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Abstract: Current public health advice is that high ultraviolet radiation (UVR) exposure is the 

primary cause of Malignant Melanoma of skin (CMM), however, despite the use of sun-

blocking products incidence of melanoma is increasing. To investigate the UVR influence on 

CMM incidence worldwide WHO, United Nations, World Bank databases and literature 

provided 182 country-specific melanoma incidence estimates, daily UVR levels, skin colour 

(EEL), socioeconomic status (GDP PPP), magnitude of reduced natural selection (Ibs), ageing, 

urbanization, percentage of European descendants (Eu%), and depigmentation (blonde hair 

colour), for parametric and non-parametric correlations, multivariate regressions and analyses 

of variance. Worldwide, UVR levels showed negative correlation with melanoma incidence 

(“rho” = −0.515, p < 0.001), remaining significant and negative in parametric partial correlation 

(r = −0.513, p < 0.001) with other variables kept constant. After standardising melanoma 

incidence for Eu%, melanoma correlation with UVR disappeared completely (“rho” = 0.004, 

p = 0.967, n = 127). The results question classical views that UVR causes melanoma. No 

correlation between UVR level and melanoma incidence was present when Eu% 

(depigmented or light skin type) was kept statistically constant, even after adjusting for other 

known variables. Countries with lower UVR levels and more Eu% (depigmented or light skin 

people) have higher melanoma incidence. Critically, this means that individual genetic low 

skin pigmentation factors predict melanoma risk regardless of UVR exposure levels, and 

even at low-UVR levels. 
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Abbreviations: WHO: World Health Organization; ICD: International Classification of 

Diseases; C43: Malignant melanoma coded as C43 as per International Classification of 

Diseases; CMM: cutaneous malignant melanoma, a common abbreviation of C43 in academics; 

UN: The United Nations; Ibs: Biological State Index; GDP PPP: Gross Domestic Product at 

Purchasing Power Parity; UVR: Ultraviolet radiation; SES: Socioeconomic status; BCC: basal 

cell carcinoma; SCC: squamous cell carcinoma 

1. Introduction 

Malignant melanoma is a cancer particularly common among Europeans [1]. It is a 

malignancy of melanocytes which are primarily located in the hairy skin (Cutaneous 

Malignant Melanoma — CMM herefter) [2], but also arise at internal mucosal sites and in 

glabrous skin (acral). CMM represents a growing public health burden worldwide. Globally, 

the melanoma incidence rate has been increasing over past decades to reach 4.2 per 100,000 

worldwide, with the highest in WHO European region (16.6 per 100,000) in 2020 [3,4]. Much 

effort has been expended to investigate the extent to which changes in behaviours, related to 

exposure to the ultraviolet radiation (UVR), are involved, but the mechanism of the 

increasing incidence is still not well understood [5]. 

CMM occurs significantly more often in people of European descent [6–10]. The annual 

increase in CMM incidence rate for European-derived populations remains much higher than for 

all other populations [6,11]. In 2020, the incidence rate in the World Health Organization (WHO) 

European region was 4 times higher than that worldwide [3]. Therefore, typically European 

phenotypes, such as blond hair, light-coloured eyes, fair skin, more naevi [12] and freckles [13–16] 

have been considered as risk factors for CMM independent of the UVR. 

Extensive studies have linked CMM risks to sunlight exposure-related behaviours, such as 

strong sun exposure in childhood [17,18], sunburn episodes [19,20], solarium use [21–23], and 

outdoor work [24]. Although the conclusions are largely associative and circumstantial, high 

UVR exposure has been commonly accepted as the primary risk factor for CMM. Reported effect 

sizes of relationships with the UVR exposure, though statistically significant, are small.  

It has been postulated that exposure to intense UVR levels causes damage to the DNA of 

melanocytes, which constitutes the major contributor for developing CMM [25–31]. Although this 

theory has some supportive evidence, it poorly explains the true epidemiology of CMM worldwide 

and the regional variations. For example, UVR in the Europe region of WHO is significantly lower 

than in other regions [32], but in Europe melanoma incidence rate is significantly higher than in 

other WHO regions [33]. In a study of over 50 populations worldwide [34,35] no relationship 

between personal UVR exposure and CMM incidence was found.  

Directed by the different levels of association between cancer development and virus 

infections, in particular, the role of human papilloma virus (HPV) in non-CMM skin cancer 

initiation [36], HPV, as a sexually transmitted disease, has been associated with CMM 

development because it could create insertional mutagenesis in human DNA of 

melanocytes [37–40]. The strongest evidence for that is the association between exponential 

increase of CMM incidence and the sex revolution in Europe after 1960 [38,39]. 



380 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

CMM prevention campaigns have advocated application of sunscreen to reduce the CMM 

risk [41]. However, some epidemiological studies have shown that sun-blocking substances, 

such as sunscreen lotion, do not protect against CMM development [42–44]. Surprisingly, and 

paradoxically, individuals regularly applying sun block may have a higher risk of CMM than 

non-users [43,45–47]. Therefore, the role of sun-blocking products and their application in 

protecting against melanoma development remains confusing and intriguing [5,43,48]. 

There is a debate over whether intermittent [49] or chronic [50] sun exposure represent 

important risks for melanoma. Part of this debate may seem pointless because CMM subtypes 

can develop in deep skin areas with little or no UVR exposure in humans (i.e. mouth, soles of 

feet, palms of hands, mucosal sites, buttocks and genital areas) [1,51]. Furthermore, in hairy skin 

areas, intermittent, rather than chronic, UVR exposure has been postulated as a major risk for 

CMM as it reduces the penetration of UVR into the skin [52]. Low UVR exposure also causes 

CMM in animals, for example in the dark fur covered areas of canines [53] and in mice with 

various depigmentation phenotypes [54]. In recent systematic survey of literature no relationship 

has been found between moderate solarium exposure and melanoma risk [55]. Moreover, 

occurrence of some melanoma subtypes (e.g. acral lentiginous) is clearly not related to UVR 

exposure. The whole-genome mutational profiles of some melanoma subtypes that occur without 

sun exposure possibly extend to the non-coding genome [1,56]. It has been also reported that 

UVR would not be the only determinant for CMM if people carried MC1R genes [56].  

Regardless of rare early CMM onset in young people with fair pigmentation [57], ageing 

is a well-established risk factor, which may be partly attributable to the accumulated 

detrimental effects of sun exposure [13,17,58].  

From an evolutionary perspective, it has been known that human adaptation to low UVR 

exposure in Northern Europe over many generations resulted in decreased melanin production, 

most likely to permit sufficient vitamin D production in the skin in these environments [59]. 

During this evolutionary process, recessive mutations/genes interfering with normal melanin 

production for skin, hair and eye colouration were accumulated. This process may also be 

advantageous to the levels of folate and folic acid in human blood [60–62]. 

Interestingly, CMM incidence in predominantly European (reduced skin pigment) 

populations in low ambient UV regions is higher than would be expected, if high ambient UV 

levels alone were the principal determinant of CMM development. Reduced skin pigmentation 

in itself might therefore be a factor for CMM development. 

Therefore in this study, the discrepancies in the UVR and CMM relationship were 

investigated for their association and relationship trend. We advance the hypothesis that 

evolutionary processes leading to strongly reduced ability to produce melanin, may, as a side 

effect, foster somatic mutations resulting in CMM development. This hypothesis is tested using 

worldwide population-level data on human pigmentation and CMM incidence obtained from 

international data-collection organizations. These data were adjusted for ambient UVR levels 

and other potential confounding variables. 

2. Materials and methods 

2.1. Data sources 

Country-specific data published by the agencies of the United Nations were downloaded 

for this ecological study. 
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1. The GLOBOCAN 2012 estimate of country specific melanoma of the skin (WHO ICD: 

C43, CMM as abbreviated previously) incidence rate in both sexes [3,33]. 

GLOBOCAN provides contemporary population level estimates by cancer site and sex [63]. 

This project is conducted by the World Health Organization cancer research agency, the 

International Agency for Research on Cancer (IARC). 

As per the International Statistical Classification of Diseases and Related Health Problems 

(10th Revision (ICD-10)-2015-WHO Version for 2015), IARC clustered 10-types of malignant 

neoplasms of skin as malignant melanoma of skin which is coded as C43. 

CMM incidence rate is expressed as the number of persons who were diagnosed with CMM 

per 100,000 population. The CMM incidence reported as an age standardised rate at world level 

was selected for analyses. No incidence of separate types or subtypes of CMM was available. 

2. Country-specific skin colour measured by reflectance (armpit). Data on skin reflectance 

of various populations worldwide were previously studied and published [60,61,64,65]. We 

extracted the country-specific skin reflectance data relevant for each country from previous 

publications using the same file as analysed in Brace et al. [66]. Worldwide information on 

skin phototypes was not available. 

3. The WHO Global Health Observatory (GHO) data on the average daily ambient 

ultraviolet radiation (UVR) level (in J/m2) [32] and life expectancy at age 60-years [67]. UVR 

has been backdated by approximately 10 years (1997−2003) to reflect long exposure duration 

with delayed presentation of CMM.  

Ageing has been included as a potential confounder in this study as it has been linked to 

CMM risk in a number of publications [13,17,58]. We have indexed ageing at the population 

level with the life expectancy at age 60 in 2010. 

4. The World Bank published data on per-capita GDP PPP and urbanization [68]. 

Socio-economic level has been associated with CMM risk [63,69]. We have chosen per 

capita GDP purchasing power rate (GDP PPP in 2012 international $) because it takes into 

account the relative cost of local goods, services and inflation rates of the country.  

Urbanization has been postulated as a major CMM predictor [70] because it represents the 

major demographic shift entailing lifestyle changes [71–73]. Urbanization is expressed with 

the country-specific percentage of total population living in urban areas in 2012. 

5. Country-specific magnitude of possible CMM gene accumulation downloaded from a 

previous publication [74]. This accumulation is assumed to be the effect of decreasing selection 

pressure that is changing mutation/selection balance. The Biological State Index (Ibs) has been 

constructed to measure the opportunity for natural selection at the population level [61–67 and 

the Supplementary Information]. 

6. The CMM incidence rates vary between geographical areas, with the highest rates in 

Europe [33,63] and in countries with the greatest proportion of European descendants [6,11,75–77]. 

Therefore, we have constructed the following two further variables: 

1) Country-specific percentage of European descendants (Eu% hereinafter) was collected 

from the EuroStat for European countries [78], and government and non-EU government 

documents for the rest of the countries with European descendants. 

2) The country grouping of the WHO Europe Region was singled out for analysing the 

correlation between UVR and CMM. We also obtained the country-specific percentage of 

population with light hair [79] as the measurement of the magnitude of depigmentation 

(depigmentation level hereafter). 
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All the known potential confounding variables (GDP PPP, Ibs, ageing and urbanization) 

and independent variables (skin reflectance, UVR, Europeans % and depigmentation level) 

were matched with the dependent variable, country specific CMM incidence rate to reduce 

potential bias. A set of data consisting of 182 countries has been obtained for our analysis. Each 

country was treated as an individual subject in this study. The number of countries for each 

individual variable may differ because not all the countries had uniformly available information 

due to various reasons. 

2.2. Data analysis 

With reference to the conceptual framework of the data analysis in the previous 

studies [80–90], the data analysis proceeded in six steps: 

1. Scatter plots were produced with the cross-country raw data in Microsoft Excel® to 

explore and visualize the strength, shape and direction of correlation between UVR levels and 

CMM incidence worldwide. Points representing Australia and New Zealand appeared to be the 

outliers (Figure. 1). However, we did not remove them because they represented the truth that 

Australia and New Zealand have had the highest CMM incidence rates although their UVR 

levels have not been the highest [6,11,91]. Scatter plots were also produced to explore the re-

lationships between the CMM incidence and Europeans % worldwide, country-specific UVR 

within WHO-Europe and depigmentation level within the European area respectively. 

2. Nonparametric correlation analysis (Spearman’s ρ) was conducted to evaluate the 

worldwide direction and strength of the correlation between CMM and each independent and 

potentially confounding variable.  

3. Partial correlation of Pearson’s moment-product approach on log-transformed data was 

conducted to explore the worldwide correlations between CMM and UVR and CMM and skin 

reflectance respectively when we controlled for the potential confounding variables (GDP PPP, 

Ibs, ageing and urbanization).  

4. Standard multiple linear regression (Stepwise) was conducted on log-transformed var-

iables to select the variables that had the greatest influence on CMM incidence when UVR, Ibs, 

ageing, GDP PPP and Urbanization were entered as the independent variables.  

Considering that CMM has been associated with people of European origin, we replaced 

UVR with the other two variables, “WHO EU Region” and “Europeans %”, respectively and 

repeated the above analyses (Step 2–4). In these two subsequent analyses, we did not analyse 

the relationship between the variable of skin reflectance and CMM due to the very limited 

number of countries with available data in each data set. 

Additionally, when we conducted the partial correlation within the dataset of “WHO EU 

Region”, we alternated depigmentation and UVR as the control variable together with the other 

confounding variables (GDP PPP, Ibs, ageing and urbanization) to explore whether the varia-

bles UVR and depigmentation were correlated with CMM incidence independent of each other. 

Similarly, when we conducted the partial correlation with the dataset of “Europeans %”, we 

alternated Europeans % and UVR as the control variables together with the other confounding 

variables (GDP PPP, Ibs, ageing and urbanization) to explore whether the variables UVR and 

EU% correlated with CMM independent of each other.  

5. Analysis of variance (ANOVA) was conducted to detect the significant differences be-

tween the six WHO regions among the means of CMM, and “Residual of CMM standardised 
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on UVR” [92]. Further post-hoc (Bonferroni) testing was performed to identify the source 

(pairs) of the significant differences.  

6. European population (WHO European Region) has the significantly higher incidence 

of CMM [6,11,75,76], but significantly lower UVR levels than in all the other WHO regions. 

To examine whether, statistically, they can explain each other in terms of their worldwide re-

lationships, we have used the analysis of residuals, because CMM incidence is curvilinearly 

related to UVR and Europeans %. Details in Supplementary Information. 

All analyses were conducted on SPSS v. 25. The significance was reported at 0.05, 0.01 

and 0.001 levels. Standard multiple linear regression analysis criteria were set at probability of 

F to enter ≤ 0.05 and probability of F to remove ≥ 0.10.  

3. Results 

3.1. UVR and CMM 

Worldwide, the relationship between UVR and CMM, identified in the scatterplots was 

noted to be logarithmic with a relatively strong, but negative correlation (r = −0.60, p < 0.001, 

n = 171, Figure 1). This indicates that people living in low solar ultraviolet radiation environ-

ments have higher CMM incidence.  

 

Figure 1. Relationship (inverse correlation) between solar ultraviolet radiation 

exposure and cutaneous malignant melanoma (CMM) of skin cancer incidence 

rate worldwide. 

Worldwide, UVR intensity was in significant and negative correlation with CMM in non-

parametric correlation analysis (r = −0.52, p < 0.001, Table 1–1). This relationship remained 

negative and significant in partial correlation (r = −0.51, p < 0.001) when GDP PPP, Ibs, ageing 

and urbanization were statistically kept constant (Table 1–2).  

Skin reflectance correlated positively with CMM [lighter skin-more CMM] at a margin-

ally significant level (r = 0.33, p = 0.057, n = 35, Table 1–1). This correlation became weak 
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(r = 0.15, p = 0.505, df =19) when GDP PPP, Ibs, ageing and urbanization were statistically 

kept constant (Table 1–2). 

When UVR, GDP PPP, Ibs, ageing and urbanization were included as the predictor varia-

bles in stepwise linear regression analysis, UVR was selected as the variable having the greatest 

negative influence on CMM incidence rate (R2 = 0.30, Table 1–3). 

Table 1. Worldwide relationships between melanoma (CMM) incidence and UVR levels. 

 Table 1–1: 

Nonparametric 

(Spearman’s) 

 Table 1–2: 

Partial Correlation# 

 Table 1–3: 

Stepwise multiple linear regression 

 ρ n  r df  Rank Independent Variables Adjusted R2 

UVR exposure 

(Negative) 

−0.515*** 171  −0.513*** 163  1 UVR Exposure (Negative) 0.301 

Skin reflectance 0.325## 35  0.153 19  2 Ibs 0.321 

GDP PPP 0.383*** 172  - -  3 Ageing 0.363 

Ibs 0.456*** 172  - -  4 GDP PPP Insignificant 

Ageing 0.415*** 174  - -  5 Urbanization Insignificant 

Urbanization 0.354*** 178  - -     

*Note: Significance level of correlation: *p < 0.05, **p <0 .01, ***p < 0.001. #Keeping intake of GDP PPP, 

Ibs, life e(60) and urbanization constant.##p = 0.057, marginally significant at the level of p < 0.05. Data sources: 

Melanoma of skin incidence rate from the International Agency for Research on Cancer, WHO agent in cancer 

research; UVR, expressed as the average daily ambient ultraviolet radiation level (in J/m2) & ageing, indexed 

by life e60 from the World Health Organization; Skin reflectance from previous publication (See the section 

of Data Sources please); GDP PPP & Urbanization from the World Bank; Ibs from the previous publication 

(See the section of Data Sources please).  

 

Figure 2. Worldwide relationship between country specific percentage of Eu-

ropean descendants and cutaneous malignant melanoma (CMM) of skin cancer 

incidence rate. 
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The ANOVA has revealed that WHO EU Region had significantly the highest mean CMM 

incidence rate among other WHO regions while having the significantly lowest mean of UVR 

(2189 J/m2). There were no significant differences between other regions (Table S1). 

Worldwide, the relationship between Europeans % and CMM in the scatterplots was linear, 

with a positive correlation (r = 0.61, p < 0.001, n = 135, Figure 2). 

3.2. Effect of % Europeans/ depigmentation 

Table 2–1 shows that CMM incidence is in positive strong correlation with Europeans % 

(r = 0.71, p < 0.001) and in similarly strong, but in negative correlation with UVR levels 

(r = −0.70, r < 0.001). In partial correlation analysis, these relationships between CMM 

and Europeans % (r = 0.48, p < 0.001) and CMM and UVR levels (r = −0.50, r < 0.001) 

remained significant when GDP PPP, Ibs, Ageing and Urbanization were statistically kept 

constant (Table 2–2).  

Stepwise multiple linear regression analysis, including CMM incidence rate as the 

dependent variable, and Europeans %, UVR, GDP PPP, Ibs, Ageing and Urbanization as the 

independent variables, selected UVR as the variable having the greatest but negative influence 

on the CMM incidence with R2 = 0.299; while Europeans % positive influence was placed 

second increasing R2 to 0.336 (Table 2–3).  

Table 2. Worldwide relationships between melanoma (CMM) incidence and Europeans %. 

 Table 2–1:  

Nonparametric  

 Table 2–2:  

Partial Correlation  

 Table 2–3:  

Stepwise multiple linear regression 

 ρ n  r df  Rank Independent Variables Adjusted R2 

Europeans %  0.711*** 127  0.477*** 121  1 UVR (Negative) 0.299 

UVR (Negative) −0.699*** 135  0.498*** 119  2 Europeans % 0.336 

GDP PPP 0.642*** 129  - -  3 Ibs 0.400 

Ibs 0.736*** 129  - -  4 Ageing 0.470 

Ageing 0.595*** 130  - -  5 GDPPPP 2010 0.487 

Urbanization 0.595*** 134  - -  Not ranked Urbanisation explained by other variables 

*Note: Correlation significance level: ***p < 0.001, **p < 0.01, *p < 0.05. Data sources: Europeans % (percentage 

of European descendants) from the corresponding government statistics or various publications; Melanoma of 

skin incidence rate from the International Agency for Research on Cancer, WHO agent in cancer research; UVR, 

expressed as the average daily ambient ultraviolet radiation level (in J/m2) & ageing (life e60) from the World 

Health Organization; GDP PPP & Urbanization from the World Bank; Ibs from the previous publication (See the 

section of Data Sources please) 

Figure 3 indicates that country-specific depigmentation level strongly correlates with 

CMM incidence (Power regression line, r = 0.71, p < 0.001, n = 48). 
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Figure 3. Relationship between depigmentation level and cutaneous malignant 

melanoma (CMM) incidence  

Table 3–1 shows that CMM incidence is both in strong positive correlation with 

depigmentation (r = 0.70, r < 0.001, Table 3–1) and in negative correlation with UVR 

irradiation (r = −0.68, p < 0.001, Table 3–1). In partial correlation analysis these relationships 

between CMM and depigmentation (r = 0.51, r < 0.001, Table 3–2) and CMM and UVR 

(r = −0.43, p < 0.001, Table 3–2) remained significant when GDP PPP, Ibs, ageing and 

urbanization were statistically kept constant. Depigmentation still showed significant and 

positive correlation with CMM (r = 0.32, p < 0.01, Table 3–3), when UVR, together with 

other four potential confounders (GDP PPP, Ibs, ageing and urbanization), were included as 

the control variable. However, UVR showed almost nil correlation with CMM incidence 

rate when depigmentation, together with the other four potential confounders (GDP PPP, 

Ibs, ageing and urbanization), were included as the controlled variable (Table 3–4). This 

indicates that, statistically, depigmentation contributes to CMM incidence rate without the 

contribution of UVR.  

Within WHO EU, stepwise multiple regression analysis selected GDP PPP as the variable 

having the greatest influence on CMM incidence rate while depigmentation was placed second 

(Table 3–5). UVR was removed by the analysis as having no statistically significant influence 

on CMM incidence.
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Table 3. Relationships between melanoma (CMM) incidence and depigmentation level within WHO Europe Region. 

Table 3−1: Nonparametric 

(Spearman’s) 

 Table 3−2: Partial 

Correlation 

 Table 3−3: Partial 

Correlation 

 Table 3−4: Partial 

Correlation 

 Table 3−5: Stepwise multiple linear regression (n = 50) 

 ρ n  r df  R df  r df  Rank Independent Variables Adjusted R2 

Depigmentation 0.696*** 48  0.512*** 44  0.315** 41  - -  1 GDP PPP 0.642 

UVR (Negative) −0.677*** 50  −0.425** 42  - -  −0.006 41  2 Depigmentation  0.720 

GDP PPP 0.823*** 50  - -  - -  - -  3 Ibs 0.768 

Ibs 0.769*** 50  - -  - -  - -  4 Ageing Insignificant 

Ageing 0.675*** 50  - -  - -  - -  5 Urbanization  Insignificant 

Urbanization 0.631*** 50  - -  - -  - -  6 UVR levels Non-predictor  

*Note: Variable kept statistically constant. Data sources: Melanoma of skin incidence rate from the International Agency for Research on Cancer, WHO agent in cancer research; 

Pigmentation from the previous publication [74]; UVR, expressed as the average daily ambient ultraviolet radiation level (in J/m2) & ageing (life e60) from the World Health 

Organization; GDP PPP & Urbanization from the World Bank; Ibs from the previous publication [61]). Stepwise multiple linear regression modelling was reported. Contribution 

of variables is listed in order of how much they contribute to Melanoma of skin incidence. Data sources: Melanoma of skin incidence rate from the International Agency for 

Research on Cancer, WHO agent in cancer research; Euro-peans % (percentage of European diaspora/descendants) from the corresponding government statistics or various 

publications; Pigmentation from the previous publication (See the section of Data Sources please); UVR, expressed as the average daily ambient ultraviolet radiation level (in J/m2) 

& ageing (life e60) from the WHO; GDP PPP & Urbanization from the World Bank; Ibs from the previous publication (See the section of Data Sources please). 

4. Discussion 

The GLOBOCAN data on CMM incidence do not distinguish between subtypes of CMM that may have different aetiologies, and place them 

all under the CMM label. In our analyses the CMM label therefore includes the whole range of subtypes. According to Ward WH and Farma JM [93], 

the CMM subtypes occur with the following frequencies: superficial spreading (70%), nodular (5%), lentigo-maligna (4%–15%), amelanotic 

(4%), desmoplastic (<4%) and acral lentiginous (5%); of those, all but the last one are considered to be UV induced, thus acc ounting for about 

95% of all CMMs [93]. 

Our analysis of data for 182 countries suggests that: 

1) Countries with low UVR levels have high CMM incidence rates. 
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2) Countries with a greater percentage of European descendants have higher CMM in-

cidence rates. 

3) There is no statistical relationship between UVR level and CMM incidence per coun-

try when the percentage of European population is kept statistically constant. 

4) In Europe, countries with high levels of depigmentation have higher CMM incidence 

rates despite lower ambient UVR levels. Country-level depigmentation negatively 

correlated with country-specific UVR levels providing evidence indicating that 

depigmentation is a long-term evolutionary adaptation to low UVR. 

The magnitude of heritable depigmentation due to evolutionary adaptation to low UVR 

may predispose to CMM incidence worldwide, while any contribution by direct individual 

exposure to sunlight as a cause, however, is difficult to precisely quantify in population studies 

and thus effect sizes, though formally statistically significant, are low [94–97]. The 

evolutionary theory interprets how human adaptation had produced the underlying 

predisposition for CMM over a number of generations, likely due to arising recessive 

mutations/genes. 

The findings of our study appear to contradict the common opinion that high UVR exposure 

of individual humans is the primary risk factor for CMM [6,98–101]. Over generations human 

bodies respond to changing environmental stresses to improve their chances of adaptation, 

survival and reproduction. This entails better health and survival. There exist DNA repair 

mechanisms that remove mutagenic effects of UVR [102]. DNA methylation may also play an 

adaptive role [103–105].  

Vitamin D is essential for healthy functioning of multiple body systems and organs, 

including bones, the lungs, cardiovascular system, immune system, and brain [107,108]. 

Although UVR only constitutes approximately 10% of the total light output of the sun, it is the 

best natural means for producing vitamin D. Melanin pigment, produced in melanocytes, is 

able to dissipate more than 99.9% of UV radiation absorbed by the skin [109]. More melanin 

in the skin not only protects the skin cells against UV damage, but also protects against 

destruction of folate [60–62]. The natural consequence of high levels of melanin in the 

epidermis is inhibition of synthesis of vitamin D by the UVR [110–112]. People living in areas 

with low UVR, would be advantaged by carrying the genes/mutations which could alter their 

cell physiology for producing less melanin to allow better UVR penetration for balanced 

vitamin D genesis and adequate folate levels [61]. Vitamin D synthesis is increased by UVR, 

whilst folate is degraded by UVR [113]. Over generations, these mutations evolved into 

inheritable genetic signatures of populations with historically low UVR exposure [114,115]. 

In people living for generations in areas with low-level of UVR, the amount of melanin must 

be balanced between allowing enough UV penetration and preventing potential solar damage 

to skin cells [116].  

Our study suggests that CMM is not primarily caused by high UVR levels. The negative 

correlation between UVR and CMM across national populations indicates that historically low 

UVR, instead of too much UVR, may be the principal risk factor for CMM. Europeans who 

live in the lowest UVR levels countries have the highest CMM incidence rates based on world 

incidence data (Table 2, Figure 3). However, when they devloped CMM, increase of UVR 

could reduce their mortality. This has been revealed by an interesting study into a group of 

1199 CMM patients of European ancestry whose survival is positively associated with the 

increase of their sun exposure [106]. 

https://en.wikipedia.org/wiki/Evolution
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Within the WHO Europe Region, CMM incidence correlates positively with 

depigmentation, while it correlates negatively with UVR levels. Evolutionarily, low UVR has 

forced Europeans to depigment, and the genetically determined depigmentation may havemade 

Europeans more susceptible to CMM-causing mutations. The results of our study are in 

agreement with the finding that some CMM subtypes can develop in skin areas with little or 

no UVR exposure [1,51,107]. A recent study has even revealed that whole-genome mutational 

landscapes of major CMM subtypes could occur without UVR [1]. Also, CMM may not be caused 

by UVR, but by xenobiotic influence [108]. CMM has been found to be familial [109] and highly 

heritable [110]. A number of genes predisposing to CMM have been identified [111–114]. A large 

study (N = 100,000) published in 2019, [94] found that skin colour variation within the range 

displayed by Norwegian women produced CMM risk ratios (RR) ranging from 1.53 to 2.32, and 

freckling from 2.50 to 3.30, while sun bathing produced lower RR from 0.41 to 1.71 and indoor 

tanning 0.85−1.18. Clearly, the risk produced by depigmentation was approximately double that 

resulting from UVR exposure. 

A systematic review found no studies that demonstrate a causal relationship between 

moderate solarium use and CMM risk [55,115]. Intermittent UVR exposure increases the risk 

for CMM initiation [116–118], but chronic exposure, for instance for outdoor workers, shows 

a protective role against CMM development [20,55,117–119]. Large-scale CMM prevention 

programmes by reduction of UVR exposure have not yet proven effective [42,44,120], or, 

unexpectedly have exacerbated CMM initiation [43,45–47]. Application of sunscreen may 

reduce the penetration of UVR, especially UVB. This prevents sunburning, premature ageing, 

and non-CMM skin cancer [34,121]. However, blocked by sunscreen, lower UVR penetration 

has been associated with less vitamin D3 genesis, leading to an increase of CMM incidence in 

Europeans and Americans [34,39,122]. Interestingly, through a randomized controlled trial, De 

Smedt et al. have concluded that vitamin D supplementation had a protective effect on CMM 

relapse, and thus, it offered patients a better clinical outcome and improved their life quality [123], 

especially when patients were in the advanced stages of CMM [124]. Merrill et al. have revealed 

that, within native populations in Europe, personal annual exposure to UVR decreased between 

1960 and 2000, but CMM incidence increased significantly. This finding may indicate that lower 

UVR causes low vitamin D3 production leading to a CMM incidence increase [125]. The 

correlations between vitamin D and CMM identified in these studies may be in agreement with our 

hypothesis that CMM may primarily be a genetic disease of reduced pigmentation, unrelated to 

UVR risk. However, it should be noted that our study has been based on the population-level data 

and that limitation of these data is the inherent inability to assess risk behaviour at the individual 

personal level within those countries, for example, sunburn frequency, tanning bed usage, and 

individual protective behaviours. Observations of differences in CMM incidence with varying 

latitudes within a country are not included in the datasets we have accessed, and this aspect needs 

to be re-evaluated by considering the Europeans % within various parts of a country. Although, 

several studies within large countries have shown that latitude has low or no influence on CMM 

risk after correction for other confounding variables [126–128].  

A key finding in this study that, worldwide, countries with low UVR have higher CMM 

incidence is opposite to conclusions from previous epidemiological studies in Australia and 

New Zealand. Australia and New Zealand (ANZ) have the highest CMM incidence rates 

internationally (34.90 and 35.80 per 100,000 population, respectively) [63], but their UVRs 

(3206 and 2487 J/m2 respectively) are not the highest in the world being comparable to 

Southern Europe [32] rather than equatorial Africa or central America (Figure 1). 
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Australians and New Zealanders (ANZ) are predominately Northern European descendants. 

Although there have been no clinical trials showing that high UVR causes CMM [108], there is 

a “consensus” that high UVR is the primary cause for CMM in ANZ. Australians and New 

Zealanders have learned how to seek cancer screening and to self-diagnose skin cancers. Skin 

cancer has been considered a “National Cancer” [129]. This strong awareness of skin cancer has 

enabled people to be diagnosed with more melanomas and thus, has produced increased 

incidence statistics. Indeed, potential over-diagnosis has been mooted [130]. Moreover, non-

melanoma skin cancers (NMSC), most of which are basal cell carcinoma and squamous cell 

carcinoma, account for over 98% of total skin cancers. Patients with NMSC may have an 

increased risk for developing CMM [131–135] and have the highest possibility of early CMM 

diagnosis because their skin is clinically assessed multiple times during NMSC treatments and 

surveillance. The 5-year survival rate in CMM is very high (>90%) in ANZ, associated 

principally with earlier diagnosis of thinner CMMs, while there is a definitive chance for 

reoccurrence [132]. High levels of medical services and nutrition have substantially reduced 

natural selection. Almost all Australians and New Zealanders survive their full reproductive 

period, having the opportunity to pass on their CMM-related mutations/genes to the next 

generation. After 4–5 generations, the CMM mutations/genes accumulate and the phenotype of 

CMM then becomes noticeable at the population level [84,136]. Fertility rates in ANZ are low. 

Low fertility rates have been associated with cancer risks in both females and males [137–139]. 

Overdiagnosis of CMM has recently again been discussed is the USA [140]. Paradoxically, long-

standing advice against exposing bodies to excessive sunshine and sunbeds, has reduced “tanning” 

in individuals of European skin types. That is, decreased environmentally caused production of 

melanin in the skin, of ANZ people, so that their skin is effectively less protected from UVR 

penetration when accidentally exposed to sunshine. The risk of sunburn thus is more likely. The 

problem of high CMM incidence in ANZ is complex and clearly requires more research attention 

to determine the best public health advice given our data and findings.  

Our hypothesis may explain why albino Africans with no melanin production (type OCA1A) 

do not develop CMM, while albinos with just reduced melanin production develop CMM [141]. 

Genetically, albinos with fully no melanin production (have no melanin), while mechanisms of 

melanoma causation are dependent on the genetic melanin-producing capacity [142]. This may 

be supported by animal (mice) experience where induction of CMM requires the presence of 

melanin and to be exposed to ultraviolet A (95% total UVR) [143]. Although this study has 

mentioned that ultraviolet B could induce CMM without requiring the presence of melanin 

pigment [143], it is well-established that ultraviolet B is primarily responsible for vitamin D 

production [119] not for CMM [35]. Albinos receive more than enough UVR for vitamin D 

production, under usual conditions. 

It has been reported that vitamin D may protect against the development of cancers, 

including CMM [144–146] and in immune system integrity [147]. Although humans partially 

lost melanin production capacity (depigmentation) over generations in low UVR exposure 

regions for adequate vitamin D genesis, vitamin D alone may not be capable of preventing 

CMM occurrence. Moreover, vitamin D receptor polymorphisms perhaps associated with 

depigmentation have been proposed, and lower vitamin D levels have been associated with 

poorer CMM patient survival, which underline the complexity of vitamin D metabolism in 

CMM pathophysiology [148–150]. Also, vitamin D has been recently even associated with 

increased CMM rates [126], indicating that other factors may be operational and that the current 

story is not complete.  
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In our study, skin colour (reflectance) correlated with CMM incidence (r = 0.33, p = 0.057, 

n = 35) at a similar level, but positively, compared to the negative correlation of UVR with 

CMM (r = −0.52, r < 0.001, n = 171) in non-parametric analysis. However, the former 

correlation between armpit skin reflectance and CMM incidence lost its significance and 

became weak (r = 0.15, p = 0.505, df = 19) in the subsequent partial correlation. This can be 

explained by smaller sample size of armpit skin reflectance. Armpit skin reflectance may not 

be a precise measure of melanin production in the melanocytes because of a great variability 

of skin colour on different body sites and in different seasons [151–153]. Pigmentation may 

vary 70%–100% in the skin of the same person depending on measuring sites and seasons [154]. 

Therefore, pigmentation of UVR unexposed skin, such as armpit, cannot fully represent the 

constitutive skin pigmentation [155–157].  

Cancers are related to somatic mutations [158–160]. These can occur randomly as a result 

of chance alterations of DNA structure that depend only on this structure’s physico-chemical 

properties [161–164] while their expression may be regulated by tumour suppression [165], 

methylation [166], DNA repair mechanisms and immune responses [167]. Such adaptations, 

primarily acting to improve reproductive selective species survival advantage, may not serve 

to improve individual survival advantage [143–145,155]. It appears that the major cause of 

CMM are DNA structures that evolved as adaptations to low UVR to maintain levels of vitamin 

D and folates. Genes for low melanin production in the normal skin may be prone to somatic 

mutations and methylation causing CMM. 

HPV is the best-established CMM-associated retrovirus which may trigger the carriers to 

develop CMM as it does not only subvert immunosurveillance, but also introduces insertional 

mutagenesis [38–40]. The bivariate relationship between HPV and CMM in European 

populations may have confounded the correlation between UVR and CMM in Europe, however, 

cross-sectionally, the negative correlation between UVR and CMM incidence was identified 

not only in Europe, but worldwide. Longitudinally, natural selection has been acting to drive 

Europeans to genetically adapt for the low UVR environment. Detrimental genetic mutations 

inserted by HPV may partially be accumulated in the population by the modern advanced 

healthcare services that reduce the natural selection. Merrill et al. have suggested that the CMM 

increase between 1960 and 2000 could be attributed to a HPV prevalence increase during that 

period [125]. However, we could not locate the cross-sectional and longitudinal data on 

country-specific HPV prevalence or incidence rate in order to analyze the relationship between 

UVR and CMM incidence while ruling out the competing effect of HPV. In addition, HPV 

vaccination may alter HPV prevalence and subsequent analysis. 

5. Conclusions 

The main finding is that countries with low UVR levels and greater percentage of 

European descendants have high CMM incidence rates. No correlation between UVR level and 

CMM incidence is present when the percentage of European population is kept statistically 

constant. The results of this study therefore challenge the classical view that UVR primarily 

causes CMM. Our study suggests that genetic coding related to low melanin production in the 

skin, which evolved as a genetic adaptive trait to chronic low UVR exposure over generations, 

represents the primary risk factor for CMM. The depigmented European phenotype is a much 

higher risk than previously recognised. However, excessive sun exposure is still not 

recommended in view of premature ageing, sunburning and the morbidity of non-melanoma 
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skin cancers. Considering natural selection is a dynamic process controlling genetic mutations 

leading to cancers, gene therapy may offer a potential approach for CMM disease control in 

the long run, although not immediately. 

Ethics approval and consent to participate 

This study does not involve any human participants or animals. Ethical approval and 

consent are not required.  

Availability of data and material 

All data for this study are publicly available from the United Nations (UN) Agencies’ 

websites. The purpose of using these in this study meets the terms and conditions of the relevant 

UN agencies. The formal permission is not required to download and analyse the data in this 

study. The data sources have been detailed in the “Materials and Methods”. 

Acknowledgments 

We thank Dr John Relethford for providing a large part of data on skin colour. 

Conflict of interest 

The authors have no competing interests to declare. 

References 

1. Hayward NK, Wilmott JS, Waddell N, et al. (2017) Whole-genome landscapes of major 

melanoma subtypes. Nature 545: 175–180. https://doi.org/10.1038/nature22071 

2. National Cancer Institute, Melanoma Treatment (PDQ®) Health Professional Version. 

3. IARC (2022) Estimated number of new cases in 2020, melanoma of skin, both sexes, all 

ages. Available from: https://gco.iarc.fr/today/online-analysis-table?v=2020&mode=pop-

ulation&mode_population=countries&population=900&popula-

tions=900&key=asr&sex=0&cancer=16&type=0&statistic=5&prevalence=0&popula-

tion_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&group_can-

cer=1&include_nmsc=1&include_nmsc_other=1. 

4. Matthews NH, Li WQ, Qureshi AA, et al. (2017) Epidemiology of melanoma. Exon Publ 

1: 3–22. https://doi.org/10.15586/codon.cutaneousmelanoma.2017.ch1 

5. Berwick M, Wiggins C (2006) The current epidemiology of cutaneous malignant mel-

anoma. Front Biosci 11: 1244–1254. https://doi.org/10.2741/1877 

6. Stewart BW (2014) World Cancer Report 2014. FRA: International Agency for Research 

on Cancer. 

7. Azoury SC, Lange JR (2014) Epidemiology, risk factors, prevention, and early detection 

of melanoma. Surg Clin 94: 945–962. https://doi.org/10.1016/j.suc.2014.07.013 

8. Armstrong BK, Kricker A (1993) How much melanoma is caused by sun exposure? Mel-

anoma Res 3: 395–401. https://doi.org/10.1097/00008390-199311000-00002 

9. La Vecchia C, Lucchini F, Negri E, et al. (1999) Recent declines in worldwide mortality 

from cutaneous melanoma in youth and middle age. Int J Cancer 81: 62–66. 

https://doi.org/10.1002/(SICI)1097-0215(19990331)81:1<62::AID-IJC12>3.0.CO;2-2 



393 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

10. Coleman MP, Esteve J, Damiecki P, et al. (1993) Trends in cancer incidence and mortality. 

IARC Sci Publ 121: 1–806. https://doi.org/10.3109/9780415874984-2 

11. Erdei E, Salina M Torres (2010) A new understanding in the epidemiology of melanoma. 

Expert Rev Anticancer Ther 10: 1811–1823. https://doi.org/10.1586/era.10.170 

12. Gandini S, Sera F, Cattaruzza MS, et al. (2005) Meta-analysis of risk factors for cutaneous 

melanoma: I. Common and atypical naevi. Eur J Cancer 41: 28–44. 

https://doi.org/10.1016/j.ejca.2004.10.015 

13. Veierød MB, Adami HO, Lund E, et al. (2010) Sun and solarium exposure and melanoma 

risk: effects of age, pigmentary characteristics, and nevi. Cancer Epidem Biomar 19: 111–120. 

https://doi.org/10.1158/1055-9965.EPI-09-0567 

14. Gandini S, Sera F, Cattaruzza MS, et al. (2005) Meta-analysis of risk factors for cutaneous 

melanoma: III. Family history, actinic damage and phenotypic factors. Eur J Cancer 41: 

2040–2059. https://doi.org/10.1016/j.ejca.2005.03.034 

15. Markovic SN, Erickson LA, Rao RD, et al. (2007) Malignant melanoma in the 21st cen-

tury, part 1: epidemiology, risk factors, screening, prevention, and diagnosis. Mayo Clin 

Proc 82: 364–380. https://doi.org/10.1016/S0025-6196(11)61033-1 

16. D'Orazio J, Jarrett S, Amaro-Ortiz A, et al. (2013) UV radiation and the skin. Int J Mol 

Sci 14: 12222–12248. https://doi.org/10.3390/ijms140612222 

17. Kricker A, Armstrong BK, Goumas C, et al. (2007) Ambient UV, personal sun exposure 

and risk of multiple primary melanomas. Cancer Cause Control 18: 295–304. 

https://doi.org/10.1007/s10552-006-0091-x 

18. Wu S, Han J, Laden F, et al. (2014) Long-term ultraviolet flux, other potential risk factors, 

and skin cancer risk: a cohort study. Cancer Epidem Biomar 23: 1080–1089. 

https://doi.org/10.1158/1055-9965.EPI-13-0821 

19. Pfahlberg A, Kölmel KF, Gefeller For The Febim Study Group O (2001) Timing of ex-

cessive ultraviolet radiation and melanoma: epidemiology does not support the existence 

of a critical period of high susceptibility to solar ultraviolet radiation‐induced melanoma. 

Brit J Dermatol 144: 471–475. https://doi.org/10.1046/j.1365-2133.2001.04070.x 

20. Kennedy C, Willemze R, de Gruijl FR, et al. (2003) The influence of painful sunburns and 

lifetime sun exposure on the risk of actinic keratoses, seborrheic warts, melanocytic nevi, 

atypical nevi, and skin cancer. J Invest Dermatol 120: 1087–1093. 

https://doi.org/10.1046/j.1523-1747.2003.12246.x 

21. Ghiasvand R, Rueegg CS, Weiderpass E, et al. (2017) Indoor tanning and melanoma risk: 

long-term evidence from a prospective population-based cohort study. Am J Epidemiol 

185: 147–156. https://doi.org/10.1093/aje/kww148 

22. Colantonio S, Bracken MB, Beecker J (2014) The association of indoor tanning and mel-

anoma in adults: systematic review and meta-analysis. J Am Acad Dermatol 70: 847–857. 

https://doi.org/10.1016/j.jaad.2013.11.050  

23. Lazovich DA, Vogel RI, Berwick M, et al. (2010) Indoor tanning and risk of melanoma: 

a case-control study in a highly exposed population. Cancer Epidem Biomar 19: 1557–

1568. https://doi.org/10.1158/1055-9965.EPI-09-1249 

24. Fritschi L, Driscoll T (2006) Cancer due to occupation in Australia. Aust Nz J Publlic 

Health 30: 213–219. https://doi.org/10.1111/j.1467-842X.2006.tb00860.x 

25. Thomas NE, Edmiston SN, Alexander A, et al. (2007) Number of nevi and early-life am-

bient UV exposure are associated with BRAF-mutant melanoma. Cancer Epidem Biomar 

16: 991–997. https://doi.org/10.1158/1055-9965.EPI-06-1038 

https://doi.org/10.1586/era.10.170
https://doi.org/10.1016/j.ejca.2004.10.015
https://doi.org/10.1158/1055-9965.EPI-09-0567


394 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

26. Thomas NE, Berwick M, Cordeiro-Stone M (2006) Could BRAF mutations in melano-

cytic lesions arise from DNA damage induced by ultraviolet radiation? J Invest Dermatol 

126: 1693–1696. https://doi.org/10.1038/sj.jid.5700458 

27. Poynter JN, Elder JT, Fullen DR, et al. (2006) BRAF and NRAS mutations in melanoma 

and melanocytic nevi. Melanoma Res 16: 267–273. 

https://doi.org/10.1097/01.cmr.0000222600.73179.f3 

28. Rigel DS, Rigel EG, Rigel AC (1999) Effects of altitude and latitude on ambient UVB 

radiation. J Am Acad Dermatol 40: 114–116. https://doi.org/10.1016/S0190-

9622(99)70542-6 

29. Aceituno-Madera P, A Buendía-Eisman, Olmo FJ, et al. (2011) Melanoma, altitude, and 

UV-B radiation. Actas Dermo Sifiliogr 102: 199–205. 

https://doi.org/10.1016/j.ad.2010.08.003 

30. Wang SQ, Setlow R, Berwick M, et al. (2001) Ultraviolet A and melanoma: a review. J 

Am Acad Dermatol 44: 837–846. https://doi.org/10.1067/mjd.2001.114594 

31. Thomas NE (2006) BRAF somatic mutations in malignant melanoma and melanocytic 

naevi. Melanoma Res 16: 97–103. https://doi.org/10.1097/01.cmr.0000215035.38436.87 

32. WHO (2015) Global Health Observatory, the data repository. Available from: 

https://www.who.int/data/gho/data/indicators/indicator-details/GHO/uv-radiation. 

33. Ferlay J, Ervik M, Lam F, et al. (2018) Cancer Today (powered by GLOBOCAN 2018). 

34. Godar DE, Subramanian M, Merrill SJ (2017) Cutaneous malignant melanoma incidences 

analyzed worldwide by sex, age, and skin type over personal Ultraviolet-B dose shows no 

role for sunburn but implies one for Vitamin D3. Dermato-endocrinology 9: e1267077. 

https://doi.org/10.1080/19381980.2016.1267077 

35. De Gruijl FR (2002) Photocarcinogenesis: UVA vs. UVB radiation. Skin Pharmacol Phys 

15: 316–320. https://doi.org/10.1159/000064535 

36. Mueller N (1999) Overview of the epidemiology of malignancy in immune deficiency 

JAIDS-J Acq Imm Def 21: S5–S10. https://doi.org/10.1097/00126334-199905010-00022 

37. Dréau D, Culberson C, Wyatt S, et al. (2000) Human papilloma virus in melanoma biopsy 

specimens and its relation to melanoma progression. Ann Surg 231: 664. 

https://doi.org/10.1097/00000658-200005000-00006 

38. Gravitt PE, Rositch AF, Silver MI, et al. (2013) A cohort effect of the sexual revolution 

may be masking an increase in human papillomavirus detection at menopause in the 

United States. J Infect Dis 207: 272–280. https://doi.org/10.1093/infdis/jis660 

39. Godar DE (2021) UV and reactive oxygen species activate human papillomaviruses caus-

ing skin cancers. Chall Sun Prot 55: 339–353. https://doi.org/10.1159/000517643 

40. Hengge UR (2008) Role of viruses in the development of squamous cell cancer and mel-

anoma. Adv Exp Med Biol 624: 179–186. https://doi.org/10.1007/978-0-387-77574-6_14 

41. Green AC, Williams GM, Logan V, et al. (2011) Reduced melanoma after regular sun-

screen use: randomized trial follow-up. J Clin Oncol 29: 257–263. 

https://doi.org/10.1200/JCO.2010.28.7078 

42. Dennis LK, Beane Freeman LE, VanBeek MJ (2003) Sunscreen use and the risk for mel-

anoma: a quantitative review. Ann Intern Med 139: 966–978. 

https://doi.org/10.7326/0003-4819-139-12-200312160-00006 

43. Sober AJ (2010) Sunscreens and melanoma: an on-going controversy. Melanoma Res 20: e6. 

https://doi.org/10.1097/01.cmr.0000382752.55377.ed  

https://www.who.int/data/gho/data/indicators/indicator-details/GHO/uv-radiation


395 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

44. Bastuji‐Garin S, Diepgen TL (2002) Cutaneous malignant melanoma, sun exposure, and 

sunscreen use: epidemiological evidence. Brit J Dermatol 146: 24–30. 

https://doi.org/10.1046/j.1365-2133.146.s61.9.x 

45. Xie F, Xie T, Song Q, et al. (2015) Analysis of association between sunscreens use and 

risk of malignant melanoma. Int J Clin Exp Med 8: 2378. 

46. Gorham ED, Mohr SB, Garland CF, et al. (2007) Do sunscreens increase risk of melanoma 

in populations residing at higher latitudes? Ann Epidemiol 17: 956–963. 

https://doi.org/10.1016/j.annepidem.2007.06.008 

47. Westerdahl J, Ingvar C, Måsbäck A, et al. (2000) Sunscreen use and malignant melanoma. 

Int J Cancer 87: 145–150. https://doi.org/10.1002/1097-0215(20000701)87:1<145::AID-

IJC22>3.0.CO;2-3 

48. Rueegg CS, Stenehjem JS, Egger M, et al. (2019) Challenges in assessing the sunscreen‐

melanoma association. Int J Cancer 144: 2651–2668. https://doi.org/10.1002/ijc.31997 

49. Cho E, Rosner BA, Feskanich D, et al. (2005) Risk factors and individual probabilities of 

melanoma for whites. J Clin Oncol 23: 2669–2675. 

https://doi.org/10.1200/JCO.2005.11.108 

50. Gandini S, Sera F, Cattaruzza MS, et al. (2005) Meta-analysis of risk factors for cutaneous 

melanoma: II. Sun exposure. Eur J Cancer 41: 45–60. 

https://doi.org/10.1016/j.ejca.2004.10.016 

51. Goydos JS, Steven LS (2016) Acral Lentiginous Melanoma. Cancer Treat Res 167: 321–329. 

https://doi.org/10.1007/978-3-319-22539-5_14 

52. Chang Y, Barrett JH, Bishop DT, et al. (2009) Sun exposure and melanoma risk at different 

latitudes: a pooled analysis of 5700 cases and 7216 controls. Int J Epidemiol 38: 814–830. 

https://doi.org/10.1093/ije/dyp166 

53. Prouteau A, André C (2019) Canine melanomas as models for human melanomas: clinical, 

histological, and genetic comparison. Genes 10: 501. 

https://doi.org/10.3390/genes10070501 

54. Mitra D, Luo X, Morgan A, et al. (2012) An ultraviolet-radiation-independent pathway to 

melanoma carcinogenesis in the red hair/fair skin background. Nature 491: 449–453. 

https://doi.org/10.1038/nature11624 

55. Reichrath J, Lindqvist PG, Pilz S, et al. (2020) Sunbeds and Melanoma Risk: Many Open 

Questions, Not Yet Time to Close the Debate. Anticancer Res 40: 501–509. 

https://doi.org/10.21873/anticanres.13978 

56. Wendt J, Rauscher S, Burgstaller-Muehlbacher S, et al. (2016) Human determinants and 

the role of melanocortin-1 receptor variants in melanoma risk independent of UV radiation 

exposure. JAMA dermatology 152: 776–782. https://doi.org/10.1001/jamaderma-

tol.2016.0050 

57. Bleyer W A (2002) Cancer in older adolescents and young adults: epidemiology, diagnosis, 

treatment, survival, and importance of clinical trials. Med Pediat Oncol 38: 1–10. 

https://doi.org/10.1002/mpo.1257 

58. Lasithiotakis KG, Petrakis IE, Garbe C (2010) Cutaneous melanoma in the elderly: epide-

miology, prognosis and treatment. Melanoma Res 20: 163–170. 

https://doi.org/10.1097/CMR.0b013e328335a8dd 

59. Jablonski NG, Chaplin G (2010) Human skin pigmentation as an adaptation to UV radia-

tion. P Natl Acad Sci 107: 8962–8968. https://doi.org/10.1073/pnas.0914628107 



396 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

60. Jablonski NG, Chaplin G (2000) The evolution of human skin coloration. J Hum Evol 39: 

57–106. https://doi.org/10.1006/jhev.2000.0403 

61. Jablonski NG, Chaplin G (2010) Human skin pigmentation as an adaptation to UV radia-

tion. P Natl Acad Sci 107: 8962–8968. https://doi.org/10.1073/pnas.0914628107 

62. Borradale DC, Kimlin MG (2012) Folate degradation due to ultraviolet radiation: possible 

implications for human health and nutrition. Nutr Rev 70: 414–422. 

https://doi.org/10.1111/j.1753-4887.2012.00485.x 

63. Ferlay J, Soerjomataram I, Dikshit R, et al. (2015) Cancer incidence and mortality world-

wide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer 136: E359–

E386. https://doi.org/10.1002/ijc.29210 

64. Relethford JH (1997) Hemispheric difference in human skin color. Am J Phys Anthropol 

104: 449–457. https://doi.org/10.1002/(SICI)1096-8644(199712)104:4<449::AID-

AJPA2>3.0.CO;2-N 

65. Diamond J (2005) Geography and skin colour. Nature 435: 283–284. 

https://doi.org/10.1038/435283a 

66. Brace CL, Henneberg M, Relethford JH (1999) Skin color as an index of timing in human 

evolution Am J Phys Anthropol 605: 95-96. 

67. WHO (2020) Life expectancy at age 60 (years). The World Health Organization. 

68. The World Bank (2016) World Bank Open Data. The World Bank Group. Available from: 

http://data.worldbank.org/. 

69. Cancer Research UK (2020) Risks and causes of melanoma. 

70. Sharp L, Donnelly D, Hegarty A, et al. (2014) Risk of several cancers is higher in urban 

areas after adjusting for socioeconomic status. Results from a two-country population-

based study of 18 common cancers. J Urban Health 91: 510–525. 

https://doi.org/10.1007/s11524-013-9846-3 

71. Allender S, Foster C, Hutchinson L, et al. (2008) Quantification of urbanization in relation to 

chronic diseases in developing countries: a systematic review. J Urban Health 85: 938–951. 

https://doi.org/10.1007/s11524-008-9325-4 

72. Moore M, Gould P, Keary BS (2003) Global urbanization and impact on health. Int J Hyg 

Envir Heal 206: 269–278. https://doi.org/10.1078/1438-4639-00223 

73. WHO (2020) Urbanization and health. Available from: http://www.who.int/bulletin/vol-

umes/88/4/10-010410/en/. 

74. Budnik A, Henneberg M (2017) Worldwide increase of obesity is related to the reduced 

opportunity for natural selection. PloS One 12: e0170098. https://doi.org/10.1371/jour-

nal.pone.0170098 

75. Chen ST, Geller AC, Tsao H (2013) Update on the epidemiology of melanoma. Curr Der-

matol Rep 2: 24–34. https://doi.org/10.1007/s13671-012-0035-5 

76. Park SL, Le Marchand L, Wilkens LR, et al. (2012) Risk factors for malignant melanoma 

in white and non-white/non–African American populations: the multiethnic cohort. Can-

cer Prev Res 5: 423–434. https://doi.org/10.1158/1940-6207.CAPR-11-0460 

77. American Cancer Society (2022) I. Key Statistics for Melanoma Skin Cancer. Available 

from: https://www.cancer.org/cancer/melanoma-skin-cancer/about/key-statistics.html. 

78. European Commission eurostat (2017) Statistics Explained. Available from: http://ec.eu-

ropa.eu/eurostat/statistics-explained/index.php/Main_Page. 

79. Carleton SC (1939) The Races of Europe. New York: The Macmillan Company. 

http://data.worldbank.org/
http://www.who.int/bulletin/volumes/88/4/10-010410/en/
http://www.who.int/bulletin/volumes/88/4/10-010410/en/
https://www.cancer.org/cancer/melanoma-skin-cancer/about/key-statistics.html
http://ec.europa.eu/eurostat/statistics-explained/index.php/Main_Page
http://ec.europa.eu/eurostat/statistics-explained/index.php/Main_Page


397 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

80. You W, Rühli F, Eppenberger P, et al. (2020) Gluten consumption may contribute to 

worldwide obesity prevalence. Anthropol Rev 83: 327–348. https://doi.org/10.2478/anre-

2020-0023 

81. You W, Henneberg R, Coventry BJ, et al. (2019) Evolved Adaptation to Low Ultraviolet 

Radiation May Be the Main Cause of Malignant Melanoma. Available from: https://pa-

pers.ssrn.com/sol3/papers.cfm?abstract_id=3439570 

82. You W, Symonds I, Henneberg M (2018) Low fertility may be a significant determinant 

of ovarian cancer worldwide: an ecological analysis of cross-sectional data from 182 coun-

tries. J Ovarian Res 11: 1–9. https://doi.org/10.1186/s13048-018-0441-9 

83. You W, Rühli FJ, Henneberg RJ, et al. (2018) Greater family size is associated with less 

cancer risk: an ecological analysis of 178 countries. BMC Cancer 18: 1–14. 

https://doi.org/10.1186/s12885-018-4837-0 

84. You W, Henneberg M (2018) Relaxed natural selection contributes to global obesity in-

crease more in males than in females due to more environmental modifications in female 

body mass. PloS One 13: e0199594. https://doi.org/10.1371/journal.pone.0199594 

85. You W, Henneberg M (2018) Prostate Cancer incidence is correlated to Total meat intake–

a cross-National Ecologic Analysis of 172 countries. Asian Pacific journal of cancer pre-

vention: APJCP 19: 2229. 

86. You W, Symonds I, Rühli FJ, et al. (2018) Decreasing birth rate determining worldwide 

incidence and regional variation of female breast Cancer. Adv Breast Cancer Res 7: 1–14. 

https://doi.org/10.4236/abcr.2018.71001 

87. You W, Henneberg M (2018) Cancer incidence increasing globally: The role of relaxed 

natural selection. Evol Appl 11: 140–152. https://doi.org/10.1111/eva.12523 

88. You W, Henneberg M (2016) Meat consumption and prostate cancer incidence-global and 

regional associations. BJU Int 118: 12–13. 

89. You W, Henneberg M (2016) Cereal crops are not created equal: wheat consumption as-

sociated with obesity prevalence globally and regionally. AIMS Public Health 3: 313. 

https://doi.org/10.3934/publichealth.2016.2.313 

90. You W, Henneberg M (2016) Meat consumption providing a surplus energy in modern 

diet contributes to obesity prevalence: an ecological analysis. BMC Nutr 2: 1–11. 

https://doi.org/10.1186/s40795-016-0063-9 

91. Buettner PG, MacLennan R (2008) Geographical variation of incidence of cutaneous mel-

anoma in Queensland. Aust J Rural Health 16: 269–277. https://doi.org/10.1111/j.1440-

1584.2008.00987.x 

92. WHO (2009) Global health risks: mortality and burden of disease attributable to selected 

major risks. 

93. Ward WH, Farma JM (2017) Cutaneous melanoma: etiology and therapy. 

https://doi.org/10.15586/codon.cutaneousmelanoma. 

94. Ghiasvand R, Robsahm TE, Green AC, et al. Association of phenotypic characteristics 

and UV radiation exposure with risk of melanoma on different body sites. JAMA Derma-

tology 155: 39–49. https://doi.org/10.1001/jamadermatol.2018.3964 

95. Gandini S, Doré JF, Autier P, et al. (2019) Epidemiological evidence of carcinogenicity 

of sunbed use and of efficacy of preventive measures. J Eur Acad Dermatol 33: 57–62. 

https://doi.org/10.1111/jdv.15320  



398 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

96. Savoye I, Olsen CM, Whiteman DC, et al. (2017) Patterns of ultraviolet radiation exposure 

and skin cancer risk: the E3N-SunExp study. Eur J Epidemiol JE20160166. 

https://doi.org/10.2188/jea.JE20160166 

97. Stenehjem JS, Robsahm TE, Bråtveit M, et al. (2017) Ultraviolet radiation and skin cancer 

risk in offshore workers. Occup Med 67: 569–573. https://doi.org/10.1093/oc-

cmed/kqx110 

98. Kanavy HE, Gerstenblith MR (2011) Ultraviolet radiation and melanoma. In: Seminars in 

cutaneous medicine and surgery, WB Saunders, 222–228. 

https://doi.org/10.1016/j.sder.2011.08.003 

99. Armstrong BK (2004) How sun exposure causes skin cancer: an epidemiological perspec-

tive, In: Prevention of skin cancer, Springer, 89–116. https://doi.org/10.1007/978-94-017-

0511-0_6 

100. Pfeifer GP, Besaratinia A (2012) UV wavelength-dependent DNA damage and human 

non-melanoma and melanoma skin cancer. Photoch Photobio Sci 11: 90–97. 

https://doi.org/10.1039/C1PP05144J 

101. Mahendraraj K, Sidhu K, Lau C S M, et al. (2017) Malignant melanoma in African–Amer-

icans: a population-based clinical outcomes study involving 1106 African–American pa-

tients from the surveillance, epidemiology, and end result (SEER) database (1988–2011). 

Med 96:1–8. https://doi.org/10.1097/MD.0000000000006258 

102. Torres SM, Luo L, Lilyquist J, et al. (2013) DNA repair variants, indoor tanning, and risk 

of melanoma. Pigm Cell Melanoma R 26: 677–684. https://doi.org/10.1111/pcmr.12117 

103. Page CM, Djordjilović V, Nøst TH, et al. (2020) Lifetime ultraviolet radiation exposure 

and DNA methylation in blood leukocytes: The Norwegian Women and Cancer Study. 

Sci rep 10: 1–8. https://doi.org/10.1038/s41598-020-61430-3 

104. Al Emran A, Chatterjee A, Rodger EJ, et al. (2019) Targeting DNA methylation and EZH2 

activity to overcome melanoma resistance to immunotherapy. Trends Immunol 40: 328–344. 

https://doi.org/10.1016/j.it.2019.02.004  

105.Micevic G, Theodosakis N, Bosenberg M (2017) Aberrant DNA methylation in melanoma: 

biomarker and therapeutic opportunities. Clin Epigenetics 9: 1–15. 

https://doi.org/10.1186/s13148-017-0332-8 

106. Berwick M, Armstrong BK, Ben-Porat L, et al. (2005) Sun exposure and mortality from 

melanoma. J Natl Cancer I 97: 195–199. https://doi.org/10.1093/jnci/dji019 

107. Ossio R, Roldan-Marin R, Martinez-Said H, et al. (2017) Melanoma: a global perspective. 

Nat Rev Cancer 17: 393–394. https://doi.org/10.1038/nrc.2017.43 

108. Rampen FHJ, Fleuren E (1987) Melanoma of the skin is not caused by ultraviolet radiation 

but by a chemical xenobiotic. Med Hypotheses 22: 341–346. https://doi.org/10.1016/0306-

9877(87)90028-4 

109. Goldstein AM, Tucker MA (2001) Genetic epidemiology of cutaneous melanoma: a 

global perspective. Arch Dermatol 137: 1493–1496. https://doi.org/10.1001/arch-

derm.137.11.1493 

110. Mucci LA, Hjelmborg JB, Harris JR, et al. (2016) Familial risk and heritability of cancer 

among twins in Nordic countries. Jama 315: 68–76. 

https://doi.org/10.1001/jama.2015.17703 

111. McMeniman E, Duffy D, Jagirdar K, et al. (2019) The interplay of sun damage and genetic 

risk in Australian multiple and single primary melanoma cases and controls. Brit J Der-

matol 183: 357–366. https://doi.org/10.1111/bjd.18777 



399 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

112. Visconti A, Duffy DL, Liu F, et al. (2018) Genome-wide association study in 176,678 

Europeans reveals genetic loci for tanning response to sun exposure. Nat Commun 9: 1–7. 

https://doi.org/10.1038/s41467-018-04086-y  

113. Hernando B, Ibarrola-Villava M, Fernandez L P, et al. (2016) Sex-specific genetic effects 

associated with pigmentation, sensitivity to sunlight, and melanoma in a population of 

Spanish origin. Biol Sex Differ 7: 1–9. https://doi.org/10.1186/s13293-016-0070-1 

114. Fu S, Wu H, Zhang H, et al. (2017) DNA methylation/hydroxymethylation in melanoma. 

Oncotarget 8: 78163. https://doi.org/10.18632/oncotarget.18293 

115. Burgard B, Schoepe J, Holzschuh I, et al. (2018) Solarium use and risk for malignant 

melanoma: meta-analysis and evidence-based medicine systematic review. Anticancer 

Res 38: 1187–1199. https://doi.org/10.21873/anticanres.12339 

116. Elwood J M, Jopson J (1997) Melanoma and sun exposure: an overview of published 

studies. Int J Cancer 73: 198–203. https://doi.org/10.1002/(SICI)1097-

0215(19971009)73:2<198::AID-IJC6>3.0.CO;2-R 

117. Elwood JM, Gallagher RP, Hill GB, et al. (1985) Cutaneous melanoma in relation to in-

termittent and constant sun exposure—the Western Canada Melanoma Study. Int J Cancer 

35: 427–433. https://doi.org/10.1002/ijc.2910350403 

118. Gass R, Bopp M (2005) Mortality from malignant melanoma: epidemiological trends in 

Switzerland. Praxis 94: 1295–1300. https://doi.org/10.1024/0369-8394.94.34.1295 

119.Grant WB (2012) Role of solar UVB irradiance and smoking in cancer as inferred from cancer 

incidence rates by occupation in Nordic countries. Dermato-endocrinology 4: 203–211. 

https://doi.org/10.4161/derm.20965  

120. Bataille V, de Vries E (2008) Melanoma—Part 1: epidemiology, risk factors, and preven-

tion. Bmj 337. https://doi.org/10.1136/bmj.a2249 

121. Matsuoka LY, Ide L, Wortsman J, et al. (1987) Sunscreens suppress cutaneous vitamin 

D3 ynthesis. J Clin Endocr Metab 64: 1165–1168. https://doi.org/10.1210/jcem-64-6-

1165 

122. Bade B, Zdebik A, Wagenpfeil S, et al. (2014) Low serum 25-hydroxyvitamin D concen-

trations are associated with increased risk for melanoma and unfavourable prognosis. PloS 

One 9: e112863. https://doi.org/10.1371/journal.pone.0112863 

123. De Smedt J, Van Kelst S, Boecxstaens V, et al. (2017) Vitamin D supplementation in 

cutaneous malignant melanoma outcome (ViDMe): a randomized controlled trial. BMC 

Cancer 17: 1–10. https://doi.org/10.1186/s12885-017-3538-4 

124. Nürnberg B, Gräber S, Gärtner B, et al. (2009) Reduced serum 25-hydroxyvitamin D lev-

els in stage IV melanoma patients. Anticancer Res 29: 3669–3674. 

125. Merrill SJ, Subramanian M, Godar DE (2016) Worldwide cutaneous malignant melanoma 

incidences analyzed by sex, age, and skin type over time (1955–2007): Is HPV infection 

of androgenic hair follicular melanocytes a risk factor for developing melanoma exclu-

sively in people of European-ancestry? Dermato-endocrinol 8: e1215391. 

https://doi.org/10.1080/19381980.2016.1215391 

126. Sinha T, Benedict R (1996) Relationship between latitude and melanoma incidence: interna-

tional evidence. Cancer Lett 99: 225–231. https://doi.org/10.1016/0304-3835(95)04063-3 

127. Bulliard JL, Cox B, Elwood JM (1994) Latitude gradients in melanoma incidence and mor-

tality in the non-Maori population of New Zealand. Cancer Cause Control 5: 234–240. 

https://doi.org/10.1007/BF01830242 



400 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

128. Eide MJ, Weinstock MA (2005) Association of UV index, latitude, and melanoma inci-

dence in nonwhite populations—US Surveillance, Epidemiology, and End Results (SEER) 

Program, 1992 to 2001. Arch Dermatol 141: 477–481. https://doi.org/10.1001/arch-

derm.141.4.477 

129. Australian Government Department of Health (2017) Australian Government response to 

the House of Representatives Standing Committee on Health and Ageing report: Discus-

sion paper on the late effects of polio/ post-polio syndrome. 

130. Glasziou PP, Jones MA, Pathirana T, et al. (2020) Estimating the magnitude of cancer 

overdiagnosis in Australia. Med J Australia 212: 163–168. 

https://doi.org/10.5694/mja2.50455 

131. Cho HG, Kuo KY, Li S, et al. (2018) Frequent basal cell cancer development is a clinical 

marker for inherited cancer susceptibility. JCI Insight 3. https://doi.org/10.1172/jci.in-

sight.122744 

132.American Cancer Society (2019) Risk Factors for Melanoma Skin Cancer. Available from: 

https://www.cancer.org/cancer/melanoma-skin-cancer/causes-risks-prevention/risk-fac-

tors.html. 

133. Wassberg C, Thörn M, Yuen J, et al. (1999) Second primary cancers in patients with squa-

mous cell carcinoma of the skin: a population‐based study in Sweden. Int J Cancer 80: 

511–515. https://doi.org/10.1002/(SICI)1097-0215(19990209)80:4<511::AID-

IJC5>3.0.CO;2-P 

134. Milán T, Pukkala E, Verkasalo PK, et al. (2000) Subsequent primary cancers after basal‐cell 

carcinoma: a nationwide study in Finland from 1953 to 1995. Int J Cancer 87: 283–288. 

https://doi.org/10.1002/1097-0215(20000715)87:2<283::AID-IJC21>3.0.CO;2-I 

135. Frisch M, Hjalgrim H, Olsen JH, et al. (1996) Risk for subsequent cancer after diagnosis 

of basal-cell carcinoma: a population-based, epidemiologic study. Ann Intern Med 125: 

815–821. https://doi.org/10.7326/0003-4819-125-10-199611150-00005 

136. You W, Symonds I, Rühli FJ, et al. (2018) Decreasing birth rate determining worldwide 

incidence and regional variation of female breast Cancer. Adv Breast Cancer Res 7: 1–14. 

https://doi.org/10.4236/abcr.2018.71001 

137. You W, Symonds I, Henneberg M (2018) Low fertility may be a significant determinant 

of ovarian cancer worldwide: an ecological analysis of cross-sectional data from 182 coun-

tries. J Ovarian Res 11: 1–9. https://doi.org/10.1186/s13048-018-0441-9 

138. You W, Symonds I, Rühli FJ, et al. (2018) Decreasing Birth Rate Determining Worldwide 

Incidence and Regional Variation of Female Breast Cancer. Adv Breast Cancer Res 7: 1–

14. https://doi.org/10.4236/abcr.2018.71001 

139. You W, Rühli FJ, Henneberg RJ, et al. (2018) Greater family size is associated with less 

cancer risk: an ecological analysis of 178 countries. BMC Cancer 18: 1–14. 

https://doi.org/10.1186/s12885-018-4837-0 

140. Welch HG, Mazer BL, Adamson AS (2021) The rapid rise in cutaneous melanoma diag-

noses. New Engl J Med 384: 72–79. https://doi.org/10.1056/NEJMsb2019760 

141. Grønskov K, Ek J, Brondum-Nielsen K (2007) Oculocutaneous albinism. Orphanet J Rare 

Dis 2: 1–8. https://doi.org/10.1186/1750-1172-2-43 

142. Wood SR, Berwick M, Ley RD, et al. (2006) UV causation of melanoma in Xiphophorus is 

dominated by melanin photosensitized oxidant production. P Natl Acad Sci 103: 4111–4115. 

https://doi.org/10.1073/pnas.0511248103 

https://www.cancer.org/cancer/melanoma-skin-cancer/causes-risks-prevention/risk-factors.html
https://www.cancer.org/cancer/melanoma-skin-cancer/causes-risks-prevention/risk-factors.html


401 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

143. Noonan FP, Zaidi MR, Wolnicka-Glubisz A, et al. (2012) Melanoma induction by ultra-

violet A but not ultraviolet B radiation requires melanin pigment. Nat Commun 3: 1–10. 

https://doi.org/10.1038/ncomms1893 

144. Field S, Newton-Bishop JA (2011) Melanoma and vitamin D. Molr Oncol 5: 197–214. 

https://doi.org/10.1016/j.molonc.2011.01.007 

145. Osborne JE, Hutchinson PE (2002) Vitamin D and systemic cancer: is this relevant to 

malignant melanoma? Brit J Dermatol 147: 197–213. https://doi.org/10.1046/j.1365-

2133.2002.04960.x  

146. Grant WB (2010) An ecological study of cancer incidence and mortality rates in France with 

respect to latitude, an index for vitamin D production. Dermato-endocrinol 2: 62–67. 

https://doi.org/10.4161/derm.2.2.13624 

147. Damoiseaux J, Smolders J (2018) The engagement between vitamin D and the immune 

system: is consolidation by a marriage to be expected? EBioMedicine 31: 9–10. 

https://doi.org/10.1016/j.ebiom.2018.04.013 

148. Fang S, Sui D, Wang Y, et al. (2016) Association of vitamin D levels with outcome in 

patients with melanoma after adjustment for C-reactive protein. J Clin Oncol 34: 1741. 

https://doi.org/10.1200/JCO.2015.64.1357 

149. Sondak VK, McIver B, Kanetsky PA (2016) Vitamin D and melanoma: what do we tell 

our patients? J Clin Oncol 34: 1713–1714. https://doi.org/10.1200/JCO.2016.66.5240 

150. Nair R, Maseeh A (2012) Vitamin D: The “sunshine” vitamin. J Pharmacol Pharmacother 

3: 118–126. 

151. GREEN A, Martin NG (1990) Measurement and perception of skin colour in a skin cancer 

survey. Brit J Dermatol 123: 77–84. https://doi.org/10.1111/j.1365-2133.1990.tb01826.x 

152. Wulf HC, Lock-Andersen J (1997) Measurement of constitutive skin phototypes. In: Skin 

cancer and UV radiation, Springer, 169–180. https://doi.org/10.1007/978-3-642-60771-4_20 

153. Lock-Andersen J, Drzewiecki KT, Wulf HC (1999) Eye and Hair Colour, Skin Type, and 

Constitutive Skin Pigmentation as Risk Factors for Basal Cell Carcinoma and Cutaneous 

Malignant Melanoma. Acta Derm-Venereol 79: 74–80. 

https://doi.org/10.1080/000155599750011778 

154. Lock-Andersen J, Wulf HC (1997) Seasonal variation of skin pigmentation. Acta Derm-

Venereol 77: 219–221. 

155. Lancaster H, Nelson J (1957) Sunlight as a cause of melanoma; a clinical survey. Med J 

Australia 1: 452–456. https://doi.org/10.5694/j.1326-5377.1957.tb59648.x 

156. Evans RD, Kopf AW, Lew RA, et al. (1988) Risk factors for the development of malignant 

melanoma—I: Review of case‐control studies. Dermatol Surg 14: 393–408. 

https://doi.org/10.1111/j.1524-4725.1988.tb03373.x 

157. Bliss JM, Ford D, Swerdlow AJ, et al. (1995) Risk of cutaneous melanoma associated with 

pigmentation characteristics and freckling: systematic overview of 10 case‐control studies. 

Int J Cancer 62: 367–376. https://doi.org/10.1002/ijc.2910620402 

158. Alexandrov LB, Nik-Zainal S, Wedge DC, et al. (2013) Erratum: Signatures of mutational 

processes in human cancer (Nature (2013) 500 (415–421). Nature 502: 258. 

https://doi.org/10.1038/nature12666 

159. Tate JG, Bamford S, Jubb HC, et al. (2019) COSMIC: the catalogue of somatic mutations 

in cancer. Nucleic Acids Res 47: D941–D947. https://doi.org/10.1093/nar/gky1015 



402 

AIMS Public Health   Volume 9, Issue 2, 378–402. 

160. Perduca V, Alexandrov LB, Kelly-Irving M, et al. (2019) Stem cell replication, somatic mu-

tations and role of randomness in the development of cancer. Eur J Epidemiol 34: 439–445. 

https://doi.org/10.1007/s10654-018-0477-6 

161. Svensson EI, Berger D (2019) The role of mutation bias in adaptive evolution. Trends 

Ecol Evol 34: 422–434. https://doi.org/10.1016/j.tree.2019.01.015 

162. Beck CR, Carvalho CMB, Akdemir ZC, et al. (2019) Megabase length hypermutation ac-

companies human structural variation at 17p11. 2. Cell 176: 1310–1324. 

https://doi.org/10.1016/j.cell.2019.01.045 

163. Li Y, Roberts ND, Wala JA, et al. (2020) Patterns of somatic structural variation in human 

cancer genomes. Nature 578: 112–121. https://doi.org/10.1038/s41586-019-1913-9 

164. Funnell T, Zhang AW, Grewal D, et al. (2019) Integrated structural variation and point 

mutation signatures in cancer genomes using correlated topic models. PLoS Comput Biol 

15: e1006799. https://doi.org/10.1371/journal.pcbi.1006799 

165. Brázda V, Fojta M (2019) The rich world of p53 DNA binding targets: The role of DNA 

structure. Int J Mol Sci 20: 5605. https://doi.org/10.3390/ijms20225605 

166.  Zhang Y, Yang L, Kucherlapati M, et al. (2019) Global impact of somatic structural var-

iation on the DNA methylome of human cancers. Genome Biol 20: 1–24. 

https://doi.org/10.1186/s13059-019-1818-9 

167. Coventry BJ, Henneberg M (2015) The immune system and responses to cancer: coordi-

nated evolution. F1000Res 4: 1–19. https://doi.org/10.12688/f1000research.6718.1 

© 2022 the Author(s), licensee AIMS Press. This is an open 

access article distributed under the terms of the Creative 

Commons Attribution License (http://creativecom-

mons.org/licenses/by/4.0) 


