such antioxidant vitamins may
be more effective when, as typically occurs in the diet,
they are taken together.2,11,56 But, despite the combination
of dosages that were within the ranges considered likely to
be effective,2,23,56 and good compliance with the allocated
treatment producing substantial increases in blood
concentrations, there was no evidence of benefit in the
Heart Protection Study.

Duration of treatment and follow-up
It has also been suggested that antioxidants may chiefly
prevent the development of new atherosclerotic plaques
(although, presumably, slowing the uptake of modified
LDL  cholesterol should also slow the growth of existing
plaques) and, as a consequence, that any benefits might
take many years to emerge.55,56 Most large randomised
trials of these vitamins have involved an average of only
about 4–6 years of treatment, but no benefits emerged
among the 22 000 randomised participants in the
Physicians’ Health Study even after 12 years of 

�-carotene supplementation.36 Several randomised trials,
including the present one, have shown that a substantial
reduction in vascular events emerges within just 
1–2 years of lowering LDL cholesterol.39,63,64 Hence, if
long-term treatment with antioxidant vitamins can
eventually produce substantial protection against
vascular disease by rendering LDL particles less
atherogenic, then significant benefits would have been
expected during the 5-year duration of the Heart
Protection Study. But, there was no suggestion that
beneficial effects were beginning to emerge even during
the later years of treatment with these vitamins (figure 5).
Participants will, however, continue to be followed for
several more years to determine whether, after an average
of 5 years of vitamin supplementation, any delayed
effects on subsequent vascular events, cancers, or other
major outcomes do eventually emerge.

Conclusions
Based on the presumption that the likelihood of benefit
outweighs any low probability of harm, daily
supplementation with a few hundred mg of vitamin E
(and with other vitamins) has been recommended for
middle-aged and older people.7,56 But, despite assessing
the combined effects of several years of substantial daily
doses of different antioxidant vitamins (including 600 mg
of vitamin E) in a large number of high-risk people, the
Heart Protection Study has not been able to demonstrate
any benefits from such supplementation. Moreover, this
antioxidant regimen produced small, but definite,
increases in the measured values of plasma triglycerides
and LDL cholesterol (table 2), with a 3% higher mean
LDL cholesterol concentration corroborated by a 5%
higher mean apolipoprotein B concentration. (Although
very high concentrations of vitamin C can interfere with
lipid measurements, they have been found to produce
artefactually low, rather than high, values for cholesterol
and triglycerides.65) Blood lipid concentrations during
treatment were not measured routinely in most previous
large-scale trials of antioxidant vitamins, but trends
similar to those in table 2 have been observed for
triglycerides,32,66 though not for total or LDL
cholesterol,30,32,34,66 in those trials that did. 

Other large-scale randomised trials of different
antioxidant regimens in different populations are in
progress,4,12,23 and long-term follow-up continues in several
completed trials (including the present one). But, in light
of the unpromising results during at least 5 years of
treatment in several large randomised trials, the lower
risks of vascular disease and cancer found in observational
studies among people with higher intake of these
antioxidant vitamins must have been largely or wholly
artefactual (ie, due to other differences in lifestyle that
were actually responsible for the lower risks). Hence,
continued recommendation of supplementation with such
vitamins is difficult to justify. Instead, the main emphasis
should be on those treatments (eg, aspirin, statins,
angiotensin-converting-enzyme inhibitors, �-blockers,
and antihypertensive therapy) and those behavioural
changes (eg, increasing physical activity and, particularly,
stopping smoking) that are definitely known to prevent
heart attacks, strokes, and other adverse outcomes.
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Photographic negative shadow of pulmonary oedema

Oren Zimhony

Infectious Diseases Unit, Kaplan Medical Center, Rehovot 76100, Israel (O Zimhony MD)

A 22 year-old woman was admitted with complaints of fever
and dry cough for 6 weeks. She had a temperature of
38·6°C. Her chest radiograph showed the peripheral
infiltrate first described by Carrington as the photographic
negative shadow of pulmonary oedema. Blood tests showed
eosinophilia of 1200/mm3 and sedimentation rate of 
70 mm/h. The patient had no travel history; stool
examination was negative for ova and parasites. Antibodies
to Aspergillus spp were negative.

A presumptive diagnosis of chronic eosinophilic
pneumonia was made based on the presentation and
exclusion of another cause for eosinophilic pneumonia. We
prescribed prednisone at 30 mg/day; the temperature
returned to normal after 2 days, and the infiltrate cleared
after 4 days. We tapered prednisone over 3 months with no
relapses.

Clinical picture
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