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Abstract

corroborated for Caucasians.

sians with BMI < 30.
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Objectives Are twofold: 1) to estimate the relationship between obesity (BMI >30) and the prevalence of melanoma
in different US states and 2) to examine the possibility of defining a new risk group. This might enhance the possibility
of detection, which in turn, might increase the survival rates of patients.

Study design A cohort Study, based on data at the US statewide level in 2011-2017, where the dependent variable
(the annual new melanoma cases per 100,000 persons) is adjusted for age.

Method Quadratic regression analysis. This model permits a non-monotonic variation of obesity with new mela-
noma cases adjusted for age, where the control variable is the level of UV radiation.

Results Demonstrate a negative correlation between obesity and incidence of melanoma. This outcome is further

Conclusions We should continue to establish primary prevention of melanoma by raising photo protection aware-
ness and secondary prevention by promoting skin screening (by physician or self) among the entire population
group in all BMI ranges. Advanced secondary melanoma prevention including noninvasive diagnosis strategies
including total body photography, confocal microscopy, Al strategies should focus the high-risk sub group of Cauca-

Introduction

Melanoma is a skin cancer with approximately 200,000
new cases discovered annually worldwide. The great-
est incidence of melanoma occurs among Australasian,
North American and European, elderly and male popu-
lations. The substantial disparities in melanoma cases
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worldwide highlight the need for focused, aggressive pre-
vention efforts [15].

Obesity, defined as BMI = mekirz > 30 ([28]: Obesity,
available at: https://www.who.int/health-topics/obesity#
tab=tab_1 [last accessed on November 25, 2022]), is yet
another risk factor for a long series of health problems,
including different types of cancer [18, 23]. Yet, to date,
the relationship between obesity and melanoma remains
unclear. Sergentanis et al. [25] found positive association
between obesity and melanoma risk among males. Lah-
mann et al. [16] concludes that after adjusting for sun
exposure, tall stature may be a risk factor for the most
common types of skin cancer BCC, SCC, and melanoma,
while body mass and surface area appear irrelevant. Dus-
ingize et al. [7] found no association between genetically
predicted BMI and melanoma and positive association
between height and melanoma.
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The objective of the current study is twofold: 1) to esti-
mate the relationship between the prevalence of mela-
noma adjusted for age and obesity prevalence in

. individuals whose BMI>30 in the statey -
percentage pOIHtS (_ 100 x Total population in the state ) n

different US states and across time (2011-2019). 2) to
examine the possibility of defining a new risk group.

The contribution of the current study lies in investi-
gating an unexplored research question, the association
between melanoma and obesity prevalence and a poten-
tial obesity survival paradox in the context of identifica-
tion of new melanoma cases. Previous studies found an
obesity survival paradox only in the treatment level of
metastatic melanoma, but not in the identification level
of skin cancer (e.g., [17, 18, 21]).! The potential presence
of an obesity survival paradox in the identification level of
new cases of melanoma, suggesting a negative correlation
between prevalence of obesity and new melanoma cases
when age and UV radiation levels are controlled, might
provide additional supporting evidence of the impact of
energy balance on anti-tumor immune response through
molecular, immunologic and metabolic mechanisms.
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Where Melanoma Prevalence is the annual new melanoma
cases per 100,000 persons in each state adjusted for age, UV
is the UV wavelet; Obesity Prevalence is the prevalence of

. individuals whose BMI>30 in the state2,
ObESlty defined as 100 x Total population in the state ’

ay, (g, (s, **, A are parameters; D is a matrix of individual
effect dummies (one dummy for each state, and up to 49
states); ¢ is the corresponding column vector of coefficients;
¢, is the random disturbance term, which specifies all the
classical assumptions.

The empirical model contains two types of variables: 1)
time varying covariates (T'VC), which change over time
(UV, Obesity_Prevalence) and 2) generic features that
remains constant over time (the US state represented by
the matrix D). One concern that should be addressed is
the correlation between the TVC and D. This leads to
biased and inconsistent estimates. According to Johnston
and Dinardo [14], the simple way to correct this problem
is the fixed-effect methodology, namely, expressing eq.
(1) in terms of deviation from the mean (e):

It should further be noted that (D - 5) = 0 so that the
empirical model may be written as:

<Melanoma_Premlence - Melmzoma_Premlence) =a; +a, (L[ V- W)

+ay (Obesity_Prevalence - Obesity_Premlence)

+ (D—l_)>5+ (1 —Hy)

The remainder of this study is organized as follows.
Section 2 gives the empirical model, the descriptive sta-
tistics of the variables incorporated in the empirical
model, and the results. Section 3 reports the outcomes of
the robustness test, while, sections 4 and 5 provide the
discussion and summary and conclusions.

Melanoma_Prevalence” = a; + a,UV*
+ a3 Obesity_Prevalence” (3)
+ py

Where

Melanoma_Prevalence” = (Melanoma_Prevalence - Melanoma_Prevalence);

uv* = (L[ V- W) ; Obesity_Prevalence” = (Obesity_Prevalence - Obesity_Prevalence)

Method
The empirical model
Consider the following model applied to the US states:

To permit quadratic relationships, we also supplement
the following extensions to the parameters of the empiri-
cal model:

Melanoma Prevalence = a; + a, UV

+ a3 Obesity Prevalence (1) o= A @

+ D6 + py

1 As McQuade et al. [18] suggest: “Although the impact of obesity associated
inflammation on carcinogenesis has been well studied, the impact of energy
balance on anti-tumor immune response has not been examined to date and
should be investigated as a potential explanation underlying the observed
interaction between BMI and both targeted and immune therapy. (page 320).

2 This calculation transforms the variable to percentage points, so that obesity
prevalence of X percent in the population (0 <X <100) equals X%.
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Table 1 Descriptive statistics

Pooled Sample (2005-2015)

Variable Description Obs. Mean Std. Min Max
Melanoma Prevalence Annual new melanoma cases per 100,000 persons adjusted for age 527 2161 4.90 7.60 42.70
Obesity Prevalence of obesity in US states multiplied by 100 527 27.74 392 16.90 40.80
Prevalence

uv Ultraviolet wavelet measured in nanometers (nm) 527 12415 27.22 83.00 186.00
2011-2015

Variable Description Obs. Mean Std. Min Max
Melanoma Prevalence Annual new melanoma cases per 100,000 persons adjusted for age 245 22.62 523 7.60 42.70
Obesity Prevalence of obesity in US states multiplied by 100 245 28.67 343 20.20 36.20
Prevalence

uv Ultraviolet wavelet measured in nanometers (nm) 245 125.89 27.59 85.00 186.00
2005-2010

Variable Description Obs. Mean Std. Min Max
Melanoma Prevalence Annual new melanoma cases per 100,000 persons adjusted for age 282 20.74 4.41 7.80 34.10
Obesity Prevalence of obesity in US states multiplied by 100 282 26.93 413 16.90 40.80
Prevalence

uv Ultraviolet wavelet measured in nanometers (nm) 282 122.64 26.85 83.00 185.00

The table consists of 40-49 US states between 2005 and 2015. As of 2011 the definition of obesity was changed and, in contrast to 2005-2010, the prevalence of

obesity increased over time in 49 US states

ay = B, + B UV* + B,Obesity_Prevalence”
+ Bs (Obesity_Prevalence*)2 (5)
+ B UV X (Obesity_Prew/zlence*)2

ag = B7 + PBsObesity_Prevalence™ + Bo (U V*)2 (6)

Where B, B, B3, ***» By are parameters. Substitution of
(4)—(6) in (3) yields:

Melanoma_Prevalence” = f, + f,UV* + [73(L!V*)2
+ B,UV* X Obesity_Prevalence”
+ psUV* X (Obesitnyremlence*)2
+ B(UV*)? x (Obesitnyremlence")2 (7)
+ B,Obesity_Prevalence”
+ Py (Obesity_Prevalence”) ?

+ PoObesity_Prevalence™ x (UV*)* + u}

Descriptive statistics

Table 1 reports the descriptive statistics of variables that
were incorporated in the empirical model. The average
number of annual new melanoma cases adjusted for
age is 20.74—22.62 cases and the standard deviation is
4.41-5.23 per 100,000 persons (Melanoma Prevalence-
Melanoma Prevalence). The null hypothesis of zero new
annual melanoma cases per 100,000 persons is clearly
rejected for both periods (2005-2010 and 2010-2015).
For 2011-2015, the 99% confidence interval is [21.75,
23.48] and for 2005-2010 the 99% confidence interval is
[20.05, 21.42]. A possible implication of these figures is

a growth in the average number of new melanoma cases
over time. The minimum number of annual new mela-
noma cases is 7.60 and the maximum is 42.90.

Referring to the prevalence of obesity in US states,
namely, percent of the population whose body mass index
(BMI= mfeﬂ) is higher than 30, the average prevalence is
26.93-28.67% and the standard deviation is 3.43—4.13%
(Obesity Prevalence). The null hypothesis of zero preva-
lence of obesity is clearly rejected for both periods. For
2011-2015, the 99% confidence interval is [28.10, 29.24]
and for 2005-2010 the 99% confidence interval is [26.29,
27.57]. Again, a potential implication is a growth in obe-
sity prevalence over time. The minimum number of annual
new obesity cases is 16.90 and the maximum is 40.80.

Finally, referring to ultraviolet (V) radiation in US
states, measured in nanometers (nm), where the shorter
the wavelet the higher the level of UV radiation, the aver-
age UV radiation is 122.64-125.89 nm. and the standard
deviation is 26.85-27.59. Furthermore, the minimum UV
radiation is 83 and the maximum is 186.

Table 2 reports the pairwise Pearson correlation matrix. As
anticipated, the table shows negative correlations between
higher wavelet of U/V radiation and new melanoma cases and
positive correlation between UV radiation and prevalence of
obesity. For all the correlations, the null hypothesis of zero
correlation is rejected at the 10-1% levels.

Results

The first step of the analysis would be to demonstrate
that Melanoma Prevalence, UV, Obesity Prevalence are
time varying covariates, namely they change over time,



Arbel et al. BMC Cancer (2023) 23:178

Table 2 Pearson correlation matrix
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Table 3 Time varying covariates

Full Sample (2005-2015 and 527 Obs x Years)

Melanoma Preva- UV Obesity Prevalence

lence

Melanoma Preva-  1.0000

lence

uv —0.2784%** 1.0000
(<0.01)

Obesity Prevalence  —0.1274%** 0.1665***  1,0000
(0.0034) (0.0001)

After Modification of Obesity Definition (2011-2015 and 245
Obs x Years)

Melanoma Preva- UV Obesity Prevalence

lence

Melanoma Preva-  1.0000

lence

uv —0.3048*** 1.0000
(<0.01)

Obesity Prevalence  —0.1246* 0.1520**  1.0000
(0.0514) (0.0172)

Before Modification of Obesity Definition (2005-2010 and 282
Obs x Years)

Melanoma Preva- UV Obesity Prevalence

lence

Melanoma Preva-  1.0000

lence —02879%% 1.0000

uv
(<0.071)

Obesity Prevalence  —0.2280*** 0.1630***  1.0000
(0.0001) (0.0061)

P-values for the rejection of zero Pearson correlations are given in parentheses.
*p<0.1; **p <0.05; ***p <0.01

otherwise it is impossible to use the fixed-effect meth-
odology due to perfect collinearity. Table 3 reports
the outcomes and demonstrate that the projected new
melanoma cases (adjusted for age) in 2011 is 21 cases
per 100,000 persons. During 2011-2015, the preva-
lence of new melanoma cases is expected to rise by
0.664 per annum (p=0.00436), so that in 2015 this pro-
jected prevalence becomes 24 cases per 100,000 persons.
The expected prevalence of obesity (BMI>30) — after
the change of definition — is 27.73% in 2011. During
2011-2015, and in contrast to 2005-2010, the preva-
lence of obesity is expected to rise by 0.468 per annum
(p=0.00211), so that in 2015 this projected prevalence
becomes 29.61%. The UV wavelet remains unchanged
over time (p=0.921) with a slight tendency to drop.
Table 4 reports the outcomes of the regression analy-
ses obtained from eq. (7). Given the methodological
changes in obesity measurement since 2011 (e.g., https://
www.cdc.gov/obesity/data/prevalence-maps.html  [last
accessed on December 22, 2022]: “tPrevalence estimates
reflect BRFSS methodological changes started in 2011.

2005-2015
Variables Melanoma Prevalence UV Obesity Prevalence
Constant 19.77%** 121.3%**%  26.23%%*

(<0.01) (<0.01) (<0.01)
(Year-2005) 0.363*** 0.555 0.297***

(506 x 1079 0139 (232x1079)
Observations 527 527 527
F(1,525) 30.58%** 2.20 32.18%**
2011-2015
Variables Melanoma Prevalence UV Obesity Prevalence
Constant 21.29%** 126.1%%% 27.73%**

(<0.01) (<0.01) (<0.01)
(Year-2011) 0.664*** —0.124 0.468***

(0.00436) (0.921) (0.00211)
Observations 245 245 245
Years 5 5 5
F(1,243) 8.13%** 0.01 9.45%**
2005-2010
Variables Melanoma Prevalence UV Obesity Prevalence
Constant 20.03%** 120.7%%%  26.67***

(<0.01) (<0.01) (<0.01)
(Year-2005) 0.281% 0.769 0.104

(0.0634) (0.405) (0.463)
Observations 282 282 282
Years 6 6 6
F(1,280) 347*% 0.70 0.54

P-values are given in parentheses. *p <0.1; **p < 0.05; ***p <0.01

These estimates should not be compared to prevalence
estimates before 2011”), the sample is divided to two
parts (2005-2010 and 2011-2015).

Figures 1 and 2 are based on the right and middle col-
umns of Table 4. The upper graph in Fig. 1 shows that
for states in which the prevalence of obesity is 22—28%,
projected new melanoma cases per 100,000 persons rise
from 20.57 to 23.64. For states in which the prevalence
of obesity is 28-38%, projected new melanoma cases
per 100,000 persons drop from 23.64 to 13.13. The lower
graph demonstrates a projected drop from 22.31 cases
per 100,000 persons in states, where 22% of the popula-
tion suffers from obesity to 16.64 in states where 38% of
the population suffers from obesity.

As anticipated, Fig. 2 demonstrates that the shorter the
wavelet, the higher the level of new melanoma cases per
100,000 persons. In UV wavelet of 80nm — the antici-
pated level of new melanoma cases per 100,000 persons
is 21.70-22.98. The projected number of cases drops to
17.56—18.44 new melanoma cases per 100,000 persons in
UV wavelet of 180 nm.
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Table 4 Regression analysis: annual new melanoma cases per 100,000 persons
Years 2005-2015 2011-2015 2005-2010
Variables Coef. Melanoma Prevalence Melanoma Prevalence Melanoma Prevalence
Constant G, 537.4% — 303.4%** 171.5%**
(0.0281) (0.00338) (0.000255)
uv B, —8.798** 2.005%** —2.254%%*
(0.0237) (0.00513) (0.00253)
uv? Bs 0.0348** - 0.00857***
(0.0190) - (0.00287)
UVx Obesity_Prevalence B, 0.519* —0.142%% 0.0857***
(0.0635) (0.00544) (0.00217)
UVx (Obesity_Prevalence)? Bs —0.00710 0.00244%** -
(0.155) (0.00728) -
UV2 x (Obesity_PrevaIerwce)2 Bs 287 %1072 - -
(0.137) - -
Obesity_Prevalence G, —29.58% 23.34%%* —5.634%*%*
(0.0934) (0.00167) (0.00133)
(Obesity_Prevalence)? Bs 0391 —0.405%** -
(0.216) (0.00215) -
Obesity_Prevalence x uv? B —0.00207* - —0.000332%**
(0.0516) - (0.00205)
Method Fixed-Effect Fixed-Effect Fixed-Effect
Corr(X,U) —0.2288 —0.1047 —04116
Observations 527 245 282
Years 2005-2015 2011-2015 2005-2010
Number of Years 11 5 6
Number of States 40-49 49 40-49
R-Squared 0.172 0.172 0.168

The table provides the estimation outcomes obtained from eq. (7). Given the change in obesity measurement reported by the CDC, we separated the analysis to two
segments (2005-2010 and 2011-2015). While the left column gives the outcomes of the pooled sample (2005-2015), the right [middle] column displays the outcomes
of the first [second] segment, namely 2005-2010 [2011-2015]. P-values are given in parentheses. *p <0.1; **p < 0.05; ***p <0.01

Robustness test

One concern associated with previous sections is the
lack of confounders such as complexion. To address this
concern, we ran a robustness test. Consider the following
model applied to 46 states and to 2011-2019 (prior to the
outburst of the COVID19 pandemic and after the modi-
fication of obesity measurement reported by the CDC)?:

Melanoma_Prevalence = 5,(Year — 2011)

+ 6, Obesit,‘nyrevalence2

+ 6, White x Obesity_Prevalence®
+ 6,Obesity_Prevalence (8)
+ 65 White X Obesity_Prevalence

+ 6o White + 6, + €;

3 The information was obtained from Center for Disease Control and Preven-
tion (CDC) [6]: United States Cancer Statistics, available at: https://www.cdc.
gov/cancer/uscs/ [last accessed on December 22, 2022]. The reason for the
white-black choice is our findings these groups have the most extreme differ-
ences in terms of melanoma prevalence. In this context, see the graph at Addi-
tional file 1: Appendix S1.

Where Melanoma _Prevalence is the dependent vari-
able, (Year—2011),4Obesity_Prevalence2, Obesity _Prev-
alence, White are the independent variables (White=1
for white population and zero for black population), J;,
8y, 03, 8, O, Oy, O, are parameters and ¢, is the random
disturbance term. Results obtained from this empirical
model are reported in Tables 5 and 6.

The table provides the outcomes obtained from the full
model given by eq. (8) and those obtained from the step-
wise procedure. The latter is based on iterations, in each
of which the independent variable whose coefficient has

4 Incorporation of the time variable (Year—2011) addresses the possibil-
ity of spurious or nonsense correlation in time series analysis. According to
Johnston and Dinardo [14], series, responding to unrelated mechanisms,
such as, death rates in England and Wales and the proportion of all marriages
solemnized in the Church of England from 1866 to 1911 [29], may display
contemporaneous upward or downward movement. This problem may be
addressed by fitting trends to such series. Regression outcomes reported in
Table 6, demonstrate that while melanoma prevalence rises by 0.336—0.384%
per annum only for the white population, obesity prevalence increases by
0.382—0.465% per annum only for the black population.
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Fig. 1 Projected Rates of New Melanoma Cases vs. Prevalence of Obesity in US States. Notes: Sources: 1) Center for Disease Control and Prevention
(CDC) [51: Overweight & Obesity, Available at: https://www.cdc.gov/obesity/data/prevalence-maps.html 2) Center for Disease Control and
Prevention (CDC) [6]: United States Cancer Statistics, available at: https://www.cdc.gov/cancer/uscs/ 3) [19], available at: https://www.cpc.ncep.
noaa.gov/. Melanoma Prevalence =annual new melanoma cases per 100,000 persons adjusted for age. The graphs are based on the middle [right]
columns of Table 4. The difference between the lower and upper graph emanates from the methodological changes in obesity measurement by

the CDC starting from 2011

the highest p-value is omitted. These iterations are contin-
ued until the final model includes only independent vari-
ables whose coefficients are lower than a pre-determined
threshold p-value, where the conventional one is p <0.05.
The outcomes demonstrate a very good fit of the data
to this interaction model (R>=0.818 —0.819). The impli-
cation is that 81.8—-81.9% of the variance of the depend-
ent variable, namely, melanoma prevalence, is explained
by the independent variables at a statewide level. Further
results suggest that the baseline projected melanoma

prevalence at sample states with zero prevalence of obe-
sity in 2011 is 24.71 (p=0.00806) -30.88 (p<0.01) new
melanoma patients per 100,000 persons for both popula-
tions. The annual growth in projected melanoma preva-
lence is 3.39 (p=554x10"°) — 3.71 (p=1.62x107°)
melanoma patients per 100,000 persons in the population.

Figure 3 is based on the right column of Table 5. The
vertical axis at the top figure reflects the projected mela-
noma prevalence adjusted for age. The vertical axis at
the bottom figure measures the white, lack projected
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Fig. 2 Projected Rates of New Melanoma Cases vs. UV wavelet in US States. Notes: Sources: 1) Center for Disease Control and Prevention (CDC) [5]:
Overweight & Obesity, Available at: https://www.cdc.gov/obesity/data/prevalence-maps.html 2) Center for Disease Control and Prevention (CDC)
[6]: United States Cancer Statistics, available at: https://www.cdc.gov/cancer/uscs/ 3) [19], available at: https://www.cpc.ncep.noaa.gov/. Melanoma
Prevalence =annual new melanoma cases per 100,000 persons adjusted for age. The shorter the wavelet the higher the level of UV radiation. The

graphs are based on the middle and right columns of Table 4

melanoma prevalence differences adjusted for age and
their 95% confidence intervals for the same obesity prev-
alence. The horizontal axes in both figures measure obe-
sity prevalence at the statewide level.’

% Calculations of the figures were carried out in Stata software package ver-
sion 16 via the following commands:

« margins White, at(Obesity_prevalence==(10(1)55))

«» marginsplot, noci

» margins White, at(Obesity_prevalence==(10(1)55)) contrast

» marginsplot

The “margins” and “marginsplot” commands come after the corresponding
regression analysis.

The top figure clearly indicates that on the one hand,
for the white population, projected melanoma preva-
lence drops from 32 patients per 100,000 persons where
obesity prevalence is 10% to 12 patients per 100,000
persons where obesity prevalence is 55%. On the other
hand, for the black population, projected melanoma
prevalence remains stable regardless of obesity preva-
lence at the level of below 2 patients per 100,000 black
persons. Moreover, the bottom figure demonstrates that
as the lower bound of the 95% confidence interval is
above zero,
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Table 5 Robustness test: melanoma and obesity prevalence: white vs. black population

Stepwise Model

Full Model
VARIABLES
(Year—2011) 0.3771%**
(162 x 107)
Obesity_Prevalence’ —0.00284
(0.640)
White x Obesity _ Prevalence? —0.0168*
(0.0689)
Obesity _Prevalence 0177
(0.690)
White x Obesity _Prevalence 0.514
(0.366)
Constant —2.873
(0.722)
White 24.71%%*
(0.00806)
Observations 843
R-squared 0.819

Melanoma Prevalence

Melanoma Prevalence
0.339%**
(554 % 107°)

—0.00638***
(293x107)

—0.205
(0.653)
30.88***
(<0.01)
843
0818

The table provides the outcomes obtained from the full model given by eq. (8) and those obtained from the stepwise procedure. The latter is based on iterations,
in each of which the independent variable whose coefficient has the highest p-value is omitted. These iterations are continued until the final model includes
only independent variables whose coefficients are lower than a pre-determined threshold p-value, where the conventional one is p <0.05. P-values are given in

parentheses. *p <0.1; **p <0.05; ***p < 0.01

for each obesity prevalence, the positive white-black
projected melanoma gap is preserved. Differently put,
The lower figure shows that for each obesity prevalence
the gap is statistically significant.

Indeed, Caucasian-African Americans dissimilarities in
melanoma prevalence were found in other studies. Based
on the Oklahoma Central Cancer Registry in 20002008,
Baldwin et al. [4] suggest that white non-Hispanics in
Oklahoma have the highest period prevalence (p <0.0001)
among the racial strata. In their review, Higgins et al.
[12] mention the fact that compared to Caucasians,

Table 6 Regression analysis: white vs. black across time

melanoma has unique demographic, clinical, and genetic
features among African American populations.

Discussion

Melanoma is a multi-factorial disease, which depends
on environmental characteristics, such as excess
exposure to UV radiation from sun or artificial tan-
ning procedures, genetic factors, such as phenotype
of Fitzpatrick 1-3 skin type, BRAF activating muta-
tions and tumor microenvironment. Melanoma treat-
ment is based on these multi-factors, starting from total

Full Model

Stepwise Model

Full Model

Stepwise Model

VARIABLES
Constant

White

(Year—2011)

White x (Year—2011)

Observations
R-squared

Melanoma Prevalence
0.964*
(0.0972)
24.34%%*
(<0.01)
0.0481
(0.692)
0.336**
(0.0418)
843
0.813

Melanoma Prevalence
1.158%**

(0.000241)

24.14%%*

(<0.01)

0.384%**
(0.000584)
843

0.813

Obesity Prevalence
36.23%**
(<0.01)
—10.23%**
(<0.01)
0.3827%**
(7.05 % 107°)
0.152

(0.242)

843

0512

Obesity Prevalence
35.90***

(<0.01)

—9.617%%

(<0.01)

0.465***

(<0.01)

843
0.511

The melanoma prevalence variable is adjusted for age. P-values are given in parentheses. *p <0.1; **p < 0.05; ***p <0.01
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measure obesity prevalence at the statewide level

prevention by avoidance from exposure to UV radiation
of the sun, and with the progress of the disease targeted
biological treatment, such as, BRAF inhibitors, MEK
inhibitors, immune checkpoint strategies like CTLA4
antibodies [11] and immune checkpoint strategies like
PD-1 antibodies [10, 27].

The prognosis of a melanoma patient is directly related
to the diagnostic stage of the disease. Stage 4 melano-
mas or those thicker than 4mm have a poor prognosis
(5-year survival: 15.7 and 56.6%) [22]. In contrast, thin

melanomas thinner thanl mm are associated with a very
good prognosis. Prognosis varies from a disease-free sur-
vival of close to 100% to about 70% [8].

Early detection of melanoma reduces morbidity and
mortality by reducing the extent of surgical removal,
reducing the potential side effects of systemic therapies
and reduces the care costs [20].

Definition of melanoma risk groups and prevention
efforts might prove to be important and may include
public specific campaigns; noninvasive skin imaging
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technologies; using deep learning and artificial intelli-
gence to improve melanoma early detection

In contrast to previous studies, and based on data at
the US statewide level, our findings suggest a negative
correlation between prevalence of obesity and inci-
dence of melanoma, when age and UV radiation levels
are controlled. The implication of these findings might
be an obesity paradox, namely, the counter-intuitive
possibility that higher prevalence of obesity reduces
the risk of melanoma. Indeed, evidence for an obe-
sity survival paradox has previously been identified.
For example, Stefan et al. [26] notes: “Conversely, an
obesity survival paradox has been observed in patients
with pneumonia. That is, despite the increased risk
of pneumonia and difficulties of intubation and mask
ventilation, the risk of death in patients with obe-
sity and pneumonia might be decreased. Potentially
counter-balancing effects of obesity might include the
more aggressive treatment provided to these patients,
their increased metabolic reserve or other uniden-
tified factors” (page 341). Likewise, Arbel et al. [2]
found evidence that both projected rates of infection
and mortality from coronavirus disease drop with ele-
vated prevalence of obesity in US states. In addition,
Petrelli et al. [21] suggest that: “patients with obesity
and lung cancer, renal cell carcinoma, and melanoma
had a lower risk of death than patients with the same
cancers without obesity” (Abstract)

Summary and conclusions

The objective of the current study is twofold: 1) to esti-
mate the relationship between obesity (BMI > 30) and
the prevalence of melanoma in different US states and 2)
to examine the possibility of defining a new risk group.

Our findings add to the current research by demon-
strating, in contrast to the existing literature, a potential
obesity survival paradox in identification level of new
cases of melanoma. Previous studies found evidence of an
obesity survival paradox only in treatment levels, but not
in identification levels of skin cancer (e.g., [17, 18, 21]).

A potential explanation underlying the interac-
tion between obesity and melanoma is the impact
of energy balance on anti-tumor immune response.
Another possible cause through which obesity might
reduce the prospects of skin cancer is social and
behavioral mechanisms, e.g., that obese persons are
less exposed to the sun due to lower levels of physi-
cal activity and walk outside home. This explanation
may be supported by Dusingize et al. [7], who found
no association between genetically predicted BMI and
melanoma; and by the findings that an increased risk
of obesity has been reported among those with low
vitamin D levels, which, in turn, may be produced
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from the sun [3, 30]. Another support comes from [9,
24]; and [1]. This strand of the literature deals with
the spatial context of the relationship between obesity
and lack of physical activity, and, in particular, car-ori-
ented communities, which, in turn, reduce the oppor-
tunities for walking outside home.

In sum, the implication of these findings might be an
obesity survival paradox, namely, the counter-intuitive
possibility that a higher prevalence of obesity reduces
the risk of melanoma. This outcome is further corrobo-
rated for Caucasians.

The public policy repercussions of our study are the
following: we should continue to establish primary
prevention of melanoma by raising photo protection
awareness and secondary prevention by promoting skin
screening (by physician or self) among the entire pop-
ulation group in all BMI ranges. Advanced secondary
melanoma prevention including noninvasive diagnosis
strategies including total body photography, confocal
microscopy, Al strategies should focus the high-risk
sub group of Caucasians with BMI < 30.

A potential limitation of our study is the employment
of aggregated data at the US statewide level. Conse-
quently, future studies should investigate this research
question further by using a lower grid of data at a per-
sonal micro-level.
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