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Abstract
Recreational indoor tanning with ultraviolet (UV) radiation has be-
come popular in recent decades, particularly among teenagers and 
young adults. The consequences for public health have become 
an important area of concern. The link between this form of UV 
exposure and both melanoma and non-melanoma skin cancers has 
been clarified through multiple lines of evidence from epidemi-
ology and laboratory science reflected in recent reports by mul-
tiple prestigious bodies. Some have suggested that this form of 
indoor tanning has a role in vitamin D generation, but a review 
of existing evidence suggests that indoor tanning is neither a re-
liable nor advisable source. In addition, laboratory data suggest 
that tanning promotes a common molecular intermediate in skin 
carcinogenesis, DNA damage, which thus precludes the concept of 
a “safe tan.” Finally, emerging evidence links UV signaling in skin 
to dependency/addiction, thus having implications for the organic 
(rather than cosmetic) impact of the process. This article presents 
the epidemiologic and mechanistic data relevant to the safety con-
siderations for indoor tanning. (JNCCN 2010;8:867–873)
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ing variables generally improved. Sensitivity analy-
ses examined the population-based studies, a subset 
of the overall group. The one cohort study avoided 
many potential biases that may threaten inference 
from the case-control approach, and that study not-
ed a similar association to the collected case-control 
studies.3 Subsequent population-based case-control 
investigation with careful control of potential con-
founders has further supported the validity of the as-
sociation documented in this systematic review.4

Causality
Consideration of whether indoor UV and melanoma 
have a causal association requires consideration of 
multiple factors, including the strength and consis-
tency of the association across diverse studies, study 
designs, and study populations, which is reflected in 
the published systematic review. The presence of a 
dose–response relationship (biologic gradient) in 
multiple studies also supports a causal link.

Particularly significant in this context is the prior 
finding that solar UV radiation is a cause of mela-
noma.5 The UV obtained from indoor UV is often 
similar to or exceeds the dose typically received from 
the sun over a similar period, and the character of the 
radiation is similar. Therefore, a priori probability of a 
causal link between indoor UV and melanoma is high. 
When combined with the direct observational inves-
tigations reviewed earlier, the evidence is compelling.

An increase is also being observed in the in-
cidence of melanoma in young women, the demo-
graphic group with the heaviest exposure to indoor 
UV.6 This trend reinforces the evidence reviewed 
above of indoor UV as a cause of melanoma, and 
suggests that the widespread use of indoor UV by 
teenage girls and young women may have important 
public health consequences.

The association of indoor tanning with squa-
mous cell carcinoma of the skin has not been as 
extensively studied as the association with mela-
noma. Squamous cell carcinoma generally has a 
more straightforward and direct association with UV 
radiation than does melanoma, with risk generally 
associated with cumulative and recent exposure, as 
demonstrated in both epidemiologic studies5 and a 
randomized trial showing the effectiveness of sun-
screen use in reducing squamous cell carcinoma risk 
by 40%.7,8 The best published evidence from analytic 

•	 Describe	the	physiologic	effects	of	exposure	to	artificial	
UV radiation

•	 Describe	the	relationship	between	UV	exposure	and	
vitamin D production

Indoor tanning with ultraviolet (UV) radiation has 
been widely used in recent decades, which has cre-
ated public health concerns. This article addresses 
the evidence relevant to the relationship between 
indoor UV tanning and the risk for common cutane-
ous malignancies, both melanoma and keratinocyte 
carcinoma (basal and squamous cell carcinoma of 
the skin), and also reviews the use of indoor tanning 
for achieving optimal vitamin D status in persons 
whose levels are low, or in the general public.

The link between artificial UV and melanoma 
has been the subject of multiple epidemiologic in-
vestigations in the past 30 years. A systematic re-
view of this literature was reported by the Interna-
tional Agency for Research on Cancer of the WHO 
in 2006.1,2 Twenty-three studies were identified, 19 
of which met prespecified inclusion criteria; 1 was 
a cohort study and the remainder were case-control 
studies. A meta-analysis was performed, and the 
primary interest was the risk associated with ever 
being exposed to artificial UV radiation (indoor 
UV), and with first exposure to indoor UV before 
the age of 35 years. Based on these studies, the 
pooled relative risk estimate associated with ever 
having been exposed to indoor UV was 1.15 (95% 
CI, 1.00–1.31), but these studies had a statistically 
significant heterogeneity. When attention was re-
stricted to the subset of studies that included esti-
mates of risk for first exposure at age younger than 
35 years, the relative risk estimate was 1.75 (95% 
CI, 1.35–2.26), and no significant heterogeneity. 
Studies also showed that exposure more distant in 
time was associated with higher risk than recent ex-
posures, although the numbers of studies with each 
of these types of data were small and the pooled es-
timates could not be confidently distinguished from 
the null hypothesis.  In all of the studies, the indoor 
UV exposure was either directly associated with 
melanoma risk or was not associated; none showed 
an inverse association.1,2

The studies reviewed had multiple limitations. 
None, of course, had random assignment of the ex-
posure, and therefore all were vulnerable to possible 
confounding. Over time, the control for confound-
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epidemiology supports the association of indoor UV 
exposure with squamous cell carcinoma risk.9

Based on the cumulative evidence, key portions 
of which were reviewed earlier, the International 
Agency for Research on Cancer of the WHO re-
cently classified indoor UV as a class I carcinogen,10 
and the WHO has recommended that minors not be 
allowed to engage in recreational indoor UV tan-
ning.10 Governmental actions in multiple countries 
are limiting the use of indoor UV. The evidence is 
based on epidemiology, and is strengthened by the 
extensive evidence pertaining to the biologic mech-
anisms that are likely to be operative.

Scientific/Laboratory Observations
The tanning response in skin has long been known 
to involve the core melanin synthetic machinery, 
which is housed within melanosomes, specialized 
melanin-producing vesicles that form in melano-
cytes and are transported to overlying keratino-
cytes. UV radiation is subdivided as UVA (315–400 
nm), UVB (280–315 nm), and UVC (< 280 nm). 
UVA and UVB are primarily responsible for tanning 
through distinct mechanisms of DNA damage. UVB 
produces direct pyrimidine dimmer lesions, whereas 
UVA triggers damage through reactive oxygen spe-
cies intermediates. Both wavelengths are represented 
within indoor tanning lamps, although diminished 
UVB may produce less sunburn/inflammatory re-
sponse. The lack of sunburning, although advanta-
geous from the perspective of acute toxicity, does not 
necessarily signify absence of carcinogenicity.

 Several studies performed within the past few 
years have focused on the “red-head” gene, the mela-
nocortin receptor 1 (MC1R) variant that encodes a 
nonsignaling allele of this G protein–coupled recep-
tor that does not transmit a robust cyclic adenosine 
monophosphate (cAMP) inductive signal, as is seen 
with dark-hair variants of MC1R.11 Examination of 
red-furred (Mc1r-variant) mice showed their inabil-
ity to tan after UV radiation, suggesting that MC1R 
signaling is vital to this response. UV irradiation 
strongly upregulates expression of pro-opiomelano-
cortin (POMC) and its cleavage product melanocyte 
stimulating hormone (MSH) in epidermal keratino-
cytes, suggesting that the tanning response occurs 
through a non–cell-autonomous response of mela-
nocytes to the UV-induced production of secreted 

MSH by epidermal keratinocytes.12 
How do epidermal keratinocytes “perceive” UV 

radiation? Molecular analyses showed that UV in-
duction of POMC expression occurred through a 
transcriptional mechanism. A search for the regula-
tory element in the POMC promoter, which is in-
duced by UV, revealed a consensus binding site for 
the transcription factor p53.13 In fact, work by Eller 
et al.14,15 many years earlier already implicated both 
p53 and DNA damage within the UV-tanning re-
sponse. Introduction of DNA damage lesions, even 
through restriction endonuclease exposure, could 
enhance melanization.15 Moreover, introduction 
of telomere-mimicking dinucleotide fragments was 
shown to induce melanin synthesis in a p53-medi-
ated fashion.14 

Multiple follow-up studies showed that p53 can 
respond to UV-induced DNA damage and activate 
POMC expression, resulting in the production of 
MSH, which secondarily stimulates underlying 
melanocytes to produce melanin. These studies in-
cluded evidence that p53 knockout mice were un-
able to mount a pigmentation response to UV. In 
addition, different triggers of DNA damage (such 
as genotoxic drugs) were seen to similarly activate 
p53-mediated POMC induction, and to produce 
p53-dependent skin darkening.13 Multiple animal 
models have shown that melanoma is accelerated by 
UV exposure, and it is well known that DNA repair 
deficiencies, such as xeroderma pigmentosum, are as-
sociated with significantly elevated melanoma risk. 
Collectively, these data suggest that the mechanism 
underlying UV-induced pigmentation involves the 
p53 “stress” response, which has long been described 
as “guardian of the genome” for its cell-autonomous 
capacity to block cell cycle progression and permit 
DNA repair before replication of a damaged ge-
nome. The tanning response is thus an extension of 
this stress response, in which p53 promotes “guard-
ianship of the skin” through facilitating transient 
hyperpigmentation when exposed to UV-induced 
DNA damage.

How do these mechanistic connections impact 
understanding of the risks associated with UV tan-
ning? First, they suggest that the UV–tanning re-
sponse is a stress response, and one of its essential 
mediators is the best-known mediator of genomic 
damage: p53. In turn, this overwhelmingly implies 
that DNA damage is an essential intermediate in the 
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Vitamin D
Vitamin D is an essential nutrient that can be ob-
tained from photosynthesis in the skin, diet, or vita-
min supplements. Vitamin D has received markedly 
increased attention recently from both researchers 
and the general public. It is now clear that vitamin 
D has important roles other than simply prevention 
of rickets and osteomalacia.20 These studies have in-
cluded a systematic review suggesting that vitamin D 
supplementation decreases mortality based on stud-
ies focused generally on elderly, and particularly on 
institutionalized, populations. The extent of these 
additional contributions to healthy living and pre-
venting serious disease remain to be fully elucidat-
ed. The effect on younger populations has not been 
studied as often as the consequences for the elderly 
at risk for fractures and impaired mobility.

As a direct consequence of this increased atten-
tion, many people have increased their vitamin D 
levels, and the incomplete understanding of vitamin 
D effects on health and disease extend to the effects 
of sustained high levels. Hypercalcuria is a concern, 
particularly if vitamin D supplements containing 
calcium are consumed in large quantities. Weak evi-
dence shows that higher levels might be associated 
with serious adverse consequences in the general 
population.21,22

The generally accepted measure of vitamin D sta-
tus is circulating 25-hydroxy-vitamin D (25OHD). 
These levels cannot be reliably estimated based on 
history or physical examination; blood levels are 
generally used to determine adequacy of vitamin D 
stores, and are commonly used to guide therapy if 
levels are too low.

UVB radiation is required for photosynthesis in 
the skin and is a common source of vitamin D stores, 
but has the complication of being carcinogenic. 
Whether indoor UV is effective in generating vita-
min D in the skin depends specifically on the amount 
of UVB radiation included in the indoor UV, because 
UVA is not effective for vitamin D photosynthesis.23 

Multiple other factors have important effects 
on vitamin D photosynthesis. In particular, elderly 
adults are much less able to generate vitamin D in 
the skin in response to UVB than younger adults. 
Obesity affects one third of the United States popu-
lation and is associated with low vitamin D levels. 
Individuals with low cholesterol are also less able 
to increase their 25OHD levels in response to UVB 

UV–pigmentation response. Because DNA damage 
is a broadly accepted intermediate in UV carcino-
genesis, UV-mediated pigmentation is likely induced 
by the identical genotoxic effects of UV, which are 
also carcinogenic. In other words, the mechanism of 
tanning intrinsically uses the same molecular inter-
mediates as UV carcinogenesis. This challenges the 
theoretical notion of a “safe tan” that may have no 
carcinogenic risk, because DNA damage functions as 
a mechanistic intermediate for both pathways.

Second, POMC is known to encode additional 
bioactive peptides beyond MSH, with β-endorphin 
the most notable. Molecular analyses indicated that 
β-endorphin levels were upregulated within UV-
irradiated skin, in parallel to POMC/MSH induc-
tion.13 Although explicit study of β-endorphin’s be-
havioral effects secondary to UV exposure has not 
yet been reported, a body of clinical data strongly 
suggests that it may mediate very important sys-
temic consequences that are directly pertinent to 
indoor tanning. 

A 2004 study tested the ability of indoor tanning 
bed users to discriminate in blinded fashion between 
identical-appearing “tanning beds” that either deliv-
ered UV or did not.16 Nearly all choices favored the 
UV bed, indicating that under blinded conditions, 
frequent tanners accurately distinguish UV from 
non-UV exposure and seek the UV exposure, indi-
cating that it is a reinforcing behavioral stimulus. 

Additional study from the same researchers ex-
amined the consequences of opiate receptor block-
ade administered to frequent tanners.17 The study 
showed that the opiate receptor antagonist naltrex-
one reduced UV preference among frequent tan-
ners, and also induced withdrawal symptoms in 4 of 
8 tested subjects. Although this was a small study, 
its results are consistent with a role for an endog-
enous opiate dependency state among frequent 
tanners. Blinded UV exposure was also reported to 
produce pain relief in a case report,18 and an asso-
ciation has been suggested with seasonal affective 
disorder.19 Although mechanistic details remain to 
be discerned, these clinical observations suggest the 
existence of systemic, organic consequences of UV-
tanning, which modulate human behaviors. Most 
importantly, an association between tanning and ad-
diction would suggest that, as a reinforcing stimulus, 
UV–tanning could represent a dangerous behavioral 
cycle influencing human skin cancer rates. 
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irradiation, but those with lower baseline 25OHD 
levels show larger increases in response to UVB or 
vitamin D supplementation. Increasing 25OHD lev-
els using sun exposure is further complicated by the 
variables that affect UVB flux at the skin surface, 
such as cloud cover, time of day and season of the 
year, particulates in the atmosphere, and any physi-
cal shading. These multiple factors present substan-
tial practical difficulties for any attempt to titrate 
sun exposure for the purpose of augmenting 25OHD 
levels.24 Even populations living in environments 
with intense solar UV exposure, such as Hawaii and 
Queensland, frequently have vitamin D levels that 
are considered suboptimal.25,26 Hence, attempts to 
draw equivalences between duration of sun exposure 
and amount of vitamin supplementation are likely to 
be seriously flawed.

Although food is a source of vitamin D, the 
amounts available in a typical American diet are 
limited, and mostly come from artificially fortified 
foods, such as milk.27 

Vitamin D supplements are readily available 
throughout the United States and are inexpensive. 
They are also generally the source of vitamin D used 
in the studies showing the beneficial effects of higher 
levels of this vitamin on human health. Therefore, 
in people with suboptimal vitamin D levels, supple-
mentation may provide optimal augmentation.

As a consequence of the factors noted earlier, 
and undoubtedly multiple others, the effect of ex-
posure to UV radiation and ingestion of oral supple-
mentation on vitamin D levels cannot be confidently 
quantified in the absence of laboratory verification. 
From a public health standpoint, the viability of 
other strategies, such as increasing fortification in 
common foods as an alternative to population-wide 
assays of 25OHD levels, followed by individual sup-
plementation, remains to be fully evaluated.

The analogies between indoor UV tanning and 
tobacco are particularly concerning. The mortality 
associated with skin cancer in the United States is 
no more than 10,000 deaths per year, in contrast to 
tobacco smoking as the leading avoidable cause of 
death. However, both are associated with industries 
that can gain substantial profits by promoting these 
carcinogenic and potentially addictive products. 
The increasing regulatory attention being given to 
these issues, including the recent action of the Fed-
eral Trade Commission to restrict indoor UV pro-

motion, may mitigate the consequences in terms of 
morbidity and mortality.

Prospects
Where do we go from here? With evidence from 
both epidemiology and biologic mechanism indicat-
ing that UV from indoor tanning is carcinogenic, it 
is beneficial (if not overdue) that the FDA initiated 
a vigorous process to review safety classification for 
indoor tanning beds. An FDA advisory panel hear-
ing was held on March 25, 2010. Extensive public 
testimony was delivered from advocates of tighter 
regulatory oversight and those who believe tanning 
beds are safe. The results of the advisory panel’s rec-
ommendations and the FDA’s regulatory decisions 
are unknown as of this writing. Multiple countries 
have addressed this issue in accordance with WHO 
recommendations, significantly ahead of U.S. regu-
latory agencies. It will be of considerable interest to 
see where the burst of information and public scru-
tiny on this issue will focus in the near future.
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To obtain credit, you should first read the journal article. 
After reading the article, you should be able to answer the 
following, related, multiple-choice questions. To com-
plete the questions and earn continuing medical educa-
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Credit cannot be obtained for tests completed on paper, 
although you may use the worksheet below to keep a record 
of your answers. You must be a registered user on Medscape.
com. If you are not registered on Medscape.com, please click 
on the New Users: Free Registration link on the left hand 
side of the website to register. 

Only one answer is correct for each question. Once 
you successfully answer all post-test questions you will be 
able to view and/or print your certificate. For questions re-
garding the content of this activity, contact the accredited 

provider, CME@medscape.net. For technical assistance, 
contact CME@webmd.net. 

American Medical Association’s Physician’s Recogni-
tion Award (AMA PRA) credits are accepted in the US 
as evidence of participation in CME activities. For further 
information on this award, please refer to http://www.ama-
assn.org/ama/pub/category/2922.html. The AMA has de-
termined that physicians not licensed in the US who par-
ticipate in this CME activity are eligible for AMA PRA 
Category 1 Credits™. Through agreements that the AMA 
has made with agencies in some countries, AMA PRA 
credit is acceptable as evidence of participation in CME 
activities. If you are not licensed in the U.S. and want to 
obtain an AMA PRA CME credit, please complete the 
questions online, print the certificate and present it to your 
national medical association.

1. The activity supported the learning objectives.
 Strongly Disagree Strongly Agree
 1 2 3 4 5

2. The material was organized clearly for learning to 
occur.

 Strongly Disagree Strongly Agree
 1 2 3 4 5

3. The content learned from this activity will 
impact my practice.

 Strongly Disagree Strongly Agree
 1 2 3 4 5

4. The activity was presented objectively and free of 
commercial bias.

 Strongly Disagree Strongly Agree
 1 2 3 4 5

Activity Evaluation

To obtain credit, visit Medscape online at http://www.medscapecme.com/journal/jnccn.

1. A 16-year-old girl attends an indoor tanning salon every 
other week; she likes to keep up “a little tan.” What has 
been demonstrated about the association between artifi-
cial UV exposure and the risk for melanoma?
A. Artificial UV radiation is associated with a 15% 

increased risk for melanoma
B. Exposure to artificial UV radiation over the age 

of 35 years was most profoundly associated with 
a higher risk for melanoma

C. After full adjustment, artificial UV radiation did 
not increase the risk for melanoma

D. More recent exposure to artificial UV radiation 
was most profoundly associated with a higher 
risk for melanoma

2. The patient challenges you about why indoor tanning 
may be dangerous. What should you tell her?
A. The dose of artificial UV radiation is lower than 

that usually derived from the sun
B. Artificial UV radiation contains much more 

UVB radiation than sunlight
C. The risk for squamous cell carcinoma has a direct 

positive association with UV radiation exposure
D. There are no recommendations from health agen-

cies about indoor tanning
3. Which of the following statements about the cellular 

and physiologic effects of artificial UV radiation is most 
accurate?
A. p53 induced by artificial UV radiation reduces 

expression of pro-opiomelanocortin
B. Tanning and UV-related carcinogenesis share a 

common pathway
C. DNA damage is not a part of normal tanning
D. Artificial UV radiation reduces the level of en-

dorphins in the skin
4. The patient’s mother has heard that vitamin D is as-

sociated with sunlight and wants to know whether ar-
tificial UV radiation might yield other health benefits 
for her daughter. What should you tell her?

A. Vitamin D supplementation has not been dem-
onstrated to reduce mortality 

B. A diet history and physical examination can 
provide a strong estimate of her daughter’s circu-
lating vitamin D levels

C. UVA, not UVB, is necessary for vitamin D pho-
tosynthesis

D. Her daughter already has a greater ability to gen-
erate vitamin D in the skin compared with older 
adults, and the effect of UV exposure is dependent 
on a number of other factors


