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KEYWORDS Abstract We have previously demonstrated significant improvements in sun protection reg-
Children; imens and significantly fewer common melanocytic nevi (CMN) among 7-year-old children
Epidemiology; in southern Sweden when comparing year 2007 with 2002. The aim of this study was to
Nevi; investigate whether the observed decreasing trend also can be observed at age 10 and, in
Prevention; addition, to compare the CMN density change between 7 and 10 years of age during two
Sun protection; periods of time.

Sweden Two open cohorts were used, cohort I with schoolchildren investigated in 2002 at age 7

and in 2005 at age 10 and cohort II with schoolchildren investigated in 2009 at age 7 and
in 2012 at age 10.

A significant decrease in CMN density (number/m? BSA) at age 10 from 2005 to 2012 was
observed: 15.9 (14.7—17.2) and 11.4 (10.1—12.7), respectively. The density growth rate from
7 to 10 years was 2.8 (2.1—3.5) between 2002 and 2005 and decreased significantly to 0.9 (0.2
—1.5) between 2009 and 2012. Significant increases were observed for ‘often use of sun-
screen’, ‘often staying in shade’ and ‘often staying indoors’ from cohort I to cohort II: 65
vs 80%, 7.6 vs 13% and 7.3 vs 19%, respectively.
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The decrease in number of CMN among 10-year-old children confirms a current trend in
Sweden. If this persists, a future reduction of cutaneous malignant melanoma incidence in
Sweden might be anticipated. The results also indicate that CMN count could be used as
an indicator of ultraviolet exposure.
© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

The incidence of cutaneous malignant melanoma
(CMM) has increased over the past 50 years among fair-
skinned populations worldwide and increases currently
in Sweden by 5% per year [1]. International trends pre-
sented by Erdmann et al [2] show that the incidence
continue to rise in most European countries, but there is
an indication of a stabilisation or decreasing trend in
several high-risk countries in the youngest age group
(25—44 years) in recent years. Mortality curves are sta-
ble or have even begun to fall, for example, in Scandi-
navia. The general effects are even more marked for
melanoma mortality as pointed out in a study by Autier
et al. [3], which demonstrated that because of cohort
effects, melanoma deaths in Northern Europe
(Denmark, Finland, Iceland, Norway and Sweden)
concentrate in older age groups.

Wallingford et al. [4] compared the incidence rates of
CMM among 0- to 24-years-old in Australia and En-
gland, two countries with similar ancestry but disparate
ambient ultraviolet radiation (UVR). This study has
demonstrated and found that the incidence rates
increased in England but decreased in Australia. Aus-
tralia’s rigorous primary prevention efforts appear to be
effectively reducing CMM incidence even at these young
ages, despite the high ambient UVR in the country.

Common melanocytic nevi (CMN) are benign col-
lections of melanocytes, but a high number of these is a
risk factor for CMM. A meta-analysis has shown that
individuals with more than 100 CMN are at greater risk
than individuals with few [5]. Same constitutional
pigmentary characteristics, relations to previous ultra-
violet (UV) exposure and body-site localisation [6—9)]
conjoin the number of CMN and the risk of CMM.
As in international studies [10—15], blond hair, blue/
grey/green eyes, holidays at seaside resorts abroad, more
frequent sunburns and parents fancying tanning were
significant predictors of higher prevalence of CMN in
Swedish children [16]. Meta-analysis has reported
increased CMM risk with increasing number of sun-
burns during all life periods [8]. The incidence of CMM
in Sweden is higher in the southern part of the country
[1], and the children and adults residing there have
significantly more CMN than the population in north-
ern Sweden [16]. By being inducible by UV exposure,

CMN per se could fit as a tentative objective biomarker,
serving as a proxy for CMM risk in the population.

In 2002 and 2007, we performed two population-
based, cross-sectional observational studies among 7-
year-old children in southern Sweden [16,17]. The results
demonstrated significant improvements in parental
application of various sun protection regimens and
significantly fewer CMN in the children in 2007 than
2002. Smith et al. [18] have also reported similar findings
in Australian children. These results support that a
repeated assessment of CMN density in children, using a
standardised, cross-sectional approach, could be used to
indirectly monitor changes in children’s sun exposure, as
initially proposed by Pfahlberg et al. [19].

The aim of the present study was to investigate
whether the observed decreasing trend in prevalence of
CMN at the age of 7 also could be observed at the age of
10 and, in addition, to compare the CMN density
change between 7 and 10 years of age during two pe-
riods of time, 2002 to 2005 and 2009 to 2012,
respectively.

2. Materials and methods
2.1. Study population and design

The project was performed in collaboration with the
school health services in Falkenberg, a coastal munici-
pality at latitude 57°N in the south of Sweden. Two
open cohorts were used, cohort I with schoolchildren
investigated in 2002 at age 7 and in 2005 at age 10 and
cohort II with schoolchildren investigated in 2009 at age
7 and in 2012 at age 10 (Table 1). All children in the
included age groups were identified and invited to
participate in the study, which comprised a parental
questionnaire about tanning habits and a clinical

Table 1

Study populations for studies performed in Falkenberg 2002—2012.
Study characteristics Cohort 1 Cohort II

Year 2002 2005 2009 2012
Age of children 7 10 7 10
Number 396 400 294 235
Response rate % 81 77 71 62
Parental questionnaire Yes Yes Yes No
Clinical examination Yes Yes Yes Yes
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examination including CMN count. Owing to a
restricted budget, no questionnaire was used in 2012.
The invitation was sent to the parents with information
about the study and requesting written consent for their
child’s participation in the clinical examination. All
children whose parents had responded to the question-
naire were invited to the latter.

2.2. Parental questionnaire

Questions about the child’s tanning habits, sun protec-
tion, travelling and sunburns were asked. Details from
the questionnaires have been reported earlier
[16,17,20—22].

2.3. Clinical examination

The examination was performed by a research nurse
specially trained for the purpose and was the same from
2002 to 2012. All eligible children had more than one
opportunity to attend the examination. The body ex-
amination excluded scalp, genitalia, buttocks and
abdomen below the umbilicus. The remaining body
surface area (BSA), in total 84.5%, was divided into 16
sites, where the numbers of CMN were counted. These
were defined as raised or flat brown lesions >2 mm on
the skin according to an International Agency for
Research on Cancer (IARC) protocol [23] and was
measured with an overlay of Plexiglas.

Sun-exposed areas are categorised as follows:
chronic—face and dorsum of the hands; inter-
mittent—Dback, chest, lateral aspects of the arms, ante-
rior and posterior aspects of the thighs and lower legs
and dorsum of the feet and rare—medial aspects of the
arms, palms and soles [22]. The nurse also assessed hair
colour, eye colour, height and weight. The BSA was
calculated from the height and weight of each child
using Mosteller simplified formula [24].

2.4. Ethics

The study was approved by the ethical committees at
the Karolinska University Hospital and Karolinska
Institutet.

2.5. Statistical analyses

All the statistical analyses were performed with the
SAS® software, version 9.4 for Windows. Categorical
outcomes of the questionnaire and constitutional factors
were analysed with the Cochran—Mantel—Haenszel
strategy using PROC FREQ. When the outcome vari-
able was ordinally scaled, the mean score statistics to
test the hypothesis of no location shifts was used. For
nominally scaled outcomes, the test for general associ-
ation was used. Trends over time were tested with the
Cochrane—Armitage test in PROC FREQ. Continuous

variables were tested by the Student’s t-test, and corre-
sponding 95% confidence intervals were produced using
the PROC TTEST or with the Wilcoxon test when the
assumption of normal distribution was not fulfilled.

3. Results

The subject characteristics of the cohorts at 7 and 10
years of age are presented in Table 2. There were no
statistically significant differences between the two co-
horts for eye or hair colour, skin photo type, gender,
BSA, weight or height and at 7 or at 10 years of age.

The number of CMN including the number per m?
BSA as well as the change between 7 and 10 years of age
in cohort I and IT are displayed in Table 3. The prevalence
of CMN was highest in intermittently UV-exposed areas
compared with chronically or rarely UV-exposed areas.
A significant decrease in mean CMN density (number of
CMN per m” BSA) at the age of 10 was observed from
2005 to 2012: 15.9 (14.7—17.2) and 11.4 (10.1-12.7),
respectively. Corresponding results in 2002 and 2009 at
the age of 7 were 13.2 (12.3—14.1) and 10.3 (9.3—11.2),
respectively. CMN develop during childhood, but the
change in CMN density from 7 to 10 years of age was 2.8
(2.1-3.5) between 2002 and 2005 and decreased signifi-
cantly to 0.9 (0.2—1.5) between 2009 and 2012.

Sun protection habits at 7 years of age in cohort I and
IT are presented in Table 4. Significant increases were
observed for ‘often use of sunscreen’, ‘often staying in
shade’ and ‘often staying indoors’ from cohort I to
cohort II: 65 vs 80%, 7.6 vs 13% and 7.3 vs 19%,
respectively. There were no differences between the co-
horts for ‘often use of T-shirt’.

Corresponding results at 7 and 10 years of age in
cohort I are presented in Table 5. A statistically signif-
icant decrease was observed for ‘often use of T-shirt’,
from 45% at age 7 to 32% at age 10. In contrast, a sig-
nificant increase for ‘often staying indoors’ was found at
10 years of age, 13% vs 7.3% at age 7. As no question-
naire was used in cohort II at 10 years of age in 2012, no
comparisons over age could be performed.

Table 6 presents comparisons of sunburns and va-
cations in sunny resorts abroad from birth up to 10
years of age in cohort I. ‘Ever sunburnt’ increased
significantly by age from 15% before the age of 2 to 96%
between 7 and 10 years of age. ‘Vacation in sunny resort
abroad’ increased significantly from 16% before 2 years
of age to 60% between 7 and 10 years of age.

4. Discussion

The major finding from this study was a significant
decrease in mean CMN density (per m> BSA), at the age
of 10 years from 2005 to 2012. The change in density
from 7 to 10 years of age decreased significantly from
2009 to 2012 (cohort II) compared with 2002 to 2005
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Table 2

Subject characteristic data at 7 and 10 years of age in cohort I and II.
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Cohort I

Cohort II

(year 2002)
7 years of age

(year 2005)
10 years of age

(year 2009)
7 years of age

(year 2012)
10 years of age

Comparison between the open cohorts

7 years of age

10 years of age

n = 396 n = 400 n = 294 n = 235 p-value p-value
OA) 9 0 9 0 9 0
Eye colour 0.7121 0.9255
Brown 22 24 24 24
Blue/grey 74 73 72 74
Green 33 2.9 3.7 2.6
Hair colour 0.9067 0.6496
Dark 6.6 19 14 20
Ash blond 26 29 18 25
Blond 66 51 64 52
Red 1.8 1.7 3.7 2.6
Skin photo type 04112
1 1.3 3.3 5.0 No data No data
11 12 14 19 No data No data
11 75 68 57 No data No data
v 12 15 19 No data No data
Gender 0.2637 0.6402
Girls 53 51 49 49
Boys 47 49 51 51
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Body surface area (m°) 0.97 (0.10) 1.22 (0.14) 0.96 (0.11) 1.20 (0.15) 0.1302 0.1475
Weight (kg) 26.7 (4.7) 37.5(7.5) 26.2 (5.1) 36.4 (8.0) 0.1857 0.0834
Height (¢cm) 127.0 (5.3) 143.4 (6.6) 126.3 (5.9) 143.8 (7.2) 0.1293 0.5213

SD, standard deviation.

Table 3

Number of common melanocytic nevi (CMN) and number of CMN per m? body surface area (BSA) by body area in cohort I and II and mean

and 95% confidence interval at respective age and of change between 7 and 10 years of age.

Number of subjects with data

from both 7 and 10 years of age

Cohort I

347

7 years of age
(year 2002)

10 years of age
(year 2005)

Cohort II

191

7 years of age
(year 2009)

10 years of age
(year 2012)

Number of all CMIN
Type of UV exposure
Chronic
Intermittent
Rare
Number of all CMN per m> BSA
Type of UV exposure
Chronic
Intermittent
Rare

13.5 (12.1-15.2)

1.3 (1.1-1.5)
10.9 (9.6—12.1)
1.6 (1.2—1.9)

11.4 (10.1-12.7)

8.0 (6.5-9.5)

14.2 (12.5—15.8)

5.9 (4.6-7.3)

Number of all CMN
Type of UV exposure
Chronic
Intermittent
Rare
Number of all CMN per m> BSA
Type of UV exposure
Chronic
Intermittent
Rare

12.9 (11.9-13.9) 19.4 (17.9-21.0) 9.8 (8.9—-10.7)
1.0 (0.9—1.1) 1.4 (1.2-1.5) 1.0 (0.8—1.2)
10.4 (9.6—11.2) 16.5 (15.2—17.9) 7.7 (7.0-8.4)
1.5 (1.3-1.6) 1.5(1.3-1.8) 1.1 (0.9-1.2)
13.2 (12.3—14.1) 15.9 (14.7-17.2) 10.3 (9.3—11.2)
7.2 (6.3-8.1) 8.4 (7.5-9.4) 7.1 (5.9-8.3)
16.8 (15.6—18.0) 21.0 (19.3—22.7) 12.8 (11.6—13.9)
6.9 (6.2-7.6) 5.7 (4.8—6.5) 5.1 (4.3-6.0)
Change between 7 and 10 years of age within respective cohort

6.8 (5.9-7.7) 3.8 (2.9-4.7)
0.4 (0.2—0.5) 0.2 (0.0-0.4)
6.4 (5.6-7.3) 3.2 (2.4-4.0)
0.0 (0.2 —0.2) 0.6 (0.3-0.9)
2.8 (2.1-3.5) 0.9 (0.2—1.5)
1.2 (0.3-2.1) 0.0 (-1.3-1.3)
4.4 (3.4-54) 1.1 (0.1-2.1)
—1.3 (2.1 —0.6) 1.2 (-0.0 — 2.4)

UV, ultraviolet.
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Table 4
Sun protection habits at 7 years of age in cohort I and II as reported by
their parents in a questionnaire.

Table 6

Sunburns and vacations in sunny resorts abroad in children at ages <2,
2—4, >4—7 and >7—10 years in cohort I as reported by the parents in a
questionnaire.

Sun protection habits Cohort I Cohort 11 p-value
(year 2002) (year 2009) Sunburns %  p-value  Vacation in a sunny %  p-value
% % <0.000]  "esortabroad <0.0001
Use of sunscreen <0.0001 < 2 years < 2 years
Never 4.4 1.1 Never 85 Never 84
Seldom 6.2 4.3 Ever 15 Ever 16
Sometimes 24 14 2-4 years 2-4 years
Often 65 80 Never 52 Never 73
Use of T-shirts 0.3213 Ever 48 Ever 26
Never 1.8 3.7 >4—7 years >4—7 years
Seldom 6.3 8.8 Never 29 Never 53
Sometimes 47 42 Ever 71 Ever 47
Often 45 45 >7—10 years >7—10 years
Staying in the shade 0.0001 Never 3.5 Never 40
Never 19 11 Ever 96 Ever 60
Seldom 35 28
Sometimes 39 49
Often 7.6 13
Staying indoors <0.0001
Never 35 14 is lower at the age of 10 in 2012 (cohort II) than at the
Seldom 27 24 age of 7 in 2002 (cohort I). This is in line with the results
(S;metimes ; 13 ‘1‘; of an Australian study [18] where they demonstrated
ten .

(cohort I). Significant increases were observed for ‘often
use of sunscreen’, ‘often staying in shade’ and ‘often
staying indoors’ from cohort I to cohort II, and these
results support the observed changes in CMN
prevalence.

CMN develop during childhood, but the findings
support previous evidence that the development of
CMN is related to the level of sun exposure in child-
hood. Interestingly, the prevalence of CMN per m? BSA

Table 5
Sun protection habits at 7 and 10 years of age in cohort I as reported
by their parents in a questionnaire.

Sun protection habits 7 years of age 10 years of age  p-value
(year 2002) (year 2005)
% %
Use of sunscreen 0.1616
Never 44 3.6
Seldom 6.2 8.9
Sometimes 24 27
Often 65 60
Use of T-shirts <0.0001
Never 1.8 7.6
Seldom 6.3 15
Sometimes 47 45
Often 45 32
Staying in the shade 0.9076
Never 19 22
Seldom 35 30
Sometimes 39 41
Often 7.6 7.4
Staying indoors 0.0007
Never 35 24
Seldom 27 29
Sometimes 31 35
Often 7.3 13

that 12- to 35-month-old children on average had fewer
CMN compared with the same age group 8 years
earlier.

The strength of our present study is the population-
based design implying that all eligible children were
identified and offered participation and was performed
in the same geographical area. Another main advantage
is that the same research nurse performed CMN
counting in all examinations minimising methodological
errors. There were no statistically significant differences
between the two cohorts for eye or hair colour, skin
phototype, gender, BSA, weight or height and at 7 or at
10 years of age, making them comparable for these
factors. A limitation is that the study design systemati-
cally underestimates the number of CMN because only
those with a diameter of >2 mm were counted, but when
comparing results with the same method at all occa-
sions, this should not have influenced the results. In
2012, the clinical examination was given priority, while
the questionnaire was omitted due to financial restric-
tion. The willingness to participate in our studies
decreased with age and time, which was also reported in
research from Australia [11].

There is strong evidence that intermittent sun-
exposed body areas have an increased CMM risk
[25,26], and the prevalence of CMN in this report is also
higher in these areas compared with chronically and
rarely exposed areas.

In 2009, we found significant increase for often use of
sunscreen, staying in shade and staying indoors at the
age of 7 compared with 2002. Despite fewer CMN, no
decrease in sunburns was seen, also reported by Smith
et al. [18]. In a study by Autier et al [27] where four
European cities were included, no association with
sunburns and nevus count was found.
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A decline in CMM rates has been demonstrated
among young people in Australia, and there is a dis-
cussion whether the decline may be a consequence of
changes in behaviour unrelated to primary prevention
activities [28]. Periodic national surveys have docu-
mented trends of increasing screen time, less time spent
on outdoor playing and fewer children walking or
cycling to school; all of which should lead to less sun
exposure than for previous generations of Australian
children. In a study among Swedish children, the trend
of technology-mediated communication also showed an
increase between 2001 and 2010 [29] of staying indoors.

Swedish families travel a lot even with very young
children, and questionnaires revealed an increase in
travels to seaside resorts abroad from birth to the age 10
years over the period of 2002 to 2005, and there was also
an increase in sunburns by age. In an earlier report, a
doubled risk of sunburn was observed if the child had
been at a seaside resort abroad before 2 years of age [20].
However, there was no information as to whether they
had been sunburnt abroad or in Sweden. The Swedish
Environmental Health Report of 2005 stated that it was
more common to protect children when on a seaside
vacation abroad than in Sweden [30]. This may perhaps
contribute to the observed decrease in the prevalence of
CMN despite the increasing travelling to a seaside
vacation abroad.

Karlsson et al [21] demonstrated similarities
regarding gender profiles, number and anatomic distri-
butions of CMN in children and CMM in young adults
residing within the same geographic regions and range
of latitudes. CMN were predominantly located on the
trunk and matched best with CMM distributions in
young and middle-aged adults. This is in keeping with
the theory of divergent pathways of CMM, promoting
the role of CMN as predictors of CMM risk on the
trunk and limbs rather than the face [31]. The relation-
ship between anatomic distribution of CMM and CMN
in adulthood has been thoroughly reviewed [32—35], but
site comparisons with CMN in childhood have been less
studied.

Lifetime risk to die from melanoma increased in
successive generations from 1875 until a peak from 1936
to 1957, dependent of where subjects were born [3]. It
started in Oceania in 1936—1940, and the peak years
in Northern FEurope and Central Europe were
1941—1942 and 1957, respectively. Then the death
started to decrease in successive generations, and in
1990—1995, the risk levels were the same as for subjects
born before 1900—1905. The authors concluded that in
the future, melanoma deaths will decrease due to re-
ductions in UV exposure of children over the decades.

However, the decreases in CMN may not only
depend on the parental actions as there is an improve-
ment in the sun-safe policy in both preschools and
schools during this period.

The information on sun protection in Swedish media
and by The Swedish Radiation Safety Authority in
recent years should have contributed to the positive ef-
fects [36].

5. Conclusion

The decrease in number of CMN and CMN density
among 10-year-olds confirms a current trend in Sweden
regarding increased awareness of the risk of sun over-
exposure. Because UV exposure during childhood is
considered an important risk factor, this may ultimately
affect the CMM incidence positively. Results further
support that CMN density in children can be recom-
mended as an objective indicator when following trends.
To reduce the incidence of CMM, the change in attitude
and behaviour must continue in both parents and their
children to limit sun overexposure.
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