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ABSTRACT

Nutritional protection against skin damage from sunlight is

increasingly advocated to the general public, but its effec-

tiveness is controversial. In this meta-analysis, we have

systematically reviewed the existing literature on human

supplementation studies on dietary protection against sunburn

by beta-carotene. A review of literature until June 2007 was

performed in PubMed, ISI Web of Science and EBM

Cochrane library and identified a total of seven studies which

evaluated the effectiveness of b-carotene in protection against

sunburn. Data were abstracted from these studies by means of

a standardized data collection protocol. The subsequent meta-

analysis showed that (1) b-carotene supplementation protects

against sunburn and (2) the study duration had a significant

influence on the effected size. Regression plot analysis

revealed that protection required a minimum of 10 weeks of

supplementation with a mean increase of the protective effect

of 0.5 standard deviations with every additional month of

supplementation. Thus, dietary supplementation of humans

with b-carotene provides protection against sunburn in a

time-dependent manner.

INTRODUCTION

Ultraviolet (UV) radiation exerts a number of detrimental
effects on human skin (1,2). The most familiar one, which is

virtually known to every human being, is a sunburn
reaction, which develops within hours after exposure to
shorter wavelengths UVB (290–315 nm) radiation. Avoid-
ance of sun exposure and topical application of sunscreens

prior to exposure represent the established strategies for
protection against sunburn (3). In recent years, however,
nutritional protection against sunburn formation has been

discussed as well (4–6). Among the substances that are being
suggested for such a nutritional approach b-carotene seems
to be an interesting candidate. b-Carotene is a potent

biological antioxidant. It is a strong singlet oxygen quencher
in vitro and experiments in animal models indicate that
b-carotene may provide skin photoprotection in vivo (7,8).

Systemic photoprotection by b-carotene supplementation
could contribute significantly to skin health and add to

photoprotection by sunscreens, because it could provide a
lifelong, overall, basic protection against the development of
sunburn reactions (6). In this study, we have therefore

conducted a meta-analysis of the existing literature about
the effectiveness of b-carotene for sunburn prevention. We
have focused on this substance and this biological end point

because—to the best of our knowledge—only for b-carotene
and only for prevention of sunburn the number of studies
that exist is sufficient to allow a meta-analysis.

METHODS

The literature until June 2007 was searched using the following
databases: PubMed, ISI Web of Science (Science Citation Index
Expanded) and EBM Cochrane library using the keywords ‘‘betacar-
otene’’ or ‘‘carotenoids’’ and ‘‘sunburn.’’ In addition to the mentioned
databases, manual search was done of references cited in the selected
articles as well as in selected books on nutrition and skin. No language
restriction was applied.

Primary inclusion criteria for the selection of relevant articles were
original publications about clinical trials. Case reports, reviews and
editorials were not considered eligible.

The selected articles were reviewed and data were abstracted
by means of a standardized data-collection protocol using the
following criteria: Only placebo-controlled clinical studies on the
supplementation with b-carotene on protection against sunburn
were used.

We identified seven studies, the characteristics of which are listed
in Tables 1 and 2, and their full references are cited in the reference list
at the end of this report (9–15).

A classical meta-analysis for studies with continuous outcome
was performed according to published work (16,17). In studies of
the effects of a treatment that measure the outcome on a
continuous scale, a natural effect size is the standardized mean
difference (SMD). The SMD is the difference between the mean
outcome in the treatment group and the mean outcome in the
control group divided by the within group standard deviation. Once
an effect size is estimated for each study, the next step is to
summarize these results in an overall effect. To test whether the
sample effect sizes are themselves homogeneous (from a single
population), one uses the so-called Q statistics, a form of weighted
sums-of-squares, which can be tested against a v2 distribution with
n)1 degrees of freedom. A significant result indicates that the
variance is greater than expected due to sampling error. In this case,
the assumption of a fixed-effects model that there is a single true
effect in all studies (or for each group of studies) and that any
observed variation is due to sampling error is not true and an
alternate model, the random-effects model, which assumes that there
is an average effect with a certain degree of variation around this
mean, is used.
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Additionally one can test whether there is a linear relationship
between a continuous moderator variable (e.g. dose and duration) and
the effect sizes with a so-called meta-analytic regression (18).

The calculations and graphical presentation were produced with the
following software: Comprehensive Meta-Analysis, S-Plus and SAS.

RESULTS

The Q-test for heterogeneity was statistically significant
(Table 3). Thus, a fixed-effects model approach would not be

appropriate and therefore, the random-effects model and
meta-regression were used for meta-analysis of the seven
studies. As is shown in Table 3, assessment of the effect of
b-carotene supplementation on the development of a sunburn

reaction revealed that there is a significant effect (P = 0.0089)

in the size of 0.8 standard deviations (95% CI from 0.2 to 1.4)
(Fig. 1).

In addition, a meta-regression with the moderator variables
daily dose, duration and total dose showed that only the study
duration had a significant influence of the effected size
(P = 0.00025) (Fig. 2). The regression plot with 95%

confidence bounds identified 10 weeks as the minimum sup-
plementation period for the induction of protection against
sunburn. In fact, there is a mean increase of the protective

effect of b-carotene supplementation in the magnitude of 0.5
standard deviations with every additional month of study
duration.

The major source of heterogeneity is the study 10-Lee, and
here in particular the data from the 90 mg day)1 b-carotene

Table 1. Study characteristics (sample size, duration, and dose).

Study name
b-Carotene
sample size

Control
sample size

Duration
(weeks)

Daily dose
(mg)

Total dose
(mg)

Garmyn et al. (9) 8 6 3 90 1890
Gollnick et al. (10) 8 6 12 30 2520
Heinrich et al. (11) 12 12 12 24 2016
Lee et al. (12) 11 11 24 60 10 080
Mathews-Roth et al. (13) 17 12 10 180 12 600
McArdle et al. (14) 8 8 8 15 840
Stahl et al. (15) 8 8 12 25 2100

Table 2. Methods and results of erythema assessment.

Study name Erythema assessment
Effect: size

and direction
b-Carotene effect
(mean ± SD)

Placebo effect
(mean ± SD)

Garmyn et al. (9) Minimal erythema dose + 1 ± 17.7471 2.9 ± 15.9142
Gollnick et al. (10) Number of body areas with higher

or lower erythema grades
+ 0.5263 ± 0.7618 0.0526 ± 0.8366

Heinrich et al. (11) Chromametry a-values ) 4.7 ± 2.488 7.5 ± 1.6
Lee et al. (12) Minimal erythema dose + 25.3 ± 4.925 20.9 ± 4.6904
Mathews-Roth et al. (13) Minimal erythema dose + 11.4706 ± 3.3435 9.8958 ± 4.7212
McArdle et al. (14) Minimal erythema dose + 28 ± 2.6667 28 ± 2.6667
Stahl et al. (15) Da-values ) 7 ± 2.9 10.7 ± 3.3

Table 3. Meta-analysis statistics for each study.

Study name

Standardized
mean difference

(SMD)
Standard
error

Lower limit
of 95%

confidence
interval

Upper limit
of 95%

confidence
interval

Test
statistic
z-value

Test
statistic
P-value

Garmyn et al. (9) )0.1117 0.5404 )1.171 0.9476 0.2067 0.8362
Gollnick et al. (10) 0.5967 0.5517 )0.4846 1.6781 1.0816 0.2794
Heinrich et al. (11) 1.3386 0.4517 0.4534 2.2239 2.9638 0.003
Lee et al. (12) 2.3026 0.5498 1.2249 3.3802 4.1878 0
Mathews-Roth et al. (13) 0.3974 0.3806 )0.3487 1.1434 1.044 0.2965
McArdle et al. (14) 0 0.5 )0.98 0.98 0 1
Stahl et al. (15) 1.1911 0.5425 0.1277 2.2544 2.1954 0.0281
Fixed effects 0.7716 0.185 0.409 1.1342 4.1708 0
Random effects 0.8019 0.3066 0.201 1.4028 2.6155 0.0089

Q-test for heterogeneity: v2 = 16.05 on six degrees of freedom (P = 0.014).
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supplementation. When these data were left out and, instead,
only the 60 mg data from this study were used for meta-

analysis, the heterogeneity test was no longer significant

(Table 4). Under these conditions, the fixed and the random
model effects showed very similar and significant effects. In
contrast to the first meta-analysis, however, the duration of
supplementation was no longer a significant moderator vari-

able (P = 0.1064).

DISCUSSION

This meta-analysis indicates that b-carotene supplementation
of humans is effective in providing protection against the
development of a sunburn reaction. It also demonstrates that

achievement of significant protection requires at least
10 weeks of supplementation. This observation emphasizes
that systemic photoprotection by b-carotene is quite different

from that achieved with a topically applied sunscreen.
Whereas proper use of modern sunscreens provides protec-
tion against the development of a sunburn reaction within

minutes after topical application, b-carotene-induced photo-
protection builds only slowly over several weeks of supple-
mentation. Also, sunburn protection provided by a sunscreen

can be much stronger than that which is achievable by
b-carotene supplementation. Accordingly, sun protection
factors of modern sunscreens usually range from 10 to 40
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Figure 1. Forest plot for meta-analysis of b-carotene supplementation vs placebo on sunburn protection.

Table 4. Meta-analysis statistics for each study (modified results for study 10-Lee).

Study name

Standardized
mean

difference
(SMD)

Standard
error

Lower limit
of 95%

confidence
interval

Upper limit
of 95%

confidence
interval

Test
statistic
z-value

Test
statistic
P-value

Garmyn et al. (9) )0.1117 0.5404 )1.171 0.9476 0.2067 0.8362
Gollnick et al. (10) 0.5967 0.5517 )0.4846 1.6781 1.0816 0.2794
Heinrich et al. (11) 1.3386 0.4517 0.4534 2.2239 2.9638 0.003
Lee et al. (12) 0.9149 0.4482 0.0365 1.7933 2.0415 0.0412
Mathews-Roth et al. (13) 0.3974 0.3806 )0.3487 1.1434 1.044 0.2965
McArdle et al. (14) 0 0.5 )0.98 0.98 0 1
Stahl et al. (15) 1.1911 0.5425 0.1277 2.2544 2.1954 0.0281
Fixed effects 0.6308 0.1799 0.2782 0.9834 3.5064 0.0005
Random effects 0.6296 0.2065 0.2249 1.0343 3.0489 0.0023

Test for heterogeneity: v2 = 7.78 on six degrees of freedom (P = 0.254).
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Figure 2. Meta-regression with moderator variable ‘‘study dura-
tion’’—regression line (solid) with 95% confidence intervals (dashed).
Circles indicate individual studies.
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and can be higher than 90, whereas oral supplementation
with b-carotene will yield at best a sun protection factor
(SPF) of approximately 4. In other words, sunscreens are the
strategy of choice for sunburn prevention if fast and strong

protection is required. Obvious disadvantages of sunscreens
are (1) that the consumer has to keep in mind to apply the
sunscreen prior to sun exposure and (2) that the application

has to be done properly, i.e. at sufficient amounts in a careful
and homogenous manner to all sun exposed skin areas
(including those that are difficult to reach), and that even

after appropriate application, photoprotection may decrease
with time below the indicated SPF, because of a gradual loss
of the product from the skin surface due to sweating and

mechanical factors. This is in contrast to systemic photopro-
tection by b-carotene. Once it has been achieved, b-carotene
induced photoprotection is (1) always present and (2)
homogenously affects the whole skin. Thus, topical applica-

tion of sunscreens and systemic photoprotection with
b-carotene are not competing strategies which are intended
to replace each other, but instead they are complementary in

nature and should be combined. In this regard, b-carotene
intake would serve to provide a basic, all day protection
against sunburn, which would affect all parts of the skin,

whereas sunscreens would be used ‘‘in addition,’’ in particular
to prevent sunburns under conditions where the consumer
anticipates increased exposure of selected skin areas to UV
radiation, e.g. during outdoor activities, summer vacations at

the beach etc. In this regard, a combination of b-carotene
with other oral antioxidants should be considered because
this may allow to use lower daily doses than those used in the

studies mentioned above and thereby improve the safety of
daily b-carotene supplementation. This is of particular
importance because long-term supplementation with b-caro-
tene in high doses seems to increase the risk for lung cancer
in smokers (19).

The precise mechanism(s) through which b-carotene
prevents the development of a sunburn reaction in human
skin is currently unknown. At least to some extent, UVB-
induced skin erythema is due to the formation of reactive
oxygen species in irradiated skin and it has therefore been

suggested that the well known antioxidative activities of
b-carotene account for its photoprotective properties (7). In
this regard, it is important to realize that b-carotene
resembles natural products such as other carotenoids by
being a provitamin A and an excellent singlet oxygen
quencher. It is thus tempting to speculate that other natural

products with similar properties may exert similar beneficial
effects on human skin, under the condition, however, that
they—after oral ingestion—resemble b-carotene by reaching
the target organ, i.e. human skin. At a molecular level,

UVB-induced biological effects have been shown to be
initiated through three signaling pathways: (1) the formation
of DNA photoproducts in nuclear DNA (20), (2) the

clustering and subsequent internalization of cell membrane-
associated growth factor receptors (21) and (3) the activation
of the arylhydrocarbon receptor signaling pathway in the

cytoplasm of irradiated human skin cells (21). In addition,
these three signaling pathways are closely linked to each
other and may partially overlap (22). The efficacy of

b-carotene to prevent sunburn formation may thus

alternatively be explained by the capacity of b-carotene to
interfere with one or several of these signaling pathways.
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