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Abstract
Background: In the light of increasing skin cancer incidences worldwide, preventive measures to
promote sun protection in individuals with risky sun habits have continued relevance and importance.
Aim: To report the long-term effect of individualised sun protection advice given in primary health
care (PHC), on sun habits and sun protection behaviour.
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Design & setting: In 2005, 309 PHC patients were enrolled in a randomised controlled study
performed in a Swedish PHC setting.
Method: At baseline, the study participants completed a Likert scale-based questionnaire, mapping
sun habits, propensity to increase sun protection, and attitudes towards sun exposure, followed by
randomisation into three intervention groups, all receiving individualised sun protection advice: in
Group 1 (n = 116) by means of a letter, and in Group 2 (n = 97) and 3 (n = 96) communicated
personally by a GP. In Group 3, participants also underwent a skin ultraviolet-sensitivity phototest,
with adjusted sun protection advice based on the result. A repeated questionnaire was administered
after 3 and 10 years.
Results: Statistically significant declines were observed in all groups for sun exposure mean scores
over time. When using a cumulative score, according to the Sun Exposure and Protection Index (SEPI),
significantly greater decrease in SEPI mean score was observed in Groups 2 and 3 (GP), compared to
Group 1 (letter); P<0.01. The addition of a phototest did not enhance the effect of the intervention.
Conclusion: Individualised sun protection advice mediated verbally by the GP can lead to sustained
improvement of sun protective behaviour.
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How this fits in
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Individualised sun protection advice to reduce ultraviolet (UV) exposure has been shown in systematic
reviews to have effect. No studies, however, have followed the participants for more than 1 year
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after an intervention, and thus there is a lack of knowledge on long-term sustainability of the effect
of behavioural interventions to increase sun protection. In the present study, performed in primary
care, 10-year follow-up of the participants showed persistent, statistically significant increase of sun
protection after advice when mediated personally by a GP.

Introduction
Increasing skin cancer incidence is associated with substantial patient suffering and healthcare costs
worldwide,1–5 emphasising the necessity of preventive measures directed towards the disease. The role
and effectiveness of interventions to promote sun avoidance and protection in order to prevent skin
cancer have been studied and debated during recent decades. Studied interventions range from local
educational or informational efforts directed at defined target groups to broad, national governmentinitiated campaigns, and include a variety of methodological and informational approaches (ranging
from brief, written information sheets to personalised face-to-face mediated advice). Interventions
have been reported to have had varying success6–9 but, based on systematic reviews, there is a
consensus that educational measures to increase sun protection are both effective and worthwhile, at
least when directed at younger individuals who are at the highest risk of establishing a future lifetime
risk for skin cancer.7–9 A complicating factor in this respect is the difficulty of actually demonstrating
not only the effect of interventions to reduce UV exposure, but also, in the longer term, the effect
on skin cancer incidence.6,8 Instead, present knowledge relies on the reasoning that if sun protection
advice is proven to lead to increased sun protection, and increased sun protection per se is known to
be associated with a reduction in risk for developing skin cancer,10–12 it is likely that measures efficient
in promoting sun protection will also reduce the likelihood of developing skin cancer in the future.
In most studies, however, follow-up intervals are short,6–9 making conclusions on sustainability of any
observed behavioural change difficult to draw. Additionally, since the main negative effects of UV
radiation (such as skin cancer) derive from long-term exposure, any behaviour change in a favourable
direction would need to be maintained over a longer period of time to have effect.
Another issue is the balance between beneficial and harmful effects of UV radiation. Lately, increasing
attention has been directed towards vitamin-D deficiency, and since UV exposure (in moderation)
may also have other beneficial effects, with regard to the individual’s whole health perspective, not
all individuals would necessarily gain from reducing sun exposure.13–15 Variations in intensity of UV
radiation, according to geographic location and latitude, and fluctuation between seasons need to
be taken into account. Therefore, if undertaken by healthcare providers, there is a reliance on the
performing physician to balance the content of the advice given, and to direct it towards those most
likely to gain from it. This demands adequate consideration of the patient’s integrated health state
and history, a task often undertaken by the GP.
The aim of the present study was to investigate the long-term (10-year) effect of individualised sun
protection advice, mediated by the GP, on sun exposure habits and sun protection behaviour.

Method
The study was launched in 2005, in the form of a randomised controlled trial (Figure 1).16,17 During
3 weeks in the month of February (hereafter referred to as ‘baseline’), independently of the purpose
of their visit, all patients aged ≥18 years registering in the reception at a PHC centre in the city of
Linköping, Sweden, received written information on the study, together with a request to participate,
a consent form, and a questionnaire. At study outset, the Linköping municipality had approximately
140 000 inhabitants, of which around 13 500 were allocated to the PHC centre in question. The consent
form and the questionnaire could either be filled out while at the PHC centre and returned to the
receptionist or placed in a response box in the waiting room, or filled out later at home and returned
by post. Abnormal UV sensitivity, intake of UV-sensitising medication, and cognitive impairment
were exclusion criteria. After inclusion, participants were consecutively computer-randomised, by a
member of administrative staff, to one of three study groups. Individualised sun protection advice
based on their questionnaire responses was given, in varying form depending on group; in Group
1 by means of a letter, with standardised comments on skin type and sun exposure habits, and a
summarised risk assessment with personally-adjusted advice, and in Groups 2 and 3 mediated verbally
through a personal GP consultation (approximately 20 minutes, including a whole-body inspection
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Figure 1 Distribution of study participants in the three intervention groups, and response frequencies at baseline, at 3-year, and at 10-year follow-up.
The percentages given at 3 and 10 years describe the proportional response rate with regard to baseline
Hedevik H et al. BJGP Open 2019; DOI: 10.3399/bjgpopen19X101653
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of nevi). In Group 3, the participants also underwent a phototest for assessment of individual UV
sensitivity (Skin-tester Kit, Cosmedico-Medizintechnik-GmbH, Schwennigen, Germany). The test was
applied on the palmar side of the forearm, by illumination of six 12 mm square, closely located skin
areas for each field, with increasing UV dose (18, 35, 51, 63, 82, and 105 mJ/cm2). After 24 hours,
the participants read and reported their phototest result, by counting the number of erythemas, on
a specific protocol returned by mail (an assessment procedure proven reliable).18,19 Finally, written,
adjusted sun protection advice based on the phototest was mailed back to the participants. Based on
the sample sizes and outcomes of previous studies using equivalent measures,20–23 a sample size of n
= 100 (including margin for possible drop-outs) was aimed for.

The questionnaire
The questionnaire covered the following three aspects: a) sun habits and sun protection behaviour,
using 5-point Likert scales (for example, never/seldom/sometimes/often/always); b) propensity to
increase sun protection, based on the Transtheoretical Model of Behaviour Change (TTM); and c)
attitudes towards sunbathing, also expressed via Likert scales. The TTM is based on classification of
the individual, using grading statements, into one of five stages representing increasing propensity to
change behaviour; pre-contemplation, contemplation, preparation, action, or maintenance stage,24
by which four behavioural items were investigated: a) giving up sunbathing, b) using clothes for sun
protection, c) using sunscreens, and d) seeking the shade during midday. Stage-of-change at analysis
was scored 1–5, from maintenance to pre-contemplation stage, reflecting a declining propensity to
increase protection. Similarly, the previously validated Likert scale responses concerning sun habits and
attitudes towards sunbathing20,25 were scored 1–5 in a direction corresponding to an increasingly risky
behaviour or attitude (that is, a positive attitude towards sun exposure). The questions and response
alternatives for the Likert-scaled questions are available from the authors on request. Demographic
data collected were age, sex, educational level, skin type according to Fitzpatrick,26 and personal or
family-related history of skin cancer.

Sun Exposure and Protection Index (SEPI)
Eight of the questions regarding sun habits and sun protection behaviour (intentional tanning;
vacation at sunny resorts; sunscreen use; using a long-sleeved shirt or sweater; using a sun hat;
occasions with sunburn; time spent in midday sun; and staying in the shade) corresponded closely to
the subsequently developed and validated Sun Exposure and Protection Index (SEPI) questionnaire,27
in which sun exposure habits are scored from 0 to 32 points, reflecting an increasing UV risk exposure.
At analysis, the responses to these eight questions were, in addition to follow-up of each individual
question outcome, added together in a cumulated score, to be comparable to the SEPI score.

Follow-up
Possible effects of the intervention (given at baseline), in terms of change of self-reported sun
protection behaviour and propensity to increase sun protection (primary outcome variable), and
attitudes towards sunbathing (secondary outcome variable), were, as reported in previous publications,
assessed at 6 months16 and 3 years,17 by a repeated postal questionnaire. At both these follow-up
occasions, the participants in the two groups which had received sun protection advice verbally from
the GP (Groups 2 and 3), had significantly increased their precaution with regards the sun, in contrast
to the letter group (Group 1), as presented previously.16,17 In the present study, the questionnaire was
repeated at 10 years from baseline (again by post). Additionally, as well as individual question response
comparisons, assessment according to SEPI was applied to both the 3- and 10-year responses. If a
questionnaire response was not received within 3 weeks, the questionnaire was posted a second time,
together with a reminder.

Statistical analyses
Change in questionnaire responses between baseline and 3 and 10 years, was assessed by linear
model of longitudinal data, using restricted maximum likelihood estimation of variance components
to handle the unbalanced data. Response outcomes in the four domains (sun habits [13 questions];
propensity to increase sun protection [four questions]; attitudes towards sun exposure [five questions];
and SEPI) were analysed separately. Each model included time (three levels: baseline, 3 years, and 10
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years), intervention group (three levels: Groups
1, 2, and 3), and the interaction between time
and intervention group as fixed factors. Based
on the information criteria of the models, an
unstructured method was used for estimation of
the covariance parameters of the repeated effects
(time). Additional contrast analyses on change
between time points were produced to assess
differences in change between the intervention
groups. P values <0.05 were considered
statistically significant. Šidák correction was used
to control for familywise error rate in multiple
comparisons. IBM SPSS Statistics for Windows
(version 23.0) was used for all analyses.

Results
Figure 1 is a cumulative flow chart of the study
participants from baseline to follow-up. At 3
and 10 years, the total response rate was 77%
and 74%, respectively, compared to baseline.
Demographic characteristics of the study
population are shown in Table 1.

Sun habits and sun protection
behaviour
Figure 2 shows the predicted mean response
outcomes with 95% confidence intervals (CI),
for the questions regarding sun habits and sun
protection behaviour, at baseline and followup. For all questions, a declining mean score,
corresponding to decreasing UV risk exposure,
over time could be seen, independent of group.
The most salient between-group differences
at follow-up were seen for ‘sunscreen use’
and ‘use of clothes for protection‘, where the
doctor’s consultation group (Group 2) responses
were on average lower (implying less risk)
compared to the letter group (Group 1). Table 2
shows the mean changes of score between
the three measurement occasions, and the P
value according to the overall effect of time,
group and a combination of both. Statistically
significant decreases in sun exposure score was
observed within several behaviour aspects, such
as intentional tanning and sunscreen use, both at
3 and 10 years compared to baseline. However,
none of these changes was found to be groupdependent, rather indicating an effect of time.

Table 1 Demographic characteristics of the
study population at baseline and at 10-year
follow-up
10-year
follow-up

Baseline
n

(%)

n

(%)

Female

190

(61.5)

135

(59.0)

Male

119

(38.5)

94

(41.0)

18–25

13

(4.2)

8

(3.5)

26–40

66

(21.4)

47

(20.5)

41–65

163

(52.8)

129

(56.3)

>65

67

(21.7)

45

(19.7)

Elementary school

111

(35.9)

83

(36.2)

Upper secondary
school

126

(40.8)

93

(40.6)

University degree

72

(23.3)

53

(23.1)

High UV sensitivity
(Type I–II)

99

(32.1)

74

(32.5)

Low UV sensitivity
(Type III–VI)

209

(67.9)

154

(67.5)

290

(96.0)

194

(84.7)

Basal cell
carcinoma (BCC)

6

(2.0)

10

(4.4)

Squamous skin
carcinoma (SCC

0

(0.0)

1

(0.4)

Malignant
melanoma (MM)

5

(1.7)

5

(2.2)

Skin cancer, type
unknown by
responder

1

(0.3)

19

(8.3)

Sex

Age at baseline,
years

Educational level

Skin type
(Fitzpatrick’s
classification)

Previous history
of skin cancera
No skin cancer

a

Diagnosis distribution between groups at 10 years:
Group 1: 2 BCC, 2 MM, 5 type unknown. Group 2: 3
BCC, 1 SCC, 2 MM, 6 type unknown. Group 3: 5 BCC,
1 MM, 8 type unknown.

Propensity to increase sun protection
Figure 3A shows the predicted mean response outcome with its 95% CI for each of the four questions
regarding readiness to increase sun protection. The time-dependent pattern of declining mean score
observed in Figure 2, for sun habits, was not as obvious in this case, with the exception of the ‘giving
up sunbathing‘ item. Again, however, a difference especially between the doctor’s consultation group
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Figure 2 Predicted mean response values with 95% CI on each of the questions regarding sun habits and sun protection behaviour, at baseline and at
3- and 10-year follow-up, in each of the three intervention groups
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Table 2 Mean changes of score between the three follow-up occasions (baseline, 3 years, and 10 years), regarding sun habits and sun
protection behaviour, and the statistical significance according to the overall effect of time, group, and a combination of both
Model results
Change in estimated marginal means
Letter

Doctor's consultation

Tests of fixed effects,
P value

Phototest

A

B

C

A

B

C

A

B

C

Time

Group Time x
Group

How often do you sunbathe with the intention to
tan during the summer in Sweden?

-0.17

-0.12

-0.29a

-0.35b

0.06

-0.30a

-0.37b

-0.06

How often do you usually go on a ‘sun vacation‘
abroad?

-0.02

0.04

0.01

-0.09

0.10

0.01

-0.01

0.10

0.09

0.220

0.748

0.897

Do you usually use a sunscreen when sunbathing?

0.16

-0.24

-0.08

-0.39a

0.21

-0.18

-0.09

-0.09

-0.18

0.125

0.787

0.032

If you use sunscreens, which sun protection factor
do you choose?

-0.19

-0.34

-0.54a

-0.54a

-0.30

-0.84b

-0.23

-0.20

-0.43

<0.001 0.281

0.371

Sun habits/sun protection behaviour
-0.43b <0.001 0.979

0.402

When in the sun, without intention to tan, how often do you use any of the following ways to protect from the sun:
(a) sunscreens

0.22

-0.22

0.00

-0.53b

0.19

-0.34

-0.07

-0.14

-0.20

0.093

0.457

0.004

(b) shirt or sweater with short sleeves

-0.16

-0.07

-0.23

0.00

-0.25

-0.25

-0.19

-0.12

-0.31

0.009

0.805

0.708

(c) shirt or sweater with long sleeves

-0.08

-0.00

-0.08

-0.22

0.06

-0.17

-0.16

-0.16

-0.32

0.018

0.199

0.654

(d) sun hat or cap

-0.06

-0.03

-0.09

-0.24

-0.00

-0.24

-0.14

-0.06

-0.21

0.068

0.038

0.890

0.09

-0.14

a

-0.03

a

-0.22

-0.00

-0.23

<0.001 0.864

0.677

-0.23

a

-0.20

a

<0.001 0.111

0.384

a

(e) trousers with long legs
(f) staying in the shade

-0.23
-0.11

-0.34

-0.35

c

-0.29

c

0.04

-0.38

-0.25

-0.18
c

-0.38

How many times have you been sunburnt during
the past year?

-0.09

0.04

-0.05

-0.19

-0.02

-0.21

-0.20

-0.07

-0.27

<0.001 0.907

0.291

How often do you use a sunbed?

-0.15c

-0.01

-0.17

-0.13

0.02

-0.11

-0.16c

-0.15a

-0.31b <0.001 0.542

0.109

c

-0.30

-0.10

a

-0.40

a

-0.18

-0.58

b

-0.06

-0.21

-0.27

<0.001 0.791

0.222

Giving up sunbathing

-0.47a

-0.17

-0.65b -0.63b

-0.03

-0.66b

-0.49a

-0.24

-0.76b <0.001 0.510

0.909

Using clothes for sun protection

-0.22

0.04

-0.17

-0.26

0.08

-0.18

-0.29

-0.07

-0.35

0.006

0.199

0.925

Using sunscreens

-0.07

0.03

-0.05

-0.32

0.28

-0.04

-0.09

0.04

-0.05

0.131

0.557

0.658

Staying in the shade

-0.34c

0.76b

0.42a

-0.74b

0.93b

0.19

-0.22

0.82b

0.60b

<0.001 0.626

0.073

How do you like sunbathing?

-0.11

-0.18

-0.29a

-0.10

-0.00

-0.10

0.03

-0.11

-0.08

Do you think that the advantages of sunbathing
outweigh the disadvantages?

-0.29c

-0.15

-0.44b

-0.29

0.14

-0.15

-0.04

-0.22

-0.26

How extensive do you consider the health risks of
sunbathing?

-0.06

-0.14

-0.20

-0.35a

0.19

-0.16

0.08

-0.05

-0.03

0.079

0.895

0.028

How extensive do you consider the risk for you to
develop skin cancer?

-0.11

-0.02

-0.14

-0.07

0.00

-0.06

0.00

-0.19

-0.19

0.034

0.329

0.531

How important is it for you to get tanned during
the summer?

-0.08

-0.11

-0.18c

0.01

-0.14

-0.13

-0.15

-0.13

-0.28a <0.001 0.077

0.542

SEPI score

-0.45

-0.37

-0.82

-2.20b

0.15

-2.04b

-1.20a

-0.83

-2.04b <0.001 0.312

0.005

How long do you usually stay in the sun between
11am and 3pm (Jun–Aug)?

-0.40

Propensity to increase sun protection

Attitudes towards sun exposure

a

b

0.015

0.279

0.333

<0.001 0.885

0.139

c

P<0.01. P<0.001. P<0.05.
A = change baseline to 3 years. B = change 3 to 10 years. C = change baseline to 10 years.
A negative value indicates change towards lowered risk behaviour, increased propensity to change behaviour, and lowered risk attitude, respectively.
Šidák adjustment for multiple comparisons.

Hedevik H et al. BJGP Open 2019; DOI: 10.3399/bjgpopen19X101653



7 of 13

Research

Figure 3 Predicted mean response values with 95% CI for each of the questions addressing stage of change of propensity to increase sun protection
(A), and the questions regarding attitudes towards sun exposure (B), at baseline and at 3 and 10 years follow-up, in each of the three intervention groups
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Figure 4 Predicted mean Sun Exposure and Protection Index score with 95% CI, at baseline and at 3- and 10-year follow-up, in each of the three
intervention groups

(Group 2) and the letter group (Group 1) responses at follow-up were seen for all four questions. As
seen in Table 2, all statistically significant changes of propensity-to-change score noted appeared to
be dependent on time, with no significant group-dependent changes found.

Attitudes towards sun exposure
Figure 3B shows the predicted mean response outcome with its 95% CI for the questions concerning
attitudes towards sun exposure. A slight tendency towards a less positive attitude to sun exposure
could be seen over time, but between-group differences were smaller. As illustrated in Table 2,
observed changes in attitude were shown to be time-dependent.

SEPI
The results of accumulated question responses added together in a comprehensive score, following
the contents of SEPI, are shown in Figure 4. A greater decrease in score for Groups 2 and 3 was seen
at both 3 and 10 years. Whereas no significant change in SEPI score could be detected in Group 1, the
scores in Groups 2 and 3 decreased by around 2.0 in mean score (Table 2). Even after accounting for
the effect of time, a significant group-dependent effect could be demonstrated.

Discussion
Summary
Time is a crucial factor in the prevention of diseases associated with long-term exposures, as in the
case of chronic or repeated UV exposure. In this study investigating the sustainability of GP-delivered,
individualised sun protection advice, a declining but detectable improvement in sun protection,
over a longer perspective of time, could be demonstrated. Time per se (or, more likely, ageing)
appears as the dominating factor behind this, but, importantly, individuals who received the advice
personally from the doctor had significantly lower SEPI scores at 10 years than those given only written
advice, suggesting this way of communicating sun protection advice to be more successful, as well
as sustainable. This is concordant with previous research addressing other health-risk behaviours,
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including smoking cessation.28,29 The somewhat declining effect over time observed, again seen
in other studies,30–33 suggests a potential advantage in the advice being repeated, allowing its
effectiveness to be reinforced.

Comparison with existing literature
Precaution with regards the sun is known to increase with age.34–37 Therefore, it is not surprising that
a general increase of sun protection was seen in all three groups. Although age is the most likely
explanation, it cannot be excluded that a general change of behaviour, on a society level, might also
have played a role. Improved knowledge, repeated information campaigns, and other public health
efforts may have contributed to enhanced awareness about UV exposure risks.6 Also, a general change
of outdoor habits, especially among younger individuals reported to spend a declining proportion of
time outdoors,38,39 may also have played a role. However, a predominant proportion of the study
participants were aged >40 years at baseline, a stage at which increased caution in the sun particularly
due to age would probably have already occurred.34,35 Finally, since all participants received some kind
of intervention, it cannot be excluded that even the letter-mediated advice (Group 1) may have had
an effect (which the authors failed to differentiate from ‘time‘), as previously found by Crane et al.39
In the extensive systematic reviews for the US Preventive Services Task Force,9,40 the role and
effectiveness of PHC in mediating sun protection advice is underlined. Of the total 21 RCTs included
in the 2018 review, however, only two studies39,41 followed their participants for more than 24 months.
In both studies, the intervention was repeated at 12 and 24 months, with a final follow-up at 36
months. Prochaska et al followed the participants in two studies, based on individual stage-matched
sun protection advice, for 24 months but, again, in both cases the intervention was repeated after 12
months.42,43 Thus, in no case was a longer follow-up period than 1 year after completed intervention
used. In this regard, the present 10-year study’s results provide important, novel information. The
fact that brief, personalised advice given by the GP induced a detectable effect as long as 10 years
after delivery brings some contributory legitimacy to GPs spending part of their time and effort on
personalised lifestyle counselling, as a natural component of the everyday patient work. Considering
the relatively limited resource required (even if the intervention were to be repeated), the potential
health economic benefits should not be underestimated; in fact, the cost-effectiveness of preventive
efforts to increase sun protection, together with measures to enhance early skin cancer detection
(such as regular self-examination), has been found to be substantial, both in terms of cost and qualityadjusted life-years, by reducing the burden of future advanced cancers.3,4

Strengths and limitations
The most important strength of the study is its prospective design and long follow-up period. Although
potentially successful, it is not possible to foresee whether an observed short-term behavioural change
would be maintained over a sufficient period of time to result in any discernible effect on skin cancer
risk. Therefore, these findings shed important light on how to design sustainable interventions to
prevent skin cancer, using societal resources wisely. In this respect, the role and efficacy of healthcare
providers in promoting favourable lifestyle habits, including those in PHC, is well documented.42,44,45
Since the study was performed in a true PHC setting, these results are likely to be appropriately
transferrable to the PHC environment in general, as well as to similar healthcare settings, such as
occupational health and dermatological clinics. Another strength of the study is its uncommonly high
response rate, considering its long follow-up period, supporting the reliability of the results.
The study has some important limitations. Most importantly, it has a single-centre design, a
circumstance to some extent limiting its generalisability. Also, selection bias due to attracting patients
specifically interested in lifestyle matters cannot be excluded. If this occurred (a point of speculation),
it may have reinforced the observed intervention effect. Another issue of importance to address is the
clinical significance of the observed behavioural change found at 10 years, reflected in a reduction
in SEPI score of on average 2 points, and its actual impact on morbidity and mortality. This is a point
of speculation, and it is not possible to draw any conclusions from this study. The absence of a true
control group, receiving no sun protection advice at all, may raise some criticism. However, the mere
completion of a questionnaire mapping sun habits per se may be viewed as an intervention, for which
reason this would not have guaranteed that no effect besides the effect of time or ageing would
have had an impact on the outcome. With the present design, the letter group, containing the lowest
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level of intervention (arguably quite similar to normal practice in which information is often given as
printed information added to a normal routine), might in this respect be considered as control group.
The fact that a significantly greater increase in sun protection could be observed in the two doctor’s
consultation groups than in the letter group consolidates an additional effect besides the likely effect
of mere passage of time. Finally, it can be questioned whether the relatively high age distribution
in the study population represents the most favourable target group for intervention. On the other
hand, this age distribution is likely to be coherently representative of a general population of patients
seeking PHC.

Implications for research and practice
In conclusion, this study indicates that personalised sun protection advice mediated in person by the
GP may lead not only to temporary, but also to long-term, persistent improvement of sun protective
behaviour, albeit modest. The advice is likely to benefit from being repeated at appropriate intervals,
for instance in association with nevi checks or other relevant medical consultations. Given the steadily
increasing skin cancer incidence worldwide, these results indicate that sun protection advice should,
by preference, be considered one of the natural areas of prevention to include in PHC patient
consultations, along with other lifestyle directed advice probably more commonly addressed in
practice. The possible interactions between sun protection advice and other behavioural counselling,
and how these can be balanced in the case of contradictory advice (for instance, avoiding the sun
versus performing outdoor physical activities), emerge as an area of potentially important interest for
future research, which is to date sparsely explored. The actual impact and efficacy of repeated sun
protection advice also needs further research.
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The study was funded by research grants from Östergötland County Council (reference number:
LIO-440041).
Ethical approval
The study was approved by the Regional Ethical Review Board in Linköping (Dnr 2014/468-31).
Trial registration
This trial was registered with the ISRCTN Registry (reference number: ISRCTN99837874)
Provenance
Freely submitted; externally peer reviewed.

References
1.

2.
3.
4.

5.
6.
7.

8.
9.

Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018; 68(6): 394–424. DOI: https://doi.org/
10.3322/caac.21492
Lomas A, Leonardi-Bee J, Bath-Hextall F. A systematic review of worldwide incidence of nonmelanoma skin cancer.
Br J Dermatol 2012; 166(5): 1069–1080. DOI: https://doi.org/10.1111/j.1365-2133.2012.10830.x
Pil L, Hoorens I, Vossaert K, et al. Burden of skin cancer in Belgium and cost-effectiveness of primary prevention by
reducing ultraviolet exposure. Prev Med 2016; 93: 177–182. DOI: https://doi.org/10.1016/j.ypmed.2016.10.005
Gordon LG, Rowell D. Health system costs of skin cancer and cost-effectiveness of skin cancer prevention and
screening: a systematic review. Eur J Cancer Prev 2015; 24(2): 141–149. DOI: https://doi.org/10.1097/CEJ.
0000000000000056
Eriksson T, Tinghög G. Societal cost of skin cancer in Sweden in 2011. Acta Derm Venereol 2015; 95(3): 347–348.
DOI: https://doi.org/10.2340/00015555-1938
Sandhu PK, Elder R, Patel M, et al. Community-wide interventions to prevent skin cancer: two community guide
systematic reviews. Am J Prev Med 2016; 51(4): 531–539. DOI: https://doi.org/10.1016/j.amepre.2016.03.020
Wu YP, Aspinwall LG, Conn BM, et al. A systematic review of interventions to improve adherence to melanoma
preventive behaviors for individuals at elevated risk. Prev Med 2016; 88: 153–167. DOI: https://doi.org/10.1016/j.
ypmed.2016.04.010
Sánchez G, Nova J, Rodriguez-Hernandez AE, et al. Sun protection for preventing basal cell and squamous cell skin
cancers. Cochrane Database Syst Rev 2016; 7: CD011161. DOI: https://doi.org/10.1002/14651858.CD011161.pub2
Henrikson NB, Morrison CC, Blasi PR, et al. Behavioral counseling for skin cancer prevention: evidence report and
systematic review for the US Preventive Services Task Force. JAMA 2018; 319(11): 1143–1157. DOI: https://doi.
org/10.1001/jama.2017.21630

Hedevik H et al. BJGP Open 2019; DOI: 10.3399/bjgpopen19X101653



11 of 13

Research
Savoye I, Olsen CM, Whiteman DC, et al. Patterns of ultraviolet radiation exposure and skin cancer risk: the E3NSunExp study. J Epidemiol 2018; 28(1): 27–33. DOI: https://doi.org/10.2188/jea.JE20160166
11. Olsen CM, Wilson LF, Green AC, et al. How many melanomas might be prevented if more people applied
sunscreen regularly? Br J Dermatol 2018; 178(1): 140–147. DOI: https://doi.org/10.1111/bjd.16079
12. Martens MC, Seebode C, Lehmann J, et al. Photocarcinogenesis and skin cancer prevention strategies: an update.
Anticancer Res 2018; 38(2): 1153–1158. DOI: https://doi.org/10.21873/anticanres.12334
13. van der Rhee HJ, de Vries E, Coebergh JW. Regular sun exposure benefits health. Med Hypotheses 2016; 97:
34–37. DOI: https://doi.org/10.1016/j.mehy.2016.10.011
14. Thompson JM, Fioletov VE, Marrett LD, et al. Vitamin D at the expense of skin cancer protection: is it worth the
risk? J Invest Dermatol 2016; 136(10): 2104–2105. DOI: https://doi.org/10.1016/j.jid.2016.06.012
15. Lindqvist PG, Epstein E, Nielsen K, et al. Avoidance of sun exposure as a risk factor for major causes of death: a
competing risk analysis of the melanoma in Southern Sweden cohort. J Intern Med 2016; 280(4): 375–387. DOI:
https://doi.org/10.1111/joim.12496
16. Falk M, Anderson C. Prevention of skin cancer in primary healthcare: an evaluation of three different prevention
effort levels and the applicability of a phototest. Eur J Gen Pract 2008; 14(2): 68–75. DOI: https://doi.org/10.1080/
13814780802423430
17. Falk M, Magnusson H. Sun protection advice mediated by the general practitioner: an effective way to achieve
long-term change of behaviour and attitudes related to sun exposure? Scand J Prim Health Care 2011; 29(3):
135–143. DOI: https://doi.org/10.3109/02813432.2011.580088
18. Falk M, Anderson C. Reliability of self-assessed reading of skin tests: a possible approach in research and clinical
practice? Dermatol Online J 2010; 16(2): 4.
19. Thorslund L, Falk M. Patient performed reading of a phototest — a reliable method? J Analyt Oncol 2012; 1(1):
81–87.
20. Bränström R, Kristjansson S, Ullén H, et al. Stability of questionnaire items measuring behaviours, attitudes and
stages of change related to sun exposure. Melanoma Res 2002; 12(5): 513–519. DOI: https://doi.org/10.1097/
00008390-200209000-00014
21. Jerkegren E, Sandrieser L, Brandberg Y, et al. Sun-related behaviour and melanoma awareness among Swedish
university students. Eur J Cancer Prev 1999; 8(1): 27–34. DOI: https://doi.org/10.1097/00008469-199902000-
00004
22. Bergenmar M, Brandberg Y. Sunbathing and sun-protection behaviors and attitudes of young Swedish adults
with hereditary risk for malignant melanoma. Cancer Nurs 2001; 24(5): 341–350. DOI: https://doi.org/10.1097/
00002820-200110000-00002
23. Jackson KM, Aiken LS. A psychosocial model of sun protection and sunbathing in young women: the impact of
health beliefs, attitudes, norms, and self-efficacy for sun protection. Health Psychol 2000; 19(5): 469–478. DOI:
https://doi.org/10.1037/0278-6133.19.5.469
24. Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot 1997; 12(1):
38–48. DOI: https://doi.org/10.4278/0890-1171-12.1.38
25. Bränström R, Ullén H, Brandberg Y. A randomised population-based intervention to examine the effects of the
ultraviolet index on tanning behaviour. Eur J Cancer 2003; 39(7): 968–974. DOI: https://doi.org/10.1016/S0959-
8049(03)00117-5
26. Fitzpatrick TB. The validity and practicality of sun-reactive skin types I through VI. Arch Dermatol 1988; 124(6):
869–871. DOI: https://doi.org/10.1001/archderm.1988.01670060015008
27. Detert H, Hedlund S, Anderson CD, et al. Validation of sun exposure and protection index (SEPI) for estimation of
sun habits. Cancer Epidemiol 2015; 39(6): 986–993. DOI: https://doi.org/10.1016/j.canep.2015.10.022
28. Ramseier CA, Suvan JE. Behaviour change counselling for tobacco use cessation and promotion of healthy
lifestyles: a systematic review. J Clin Periodontol 2015; 42(Suppl 6): S47–S58. DOI: https://doi.org/10.1111/jcpe.
12351
29. Lin JS, O'Connor EA, Evans CV, et al. Behavioural counseling to promote a healthy lifestyle for cardiovascular
disease prevention in persons with cardiovascular risk factors: an updated systematic evidence review for the U.S.
Preventive Services Task Force. Ann Intern Med 2014; 161(8): 568–578.
30. Jepson RG, Harris FM, Platt S, et al. The effectiveness of interventions to change six health behaviours: a review of
reviews. BMC Public Health 2010; 10(1): 538. DOI: https://doi.org/10.1186/1471-2458-10-538
31. Blokstra A, van Dis I, Verschuren WM. Efficacy of multifactorial lifestyle interventions in patients with established
cardiovascular diseases and high risk groups. Eur J Cardiovasc Nurs 2012; 11(1): 97–104. DOI: https://doi.org/10.
1016/j.ejcnurse.2010.10.005
32. Kivelä K, Elo S, Kyngäs H, et al. The effects of health coaching on adult patients with chronic diseases: a systematic
review. Patient Educ Couns 2014; 97(2): 147–157. DOI: https://doi.org/10.1016/j.pec.2014.07.026
33. Webb VL, Wadden TA. Intensive lifestyle intervention for obesity: principles, practices, and results.
Gastroenterology 2017; 152(7): 1752–1764. DOI: https://doi.org/10.1053/j.gastro.2017.01.045
34. Falk M, Anderson CD. Influence of age, gender, educational level and self-estimation of skin type on sun exposure
habits and readiness to increase sun protection. Cancer Epidemiol 2013; 37(2): 127–132. DOI: https://doi.org/10.
1016/j.canep.2012.12.006
35. Bränström R, Ullén H, Brandberg Y. Attitudes, subjective norms and perception of behavioural control as predictors
of sun-related behaviour in Swedish adults. Prev Med 2004; 39(5): 992–999. DOI: https://doi.org/10.1016/j.ypmed.
2004.04.004
36. Kasparian NA, McLoone JK, Meiser B. Skin cancer-related prevention and screening behaviors: a review of the
literature. J Behav Med 2009; 32(5): 406–428. DOI: https://doi.org/10.1007/s10865-009-9219-2
10.

Hedevik H et al. BJGP Open 2019; DOI: 10.3399/bjgpopen19X101653



12 of 13

Research
37.

38.
39.
40.

41.
42.

43.

44.
45.

Volkov A, Dobbinson S, Wakefield M, et al. Seven-year trends in sun protection and sunburn among Australian
adolescents and adults. Aust N Z J Public Health 2013; 37(1): 63–69. DOI: https://doi.org/10.1111/1753-6405.
12012
Bassett DR, John D, Conger SA, et al. Trends in physical activity and sedentary behaviors of United States youth. J
Phys Act Health 2015; 12(8): 1102–1111. DOI: https://doi.org/10.1123/jpah.2014-0050
Crane LA, Asdigian NL, Barón AE, et al. Mailed intervention to promote sun protection of children: a randomized
controlled trial. Am J Prev Med 2012; 43(4): 399–410. DOI: https://doi.org/10.1016/j.amepre.2012.06.022
Lin JS, Eder M, Weinmann S. Behavioral counseling to prevent skin cancer: a systematic review for the US
Preventive Services Task Force. Ann Intern Med 2011; 154(3): 190–201. DOI: https://doi.org/10.7326/0003-4819-
154-3-201102010-00009
Crane LA, Deas A, Mokrohisky ST, et al. A randomized intervention study of sun protection promotion in well-child
care. Prev Med 2006; 42(3): 162–170. DOI: https://doi.org/10.1016/j.ypmed.2005.11.007
Prochaska JO, Velicer WF, Redding C, et al. Stage-based expert systems to guide a population of primary care
patients to quit smoking, eat healthier, prevent skin cancer, and receive regular mammograms. Prev Med 2005;
41(2): 406–416. DOI: https://doi.org/10.1016/j.ypmed.2004.09.050
Prochaska JO, Velicer WF, Rossi JS, et al. Multiple risk expert systems interventions: impact of simultaneous
stage-matched expert system interventions for smoking, high-fat diet, and sun exposure in a population of parents.
Health Psychol 2004; 23(5): 503–516. DOI: https://doi.org/10.1037/0278-6133.23.5.503
Olsen JM, Nesbitt BJ. Health coaching to improve healthy lifestyle behaviors: an integrative review. Am J Health
Promot 2010; 25(1): e1–e12. DOI: https://doi.org/10.4278/ajhp.090313-LIT-101
Bully P, Sánchez Á, Zabaleta-del-Olmo E, et al. Evidence from interventions based on theoretical models for
lifestyle modification (physical activity, diet, alcohol and tobacco use) in primary care settings: a systematic review.
Prev Med 2015; 76 Suppl: S76–S93. DOI: https://doi.org/10.1016/j.ypmed.2014.12.020

Hedevik H et al. BJGP Open 2019; DOI: 10.3399/bjgpopen19X101653



13 of 13

