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Abstract
Background Solar UVR is a major cause of skin cancer but also an important source of
vitamin D (VitD), essential for musculoskeletal health. Conflicting public health messages
may confuse skin cancer patients prone to further skin cancer.
Objective To explore the knowledge, behaviour and attitudes of skin cancer patients to
sunlight exposure and VitD sources.
Methods Patients (n=10) previously treated for multiple basal cell cancer in a hospital
setting, participated in focus group sessions with semi-structured discussions to explore:
knowledge of VitD, sun-avoidance behaviour, and attitude towards sunlight exposure
messages. Thematic data analysis was performed using software programme MAXQDA11.
Results Pre-existing knowledge of VitD was low. Most patients practiced sun-avoidance and
were not inclined to increase exposure. Patients did not perceive VitD deficiency as a
substantial risk to their own health, or a need to take VitD supplements. They aimed to
increase VitD status through dietary intake, but knowledge of food VitD content was lacking.
Conclusions The skin cancer patients, appropriate to their heightened skin cancer risk,
appeared unlikely to increase their sun-exposure to gain VitD. However, education is
required regarding the generally low levels of VitD in foodstuffs, and the requirement for
supplements/fortified foods if strict sun-avoidance is employed.
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Introduction
Low vitamin D (VitD) levels are prevalent in the United Kingdom (UK) as well as in other
northerly climes, particularly during the winter months, with high proportions of the general
population regarded as VitD insufficient according to European and USA/Canadian
authorities i.e. with serum 25-hydroxyvitamin D (25(OH)D) less than 50 nmol/L (20 ng/ml)
and substantial numbers deficient, with 25(OH)D levels less than 25 nmol/L (10 ng/ml) (1-8).
However, VitD is essential for musculoskeletal health.
VitD is predominantly obtained through cutaneous synthesis. Conversion of 7dehydrocholesterol to pre-vitamin D3 by ultraviolet B (UVB) radiation in sunlight is followed
by heat-isomerisation to vitamin D3 (cholecalciferol) which is released into the circulation.
This is metabolized in the liver to 25(OH)D (calcidiol) and subsequently in the kidney to the
active metabolite 1,25-dihydroxyvitamin D (1,25(OH)2D; calcitriol), which mediates its
actions through the VitD receptor (9). VitD promotes absorption of dietary calcium and bone
mineralization, with deficient levels resulting in rickets and osteomalacia. Low VitD status is
also linked to secondary hyperparathyroidism, osteoporosis and increased risk of fractures
(9). A number of autoimmune and systemic disorders including multiple sclerosis, diabetes
and cardiovascular disease, and a range of malignancies, show associations with low VitD,
although causality is not proven (4, 10, 11).

Sun-exposure recommendations emphasize minimization of sunlight exposure in an
attempt to stem the rising incidence of skin cancers, for which solar ultraviolet radiation
(UVR) is the major exogenous cause. Recently, public health recommendations also allow
for brief exposures to sunlight as these may achieve adequate VitD status (12, 13, 14).
Recently, the UK’s Scientific Advisory Committee on Nutrition (SACN) has recommended
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that everyone from 1 year of age upwards takes 10 μg oral VitD daily during the winter
months, and that this should apply year-round in those who have low exposure to sunlight
(4).
Skin cancer prevalence in the UK, as in many countries with light-skin populations, is
increasing and has become a significant cause of morbidity and mortality (1). Through
campaigns and government policies the general population has become increasingly aware
of the link between sunlight and skin cancer, and the role of sun protective measures.
However, the benefits of adequate VitD status may be less generally appreciated (15). In
addition, patients who have previously suffered from skin cancer are actively encouraged to
avoid direct sunlight and to rigorously use sun protective measures which may impact on
their VitD levels, although compliance with this advice may be variable (16, 17).
Patients with a history of skin cancer are at heightened risk of further skin cancer,
and messages regarding both the health risk and benefit of sunlight may cause confusion
(18, 19). Therefore we conducted focus groups with patients who have previously suffered
from skin cancer in order to appraise (i) their knowledge of VitD health benefits and
acquisition, (ii) their own sun protection/exposure behaviour (iii) their attitude towards
messages on summer sunlight exposure, including advice regarding brief exposures to assist
VitD production.

Patients and Methods
This was a qualitative study employing standard methodology (20-22) for focus group
research. It explored patients’ knowledge of VitD, their current sunlight
protection/exposure behaviour, and their attitude towards sun-exposure recommendations.
Ethical approval was obtained from the Greater Manchester West NHS Research Ethics
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Committee (ref. 14/NW/1100). Written informed consent was obtained from all patients
and the study complied with the principles of the Declaration of Helsinki.
Patients who had been previously treated for more than two basal cell carcinomas (BCC)
were recruited from the Dermatology Centre, Salford Royal NHS Foundation Trust, UK.
Inclusion criteria were patients aged eighteen years or over, with a previous confirmed
diagnosis of BCC. Patients with co-existing dermatological conditions were excluded.
Participants (n=10) were recruited into two focus groups of n=5. A facilitator gave a brief
introduction to the study then explored the patients’ initial knowledge of VitD health
effects, its acquisition, and their current sun-exposure and photoprotective behaviour. A
topic guide was used to assist focus group discussions; this comprised a number of openended questions beginning with general questions about sunlight and VitD and leading to
more specific queries about sun exposure. Following this, the facilitator provided and
verbally presented information which explained the health benefits and sources of VitD
acquisition. This included messages regarding brief sunlight exposures, specifically 15
minutes of summer sun-exposure around lunchtime on most days of the week, for gaining
VitD. A further series of open-ended questions was then asked to encourage discussion
regarding their attitudes towards these recommendations. Discussion was encouraged to
continue until no new information was forthcoming. Group discussions lasted between 45
and 60 minutes and were digitally recorded.
Audio recordings were transcribed into Microsoft Word and imported to MAXQDA11
(VERBI, Berlin-professional qualitative data analysis software) for coding and analysis.
Comments from the interviews were analysed using systematic text condensation (23) and
broadly classified into the themes conforming to (i) knowledge, (ii) attitudes and (iii)
behaviour in relation to the national guidance.
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Results
10 patients, median age 78.5 years (range 40-84 years; 6 male; all white Caucasian),
previously treated for multiple basal cell carcinomas were recruited into this study, their
demographics are presented in Table 1. One patient had Gorlin’s syndrome. Subjects’
comments are coded according to subject (S) 1-10.

1) Vitamin D Knowledge:
All participants had heard of VitD, but none could recall being given specific written or
verbal information in any context:
Q:

Where did you learn about vitamin D?

S4:

“I find it quite amazing that I’ve been having this treatment for 3 years, and the first
time that someone at the hospital has mentioned vitamin D, this is the first time”.

S1:

“Vitamin D hasn’t been mentioned any time during my treatment. Plenty of mention
of sunlight, but not of vitamin D”.

This translated into a widely variable understanding of VitD with the majority of patients
exhibiting very little understanding compared to a minority who associated VitD with
calcium:
Q:

What do you know about vitamin D?

S1:

“Don’t know a thing”

S4.

“I know you need vitamin D in order for your body to absorb calcium, that’s probably
the extent of my knowledge”
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Nearly all patients were aware that the primary source of VitD was the sun, however a
paucity of knowledge existed regarding minimum skin exposure and duration required to
achieve adequate levels. A minority of patients stated they were aware that it was found in
a number of foods:
Q:

What sources of vitamin D are you aware of?

S1/2/3/4/5: “Sun”
S3:

“Green vegetables”

S2:

“Fruit”

S5:

“Fish oils and liver”

S6:

“Eggs?”

S8:

“Very little”

Q:

How much skin do you think you would need to expose to get enough vitamin D?

S1:

“No idea. I know how much skin I do expose, but I have no idea how much I would
need to get enough vitamin D. This is all new”

S2:

“Arms and face, that’s about it really”

Patients were aware of some potential consequences of inadequate VitD status compared
to the benefits of adequacy. In particular, rickets was a common perceived threat for
children, which may reflect the older age group of our patients; however very few had
concerns for their own current health:
Q:

Do you think that vitamin D is important for our health?

S1/2/6/7: “It’s associated with rickets.”
S3:

“Something to do with blood cells isn’t it, white blood cells probably.”

S5:

“Is rickets making a comeback because children aren’t going outside, playing?”
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Q:

Have you ever been concerned about your vitamin D levels?

S4/5/6: “No, never.”
S2:

“Not really, no.”

2) Behaviour:
For most patients, having had skin cancer had profoundly impacted on their current sun
exposure behaviour. In these patients, their perceived risk of sunlight exposure had
persuaded them to adopt tactics to avoid direct exposure or use sun protective measures:
Q:

How do you try to avoid the sun?

S2:

“Well I don’t go outside during those hours [11am-3pm], specifically because I’ve
had so many problems.”

S10:

“More often than not I sit in the shade anyway and just have limited time out”

Q:

Do you wear sunscreen regularly?

S3:

“All the time - now I do. I didn’t use to”

S10:

“Yes, sunscreen and a hat”.

While most patients actively avoided direct sunlight or used appropriate protection, there
were two individuals for whom their past experience appeared to have had little or no
impact, and consequently they exposed themselves to greater amount of sunlight than
advised:
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Q:

How do you try to avoid the sun?

S8:

“I’m out most of the time. Golf, cricket, gardening”.

Q:

Do you wear sunscreen regularly?

S1:

“I haven’t done for the last 6 years or so”.

Within those using sun protective measures, there were insights into the consequences this
could have on their VitD status:
Q:

Do you think wearing sunscreen and avoiding the sun affects vitamin D?

S1:

“No idea”.

S2:

“You can still get a sun tan, so I imagine that enough does get through”

S3:

“Well yes obviously, if you’re keeping the rays out”.

3) Patients’ attitudes towards sunlight recommendations to gain vitamin D
Most patients had concerns, personally, following recommendations for brief sunlight
exposures. Their previous experience of skin cancer had affirmed that they should actively
avoid sunlight, reinforced by advice from clinicians. Conversely a minority of patients felt
that 15 minutes of sunlight exposure represented a minimal risk, which they already took.

Discussion
Skin cancer campaigns have previously delivered a clear and concise message of sun
avoidance to reduce the risk of skin cancer. With enhanced awareness of low VitD levels at
population level, and the role of VitD in musculoskeletal health, there are now public
messages allowing for brief exposures to summer sunlight. On the other hand, increased
oral ingestion is advised, particularly for ‘at risk groups’ who receive little VitD from sun-
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exposure (4). Conflicting messages on sun exposure to avoid harm and gain benefit could
cause confusion for patients already at increased risk of harm from sunlight. Therefore we
have explored through focus groups, the knowledge, behaviour and attitudes towards VitD
and sun-exposure guidance in patients with a history of treatment for multiple skin cancers.
The focus group is a commonly-used approach that can effectively explore individuals' views
and beliefs about key topics, to understand factors influencing attitudes and behaviours
(20); this methodology provides insights that would not be accessible via other research
methods (21, 22). Group sizes of 4 to 8 people are suggested to be optimal (21).
Although all the skin cancer patients were aware of VitD, there was, in general, a
considerable lack of knowledge. Indeed, a number of patients exhibited frustration at the
lack of information available and welcomed further education. Most patients recognised
that complications can arise from VitD deficiency, particularly in childhood, but very few
were able to identify the benefits of achieving sufficient levels. Despite associating VitD
deficiency with health risks, none within the group had been concerned about their own
status or had requested VitD blood tests, which may represent a lack of knowledge in
attaining such investigations, or be attributable to the minimal risk that patients perceived
low VitD levels to be to their own health.
Most patients associated VitD deficiency with rickets, a severe bone deficiency
disorder which although uncommon does still persist in the UK with an incidence of 7.5 in
100,000 children under the age of 5 (24). The disparity in our patients’ age and their concern
for a childhood disease is likely to be a reflection of the media interest in rickets, and
possibly their recollection of health campaigns specifically targeting this condition in the
1950’s-60’s (25). Although one patient identified VitD with calcium absorption there was a
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lack of awareness of the benefit that satisfactory levels could have on their own
musculoskeletal health; this may be an area for future health campaigns to focus upon (26).
The health belief model (HBM) was developed in the 1950’s to address and
understand the failure of people to adopt preventative measures in asymptomatic disease
(27). Simplistically, the HBM states that behaviour depends on the patients’ perception of a
number of variables including: susceptibility, severity, benefits, barriers and cue to action.
This study indicated that experience of skin cancer profoundly influenced the patients’
attitudes and behaviour towards sun exposure. Their perceived risk of developing skin
cancer was greater than their perceived risk of VitD deficiency, and prudently they
employed a number of UVR protective measures. When asked for their views on
recommendations for brief (~15 minutes) of sunlight exposure, most patients exhibited
awareness of the potential harm this could cause their skin in view of their susceptibility to
skin cancer, and would be hesitant to follow these, although a minority mentioned that they
already spend in excess of this time.
Health campaigns aiming to prevent skin cancer have focused on minimizing sun
exposure and promoting sunscreen use (12). In extreme sunlight risk groups, e.g.
immunosuppressed organ transplant recipients, total sunlight avoidance in peak UVR hours
is recommended, and use of a sunscreen product of at least SPF 15 on exposed skin (28).
Although there is debate as to what degree sunscreen use reduces VitD synthesis in the
public in practice, considering it is generally applied suboptimally (more thinly and less
evenly than under manufacturer’s test conditions), it has been reported that in patients
with skin cancer, the use of sunscreen on a daily basis can reduce VitD levels to half of those
in healthy individuals who do not use sunscreen (29, 30). In our skin cancer patients, the
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majority replied that they regularly applied sunscreen or employed UVR protective
measures, and they therefore can be regarded as an at risk group for lower VitD levels.
Despite being informed of the risk of low VitD status, patients were generally not
keen to increase their intake in the form of supplements. The older age group of the
patients, with predisposition to chronic diseases requiring daily medications, led to some
reluctance to increase their polypharmacy. Patients wished to increase their VitD intake
‘naturally’ through diet. Unfortunately, the majority of natural foods, other than oily fish,
contain only low amounts of VitD, while the patients had little knowledge of food VitD
content, or that food in general does not provide an adequate source. While the number of
patients involved (n=10) is appropriate for focus group study (21), the overall number
studied is not large, all had 2 or more BCC, and all but one were 65 years or older; thus
findings may not be generalizable to a wider population.
Avoiding VitD deficiency in skin cancer patients is a complex public health issue,
requiring policy makers to address a number of specific challenges. This study highlights the
benefits of exploring patients knowledge, behaviour and attitudes, rather than simply
adopting a paternalistic approach, for example when advising oral VitD supplements, which
the patients were discovered to be hesitant to adopt. This hesitancy could potentially be
addressed by patient education into both the benefits of VitD and the risks of low levels to
health. Enhanced food fortification with VitD could be an alternative approach.
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Table 1. Demographics of the skin cancer (all BCC) patients

Patient Age Sex

BCC type; No. lesions; Anatomical location

Previous treatments

1

80

F

Nodular; 2; right ankle

PDT, surgery

2

80

M

Superficial; multiple; face, upper trunk, lower limbs

2x PDT, surgery,

3

4

5

6

Imiquimod
84

M

Superficial; 4; lower limbs

Surgery, PDT

Nodular infiltrative; 1; left shin
81

F

Superficial; 2; scalp, forehead

PDT, Mohs

Morphoeic; 1; left parietal region
78

M

Superficial; 1; upper back

PDT, Mohs

Nodular; 1; forehead
68

M

Superficial; 3; right scapula

PDT, Curette and

Infiltrative morphoeic; 2; left upper neck

cautery, Mohs

Nodular; 1; right forearm

7

79

M

Nodular; 2; upper back

PDT, surgery

8

73

M

Superficial; 2; mid and right back

PDT, Mohs

9

10

Nodular; 1; tip of nose
40

F

Superficial; 2; right arm

PDT, surgery

Infiltrative; 1; upper lip
(Gorlin syndrome)
65

F

Superficial; 2; left upper back, right upper arm
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