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Since 1980, sunbed use and travel abroad have dramatically increased in Iceland (64°—66°N). The authors
assessed temporal trends in melanoma incidence by body site in Iceland in relation to sunbed use and travel
abroad. Using joinpoint analysis, they calculated estimated annual percent changes (EAPCs) and identified the
years during which statistically significant changes in EAPC occurred. Between 1954 and 2006, the largest in-
crease in incidence in men was observed on the trunk (EAPC = 4.6%, 95% confidence interval: 3.2, 6.0). In
women, the slow increase in trunk melanoma incidence before 1995 was followed by a significantly sharper
increase in incidence, mainly among women aged less than 50 years, resembling an epidemic incidence curve
(1995-2002: EAPC = 20.4%, 95% confidence interval: 9.3, 32.8). In 2002, the melanoma incidence on the trunk
was higher than the incidence on the lower limbs for women. Sunbed use in Iceland expanded rapidly after 1985,
mainly among young women, and in 2000, it was approximately 2 and 3 times the levels recorded in Sweden and in
the United Kingdom, respectively. Travels abroad were more prevalent among older Icelanders. The high preva-
lence of sunbed use probably contributed to the sharp increase in the incidence of melanoma in Iceland.

Iceland; melanoma; ultraviolet rays

Abbreviations: Cl, confidence interval; EAPC, estimated annual percent change; UV, ultraviolet; UV-A, ultraviolet A; UV-B,

ultraviolet B; UV-C, ultraviolet C.

Editor’s note: An invited commentary on this article ap-
pears on page 000, and the authors’ response is published
on page 000.

Cutaneous malignant melanoma is a potentially deadly
cancer that occurs predominantly in sun-sensitive subjects,
that is, subjects with light skin and poor ability to tan (1).
Intermittent exposure to ultraviolet (UV) radiation is the
main environmental cause of cutaneous malignant mela-
noma (2). Intermittent sun exposure consists of intense ex-
posure to UV radiation of skin areas normally sun protected,
such as the trunk. UV radiation reaching the earth’s surface
contains ultraviolet A (UV-A) (>320-400 nm) and ultravi-
olet B (UV-B) (>280-320 nm) radiation. More recently, UV
radiation (wavelength, 100-400 nm, encompassing ultravi-

olet C (UV-C), UV-B, and UV-A), as well as UV-emitting
tanning devices, has been classified as carcinogenic to hu-
mans (group 1 carcinogens) by a Working Group of the
International Agency for Research on Cancer (3).

Until about 1990, melanoma incidence in Iceland was
below that of other Nordic countries (4), as expected from
its northern latitude (between 64° and 66°N), frequent cloud
cover, and consequent low natural UV radiation. However,
melanoma incidence sharply increased in both genders dur-
ing the 1990s and, in 2000, the incidence in Icelandic
women was the highest of all Nordic countries (4). The
indoor tanning fashion was suspected as a possible cause
of this increase. A few years ago, we predicted that mela-
nomas associated with solarium use would be preferentially
localized to the trunk (5). We therefore performed a detailed
analysis of temporal trends in melanoma incidence in
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Figure 1. Trends in cutaneous melanoma incidence (1945—-2007, men (A) and women (B)) and mortality (1953—-2007, men (C) and women (D)) in
Nordic countries. Incidence rates are 5-year moving averages with 2007 being the last possible year. The y-axis scale of mortality is approximately
4 times lower than that of incidence. ASR, age-standardized rate. Data source: NORDCAN (4), age adjusted on the World Standard Population.

Iceland and of changes in exposure to sources of UV radi-
ation, mainly sunlight and artificial tanning devices.

MATERIALS AND METHODS

The population-based Icelandic Cancer Registry provided
information on invasive melanoma incidence from 1955 to
2007 (6). Melanoma incidence rates for all body sites, by
sex, were analyzed by using the Joinpoint Regression Pro-
gram, version 2.7 (7), to identify periods with distinct trends
between 1955 and 2007. The analysis was stratified by gen-
der, by age (0—49 and >50 years of age), and by anatomic
site. The NORDCAN online database provided Nordic in-
cidence and mortality data on cancer from 1945 until 2006
(4). All rates were standardized to the World Standard
Population.

Data on sunbed numbers were provided by the Icelandic
Radiation Protection Institute (8). Further information on
sunbed use came from surveys of melanoma risk factors

in the Icelandic population conducted in 2001-2002 (8)
and in 2002 (9). Information on travel abroad was provided
by a survey done in 2001-2002 (10) and from the National
Statistical Institute of Iceland (11).

RESULTS
Melanoma incidence

In 1955-2007, 861 melanoma cases (306 in men and 555
in women) were reported to the Icelandic Cancer Registry.
In the period 1955-1959, the age-standardized incidence
rate of melanoma in Iceland was less than 1/100,000 in
men and 2.2/100,000 in women. Until around 1990, despite
an annual increase of 4.1%, the melanoma incidence re-
mained lower in Iceland than in the other Nordic countries
(Figure 1), but during the period 1998-2002, the age-
standardized incidence rate was 9.0/100,000 for men and
18.5/100,000 for women.
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Figure 2. Joinpoint (JP) analysis of cutaneous melanoma incidence
in Iceland (1955-2007) by sex. ASR, age-standardized rate.

Joinpoint analysis of incidence data from 1955 through
2007 for men showed a steady 4.8% estimated annual per-
cent change (EAPC) (95% confidence interval (CI): 3.8, 5.9)
without breakpoint, whereas for women a statistically sig-
nificant breakpoint was observed in 1992 (Figure 2). Before
1992, the EAPC in incidence was 3.3% (95% CI: 1.9, 4.7)
per year for women, but from 1992 until 2001, it was 11.8%
(95% CI: 5.1, 18.8). A second breakpoint was observed in

2001, followed by a nonsignificant 6.3% (95% CI: —13.5,
1.4) decrease until 2007.

The age distribution of melanoma cases for men showed
no significant change (P = 0.85) before and after 1992, with
the number of cases tripling in men of both age groups
(Table 1; Figure 3). In contrast, melanoma incidence rates
increased by 3 times in women younger than 50 years and
only slightly in women aged 50 or more years between
1955-1992 and 1993-2007 (P < 0.001) (Table 1; Figure
3). Moreover, using joinpoint analysis, we found that
women younger than 50 years required 2 joinpoints (P <
0.001), with an EAPC of 2.3% (95% CI: 0.1, 4.6) from 1955
to 1991, an EAPC of 15.5% (95% CI: 6.8, 24.8) between
1991 and 2001, and an EAPC of —9.0% (95% CI: —18.1,
1.1) until 2007. For women 50 years of age or older, no
joinpoint was required (P = 0.63), as the incidence in-
creased steadily (EAPC = 2.6%, 95% CI: 1.7, 3.5).

The largest increase over the period was observed on the
trunk in men (EAPC = 4.6%, 95% CI: 3.2, 6.0) and on the
lower limbs in women (EAPC = 3.5%, 95% CI: 2.5, 4.6)
(Figure 4). From the period 1955-1992 to the period 1993—
2007, the frequency of melanoma on the trunk more than
tripled in both sexes (Table 1). Although trunk melanoma
increased steadily in men, in women the slow increase be-
fore 1995 was followed by a significantly sharper increase in
incidence, resembling an epidemic incidence curve (1995—
2002: EAPC = 20.4%, 95% CI: 9.3, 32.8) (Figure 4). As
a consequence, in 2002 the incidence of trunk melanoma
among women was higher than the incidence of melanoma
on the lower limbs. The site with the largest percentage
increase in incidence for women after 1992 was the trunk
in younger women (Table 1).

Table 1. Numbers and Body Site Distribution of Cutaneous Melanomas Diagnosed in Iceland
During the Time Period, 1955-2007
Men Women
1955-1992 1993-2007 1955-1992 1993-2007
No. % No. % No. % No. %
All sites
Age, <50 years 35 37.2 89 38.4 75 38.1 232 60.3
Age, >50 years 59 62.8 143 61.6 122 61.9 153 39.7
Age, <50 years
Head and neck 5 14.3 8 9.0 8 10.7 10 4.3
Trunk 13 37.2 54 60.6 16 21.3 83 35.8
Upper limbs 6 171 7 7.9 12 16.0 26 11.2
Lower limbs 257 17 19.1 33 44.0 99 427
Others 2 5.7 3 3.4 6 8.0 14 6.0
Total 100 100 100 100
Age, >50 years
Head and neck 17 28.8 45 31.5 33 27.0 30 19.6
Trunk 16 271 57 39.8 14 11.5 27 17.6
Upper limbs 8 13.6 16 11.2 22 18.0 29 19.0
Lower limbs 15 25.4 23 16.1 49 40.2 64 41.8
Others 3 5.1 2 1.4 4 3.3 3 2.0
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Figure 3. Joinpoint (JP) analysis of cutaneous melanoma incidence
in Iceland (1955-2007) by age group for women (A) and for men (B).
ASR, age-standardized rate.

Melanoma mortality

Bearing in mind that, in Figure 1, the y-axis scale is 4
times lower than that of incidence, melanoma mortality
from 1974 until 2007 did not parallel changes in incidence
rates. Melanoma mortality in Iceland mostly stayed slightly
below the rates observed in other Nordic countries and, from
1974 until 2007, remained quite stable around 1.0 and 1.4/
100,000 in women and in men, respectively.

Sunbed use

In 1979, there were only 3 sunbed salons in Reykjavik,
but their number increased rapidly and, in 1988, 56 facilities
offered cosmetic tanning with 207 sunbeds (1.5 beds/1,000
inhabitants). In 2004, a campaign was launched by the Ice-
landic health authorities to discourage sunbed use, focusing
particularly on teenage girls. In 2005, the number of pub-
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Figure 4. Joinpoint (JP) analysis of cutaneous melanoma incidence
in Iceland (1955-2007) by morphologic site for women (A) and for
men (B). ASR, age-standardized rate.

licly available sunbeds in the Reykjavik area decreased to
144 and further decreased to 97 in 2008 (T. Sigurdsson,
personal communication, 2008).

The 2002 survey indicated that 70% of women and 35%
of men had used a solarium (9). Among users, 42% of
women and 30% of men reported a burn in a solarium. In
the 2001-2002 survey (8), 16% of women and 12% of men
aged 20-39 years had used a solarium more than 100 times
during their lifetime. In contrast, these proportions were 2%
and 1% among women and men aged 50 years or more.
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Capacent-Gallup surveys done in the period 2004-2007 in-
dicated that, on average, 26% of the Icelandic population
had used a sunbed in the previous 12 months, representing
2.8 sessions per adult (16-75 years) per year (8). Among
teenagers, each year about 50% of girls and 30% of boys
used sunbeds in the last 12 months (T. Sigurdsson,
B. Sigurgeirsson, and J. H. Olafsson, personal communica-
tion, 2008).

Sun exposure

Travel abroad to more southern areas represents an im-
portant source of sun exposure for Icelanders. In 1970,
65,941 voyages abroad by Icelanders were recorded, and
this number steadily increased to 937,315 in 2006 (11). This
increase went uninterrupted without slowing in recent years.
In 2001-2002, 6% of women and 5% of men aged 20-39
years had travelled abroad 10 times or more during their
lifetime (10). In contrast, these proportions were 17%
among women and men aged 50 years or more.

DISCUSSION

This study had an ecologic design in which data were
compared at the population level rather than at the individ-
ual level. The number of cases is relatively low, owing to the
small population of Iceland. Ecologic correlation does not
imply causation, but we found that sunbed use likely played
an important role in affecting the melanoma incidence
trends observed in Iceland. This hypothesis is supported
by the sharp increase in incidence on the trunk in younger
women who also had the highest records of sunbed use,
which allows women to expose the trunk to UV radiation
without protection. It is further supported by the decline in
incidence in women observed after 2001, following the de-
cline in sunbed use. Sunbed use in Iceland often started
during the teen years, and the sharp increases in melanoma
incidence are in agreement with the estimates of increased
risk when sunbed use starts before approximately 35 years
of age (risk = 1.75, 95% CI: 1.35, 2.26) (12, 13). As young
Icelanders have fewer cumulative trips abroad but higher
cumulative sunbed use than older Icelanders do, intermittent
sun exposure in more southern latitudes alone is a less plau-
sible explanation for increases in young men and women
after 1994.

Compared with midday sunlight on the Mediterranean
Sea, the UV radiation spectrum of sunbeds contains a greater
proportion of UV-A, and the UV radiation intensity of pow-
erful tanning units may be 10—15 times higher than that of
the midday sun (14, 15), leading to UV-A doses per unit of
time received by the skin during a typical tanning session
well above those experienced during daily life or even dur-
ing sunbathing. Such levels of repeated exposures to high
UV-A doses constitute a new phenomenon for human be-
ings. The whole UV radiation spectrum (including UV-A)
and UV-emitting tanning devices are now considered as
carcinogenic to humans (3). The Icelandic data also suggest
that the time lag between exposure and melanoma occur-
rence may be relatively short, in the order of a few years.
One possible hypothesis underlying a short lag time would

be the stimulation, by repeated high UV-A doses, of melano-
cytes in preexisting nevi that developed earlier during life.

The average of 2.8 sunbed sessions per year in 2004-2007
in Iceland (8) is around 3 times higher than that estimated
for the United Kingdom in 1996 (16) and around 2 times
higher than that estimated for Sweden in 2005-2006 (17,
18). Before 2000, in most light-skinned communities, the
increase in melanoma incidence in men was apparent
mainly on the trunk, followed by the head and neck. In
women, it was apparent mainly on the lower limbs (19).
As in Iceland, the increase in melanoma incidence in Swed-
ish women has been most pronounced on the trunk, and in
1996 the melanoma incidence on the trunk became equal to
the incidence on the lower limbs (20). In Northern Ireland,
incidence increases in men and women are more pro-
nounced for trunk melanoma (21). In the United Kingdom,
a rebound increase of melanoma incidence from 1998 on-
ward has been reported for women 20-39 years of age (16).

Other reasons for the increases in incidence have been
sought. No modification in cancer registration modalities
has occurred that can explain changes in incidence. A frac-
tion of the rising incidence may be due to markedly in-
creased awareness and screening for melanoma in Iceland,
initiated around 1990 by activities of the Icelandic Derma-
tological Association and the Icelandic Cancer Society.
However, a screening effect is not likely to be specific to
the female trunk.

The melanoma epidemic that occurred in 1987-1992 in
the Hunter district of New South Wales, Australia, did not
affect melanoma mortality, and it was concluded that the
epidemic consisted mainly of a nonmetastasizing form of
melanoma (22, 23). Likewise, because there is no efficient
treatment for metastatic melanoma, the absence of change in
melanoma death rates after 1974 in Iceland suggests that
most of the epidemic was due to a non-life-threatening form
of melanoma.

There is the possibility of synergistic effects between
early detection and sunbed use: Intense exposure to UV
radiation is known to induce changes in nevi appearance
(24, 25) that could lead to more visits to dermatologists
and to more excisions of suspicious pigmented skin lesions.

The low-background UV radiation and the high use of
sunbeds make Iceland an interesting place for studying the
effects of sunbed use on melanoma risk. A case-control
study investigating the relations between melanoma and
past sunbed use in Iceland has been envisioned, but the
population has been well informed about the dangers of
sun exposure and of indoor tanning (26, 27), which raises
issues of selection and recall bias. A follow-up study is de-
sirable, but several years will be needed before results be-
come available.

ACKNOWLEDGMENTS

Author affiliations: International Agency for Research on
Cancer, Lyon, France (Clarisse Héry, Mathieu Boniol,
Graham B. Byrnes, Jean-Francois Doré, Philippe Autier);
Icelandic Cancer Registry, Reykjavik, Iceland (Thorgeir

0T0Z ‘s Jeqwaidas uo Aqg Bio'sjeuinolplojxo-ale//:dny woly papeojumoq


http://aje.oxfordjournals.org

6 Heéryetal.

Sigurdsson, Elinborg Olafsdéttir, Jon G. Jonasson); Icelan-
dic Radiation Protection Institute, Reykjavik, Iceland
(Thorgeir Sigurdsson); Department of Dermatology,
Landspitali-University Hospital, Reykjavik, Iceland (Jon
H. Olafsson); Department of Pathology, Landspitali-
University Hospital, Reykjavik, Iceland (Jon G. Jonasson);
and Faculty of Medicine, University of Iceland, Reykjavik,
Iceland (Bardur Sigurgeirsson, Laufey Tryggvadottir, Jon G.
Jonasson, Jon H. Olafsson).

This work was part of the duties of the International
Agency for Research on Cancer, of the Icelandic Cancer
Registry, and of the Icelandic Radiation Protection Institute.

Conflict of interest: none declared.

REFERENCES

1. Bataille V, de Vries E. Melanoma—part 1: epidemiology, risk
factors, and prevention. BMJ. 2008;337:a2249. (doi:10.1136/
bmj.a2249).

2. TARC monographs on the evaluation of carcinogenic risks to
humans. Solar and ultraviolet radiation. IARC Monogr Eval
Carcinog Risks Hum. 1992;55:1-316.

3. El Ghissassi F, Baan R, Straif K, et al. A review of human
carcinogens—part D: radiation. Lancet Oncol. 2009;10(8):
751-752.

4. Engholm G, Ferlay J, Christensen N, et al. NORDCAN: cancer
incidence, mortality and prevalence in the Nordic countries,
version 3.2. Copenhagen, Denmark: Association of Nordic
Cancer Registries, Danish Cancer Society; 2008. (http:/www-
dep.iarc.fr/nordcan.htm). (Accessed November 28, 2008).

5. Boniol M, Autier P, Doré JF. Re: “A prospective study of
pigmentation, sun exposure, and risk of cutaneous malignant
melanoma in women” [letter]. J Natl Cancer Inst. 2004,
96(4):335-336.

6. Icelandic Cancer Registry. (In Icelandic). Reykjavik, Iceland:
Icelandic Cancer Society; 2009. (http://www.krabb.is).
(Accessed October 3, 2009).

7. National Cancer Institute. Joinpoint Regression Program,
version 2.7. Bethesda, MD: National Cancer Institute; 2009.
(http://www.srab.cancer.gov/joinpoint/).

8. Sigurdsson T. The number and usage of sunbeds in Iceland
1988 and 2005. In: Proceedings of the NSFS XV Conference in
Alesund, Norway 2008. Reykjavik, Iceland: Icelandic Radia-
tion Protection Institute; 2008. (http://www.gr.is/media/
skyrslur//Paper__for_ NSFS_2008_on_Icelandic_Sunbeds_
Master.pdf). (Accessed July 20, 2009).

9. Helgadoéttir EA, Sigurgeirsson B, Olafsson JH, et al.
Ljosabekkir og ahettan a sortuexlum. (In Icelandic).
Reykjavik, Iceland: Department of Dermatology, University
of Iceland; 2002. (http://www.cutis.is/meluv.htm).

10. Rafnsson V, Hrafnkelsson J, Tulinius H, et al. Risk factors for
malignant melanoma in an Icelandic population sample. Prev
Med. 2004;39(2):247-252.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

National Statistical Institute of Iceland. Statistics Iceland.
Reykjavik, Iceland: National Statistical Institute of Iceland;
2009. (http://www.statice.is). (Accessed October 3, 2009).
International Agency for Research on Cancer (IARC). Expo-
sure to Artificial UV Radiation and Skin Cancer. 1ARC
Working Group Reports, no. 1). Lyon, France: IARC; 2006.
International Agency for Research on Cancer Working Group
on Artificial Ultraviolet (UV) Light and Skin Cancer. The
association of use of sunbeds with cutaneous malignant mel-
anoma and other skin cancers: a systematic review. Int J
Cancer. 2007;120(5):1116-1122. Erratum in: Int J Cancer.
2007;120(11):2526.

Gerber B, Mathys P, Moser M, et al. Ultraviolet emission
spectra of sunbeds. Photochem Photobiol. 2002;76(6):
664-668.

Miller SA, Hamilton SL, Wester UG, et al. An analysis of UVA
emissions from sunlamps and the potential importance for
melanoma. Photochem Photobiol. 1998;68(1):63-70.

Diffey B. Sunbeds, beauty and melanoma. Br J Dermatol.
2007;157(2):215-216.

Brinstrom R. Solvanor i Sverige 2006. (In Swedish). (SSI-
report 2007:08). Stockholm, Sweden: Swedish Radiation
Protection Authority; 2007.

Nilsson B, Narlundh B, Wester U. UV-stralning och
underlag for bedomning av befolkningsdos fran solarier

i en storstadsregion. (In Swedish). (SSI-report 2003:03).
Stockholm, Sweden: Swedish Radiation Protection
Authority; 2003.

MacKie RM, Bray CA, Hole DJ, et al. Incidence of and sur-
vival from malignant melanoma in Scotland: an epidemio-
logical study. Lancet. 2002;360(9333):587-591.

Dal H, Boldemann C, Lindel6f B. Does relative melanoma
distribution by body site 1960-2004 reflect changes in inter-
mittent exposure and intentional tanning in the Swedish pop-
ulation? Eur J Dermatol. 2007;17(5):428-434.

Montella A, Gavin A, Middleton R, et al. Cutaneous mela-
noma mortality starting to change: a study of trends in
Northern Ireland. Eur J Cancer. 2009;45(13):2360-2366.
Burton RC, Coates MS, Hersey P, et al. An analysis of a mel-
anoma epidemic. Int J Cancer. 1993;55(5):765-770.

Burton RC, Armstrong BK. Current melanoma epidemic:

a nonmetastasizing form of melanoma? World J Surg. 1995;
19(3):330-333.

Tronnier M, Smolle J, Wolff HH. Ultraviolet irradiation in-
duces acute changes in melanocytic nevi. J Invest Dermatol.
1995;104(4):475-478.

Stanganelli I, Bauer P, Bucchi L, et al. Critical effects of in-
tense sun exposure on the expression of epiluminescence mi-
croscopy features of acquired melanocytic nevi. Arch
Dermatol. 1997;133(8):979-982.

de Vries E, Boniol M, Severi G, et al. Public awareness about
risk factors could pose problems for case-control studies: the
example of sunbed use and cutaneous melanoma. Eur J Can-
cer. 2005;41(14):2150-2154.

Bataille V, Boniol M, De Vries E, et al. A multicentre epide-
miological study on sunbed use and cutaneous melanoma in
Europe. Eur J Cancer. 2005;41(14):2141-2149.

0T0Z ‘s Jeqwaidas uo Aqg Bio'sjeuinolplojxo-ale//:dny woly papeojumoq


http://www-dep.iarc.fr/nordcan.htm
http://www-dep.iarc.fr/nordcan.htm
http://www.krabb.is
http://www.srab.cancer.gov/joinpoint/
http://www.gr.is/media/skyrslur//Paper__for__NSFS_2008_on_Icelandic_Sunbeds_Master.pdf
http://www.gr.is/media/skyrslur//Paper__for__NSFS_2008_on_Icelandic_Sunbeds_Master.pdf
http://www.gr.is/media/skyrslur//Paper__for__NSFS_2008_on_Icelandic_Sunbeds_Master.pdf
http://www.cutis.is/meluv.htm
http://www.statice.is
http://aje.oxfordjournals.org

