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Abstract Oxidative damage to biological structures has been implicated in the patho-
physiology of cardiovascular disease and cancer, the 2 most common causes of
death in developed countries. This has stimulated interest in the possible role of
natural antioxidant vitamins in preventing the development of these diseases.
Epidemiological studies have offered support for the notion that high blood con-
centrations or dietary intake of antioxidant vitamins may have a protective effect.
On the basis of these findings and powerful marketing strategies, many healthy
members of the population are now voluntarily consuming antioxidant supple-
ments. Anumber of long term, prospective, randomised, placebo-controlled trials
examining the protective effect of antioxidant supplements have now been com-
pleted. Their results have been generally disappointing and have provided little
evidence of efficacy. Of greater concern, they have unexpectedly raised concerns
that antioxidants, notably betacarotene, might increase the rate of development
of cancers in high risk individuals. For this reason regular consumption of anti-
oxidant vitamins supplements cannot yet be advocated as a healthy lifestyle trait.

The role of free radical oxidative damage in the fences might prevent or slow the progression of
pathophysiology of human disease remains a topisuch diseases. Nowhere has this interest been
of considerable interest to medical scientists. Fregyreater than in the 2 commonest causes of mortality
radical activity has been implicated in a variety of in the developed world, cardiovascular disease and
clinical conditions (table I) based mainly on the cancer.
detection of products of oxidative damage to bio- When a basic understanding of disease patho-
molecules including proteins, lipids and DNA. physiology and data from epidemiological cohort
Even in healthy individuals, aerobic metabolism studies is combined with widespread publicity,
exposes the human body to a significant oxidativepowerful marketing strategies and fears of dietary
threat. Natural antioxidant mechanisms exist toinadequacy, itis perhaps not surprising that supple-
prevent or retard oxidation and have been found tanents of natural antioxidant vitamins such as
be defective in many of the same disease states. Thascorbic acid (vitamin C), tocopherol (vitamin E)
popular belief that chronic degenerative humanand betacarotene are now widely consumed volun-
diseases may be attributable to an imbalance of oxtarily by the populations of developed countries. In
idative stresses and endogenous antioxidant deghe US the number of regular users of vitamin sup-
fencd!! has stimulated interest in the possibility plements has doubled since the 1970s to nearly
that supplementing endogenous antioxidant de40%!/2:31 Some synthetic pharmacological agents
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Table I. Diseases where an imbalance of oxidative stress and antioxidant defence has been implicated in the pathophysiology

Acute disease

Chronic disease

Cardiovascular
Respiratory
Transplantation

Diabetes mellitus

Inflammation

Cancer
Renal disease
Neurological disease

Critical care medicine
Ocular disease

Drug toxicity

Ischaemia-reperfusion injury

Respiratory distress syndrome
Acute rejection
Acute islet failure

Acute inflammation
Rheumatoid arthritis
Inflammatory bowel disease
Pancreatitis

Aminoglycoside toxicity
Trauma

Stroke

Trauma/sepsis
Retrolental fibroplasia

Paracetamol (acetaminophen) [overdose]

Atherosclerosis
Hypertension
Pulmonary fibrosis
Chronic rejection
Microvascular disease
Macrovascular disease
Chronic inflammation
Any acute cause
Autoimmunity
Vasculitis
Cancer
Chronic nephron loss
Parkinson’s disease
Amyotrophic lateral sclerosis
Alzheimer’s disease

Cataract
Senile macular degeneration
Chronic adverse effects

Carbon tetrachloride Alcohol
Paraquat Doxorubicin
Physiological Acute exercise Chronic exercise training
Aging

are also marketed to doctors with the lure of thesome protection but at the cost of some harm and,
possession of antioxidant activity. worst of all, that they provide no protection and do
In order to be effective in preventing chronic some harm.
diseases it seems that, at the very least, these agents This article briefly reviews the evidence that is
will need to be used for prolonged periods, perhapglurl‘enﬂy available to support the view that antiox-
in high doses. This prospect should raise some conidant supplements prevent human disease but will
cerns about their safety and potential toxicity. also give careful consideration to the alternative
However, because they are natural dietary constitnyPothesis that antioxidant supplements might
uents they have been considered as nutrients (ndt©S€ @ risk to health.
drugs) thereby escaping some of the more stringent
toxicity monitoring applied to pharmaceutical agents
by regulatory authorities. The term ‘nutriceutical’
has been_ co_in_ed to describe their unique_stEﬁus. There are now many human diseases in which
Many individuals may take natural antioxidant free radical oxidative damage has been implicated
supplements on the basis that they provide somey the pathophysiology (table I). In some cases the
protection against serious disease and do no harmyyidative stress is an acute transient phenomenon
Some might also have considered that at worst theyyut in others the pathology probably represents the
provide no protection but, at least, do no harm.cumulative effects of many years of imbalance of
Largely as a result of their label as ‘natural’ few oxidative stress and antioxidant defence. The most
have given much credence to the 2 other scenarioaotable examples of these age-related degenerative
for any therapeutic intervention: that they provide diseases are cardiovascular disease and cancer

1. Antioxidant Therapy for
Human Disease
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which account for the majority of the morbidity in those taking tocopherol supplements. However,

and mortality in developed populations. since most of these studies are observational or
retrospective they may be subject to selection bias.
1.1 Cardiovascular Disease In particular, the results may be confounded by the

_ _ baseline health and health awareness of the users
Most cardiovascular disease events occur as @ompared with controls. Such criticisms can only

b!ooq vessel._Oxidat.ive modification of low ‘_j?”' in long term prospective randomised controlled tri-
sity lipoprotein particles seems to be a critical 515

event in their deposition in the vascular wall and. Several trials of antioxidants in populations at
the subsequent development of the atherosclerotigyp, risk for cardiovascular disease are currently

plane[F]. Patient; with \_/ascular disease have low o, way but 1 small prospective study has been
density lipoprotein particles that are more suscep'reported. In the Cambridge Heart Antioxidant

tible to o?<idation than matched contrdf.To- _ Study (CHAOS), 2002 patients with angiographic-
copherol is the natural defence of the low densnyaIIy proven coronary atherosclerosis were ran-

Ilpopr.otem against OXIda.tIOI’l and low dgnsny lipo domised to receive daily tocopherol 400 or 8001U
protein supplemented with tocopherol is more re- . .
) TR or placebo for a median duration of 510 d&#.
sistant to oxidatiorn vitro.[”]
. - . . : The results of the study showed that the RR of
Impaired nitric oxide—mediated endothelium- L . .
. o nonfatal myocardial infarction was dramatically
dependent vasodilatation is also a hallmark of ath-

i 0,
erosclerotic vessels and conditions such as hyper[educeOI in the tocopherol group (0.23, 95% C10.11

tension and diabetes mellitus that are majorto 0.47) although this highly encouraging outcome

. : .+ was not reflected in any change in overall cardio-
cardiovascular risk factors. Increased local oxida- .
0,
tive destruction of nitric oxide by free radicals may vascular mortality (1.18, 95% Cl 0.62 10 2.27). A

explain this dysfunction which can be partially cor- more recent report has suggested that the benefit

rected by antioxidant theraff{.Antioxidants may ~ ©f tocopherol upon long term mortality in the
also have a beneficial impact on the developmen{cHAOS might Qave been underestimated due to
of vascular events by other mechanisms such agoncor_nphanclé ] although this retrospective re-
reducing platelet activity and the tendency to a_maly5|s must be viewed with considerable cau-
thrombus formatiof®) Recent evidence from clin-  tON-
ical studies suggests that a high intake of antioxi- 1"€ large Alpha-Tocopherol Beta-Carotene
humang19] any protection against coronary mortality among a
Epidemiological surveys have linked low 9roup of male smokers given tocopherol 50
plasma levels or dietary intake of antioxidant vita- mg/day (see section 3.1 and table Il for details of
mins (ascorbic acid, tocopherol and betacarotenejhe study protocol:% Furthermore, there was no
with ischaemic heart diseafé:13 Impaired anti- evidence of any benefit of tocopherol in protecting
oxidant status has also been documented in paagainst cardiovascular events among the high risk
tients with hypertension and diabetes melli- subgroups of men with either a previous myocar-
tus/14:15 Two large studies in the US provided dial infarctiod?!l or angina pectori¥?! Indeed,
particularly compelling evidence for the protective there were significantly more deaths from fatal
effects of tocopherdks:171 The relative risk (RR) coronary artery disease in recipients of beta-
of ischaemic heart disease in cohorts of 39 910carotene alone (1.75, 95% CI 1.16 to 2.64) and
male healthcare workers and 87 245 female nursebetacarotene with tocopherol (1.58, 95% CI 1.05
was 0.64 [95% confidence interval (Cl) 0.49 to to 2.40) when compared with recipients of pla-
0.83] and 0.59 (95% CI 0.38 to 0.91) respectively cebol?
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Table Il. Results of long term antioxidant supplementation trials

Trial details (name, patients, dosage and duration) Cancer [RR (95% CI)]  CVS death [RR (95% CI)] Total mortality [RR (95% ClI)]

Tocopherol (vitamin E)

ATBC trial:2% 14 564 male Finnish smokers received ~ 0.982 (0.86-1.12) 0.98 1.02 (0.95-1.09)
50 mg/day for a median of 6.1y (range 5-8y)

Betacarotene

Physicians’ Health Study:[?% 22 071 US physicians 0.98 (0.91-1.06) 1.09 (0.93-1.27) 1.02 (0.93-1.12)
received 50mg on alternate days for an average of 12y

CARET Study:% 18 314 1.282(1.04-1.57) 1.26 (0.99-1.61) 1.17 (1.03-1.33)

smokers/ex-smokers/individuals with asbestos

exposure received 30 mg/day plus retinol (vitamin A)

25 000 IU/day for a mean of 4y!3°]

ATBC trial:?% 14 560 male Finnish smokers received ~ 1.18? (1.03-1.36) 111 1.08 (1.01-1.16)

20 mg/day for a median of 6.1y (range 5-8y)l2%

a Lung cancer only.

ATBC = Alpha-Tocopherol and Beta-Carotene Cancer Prevention Study; CARET = Carotene and Retinol Efficacy Trial; CVS = cardiovascular
system.

The Physicians’ Health Study examined the ef-seems that in many cases it involves mutations in
fect of betacarotene (50mg on alternate dayshuclear DNA sequences. Avariety of chemicals in-
among 22 071 male physicians aged 40 to 84 yearsluding free radicals are known to be mutagenic
of age in the US (table 131 After an average of and environmental exposure to these chemicals,
12 years of treatment and follow-up there were nomost notably in people who smoke, is associated
significant differences in cardiovascular diseasewith increased rates of neoplasia. Cigarette smoke
events (myocardial infarction or stroke) betweenis a rich source of free radical oxidants that induce
the placebo and betacarotene groups. DNA damagein vitro which can be prevented by

In summarythe results of the studies so far have gntioxidantd25!
been disappointing and have failed to substantiate |t has been recognised for many years from ep-
any cardiovascular benefits of tocopherol in spitejgemiological studies that diets rich in vegetables
ofits theoretical role in retarding low density lipo- and fruits are associated with a reduced incidence
protein oxidation and stabilising coronary plaques.of cancer in humani@s.27] particularly lung can-
Indeed, the general trend towards increased cardiosgy[28] Although the individual dietary constituents
vascular mortality has opened a serious debatgesponsible for this epidemiological effect are not
about the safety of tocopherol supplementation inyown antioxidant vitamins, particularly beta-
high risk individualg?¥l Further evidence about carotene, have received considerable atterién.
the efficacy of antioxidant vitamins is awaited Ag poted previously, such studies are subject to se-

from (_)the_r ong_oing trials OT to_copherol alone orin yoc4ion pias and confounding factors and so confir-
combination with other antioxidants, e.g. the Heart, .0 ¢ the beneficial impact of individual vita-

?IUt(l:JOSmVe\/S Pre\’/elr_lltlor:hEg/alléau%n ET}?HPE) Sgjdy'mins in prospective controlled studies is necessary.
the omen’'s Health Study, the eart Pro- - goeral trials of antioxidant therapy, mostly in-

Zleeﬁ}[g)goss:g\)//i\?gr?ztgie(;”f; r;gr(:olt?(gﬁsng I? grr:/esr:zglr? volving betacarotene, have already been completed
Trial in cohorts of individuals at high risk for the devel-

' opment of cancer. The recent ATBC tf#&l involv-

ing treatment with betacarotene and tocopherol,
both alone and in combination in male smokers
Although the earliest stages in the development(see section 3.1 and table Il for details of the study

of a neoplasm remain incompletely understood itprotocol) failed to show any protective effect of

1.2 Cancer
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betacarotene. In fact, it showed that there were sigoxidation. The association between a low blood
nificantly more new cases of lung cancer in the level of selenium and risk of various cancers in
group treated with betacarotene compared withepidemiological studies appeared to offer some
placebo recipients. Those who received tocopheropromise of benefit from selenium supplementa-
had a reduced rate of prostate and colon cancetion.*4 In a recent study, 1312 male patients with
although these were not prespecified hypotheses ot history of basal and squamous skin carcinoma
the study. living in areas of low soil selenium content were
The ATBC trial was followed shortly by the randomised to receive selenium 20§/day or pla-
publication of the Carotene and Retinol Efficacy cebo®! Over a mean follow-up of 4.5 years the
Trial (CARET) which examined the impact of RR of adiagnosis of prostate cancer was 0.35 (95%
treatment with a combination of betacarotene andCl 0.18 t0 0.65, p = 0.001) in those receiving sele-
retinol (vitamin A) or placebo on the incidence of Nium. Another study suggested that toenail sele-
lung cancer among smokers and workers exposeflium content, a marker of long term selenium in-
to asbestos (see section 3.2 and table Il for detail§ake, showed asimilarly strong inverse association
of the study protocol?® The study was stopped with development of advanced pr(_)stet_e camiéér.
prematurely by the safety monitoring committee as | '€ ATBC trial also showed a significantly re-

a result of an apparently increased RR of lung canduced incidence of prostate cancer among partici-

cer in the antioxidant group. pants given tocopherol supplemeRf8.Prostate

The Physicians’ Health Study found no protec- aNCer was not the primary end-pointin either trial

tive effect of betacarotene against cancer after arlfJUt further prospective randorn_lsed trials _have
average follow-up of 12 yeaf&¥ Similarly, beta- been designed to test the specific hypothesis that
carotene was ineffective in preventing skin canceram'ox'dalnt supplements may be protective.

and a combination of betacarotene, ascorbic acid Thet relanvel;t/hdlsatp;]po[ntlng ;esu!ts shquldl
and tocopherol was ineffective in preventing col- serve fotemper ne enthusiasm ot an increasingly

orecta acknoma formatonin g sk grodfi) N8l Cnscious bl ke ntoxint sule.
The Chinese Cancer Prevention Study involved P ! y y

oL " “prevention of chronic disease. Further evidence
29 584 adults aged 40 to 69 years in L|nX|a_n about any benefit should be available over the next

County, China where there is a known high inci- few years. Until then the case for antioxidants
“hould be considered as ‘not yet proven'. The de-
. . . velopment of such diseases is a long term process
design allowed for t-he testing of 4 nu_trmenal SUP- and any successful antioxidant therapy will require
plement combinations one of which included (o ar use over many years. Such an intervention

betacarotene, tocopherol and selenium. During §,004s to be demonstrated unequivocally to be safe.
years of follow-up 2127 deaths occurred of which

32% were due to either oesophageal or gastric can-

cer. There was a significant reduction in total mor- 2, Adverse Effects of

tality (RR 0.91, 95% CI 0.84 to 0.99, p = 0.03)  Antioxidant Supplements

among those receiving the above combination

which was due to lower cancer rates (RR0.87,95%  Since vitamin supplements are classified as nu-

Cl 0.75 to 1.00) and a lower stomach cancer raterients by many drug regulatory authorities many

(RR 0.79, 95% CI 0.64 to 0.99) in particular. have not been subjected to the same rigorous and
Selenium is an essential trace element and cosystematic toxicity studies that would be expected

factor for glutathione peroxidase, a pivotal antiox- for a new pharmaceutical agent. Much of the fol-

idant enzyme that detoxifies hydrogen peroxidelowing data are drawn from small studies of rela-

and lipid hydroperoxides generated by free radicaltively short duration as well as from case reports.

intake of several micronutrient®! The factorial

0 Adis International Limited. All rights reserved. Drug Safety 1999 Oct; 21 (4)
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2.1 Tocopherol (Vitamin E) Intravenous tocopherol infusion was used
widely in the 1980s for premature neonates weigh-
X ing less than 1500g and was associated with severe
mately 20% of US population now take tocopherol o\ ersihle hepatotoxicit! A similar effect was
supplement&”] Tocopherol is a fat-soluble vita- o seen with the oral preparation used for neonates
min whose richest dietary sources are vegetablg,iih retrolental fibroplasi&7 Neonates weighing
oils and it requires bile for absorptid#! 25% of  |gg5 than 1500g exposed to intravenous and oral
an oral dose of tocopherol is absorbed and appearggses of tocopherol have also been reported to ex-
in the lymph although the bioavailability varies perience an increase in the incidence of necrotising
with different preparations. Tocopherol has no spe-gnterocolitig4e! Many cases of thrombophlebitis
cific carrier protein and is distributed among the j, adults were reported in 1 medical practice but no
circulating plasma lipoproteins. The lipoprotein giper reports have been publisHédl Gastrointes-
content of tocopherolis in equilibrium with the cel- tjn4) upset including diarrhoea and abdominal
lular membranes of body tissues most notably ad'cramps were noted at a dosage of 3200 |U/8%y.
ipose tissue, liver and muscle. The majority of the Nymerous other adverse effects have been re-
vitamin is eliminated unchanged in the bile. corded in all age groups, but mainly in adults, in
Toxicity studies in rats give some reassurance ofcase reports although these must be regarded with
its lack of serious acute toxicity or teratogenicity. some suspicion (table 11{§1]
Anumber of small, short term, prospective clinical  post of the above studies were of limited dura-
trials (some uncontrolled) of tocopherol in humans tion (weeks) and involved relatively small numbers
have been performed. These have used various forgf participants and so would be unable to detect
mulations and dosages from 100 to 3200 IU/day (Imore chronic toxicity particularly with respect to
international unit is equivalent to 1mg afl-a-  yncommon events. Afew large prospective studies
tocopheryl acetate) and have not demonstrated angf |ong term tocopherol supplementation have now
significant adverse effect®! However, it did be- peen completed. In CHAOS (tocopherol dosage
come apparent that tocopherol has the potential t&00 to 800 IU/day), only 0.55% of patients discon-
aggravate the anticoagulant effect of warfarin ther-tinued the study medication because of adverse ef-
apyl9 Afurther review of the literature suggested fects such as diarrhoea, dyspepsia or rash and there
that tocopherol could also impair coagulation in was no significant difference between groups (to-
individuals with vitamin K deficiency for other copherolsplacebo: RR 1.12,95% CI0.34 to 3.69;
reasons such as malabsorption syndromes but hagl = 0.85)[18l |n the tocopherol arm of the ATBC
no effect in vitamin K-replete individuals even at trial (tocopherol dosage 50 mg/day), no significant
high intaked*! The mechanism underlying the co- adverse effects were reported other than a small
agulopathy is probably related to inhibition of a increase in haemorrhagic stroké3.
vitamin K-dependent carboxylase which can be |t can be concluded that tocopherol at doses of
overcome if adequate vitamin K is availatifé#3]  up to 500 IU/day is nontoxic and poses negligible
Tocopherol also has the potential to impair haemo-isk in healthy human&g.32-41lif this were not the
stasis via a well documented antiplatelet ef-case then the frequency of adverse events associ-
fect®44l1n this regard it is interesting that tocoph- ated with tocopherol usage in the general popula-
erol administration to premature neonates has beetion would undoubtedly be higher. Animal studies
linked with an increased incidence of retinal and give considerable reassurance that tocopherol is
intraventricular haemorrhagé$§! Similarly, a  not carcinogenic, mutagenic or teratogelitc3!
large prospective trial has also reported an increas@ocopherol clearly has the potential to interfere
in fatal cerebral haemorrhagic events in patientswith haemostasis although this effect is probably
taking tocopherol supplemerié! restricted to a cohort of susceptible individuals

As a result of favourable publicity, approxi-
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Table IlI. Clinical and theoretical adverse effects of tocopherol (vitamin E), ascorbic acid (vitamin C) and betacarotene in humang®4

Tocopherol
« Clinical trials
Necrotising enterocolitis — neonates <1500g
Sepsis (impaired leucocyte function) — neonates <1500g
Coagulopathy
Disturbance of prothrombin time in adults receiving warfarin
Retinal and intraventricular haemorrhage in premature neonates
Gastrointestinal tract disturbance (3200 1U/day)
« Case reports
Hepatotoxicity — intravenous preparation in neonates

Also: thrombophlebitis, breast soreness, elevated creatine kinase levels, psychiatric disturbance, pulmonary embolism, hypertension,
headache, dizziness, visual complaints, hypoglycaemia, stomatitis, urticaria, aggravation of angina pectoris, aggravation of diabetes
mellitus, reproductive disturbances

Ascorbic acid

« Clinical trials

Iron absorption increased

Leucocyte count increased/decreased bactericidal activity

« Case reports

Gastrointestinal symptoms including vomiting, diarrhoea and abdominal cramps (>2 g/day)

Renal stones (oxalate, urate)

Deep vein thrombosis, oesophagitis, diarrhoea, haemolysis in glucose-6-phosphate dehydrogenase deficiency
Drug interactions, e.g. warfarin, aspirin (acetylsalicylic acid), aminophylline, ethinyloestradiol

Laboratory test interactions, e.g. uric acid, glucose

Betacarotene

« Clinical trials

Hypercarotenaemia

Increased incidence of lung cancer in smokers after prolonged exposure

with borderline or impaired vitamin K activity. acid filtered is small and active tubular reabsorp-
However, it remains a possibility that if enough tion is almost complet&5] Conversely, excess
such persons are entered into a prospective triahscorbic acid is efficiently excreted either un-

cohort over a prolonged period the consequenceghanged or as a range of metabolites including ox-
may become apparent. Further evidence on thigjate.

point is awaited from ongoing trials. It has been suggested in some case reports that
humans consuming large quantities of ascorbic
2.2 Ascorbic Acid (Vitamin C) acid may be prone to the development of oxalate

. e . stones although this usually involved intravenous
Ascorbic acid (vitamin C) is absorbed from the - . g . y_ . .
administration or patients with chronic renal fail-

upper intestine by an active sodium-dependent car- 561 | fact. th ¢ ority of
rier-mediated saturable transport system. Tissu re: .n a(? " € vag majority ot any excess
bic acid intake is excreted unchangéd.

uptake is also via saturable active transport. The?S¢O' . : _
water-soluble ascorbic acid is readily eliminated SOMe confusion about the propensity of ascorbic

unchanged or as metabolites from the bodyacid to precipitate oxalate stone formation may
through the kidneys and so it is difficult to load the have arisen from a failure to prevent its oxidation
body even with high intakes. Hence, the body poolto oxalate in collected urine samples. Indeed, a re-
is fairly constant at about 20 mg/kg in humans evencent prospective epidemiological study found the
at high dietary intake84 The amount of ascorbic risk of oxalate stones to be decreased for men con-
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suming more than 1500 mg/day of ascorbic acid inknown whether this theoretical mechanism has any
comparison with less than 250 mg/d&f).It has  relevancen vivo where efficient metal ion seque-
also been suggested that ascorbic acid may increassdration occursln vivo tests have failed to show a
urate excretion although this suggestion appearsignificant mutagenic or carcinogenic effé€t’?l
also to be unfoundeld-69 Ascorbic acid supple- Interestingly, a recent report in humans has sug-
mentation has been linked to increased mobilisa-gested that high dose ascorbic acid supplementa-
tion of calcium and phosphate from the skeleton intion might be associated with the increased appear-
animalst®!l but the relevance of this finding in hu- ance of products of DNA damag!
mans is unclear. It can be concluded that, using any standard cri-
It has been postulated that ascorbic acid suppleteria, ascorbic acid at dosages of 500 mg/day or less
ments might increase intestinal iron absorptionPoses negligible risk to healtf?.72 The numerous
leading to iron overload, a situation that might the- theoretical effects of ascorbic acid have not been
oretically be associated with an increased the riskassociated with any significant clinical events.
of heart diseas&? Ascorbic acid does indeed en- Very high ascorbic acid intakes (above 2 g/day)
hance the intestinal absorbtion of nonhaem ironhave been associated with reports of minor gastro-
with maximal enhancement at approximately 25 to!ntestinal symptoms such as nausea, abdominal
50mg of ascorbic acid per me¥ However, in-  Cramps and qllarrhoea which may be related to a
gestion of ascorbic acid 2 g/day for 2 years had noSimPIe osmotic effect.
effect on serum ferritin levels suggesting that there
is little impact of ascorbate on total body iron 2.3 Betacarotene

64] - isi i ici-
stores®!l A meta-analysis including 1412 par_t|C| .. Betacarotene is one of several hundred carot-

%noid pigments found in photosynthetic plants and
bacteria and is a precursor of retinol. Betacarotene
is partly metabolised to retinol but excess amounts
do not lead to hypervitaminosis A because absorp-
tion of betacarotene is less efficient than retinol and

did not increase the susceptibility to iron overload
in healthy individuald®s!

Administration of ascorbic acid 2 g/day over 15
days caused a decrease in bactericidal acti®fty.
Ascorbic acid may also precipitate cyanocobala-ihe rate of conversion is too sldi] Betacarotene
min (vitamin B12) deficiency in patients with mar- s siored predominantly in the adipose tissue and
ginal status for other reasolfsl Very large doses ot the Jiver, so hepatotoxic reactions are rare.
(several grams) of ascorbic acid have been reportegetacarotene is used widely in the food, cosmetic
to shorten the prothrombin time in patients treatedand pharmaceutical industries as a colourant and so
with warfarin although no such interaction was pas peen subjected to extensive toxicity studties
noted in those taking only 1 g/dé] Ascorbicacid  vitro and in animals. On the basis of its lack of
has also been reported to interact with a Variety Ofmutagenicity’ teratogenicity and Carcinogenicity
other drugs and interfere with some standard labopetacarotene has been classified by the US Food
ratory tests (table I11). and Drug Administration as safé!

Several reports have suggested that ascorbic Betacarotene is employed therapeutically in the
acid added to cells in culture leads to an increasedreatment of patients with genetically inherited
rate of mutagenesis possibly secondary to in-photosensitivities and in this context large doses of
creased damage to DN.70 These effects seem petacarotene appear to be free from toxic adverse
to be particularly likely in cultures with added Cu  effects(’6] Hypercarotenaemia is a recognised
or Fe** ions where the interaction with the antiox- complication in persons taking greater than 30
idant ascorbic acid might be expected paradoxi-mg/day over an extended period although the con-
cally to increase the generation of oxygen free rad-dition is entirely benign and reversible following
icals (by stimulating the Fenton reaction). It is not discontinuation. Such persons may develop yel-
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lowing of the skin (pronounced in skin folds) and intake of 5.4mg retinol equivalents/d&§l A re-
an orange discolouration of the plasma but no col-cently reported study of supplementation with 7
ouration of the sclerae. Betacarotene in doses of 3dng/wk retinol equivalents and 42 mg/wk of
to 180 mg/day over 15 years had no other apparenbetacarotene among 44 646 women of childbear-
adverse effect€’] Betacarotene does not appeartoing age in Nepal reported no significant adverse
pose arisk for the developing fetlf8l Unsubstan-  effects of treatmen£?] In summary, there is no ev-
tiated anecdotal reports of leucopenia, reproducidence that supplements of up to 3mg retinol equiv-
tive disorders, prostate cancer, retinopathy and alalents/day are harmful to healthy adults although
lergic reactiong® have been made in persons the vitamin is probable best avoided in expectant
taking large amounts of betacarotene althoughmothers. There is no evidence that betacarotene
these have not been substantiated in any clinicatontributes to retinol toxicity, even when beta-
trials. carotene is ingested in large amoulifs.

One short term phase | toxicity trial of
betacarotene in doses up to 60 mg/day given over 3. Could Long Term Use of Antioxidant
a 9-month period reported a dose-related fall in Supplements be Harmful?
tocopherol level®® This raised the possibility that

e U o310 A epdemolgical sl o severl
large studies failed to confirm this effé%t%]’and Iarge prospective randomised controllgd tr!als_of
even suggested a small but significant increase inant|OX|dant sgpplemenFs. Although th_e|r main aim
tocopherol level in response to betacarotéfie was to estabh_sh the efficacy of ant|OX|daqt§ in dis-

: ease prevention they were also well positioned to

b tlt can :ae conclu?ed th?t in health};.'nglw;géjsls examine any potential adverse outcomes. Two re-
elacarotene supplements pose NeglgiviewISK. = cont syydies have given particular cause for con-

Folloyving the publicatior_l of rand_omiseq control- cern (table I).
led trials in older populations at higher risk of ma-
Iig_nant disease some concerns have now been 31 1he Alpha-Tocopherol and
raised about the potential for thg long term use of  gatq-Carotene Cancer Prevention Study
betacarotene supplements to increase lung can-
cers[20.30 These issues will be addressed in section  Inthe ATBC trial, 29 133 male smokers aged 50
3. to 69 years of age were randomised to receive ei-
ther tocopherol 50 mg/day alone, betacarotene 20
2.4 Retinol (Vitamin A) mg/day alone, tocopherol 50 mg/day plus beta-
carotene 20 mg/day or placebo in & 2 factorial
Retinol is not strictly an antioxidant but is often design. The participants were followed for 5 to 8
included in multi-antioxidant preparations. In con- years (median 6.1 yeargy! The median vitamin
trast to the above vitamins there are well describedconcentrations were significantly raised at 3 years
acute and chronic toxicity syndromes associatedn the supplemented groups compared with base-
with retinol [51.77.79.851Consumption of daily sup- line: tocopherol from 26.7 to 4042nol/L (1.5-fold
plements of 7.5mg of preformed retinol equiva- increase) and betacarotene from 0.32 to 5.59
lents (25 000 IU) taken for 6 years have been assopmol/L (17.5-fold increase). New diagnhoses of
ciated with the development of liver cirrho$$€l  lung cancer (+18%, 95% CI +3 to +36%, p = 0.01)
There have also been reports of an increased risknd total mortality (+8%, 95% CI +1 to +16%, p =
of neural crest defects in babies of mothers ingest0.02) were significantly increased amongst the
ing more than 3 mg/day retinol equivalents (more group who received betacarotene compared with
than 10 000 IU) [average 6.5mHJ] Anotherstudy  those who did not. The increase in total mortality
suggested a characteristic defect associated with awith betacarotene was attributable to a combina-

The hypothesis-generating evidence from labo-
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tion of causes including lung cancer, ischaemic The reasons for the possible deleterious effects
heart disease and ischaemic or haemorrhagiof the antioxidant vitamins are still a matter of de-
strokes. Tocopherol had no impact on either newbate. The unexpected results of the 2 trials have
diagnoses of lung cancer (—2%, 95% CI —14 tobeen re-analysed to examine which groups were
+12%, p = 0.8) or total mortality (+2%, 95% CI -5 prone to an adverse outcome. In the ATBC study,
to +9%, p = 0.6). The neutral effect on mortality betacarotene did not have an adverse impact in
was made up of a reduction in deaths due to ischtight smokers (5 to 19 cigarettes/day) who had a
aemic heart disease or ischaemic stroke and an inRR of 0.97 (nonsignificantf!l In the CARET
crease in deaths from nonlung cancers andstudy, former smokers with no asbestos exposure
haemorrhagic strokes. There was no evidence ofyho were given betacarotene and retinol had a de-
any interaction between betacarotene and tocophcreased RR of lung cancer (0.80, nonsignificant)
erol with respect to the incidence of lung cancer ajthough even this group had increased total mor-
during the trial. tality.[92]

An interesting observation made inthe trialwas  Both analyses imply that smoke exposure is a
that when the whole trial cohort was divided into prerequisite for an adverse effect of betacarotene.
quartiles according to baseline presupplementationrnis has some biological plausibility sinzevitro
vitamin concentration those in the lowest quartiles ¢4, ,dies show that antioxidants may have pro-oxidant

had asignificantly increaged incid.enge of lung can-gftacts when combined with some oxidaf& The
cer compared with the highest (incidence per 10extremely high betacarotene concentrations ob-

ggospezséoy-fyeatl)rs 56'\83:11'8 f?\;l tocopherol 'an.<|j tained in both studies may conceivably interact
03.9VS43. olr t'etacaro ente)c.i forzgvter, a S.;m' ar with cigarette smoke to create a pro-oxidative en-
!n;/ekrse corrE adlor; \t/)vas ?0 € Gf;t 4'8 2?{ V|tam|n vironmentl®4! It has also been suggested that beta-
intake recorded at baseline (61w O 1orto- - arotene may act as a promoter of existing latent
copherol and 47.9s39.9 for betacarotene). This A o
: : . . tumours rather than an initiator. The fact that indi-
substantiates the belief that a major contribution to_. . : .
S . viduals with the highest presupplementation beta-
the likelihood of developing lung cancer was made .
. . . .~ carotene concentrations had the lowest lung cancer
by pretrial dietary behaviour with regard to the in- . )
rates will lead to speculation that more moderate

dex vitamins or closely associated dietary constit- ) . .
uents rather than the assigned supplementatior‘g‘oncentr"ﬂ“.)ns of betgcarotene areln.deed eﬁectwe
group. ut that the increase in betacarptene intake in t_he-se
studies was simply too aggressive. Aless optimistic
interpretation is that betacarotene is merely a sur-
rogate marker for other protective dietary constit-
CARET examined the impact of a combination Uents. Higher alcohol intakes also seemed to be
of betacarotene 30 mg/day and retinol 25 oooassociated with the harmful effects of betacarotene
IU/day or placebo on the incidence of lung cancersupplementation although a convincing dose-re-
among 18 314 American smokers, ex-smokers an@pPonse relationship was only seen in ATBE?]
workers exposed to asbes{éd.The study was Alcohol has been postulated to interact with retinol
stopped 21 months earlier than originally plannedin the liver[®sl
after an average follow-up of 4 years. At that stage  Three other studies are more reassuring about
the active treatment group had a RR of lung canceithe impact of betacarotene. At entry into the Phy-
of 1.28 (95% CI, 1.04 to 1.57; p = 0.02). There was sicians’ Health Stud§®! (table 11) in 1982, 11% of
also an increase in RR of death from any causeghe study participants were current smokers and
(1.17,95% CI 1.03 to 1.33), death from lung cancer39% were ex-smokers. After an average of 12 years
(1.46, 95% CI 1.07 to 2.00) and death from cardio- of treatment and follow-up there were no signifi-
vascular disease (1.26, 95% C1 0.99 to 1.61). cant differences between the placebo and beta-

3.2 The Carotene and Reftinol Efficacy Trial

0 Adis International Limited. All rights reserved. Drug Safety 1999 Oct; 21 (4)



Safety of Antioxidant Vitamin Supplements 263

carotene groups with respect to the incidence of oidant doses in the clinical trials. Nevertheless,
death resulting from malignant neoplasms or cardio-powerful marketing and intense popular interest
vascular disease (myocardial infarction or stroke).have led to a massive increase in the proportions
No increase in lung cancer risk was seen amongf healthy individuals who take antioxidant sup-
patients randomised to betacarotene in 2 otheplementsinthe hope that some health benefit exists
shorter supplementation studies examining theand the expectation that there is little associated
prevention of skin and colorectal can¢&r32 risk.

The results of these studies seem to eliminate In the short and medium term typical supple-
the possibility that high dose betacarotene supplementary doses of tocopherol, ascorbic acid or
ments have any beneficial impact on the develop-betacarotene do not appear to be associated with
ment of cancer. Furthermore, the ATBC and any significant adverse effects. However, there is
CARET studies suggest that betacarotene is bestow evidence that long term betacarotene usage
avoided by regular smokers although there doesnay be associated with an adverse impact on major
not seem to be a need for concern about its use bgnd-points such as lung cancer particularly among
otherwise healthy individuals. This unexpected unhealthy high risk individuals. The reasons are
outcome should reaffirm the fact that promising unclear but the fact that its concentrations were so
basic mechanistic research and epidemiologygreatly increased in the setting of an already mark-
should be underpinned by prospective randomisecdkdly pro-oxidant environment may be relevant.
controlled trials before any definitive conclusions There is some evidence from physiological studies
are drawn. Many members of the public probably that antioxidants may have a biphasic effect: low
consider that natural antioxidants, in particular, aredoses (similar to those available from dietary
free of harmful effects and are a reasonable gamblaources) may be beneficial while high doses of anti-
as a health promoter. This view is probably naive.oxidant compounds may act as pro-oxidaft8s!

In keeping with most other therapeutic interven- Injudicious use of antioxidants may inadvertently
tions it seems that even with natural vitamins thereaccelerate rather than retard disease processes. En-

may be a cost-benefit analysis to consider. thusiastic endorsement of antioxidants should now
be tempered until further trial evidence is avail-
4. Conclusion able. Healthcare professionals should continue to

promote proven healthy lifestyle traits and empha-

Basic research has pointed to the importance osise that supplements are unlikely to be a conve-
oxidative mechanism in the development of bothnient short cut. This cautious approach was re-
atherosclerotic cardiovascular disease and cancetently endorsed in the recommendations of the
Several large epidemiological surveys supportedNutrition Committee of the American Heart Asso-
the hypothesis that exposure to natural antioxidantiation[97]
vitamins might retard the development of both
conditions. Disappointingly, there remains little

idence from properly conducted randomised References
evi ) properly o L 1. McCord JM. Human disease, free radicals and the oxidant/an-
controlled trials for a beneficial effect of antioxi- tioxidant imbalance. Clin Biochem 1993; 26: 351-7
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