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mentation was seen in current and former

smokers but not in people who had never

smoked (Seddon et al., 1994b).

(The Working Group noted that observa-
tional studies of cataracts, like those of most
chronic diseases, are highly susceptible to con-
founding and must thus bè interpreted cau-
tiously. For example, markers of higher socio-
economic status are consistently associated
with a decreased risk for cataract (Sperduto et
al., 1990). Since higher socioeconomic status is
also associated with a higher intake of micronu-
trients and with vitamin supplementation, any
protective effects could we11 be due to con-
founding. Thus, evidence from trials is critical
in evaluating potential health effects.)

The cancer prevention trials in Linxian,
China, inc1uded ocular examinations for
participants in the trial on dysplasia and for a
subset of participants in the trial in the general
population. The combination of ß-carotene, a-
tocopherol and selenium did not reduce the

prevalence of cataract in the general popula-

tion. ln the dysplasia trial, however, there was a
statistica11y significant, 36% reduction in the
prevalence of nuc1ear cataract among persons
aged 65-74 years who received supplements of
multiple vitamins and mineraIs plus ß-carotene

(15 mg/d) for six years (Sperduto et aL., 1993).
There is currently no convincing evidence

that supplementation with carotenoids can

affect the development or progression of age-
related cataracts or age-related macular degen-
eration. While supplemental lutein and zeax-
anthin may be of value for the prevention of
macular degeneration, extremely few data are
available on the pharmacology, pharmacoki-
netics and toxicity of the se supplements in
humans or in animaIs.

5.4 Other effects

Antioxidants, inc1uding ß-carotene and
carotenoids, have been suggested to be of value
in the prevention or management of a number
of chronic conditions, inc1uding rheumatoid

arthritis (Heliövaara et al., 1994; Comstock et
al., 1997), impaired cognition in the elderly
(Perrig et al., 1997) and ageing (Cutler, 1991).

6. Carcinogenicity

6.1 Humans
Two of the intervention trials described iii sec-
tion 4.1.1.3 suggest increased incidences of lung
cancer. These are discussed below. Non-signifi-

ca nt inCfeases iii the incidences of cancers at
other sites in intervention trials and case-con-
trol studies are mentioned in the full descrip-
tions of these studies in section 4.1.1.3.

6.1.1 ATBC Study

ln the ATBC study (Alpha-Tocopherol, Beta

Carotene Cancer Prevention Group, 1994a,b;

Albanes et aL., 1996), involving 29 133 men
who smoked at least five cigarettes daily at
entry, with a median of 20 cigarettes per day
and a median duration of smoking of 36 years,
894 cases of lung cancer were identified dur-
ing the fo11ow-up. The incidence of lung can-

cer was 16% higher among the men who
received ß-carotene than among those who did
not (RR, 1.16; 95% Ci, 1.02-1.33). The effect
appeared to be stronger, but not significantly
so, in participants who smoked at least 20 ciga-
rettes daily at entry (RR, 1.25; 95% Ci,

1.07-1.46) than in those who smoked 5-19 cig-
arettes daily (RR, 0.97; 95% Ci, 0.76-1.23), and
in those with higher a1cohol intake (;:: II g of
ethanol daily) (RR, 1.35; 95% Ci, 1.01-1.81)

than in those with a lower intake (RR, 1.03;

95% Ci, 0.85-1.24). A 23% inCfease in the inci-
dence of prostate cancer and a 25% increase of
stomach cancer were also seen among men
receiving ß-carotene in comparison with those
not receiving ß-carotene, but these differences

were iiot statistica11y significant; the incidences
of cancers of the colon and rectum and urinary
bladder were not affected by ß-carotene.

6.1.2 CARET
The CARET (Omenn et al., 1996a,b) involved
14 254 men and women 50-69 years of age
who had at least 20 pack-years of cigarette
smoking and either were currently smokiiig or
had stopped smoking within the previous six
years; 4060 men with substaiitial occupation al
exposure to asbestos were also inc1uded. Daily
supplementation with ß-carotene and retinyl
palmitate was stopped 21 months early, after a
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me di an of 3.7 years of fo11ow-up, because of

c1ear evidence of no benefit and substantial evi-

dence of possible harm. A total of 388 new
cases of lung cancer were diagnosed during the
fo11ow-up. The actively treated group had a rel-
ative risk for lung cancer of 1.28 (95% CI,
1.04-1.57) as compared with those on placebo.
This overa11 risk for lung cancer inc1uded rela-
tive risks of 1.40 (95% CI, 0.95-2.07) for work-
ers exposed to asbestos, 1.42 (95% CI,
1.07-1.87) for heavy smokers who were smok-
ing at the time of randomization and 0.80 (95%
CI, 0.48-1.31) for previously heavy smokers
who were no longer smoking at the time of ran-
domization. ln comparison with the group

given placebo, those receiving the supplement
in the highest quartile of a1cohol intake had an
increased risk for lung cancer (RR, 1.99; 95% CI,
1.28-3.09); a test for the heterogeneity of rela-
tive risks among quarties of a1cohol intake was
statistica11y significant at the O.Ollevel. Because
of the lack of a consistent dose- response effect
and the multiple tests performed, the authors

considered this result to be only suggestive.

There were no statistica11y signifcant differ-
ences in the risks for cancers at other sites.

6.1.3 Interpretation of trials suggesting
carcinogenicity

The groups receiving ß-carotene supplementa-
tion had an increased risk for lung cancer in
both the ATBC Study and CARET (in which the
group also received retinyl palmitate). No
change in lung cancer risk was found in the
Unxian or Physicians' Health studies, but their
power to find a sma11 change in lung cancer risk
was limited by the relatively sma11 number of
cases of lung cancer. There was no statistica11y
significant increase in the incidence of any
other cancer in these studies. Thus, the ques-

tion pertains to the possibilty that ß-carotene

supplementation increased the risk for develop-
ing lung cancer.

Differences in the study populations and
interventions may explain sorne of the results
of the trials. ln the ATBC Study and the PHS, a11
of the participants were men, whereas in the
CARET and Unxian studies, haU of the partici-
pants were women. Supplementation in the
PHS was with ß-carotene alone at 50 mg every
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second day; in the ATBC study, ß-carotene was

given at 20 mg per day either alone or in com-
bination with a-tocopherol; in the CARET,

ß-carotene was given at 30 mg per day in com-
bination with vitamin A; and in Linxian, a

combination of ß-carotene at 15 mg per day,
vitamin E and selenium was given. ln the ATBC
study, a11 of the participants were smokers, in
the CARET, 60%, in the Unxian study, 30% and
in PHS, only 11%. The CARET suggested
increased risks for lung cancer among CUffent
smokers and asbestos-exposed workers but not
among former smokers. ln the ATBC study, the
inCfeased risk for lung cancer appeared to be
confined to people smoking at least 20
cigarettes per day, and no effect on risk was
found for those smoking 5-19 cigarettes per
day (although the test for effect modification
was not statistica11y significant). Years of ciga-
rette smoking did not significantly modify the
effect of ß-carotene supplementation on lung
cancer risk. These findings indicate that ß-

carotene supplementation accelerates the c1ini-
cal appearance of lung cancer among currenti
heavy smokers. The A TBC study and CARET
suggest that a1cohol intake may modify the
effect of ß-carotene on lung cancer. The intake
levels were, however, moderate: the median in
the ATBC study was 11 g/day and that in the
CARET, 3 g/day. ln the ATBC study, the effect of
ß-carotene appeared to be stronger in men with
a higher a1cohol intake than in those with a

lower intake; however, underestimation of a1co-
hol intake is likely the higher the intake is. The
CARET also suggested that the risk for lung can-
cer was greater in people with a high a1cohol

intake, but there was no consistent dose-

response relationship. The separate effects of a1co-
hol drinking and tobacco smoking are diffcult to
distinguish, as the two behaviours are correlated.

Other potentially important differences

between the completed trials inc1ude baseline
nutrient status and the population's response

to the ß-carotene intervention. As shown in
Table 56, the population in the Unxian County
study had notably low ß-carotene concentra-

tions at entry; in contras t, the physicians

enrolled in the PHS had notably high ß-
carotene concentrations at entry. The study
populations also varied in their plasma
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Table 56. Serum concentrations of ß-carotene before and after intervention in completed
cancer prevention trials

Study Serum ß-carotene Serum ß-Carotene after ß-Carotene dose
at entry (fJg/dl) intervention (i.g/dl) (manufacturer)

(17ja (300ja 20 mg/d (Roche)

(17Ja,b (210ja 30 mg/d (Roche)

(30jb,c (120¡C 50 mg on alternate days (BASF)

6c 86c 15 mg/d (Roche)

ATBC

CARET

PHS

Linxian

ATBC, Alpha-Tocopherol Beta-Carotene; CARET, Beta-Carotene Retinol Efficacy Trial; PHS, Physicians' Health Study
a Median

b Level in placebo group after intervention

C Mean

responses to supplemental ß-carotene. The par-
ticipants in the two trials that provide evi-

dence of potential harm (CARET and ATBC)
also had the highest serum concentrations of
ß-carotene at the end of the intervention and
those in the PHS and Unxian studies notably
lower concentrations. The dose of ß-carotene

and the median serum ß-carotene concentra-
tions achieved in these studies exceeded by

many times the dietary intake or serum con-
centration of ß-carotene associated with a low-

ered risk for cancer in the epidemiological fol-
low-up studies.

6.2 Experimental animais

Mouse: It was reported in an abridged paper that

beadlets containing 11.5% ß-carotene were

incorporated into the diet of four groups of 100
male and 100 female CD-l mice (age unspeci-
fied) at concentrations resulting in ß-carotene
doses of 100, 250, 500 or 1000 mg/kg bw per
day (formulation in the diet unspecified). Two
groups of mice were fed either unsupplemented
standard diet or standard diet supplemented

with placebo beadlets. Administration of ß-
carotene for up to 105 weeks did not affect the
spontaneous tumour profile (no further infor-
mation was given on mortality or tumours)
(Heywood et al., 1985).
Rat: Two groups of 15 male and 15 feilale
Wistar rats, 30-40 days old, were fed a 'syn-

thetic' diet for 90 weeks followed by ground
commerciallaboratory chow pellets for another
20 weeks, either as su ch or supplemented with
0.1 % ß-carotene (96% a11-trans isomer) (formu-
lation in the diet unspecified). After one year,

four rats (sex unspecified) of each group were
kiled for interim observations. There was no
significant difference in body weight between
the two groups. At termination of the study at
week 110, 7/26 controls (sex unspecified) and
13/26 rats fed ß-carotene-fed (sex unspecified)

were stil alive. Extensive histopathological

exailination of the survivors revealed no treat-

ment-related changes, except for storage of
Sudan-positive ilaterial in the Kupffer ce11s of

the livers of the rats fed ß-carotene (Zbinden &
Studer, 1958; Bagdon et al., 1960) (The
Working Group noted the sma11 number of
animaIs per group, the short treatment
period, the absence of histopathological
exailination of the animaIs that died inter-
cUffently and the lack of information on

spontaneous tUilOurS.)
It was reported in an abridged paper that

beadlets containing about 11.5% ß-carotene

were incorporated into the diet of Sprague-

Dawley rats at concentrations resulting in
doses of 100, 250, 500 and 1000 mg/kg bw per
day for life; other rats received either unsup-
pleilented standard diet or standard diet sup-
pleilented with placebo beadlets. The Fia pups
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were assigned to six groups of 60 males and 60
females, each receiving the same diet as their
mothers. After 78 weeks, when the c10tting
times in a11 male rats appeared to be pro-

longed, 15 ppm heterazeen (a biologically
active vitamin K analogue) was added to the
diet of a11 rats. A11 survivors were kiled when
20% of the controls on standard diet were stil
alive (week 116 for males and week 114 for
females). The body-weight gain of animais at the
three highest doses was lower than that of rats
receiving placebo (no further details given; statistics
unspecified). ß-Carotene did not affect the sponta-
neous tumour profile (no further information on
mortality or tumours) (Heywood et aL., 1985).

No data were available to the Working
Group on other carotenoids.

6.3 Mechanisms of carcinogenicity
Mechanisms to explain the excess incidence of
lung cancers observed in persons. receiving ß-
carotene supplements in the CARET and the
ATBC study remain speculative. Possible
mechanisms of effect to account for the observed
excess, assuming that it is in fact real and attrib-
utable to ß-carotene, are discussed below.

The results of the two trials strongly sug-
gest that concurrent exposure to ß-carotene

and to a relatively high intensity of cigarette
smoke is necessary for a harmful effect of ß-
carotene to occur. Moreover, the risk appears
to be specific to lung cancer. The combination
of tobacco smoke, which con tains many free
radicals and is strongly oxidative, and rela-
tively high partial pressures of oxygen in the
lung may trigger autooxidation of ß-carotene
and other carotenoids in the lung (discussed

by Mayne et al., 1996; see also Section 2).
Under su ch conditions, the free radical of ß-
carotene may also serve as a propagator of
free-radical formation. Transformed or dam-
aged cells found in the lungs of long-term

smokers might be particularly sensitive to
either modulation of the oxidative state or
the non-physiological concentrations of ß-

carotene present. This hypothesis is consis-
tent with the work of Leo et al. (1992), which
showed that ethanol-induced hepatotoxicity
in a baboon model was exacerbated by a

..
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challenge of non-physiological doses of 13-

carotene. ln this situation as well, damaged
cells seem more susceptible to the adverse
effects of ß-carotene.

The amount of ß-carotene that is autooxi-
dized is known to be dose-dependent (see Table
56 for blood concentrations in this and other
trials), and that might explain the lack of effect
on lung cancer rates in the PHS. Similarly, as
discussed elsewhere (Mayne et aL., 1996),
asbestos fibres also produce an inflammatory
response in lung, resulting in overproduction
of reactive oxygen species.

The link between local oxidative stress in
the lung and promoting effects of supple-
mental ß-carotene is unc1ear; however, sever-
al critical regulatory pa th ways and signallng
molecules are redox-regulated (e.g. NF-kB,
and AP-l). Thus, it can be hypothesized that
a pro-oxidant state in the lung, due to
autooxidation of ß-carotene and/or severe

oxidative stress, might result in alterations in
both cell proliferation and apoptosis. Uebler
(1993), however, used in-vitro models of 13-
carotene and cigarette smoke to show that
autooxidation of ß-carotene occurs after expo-
sure to tobacco but does not result in a prooxi-
dant state except in models with ß-carotene

(Omaye et al., 1997). This might suggest that
oxidative metabolites of ß-carotene, rather than
a prooxidative state, are responsible for any
effects observed.

Further considerations are the following:
· High concentrations of ß-carotene present
in the gastrointestinal tract at the same time
as other carotenoids may inhibit the absorp-
tion of other protective phytochemicals, such
as a-carotene and lutein. Although competi-
tive interactions have been shown between
various carotenoids when administered
together in large amounts (Kostic et al., 1995),
large recurrent doses of ß-carotene had little
effect on other serum carotenoids in interven-
tion trials (Albanes et aL., 1997; Mayne et al.,
1997).
· Cigarette smoke may activate leukocytes
and macrophages to secrete oxidizing agents,
with formation of carotenyl radical adducts by
02- (Trush & Kensler, 1991).
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· ß-Carotene may inhibit the apoptosis of
preneoplastic or neoplastic ce11s, thus enhanc-
ing the survival of such ce11s. Supplements of ß-
carotene decreased apoptosis Oohnson et al.,
1996; Mannick et al., 1996).
· ß-Carotene may be an effective antioxi-
dant in lung, thereby altering the redox state
and potentially affecting redox-regulated

aspects of cell proliferation and apoptosis. The
lack of an effect (e.g. lung carcinogenicity) of
vitamin E in the ATBC trial suggests, however,
that this possibilty is not likely.

These mechanisms are not mutua11y exclu-
sive, and more th an one may be involved.

7. Other Toxic Effects

7.1 Toxic and other adverse effects

7.1.1 Humans
Most of the available data on the safety of
carotenoids concern ß-carotene. Studies of tox-
icity in experimental animaIs have shown that
ß-carotene is not mutagenic or teratogenic.
Doses of 20-180 mg/d ß-carotene given for
many years have been used to treat patients
with erythropoietic protoporphyria, with no
evidence of toxicity and without the develop-
ment of abnorma11y elevated blood vitamin A
concentrations (Mathews-Roth, 1986; Meyers et

al., 1996).
The conversion of ß-carotene and other

provitamin A carotenoids is regulated by the
vitamin A status of individuals. Thus, high
intakes of carotenoids do not lead to abnor-
mally high vitamin A concentrations or
symptoms of hypervitaminosis (OIson, 1994).
Hyper-carotenaemia, or high serum concentra-

tions of carotene, may occur when people
take supplements containing 20 mg or more of
ß-carotene for extended periods. Hypercaro-

tenaemia has also been seen in people who
consume large quantities of food rich in ß-
carotene. People who take high concentrations
of ß-carotene supplements or who consume
large quantities of carotene-rich foods may, in
addition to having higher serum concentra-

tions of ß-carotene, develop ye110w palms and
soles, a condition technica11y known as hyper-
carotenodermia. This condition can be clearly
differentiated from jaundice because the whites

of the eyes (sclera) are ye110w only in patients
with jaundice. The change disappears with dis-
continuation of increased intake (Lascari,
1981). Hyper-carotenaemia can also be caused
by a rare genetic inabilty to convert ß-carotene
to vitamin A (McLaren & Zekian, 1971; Monk,

1982) and is sometimes seen in association
with hypothyroidism, diabetes melltus and

hepatic and renal disease. The hypercarote-

naemia is a secondary condition and is not the
cause of these diseases (Meyers et al., 1996).

ln the ATBC study, 11% more total cardio-
vascular deaths, including deaths from
ischaemic heart disease, a11 types of stroke and
other cardiovascular disease, were seen in the
men taking ß-carotene (Alpha-Tocopherol Beta-
Carotene Cancer Prevention Study Group,
1994b). When the analyses were restricted to
the 1862 participants who had previously had
a myocardial infarct, men who received ß-
carotene al one had relative risks of 1. 75 (95%
Ci, 1.16-2.64) for fatal coronary heart disease
and 3.44 (95% Ci, 1.70-6.94) for fatal myocar-
dial infarct (Rapola et al., 1997). The corre-

sponding relative risks for those who received
ß-carotene plus a-tocopherol were 1.58 (95%
Ci, 1.05-2.40) and 2.67 (95% Ci, 1.30-5.46).
Similarly, an inCfeased number of deaths from
cardiovascular disease was seen in the CARET
among men taking supplemental ß-carotene
plus retinol: the relative risk was 1.26 (95% Ci,
0.99-1.61; Omenn et aL., 1996b).

Limited data exist on the toxiCIty of other
carotenoids. Canthaxanthin is an approved
food colour additive, but it has been used with-
out regulatory approval for attaining a skin

colour similar to a suntan. Excessive intake pro-

duces discoloured plasma and faeces, which
probably has no physiological significance;
however, crystallne deposits occuffed in the
retinas of a11 subjects ingesting 60 mg, and a
change in retinal function after long-term
treatment was observed in a few persons with

su ch deposits (Weber et al., 1992). The changes
in retinal function are relatively minor, howev-
er, and are cOffected over a period of months or
years as the canthaxanthin crystals disappear
(Arden & Barker, 1991; Weber et al., 1992).
Similar canthaxanthin retinopathy induced in
monkeys was not associated with retinol
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