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Melanoma Risk Estimation Based on Objective
Measures as a Complement to Self-Assessment
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Abstract. Background/Aim: A variety of self-tests addressing
individual skin cancer risk are available online. These are
generally based on self-estimated measures, such as self-rated
skin sensitivity to sun exposure, affecting its reliability. The
aim of this study was to investigate whether the addition of
objective variables, by means of ultraviolet (UV) sensitivity
phototesting and nevi count, could be of contributory value
for the composition of a comprehensive risk score for skin
cancer, and whether the use of such a score could contribute
to change of behavior in the sun after assessment of individual
risk. Patients and Methods: A sample of 70 voluntary
participants, all university students, were recruited for the
study. The participants rated their sun exposure habits by
filling out the Sun Exposure and Protection Index (SEPI)
questionnaire, and their skin UV-sensitivity was decided both
by self-estimation, using Fitzpatricks’s skin type scale, and
objectively, by the performance of a UV-sensitivity phototest.
Finally, the number of pigmented nevi on the lower arm was
counted both by the participants themselves and by a trained
observer. A cumulated skin cancer risk score was calculated
on the basis on these three variables (sun habits, UV-
sensitivity and nevi count), and the outcome compared
whether based on the participants’ self-assessments or on the
objective assessment. The individual risk score, based on
objective measures, along with a tailored sun protection
advice, was communicated to the participants, and after three
weeks they once again filled-out the SEPI part addressing
propensity to increase sun protection. Results: The results
showed good correlation between the self-assessed and
trained observer performed nevi count, but poor agreement
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between self-estimated and objectively measured skin UV-
sensitivity. For the cumulative risk score, the self-performed
score was on average slightly lower than its reference, but no
systematic difference could be observed. At follow-up, high-
risk individuals showed a significant decrease in total SEPI
score (p<0.05). Conclusion: Objective assessment of nevi
count and skin UV-sensitivity might be of significant value
when estimating individual skin cancer risk, in order to
communicate tailored sun protection advice.

The incidence of skin cancer has been continuingly increasing
over many years. This is true both for malignant melanoma as
well as for basal cell carcinoma and squamous cell carcinoma
(1, 2). The single most predisposing factor for developing skin
cancer is exposure to ultraviolet (UV) radiation from the sun
or from other artificial sources such as tanning beds (1, 3),
which in turn is enhanced in the presence of other
predisposing factors, including family history of the disease,
high numbers of melanocytic nevi, presence of dysplastic nevi,
fair skin, blue or green eyes, and red or blond hair (3).
Whereas these predisposing factors cannot be altered, behavior
in the sun certainly can, being the major target for primary
prevention efforts. The challenge in this respect is for relevant
healthcare providers to properly communicate measures of
prevention and motivate people as to why it is important, and
how to override possible obstacles to appropriate sun
protection (4, 5). An important aspect in this regard is to
identify and direct preventative action to those who need it the
most, i.e. individuals with certain genotypic/phenotypic
predispositions and/or a risky behavior, which is a key element
of what is often described as tailored advice (6).

To date, a variety of self-tests addressing the possibility
to obtain a personal risk score expressing the likelihood of
developing different forms of skin cancer (within a given
time interval) are available online (7-11). Although
ambitious and to some extent probably fairly reliable, they
all have the disadvantage that they rely on subjective, self-
reported measurements, which in general include variables
such as Fitzpatrick’s classification of tendency to burn and
tan (12), as well as some kind of counting procedure of
number of pigmented nevi on a given body site. It is a
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Table 1. Algorithm for calculating skin cancer risk level based on Sun exposure habits based on sun exposure and protection index (SEPI), Skin

UV-sensitivity by phototest and Nevi count.

Risk factor variable Risk level

Low=1 point Intermediate=2 points High=3 points Weight
Sun exposure habits (Total score on SEPI part 1) 0-13 14-19 >19 x1.5
Skin UV-sensitivity (Number of phototest erythemas) 0-2 3-4 >4 x2
Nevi count (Number of nevi on forearm) 0-7 8-15 >15 x3

common and well-known phenomenon that people tend to
underestimate their sensitivity to UV radiation (13-15),
with the possible outcome of not protecting themselves
sufficiently. Although widely accepted, several studies have
reported that there is a poor correlation between
Fitzpatrick’s classification and actual UV-sensitivity
assessed by objective measures, such as by phototesting
(14-18). If possible to create a risk score to a lesser degree
dependent on subjective measurements, it would probably
benefit the prerequisites to succeed with preventive efforts,
or at least, to direct these efforts to the individuals in most
adequate need of them.

The aim of this study was to investigate whether the
addition of objective variables, by means of UV-sensitivity
phototesting and nevi count, could be of contributory value
for the composition of a comprehensive risk score for skin
cancer. The study also sought to investigate whether the use
of such a score could contribute to change of behavior in the
sun after assessment of individual risk.

Patients and Methods

Study population. Participants were recruited in a population of
university students in Linkoping during the spring of 2018. Four
selected University classes at the Medical Faculty at Linkoping
University were given a short oral presentation of the study and
could thereafter, if interested to participate, schedule an
appointment to receive phototesting and inclusion in the study. At
this appointment they were also given a more detailed, written
study information about the study before deciding whether to
participate. In addition to this recruitment procedure, students from
any classes were also recruited at a small booth that was set up at
two public places at the Medical Faculty, and were there given the
same oral study information and possibility to schedule an
appointment for further information. As inclusion criteria,
participants had to be aged 18 years or older and registered as
students at the Linkoping University. Known abnormal
photosensitivity, intake of any photosensitizing drugs or previous
sunbathing abroad or in a tanning bed during the last four weeks
were exclusion criteria. Ethical approval for the study was obtained
from the Regional Ethical Review Board in Linkoping before study
onset, and all participants gave there signed informed consent
before taking part in the study.
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Data collection and skin cancer risk categorization. Data collection
aiming to resemble information for categorization of skin cancer
risk profile consisted of three elements: (i) Sun exposure behaviour,
(ii) skin UV-sensitivity and (iii) nevi count. Whereas sun exposure
behaviour was based solely on self-reported measures, by means of
the participants filling-out the validated SEPI (Sun Exposure and
Protection Index) questionnaire (19), skin UV-sensitivity was
assessed both by use of self-estimation of tendency to burn and tan
according to Fitzpatrick’s classification (12) and by objective UV-
sensitivity measurement by phototesting. Similarly, nevi count was
decided both by the participant’s themselves counting the number
of pigmented nevi on their lower arm, and by control counting
performed by a trained observer (one of the authors, A.C.). Each of
the three risk elements were categorized into three risk levels (Table
1), in the cases of skin UV-sensitivity and nevi count based on the
objective assessments (phototest result and number of nevi counted
by the trained observer). The individual contribution of melanoma
risk between these three elements have in previous studies been
considered a factor of approximately times 1.5-2 for high UV
exposure, a factor of times 2 for skin UV-sensitivity, and a factor of
times 3-5 for high nevi count (for each element in relation to not
having any of the risk factors) (11, 20), which was used to calculate
a combined risk score on the basis of these, with a possible
maximum score of 19.5 points. More thorough description of the
assessment of each element is described under the following
subheadings. The individual skin cancer risk level (based on the
objective assessment) was communicated to the participants by
regular mail, together with a tailored sun protection advice based
on their scoring results.

Sun exposure and protection. The SEPI questionnaire comprises two
parts (19). Part 1 addresses the individual behavior in the sun and
holds eight questions, each with five possible answer alternatives
scored from 0-4 points, thus with a maximum total score of 32
points. A higher total score corresponds to a less protective and —
with regard to skin cancer — riskier behavior in the sun. Part 2
measures the propensity to increase sun protection, and contains five
questions, also on a 0-4 point scale, i.e. with maximum 20 points in
total. In this case, a higher total score corresponds to a low of
propensity to take greater precautions in the sun. Consequently, a
high score in both parts of the questionnaire indicates that the
respondent has a high exposure to UV radiation, and at the same
time a low propensity to take precautions in order to reduce this
exposure. At inclusion, the participants filled in both part 1 and 2
of the SEPI. After approximately three weeks, and after they had
been presented with their comprehensive individual skin cancer risk
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Table II. Study population characteristics at baseline, displayed for responders versus non-responders.

Responders Non responders p-Value
n (%) n (%) Chi2-test
Gender 0.79
Men 21 (43%) 10 (48%)
Women 28 (57%) 12 (52%)
n n Mann-Whitney U-test
Age 0.81
Mean 24 235
Median 23 24
SEPI 1 total score 0.15
Mean 16.0 17.6
Median 16 18
SEPI 2 total score <0.05
Mean 94 11.6
Median 9 12
Nevi count (by objective assessment) 0.29
Mean 122 8.5
Median 10 7
UV-sensitivity, self-estimated (Fitzpatrick’s classification, type 1-5)
Median 3 3 0.20
UV-sensitivity, objective by phototest (number of phototest reactions)
Median 4 4 0.25
Cumulated risk profile 0.12
Mean 12.5 114
Median 12.5 11

Bold value indicates statistical significance.

profile, they were asked to fill-out part 2 of the SEPI once again,
and send it back in an enclosed prepaid envelope, in order to
investigate any change in propensity to increase sun protection after
the intervention.

Skin UV-sensitivity by self-estimation. Fitzpatrick’s classification of
skin type was used to estimate self-rated UV-sensitivity. The method
is widely accepted and frequently used for the purpose (12). The six
skin type categories, describing the ability to burn and tan, of which
the participants chose the one closest to their own preferences, are
as follows:

Skin type 1: always burns, never tans

Skin type 2: usually burns, tans minimally

Skin type 3: sometimes mild burn, tans uniformly

Skin type 4: rarely burns, always tans well

Skin type 5: moderately pigmented brown skin, very rarely burns,
tans very easily

Skin type 6: deeply pigmented dark brown to black skin, never
burns, tans very easily

Skin UV-sensitivity by phototesting. Objective measurement of
individual skin UV-sensitivity was made by the performance of a
UVB phototest  (Dermalight 80 MED tester, A.L.T
Lichtterapitechnik, Germany). The phototest device has six
quadratic UV-light emitting fields, each 12x12 mm in size. The
source of the broadband fluorescent UV light was a Philips PL

9W/12, and the differentiation of UV-dose in each field achieved by
a metal grid of varying density. The test was applied on the inside
of the upper arm of the participant, with an exposure time of 25s.
This gave the separate UV doses 18, 35, 51, 63, 82 and 105 mJ/cm?2,
respectively. The participants were instructed to read the phototest
themselves after 24 hours, by counting the number of erythematous
reactions from the test, and report their test result by responding to
an e-mail received the following day. Besides functioning as a
reminder to read the test, the e-mail also contained a repeated
instruction how to perform the test reading. The instruction made
clear that even a slightly visible erythema should be counted, an
assessment that has in previous studies shown to be reliable (21,
22).

Nevi count. Each participant was then instructed to count the
number of nevi on their lower arm, from the elbow and below,
including the hand. They were advised not to let someone else help
them to count. No information regarding what defines a nevi were
given. The result was reported on a specified form. The trained
observer the made a blinded control count on the same arm, without
knowledge of the participant’s own counting result.

Statistical analyses. Weighted Kappa analysis was used to analyse
the agreement between self-estimated and phototest measured UV-
sensitivity. In the analysis, matching of the six skin type levels
according to Fitzpatrick (type 1-6, see above) was tested against the
corresponding decreasing number of phototest reactions (5-0
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reactions), in both cases thus reflecting a progression from high to
low UV-sensitivity. Linear regression analysis was to investigate the
correlation between the self-assessed nevi count and the blinded
control count. Finally, a Bland-Altman plot was used to visualise
the differences between the combined risk score based on subjective
versus objective measures.

Results

Of approximately 300 individuals receiving the initial
information, 70 agreed to participate. Of these, twenty-one
did not respond to the follow-up questionnaire, leaving 48
responders to complete the full study (baseline + follow-up).
Table II presents the demographic characteristics and
baseline outcomes, displayed for responders and non-
responders, respectively. Except for SEPI part 2 score, for
which responders had a slightly but statistically significantly
lower score (p=0.01) there were no significant differences
between the two groups.

Agreement between self-estimated UV-sensitivity and
phototest results. Agreement between the participants’ self-
estimated skin type according to Fitzpatrick and the result of
the phototest was explored using weighted Kappa analysis.
Results showed poor correlation between the two methods
(weighted kappa value 0.05). No participants reported having
Fitzpatrick’s skin type 5 or higher, and no participants
presented with more than five erythemas from the phototest.

Correlation between self-assessed nevi count and control
count. Figure 1 shows a plot of the correlation between self-
assessed nevi count, by means of number of nevi on the
lower arm, and the corresponding control count performed
by the trained observer. Linear regression analysis showed
moderately strong correlation between the two assessment
methods (R%2=0.62, p<0.001).

Comparison between skin cancer risk based on subjective
versus objective measures. Figure 2 is a Bland-Altman plot
showing the distribution of the difference in combined risk
score, based on sun exposure habits (SEPI 1 score), UV-
sensitivity and nevi count, according to whether self-
performed by the participants or objectively (by phototest
and control count of nevi). As can be seen in the plot, there
was no systematic difference in direction of scoring outcome
between the two methods, although the self-performed score
was on average slightly lower than its reference.

Propensity to increase sun protection at follow-up. Table 111
presents the mean SEPI part 2 score at baseline and at
follow-up (after the participants had been presented with
their cumulated risk score). In the total population of
participants responding to the follow-up questionnaire, a
significant increase in propensity to seek the shade during
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Figure 1. Plot of the correlation between self-assessed nevi count, by
means of counting the number of nevi on the lower arm, and the
corresponding control count performed by the trained observer.

midday was seen (p<0.01), but not for any of the other
variables or for the total SEPI part 2 score. When analyzing
the responders according to the combined risk score (based
on the objective assessment), dichotomized by the median
score (12.5 points), results show at follow-up that high-risk
individuals had not only significantly increased their
propensity to seek the shade (p<0.05), but also showed a
significantly decrease in total SEPI part 2 score (p<0.05).

Discussion

This study illustrates a model for skin cancer risk estimation
based not solely on self-reported measures, but mainly on
objective measures, by means of phototesting and nevi count,
also illustrating that the outcome of such a procedure may
differ from that based on subjective measures. The results
give some indication that a risk score purely based on self-
assessment may to some extent be misleading and risk to
misdirect efforts of sun protective advice from individuals in
particular need for it to others with a lesser need, and vice
versa. A number of such self-report based risk calculation
instruments are available on the internet, with the advantage
of being easy available, but for patients attending relevant
healthcare providers, e.g. primary care centers or
dermatology clinics, more reliable instruments would be
beneficial. The approach suggested in the present study
provides some novel information in this direction.

The good correlation (R?=0.62, i.e. slightly below 0.7
which is commonly defined as strong correlation) between
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Figure 2. Bland-Altman plot of the difference in cumulated risk score, according to whether it is based on solely patient-performed or objective

assessment.

Table III. Propensity to increase sun protection, reflected in sun exposure and protection index (SEPI) part 2 total score at baseline and at follow-

up. A high score reflects a low propensity to increase sun protection.

SEPI part 2 score (baseline)

SEPI part 2 score (follow-up) p-Value

(Wilcoxon signed rank test)

Mean Median Mean Median
All responders (n=48)
Giving up sunbathing 2.29 3 2.1 2 0.78
Use of sunscreen 0.63 0 0.67 0 0.75
Use of protective clothing 2.27 2 2.24 2 093
Use of protective headwear 2.27 3 2.12 2 0.39
Staying in the shade 2.02 2 1.59 1 <0.01
Sepi 2 total score 9.39 9 8.82 9 0.085
Responders with low cumulated risk score
Giving up sunbathing 2.20 3 2.04 2 041
Use of sunscreen 0.64 0 0.76 0 041
Use of protective clothing 2.20 2 2.24 2 0.81
Use of protective headwear 2.24 2 2.32 3 0.59
Staying in the shade 1.96 2 1.64 1 0.087
Sepi 2 total score 9.24 9 9.08 10 0.82
Responders with low cumulated risk score
Giving up sunbathing 2.38 3 2.17 2.5 0.27
Use of sunscreen 0.63 0 0.58 0 0.74
Use of protective clothing 2.33 3 225 2 0.77
Use of protective headwear 2.29 3 1.92 2 0.16
Staying in the shade 2.08 2 1.54 1.5 <0.05
Sepi 2 total score 9.54 10 8.54 9 <0.05

Bold values indicate statistical significance.

nevi count performed by the participants themselves and the
trained observer indicates that self-reported nevi count is
likely to be a sufficiently reliable measure, whereas self-
reported skin UV-sensitivity, on the other hand, and in
concordance with previous studies, appears to be
considerably more arbitrary (15-18). Thus, risk calculation

instruments based on the sum of several different measures,
among which UV-sensitivity is usually one of these, would
benefit in accuracy from the possible addition of objective
quantification of UV-sensitivity, by use of phototesting, as
an alternative to traditional classification of skin type
according to Fitzpatrick, if available. Regarding nevi count,
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one might speculate on whether the results might have been
different if the study had been performed in a population of
higher age, where for instance other nevi-like skin lesions
such as seborrheic keratosis is very common, and for the
individual person probably in many cases difficult to
discriminate from melanocytic lesions, with a potential risk
for considerable over-rating of nevi count. Thus, it is
uncertain to which extent the study outcome is in this respect
representable for a general population.

The comprehensive scoring model applied in this study
was based on three risk factor aspects: Sun exposure habits,
UV-sensitivity and nevi count. Other important variables
frequently used when estimating skin cancer risk are
pervious history of skin cancer, heredity for melanoma and
phenotypical characteristics such as eye and hair colour,
freckles and occupation (3). It is in this respect important to
emphasize that the risk scoring model exemplified in this
study is not a presentation of a complete and optimal
instrument, but rather a way to illustrate how objective
measures can be utilized to improve the accuracy of any
instruments to estimate individual skin cancer risk.

It is interesting that the study participants reported a
somewhat higher propensity to increase their sun protection
after having received information about their individual skin
cancer risk, although the change was only statistically
significant for seeking the shade during midday. The possible
effect of the intervention was more pronounced among
individuals informed to be in the higher risk interval, which
seems appropriate since they would also be the ones likely
to benefit the most from increased sun protection. However,
it is important to note that the study was not randomized,
why it cannot be ascertained that increased readiness to
protect more from the sun observed in the results was
actually an effect of the intervention per se (i.e. the
communicated tailored sun protection advice) or just a
general effect of taking part in a study, although similar
intervention effects from tailored advice have been shown
also in a previous, in that case randomized, study among
primary care patients (23).

This study would have benefitted from having a larger
sample size. Unfortunately, within the available time frames
for performing the study, we did not fully manage to recruit
the desired number of participants. A contributory reason
behind this is probably, to some extent, the time and effort
required to take part, each participant needing to schedule an
appointment to go through with the phototesting, a
circumstance that may have prevented a few people from
taking part in the study. Therefore, it would be desirable for
the study to be reproduced in a larger population, if possible
also in a broader age interval, and optimally, using a
randomized intervention study design. Also, the somewhat
lower SEPI part 2 score (meaning higher propensity to take
on sun protective actions) observed for responders than for
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non-responders (Table II) might indicate a component of
selection bias, possibly to some extent affecting the results,
or how to interpret them.

In conclusion, objective assessment of nevi count and skin
UV-sensitivity might have a place when estimating
individual skin cancer risk, in order to appropriately
communicate tailored sun protection advice.
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