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Nutritional skin care: health effects of micronutrients and fatty

acids’3
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ABSTRACT Human skin is continuously exposed to inter-
nal and external influences that may alter its condition and func-
tioning. As a consequence, the skin may undergo alterations
leading to photoaging, inflammation, immune dysfunction,
imbalanced epidermal homeostasis, or other skin disorders.
Modern nutritional science is developing new insights into the
relation between food intake and health, and effects of food
ingredients may prove to be biologically relevant for optimal
skin condition. The objective of this review was to evaluate the
present knowledge about the interrelation of nutrients and skin,
particularly the photoprotective effects of nutrients, the influ-
ences of nutrients on cutaneous immune responses, and the ther-
apeutic actions of nutrients in skin disorders. The nutrients of
focus were vitamins, carotenoids, and polyunsaturated fatty acids.
Supplementation with these nutrients was shown to provide pro-
tection against ultraviolet light, although the sun-protection
factor was relatively small compared with that of topical
sunscreens. An increase in delayed-type hypersensitivity skin
responses after supplementation with nutrients has proven bene-
ficial, especially in elderly people, and may boost cell-mediated
immunity. Dietary consumption of certain plants or fish oil is
known to modulate the balance of lipid inflammatory mediators
and, therefore, is valuable in the treatment of inflammatory skin
disorders. It was concluded that nutritional factors exert promis-
ing actions on the skin, but information on the effects of low-to-
moderate doses of nutrients consumed long term by healthy
individuals is obviously lacking, as are data on direct effects on
basal skin properties, including hydration, sebum production,
and elasticity.  Am J Clin Nutr 2001;73:853-64.
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INTRODUCTION

Human skin acts as a barrier between the internal and external
environments, protecting the body from mechanical damage,
noxious substances, invasion by microorganisms, and radiation.
The skin plays an important role in regulating body homeostasis
by keeping water loss to a minimum and by regulating body tem-
perature. Moreover, the skin lodges nerve endings that react to
pain and temperature. In recent years it has become clear that the
skin is an essential part of the immune system (1). Besides these
vital biological functions, the skin plays a pivotal role in the feel-

ing of well-being and in physical attractiveness. Appearance of
the skin is primarily determined by its surface texture, color, and
physiologic properties such as elasticity, sweat, scent, and sebum
production. Skin condition and functioning are affected by envi-
ronmental factors, such as ultraviolet (UV) irradiation, free rad-
icals, toxic and allergic compounds, and mechanical damage,
and by endogenous factors, such as genetic predisposition,
immune and hormone status, and stress. Consequently, the skin
undergoes alterations resulting in photoaging, inflammation,
reduced immune function, imbalanced epidermal homeostasis,
and other skin disorders (2, 3).

Skin functioning and skin attractiveness are dependent on
nutrition. This is evidenced by the development of skin lesions in
response to nutritional deficiencies. Dietary supplementation
with the deficient vitamins, minerals, or essential fatty acids
improves skin conditions in these situations (4).

Modern nutritional science is now developing new insights
into the relation between food intake and health, and interest in
the role of diet, specific food ingredients, and supplements in
reducing the risk of skin disorders is growing. Specific positive
effects of food ingredients on skin conditions may prove to be
biologically relevant and may consequently allow for claims on
products containing these functional ingredients, resulting in the
development of new functional foods for optimal skin condition.

In this review, published data from MEDLINE (National
Library of Medicine, Bethesda, MD) and CURRENT CON-
TENTS (Institute for Scientific Information, Philadelphia) dated
from 1980 on the interrelations of nutrients and human skin are
summarized and critically evaluated. Only articles written in Eng-
lish were included and studies of skin carcinogenesis were
excluded. The results of this review may provide a basis for the
feasibility of the concept of functional foods for optimizing skin
conditions and preventing skin disorders. Studies were roughly
categorized into those that addressed the photoprotective effects of
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nutrients, the effects of nutrients on cutaneous immune responses,
and the therapeutic actions of nutrients in skin disorders. This
review is not exhaustive, but does include the most important stud-
ies that showed associations between nutrients and human skin.

PHOTOPROTECTIVE POTENTIAL OF VITAMINS,
CAROTENOIDS, AND POLYUNSATURATED FATTY
ACIDS

Sunburn is a well-known acute effect of excessive sun expo-
sure. Low-dose or short exposure to UV irradiation is tolerated
by the skin without noticeable or clinically relevant changes.
Only after a certain threshold is reached does delayed and pro-
longed vasodilatation develop, allowing passage of lymphocytes
and macrophages into the tissue and induction of an inflamma-
tory response that is clinically visible as erythema. A frequently
used measure of UV irradiation—induced erythema is determina-
tion of the minimal erythema dose (MED). One MED is the min-
imal amount of energy required to induce a uniform, clearly
demarcated redness 16—24 h after exposure to UV irradiation.

The ultimate aim of efforts to protect the skin against sunlight
is prevention of photoaging (5), photoimmunosuppression (6),
and photocarcinogenesis (7). Although nature anticipates these
conditions by increasing epidermal thickness, stimulating
melanogenesis, and providing natural antioxidants in the super-
ficial skin layers, supplementation with nutrients may support
these processes and thereby serve as an additional protective
measure against the harmful effects of UV light.

Vitamins E and C

During the past 2 decades, only 4 clinical studies investigated
the photoprotective effects on skin of dietary supplementation
with vitamins C and E. In a double-blind, parallel, placebo-
controlled trial, La Ruche and Cesarini (8) investigated the pho-
toprotective effects of vitamins and trace elements. Sixteen
healthy volunteers received 200 wg Se, 16 mg copper sulfate,
14 mg a-tocopherol, and 2700 wg retinol; only trace elements
(200 pg Se and 16 mg copper sulfate); only vitamins (14 mg
a-tocopherol and 2700 g retinol); or placebo for 3 wk. All
treatments with active ingredients provided partial protection
against the formation of sunburn cells at a low irradiation dose
(suberythemal) compared with the placebo group. Sunburn cells
are characteristic keratinocytes with a glossy, shrunken
eosinophilic cytoplasm and a pyknotic nucleus that appear in the
epidermis after UV irradiation and may be used as a sensitive
marker of UV irradiation—induced injury. Supplementation with
either trace elements or vitamins resulted in a lower number of
sunburn cells after irradiation, whereas supplementation with
both trace elements and vitamins resulted in an additional reduc-
tion in the number of sunburn cells. No effects on the MED were
shown, although effects may have been missed because of the
small number of subjects in each group or the low doses of
antioxidants in the supplement. The absence of effects in the
supraerythemal dose may be explained by the increase in cell
death at higher doses of UV irradiation, at the cost of a reduction
in the number of sunburn cells. Although this study showed a
protective effect of trace minerals and vitamins at low irradiation
doses, with the formation of sunburn cells as a biological end-
point, no effects were shown on UV light—induced erythema.

In a study by Werninghaus et al (9), a relatively small group of 12
healthy volunteers received 295 mg (400 IU) a-tocopherol acetate

or a placebo daily for 6 mo along with their regular diet. Mean
MEDs were similar in both groups before supplementation, but
increased in some subjects and decreased in others after supple-
mentation. Plasma concentrations of a-tocopherol increased dur-
ing the study, but no parallel increase was detected in the skin.
This finding was explained by the fact that the skin samples were
taken 24 h after exposure and thus a-tocopherol may have been
depleted from the skin. Moreover, the study spanned several
months and because individual MEDs were shown to be higher in
summer than in winter (10), seasonal changes may have obscured
any effects. In contrast with the findings of La Ruche and
Cesarini (8), no change in the number of sunburn cells was found
in the subjects who received the supplement. A major reason for
this lack of an effect may have been that manipulation of vitamin
E concentrations only may be inadequate to provide photoprotec-
tion because other antioxidants have been shown to be of critical
importance in the recycling of UV irradiation—induced a-toco-
pherol radicals (11).

In another study, much higher doses of 2 g a-tocopherol/d, 3 g
ascorbate/d, a combination of both vitamins, or a placebo were
administered to 40 healthy volunteers for 50 d (12). Bioavailabil-
ity was established by the increased concentrations of a-toco-
pherol and ascorbate in buccal mucosal keratinocytes after sup-
plementation. MEDs increased markedly after intake of the
combination of a-tocopherol and ascorbate. Obviously, because
MEDs also increased slightly in subjects who received either
vitamin alone or placebo, seasonal influences may have interfered
with the measurements. Nevertheless, the interaction between
vitamins E and C likely explained their more pronounced photo-
protective effect compared with that of either vitamin alone.
Although this study convincingly showed that vitamin supple-
mentation effectively protects the skin against sunburn, the doses
of vitamins used were much higher than amounts generally
ingested from habitual diets.

The protective effect of a combination of vitamins E and C
was also shown by Eberlein-Konig et al (13). In this study, sub-
jects received lower dosages of 671 mg vitamin E/d and 2 g
vitamin C/d for a relatively short time, 8 d. Despite these lower
dosages, mean MEDs increased compared with baseline in 8 of
10 subjects receiving the supplement. In the placebo group the
MED was unchanged in 6 of 10 subjects but, remarkably,
decreased in 4 subjects. The authors suggested that the initial
UV irradiation—induced erythema may have temporarily primed
the adjacent tissue to respond more intensively to a second irra-
diation. After the 8-d supplementation with vitamins E and C,
exposure of the skin to UV irradiation also resulted in decreased
cutaneous blood flow, whereas it increased in the placebo
group. It was concluded that short-term supplementation with
moderately high doses of vitamin E and C exerts a photoprotec-
tive effect.

Carotenoids

Of all the carotenoids, B-carotene has been the focus of
most attention because it makes the most important quanti-
tative contribution to human nutrition. At least one other
carotenoid, lycopene, has been detected in the skin (14, 15).
Since 1980, 8 studies have assessed the photoprotective poten-
tial of B-carotene supplementation.

In a study by Wolf et al (16), 23 healthy volunteers received
150 mg of an oral carotenoid preparation containing 60 mg
[-carotene and 90 mg canthaxanthin daily for 4 wk. No differences
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in MEDs were shown in a comparison of values before and after
carotenoid supplementation. Concentrations in serum increased
during treatment, but concentrations in the skin were not
reported. Additionally, no effects of B-carotene were detected
when UV irradiation—induced unscheduled DNA synthesis was
investigated, suggesting that carotenoids were not protective
against DNA lesions repairable by excision repair. The authors
concluded that oral carotenoids were not photoprotective.

An extensive study was performed a few years later by
Garmyn et al (17). In this study, 16 healthy women underwent
dietary restriction for 3 wk to reduce plasma baseline 3-carotene
to low-normal concentrations. Five days after ingestion of a sin-
gle dose of 120 mg -carotene, there was no significant change
in the intensity of erythema after a constant dose of UV radia-
tion. Moreover, an intake of 90 mg (3-carotene/d for 23 d in con-
junction with the habitual diet did not change the intensity of
erythema. Although B-carotene concentrations increased in both
plasma and skin under both conditions, there were no effects of
supplementation on biological features, eg, the number of sun-
burn cells and clinical appearances (intensity of erythema after
acute exposure to sunlight).

In contrast, intake of a much lower dosage of (-carotene
(30 mg/d) for 10 wk increased the yellow component of the skin
at all body skin sites, as measured by chromametry, although
this color change was not visible (18). After the 10-wk supple-
mentation period, supplementation continued in conjunction
with exposure to natural sunlight for 13 d, ie, approximately
equivalent to a 2-wk vacation in the sun. During this period, the
development of erythema in subjects who had taken (3-carotene
was much less pronounced than in the placebo group. During
sun exposure, serum [3-carotene concentrations decreased to
subphysiologic concentrations in the placebo group. Such low
concentrations are possibly associated with an increased cancer
risk. In the supplemented group, however, concentrations did
not fall below reference values during sun exposure. Gollnick et
al (18) concluded that presupplementation with moderate
dosages of [-carotene (30 mg/d) before and during sunlight
exposure provides protection against sunburn, possibly because
of the increased absorption capacity of the skin or because -
carotene concentrations in the skin do not decrease to below
concentrations considered to be critical. The study also showed
that the combination of systemic and topical photoprotection by
sunscreens offers a synergistic effect.

The beneficial effects of a combination of B-carotene and
other antioxidants was investigated by Postaire et al (19). In
this study, 10 subjects received a supplement providing 13 mg
-carotene, 2 mg lycopene, 5 mg tocopherol, and 30 mg ascor-
bic acid daily for 8 wk. This lower dosage of 3-carotene than that
received by Gollnick et al’s (18) subjects also resulted in an
increase in the yellow component of the skin as measured by
chromametry. In contrast, 10 subjects who ingested a similar
supplement containing only 3 mg [3-carotene and 3 mg lycopene
showed no skin discoloration. On the basis of these changes in
skin color, Postaire et al concluded that (3-carotene concentra-
tions increased after 8 wk in the skin of the subjects who
ingested 13 mg [-carotene and that melanin concentrations
increased after 4 wk in both groups. Because photoprotection
was not measured in that study, the authors could only speculate
about the role of carotenoid supplementation and hence sug-
gested that carotenoids may be photoprotective partly because
they stimulate melanogenesis.

An increase in the yellow component of the skin was also
shown in 12 subjects whose habitual diet was supplemented
with 50 mg of a natural carotenoid mix daily for 6 wk (20). Par-
allel with this increase in the yellow component of the skin, the
degree of redness in the skin after exposure to constant UV irra-
diation decreased as supplementation progressed. Moreover, on
the basis of alterations in skin color, carotenoid concentrations
in the skin increased. UV irradiation for 6 wk resulted in a lower
increase in hemoglobin, suggesting that UV irradiation—induced
vasodilatation was much less pronounced, likely as a result of
3-carotene supplementation. However, because no interindivid-
ual variations were presented, only trends could be interpreted.
Nevertheless, the authors suggested that carotenoid supplemen-
tation increased the reflection capacity of the skin, thereby
improving its protective function.

In a recent study by Stahl et al (21), 20 healthy subjects
received 25 mg of a natural carotenoid mix (23.8 mg 3-carotene,
0.75 mg a-carotene, 0.18 mg cryptoxanthin, 0.15 mg zeaxanthin,
and 0.12 mg lutein) daily or a combination of this mix and 335 mg
a-tocopherol. After supplementation for 12 wk, both groups
showed a slight yellowing of the skin and elevated concentra-
tions of B-carotene in both serum and skin. The mean degree of
erythema after exposure to UV irradiation was lower 8 wk after
supplementation than it was before supplementation. Because
the degree of erythema was lowest in the group who received the
carotenoid mix plus a-tocopherol, the authors suggested that
vitamin E may provide a higher level of protection against UV
irradiation—induced erythema than do carotenoids alone.

A comparable supplement, providing 30 mg of a natural
carotenoid mix (29.4 mg 3-carotene, 0.36 mg a-carotene, 0.084 mg
cryptoxanthin, 0.072 mg zeaxanthin, and 0.054 mg lutein) daily
was provided to 22 subjects for 8 wk in a trial by Lee et al (22).
The concentration of carotenoids was enhanced at 30-mg incre-
ments every 8 wk to a final dose of 90 mg/d. Supplementation
with 60 and 90 mg carotenoids/d resulted in a dose-dependent
increase in MEDs. Moreover, serum [3-carotene concentrations
increased after each subsequent supplementation; however, con-
centrations in the skin were not presented. The authors also
showed that the 2 highest concentrations of the carotenoid mix
inhibited serum lipid peroxidation. It was concluded that the
dose of sunlight required to produce a minimal perceptible ery-
thema increased with increasing doses of carotenoids.

n—3 Polyunsaturated fatty acids

In the search for means to improve human health, n—3
polyunsaturated fatty acids (PUFAs) have been promoted as
valuable dietary compounds. Common food sources of n—3
PUFAs are cod liver oil, fish oil, and marine animals with a high
amount of fat, such as mackerel, salmon, and menhaden. Many
reports suggest that the intake of n—3 PUFAs, particularly eicos-
apentaenoic acid (EPA; 20:5n—3), may provide considerable
health benefits in relation to inflammatory diseases. Since 1980,
4 studies have assessed the photoprotective effects of dietary
intakes of fish oil.

In a study by Orengo et al (23), 10 subjects enriched their diets
daily with fish oil containing 2.8 g EPA and 1.2 g docosa-
hexaenoic acid (DHA; 22:6n—3) and 10 other subjects received a
placebo. After 4 wk, a small but statistically significant increase
in the MED was seen in the fish-oil group, which corresponded to
a sun-protection factor slightly > 1. Fish-oil supplementation did
not change prostaglandin E, (PGE,) concentrations significantly.
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This study showed that at a relatively low dose (2.8 g EPA and
1.2 g DHA) of fish oil and within a short period of time, con-
sumption of n—3 PUFAs was photoprotective.

Dietary supplementation of 15 subjects with 10 g fish oil/d,
which provided 18% EPA and 12% DHA, resulted in an increase
in the MED after 6 mo (24); 10 wk after fish-oil supplementa-
tion ended, the MED decreased again. However, parallel to an
increase in total n—3 fatty acids in the epidermis, lipid peroxi-
dation products increased in irradiated skin. Although fish-oil
consumption reduced UV irradiation—induced erythema, the sus-
ceptibility of the skin to lipid peroxidation increased because of
the unstable nature of n—3 fatty acids.

In a follow-up study (25), dietary supplementation of 16 indi-
viduals with a similar amount of fish oil (10 g/d) resulted in an
increase in the MED after only 3 mo. PGE, concentrations in
skin fluid collected by the suction blister fluid method decreased
after fish-oil consumption both in nonirradiated and irradiated
skin. The authors suggested that the reduced responsiveness to
UV irradiation—induced erythema after long-term supplementa-
tion with fish oil may have been due, at least in part, to the inhi-
bition of PGE, concentrations in the skin.

In a recent study, the protective role of dietary EPA supple-
mentation against the acute effects of a single dose of UVB irra-
diation was investigated. Twenty-eight subjects received 4 g
98% EPA or 98% oleic acid daily for 3 mo (26). In the EPA-
supplemented group, UVB irradiation—induced erythema and
p53 induction decreased, whereas no significant changes were
found in the oleic acid group. Hence, dietary supplementation
with EPA was shown to protect the skin both at the macroscopic
and cellular levels, despite an increase in oxidative stress.

Conclusion

In conclusion, supplementation of the habitual diet with vita-
mins, carotenoids, PUFAs, or a combination thereof may protect
the whole body against UV irradiation—-induced damage. In con-
trast, topical sunscreens act only locally and have to be applied
regularly. Although the additive effect of dietary supplementation
with vitamins, carotenoids, PUFAs, or a combination thereof may
be small, fair-skinned individuals particularly may benefit from
this type of protection. Nevertheless, intakes well above those
usually encountered in the diet are necessary to achieve such a
photoprotective effect and the sun-protection factor of this
approach is much lower than that expected from the use of topi-
cal sunscreens. Little is known about the photoprotective effects
of vitamin, carotenoid, or PUFA intakes when consumed at
“nutritional” amounts over the long term, but this issue may be of
interest in the development of functional foods. With regard to the
bioavailability of vitamin E in the skin after oral intake, Fuchs
and Kern (12) showed the presence of this vitamin in mucosa-
derived keratinocytes 50 d after supplementation. Significant cor-
relations were shown between concentrations of a-tocopherol in
plasma and in buccal mucosal cells and skin samples (27). Just
the presence of this vitamin in the skin does not imply a photo-
protective role. The observation that supplementation with vita-
min E alone did not protect against sunburn (9) is likely explained
by the fact that UV irradiation exposure was shown previously to
deplete vitamin E in the skin as a result of oxidation (28). Vita-
min E radicals have to be regenerated by other antioxidants, eg,
vitamin C, and this recycling function presumably contributes to
the synergistic action of antioxidants and the lack of effect when
only a single antioxidant is provided (29). Although La Ruche

and Cesarini (8) showed no photoprotective effect of a combina-
tion of vitamins and trace elements, the lack of effect may have
been due to the relatively low doses of vitamin E (14 mg) admin-
istered relative to the doses used in other studies (12, 13).

In addition, MEDs were shown previously to vary consider-
ably between individuals, indicating that sufficiently large groups
are necessary in a study to detect any consistent effects (10). The
number of subjects in the study of La Ruche and Cesarini (8) and
of Werninghaus et al (9) may have been too small.

Besides its antioxidative properties, vitamin E was shown to
modulate arachidonic acid metabolism (30). The interaction of
vitamin E with the eicosanoid system may result in an antiin-
flammatory effect and thereby complement the photoprotective
effects of other antioxidants in the skin.

Although some carotenoids can act as vitamin A precursors,
other biological activities may be just as interesting, such as their
potential to alter absorption characteristics of the skin, antioxidant
function, and immunomodulatory effects. Although the efficiency
of carotenoid absorption is relatively low, moderate intakes of
carotenoids were shown to induce a change in skin color. B-Carotene
was detected in the skin after both single and repeated oral sup-
plementation (31, 32). Analysis of reflection spectra of the skin
showed that the increase in carotenoids varied, depending on
the body site, from 0.7-fold in dorsal skin to 17-fold in the back
of the hand after consumption of 25 mg total carotenoids for 12
wk (33). Also, several other studies showed that consump-
tion of B-carotene induced an increase in the reflective properties
of the skin (18-20). Although the amounts of carotenoids
deposited in the skin were shown to be insufficient to act as a
physical sunscreen (34), B-carotene may have a direct photopro-
tective effect because of its physical ability to absorb light.

Carotenoids were shown previously to be efficient quenchers
of singlet oxygen and to scavenge free radicals (35) and these
antioxidant functions may be responsible for their protective
effect. Lycopene was reported to have a singlet oxygen quench-
ing ability better than that of B-carotene (36). Ribaya-Mercado et
al (15) showed that lycopene was present in the skin in concen-
trations similar to those of 3-carotene and that exposure of the
skin to UV light decreased skin lycopene concentrations more so
than skin (3-carotene concentrations. Biesalski et al (31) reported
that during UV irradiation, plasma [3-carotene concentrations
decreased in subjects who received a placebo but did not change
in subjects who received 3-carotene; plasma lycopene concentra-
tions remained constant in both groups. Skin (3-carotene concen-
trations decreased slightly after UV irradiation; however, skin
lycopene concentrations were not provided. In Biesalski et al’s
study (31), the subjects’ skin was exposed to sunlight for 12 d,
whereas in Ribaya-Mercado et al’s study (15), the subjects’ skin
was exposed to UV light only once. This difference may explain
the apparent differences in findings between the studies. Thus,
although most studies focused on the effects of B-carotene, it is
likely that other carotenoids, such as lycopene, act synergistically
with B-carotene to protect the skin from UV irradiation.

The most important benefit of oral n—3 PUFA intakes from
fish oil may be ascribed to their antiinflammatory effects. These
effects of n—3 PUFAs have been reported to be the result of
their competition with n—6 PUFAs as a substrate for cyclooxy-
genase and lipoxygenase, resulting in the formation of less
active prostaglandins and leukotrienes (37). Interference with
inflammatory cascades in the skin may occur through reduc-
tions in the synthesis of proinflammatory lipid mediators, such
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