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Solar radiation is one of the driving forces for life on earth. We are warmed by the
infrared part of its electromagnetic spectrum, and we perceive our environment with eyes
responding to the visible part of the spectrum. Visible light is also an essential component
of photosynthesis, the process used by plants and other organisms to convert light energy
into chemical energy that can later be released to fuel the organism’s activities. In addition
to these positive and virtually essential properties for life on our planet, solar radiation also
has deleterious effects on biological systems. The negative consequences of solar radiation
are due primarily to radiation within the ultraviolet (UV) part of the electromagnetic
spectrum [1]. The UV region of the spectrum is confined to wavelengths between 100 nm
and 400 nm, and subdivided into three bands termed UVA (400-315 nm), UVB (315-280 nm)
and UVC (280-100 nm). The cutoff values for the subdivisions are arbitrary and differ
somewhat depending on the discipline involved. Both the spectrum and the intensity of
terrestrial UV radiation varies with the elevation of the sun above the horizon, which is
measured by the solar zenith angle (SZA) defined as the angle between the local zenith
(i.e., directly above the point on the ground) and the line of sight from that point to the
sun [2]. The SZA as the main driver of the intensity of natural UV radiation depends on
the geographical location, season and time of day. In addition to the SZA, atmospheric
conditions, cloud coverage and the UV reflectance from the surface (termed albedo effect)
affect the intensity of UV radiation perceived by unprotected humans being exposed to
solar radiation [3].

The International Agency for Research on Cancer, an institution operated by the World
Health Organization, has officially classified UV radiation as carcinogenic to humans and
placed it in the group I of those carcinogens with the strongest evidence for carcinogenic-
ity [4]. Numerous experimental and epidemiologic studies have demonstrated that UV
radiation, irrespective of whether resulting from natural solar origin or from artificial
sources such as tanning devices, increases the risk of different types of skin cancer, most
importantly that of melanoma, the most lethal type of skin cancer [5,6]. While the risk
increasing effect of UV exposure for humans is not confined to special age groups [7],
children are an especially vulnerable group that needs tailored concepts for protection [8,9].
Over the first years of life, children’s skin barrier protection remains immature. As a con-
sequence, early UV exposure induces rapidly actinic skin damage [10]. UV overexposure
during childhood has also been found to be associated with higher nevus density [11].
The importance of nevi, particularly atypical nevi referred to as ‘dysplastic nevi’, in the
development of melanoma has been stressed in numerous studies: Not only should nevi be
considered an extremely strong marker of melanoma risk, they are frequently also precur-
sors of melanoma, as approximately half of all melanomas do not develop de novo but arise
on originally benign nevi [12]. Furthermore, the amount of UV radiation received over a
lifetime is not uniformly distributed over all ages [13]. Children accumulate substantially
higher doses of UV radiation through outdoor activities than adults, as they spent typically
a smaller proportion of the day indoors. Finally, because of the long latency period of skin
cancer, children are more susceptible than older adults to the initiation of latent harmful
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effects of UV radiation that manifest decades later, since older adults do not live long
enough to experience the manifestation of skin cancer due to competing risks.

In this Special Issue devoted to children and UV radiation, we have compiled five
articles, all representing original research, that tackled different aspects of the topic. All ar-
ticles went through rigorous peer review by ourselves and independent external reviewers,
whom we want to thank for their time and effort to improve and clarify the presentation of
findings in these articles.

Two papers in this Special Issue addressed UV radiation in the preschool setting. Seidel
et al. [14] described the ‘Clever in Sun and Shade for Preschools’ program (CLEVER) that
combined theory-based individual and environmental interventions to reduce skin cancer
risks in preschools and targeted staff members, children, and parents. The effectiveness
of CLEVER was assessed in a cluster-randomized trial of high methodological quality
in 24 German preschools with 273 staff members. Staff members of preschools taking
part in CLEVER differed significantly from those in the control group in a number of
relevant outcome measures after 12 months. The results showed that CLEVER can easily
be disseminated and can strengthen sun protection for children in preschools. The second
paper from the preschool setting, by Gefeller et al. [15], addressed another aspect of sun
protection in preschools. Their interest was focused on the Global Solar UV index (UVI),
a simple means of visualizing the intensity of UV radiation and thereby alerting people
to the need for sun protection. In a survey among directors of 436 preschools in southern
Germany, they observed that less than half of the directors had ever heard of the UVI,
few had correct and detailed knowledge about the UVI, and only a small minority of
them used UVI information to adapt sun protective measures in their preschools. They
concluded that their study provided a sobering picture regarding the penetration of the
UVI in German preschools.

A second focus of this Special Issue was on information provided by caregivers
regarding children’s sun protection behavior. The study from Portugal by Salvado et al. [16]
revealed high knowledge among caregivers regarding sun protection in children. In
addition, the majority indicated that they follow international guidelines on skin cancer
prevention when applying sunscreen. The German study by Gorig et al. [17] showed
differences in compliance with various sun protection measures. While sunscreen was
the most common measure used, sunglasses were least frequently used. The prevalence
of sunburn increased with age, while the prevalence of using sun protection measures
decreased. Overall, use of sun protection measures was higher when caregivers perceived
themselves as a role-model, which seems to be important for future prevention campaigns.

Another source of UV radiation besides natural sunlight are UV-emitting tanning
devices such as sunbeds. Since 2011, use of commercial sunbeds by minors is prohibited in
England. Gordon et al. [18] described that despite this legal ban for minors, there were still
62,000 children and adolescents in England who used commercial sunbeds. They suggested
a ‘buy-back’ scheme which follows the example of Australia to encourage the removal of
sunbeds, while financially compensating sunbed providers for the enforced changes to
their business. Based on their economic analysis, such a ‘buy-back” scheme for an estimated
number of 18,000 commercial sunbeds might cost the English government upwards of GBP
55 million, but would be a one-time investment for a permanent solution to remove access
for young people.

To prevent children and adolescents from the harmful effects of UV radiation, different
starting points are possible. These can also be combined with each other. On the one hand,
it is important to educate about the potential negative consequences of UV radiation in
childhood and adolescence. Here, campaigns can be helpful to spread the knowledge
from guidelines among the population [19]. On the other hand, regulatory measures, such
as bans on the use of sunbeds [20] or the ‘buy-back’ scheme presented [18], can also be
helpful building blocks. Interdisciplinary approaches using multifaceted strategies to tackle
the challenges on the way to a conscious and healthy handling of UV radiation during
childhood and adolescence are necessary.
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The five papers in this Special Issue highlighted only some aspects of the much
broader topic ‘children and UV radiation’. For example, experimental studies elucidating
the cellular and molecular mechanisms in UV irradiated juvenile skin, clinical studies
addressing the therapeutic management of childhood melanoma induced by UV radiation,
and epidemiologic studies based on pediatric disease registers such as melanoma registers
of adolescent cases [21] correlating disease data to environmental data regarding UV
radiation were lacking in this Special Issue. These and other aspects delineating the role
of UV radiation for children’s health will continue to have a place in the journal Children.
Manuscripts describing new findings from well-designed studies are welcome—depending
on the specific topic—in the new section ‘Pediatric Dermatology’ and in the section ‘Global
and Public Health’ of Children.

Author Contributions: Writing—original draft preparation, O.G.; writing—review and editing, K.D.
All authors have read and agreed to the published version of the manuscript.

Funding: This work received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Diffey, B.L. Solar ultraviolet radiation effects on biological systems. Phys. Med. Biol. 1991, 36, 299-328. [CrossRef] [PubMed]

2. Cronin, T.W. On the Choice of Average Solar Zenith Angle. J. Atmos. Sci. 2014, 71, 2994-3003. [CrossRef]

3. Lehmann, M.; Sandmann, H.; Pfahlberg, A.B.; Uter, W.; Gefeller, O. Erythemal UV Radiation on Days with Low UV Index
Values-an Analysis of Data from the German Solar UV Monitoring Network over a Ten-year Period. Photochem. Photobiol. 2019,
95,1076-1082. [CrossRef] [PubMed]

4.  International Agency for Research on Cancer. IARC working group on the evaluation of carcinogenic risk to humans. In
Radiation. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; IARC: Lyon, France, 2012; Volume 100D, Avail-
able online: https://publications.iarc.fr/Book- And-Report-Series /Iarc-Monographs-On-The-Identification-Of-Carcinogenic-
Hazards-To-Humans/Radiation-2012 (accessed on 24 February 2022).

5. Gandini, S.; Sera, F,; Cattaruzza, M.S.; Pasquini, P.; Picconi, O.; Boyle, P.; Melchi, C.F. Meta-analysis of risk factors for cutaneous
melanoma: II. Sun exposure. Eur. J. Cancer 2005, 41, 45-60. [CrossRef] [PubMed]

6. Xiang, F; Lucas, R.; Hales, S.; Neale, R. Incidence of nonmelanoma skin cancer in relation to ambient UV radiation in white
populations, 1978-2012: Empirical relationships. JAMA Dermatol. 2014, 150, 1063-1071. [CrossRef] [PubMed]

7. Pfahlberg, A.; Kolmel, K.F; Gefeller, O. Timing of excessive ultraviolet radiation and melanoma: Epidemiology does not support
the existence of a critical period of high susceptibility to solar ultraviolet radiation-induced melanoma. Br. J. Dermatol. 2001,
144, 471-475. [CrossRef] [PubMed]

8.  Balk, S.J. Ultraviolet radiation: A hazard to children and adolescents. Pediatrics 2011, 127, €791-e817. [CrossRef] [PubMed]

9. Fiessler, C.; Pfahlberg, A.B.; Keller, A.K.; Radespiel-Troger, M.; Uter, W.; Gefeller, O. Association between month of birth and
melanoma risk: Fact or fiction? Int. . Epidemiol. 2017, 46, 686—-693. [CrossRef] [PubMed]

10. Paller, A.S.; Hawk, J.L.; Honig, P.; Giam, Y.C.; Hoath, S.; Mack, M.C.; Stamatas, G.N. New insights about infant and toddler skin:
Implications for sun protection. Pediatrics 2011, 128, 92-102. [CrossRef] [PubMed]

11.  Gefeller, O.; Tarantino, J.; Lederer, P.; Uter, W.; Pfahlberg, A.B. The relation between patterns of vacation sun exposure and the
development of acquired melanocytic nevi in German children 6-7 years of age. Am. |. Epidemiol. 2007, 165, 1162-1169. [CrossRef]
[PubMed]

12.  Skender-Kalnenas, T.M.; English, D.R.; Heenan, P.J. Benign melanocytic lesions: Risk markers or precursors of cutaneous
melanoma? J. Am. Acad. Dermatol. 1995, 33, 1000-1007. [CrossRef]

13.  Green, A.C.; Wallingford, S.C.; McBride, P. Childhood exposure to ultraviolet radiation and harmful skin effects: Epidemiological
evidence. Prog. Biophys. Mol. Biol. 2011, 107, 349-355. [CrossRef] [PubMed]

14. Seidel, N.; Fieber, V.; Breitbart, EZW.; Bornhauser, M.; Stolzel, F. Cluster Randomized Trial: Sun Protection Intervention ‘Clever in
Sun and Shade for Preschools’—Effectiveness and Dissemination. Children 2021, 8, 651. [CrossRef] [PubMed]

15.  Gefeller, O.; Mathes, S.; Uter, W.; Pfahlberg, A.B. The Role of the Global Solar UV Index for Sun Protection of Children in German
Kindergartens. Children 2022, 9, 198. [CrossRef] [PubMed]

16. Salvado, M.; Fraga, A.; Marques, D.L.; Pires, LM.; Goncalves, C.C.; Silva, N.M. Sun Exposure in Pediatric Age: Perspective of

Caregivers. Children 2021, 8, 1019. [CrossRef] [PubMed]


http://doi.org/10.1088/0031-9155/36/3/001
http://www.ncbi.nlm.nih.gov/pubmed/1645473
http://doi.org/10.1175/JAS-D-13-0392.1
http://doi.org/10.1111/php.13092
http://www.ncbi.nlm.nih.gov/pubmed/30767232
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Radiation-2012
https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Radiation-2012
http://doi.org/10.1016/j.ejca.2004.10.016
http://www.ncbi.nlm.nih.gov/pubmed/15617990
http://doi.org/10.1001/jamadermatol.2014.762
http://www.ncbi.nlm.nih.gov/pubmed/25103031
http://doi.org/10.1046/j.1365-2133.2001.04070.x
http://www.ncbi.nlm.nih.gov/pubmed/11260001
http://doi.org/10.1542/peds.2010-3502
http://www.ncbi.nlm.nih.gov/pubmed/21357345
http://doi.org/10.1093/ije/dyx059
http://www.ncbi.nlm.nih.gov/pubmed/28419313
http://doi.org/10.1542/peds.2010-1079
http://www.ncbi.nlm.nih.gov/pubmed/21646256
http://doi.org/10.1093/aje/kwm007
http://www.ncbi.nlm.nih.gov/pubmed/17337756
http://doi.org/10.1016/0190-9622(95)90294-5
http://doi.org/10.1016/j.pbiomolbio.2011.08.010
http://www.ncbi.nlm.nih.gov/pubmed/21907230
http://doi.org/10.3390/children8080651
http://www.ncbi.nlm.nih.gov/pubmed/34438542
http://doi.org/10.3390/children9020198
http://www.ncbi.nlm.nih.gov/pubmed/35204917
http://doi.org/10.3390/children8111019
http://www.ncbi.nlm.nih.gov/pubmed/34828732

Children 2022, 9, 537 4 of 4

17.

18.

19.

20.

21.

Gorig, T.; Sodel, C.; Pfahlberg, A.B.; Gefeller, O.; Breitbart, E.W.; Diehl, K. Sun Protection and Sunburn in Children Aged 1-10
Years in Germany: Prevalence and Determinants. Children 2021, 8, 668. [CrossRef] [PubMed]

Gordon, L.G.; Hainsworth, R.; Eden, M.; Epton, T.; Lorigan, P.; Grant, M.; Green, A.C.; Payne, K. Sunbed Use among 11- to
17-Year-Olds and Estimated Number of Commercial Sunbeds in England with Implications for a ‘Buy-Back” Scheme. Children
2021, 8, 393. [CrossRef] [PubMed]

Gorig, T.; Schneider, S.; Seuffert, S.; Greinert, R.; Diehl, K. Does sunscreen use comply with official recommendations? Results of a
nationwide survey in Germany. J. Eur. Acad. Dermatol. 2020, 34, 1112-1117. [CrossRef] [PubMed]

Diehl, K.; Bock, C.; Greinert, R.; Breitbart, E.W.; Schneider, S. Use of sunbeds by minors despite a legal regulation: Extent,
characteristics, and reasons. . Public Health 2013, 21, 427-433. [CrossRef]

Brecht, I.B.; Garbe, C.; Gefeller, O.; Pfahlberg, A.; Bauer, J.; Eigentler, TK.; Offenmueller, S.; Schneider, D.T.; Leiter, U. 443
paediatric cases of malignant melanoma registered with the German Central Malignant Melanoma Registry between 1983 and
2011. Eur. J. Cancer 2015, 51, 861-868. [CrossRef] [PubMed]


http://doi.org/10.3390/children8080668
http://www.ncbi.nlm.nih.gov/pubmed/34438559
http://doi.org/10.3390/children8050393
http://www.ncbi.nlm.nih.gov/pubmed/34068910
http://doi.org/10.1111/jdv.16100
http://www.ncbi.nlm.nih.gov/pubmed/31746063
http://doi.org/10.1007/s10389-013-0570-y
http://doi.org/10.1016/j.ejca.2015.02.014
http://www.ncbi.nlm.nih.gov/pubmed/25794606

	References

