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Abstract

Physical activity (PA) is an impc “tar.t factor in cancer prevention, but positive association between PA
and risk of cutaneous mela~om i found in recent studies may complicate this strategy. Ultraviolet
radiation (UVR) exposure du "ing outdoor PA is a plausible explanation for a positive association. We
investigated the associations between PA, UVR and melanoma risk in the Norwegian Women and
Cancer cohort. Overall PA was reported by 151,710 women, aged 30-75 at inclusion, using a
validated 10-point-scale at enrolment and during follow-up, together with recent numbers of
sunburns, indoor tanning sessions and weeks on sunbathing vacations. Seasonal outdoor walking and
seasonal PAs were recorded in subsamples (n=102,671 and n=29,077, respectively). Logistic and Cox
regression were used. Mean follow-up was 18.5 years, and 1,565 invasive incident melanoma cases
were diagnosed. Overall PA was inversely associated with sunburns, while positively associated with
sunbathing vacations and indoor tanning. Overall PA was not associated with melanoma risk in all
body sites combined (pyeng=0.61), but reduced risk was found in upper limb melanomas (hazard ratio

(HR)=0.70, 95% confidence interval (Cl) 0.51-0.96; high versus low PA). Non-significant reduced risks



were found for seasonal outdoor walking >2 h/day versus 30-60 min/day (summer HR=0.81, 95% ClI
0.66-1.00; autumn HR=0.74, 95%Cl 0.55-1.01). Seasonal PAs were not associated with melanoma
risk. In conclusion, we found positive associations between overall PA and sunbathing vacations and
indoor tanning, and, unlike literature, inverse association between overall PA and sunburns. Our

results do not support a positive association between PA and melanoma risk in Norwegian women.
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1. Introduction

Incidence of cutaneous melanoma (hereafter, melanoma) has been rising in fair-skinned populations
during the past decades (1). In 2020, about 324,635 new cases were diagnosed worldwide (2).
Norway is the European country with the highest incidence rate, and the third leading country

worldwide, after Australia and New Zealand.

Physical activity (PA) is a major component of cancer prevention promoted by public health
authorities. PA is demonstrated to regulate body weight and hormones (sex steroids, insulin and
insulin-like growth factors and adipokines), has positive impact on biological pathways (increased
DNA repair capacity, decreased oxidative stress, reduced inflammation and enhanced immune

function) (3), and is a well-recognized protective and modifiable risk factor for many diseases,



including several types of cancer (4, 5). There is convincing epidemiological evidence that PA
decreases risk of colon, endometrium, bladder, breast, kidney, esophagus and stomach cancers,
while accumulating evidence suggests that PA may also be protective for other cancers, including
ovary, prostate and pancreatic cancers (6, 7). PA has been less studied in relation to melanoma, and
inconsistent results have been reported. Notably, a pool of cohorts, a recent meta-analysis and a
case-control study suggested that PA might be associated with increased risk of melanoma (4, 8, 9),
while a case-control study found inverse association (10) and other studies found no association (11-
14). The inconsistent findings in these studies might be partially explained by different geographical
study localisations. Moreover, an absence (4, 9, 12, 14) or a broad assessment (8, 10, 11, 13) of
ultraviolet radiation (UVR) exposure might also explain differences. \.> ieed solar UVR exposure is the
major established melanoma risk factor (7). In 2012, population at'rib. *able fraction estimates for
solar UVR were 65-90% in populations with predominantly Eurr.pe. 1 ancestry, including 89.5% in
Northern Europe (15). UVR during outdoor PA is a plausible « ‘vlanation for a positive association

between PA and melanoma risk.

This study aimed at examining the relationship betwze « PA, UVR exposure and risk of melanoma in
women using data from the Norwegian Women z*'d Cancer (NOWAC) study, a large, well-
characterized population-based cohort with (nfo mation on PA and UVR exposure updated during
follow-up. Firstly, we investigated the a<-ociation between overall PA and UVR exposure, and

secondly the associations between overai. anu seasonal PAs and melanoma risk.

2. Methods
2.1. NOWAC ¢ >ho: *

The NOWAC cohort recruite 1 women between 1991 and 2007 (16). Questionnaires were sent to a
sample of over 320,000 women, aged 30 to 75 years, randomly drawn from the Norwegian National
Population Register. More than 172,000 participants answered and gave written informed consent to
participate response (54%). The first and second follow-up questionnaires (response 80% and 79%,

respectively) were sent after 5 to 7 years.

2.2. Physical activity (PA) assessment

Participants reported PA at recruitment and follow-up using a validated 10-point scale (17) following
the description: “By physical activity we mean activity both at work and outside work, at home, as
well as training/exercise and other physical activity, such as walking, etc. Please mark the number

that best describes your level of physical activity; 1 being very low and 10 being very high” (18).



Based on this question, overall (global) PA refers to total amount of PA across different domains
(recreation, occupation, transport and household), categorized as: very low (1-2), low (3-4),

moderate (5-6), high (7-8) and very high (9-10) (19).

A subsample of the cohort (n=105,256) was asked to report, for each season of the year in Norway
(summer, autumn, winter and spring), the average number of hours per day spent walking or
strolling outdoors, recorded as <1/2 hour, 1/2-1 hour, 1-2 hours and >2 hours (hereafter, seasonal
outdoor walking). Also, a subsample of participants (n=46,412) was asked to report the average
number of minutes per day spent gardening, jogging/exercising and biking for each season recorded
as a continuous variable (hereafter, seasonal PAs). We calculated the total time spent active by
summarizing these three activities for each season. We then categorize ¥ seasonal PAs in three
categories using the same cutoffs across seasons for comparability <5(.0, 50.0-89.9 and 290.0
minutes/day. These cut-offs were chosen as a compromise bet veer the tertiles of autumn and
spring. The majority of women (91%, 82%, 51% and 90% fer su, "mer, autumn, winter and spring,
respectively) were above the recommended 150 minutes ¢ € P.4 per week (20), making a

categorization based on this cut-off less optimal for “.ne purpose of our study.

2.3. Potential confounders

Questions about host characteristics anc' UVR exposure in NOWAC have been described in detail (21-
23). Participants reported years of educad "n \categorized as <10, 11-13 and 214 years) and smoking
status (never, former, current). Bods 1.>3s. index (BMI, kg/m?) was calculated from self-reported
height and weight and categorize«( as . armal weight <25.0, overweight 25.0-29.9 and obese >30.0
(24). Smoking and BMI were repo: “=d at baseline and updated during follow-up. Hair color
(black/dark brown, brown, olo. d/yellow, or red) and untanned skin color (using a color scale graded

from 1 (very fair) to 10 (ve v aark)) were also reported.

Ambient UVR of residence was categorized, based on mean ambient UVR hours of the region of
residence (latitudes, 70°-58°), as low (northern Norway), medium-low (central Norway), medium
(southwestern Norway) and highest (southeastern Norway) (23, 25). Severe sunburns and annual
number of weeks spent on sunbathing vacation in countries of low (typically Southern European
Countries) and high latitudes (within Norway/northern countries) during various periods of
adulthood were recorded at baseline and updated during follow-up (23). For the most recent age
period (5-10 years prior to the questionnaire), we categorized number of sunburns as never, 1
time/year and >2 times/year, and number of weeks of sunbathing vacations as never, 1, 2-3 and >4

weeks/year. Use of an indoor tanning device was collected for the same age periods, and average



frequency of indoor tanning in the most recent age period was categorized as never, rarely and 21

time/month.

2.4. Study samples

Baseline was defined as the first returned questionnaire (recruitment, first or second follow-up) with
information on overall PA. Among 172,472 participants who answered the recruitment
guestionnaire, we excluded 8,559 women with missing information on PA in all questionnaires,
women with melanoma (n=778) or other cancers (n=11,261) diagnosed prior to baseline, women
who emigrated or died (n=18) before return of the baseline questionnaires, and women reporting
very dark skin color (grades 9-10, n=146, Fig. 1) (26). In total, 151,71 oarticipants were included in
this study. Participants’ baseline for overall PA was determined ba'.ed « n the questionnaire at
recruitment for 96.2% (n=145,977), first follow-up questionnaira 1.~ 3.5% (n=3,374) and second

follow-up questionnaire for 0.2% (n=383).

Baseline for seasonal outdoor walking (n=104,181) and seas. nal PAs (n=30,533) was defined in the
same way as for overall PA. Since these baselines wrre 12ter than for overall PA, further exclusions
for death, emigration and prevalent cancer before *hese baselines were performed (Fig. 1). In total,
102,671 participants were included in the st. 1y sample for seasonal outdoor walking and 29,077
participants in the study sample for seasc.nal PAs. Participants were included in these study samples
if they reported such PAs for at least or e .« ~50on, with non-reported seasons set to missing. Seasonal
outdoor walking was reported for tr e 1.t time at recruitment (n=59,742, 58.2%), first follow-up
(n=41,373, 40.3%) or second follc *-up (n=1,556, 1.5%), while seasonal PAs were reported at
recruitment (n=7,784, 26.8%) ~r at _econd follow-up (n=21,293, 73.2%) (Fig. 1).

Fig. 1 Flow chart of the study samples from the Norwegian Women and Cancer (NOWAC) study for
the analysis of physical activity (PA) and risk of melanoma, 1991-2018. ~ Additional exclusions due to the

later baseline

2.5. Follow-up and endpoints

The NOWAC cohort is linked to the Cancer Registry of Norway (CRN) for information on cancer
incidence, emigration and death, using the 11-digit unique identity number of Norwegian citizens
(27), and 99.9% of the invasive melanoma diagnoses reported to the CRN are morphologically

verified (28). Based on the International Classification of Diseases, Seventh Edition (ICD-7) codes,



anatomic location was categorized as head/neck (190.0), trunk (190.1 and 190.7), upper limb (190.2),
lower limb (190.3 and 190.4), multiple sites (190.8) and unspecified site (190.9).

2.6. Statistical analyses

To assess the associations of overall PA with sunburns, sunbathing vacation and indoor tanning in the
last decade, each of these UVR exposure variables was categorized as ever and never. Odds ratios
(ORs) and 95% confidence intervals (Cls) for the association of overall PA with each of the UVR
exposure variables were obtained using a logistic regression model adjusted for age at baseline,
recruitment period (1991-1992, 1996-1997 and 2003-2007), education and BMI. Analysis of
sunbathing vacations in low and high latitudes was performed for tho sub-group of participants with
such information (n=72,192).The relationship between overall PA 7.na . 1elanoma risk was estimated
by hazards ratios (HRs) with 95% Cls from Cox proportional haz sra. regression, stratified by
recruitment period. These HRs refers to the average total efl ct (nereafter effect) of overall PA on
melanoma risk in this cohort, conditional on the covariat~s inc uded in analyses. We used age as
time-scale, calculating person-years from baseline to dat : of a.agnosis of first melanoma or any
other primary cancer, emigration, death or end of fc"ow -up (31° December 2018) which-ever
occurred first. Analysis without exclusion of r.eviler.* squamous cell carcinomas (SCCs) and no
censoring for SCC did not change the results (u. *a not shown). Basal cell carcinoma could not be
considered since not routinely recorded in .>e CRN. Model 0 is the age-adjusted model. A directed
acyclic graph (DAG) (29) was used to furt 1e' model the relationship between PA and melanoma risk,
based on current knowledge on me. *nomia risk factors(Supplementary materials, Fig. S1). In model 1,
we adjusted for education, smc:-ing, and BMI (as a proxy of obesity), corresponding to the minimal
set of covariates necessary t~ c.~*,0l for confounding when estimating the total effect of PA on
melanoma based on th_ DA~ 11 model 2, we further adjusted for hair color as a proxy of sensitivity
to UVR exposure (21), resid’.ntial ambient UVR exposure, indoor tanning and height, corresponding
to the maximal set of covariates based on our DAG. Only sunburns caused by the sun are recorded in
NOWAC, thus we did not assume a causal path from indoor tanning to sunburn. Sensitivity analysis
with sunbathing and sunburns as confounders instead of mediators was also carried out (DAG in

Supplementary materials, Fig. S2).

Time-varying models were also implemented, using updated information from the first and second
follow-up for overall PA, BMI, smoking status and indoor tanning, using the same adjustment set of

covariates (models 0, 1 and 2).

Nonlinearity in the 10-scale overall PA was tested using cubic B-splines knots set at 5 and 6 (30).



To examine if PA is associated with melanoma risk for each anatomic site, Cox regression was
conducted separately for melanoma located on the head/neck, trunk, upper limb and lower limb
using the same models 0, 1 and 2. In these analyses, overall PA was regrouped into three categories

because of smaller numbers: low (1-4), moderate (5-6) and high (7-10) (31).

Cox regression was used to analyze seasonal outdoor walking and seasonal PAs, separately for each

season and with mutual adjustment for each season, using the same models 0, 1 and 2.

Statistical analyses were carried out using the R software (https://www.r-project.org/). We used two-

sided tests and a 5% significance level.

3. Results

3.1. Characteristics of study participants

During an average follow-up of 18.5 years, 1,565 women w. ~re diagnosed with a first primary incident
melanoma. Lower limb was the most common site o7 1, 2lanoma (n=591), followed by trunk (n=514),
upper limb (n=264), head/neck (n=132) and multi* le s\.es/unspecified (n=64). Mean age was 49.3
years at recruitment and 61.9 years at diagr )sis . Table 1). Participants who reported the highest
levels of PA were more likely to be recruited in ti.e most recent calendar period and to have a lower
BMI. Participants who reported the low 5" lev 2l of PA were more likely to be in the lowest category

of education and to be current smok_.< (. Zole 1).

Table 1 Characteristics of the s.'d* sample and ultraviolet radiation (UVR) exposure, by levels of
overall physical activity 2t Lsel.ne in the Norwegian Women and Cancer study, 1991-2018. BMI=body
mass index, SD=standard devia :ion, * Number of sunburns, number of weeks spent on sunbathing vacations

and frequency of indoor tanning sessions during the last decade.

Overall physical activity

Very low Low Moderate  High Very high Total
Number of participants, n (%) 7,302 (5) 30,430 (20) 62,551 (41) 41,346 (27) 10,081(7) 151,710
Melanoma cases, n (%) 65 (4) 299 (19) 664 (42) 438 (28) 99 (6) 1565
Age at recruitment, mean (SD) 49.7 (9.0) 49.4(8.8) 49.2 (8.5) 49.4 (8.1) 49.1 (8.3) 49.3 (8.5)
Age at diagnosis, mean (SD) 62.4(9.8) 62.4(9.4) 62.3(9.3) 61.1(8.9) 60.6 (8.3) 61.9 (9.2)
Follow-up time (years), mean (SD) 18.6 (7.4) 18.7 (7.1) 18.7 (7) 18.1(7.0) 18.6 (7.2) 18.5(7.1)
Year of recruitment, %
-1991-1992 390.1 36.0 354 32.5 37.7 35.1

-1997-1998 32.9 29.8 25.5 21.0 20.6 25.2



- 2003-2007

Education (years), %

- Missing

Smoking, %

- Never

- Former

- Current

- Missing

BMI (kg/m?), mean (SD)

BMI (kg/m?), %

- Normal and underweight (<25.0)
- Overweight (25.0-29.9)

- Obese (230)

- Missing

Hair color, %

- Red

- Blond/yellow

- Brown

- Black/dark brown

- Missing

Ambient UVR of residence, %

- Low (northern Norway)

- Medium-low (central Norway)
- Medium (southwestern Non say,
- Highest (southeastern Nor. 3y,
Sunburns (per year)?, %

- Never

-1

-22

- Missing

28.1

44.2
26.4
23.9
5.6

28.7
30.8

40.3

0.2

26.1 (5.5)

48.5
293
19.8
24

3.0
34.8
35.7
17.5
9.0

232
104
15.1
513

44.2
353
5.2

15.3

Sunbathing vacations (weeks/year)?, %

- Never
-1

-2-3

-24

- Missing

Indoor tanning’, %

24.9
23.6
28.1
8.6

14.8

34.2

335
28.1
33.7
4.8

34.8
32.6

32.5

0.2

25.3 (4.5)

53.6
30.9
13.4
21

3.0
$5.6
36.9
:5.5
9.0

22.3
11.0
16.7
50.0

42.6
39.9
5.0

12.5

19.8
26.9
324
8.0

12.9

39.1

31.6
29.5
343
4.6

35.6
34.9

29.3

0.1

24.2 (3.7)

64.2
26.6
73
19

2.8
36.5
37.5
15.3
7.8

20.9
11.5
18.6
49.0

445
39.5
4.2

11.8

18.0
27.6
34.2
8.3

11.9

46.5

29.7
28.3
37.3
4.7

35.3
37.9

26.7

9.2
23.7(3.4)

71.9
21.7
4.5
1.9

2.9
36.8
37.5
15.9
6.9

20.0
11.2
20.0
48.8

47.6
374
4.0

11.0

16.0
26.5
37.0
9.7

10.8

41.7

38.8
27.4
28.9
4.9

32.7
36.5

30.5

0.3
23.1(3.3)

75.2
18.5
3.7
2.5

2.7
37.5
35.5
18.2
6.1

21.0
111
20.5
47.5

50.5
341
3.6

11.9

18.9
23.5
34,5
10.9
12.2

39.8

32.6
28.6
34.1
4.7

34.8

35.2

29.9

0.2

24.3 (4.0)

64.2
25.7
8.1
2.0

2.9
36.4
37.2
15.8
7.7

21.0
11.3
18.6
49.1

45.3
38.4
4.3

11.9

18.2
26.7
34.3
8.8

12.0



- Never 415 39.5 38.4 37.3 354 38.3

- Rarely 32.2 374 39.2 40.0 37.8 38.6
- 21 per month 131 12.0 12.0 13.3 17.0 12.7
- Missing 13.2 11.2 10.4 9.4 9.8 104

Among the 102,671 (29,077) participants who reported seasonal outdoor walking (seasonal PAs) for
at least one season, 993 (259) were diagnosed with a first primary incident melanoma. Compared to
the whole study sample, the seasonal outdoor walking sample was older and follow-up started later,
they had higher education, slightly higher BMI and a larger proporticn lived in the region of highest
ambient UVR (Supplementary materials, Table S1). The seasonal PAs su. sample had similar
characteristics, with somewhat more contrast, except for a less coi.-mcn use of indoor tanning. For
all seasons, the two subsamples had comparable scores on the ~verall PA to the main study sample

(identical medians, 1% and 3™ quartiles: 6, 5 and 7, respect’. ~ly, ‘or all three samples).

3.2. Overall PA and UVR exposure

Sunburns tended to decrease by increasing PA, w".ile u.e opposite was found for sunbathing
vacations and indoor tanning (Table 1). Wor «en ‘1 the very high PA category had lower odds of
having ever experienced sunburns (OR=C 77, 95%, Cl 0.74-0.81) and higher odds of having ever used
indoor tanning (OR=1.12, 95% CI 1.07-1.."" cumpared to moderately active women (Fig. 2). Women
in the low PA category had lower od .. ot i.aving ever been on sunbathing vacations and ever used
indoor tanning compared to mod-«rate'y active women. Analysis without adjustment for period of
recruitment and education did no. ~hange the results, while BMI adjustment gave slightly weaker
effect estimates (Supplemr.nta. v materials, Table S2). Analysis of sunbathing in low and high latitudes

gave similar results (Suppi. mentary materials, Fig S3).

Fig. 2 Odds ratios (ORs) and 95% confidence intervals (Cls) for overall physical activity and ultraviolet
radiation exposure, the Norwegian Women and Cancer study, 1991-2018. Logistic regression of

ultraviolet radiation exposures during the last decade (ever versus never) on overall physical activity, adjusted

for age at baseline, period of recruitment, education and body mass index.

3.3. Overall PA and melanoma risk

Overall PA was not significantly associated with melanoma risk in any of the models (HR=0.89, 95% ClI

0.69-1.14 for very high versus moderate PA, pyeng=0.277; time-dependent analysis, model 2; Table 2).



The spline model did not indicate non-linearity of the association between PA and melanoma
(Supplementary materials, Fig. S4). In the site-specific analyses, we found no significant associations
between PA and head/neck, trunk or lower limb melanomas in any of the models
(0.242<p4ng<0.665; Table 3). Compared with moderate PA, high PA was associated with significantly
decreased risk of upper limb melanoma (HR=0.70, 95%Cl 0.51-0.96, model 2), but with no indication
of a trend (pyeng=0.187; Table 3).

Table 2 Hazard ratios (HRs) and 95% confidence intervals (Cls) for overall physical activity and
melanoma risk, the Norwegian Women and Cancer study, 1991-201>. ¢ Model 0: Cox proportional
hazards regression stratified by year of recruitment, and with age as time scai ® Model 1: model 0 +
education, smoking status and body mass index,  Model 2: model 1 + inu. or tanning, hair colour, ambient
ultraviolet radiation of residence and height, d Physical activity, sm~king status, body mass index and indoor
tanning modelled as time dependent, © py.ng Was obtained usir:' the median of the original 10-scale physical
activity in each level (very low: 1-2, low: 3-4, moderate: 5-6, hir,n: 7- 2 very high: 9-10) and modelled as a

continuous variable in each model.

Overall physical activity

Very low Low Iv. “derate High Very high
Continuous
(1-2) (3-4) (5-6) (7-8) (9-10)
n 5,625 24,145 50,598 33,899 8,171 122,438
Baselin No. of
51 %42 546 351 83 1,273
e cases
HR (95% 0.85 (0.64- 0.3 (0.80- 0.99 (0.87- 0.95 (0.75- 1.012 (0.983-
N:Odel Cl) 1.14) 1.08) 1.00 1.13) 1.20) 1.042)
° Prrend” 0.511
HR (95% 0.90 (0.07- 0.94 (0.81- 0.99 (0.87- 0.97 (0.77- 1.010 (0.980-
N:Odel ) 1.20) 1.09) 1.00 1.13) 1.22) 1.040)
' Prrend 0.621
HR (95% 0.90 (0.67- 0.94 (0.81- 0.99 (0.86- 0.98 (0.78- 1.010 (0.980-
N:Odel ) 1.20) 1.09) 1.00 1.13) 1.23) 1.041)
2 Perend 0.614
Time dependentd
HR (95% 0.79 (0.58- 0.86 (0.74- 1.02 (0.90- 0.86 (0.67- 1.016 (0.987-
N:Odel cl) 1.07) 1.00) 1.00 1.16) 1.11) 1.047)
° Prrend 0.220

Model HR(95% 0.83(0.61- 0.87(0.75- 1.00 1.02 (0.89-  0.88 (0.68- 1.011 (0.981-



1 ) 1.14) 1.02) 1.16) 1.13) 1.043)
Perend 0.320
HR(95% 0.83(0.61-  0.87(0.75- 1.02 (0.89- 0.89 (0.69-  1.013 (0.982-
N:Odel ) 1.13) 1.02) 1.00 1.16) 1.14) 1.044)
2 Perend 0.277

Table 3 Hazard ratios (HRs) and 95% confidence intervals (Cls) for overall physical activity and
melanoma risk by anatomic sites, the Norwegian Women and Cancer study, 1991-2018. ® Model 0: Cox
proportional hazards regression stratified by year of recruitment, and with age as time scale, ® Model 1: model
0 + education, smoking status and body mass index, © Model 2: model 1 + in-. ~or tanning, hair colour, ambient
ultraviolet radiation of residence and height, d Pirend Was obtained using t'1e mu dian of the original 10-scale

physical activity in each level (low: 1-4, moderate: 5-6, high: 7-10) anr. mc¢ 'elled as a continuous variable in

each model.
Overall physical activity
Low High 4
Models ! loderate (5-6) Ptrend
(1-4) (7-10)
Head/Neck (n=121 275, 110 cases)
Model 0° 0.95 (0.59-1.54) 1.00 1.10(0.72-1.69) 0.547
Model 1° 0.91 (0.56-1.4¢, 1.00 1.13 (0.74-1.75) 0.384
Model 2° 0.91 (0.56-1 48) 1.00 1.13 (0.74-1.75) 0.386

Trunk (n=121 580, 415 cases)

Model 0° 0.95 /0.71-1.23) 1.00 1.10 (0.89-1.37) 0.242
Model 1° 2208 (0 75-1.27) 1.00 1.10 (0.88-1.37) 0.365
Model 2° 0.98 11.76-1.27) 1.00 1.09 (0.88-1.36) 0.373

Upper limb (n=121 379, 214 cases)

Model 0 0.80 (0.57-1.13) 1.00 0.70 (0.51-0.97) 0.265
Model 1° 0.83 (0.59-1.17) 1.00 0.70 (0.51-0.96) 0.190
Model 2° 0.83 (0.59-1.17) 1.00 0.70 (0.51-0.96) 0.187

Lower limb (n=121 642, 477 cases)
Model 0° 0.87 (0.69-1.10) 1.00 0.96 (0.79-1.18) 0.564
Model 1° 0.89 (0.70-1.12) 1.00 0.97 (0.79-1.19) 0.622
Model 2° 0.89 (0.70-1.12) 1.00 0.96 (0.78-1.19) 0.665



3.4. Seasonal outdoor walking, seasonal PAs and melanoma risk

Significantly reduced HRs were observed for outdoor walking in summer and autumn when
comparing highly (>2 hours/day) and moderately active walkers (30-60 minutes/day) in model 1 (HRs
(95%Cls) 0.78 (0.63-0.96) and 0.70 (0.52-0.94), respectively; Table 4) with slightly weaker effect
estimates after adjustment for UVR exposure (0.81 (0.66-1.00) and 0.74 (0.55-1.01), model 2). Similar
results were found in summer after mutual adjustment for seasonal outdoor walking (0.67 (0.43-
1.03), Supplementary materials, Table S3). HRs in the second highest category (1-2 h/day) of seasonal
outdoor walking tended to be different from the HRs in the highest category (>2 h/day) (Table 4), and
this was most evident for outdoor walking in winter in the mutually adjusted analyses

(Supplementary materials, Table S3).

Table 4 Hazard ratios (HRs) and 95% confidence intervals (7'<) / ~r seasonal outdoor walking and
seasonal physical activities® and melanoma risk, Norwegiar, ‘**’omen and Cancer study, 1991-2018.
min=minutes, h=hours, PA=physical activity, ° Seasonal P#5 1 .fers to the sum of time (in minutes/day) spent
cycling, jogging and gardening, in each season, ® Mode! 0: Cun proportional hazards regression stratified by
year of recruitment, and with age as time scale, “ Mor el 1: model 0 + education, smoking status and body mass

index, 4 Model 2: model 1 + indoor tanning, hair colo. -, ambient ultraviolet radiation of residence and height.

Seasonal outdoor walking (pei dy, Seasonal PAs (per day)
<50
Models <30 min 30-60 .. 1-2h >2 h 50-89.9 min 290 min
min
Summer, n=90,868, 877 . “ses Summer, n=26,811, 245 cases
0.77
b 0.90 (0.63-  1.09 (0.80-
Model 0" 1.01(0.82-1.24, .1.00 0.97 (0.82-1.13) (0.62- 1.00
1.30) 1.49)
0.95)
0.78
. 0.88 (0.61- 1.08(0.79-
Model1© 1.02 (0.83-1.26) 1.00 0.97 (0.83-1.13) (0.63- 1.00
1.26) 1.48)
0.96)
0.81
4 0.89 (0.62- 1.09 (0.80-
Model 2° 1.01(0.83-1.25) 1.00 0.99 (0.84-1.15) (0.66- 1.00
1.27) 1.49)
1.00)
Autumn, n=90,772, 876 cases Autumn, n=25,100, 233 cases
0.68
b 1.21(0.88- 1.17 (0.86-
Model 0" 0.99(0.84-1.17) 1.00 1.05(0.89-1.23) (0.51- 1.00

1.68) 1.59)
0.92)



Model 1°

Model 2°

Model 0°

Model 1¢

Model 2°

Model 0°

Model 1¢

Model 2°

1.00 (0.85-1.19) 1.00

1.00 (0.84-1.18) 1.00

Winter, n=91,025, 876 cases

0.92 (0.80-1.06) 1.00

0.93 (0.81-1.07) 1.00

0.93 (0.81-1.08) 1.00

Spring, n=90,750, 876 cases

0.93 (0.78-1.12) 1.00

0.95(0.79-1.13) 1.00

0.96 (0.80-1.15) 1.1

1.05 (0.89-1.24)

1.07 (0.91-1.27)

1.15 (0.93-1.42)

1.16 (0.93-1.43)

1.17 (0.94-1.44)

0.97 0.87-1.14)

€ 97 (0.83-1.15)

0.99 (0.84-1.16)

0.70
(0.52-
0.94)
0.74
(0.55-
1.01)

0.59
(0.34-
1.03)
0.60
(0.34-
1.04)
0.62
(752

10,0

0.81
(0.61-
1.07)
0.82
(0.62-
1.09)
0.84
(0.63-
1.11)

Seasonal PAs were not significantly associated with melanoma

Supplementary materials, Table S3)).

1.19 (0.86-
1.00
1.64)

1.18 (0.85-
1.62)

1.00

1.18 (0.87-
1.60)

1.17 (0.86-
1.59)

Winter, n=22,179, 199 cases

0.99 (0.67-
1.00
1.47)

0.97 (0.65-
1,00
1.43)

0.98 (0.66-
1.45)

1.00

1.15 (0.70-
1.90)

1.15 (0.69-
1.90)

1.10 (0.67-
1.82)

Spring, n=26,264, 241 cases

1.10 (0.78-
1.00
1.55)

1.06 (0.75-
1.00
1.50)

1.06 (0.75-
1.00
1.50)

risk in any models (Table 4;

1.04 (0.77-
1.42)

1.04 (0.76-
1.43)

1.04 (0.76-
1.42)

Sensitivity analysis adjusting for sunbathing and sunburns gave similar results for the three PA

assessments (Supplementary materials, Tables S4 and S5).

4. Discussion

We investigated the associations between PA, patterns and level of UVR exposure and melanoma risk

in a large Norwegian prospective female cohort with comprehensive data on UVR exposure and up to

three assessments of PA: overall PA, seasonal outdoor walking and seasonal PAs. Compared to



moderate overall PA, very high PA was associated with reduced odds of sunburns and increased odds
of indoor tanning while very low PA was associated with decreased odds of ever been on sunbathing
vacation. Overall PA was not associated with melanoma risk in all body sites combined, nor in specific
parts of the body, except a reduced risk in upper limb melanomas. Walking outdoor in summer and
autumn for >2 h/day was associated with decreased melanoma risk compared to 30-60 min/day, but
these associations were weaker after adjusting for UVR exposure. No significant associations were

found between seasonal PAs and melanoma risk.

The inverse association between PA and sunburns in our study differs from findings from countries
with other climates, where PA was associated with increased risk of sunburns (32-35). Moreover,
these studies reported decreased risk of experiencing sunburns with o.-reasing age, and less
sunburns in women than men (32, 33, 35). Inadequate sun protect 'on k zhavior have been reported
by athletes who train outdoors, and thus are more susceptible -o ex seriencing sunburns (36, 37). As
NOWAC includes women living at northern latitudes, older an.' likely less active than the participants
in Jardine et al. and Gilchrist et al., our participants may bc les, prone to sunburns. However, we
found positive association between PA and sunbathi.g vacations (except for very high PA) which has
also been reported in a study of Swedish women =geu *J-61 (38). The higher use of indoor tanning
devices found in physically active Swedish wome 1 (38) and in a recent review (39) is in line with our
results. Physically active women may have more concerns about their body image than inactive
women (40) and in pursuit of attractiver..-s, .1\ey may tend to use indoor tanning devices despite the

risk of negative health consequences (11,

Two previous Norwegian cohort 5'idies did also not find association between PA and melanoma risk
(11, 12). Similar results, indicc*ing 1.0 association between PA and melanoma risk were reported in
case-control studies from ' Vast.'ngton State (13) and the Montreal area (men only) (14). However, no
consensus has been estabn_hed. A Greek case-control study found protective effect of PA on
melanoma risk (OR=0.70, 95% CI (0.51-0.94), per 30 minutes/day) (10). On the contrary, occupational
PA was associated with increased odds of melanoma (OR=1.59, 95% CI (1.10-2.47), 5™ versus 1%
quintile) in a Canadian study (8). More recently, a meta-analysis of three cohort and five case-control
studies, found positive association in the cohort studies (relative risk=1.27, 95% Cl (1.16-1.40), high
versus low PA) but no association in the case-control studies (9). In a pooled study of eight American
and four European cohorts, PA was positively associated with melanoma (HR=1.27, 95% CI (1.16-

1.40), 90" versus 10™ percentile) with stronger association in high UVR areas (4).

Among previous studies of PA and melanoma risk, some adjusted for individual UVR exposure (8, 13),
some for UVR of residence (11), but most did not have such adjustments (4, 9, 10, 12, 14). Studies

also differed as regards PA type (recreational, occupational or a combination) and also age, sex, and



education level of participants, which alter PA habits and UVR-related behaviors (33, 38, 42, 43).
Moreover, some adjusted for sun sensitivity (10, 13) while the majority did not (4, 8, 9, 11, 12, 14).
Based on our DAG, we did not adjust for sunburns and sunbathing vacations as we assumed they are
mediators on the pathway from PA to melanoma risk. In our analyses of overall PA and seasonal PAs,
adjusting for indoor tanning, ambient UVR of residence and sun sensibility, did not change the
results. An explanation might be that overall PA and seasonal PAs (running/exercising, cycling and
gardening) referred to both indoor and outdoor activities, while seasonal outdoor walking referred
exclusively to outdoor PA. In that case, for whichever season, the inverse association between
seasonal outdoor walking and melanoma risk was always weaker when further adjusting for UVR

exposure and tended to go towards the null.

We excluded participants diagnosed with melanoma or SCC prior t.> baseline as their UVR exposure
might have changed after diagnosis (44) and they have higher 1 'sk o developing melanoma as a
second cancer than the general population (45). We found <im.'ar results in a sensitivity analyses
including participants with SCC diagnosis before baseline a. 1 ‘without censoring participants at SCC
diagnosis. PA has been reported to improve well-bei.ig and survival after cancer diagnosis and to
reduce relapse (46), especially for breast (47), co!- reciai (48) and prostate cancer (49). Our analysis
excluded participants diagnosed with anoth r ce.acer type before baseline and censored at the
incidence of another cancer type during “ollow-uy, since their level of PA might have changed after

the cancer diagnosis.

Our study is population based and ~2pre._zntative of Norwegian women aged 30-75 years (18). In
addition to the large cohort, a maj. * strength is the use of comprehensive data on solar and artificial
UVR exposure. Overall PA was meesured at recruitment with up to two follow-ups, which allowed us
to conduct time-dependen - anz.iysis. Major limitations of this study are the inability to differentiate
indoor and outdoor PA, ana the lack of information on sun protection (use of clothing, shade or
sunscreen use) during outdoor PA and other unmeasured confounding factors that might alter our
results. However, unmeasured mediating factors such as DNA capacity repair, are not affecting the
estimate of the total effect of PA. Our analysis of outdoor PA was limited to walking and strolling
which did not represent the total amount of outdoor PA. Further studies including other outdoor
activities such as running, cycling, kayaking, skiing, etc. are needed to better understand the link
between outdoor PA, UVR exposure and melanoma risk. Misclassification of exposures, inevitable in
epidemiologic studies, is likely non-differential in a cohort study. Overall PA was reported with a 10-
point scale where participants were asked to report the number that best describes their level of PA.
Such a scale may be interpreted differently by each woman and the actual activity level of women

within the same class on the scale might differ. However, this scale has being validated to rank PA



levels in the Norwegian female population (17), and is therefore considered a suitable measure to
differentiate overall PA levels in our study. The NOWAC study includes only women and cannot be
generalized to men. Compared to men, women are less physically active (42) and less prone to
sunburns (33, 38), use more indoor tanning (43) and have a lower age-standardized melanoma
specific mortality (50). However, previous studies of melanoma risk did not test for interaction

between PA and gender.
5. Conclusion

In summary, overall PA was associated with UVR exposure: positively with sunbathing vacations and
indoor tanning and, unlike literature findings, inversely with sunburt s Importantly, these
prospective data do not support that PA increases melanoma risk i~. ..an.2n. In order to reduce
melanoma incidence, public health messages promoting PA sho’:!4 1,._iude advice on sun safety

during outdoor PA.

Funding

This work was supported by the Norwegian Cance " S. ciecy (project 197975, F Perrier) and the
Institute of Basic Medical Sciences, Universit' ot Jslo (S Lergenmuller). The funding source had no
role in the design and conduct of the study; con.<tion, management, analysis, and interpretation of
the data; preparation, review, or approval o, the manuscript; and decision to submit the manuscript

for publication.

Ethics approval and consent to p.. “ticipate

The participants of the Norwe_ian Women and Cancer Study have all signhed a broad informed
consent to study risk facto s an/| cancer, and the cohort has been approved by the local Medical
Ethical Committee and the\ ational Data Inspection Board. This project received only anonymous

data.

Author contributions

Conceptualization: all authors

Data curation: FP, RG, SL, KBB, TMS, CSR, MBV
Formal analysis: FP

Funding acquisition: MBV

Investigation: TMS

Methodology: all authors

Project administration: MBV



Resources: TMS, MBV
Software: FP, RG, SL, CSR
Supervision: all authors
Visualization: all authors
Roles/Writing - original draft: FP

Writing - review & editing: all authors

Disclaimer

Where authors are identified as personnel of the International Agency for Research on Cancer /
World Health Organization, the authors alone are responsible for thr views expressed in this article
and they do not necessarily represent the decisions, policy or views ~f 1.~ International Agency for

Research on Cancer / World Health Organization.

Acknowledgements
The authors are grateful to all the women who participatc 1 in .he NOWAC cohort and without whom

this work would not have been possible.

Declaration of interests

The authors declare that they have no known cu Mpeting financial interests or personal relationships

that could have appeared to influence th~ w *k reported in this paper.

The authors declare the following firiarcial interests/personal relationships which may be considered

as potential competing interests:

Supplementary data

Supplementary material

References

1. Whiteman DC, Green AC, Olsen CM. The Growing Burden of Invasive Melanoma: Projections
of Incidence Rates and Numbers of New Cases in Six Susceptible Populations through 2031. Journal
of Investigative Dermatology. 2016;136(6):1161-71.

2. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Pifieros M, et al. Global Cancer Observatory:
Cancer Today. International Agency for Research on Cancer2020. p. Available from:

https://gco.iarc.fr/today, accessed on 08/2/2021.



3. Rezende LFM, Sa TH, Markozannes G, Rey-Lopez JP, Lee IM, Tsilidis KK, et al. Physical activity
and cancer: an umbrella review of the literature including 22 major anatomical sites and 770 000
cancer cases. BrJ Sports Med. 2018;52(13):826-33.

4, Moore SC, Lee IM, Weiderpass E, Campbell PT, Sampson JN, Kitahara CM, et al. Association of
Leisure-Time Physical Activity With Risk of 26 Types of Cancer in 1.44 Million Adults. JAMA Intern
Med. 2016;176(6):816-25.

5. World Cancer Research Fund., American Institute for Cancer Research. Continuous Update
Project Expert Report 2018. Physical activity and the risk of cancer. . 2018. p. Available at
https://www.wcrf.org/dietandcancer.

6. World Cancer Research Fund., Research AIfC. Continuous Uy *4te Project. Diet, Nutrition,
Physical Activity and the Prevention of Cancer. Summary of evider :e. . 918. p. Available at:
www.wcrf.org/matrix, accesssed on 31/01/2020.

7. Wild CP, Weiderpass E, Stewart BW. World Cancer R>nort: Cancer Research for Cancer
Prevention. Lyon, France: International Agency for Resea“~h o, Cancer.2020.

8. Lee TK, MacArthur AC, Gallagher RP, Elwood MJ. Occupational physical activity and risk of
malignant melanoma: the Western Canada Melannr, « Study. Melanoma Res. 2009;19(4):260-6.

9. Behrens G, Niedermaier T, Berneburs v, Scri.nid D, Leitzmann MF. Physical activity,
cardiorespiratory fitness and risk of cutaneous .nalignant melanoma: Systematic review and meta-
analysis. PLoS One. 2018;13(10):e0206087.

10. Gogas H, Trakatelli M, Dessypris '\, "erzidis A, Katsambas A, Chrousos GP, et al. Melanoma
risk in association with serum leptir, 'avels and lifestyle parameters: a case-control study. Ann Oncol.
2008;19(2):384-9.

11. Veierod MB, Thelle NS, .~~ke P. Diet and risk of cutaneous malignant melanoma: a
prospective study of 57,75, Ne,wegian men and women. Int J Cancer. 1997;71(4):600-4.

12. Robsahm TE, Falk R¢, Heir T, Sandvik L, Vos L, Erikssen J, et al. Cardiorespiratory fitness and
risk of site-specific cancers: a long-term prospective cohort study. Cancer Med. 2017;6(4):865-73.
13. Shors AR, Solomon C, McTiernan A, White E. Melanoma risk in relation to height, weight, and
exercise (United States). Cancer Causes Control. 2001;12(7):599-606.

14. Parent ME, Rousseau MC, El-Zein M, Latreille B, Desy M, Siemiatycki J. Occupational and
recreational physical activity during adult life and the risk of cancer among men. Cancer Epidemiol.
2011;35(2):151-9.

15. Arnold M, de Vries E, Whiteman DC, Jemal A, Bray F, Parkin DM, et al. Global burden of
cutaneous melanoma attributable to ultraviolet radiation in 2012. Int J Cancer. 2018;143(6):1305-14.
16. Lund E, Dumeaux V, Braaten T, Hjartaker A, Engeset D, Skeie G, et al. Cohort profile: The
Norwegian Women and Cancer Study--NOWAC--Kvinner og kreft. Int J Epidemiol. 2008;37(1):36-41.



17. Borch KB, Ekelund U, Brage S, Lund E. Criterion validity of a 10-category scale for ranking
physical activity in Norwegian women. Int J Behav Nutr Phys Act. 2012;9:2.

18. Lund E, Kumle M, Braaten T, Hjartaker A, Bakken K, Eggen E, et al. External validity in a
population-based national prospective study--the Norwegian Women and Cancer Study (NOWAC).
Cancer Causes Control. 2003;14(10):1001-8.

19. Borch KB, Lund E, Braaten T, Weiderpass E. Physical activity and the risk of postmenopausal
breast cancer - the Norwegian Women and Cancer Study. J Negat Results Biomed. 2014;13:3.

20. World Health Organization. WHO Guidelines Approved by the Guidelines Review Committee.
Global Recommendations on Physical Activity for Health. Geneva: World Health Organization,
Copyright (c) World Health Organization 2010.; 2010.

21. Veierod MB, Weiderpass E, Thorn M, Hansson J, Lund E, Armsu. ang B, et al. A prospective
study of pigmentation, sun exposure, and risk of cutaneous ma'igr. nt melanoma in women. Journal
of the National Cancer Institute. 2003;95(20):1530-8.

22. Veierod MB, Parr CL, Lund E, Hjartaker A. Reprod: cibii ty of self-reported melanoma risk
factors in a large cohort study of Norwegian women. Me'anon.a Res. 2008;18(1):1-9.

23. Ghiasvand R, Rueegg CS, Weiderpass E, Gr=e- A(, Lund E, Veierod MB. Indoor Tanning and
Melanoma Risk: Long-Term Evidence From a " ro ‘pective Population-Based Cohort Study. Am J
Epidemiol. 2017;185(3):147-56.

24, World Health Organization. Obesity. nreventing and managing the global epidemic. Report of
a WHO consultation. World Health Orgar Te:ch Rep Ser. 2000;894:i-xii, 1-253.

25. Edvardsen K, Veiergd MB, b. '1stad M, Braaten T, Engelsen O, Lund E. Vitamin D-effective
solar UV radiation, dietary vitan.in L and breast cancer risk. International Journal of Cancer.
2011;128(6):1425-33.

26. Lergenmuller &, =h.o<vund R, Robsahm TE, Green AC, Lund E, Rueegg CS, et al. Association of
Lifetime Indoor Tanning anr Subsequent Risk of Cutaneous Squamous Cell Carcinoma. JAMA
Dermatol. 2019:1-9.

27. The Norwegian Tax Administration. National identity number 2020 [Available from:
https://www.skatteetaten.no/en/person/foreign/norwegian-identification-number/national-
identity-number/.

28. Cancer Registry of Norway. Cancer in Norway 2018 - Cancer incidence, mortality, survival and
prevalence in Norway. Oslo: Cancer Registry of Norway; 2019.

29. Gran JM, Stigum H, Haberg SE, Aalen OO. Causal Inference. Oslo, Norway: Gyldendal
Akademisk; 2012.

30. Hastie TJ. Chapter 7 of Statistical Models in S. In: Chambers JM, Hastie TJ, editors.
Generalized additive models: Wadsworth \& Brooks/Cole; 1992.



31. Oyeyemi SO, Braaten T, Licaj |, Lund E, Benjaminsen Borch K. Physical activity patterns and
the risk of colorectal cancer in the Norwegian Women and Cancer study: a population-based
prospective study. BMC cancer. 2018;18(1):1216.

32. Jardine A, Bright M, Knight L, Perina H, Vardon P, Harper C. Does physical activity increase the
risk of unsafe sun exposure? Health Promot J Austr. 2012;23(1):52-7.

33. Gilchrist JD, Morris KL, Dwyer LA, Conroy DE. Patterns of sun safety behaviors in parents:
Associations with physical activity, sedentary behavior, and access to neighborhood physical activity
resources. Prev Med. 2020;132:105976.

34, Holman DM, Ding H, Guy GP, Jr, Watson M, Hartman AM, Perna FM. Prevalence of Sun
Protection Use and Sunburn and Association of Demographic and Be !~ aviorial Characteristics With
Sunburn Among US Adults. JAMA Dermatology. 2018;154(5):561-2.

35. Green AC, Marquart L, Clemens SL, Harper CM, O'Rourl e +.’. Frequency of sunburn in
Queensland adults: still a burning issue. Med J Aust. 2013;1¢(8):431-4.

36. Duarte AF, Nagore E, Silva JNM, Picoto A, Pereira ‘\C, Carreia OJC. Sun protection behaviour
and skin cancer literacy among outdoor runners. Eur J De rmatcl. 2018;28(6):803-8.

37. Wolf ST, Kenney LE, Kenney WL. Ultraviolet ,> «di-.tion Exposure, Risk, and Protection in
Military and Outdoor Athletes. Current Sport-. ivi xdic.ne Reports. 2020;19(4):137-41.

38. Scragg R, Sandin S, Lof M, Adami HO, v. ~iderpass E. Associations between sun exposure and
other lifestyle variables in Swedish women. “ancer Causes Control. 2017;28(9):985-96.

39. Heckman CJ, Manning M. The rel ationship between indoor tanning and body mass index,
physical activity, or dietary practice_" a systematic review. J Behav Med. 2019;42(2):188-203.

40. Berczik K, Szabé A, Griff.*hs [ 4D, Kurimay T, Kun B, Urbdn R, et al. Exercise Addiction:
Symptoms, Diagnosis, Epidemic. >y, and Etiology. Substance Use & Misuse. 2012;47(4):403-17.

41. Knight JM, Kirir..ich AN Farmer ER, Hood AF. Awareness of the risks of tanning lamps does
not influence behavior amo ig college students. Arch Dermatol. 2002;138(10):1311-5.

42. Azevedo MR, Araujo CLP, Reichert FF, Siqueira FV, da Silva MC, Hallal PC. Gender differences
in leisure-time physical activity. Int J Public Health. 2007;52(1):8-15.

43, Suppa M, Gandini S, Bulliard JL, Daxhelet M, Zamagni M, Forsea AM, et al. Who, why, where:
an overview of determinants of sunbed use in Europe. J Eur Acad Dermatol Venereol. 2019;33 Suppl
2:6-12.

44, Falk M, Faresjo A, Faresjo T. Sun exposure habits and health risk-related behaviours among
individuals with previous history of skin cancer. Anticancer Res. 2013;33(2):631-8.

45, Robsahm T, Karagas M, Rees J, Syse A. New malignancies after squamous cell carcinoma and

melanomas: A population-based study from Norway. BMC cancer. 2014;14:210.



46. Thomas RJ, Holm M, Adhami AA. Physical activity after cancer: an evidence review of the
international literature. British Journal of Medical Practitioners. 2014;7:16+.

47. Johnsson A, Broberg P, Kriiger U, Johnsson A, Tornberg A B, Olsson H. Physical activity and
survival following breast cancer. Eur J Cancer Care (Engl). 2019;28(4):e13037.

48. Eyl RE, Xie K, Koch-Gallenkamp L, Brenner H, Arndt V. Quality of life and physical activity in
long-term (=5 years post-diagnosis) colorectal cancer survivors - systematic review. Health Qual Life
Outcomes. 2018;16(1):112.

49, Bonn SE, Sjolander A, Lagerros YT, Wiklund F, Stattin P, Holmberg E, et al. Physical activity
and survival among men diagnosed with prostate cancer. Cancer Epidemiol Biomarkers Prev.
2015;24(1):57-64.

50. Yang DD, Salciccioli JD, Marshall DC, Sheri A, Shalhoub J. Trana. in malignant melanoma

mortality in 31 countries from 1985 to 2015. Br J Dermatol. 2020.

Highlights
. Recent studies found positive associatic.i, etween PA and risk of cutaneous melanoma
. Large population based cohort repre-=ntauve of Norwegian women aged 30-75 years
. Physically active women report :d I ss sunburns and more indoor tanning use
. Overall physical activity did ~ot increase risk of cutaneous melanoma

. Walking outdoor more tha 1, “/aay in summer and autumn decreased melanoma risk



