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ORIGINAL REPORT

SIGNIFICANCE
Naevi, fair complexion, and a tendency to sunburn are 
well-known risk factors for melanoma, but have been less 
studied as prognostic factors. This population-based cohort 
study among women with primary invasive melanomas 
>1.0 mm thick suggests a higher risk of melanoma death 
among women with darker vs lighter hair, eye and skin 
colour, higher pigmentary score, and milder skin reaction 
to acute sun exposure. The results also indicate an interac-
tion effect, with poorer survival in darker individuals with 
asymmetrical nevi >5 mm. More research is needed to un-
derstand the differential diagnostic outcomes among those 
with and without traditional melanoma risk factors.

Nevus Count, Pigmentary Characteristics, and Melanoma-specific 
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Little is known about if and how nevi and pigmenta-
tion are associated with melanoma-specific mortality. 
However, increased melanoma awareness in people 
with lighter pigmentation and many nevi may result 
in earlier diagnosis of thinner less-lethal tumors. The 
aim of this study was to investigate associations bet-
ween nevus count (asymmetrical > 5 mm and small 
symmetrical), pigmentary characteristics (hair co-
lour, eye colour, skin colour, freckling, pigmentary 
score), and melanoma-specific mortality in subjects 
with melanomas > 1 mm. Data from the Norwegian 
Women and Cancer cohort, established in 1991, with 
complete follow-up of melanoma patients until 2018 
through the Cancer Registry of Norway, were used to 
estimate hazard ratios with 95% confidence intervals 
for the associations between nevus count, pigmen-
tary characteristics, and melanoma-specific mortality, 
stratified by tumor thickness using Cox regression. 
Estimated hazard ratios consistently indicated a high
er risk of melanoma death for those with darker vs 
lighter pigmentary characteristics in patients with 
tumors > 1.0–2.0 mm and > 2.0 mm thick (e.g. pig-
mentary score hazard ratio 1.25, 95% confidence inter-
val (0.74–2.13)). Among women with melanomas > 1.0 
mm thick, lighter pigmentation and asymmetrical nevi 
may be associated with lower melanoma-specific mor-
tality, suggesting that factors that increase the risk of 
melanoma may also be associated with decreased risk 
of death from melanoma. 

Key words: awareness; epidemiology; neoplasms; nevus; 
melanoma; mortality; pigmentation. 
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Naevi, fair complexion, and inability to tan are well-
known host risk factors for melanoma (1). However, 

less is known about whether nevi and pigmentation are 

associated with melanoma prognosis and, if so, the me-
chanisms that might drive these associations. Given that 
both nevi and pigmentation are genetically determined 
(1, 2), highly correlated (3), and strong risk factors for 
melanoma, some studies propose that there may be 
biological associations between nevi, pigmentation, 
and melanoma mortality (4, 5). However, the results are 
limited and mixed. Three studies have found associations 
between high nevus count and lower melanoma-specific 
mortality (6–8). However, others have found associations 
between high nevus count and poor melanoma prognosis 
(9), particularly in men (10). Similarly, with pigmenta-
tion, some studies have suggested associations in both 
directions with prognostic factors (11, 12), while others 
have suggested no association with melanoma-specific 
mortality (13, 14). 

The association between nevi, pigmentation, and 
melanoma-specific mortality may be confounded by 
awareness and screening. Skin self-examination (SSE) 
and melanoma awareness may be associated with lower 
melanoma-specific mortality (15, 16). Given that SSE is 
often recommended for people with many nevi, increased 
awareness may result in an earlier stage at diagnosis (17) 
and improved survival. Similarly, both freckling and red/
blonde hair colour and, by association, poor tanning abi-
lity (1), are associated with increased melanoma aware-
ness in women (18), which may affect survival outcomes. 
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Higher levels of education are also associated with both 
SSE (19) and lower melanoma-specific mortality (20). 
However, the extent to which this increased awareness 
and screening affect melanoma-specific mortality is un-
clear, with some studies reporting no associations (21). 

Current findings regarding associations between nevi, 
pigmentary characteristics, and melanoma prognosis 
come primarily from studies in case subjects from case-
control studies (13–15), or studies focusing on associa-
tions with well-established prognostic factors (11, 22, 23) 
rather than melanoma-specific mortality. In addition, few 
studies have differentiated between the role of common 
nevi and atypical nevi in melanoma-specific mortality. 
Given that melanoma awareness may improve melanoma 
outcomes through the diagnosis of thinner tumors, and 
that there is a low rate of survival in patients with mela-
noma diagnosed with tumurs > 1.0 mm, the focus should 
be on factors that affect melanoma-specific mortality 
among those diagnosed with tumurs > 1.0 mm, in order 
to reduce the possible influence of non-biological factors.

The aim of this study was to investigate associations 
between common and atypical nevus counts, pigmentary 
characteristics, and melanoma-specific mortality among 
women diagnosed with melanoma > 1.0 mm, using data 
from the Norwegian Women and Cancer (NOWAC) 
study, a prospective population-based cohort containing 
detailed information on individual host and lifestyle 
factors. 

MATERIALS AND METHODS

The NOWAC cohort 

NOWAC was established in 1991. Between 1991 and 2007 over 
300,000 women aged 30–75 years, randomly selected from the 
Norwegian National Population register, were sent invitation 
letters (24). More than 172,000 women (response 54%) answer
ed the baseline questionnaire. Participants received follow-up 
questionnaires every 4–6 years (80% response first follow-up, 
79% response second follow-up). Details of NOWAC are pu-
blished elsewhere (24). Unique personal identification numbers 
of Norwegian citizens link NOWAC to the Cancer Registry of 
Norway (CRN), the Norwegian Melanoma Registry (NMR), and 
the Norwegian Cause of Death Registry. This linkage provides 
complete and high-quality data on cancer diagnoses and death 
(25) until 31 December 2018. 

All participants provided written informed consent, and data 
handling followed relevant ethics guidelines and regulations. The 
study was approved by the Regional Committees for Medical and 
Health Research Ethics of Northern Norway (2021/252094/REK 
Nord) and the Norwegian Center for Research Data (2021/147992).

Pigmentary characteristics

Participants reported hair colour, eye colour, untanned skin co-
lour (using a 1×9-cm colour scale graded from 1 (very fair) to 10 
(dark brown)), and whether they freckled when sunbathing. Skin 
colour was categorized as very dark (grades 9–10), darker (grades 
6–8), medium (grades 4–5), or light (grades 1–3). A combined 
pigmentary score was constructed by summing values of skin 
colour (darker = 0, medium = 1, light = 2), eye colour (brown = 0, 

grey/green/mixed = 1, blue = 2), hair colour (dark brown/black = 0, 
brown = 1, blonde/yellow = 2, red = 3), and freckling (no = 0, 
yes = 1) and categorized as darker (score < 3), medium (scores 
3–5) and fair (scores 6–8) (11). Participants reported number of 
asymmetrical nevi > 5 mm on their arms (armpit to fingers) or legs 
(groin to toes) (categorized as 0, 1, ≥ 2, and 0, ≥ 1, respectively). A 
colour brochure with pictures showing examples of asymmetrical 
nevi was provided to increase self-reported accuracy. A subsample 
of women reported their skin’s reaction to acute (brown, red, red 
with pain, red with pain and blisters) and chronic (deep brown, 
brown, light brown, never brown) sun exposure, and the number 
of small symmetrical nevi on their arms or legs (categorized as 0, 
1–10, 11–50, ≥ 51 and ≤ 10, > 10). Over the course of NOWAC, 
the questionnaire has been modified, and thus not all women were 
asked all questions regarding pigmentation and nevi. Reproducibi-
lity has been studied for freckling when sunbathing (kappa = 0.77), 
small symmetrical nevi on arms (weighted kappa = 0.65), and the 
skin colour scale (interclass correlation coefficient = 0.59) (26).

Histopathological melanoma variables

Data on melanoma diagnoses were categorized according to the 
International Classification of Diseases, 7th Revision (27): head/
neck (190.0), trunk (190.1/190.7), upper limbs (190.2), lower limbs 
(190.3/190.4), other (190.5/190.6/190.8), and skin not otherwise 
specified (190.9). Histological subtype of each tumor was cate-
gorized as superficial spreading melanoma (SSM; 8743), nodular 
melanoma (NM; 8721), lentigo maligna melanoma (LMM; 8742), 
other (8000; 8722; 8730; 8740; 8744; 8745; 8770; 8772), and 
melanoma unspecified (8720), according to the International Clas-
sification of Diseases, 3rd Edition (28). In 2008 the CRN established 
the NMR, which provided data on tumor thickness. For melanoma 
cases before 2008, tumor thickness was extracted manually from 
histopathological reports by experienced registrars at the CRN. 
The 8th Edition of the American Joint Committee on Cancer (29) 
was used to categorize melanoma thickness: T1: ≤ 1.0 mm, T2: 
> 1.0–2.0 mm, T3: > 2.0–4.0 mm, and T4: > 4.0 mm, or unknown 
if tumor thickness was not recorded. The CRN provided informa-
tion on clinical stage at diagnosis: local disease (no metastases), 
regional metastasis (metastases in regional lymph nodes, satellites, 
and in-transit metastases), and distant metastasis (organ metastases 
and non-regional lymph node metastases). Data on sentinel lymph 
node involvement and ulceration status were not available. 

Other variables

Region of residence at baseline was categorized as: northern 
Norway, central Norway, southwestern Norway, and southeastern 
Norway. Participants also recorded their years of education (≤ 10, 
11–13, or ≥ 14 years) at baseline. 

Study sample

Of the 172,472 women who completed and returned the questionn-
aire, 2,728 were diagnosed with a primary invasive melanoma. 
Exclusion criteria were: women with very dark skin (n = 1), those 
diagnosed with melanoma before study inclusion (n = 824), and 
non-histologically verified diagnoses (n = 1). The remaining 1,902 
women answered at least 1 question about hair colour, eye colour, 
skin colour, freckles, or nevi. 

Previous findings in NOWAC suggest that fair pigmentation is 
associated with thinner melanomas, citing increased melanoma 
awareness (11). To account for awareness, measured by earlier 
diagnosis and thinner tumors, the analyses were performed based 
on women diagnosed with melanoma > 1 mm measured thickness, 
and these were stratified by tumor thickness: intermediate thick-
ness (> 1.0–2.0 mm) and “thick” (> 2.0 mm).

http://medicaljournalssweden.se/actadv
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Statistical analysis

Person-years of follow-up were calculated from date of diagnosis 
to death, emigration, or end of follow-up, whichever came first. 
Death from melanoma was the primary endpoint, and deaths 
from other causes were treated as censored observations. Cox 
proportional hazards regression, stratified by birth cohort, and with 
time since diagnosis as the time scale, was used to estimate cause-
specific hazard ratios (HRs) and confidence intervals (CIs). The 
proportional hazards assumption was checked using Schoenfeld 
residuals. Adjustments were determined based on assumptions 
illustrated in a directed acyclic graph (Fig. 1). Since none of the 
covariates recorded in NOWAC can cause pigmentation, there 
were no observed confounders for pigmentation. Adjustment 
for pigmentation was necessary (Fig. 1) for nevi variables; the 
study adjusted for hair colour as it has been consistently found 
to be the strongest pigmentary characteristic associated with 
melanoma in NOWAC and can be representative of sensitivity 
to ultraviolet (UV) radiation (30). As the study conditioned on 
a melanoma diagnosis, it also adjusted for variables believed to 
affect both melanoma diagnosis and death (Z in Fig. 1). Three 
models were created: model 0: univariable; model 1: model 0 
plus age at diagnosis, education, and region of residence. As both 
pigmentation and nevus count may be associated with prognostic 
tumor characteristics (11, 22, 23), relationships might be partly 
explained by associations with tumor characteristics. Thus, we 
created model 2, which is model 1 plus tumor characteristics 
(anatomical site, histological subtype, and clinical stage). As the 
study included few participants with darker features, the fairest 

features were used as the reference for all variables, except for 
nevi variables where the lowest numerical category was used as 
the reference. Supplemental analyses using the models above were 
also performed in participants with tumors < 1.0 mm as well as 
using all-cause mortality and other cause mortality as endpoints. 

Given that NMs account for a large proportion of thick tumors 
and a majority of melanoma deaths (excluding unspecified mela-
noma type), analyses were also conducted stratified by subtype on 
tumors > 1 mm (collapsing thick and thicker tumors). In addition, 
as prevalence of nevi differs by pigmentation (3), stratified analys
es were conducted by number of asymmetrical nevi > 5 mm on 
tumors > 1 mm (collapsing thick and thicker tumors). Interactions 
between pigmentation variables and asymmetrical nevi > 5 mm 
were tested using a likelihood ratio test. Categories were collapsed 
in some variables to improve asymptotic approximations in the 
analysis. Sensitivity analyses including only women with localiz
ed melanoma did not change the results (results not shown). In 
addition to complete-case analyses, missing values, ranging from 
5% to 24%, among nevi variables, pigmentary variables, tumor 
thickness, and education were imputed using multiple imputation 
with chained equations with 40 imputed datasets using additional 
patient demographics and available histopathological melanoma 
variables. Given that tumor thickness is a good predictor of clinical 
stage, likelihood of metastasis increases with increasing tumor 
thickness (31), 32 participants with missing tumor thickness 
and regional or distant metastasis were classified as having thick 
tumors (> 2 mm) before multiple imputation. 

Statistical analysis was performed using the R programming 
language and software environment (R version 4.0.4 (2021-02-15); 
The R Foundation for Statistical Computing, Vienna, Austria). All 
tests were 2-sided with a 5% significance level.

RESULTS

During a mean follow-up of 7.6 (< 1–27.5) years, 15.1% 
(n = 288) of the 1,902 women died, including 8.4% 
(n = 159) due to melanoma. The women were in the age 
range 33.7–91.3 years at diagnosis (mean 62.4 years). 
Those with thick tumors tended to be older at diagnosis, 
had a shorter follow-up, and had the highest proportion of 
deaths due to melanoma (Table I). Those with thick tumors 
were proportionally the least educated. Those with thin 
(≤ 1 mm) tumors had marginally fairer pigmentation and 
fewer asymmetrical nevi > 5 mm. Those with tumors > 2 
mm had more head and neck tumors compared with those 
with thinner tumors. SSMs made up the largest proportion 
of tumors < 2 mm, while thick tumors were predominantly 
NM. Finally, proportions of regional and distant metastasis 
increased with tumor thickness. 

Results from multiple imputation analyses were com-
patible with complete-case analysis (Table SI). This study 
presents results from the multiple imputation analyses 
based on the multivariable model (model 1). Complete-
case analyses are presented in Tables SIII and SIV. No 
statistically significant associations were found between 
melanoma-specific mortality and hair, eye, and skin 
colour, freckling when sunbathing, pigmentary score, 
asymmetrical nevi > 5 mm, small symmetrical nevi, and 
chronic sun exposure. However, the estimates for hair, 
eye and skin colour, and pigmentary score indicate a 
trend towards a higher risk of melanoma death for those 

Fig. 1. Directed acyclic graphs (DAGs) showing possible causal 
pathways between (a) pigmentation and (b) nevi (exposures of 
interest), other risk factors, and melanoma death (outcome). All 
nodes represent current covariate levels. Melanoma diagnosis includes all 
histopathological variables related to melanoma diagnosis, including Breslow 
thickness, histological subtype, anatomical site, ulceration (unmeasured), 
sentinel lymph node status (unmeasured), and clinical stage. Z represents 
other covariates that are related to both melanoma diagnosis and death 
from melanoma including region of residence, education, and age at 
diagnosis, and Breslow thickness if used as a proxy for early diagnosis and 
awareness. By design, the current study conditions on having melanoma, 
which opens the pathway from the exposure to melanoma death through 
Z. In order to account for this open pathway, we condition on the known, 
measured, Z variables. In the case of nevi, pigmentation is a confounding 
variable, and thus the study must also adjust for pigmentation. Thus, for 
pigmentation, the minimal sufficient set to get the total effect on melanoma 
death among those diagnosed with melanoma would be the variables 
contained in Z (model 1). Similarly, for nevi the study would adjust for the 
Z variables and pigmentation. Treatment is not related to pigmentation or 
nevi in Norway and is not included in this DAG as the study is evaluating the 
total effect. Melanoma diagnosis and stage form the basis for treatment, 
and thus treatment would be a mediator on the pathway from melanoma 
diagnosis to melanoma death.

http://medicaljournalssweden.se/actadv
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Table I. Characteristics of the 1,902 incident histologically verified first primary invasive melanoma cases in the Norwegian Women and Cancer 
cohort (1991 to 2018) stratified by tumor thickness

Thin (≤1.0 mm) 
(n = 1,103)

Intermediate thickness  
(>1.0–2.0 mm)  
(n = 371)

Thick (>2.0 mm) 
(n = 281)

Missing  
(n = 147)

Overall  
(n = 1,902)

Age at diagnosis, years, mean (SD) 62 (8.88) 62.5 (9.02) 64.7 (10.2) 60.5 (9.63) 62.4 (9.23)
Age cohort at diagnosis

< 50 years, n (%) 89 (8.1) 31 (8.4) 17 (6.0) 17 (11.6) 154 (8.1)
50–59 years, n (%) 284 (25.7) 93 (25.1) 55 (19.6) 46 (31.3) 478 (25.1)
60–69 years, n (%) 506 (45.9) 157 (42.3) 127 (45.2) 53 (36.1) 843 (44.3)
≥  70 years, n (%) 224 (20.3) 90 (24.3) 82 (29.2) 31(21.1) 427 (22.5)
Person-years of follow-up, mean (SD) 7.91 (6.35) 7.26 (6.17) 6.27 (5.70) 8.04 (7.26) 7.55 (6.32)

Vital status, n (%)
Alive 1,021 (92.6) 307 (82.7) 189 (67.3) 93 (63.3) 1610 (84.6)
Other death 59 (5.3) 24 (6.5) 33 (11.7) 13 (8.8) 129 (6.8)
Melanoma death 20 (1.8) 390 (10.5) 59 (21.0) 41 (27.9) 159 (8.4)
Emigrated 3 (0.3) 1 (0.3) 0 (0.0) 0 (0.0) 4 (0.2)

Birth cohort, n (%)
1927–1943 201 (18.2) 67 (18.1) 85 (30.2) 38 (25.9) 391 (20.6)
1944–1948 348 (31.6) 128 (34.5) 79 (28.1) 42 (28.6) 597 (31.4)
1949–1953 306 (27.7) 103 (27.8) 74 (26.3) 38 (25.9) 521 (27.4)
1953–1965 248 (22.5) 73 (19.7) 43 (15.3) 29 (19.7) 393 (20.7)

Region of residence, n (%)
South-eastern Norway 584 (52.9) 215 (58.0) 163 (58.0) 87 (59.2) 1049 (55.2)
South-western Norway 247 (22.4) 73 (19.7) 56 (19.9) 26 (17.7) 402 (21.1)
Central Norway 126 (11.4) 44 (11.9) 28 (10.0) 14 (9.5) 212 (11.1)
Northern Norway 146 (13.2) 39 (10.5) 34 (12.1) 20 (13.6) 239 (12.6)

Education, n (%)
≥ 14 years 379 (34.4) 128 (34.5) 75 (26.7) 51 (34.7) 633 (33.3)
11–13 years 347 (31.5) 117 (31.5) 82 (29.2) 40 (27.2) 586 (30.8)
≤ 10 years 325 (29.5) 106 (28.6) 102 (36.3) 53 (36.1) 586 (30.8)
Missing 52 (4.7) 20 (5.4) 22 (7.8) 3 (2.0) 97 (5.1)

Hair colour, n (%)
Blonde/yellow 513 (46.5) 151 (40.7) 142 (50.5) 70 (47.6) 876 (46.1)
Red 84 (7.6) 36 (9.7) 19 (6.8) 5 (3.4) 144 (7.6)
Brown 331 (30.0) 114 (30.7) 69 (24.6) 48 (32.7) 562 (29.5)
Black/dark brown 107 (9.7) 44 (11.9) 32 (11.4) 16 (10.9) 199 (10.5)
Missing 68 (6.2) 26 (7.0) 19 (6.8) 8 (5.4) 121 (6.4)

Eye colour, n (%)
Blue 547 (49.6) 174 (46.9) 137 (48.8) 72 (49.0) 930 (48.9)
Grey/green/mixed 385 (34.9) 140 (37.7) 96 (34.2) 54 (36.7) 675 (35.5)
Brown 101 (9.2) 30 (8.1) 25 (8.9) 13 (8.8) 169 (8.9)
Missing 70 (6.3) 27 (7.3) 23 (8.2) 8 (5.4) 128 (6.7)

Untanned skin colour, n (%)
Lightest 419 (38.0) 137 (36.9) 98 (34.9) 54 (36.7) 708 (37.2)
Medium 333 (30.2) 116 (31.3) 73 (26.0) 45 (30.6) 567 (29.8)
Darker 158 (14.3) 50 (13.5) 38 (13.5) 17 (11.6) 263 (13.8)
Missing 193 (17.5) 6 (18.3) 72 (25.6) 31 (21.1) 364 (19.1)

Freckles when sunbathing, n (%)
Yes 423 (38.4) 139 (37.5) 98 (34.9) 64 (43.5) 724 (38.1)
No 505 (45.8) 169 (45.6) 130 (46.3) 56 (38.1) 860 (45.2)
Missing 175 (15.9) 63 (17.0) 53 (18.9) 27 (18.4) 318 (16.7)

Pigmentary score, n (%)
Fairest 281 (25.5) 88 (23.7) 64 (22.8) 41 (27.9) 474 (24.9)
Medium 479 (43.4) 154 (41.5) 103 (36.7) 57 (38.8) 793 (41.7)
Darker 77 (7.0) 34 (9.2) 23 (8.2) 9 (6.1) 143 (7.5)
Missing 266 (24.1) 95 (25.6) 91 (32.4) 40 (27.2) 492 (25.9)

Asymmetrical nevi >5 mm on arms/legs, n (%)
0 730 (66.2) 240 (64.7) 181 (64.4) 110 (74.8) 1261 (66.3)
1 137 (12.4) 31 (8.4) 29 (10.3) 5 (3.4) 202 (10.6)
≥ 2 126 (11.4) 57 (15.4) 38 (13.5) 22 (15.0) 243 (12.8)
Missing 110 (10.0) 43 (11.6) 33 (11.7) 10 (6.8) 196 (10.3)

Body site, n (%)
Trunk 398 (36.1) 120 (32.3) 98 (34.9) 34 (23.1) 650 (34.2)
Head/neck 83 (7.5) 26 (7.0) 35 (12.5) 15 (10.2) 159 (8.4)
Upper limb 192 (17.4) 68 (18.3) 46 (16.4) 10 (6.8) 316 (16.6)
Lower limb 410 (37.2) 152 (41.0) 100 (35.6) 36 (24.5) 698 (36.7)
Other 20 (1.8) 5 (1.3) 2 (0.7) 52 (35.4) 79 (4.2)

Subtype, n (%)
Superficial spreading melanoma 845 (76.6) 205 (55.3) 67 (23.8) 40 (27.2) 1157 (60.8)
Nodular melanoma 36 (3.3) 89 (24.0) 137 (48.8) 6 (4.1) 268 (14.1)
Lentigo maligna melanoma 43 (3.9) 5 (1.3) 5 (1.8) 4 (2.7) 57 (3.0)
Unspecified 170 (15.4) 70 (18.9) 59 (21.0) 91 (61.9) 390 (20.5)
Otherb 9 (0.8) 2 (0.5) 13 (4.6) 6 (4.1) 30 (1.6)

Breslow thickness, mean (IQR) 0.610 (0.40–0.80) 1.50 (1.20–1.80) 4.45 (2.50–4.50) NA (NA) 1.41 (0.50–1.50)
Clinical stage, n (%)

Local 951 (86.2) 305 (82.2) 204 (72.6) 65 (44.2) 1,525 (80.2)
Regional 6 (0.5) 16 (4.3) 34 (12.1) 7 (4.8) 63 (3.3)
Distant 1 (0.1) 1 (0.3) 8 (2.8) 25 (17.0) 35 (1.8)
Unknown 145 (13.1) 49 (13.2) 35 (12.5) 50 (34.0) 279 (14.7)

Skin reaction to acute sun exposurea, n (%)
Red with burning and blistering 190 (17.2) 61 (16.4) 44 (15.7) 26 (17.7) 321 (16.9)
Red 372 (33.7) 137 (36.9) 118 (42.0) 63 (42.9) 690 (36.3)
Brown without first being red 109 (9.9) 38 (10.2) 33 (11.7) 1 (10.2) 195 (10.3)
Missing 432 (39.2) 135 (36.4) 86 (30.6) 43 (29.3) 696 (36.6)

Skin reaction to chronic sun exposurea, n (%)
Light brown/never brown 235 (21.3) 77 (20.8) 77 (27.4) 35 (23.8) 424 (22.3)
Brown 335 (30.4) 123 (33.2) 92 (32.7) 53 (36.1) 603 (31.7)
Deep brown 56 (5.1) 19 (5.1) 15 (5.3) 13 (8.8) 103 (5.4)
Missing 477 (43.2) 152 (41.0) 97 (34.5) 46 (31.3) 772 (40.6)

Small symmetrical nevi on arms/legsa, n (%)
0 55 (5.0) 16 (4.3) 13 (4.6) 9 (6.1) 93 (4.9)
1–10 159 (14.4) 65 (17.5) 50 (17.8) 21 (14.3) 295 (15.5)
11–50 227 (20.6) 66 (17.8) 55 (19.6) 33 (22.4) 381 (20.0)
≥  51 116 (10.5) 47 (12.7) 38 (13.5) 19 (12.9) 220 (11.6)
Missing 546 (49.5) 177 (47.7) 125 (44.5) 65 (44.2) 913 (48.0)

aRecorded for subsamples of the cohort. bOther includes: 8000: neoplasm, malignant; 8722: balloon cell melanoma; 8730: amelanotic melanoma; 8740: malignant melanoma in 
junctional nevus; 8744: acral lentiginous melanoma, malignant; 8745: desmoplastic melanoma, malignant; 8770: mixed epithelioid and spindle cell melanoma; and 8772: spindle cell 
nevus, not otherwise specified. 
IQR: interquartile range, SD: standard deviation.

http://medicaljournalssweden.se/actadv
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with darker vs lighter pigmentation traits among both 
those with intermediate and thick melanomas (Fig. 2). 
Skin reaction to acute sun exposure was significantly as-
sociated with melanoma death among patients with thick 
melanomas in the complete-case analysis (HRs (95% CIs): 
2.59 (1.37–4.89) for brown vs red) (Table SI), but not after 
multiple imputation (1.54 (0.83–2.88)) (Fig. 2). Estimates 
among patients with thin tumors (presented for complete-
ness in Table SII) were in the same direction as those with 
tumors > 1 mm. Additional adjustment for tumor-related 
variables (model 2) did not change the results (Table SV). 
When repeated using all-cause mortality and other cause 
mortality as endpoints, results from all-cause mortality 
were similar to that of melanoma-specific mortality and 
no statistical or clinically significant associations were 
observed for other-cause mortality (results not shown). 

For both SSM and NM tumors > 1 mm, the estimated 
HRs for hair, eye and skin colour, pigmentary score, 
and skin reaction to acute sun exposure were also > 1 
for darker vs lighter pigmentation, though none were 
significant (Fig. 3). For chronic sun exposure, the es-
timated HRs (95% CIs) were in the opposite direction 
for SSM (0.54 (0.22–1.26)) and NM (1.39, (0.63–3.05)). 
HRs below 1 were observed for ≥ 1 vs 0 asymmetrical 
nevi > 5 mm 1 (0.72 (0.29–1.78)), and for > 10 vs ≤ 10 
small symmetrical nevi (0.70 (0.26–1.91)) in SSM, but 
not NM (Fig. 3). Finally, the estimates suggest stronger 
associations between pigmentation and melanoma death 

among those with ≥ 1 asymmetrical nevi compared with 
those with no asymmetrical nevi (0.056 < pinteraction< 0.588; 
women with tumors > 1 mm) (Table II). Most notably, 
darker pigmentation was associated with a higher risk 
of melanoma-specific death among those with ≥ 1 asym-
metrical nevi > 5 mm (1.96 (0.75–5.13)), but not in those 
without asymmetrical nevi > 5 mm (0.97 (0.60–1.56)) 
(pinteraction = 0.056). 

DISCUSSION

In this population-based cohort, among women diagno-
sed with primary invasive melanomas > 1 mm, estimates 
trend towards a higher risk of melanoma death among 
women with darker vs lighter hair, eye and skin colour, 
higher pigmentary score, and milder skin reaction to 
acute sun exposure, and reduced risk among women 
with nevi (small symmetrical and asymmetrical > 5 mm) 
compared with no nevi. Associations between pigmenta-
tion and melanoma death were similar for SSM and NM, 
though differences were seen among nevi variables and 
skin response to chronic sun exposure. Finally, the results 
suggest an interaction between pigmentary score and 
asymmetrical nevi > 5 mm, indicating poorer survival 
in darker individuals with many nevi. 

The results of the current study indicate less mortality 
among women with nevi, which is in agreement with 
earlier studies (6–8) but in contrast to others (9, 10). With 

Fig. 2. Hazard ratios (HRs) with 95 confidence intervals (95% CIs) for melanoma-specific death in incident melanoma cases in the Norwegian 
Women and Cancer cohort (1991 to 2018) by tumor thickness in women with tumors >1 mm. aCox proportional hazards regression stratified 
by birth cohort, and with time since diagnosis as time scale adjusting for age at diagnosis, region of residence, and education. bCox proportional hazards 
regression stratified by birth cohort, and with time since diagnosis as time scale adjusting for age at diagnosis, region of residence, education, and hair 
colour. cRecorded for subsamples of the cohort. dRed with burning and blistering, and red. eAnalysis with multiple imputation of missing data conducted 
using chained equations and a total of 40 imputed data sets, with the same adjustments as the multivariable model (mean n = 399, range: 390–410; 
mean 48 deaths, range: 42–53). fAnalysis with multiple imputation of missing data conducted using chained equations and a total of 40 imputed data 
sets, with the same adjustments as the multivariable model (mean n = 333, range: 327–340; mean 85 deaths, range: 79–91).

http://medicaljournalssweden.se/actadv
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regards to pigmentation, given the lack of statistical sig-
nificance, the current results are technically in agreement 
with previous null findings, but the extent to which the 

current findings are in agreement is unclear as survival 
estimates were not presented (13, 15) and associations with 
prognostic factors are not directly comparable (23). Finally, 
the current study differs from the aforementioned studies 
in that it focuses specifically on tumors > 1 mm in women; 
hence it is difficult to directly compare the findings. 

A previous NOWAC study found that fair pigmentation 
was associated with thinner melanomas (11) and discus-
sed whether this was due to increased melanoma aware-
ness among those with high-risk phenotypes. Others have 
also suggested that lower melanoma-specific mortality 
among those with high-risk phenotypes may result from 
increased screening and overdiagnosis, resulting in thin-
ner, less life-threatening tumors (17). As indications 
of higher risk of melanoma death among women with 
darker pigmentation and nevi were maintained among 
those with tumors > 1 mm, the current findings indicate 
that there may be biological mechanisms that might im-
prove outcomes among those with high-risk phenotypes 
beyond awareness. Adjustment for education, as a proxy 
for socioeconomic status, did not modify the estimates, 
further discrediting the argument that differences in 
melanoma-specific mortality are due to differences in 
awareness by pigmentation. 

Inverse associations were recently found between 
polygenic risk scores (PRSs) designed specifically for 
nevi and pigmentation, and melanoma-specific mortality 
(32). The melanocortin 1 receptor (MC1R) regulates 
skin and hair colour in humans by regulating eumelanin 

Table II. Pigmentary characteristics and melanoma-specific death, 
stratified by number of large asymmetrical nevi, incident melanoma 
cases in the Norwegian Women and Cancer cohort (1991 to 2018) 
in women with tumors >1 mm

Variable

0 asymmetrical 
nevi >5 mm (>1 
mm)
HR (95% CI)a

≥1 asymmetrical 
nevi >5 mm (>1 
mm)
HR (95% CI)a

p-value 
for 
interaction

Hair colour
  Red/blonde/yellow 1 1
  Brown/dark brown/black 1.06 (0.70–1.61) 1.67 (0.72–3.91) 0.300
Eye colour
  Blue 1 1
  Grey/green/mixed/brown 1.24 (0.82–1.89) 1.56 (0.66–3.72) 0.382
Skin colour
  Light 1 1
  Medium/darker 1.02 (0.64–1.61) 1.91 (0.78–4.63) 0.076
Freckling when sunbathing
  Yes 1 1
  No 1.09 (0.69–1.74) 0.92 (0.39–2.13) 0.588
Pigmentary score
  Fair 1 1
  Medium/darker 0.97 (0.60–1.56) 1.96 (0.75–5.13) 0.056

Skin reaction to acute sun exposureb

  Redc 1 1

  Brown 1.30 (0.77–2.20) 2.86 (0.83–9.79) 0.184

Skin reaction to chronic sun exposureb

  Light brown/never brown 1 1
  Brown/deep brown 0.89 (0.55–1.44) 0.83 (0.33–2.13) 0.409

aCox proportional hazards regression stratified by birth cohort, and with time 
since diagnosis as time scale adjusting for age at diagnosis, region of residence, 
and education. bRecorded for subsamples of the cohort. cRed with burning and 
blistering, and red. HR: hazard ratio; CI; confidence interval.

Fig. 3. Hazard ratios (HRs) with 95% confidence intervals (95% CIs) for melanoma-specific death in incident melanoma cases in the 
Norwegian Women and Cancer cohort (1991 to 2018) by subtype in women with tumors >1 mm. a Cox proportional hazards regression stratified 
by birth cohort, and with time since diagnosis as time scale adjusting for age at diagnosis, region of residence, and education. bCox proportional hazards 
regression stratified by birth cohort, and with time since diagnosis as time scale adjusting for age at diagnosis, region of residence, education, and hair 
colour. cRecorded for subsamples of the cohort. dRed with burning and blistering, and red. Analysis with multiple imputation of missing data conducted 
using chained equations and a total of 40 imputed data sets, with the same adjustments as the multivariable model: emean n = 282, range: 277–287; 
mean 33 deaths, range: 32–33) and fmean n = 231, range: 230–232; mean 37 deaths, range: 35–37).

http://medicaljournalssweden.se/actadv
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production (33), and is associated with both an elevated 
risk of melanoma development (1) and lower melanoma-
specific mortality (4), particularly in women (34). MC1R 
modifies pigmentation through the microphthalmia-
associated transcription factor (MITF), but the MITF also 
targets other genes, such as those which regulate DNA 
repair (4). It has been found that those with “R” variants 
are resistant to (α-MSH)-mediated DNA repair (35). As 
overexpression of DNA repair pathways in melanoma is 
reportedly associated with poor survival outcomes (4), 
the low expression of DNA repair genes among those 
with MC1R “R” variants may improve prognostic out-
comes, which would be in line with the findings of the 
current study. In addition, the T allele of the interferon 
regulatory factor 4 (IRF4) gene is associated with high 
nevus counts in adolescents, but with low nevus counts 
in adults and with worse survival outcomes independent 
of associated phenotypic characteristics (5, 36). Thus, 
nevus count may serve as a proxy for IRF4, partially 
explaining the observed associations in the current study. 

Strengths of the current study are the large, prospective 
population-based design, high response rate, and detailed 
melanoma information through CRN linkages. In the 
CRN, 99.8% of primary cutaneous melanomas are morp-
hologically verified (25). Pigmentary factors were self-
reported and some misclassification is likely; however, 
due to the prospective nature of this study, information 
was obtained before diagnosis. While socio-economic 
status (20) is associated with melanoma-specific mor-
tality, it is unlikely that socio-economic divisions are 
along pigmentary lines in the current cohort. Finally, 
non-ethnic Norwegians have equal access to free healt-
hcare and similar cancer survival outcomes in Norway 
(37), thus it is unlikely that the current findings were 
driven by non-ethnic Norwegians, who are more likely 
to be darker pigmented, having unequal access to care. 

This study cannot exclude the possibility that the 
observed associations represent another unmeasured 
confounder. In addition, as this study conditioned on 
melanoma diagnosis, the current analysis may be af-
fected by collider stratification bias (38). Those without 
traditional melanoma risk factors who develop thick 
melanomas may have some other, more potent, unobser-
ved risk factor, which is both associated with developing 
melanoma and poor melanoma prognosis. While the 
current study did not have access to genetic data, a large 
twin study found an excess hereditary risk for melanoma 
(39). In addition, it has been suggested that a genetic 
predisposition to develop melanoma may be associated 
with lower melanoma-specific mortality irrespective of 
tumor thickness (32). 

Despite the large dataset, there were few melanoma 
deaths, and some pigmentary factors were recorded in 
subsamples only, which may have affected some esti-
mates. While the current study lacked information on 
treatments, treatment regimens did not change during 

this study period, except for the implementation of im-
mune therapy for distant metastasis in 2014 (40), which 
is uncommon in our population. The results may have 
also been affected by terminal digit clustering in thick-
ness data; however, terminal digit clustering increases 
proportions of tumors classified as T1 and T4 (41), so it 
is unlikely to affect the results of this study. In addition, 
while approximately 8% of participants had missing data 
regarding tumor thickness, this proportion was similar 
to that found in other studies (42, 43), and results were 
similar between the complete-case and multiple imputa-
tion analysis. Finally, the current study lacked data on 
ulceration status and sentinel node involvement, which 
limited its ability to classify participants using the tumor, 
node, metastasis staging system.

In conclusion, this study indicates that lighter pigmen-
tation and having nevi may be associated with better 
melanoma-specific mortality in Norwegian women with 
melanomas > 1.0 mm thick. These results suggest that bio-
logical mechanisms related to pigmentation may also af-
fect melanoma severity and prognosis beyond melanoma 
awareness. Given the few deaths, many of the individual 
estimates were not statistically significant. However, the 
results still trended towards those women with darker 
pigmentation having worse melanoma outcomes. More 
research is needed in larger studies to corroborate the 
current findings and to address knowledge gaps regarding 
biological mechanisms related to nevi, pigmentation, and 
melanoma-specific mortality, and how these patterns are 
modified by tumor thickness and histological subtype. 
However, the current findings could help to guide clini-
cian awareness and follow-up among patients who do not 
display traditional melanoma risk factors. 
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