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Objective. Women with active sunlight exposure
habits experience a lower mortality rate than
women who avoid sun exposure; however, they
are at an increased risk of skin cancer. We aimed to
explore the differences in main causes of death
according to sun exposure.

Methods. We assessed the differences in sun expo-
sure as a risk factor for all-cause mortality in a
competing risk scenario for 29 518 Swedish
women in a prospective 20-year follow-up of the
Melanoma in Southern Sweden (MISS) cohort.
Women were recruited from 1990 to 1992 (aged
25-64 years at the start of the study). We obtained
detailed information at baseline on sun exposure
habits and potential confounders. The data were
analysed using modern survival statistics.

Results. Women with active sun exposure habits
were mainly at a lower risk of cardiovascular
disease (CVD) and noncancer/non-CVD death as
compared to those who avoided sun exposure. As a
result of their increased survival, the relative
contribution of cancer death increased in these
women. Nonsmokers who avoided sun exposure
had a life expectancy similar to smokers in the
highest sun exposure group, indicating that avoid-
ance of sun exposure is a risk factor for death of a
similar magnitude as smoking. Compared to the
highest sun exposure group, life expectancy
of avoiders of sun exposure was reduced by
0.6-2.1 years.

Conclusion. The longer life expectancy amongst
women with active sun exposure habits was related
to a decrease in CVD and noncancer/non-CVD
mortality, causing the relative contribution of
death due to cancer to increase.

Keywords: cigarette smoke, cohort study,
melanoma, mortality, public health.

CVD,

Introduction

There is ongoing debate about whether avoidance
of sunlight or vitamin D deficiency is a major risk
factor for health. The findings of two recent reviews
on the impact of vitamin D were completely differ-
ent, with one showing that no firm conclusions
could be drawn [1] and the other demonstrating a
population attributable risk of death in the same
range as smoking, inactivity or obesity [2]. Studies
regarding sun exposure are rare, but recently, we
reported that the mortality rate was doubled in

women in the Melanoma in Southern Sweden
(MISS) cohort who avoided active sun exposure,
compared to those with the highest sun exposure
[3]. In addition, we found no differences in all-
cause or cutaneous malignant melanoma (MM)
mortality between those who expose themselves to
and those who avoid the sun.

Most studies have analysed the relationship
between the upper extreme of sun exposure and
skin cancer and have showed an increased inci-
dence. Therefore, it is difficult to investigate sun
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exposure without taking skin cancer into consid-
eration. Skin cancer is usually divided into three
types according to increasing severity: basal cell
carcinoma (BCC), squamous cell carcinoma (SCC)
and cutaneous MM. The two former are often
grouped as nonmelanoma skin cancer (NMSC)
due to their similarity and generally nonfatal
prognosis. SCC is mostly related to cumulative
exposure to UV light, whilst UV light mainly
increases the risk of MM through episodic sunburn
and excessive exposure including frequent use of
tanning beds [4]. The incidence of MM in Sweden
has doubled during the last 15 years, whilst the
mortality rate has been constant since 1980s [5].

What causes the excess mortality amongst women
in the small subgroup (5.8%) who avoid sun
exposure is currently unknown. In this study, we
have classified mortality into three main cate-
gories, death due to cardiovascular disease
(CVD), cancer and noncancer/non-CVD, and anal-
ysed all-cause death in a competing risk scenario.
The aim of this study was to determine how sun
exposure is related to these main causes of death.

Materials and methods

The study was approved by the Ethics Committee
of Lund University (LU 632-03). The MISS study,
initiated in 1990, included approximately 1000
Sweden-born women of each age from 25 to
64 years (n = 39 973) who had no history of malig-
nancy. Subjects were selected from the general
population registry of the South Swedish Health
Care Region by random computerized selection
and represented 20% of the female population of
South Sweden at each age.

Women were invited to complete a standardized
written questionnaire concerning risk factors for
MM. The initial questionnaire was administered
from 1990 to 1992 and resulted in 29 518 women
participating in the study (response rate 74%). The
questionnaire was a detailed inquiry into several
factors of potential interest for mortality, such as
sun exposure habits, marital status, educational
level, smoking, alcohol consumption and the num-
ber of births. A total of 184 women emigrated
during the study period and were censored after
emigration. We collected information on mean
personalized family income between 1990 and
1993 from official income and taxation records at
Statistics Sweden (further details available at
http:/ /www.scb.se/en_/). Four predetermined
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questions were posed regarding sun exposure: (i)
How often do you sunbathe during the summer-
time? (never, 1—14 times, 15—30 times, >30 times);
(ii) Do you sunbathe during the winter, such as on
vacation to the mountains? (no, 1-3 days,
4—10 days, >10 days); (iii Do you use tanning
beds? (never, 1-3 times per year, 4—10 times per
year, >10 times per year); and (iv) Do you go abroad
on vacation to swim and sunbathe? (never, once
every 1-2 years, once a year, two or more times per
year). The four questions were dichotomized into
yes/no in the analysis (i.e. sometimes versus no or
never). We created a four-score variable as a
measure of sun exposure depending on the num-
ber of ‘yes’ responses to the above questions on a
scale from O (avoid sun exposure: reference) to 4
(greatest sun exposure). Sun exposure habits were
categorized into three groups: zero ‘yes’ responses
(avoidance of sun exposure; the main study group);
yes’ responses to one or two questions (moderate
exposure); and ‘es’ responses to three or four
questions (greatest exposure). Vital statistics and
cancer data were determined from the National
Population Register up to 1 January 2011. The
presence of skin cancer was recorded in the
following hierarchical order: MM, NMSC or no skin
cancer. Thus, a woman with NMSC was reclassified
to MM upon MM diagnosis.

With regard to smoking habits, women were
recorded as either smokers or nonsmokers at
baseline. As a measure of comorbid illness at the
start of the study, we created a dummy variable
termed ‘comorbidity’ to identify women who had
been treated with antidiabetic [Anatomical Thera-
peutic Chemical (ATC) classification system A : 10]
or anticoagulant (ATC B : 01) drugs or medication
for CVD (ATC C:01-C: 10) for more than
1 month.

Age was categorized into 10-year intervals. For
comparison of ages, approximately 50 and
60 years of age referred to women in the age
groups 45-54 and 55-64 years at the start of the
study. Data regarding BMI and physical exercise
were recorded at the second questionnaire in the
year 2000.

Statistical analysis

Descriptive statistical analysis was performed
using cross-tabulation with 95% confidence inter-
val (CI). Cox regression was performed to assess
all-cause mortality, as the dependent variable, with
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sun exposure, age, smoking, education, marital
status, disposable income and comorbidity as
independent variables. Subdistribution Cox
regression analysis was performed to determine
whether avoidance of sun exposure is a risk factor
for CVD, cancer and noncancer/non-CVD. When a
specific death was used as the dependent variable,
the other two causes of death were censored, and
sun exposure and other confounders were intro-
duced as independent variables. In the final cause-
specific regression, we included comorbidity,
smoking, sun exposure, age, education, marital
status and disposable income. The subdistribution
hazard ratio (sHR) and 95% CI were used to
formally assess whether the resulting cumulative
incidence functions differed significantly by level of
sun exposure. Fine and Gray regression models
were used to estimate cause-specific cumulative

Avoiding sun exposure

Moderate sun exposure

incidence functions for death due to cancer, CVD
and noncancer/non-CVD in the presence of com-
peting risks [6]. The model-based cause-specific
cumulative incidence functions were used to quan-
tify the absolute as well as the relative contribution
of each cause of death to all deaths (Fig. 1). The
competing risks regression models were adjusted
for the same potential confounding factors as the
cause-specific Cox regression models.

As a complement to the competing risk models, we
also quantified the loss in average life expectancy
over a 20-year observation period by estimating the
differences in restricted mean survival (RMS), that
is the area under the survival curve between two
time-points. This provides a measure of average
survival between exposure groups. We predicted
the RMS based on a flexible parametric survival
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Fig. 1 Probability of death by sun exposure habits in a competing risk scenario. Upper three graphs show death
categorized into CVD, cancer and other (according to time in years since study inclusion). Bottom three graphs show relative

contribution to death by sun exposure habits (according to time in years since study inclusion).
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model that uses restricted cubic splines to model
the baseline hazard function [7]. Specifically, we
calculated the difference in RMS between the three
different sun exposure groups over a 20-year
follow-up period, adjusted for age at study inclu-
sion, comorbidities, disposable income and smok-
ing status. The results are presented for smokers
and nonsmokers of different ages who had a
previous record of comorbid conditions and a low
disposable income.

Both the Cox regression and Fine and Gray com-
peting risks analyses used time from inception as
the timescale. Time from inception was calculated
from inclusion to cause-specific death (cancer,
CVD and other causes), emigration or 1 January
2011, whichever occurred first.

IBM SPSS 21 (Statistical Package for the Social
Sciences, SPSS Inc., Chicago, IL, USA) software
was used for descriptive analysis, and Stata 12
(Statacorp, College Station, TX, USA) was used for
the regression modelling. P-values <0.05 were
considered statistically significant.

Results

Table 1 shows selected variables in relation to sun
exposure habits. It is clear that almost all these
variables vary significantly with sun exposure.

Subdistribution Cox regression analysis showed
that with CVD death as a dependent variable,
avoidance of sun exposure (yes/no) was related to
a 60% increased risk of death (sHR 1.6, 95% CI
1.3-2.0), and the relationship was ‘dose depen-
dent’ compared to the moderate and high sun
exposure groups: sHR 1.5 (95% CI 1.2—1.8) and
2.3 (95% CI 1.8-3.1), respectively. The corre-
sponding sHR values for death due to noncancer/
non-CVD were 1.7 (95% CI 1.4-2.1), 1.6 (95% CI
1.3-1.9) and 2.1 (95% CI 1.7-2.8) and due to
cancer were 1.2 (95% CI 0.98-1.4), 1.1 (95% CI
0.9-1.4) and 1.4 (95% CI 1.04—1.6), respectively.

The top three graphs in Fig. 1 show the cumulative
probability of death due to CVD, cancer and
noncancer/non-CVD by sun exposure group. The
three bottom graphs show the relative contribution
of CVD, cancer and noncancer/non-CVD to all-
cause mortality. The graphs clearly show that
when the risk of dying from CVD and noncancer/
non-CVD decreases, the relative proportion of
cancer deaths increases with more active sun
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exposure habits, probably as a result of longer life
expectancy.

Figure 2 shows the age-dependent increase in the
probability of death 20 years after inclusion in the
study, categorized into the three main causes for
the three sun exposure groups, stratified by smok-
ing. The largest differences were seen amongst
smokers in all three mortality groups.

Differences in life expectancy depending on sun
exposure habits, stratified by smoking, are com-
pared in Fig. 3. Life expectancy was reduced in
nonsmokers of approximately 50 and 60 years of
age who avoided sun exposure by 0.6 and
1.3 years, respectively, compared to those with
the highest sun exposure during the 20-year
follow-up. The same comparison amongst smokers
demonstrated a shorter life expectancy of 1.1 and
2.1 years, respectively. It can also be seen from the
graphs that nonsmokers who avoided sun expo-
sure had a similar life expectancy compared to
smokers with the highest sun exposure (Fig. 3).
Thus, avoidance of sun exposure seems to be a risk
factor of magnitude similar to smoking in terms of
life expectancy.

Table 2 shows the analysis of risk of death: model
1 was adjusted only for age group, model 2 was
additionally adjusted for all confounders measured
at inception, and model 3 was additionally
adjusted for exercise for those women who
answered the second questionnaire in the year
2000. The sHRs for avoidance of sun exposure as
compared to moderate and high sun exposure
amongst those participants who answered the
second questionnaire including exercise and the
same independent variables as mentioned previ-
ously were 1.4 (95% CI 1.01-1.8) and 2.2 (95% CI
1.5-3.2) for CVD, 1.0 (95% CI 0.8—1.3) and 1.1
(95% CI 0.8—1.5) for cancer and 1.6 (95% CI
1.2-2.1) and 2.1 (95% CI 1.5-2.9) for non-
cancer/non-CVD mortality, respectively. Because
age is such a strong determinant of death, we also
introduced age as a continuous variable in model
2. The sHR estimates for moderate and high sun
exposure were 0.75 (95% CI 0.6—0.9) and 0.5 (95%
CI 0.4-0.6) for CVD and 0.7 (95% CI 0.6—0.9) and
0.6 (95% CI 0.4-0.7) for noncancer/non-CVD
mortality, respectively. To assess confounding
due to the differences in BMI between groups, we
conducted a stratified analysis according to BMI
for all women with reported BMI values
(n =22 342). The HRs for moderate and high sun
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Table 1 Demographic characteristics of women with active and inactive sun exposure habits at study inception

Avoiding sun

exposure Moderate sun exposure® Highest sun exposure®
(n=1721) % (n=16 166) % (n=11631) %
Women’s characteristics and habits
Education * *
<9 years 741 43.1 3575 22.1 1267 10.9
9 years 143 8.3 1549 9.6 1081 9.3
10-12 years 219 12.7 4029 24.9 3411 29.3
>12 years 344 20.0 4850 30.0 4503 38.7
Other 274 15.9 2163 13.4 1369 11.8
Marital status * *
Unmarried 149 8.7 1174 7.3 1240 10.7
Married 1239 72.0 12 868 79.6 8903 76.5
Divorced 140 8.1 1359 8.4 1168 10.0
Widowed 149 8.7 714 4.4 290 2.5
Unknown? 44 2.6 51 0.3 30 0.3
Parity * *
0 325 18.9 2250 13.9 2397 20.6
1-2 820 47.6 8951 55.4 6686 57.5
>3 576 33.5 4965 30.7 2548 21.9
Smoking
Yes 463 26.9 5691 35.2 * 4945 42.5 *
Alcohol consumption * *
None or <5 g/day 1280 74.4 10 890 67.4 6281 54.0
5-<10 g/day 73 4.2 2175 13.5 2647 22.8
10-<15 g/day 32 1.9 727 4.5 1061 9.1
>15 g/day 27 1.6 543 3.4 718 6.2
#Unknown 309 18.0 1831 11.3 924 7.9
Age groups at inception * *
25-34 150 8.7 3659 22.6 3738 32.1
35-44 195 11.3 3970 24.6 3208 27.6
45-54 366 21.3 4000 24.7 3072 26.4
55-64 1010 58.7 4537 28.1 1613 13.9
Disposable income * *
Low 787 45.7 3942 24.4 1719 14.8
Moderate 459 26.7 4492 30.9 3462 29.8
High 475 27.6 7232 44.7 6450 55.5
Comorbidity?
Yes 1351 20.4 1794 11.1 * 777 6.7 *
NMSC
Yes 20 1.2 216 1.3 ns 145 1.2 ns
MM
Yes 14 0.8 127 0.8 ns 126 1.1 ns
“Some women did not answer all questions (see text for further details).
PAnswering yes on one or two of the sun exposure questions.
“Answering yes to three or four of the sun exposure questions.
9Women who have consumed drugs with the ATC codes A10, BO1 or CO1 to C10 for more than 1 month.
NMSC, nonmelanoma skin cancer; MM, cutaneous malignant melanoma.
*P < 0.001 as compared to avoiders of sun exposure.
© 2016 The Association for the Publication of the Journal of Internal Medicine 379
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Fig. 2 Percentage of cohort dead after 20 years according to major disease groups and sun exposure habits, stratified by

smoking status. CVD, cardiovascular disease.

exposure for BMI <25, 25 to <30 and >30 kg m ™2
were 0.8 (95% CI10.6-1.1) and 0.7 (95% CI 0.5-0.9),
0.7 (95% CI 0.5-1.0) and 0.6 (95% CI 0.4-0.9), and
0.8 (95% CI 0.6-1.2) and 0.7 (95% CI 0.4-1.2),
respectively.

In a 3 x 3 table, we present adjusted HRs for
combinations of skin cancer (no skin cancer/
NMSC/MM) and sun exposure groups (Table 3).
As compared to women who avoided sun exposure
without skin cancer (reference), those with MM
were at an increased risk of death. Women with the
most active sun exposure habits with NMSC were
at the lowest probability of death, that is the group
with the highest life expectancy. The HRs
decreased dose dependently in both non-MM and
MM groups with increasing sun exposure, with
fourfold lower HRs amongst those with the most
active sun exposure habits.
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We also estimated the prevalence of other internal
cancers amongst women with NMSC (69/394;
17.5%) and those without skin cancer (3910/29,
124; 13.4%). Thus, women with NMSC had a 37%
higher prevalence of other internal cancers than
those without NMSC (OR 1.37, 95% CI 1.05-1.8)
and a fourfold increased prevalence of MM (OR 4.0,
95% CI 2.3—7.1). The incidence of other internal
cancer was not increased subsequently an NMSC
diagnosis.

Discussion

In this competing risk scenario, we determined that
the shorter life expectancy of women who avoided
sun exposure was mainly due to a dose-dependent
significantly increased risk of CVD and noncancer/
non-CVD deaths, as compared to the moderate and
high sun exposure groups. We conclusively showed
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Fig. 3 Mean survival by age
groups and sun exposure
habits, stratified by smoking
status, and calculations of
mean difference in life
expectancy by age groups
amongst smokers and
nonsmokers. NA = not

Non-smokers Smokers
_ &1 . &1
B ¢ 4 [ i
2 & i ]
S 2 . =iy .
g . E 4
= Fy =
= o] 5 o =
=T n 2T
% Ll . g =] a
E E
B el B el ]
L E -
i i
2 0 | w ]
[ ket i =
T T T T T T T T
45-54 55-64 65-74 75-84 45-54 55-64 65-74 75-84

Age at inclusion o the study Age at inclusion to the study

® Avoiding sun exposure = Moderate sun exposure 4 Most active sun exposure

Difference in life expectancy between most active sun exposure and sun avoiders :

Non-smokers Smokers
Age 45-54 0.11 years NA
Age 55-64 NA 0.48 years
Age 65-T4 0.62 years 1.10 years
Age 75-84 1.34 years 2.13 years

applicable.

that as the risk of dying in the CVD and non-
cancer/non-CVD groups decreased with increas-
ing sun exposure, the relative contribution of death
due to cancer increased, probably as a result of
extended life expectancy. Our finding that avoid-
ance of sun exposure was a risk factor for all-cause
death of the same magnitude as smoking is novel,
but in agreement with systematic reviews of vita-
min D and the risk of CVD [2]. The absolute
difference in life expectancy, however, differed by
age and smoking habits. For example, we esti-
mated that smokers at approximately 60 years of
age with the most active sun exposure habits had a
2-year longer life expectancy during the study
period as compared to smokers who avoid sun
exposure.

Strengths of our study include the unselected large
cohort of women and the long follow-up period. The
ability to demonstrate a dose-dependent relation-
ship between sun exposure and life expectancy was
also strength. Most previous studies have com-
pared the upper extreme of sun exposure to lower
levels, whereas we assessed the lower extreme of
sun exposure to higher levels. Answers to the
questionnaire do not necessarily provide a good
measure of low sun exposure at an individual level.
However, at the group level, we consider the data
valid.

We acknowledge several major limitations of this
study. First, it is not possible to differentiate

between active sun exposure habits and a healthy
lifestyle, and secondly, the results are of an obser-
vational nature; therefore, a causal link cannot be
proven. A further limitation is that we did not have
access to exercise data from study initiation;
however, similar sHR values were obtained when
including exercise for those women who answered
the second questionnaire in 2000. With the intro-
duction of whole-genome scanning, a new method
of getting closer to causality using observational
data is Mendelian random analysis. A potential
causal link between BMI and vitamin D levels has
been demonstrated with this method [8]. In addi-
tion, individuals with high BMI do not obtain the
same increase in vitamin D levels by UV radiation
as lean subjects [9]. As a consequence, as BMI
seems to be involved in the causal pathway of
vitamin D, it should not be included as a con-
founder in analyses as has been performed in
many studies.

Possible mechanisms underlying the inverse dose-dependent relation
between noncancer/non-CVD mortality and sun exposure

Melatonin is involved in the circadian system with
higher levels during the night than in the daytime.
Light information from the retina influences the
production of melatonin via the suprachiasmatic
nuclei of the hypothalamus. A mutation of the
melatonin receptor affecting the melatonin system
(MTNR1B) is known to be related to increased risk
of type 2 diabetes, through the inhibition of insulin
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Table 2 Survival analysis comparing risk of death by sun exposure habits and confounders during the study period 1990
-2011

Women alive Women dead Model 1* Model 2P Model 3¢
26 937 % 2545 % HR 95% CI HR 95% CI HR 95% CI
Sun exposure
Avoiding 1352 5.0 369 14k5 1.0 Reference 1.0 Reference 1.0 Reference
sun exposure
Moderate 14 613 54.2 1553 61.0 0.7 0.6-0.7 0.7 0.6-0.8 0.8 0.7-0.9
sun exposure
Highest 11 008 40.8 623 24.5 0.5 0.4-0.6 0.6 0.5-0.6 0.7 0.5-0.8

sun exposure

Age groups at inception

25-34 7429 27.5 118 4.6 1.0 Reference 1.0 Reference 1.0 Reference

35-44 7112 26.4 261 10.3 2.4 1.9-2.9 2.5 2.0-3.1 2.9 2.1-4.0

45-54 6796 25.2 642 25.2 6.0 4.9-7.3 5.9 4.8-7.3 7.2 5.3-9.7

55-64 5636 20.9 1524 59.9 14.8 12.1-17.9 13.9 11.3-17.0 18.0 13.3-24.3
Smoking

Yes 10 006 37.1 1093 42.9 1.9 1.7-2.0 1.8 1.6-2.0
Education

<9 years 4692 17.4 891 35.0 1.3 1.2-1.5 1.3 1.1-1.5

9 years 2441 9.0 332 13.0 1.1 1.0-1.3 1.1 0.9-1.3

10-12 years 7279 27.0 380 14.9 1.0 0.9-1.2 1.1 0.9-1.3

>12 years QS 3.9 562 22.1 1.0 Reference 1.0 Reference

other 3426 12.7 380 14.9 1.1 0.9-1.2 1.0 0.8-1.2
Marital status

Unmarried 2387 8.8 176 6.9 1.5 1.3-1.8 1.5 1.2-1.8

Married 21 243 78.8 1767 69.4 1.0 Reference 1.0 Reference

Divorced 2315 8.6 352 13.8 1.5 1.4-1.8 1.6 1.4-1.9

Widowed 923 3.4 230 9.0 1.3 1.1-1.5 1.2 1.0-1.5

Unknown 105 0.4 20 0.8 1.6 1.0-2.6 2.2 1.2-4.2
Disposable income

Low 5560 20.6 888 34.9 1.0 Reference 1.0 Reference

Moderate 8157 30.2 756 29.7 0.9 0.8-1.0 0.9 0.8-1.0

High 13 256 49.1 901 35.4 0.7 0.7-0.8 0.8 0.7-0.9
Comorbidity?

Yes 2343 8.7 579 22.8 1.6 1.4-1.7 1.5 1.3-1.7
Exercise®

No 1899 8.4 160 11.4 1.0 Reference

Moderate 10 230 45.1 576 40.7 0.6 0.5-0.8

Most 7463 32.9 237 16.7 0.5 0.4-0.6

active

Unknown 3090 13.6 443 i3 0.7 0.6-0.9

“Model 1: adjusted for age group.

PModel 2: additionally adjusted for smoking, education, marital status, disposable income and comorbidity.
“Model 3: additionally adjusted for exercise for those answering the second questionnaire in the year 2000.
dWomen who have consumed drugs with the ATC codes A10, BO1 or CO1 to C10 for more than 1 month.
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Table 3 Hazard ratios (HR) of all-cause mortality by skin cancer and sun exposure groups

Avoidance of sun exposure Moderate sun exposure Most active sun exposure

Summary sun exposureb [¢]

1-2 3-4

Skin cancer

No skin cancer (HR, 95% CI)
Stratified analysis within group HR 1.72 (1.5-2.0)
(n = death/total) (360/1687)

NMSC (HR, 95% CI) 0.78 (0.3-2.1)*
Stratified analysis within group HR 4.1 (1.0-16.6)
(n = death/total) (4/20)
(n = death/total®) (4/19)

MM (HR, 95% CI)° 4.1 (1.68-9.9)*
Stratified analysis within group HR 8.0 (2.4-26.2)
(n = death/total) (5/14)

1.0, Reference

0.75 (0.66-0.84)
HR 1.29 (1.2-1.4)
(1511/15 823)
0.45 (0.29-0.69)
HR 2.3 (0.9-6.4)

0.58 (0.50-0.66)*
1.0, Reference
(604/11 360)

0.2 (0.08-0.49)*

1.0, Reference

(22/216) (5/145)

(21/212) (5/138)

1.07 (0.7-1.7)* 0.97 (0.56-1.65)*
HR 1.4 (0.7-2.9) 1.0, Reference
(20/127) (14/126)

MM, malignant melanoma; NMSC, nonmelanoma skin cancer; CI, confidence interval.

#Adjusted for age, smoking, income, education, comorbidity and marital status.

PThe number of yes answers to four questions regarding sun exposure habits (see text for further details). sunbeds?,
Sunbathing during summer? and Sunbathing during vacation abroad?

“Thirteen cases with both MM and NMSC were classified as MM.

release [10]. Thus, sun exposure may affect sus-
ceptibility to type 2 diabetes mellitus by interfering
with the melatonin system. This might also explain
some of the differences in HbAlc levels by season
and the inverse relation between vitamin D and
incident type 2 diabetes mellitus [11, 12]. The
incidence of childhood type 1 diabetes mellitus has
been shown to depend on latitude, with the nadir
close to the equator [13]. A Finnish long-term
follow-up study showed approximately 80% lower
incidence of childhood type 1 diabetes mellitus
amongst those who received vitamin D supplemen-
tation during the first year of life, as compared to
no supplementation, adding to evidence of an
inverse relation between sun exposure/vitamin D
and incidental type 1 diabetes [14]. However, we
await the results of robust randomized controlled
trials (RCTs) to determine whether vitamin D
supplementation can lower the risk of type 1
diabetes mellitus [14]. Multiple sclerosis (MS) is
another immunopathological autoimmune condi-
tion with a positive association with latitude and
seasonal differences in incidence [15]. MS is char-
acterized by Th1l and Th17 expression. It has been
suggested that sun exposure lowers the risk of MS
and that vitamin D deficiency is related to an
increased frequency of relapse [15, 16].

The knowledge that 1, 25 vitamin D induces the
production of antimicrobial peptides, such as
cathelicidin and p-defensin, when combating

infections has generated much research interest
[17]. One area of such research is the role of
vitamin D in respiratory tract infections. The
findings of RCTs of vitamin D supplementation
are not conclusive; some studies have shown a
protective effect against tuberculosis [17, 18] or
influenza [19, 20], whereas others did not find any
beneficial effects on respiratory tract infections
[21]. However, the latter study was conducted in a
population with a high level of vitamin D. Notably,
in a recent RCT, vitamin D supplementation
(4000 U/day) was found to reduce antibiotic con-
sumption by approximately 60% in patients with
primary immune deficiency [22]. In another study,
it was shown that patients >70 years of age given
vitamin D supplementation consumed less antibi-
otics (50% reduction) compared to the placebo
group [23]. Hypovitaminosis D (<50 nmol L™!) has
been reported to be an independent predictor of
nonresolution of clostridium difficile-associated
diarrhoea [24]. Individuals with chronic pul-
monary disease are reported to have significantly
more exacerbations in the presence of hypovita-
minosis D [25]. Vitamin D has immunoregulatory
properties, and vitamin D deficiency is associated
with poor immune function and increased disease
susceptibility [26-28]. Thus, there seem to be
several plausible mechanisms for the inverse
relation between sun exposure and noncancer/
non-CVD death. However, most findings are from
studies that were observational in nature, and
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therefore, studies that can add causal evidence
are needed.

Possible mechanisms underlying the inverse dose-dependent relation
between CVD mortality and sun exposure

Already by 1981, Scragg had reported seasonal
differences in CVD incidence [29]. There is an
increased risk of coronary heart disease, stroke
and both arterial and venous thromboembolism in
winter as compared to summer in countries far from
the equator [30-33]. In addition, venous throm-
boembolism has been reported to be less common
amongst those with active sun exposure habits [32].
In comparing vitamin D levels, a Danish study
showed an inverse dose-response relation between
vitamin D levels and venous thromboembolism [34],
whereas two other studies found no effect of con-
centration [35, 36]. In two well-executed systematic
reviews, low vitamin D levels were related to both
CVD incidence and CVD mortality [37, 38].

Hypertension is a major determinant of CVD.
Observational data support the notion that lack
of UVB radiation is involved in the pathogenesis of
hypertension and CVD by (i) suppression of the
renin-angiotensin-aldosterone system, (ii) a direct
effect on endothelial cells and (iii) effects on
calcium metabolism [39]. A lack of either UVB or
UVA light produced a short-term reduction in
blood pressure [40, 41]. Solar UVA radiation may
also produce systemic NO with a sustained reduc-
tion in blood pressure and has been suggested to
act in a cardioprotective manner [42].

Both high acute and chronic stress levels have a
role in the activation of coagulation and may
increase the risk of CVD [43, 44]. The finding that
UV radiation induces p-endorphin synthesis,
which may attenuate stress levels and have a
cardioprotective effect, is interesting [45]. An
inborn internal reward system for sun exposure
indicates that UV exposure is important for health.
Further, the differences in skin pigmentation
depending on regional UV radiation indicate the
presence of strong evolutionary mechanisms.
Atherosclerosis is a chronic inflammatory disease
with cardiovascular dysfunction including myocar-
dial infarction, stroke and thromboembolism.
There are a related increase in angiotensin II and
a decrease in NO. Thus, sun exposure might lower
the risk of arteriosclerosis, possibly by stabilizing
arteriosclerotic plaque, which in turn would
decrease CVD risk.
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NMSC as a measure of sun exposure

In a large study in which the presence of BCC was
used as a proxy for sun exposure, Lindelof et al.
[46] demonstrated a 37% higher risk of internal
cancers amongst survivors of BCC and a 4.9-fold
increased risk of MM (i.e. prevalence data). How-
ever, our prospective cohort provides access to
both incidence and prevalence data. We found
almost identical prevalence data amongst women
with NMSC (a 37% and 4-fold increased prevalence
of internal cancers and MM, respectively). How-
ever, the incidence of other subsequent internal
cancer was not increased. If women survive by not
dying from CVD or noncancer/non-CVD causes,
they will have a higher probability of being diag-
nosed with cancer. Thus, even if paradoxical, our
findings and those of Lindelof et al. [46] are almost
identical, only the interpretations differ. Most
studies have investigated the effects of the upper
extremes of sun exposure (over exposure) and have
shown increased incidences of MM and NMSC. We
have investigated the lower extremes of sun expo-
sure (under exposure) and found that the HRs for
all-cause mortality increased 4-fold in both NMSC
and MM groups amongst avoiders of sun exposure
as compared to the highest sun exposure group. In
addition, women with NMSC and the highest sun
exposure had the longest life expectancy. This
finding is in agreement with several previous
reports. Newton-Bishop and coworkers reported
improved prognosis of MM by increasing vitamin D
levels [47], Jensen and coworkers showed a 9%
increase in 10-year survival of individuals with
BCC [48], and Yang and coworkers reported 20% to
30% lower mortality amongst those reporting at
least 1 week of sunbathing per year [49]. Thus, it
seems that sun exposure causes an increased
incidence of NMSC and MM, but not a decrease in
life expectancy. Thus, when analysing factors that
affect life expectancy, such as sun exposure, (i)
results from case-control and cross-sectional
(prevalence) studies must be interpreted with cau-
tion and (ii) not only should the incidence of NMSC
or MM be reported, but also data on all-cause risk
of death should also be provided.

Guidelines

Our findings indicate that UV exposure might have
opposing effects on different health issues. There-
fore, national guidelines should be based on care-
ful weighing of both hazards and benefits. Indeed,
it might not be beneficial to promote restrictive
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year-round sun exposure advice in a country like
Sweden, where the maximum UV index is low (<3)
for 8-9 months of the year. During the summer,
the midday UV index peak might reach 3-5, but
rarely high (>6). The UV level will reach at least
high (>6) UV index all year around in Northern
Australia. Further, because there is no robust
evidence to show that it is safe in terms of MM to
be exposed to the sun for longer after applying
sunblocker, we question the general interpretation
of the guideline that ‘as long as you use sunblock
you may stay out in the sun for a long time’. An
intriguing explanation for the rising MM incidence
in Sweden is that the restrictive sun exposure
advice that urges reliance on sunscreen use has
resulted in overexposure, which is a major risk
factor for MM. More importantly, strong recom-
mendation to avoid sun exposure may have
increased the risk of CVD and noncancer/non-
CVD morbidity and death in the Swedish popula-
tion. Greater focus on this risk might help in
generating causal data.

Whether the positive effect of sun exposure demon-
strated in this observational study is mediated by
vitamin D, another mechanism related to UV
radiation, or by unmeasured bias cannot be deter-
mined from our results. Vitamin D levels might be
just a marker of sun exposure. Moreover, suppos-
edly, it is not vitamin D levels per se, but the
avoidance of vitamin D deficiency that is important
[50]. Thus, adding vitamin D in a population at low
risk of vitamin D deficiency is unlikely to be
beneficial [50]. RCTs employing an adequate dose
and duration of supplementation are needed. For
example, when the supplemented dose of vitamin
D in Finland decreased, the protective association
with type 1 diabetes mellitus in childhood and
adolescence decreased [14].

We conclude that the excess mortality rate
amongst those who avoid sun exposure was mainly
due to an increased risk of death due to CVD and
noncancer/non-CVD. The increased life expec-
tancy of women with active sun exposure habits
will increase the proportion of cancer deaths. Our
findings add to the ongoing debate regarding the
nonskeletal effects of sunshine/vitamin D.

Author contributions

HO was the initiator of the MISS cohort. PGL and
HO contributed to the study design. PGL per-
formed the data analysis, with input from all the

authors, and wrote the initial draft of the report.
All authors have contributed to the literature
search, data interpretation and writing of the
paper. All authors have approved the final version
of this manuscript.

Conflict of interest statement

None of the authors has any conflict of interests to
declare.

Acknowledgements

This study was supported by funds from Clintec,
Karolinska Institute, Stockholm, ALF (Faculty of
Medicine, Lund University, Region Skane), the
Swedish Cancer Society and the Swedish Medical
Research Council. Funding was also received from
Lund University Hospital, Region Skane, the Gus-
tav V Jubilee Fund, the Gunnar Nilsson Founda-
tion, the Kamprad Foundation and the European
Research Council Advanced Grant ERC-2011-
294576. We acknowledge Sandra Eloranta, Scan-
dinavian Development Services, for expert help
with Stata programming.

Financial disclosure

No funding bodies had any role in the study design,
data collection and analysis, preparation of the
manuscript or decision to submit the manuscript
for publication.

References

1 Theodoratou E, Tzoulaki I, Zgaga L, Ioannidis JP. Vitamin D
and multiple health outcomes: umbrella review of systematic
reviews and meta-analyses of observational studies and
randomised trials. BMJ 2014; 348: g2035.

2 Chowdhury R, Kunutsor S, Vitezova A et al. Vitamin D and
risk of cause specific death: systematic review and meta-
analysis of observational cohort and randomised intervention
studies. BMJ 2014; 348: g1903.

3 Lindqvist PG, Epstein E, Landin-Olsson M et al. Avoidance of
sun exposure is a risk factor for all-cause mortality: results
from the Melanoma in Southern Sweden cohort. J Intern Med
2014; 276: 77-86.

4 Reszko A, Aasi SZ, Wilson LD, Leffel DJ. Cancer of the Skin.
In: DeVita VT, Lawrence TS, Rosenberg SA, DePinho RA,
Weinberg RA, ed. Cancer Principles & Practice of Oncology.
Philadelphia: Lippincott Williams & Wilkins, A Wolters
Kluwer Business, 2011; 1610-31.

5 Nordcan. Sweden cutaneous malignant melanoma. 2013
[cited 2014 August 25]; Incidence and mortality of malignant
melanoma in Sweden 2007-11]. Available from: http://

© 2016 The Association for the Publication of the Journal of Internal Medicine 385
Journal of Internal Medicine, 2016, 280; 375-387

85U8017 SUOWILLIOD BAFesID 3|l jdde 8Ly Aq pauienob ale il VO ‘8sn 4O Sa|ni Joj ARIqIT 8UIIUO AB|1/M UO (SUO I pUOD-pUe-SWLsHWI0D" A | 1M Afe.q 1 BU1|UO//:SARY) SUORIPUOD PUe SWie 1 8L} 88S *[1202/TT/7T] Uo Ariq)TauliuO A8|IM ‘96vZT WIO(TTTT OT/10p/w00 A8 1M AIq1jeulUuo//Sdny Wiy papeojumod ‘7 ‘9T0Z ‘96.2G9ET


http://www-dep.iarc.fr/NORDCAN/SW/statsFact.asp?cancer=290&country=752

P. G. Lindqvist et al. Sun exposure and all-cause death

10

11

12

13

14

15

16

17

18

19

20

21

22

386

www-dep.iarc.fr/NORDCAN/SW/statsFact.asp?cancer=2908

country=752.

Fine J, Gray R. A proportional hazards model for the
subdistribution of a competing risk. J Am Statist Assoc
1999; 94: 496-509.

Lambert PC, Royston P. Further development of flexible
parametric models for survival analysis. Stata J 2009; 9:
265-90.

Vimaleswaran KS, Berry DJ, Lu C et al. Causal relationship
between obesity and vitamin D status: bi-directional Men-
delian randomization analysis of multiple cohorts. PLoS Med
2013; 10: e1001383.

Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF.
Decreased bioavailability of vitamin D in obesity. Am J Clin
Nutr 2000; 72: 690-3.

Lyssenko V, Nagorny CL, Erdos MR et al. Common variant in
MTNR1B associated with increased risk of type 2 diabetes
and impaired early insulin secretion. Nat Genet 2009; 41: 82—
8.

McGill AT, Stewart JM, Lithander FE, Strik CM, Poppitt SD.
Relationships of low serum vitamin D3 with anthropometry
and markers of the metabolic syndrome and diabetes in
overweight and obesity. Nutr J2008; 7: 4.

Sohmiya M, Kanazawa I, Kato Y. Seasonal changes in body
composition and blood HbAlc levels without weight change in
male patients with type 2 diabetes treated with insulin.
Diabetes Care 2004; 27: 1238-9.

Mohr SB, Garland CF, Gorham ED, Garland FC. The asso-
ciation between ultraviolet B irradiance, vitamin D status and
incidence rates of type 1 diabetes in 51 regions worldwide.
Diabetologia 2008; 51: 1391-8.

Hypponen E. Vitamin D and increasing incidence of type 1
diabetes-evidence for an association? Diabetes Obes Metab
2010; 12: 737-43.

van der Mei IA, Simpson S Jr, Stankovich J, Taylor BV.
Individual and joint action of environmental factors and risk
of MS. Neurol Clin 2011; 29: 233-55.

Smolders J, Thewissen M, Peelen E et al. Vitamin D status is
positively correlated with regulatory T cell function in patients
with multiple sclerosis. PLoS ONE 2009; 4: e6635.

Hewison M. Antibacterial effects of vitamin D. Nat Rev
Endocrinol 2011; 7: 337-45.

Martineau AR, Timms PM, Bothamley GH et al. High-dose
vitamin D(3) during intensive-phase antimicrobial treatment
of pulmonary tuberculosis: a double-blind randomised con-
trolled trial. Lancet 2011; 377: 242-50.

Urashima M, Segawa T, Okazaki M, Kurihara M, Wada Y, Ida
H. Randomized trial of vitamin D supplementation to prevent
seasonal influenza A in schoolchildren. Am J Clin Nutr 2010;
91: 1255-60.

Camargo CA Jr, Ganmaa D, Frazier AL et al. Randomized
trial of vitamin D supplementation and risk of acute
respiratory infection in Mongolia. Pediatrics 2012; 130:
e561-7.

Murdoch DR, Slow S, Chambers ST et al. Effect of vitamin D3
supplementation on upper respiratory tract infections in
healthy adults: the VIDARIS randomized controlled trial.
JAMA 2012; 308: 1333-9.

Bergman P, Norlin AC, Hansen S et al. Vitamin D3 supple-
mentation in patients with frequent respiratory tract infec-
tions: a randomised and double-blind intervention study.
BMJ Open 2012; 2: e001663.

© 2016 The Association for the Publication of the Journal of Internal Medicine
Journal of Internal Medicine, 2016, 280; 375-387

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Tran B, Armstrong BK, Ebeling PR et al. Effect of vitamin D
supplementation on antibiotic use: a randomized controlled
trial. Am J Clin Nutr 2014; 99: 156-61.

Wang WJ, Gray S, Sison C et al. Low vitamin D level is an
independent predictor of poor outcomes in Clostridium diffi-
cile-associated diarrhea. Therap Adv Gastroenterol 2014; 7:
14-9.

Martineau AR, James WY, Hooper RL et al. Vitamin D3
supplementation in patients with chronic obstructive pul-
monary disease (ViDiCO): a multicentre, double-blind, ran-
domised controlled trial. Lancet Respir Med 2015; 3: 120-30.
Hart PH, Gorman S, Finlay-Jones JJ. Modulation of the
immune system by UV radiation: more than just the effects of
vitamin D? Nat Rev Immunol 2011; 11: 584-96.

Juzeniene A, Moan J. Beneficial effects of UV radiation other
than via vitamin D production. Dermatoendocrinol 2012; 4:
109-17.

Cannell JJ, Grant WB, Holick MF. Vitamin D and inflamma-
tion. Dermatoendocrinol 2014; 6: €983401.

Scragg R. Seasonality of cardiovascular disease mortality and
the possible protective effect of ultra-violet radiation. Int J
Epidemiol 1981; 10: 337-41.

Nayha S. Cold and the risk of cardiovascular diseases. A
review. Int J Circumpolar Health 2002; 61: 373-80.

Khan FA, Engstrom G, Jerntorp I, Pessah-Rasmussen H,
Janzon L. Seasonal patterns of incidence and case fatality of
stroke in Malmo, Sweden: the STROMA study. Neuroepidemi-
ology 2005; 24: 26-31.

Lindqgvist P, Epstein E, Olsson H. Does an active sun
exposure habit lower the risk of venous thrombotic events?
A D-lightful hypothesis JTH 2009; 7: 605-10.

Epstein D, Kvanta A, Lindqvist PG. Seasonality and incidence
of central retinal vein occlusion in Sweden: a 6-year study.
Ophthalmic Epidemiol 2015; 22: 94-7.

Brondum-Jacobsen P, Benn M, Tybjaerg-Hansen A, Nordest-
gaard BG. 25-Hydroxyvitamin D concentrations and risk of
venous thromboembolism in the general population with
18 791 participants. J Thromb Haemost 2013; 11: 423-31.
Brodin E, Lerstad G, Grimnes G et al. Serum levels of vitamin
D are not associated with future risk of venous thromboem-
bolism. The Tromso Study. Thromb Haemost 2013; 109: 885
90.

Folsom AR, Roetker NS, Rosamond WD et al. Serum 25-
hydroxyvitamin D and risk of venous thromboembolism: the
Atherosclerosis Risk in Communities (ARIC) Study. J Thromb
Haemost 2014; 12: 1455-60.

Schottker B, Jorde R, Peasey A et al. Vitamin D and mortality:
meta-analysis of individual participant data from a large
consortium of cohort studies from Europe and the United
States. BMJ 2014; 348: g3656.

Wang L, Song Y, Manson JE et al. Circulating 25-hydroxy-
vitamin D and risk of cardiovascular disease: a meta-analysis
of prospective studies. Circ Cardiovasc Qual Outcomes 2012;
5: 819-29.

Pilz S, Tomaschitz A, Ritz E, Pieber TR. Vitamin D status and
arterial hypertension: a systematic review. Nat Rev Cardiol
2009; 6: 621-30.

Krause R, Buhring M, Hopfenmuller W, Holick MF, Sharma
AM. Ultraviolet B and blood pressure. Lancet 1998; 352: 709—
10.

Oplander C, Volkmar CM, Paunel-Gorgulu A et al. Whole
body UVA irradiation lowers systemic blood pressure by

‘88N JO S9|N1 Jo4 Akeuq | 8UIUQ /|1 UO (SUO 3 IPUOD-PUB-SLUIBY/WI0D" A3 | 1M Aleq 1 [Bul1JUO//SA1Y) SUORIPUOD Pue SWie | 84} 88S * [720Z/TT/7T] U0 A%Iq1T8ul|uO AB|IM ‘96v2T WIOlTTTT OT/I0p/uod A8 |im AReiquljuo//Sdny Wolj papeojumoq ‘v ‘9T0Z ‘96.259ET

8SUS01T SUOLILIOD BAIRRID 3|qedi|dde ay) Aq pausenob ale sspie YO


http://www-dep.iarc.fr/NORDCAN/SW/statsFact.asp?cancer=290&country=752
http://www-dep.iarc.fr/NORDCAN/SW/statsFact.asp?cancer=290&country=752

P. G. Lindqvist et al. Sun exposure and all-cause death

42

43

44

45

46

47

release of nitric oxide from intracutaneous photolabile nitric
oxide derivates. Circ Res 2009; 105: 1031-40.

Feelisch M, Kolb-Bachofen V, Liu D et al. Is sunlight good for
our heart? Eur Heart J2010; 31: 1041-5.

von Kanel R. Acute mental stress and hemostasis: When
physiology becomes vascular harm. Thromb Res 2015; 135
(Suppl 1): S52-5.

Lindqvist PG, von Kanel R. How to avoid venous thromboem-
bolism in women at increased risk — with special focus on low-
risk periods. Thromb Res 2015; 136: 513-18.

Fell GL, Robinson KC, Mao J, Woolf CJ, Fisher DE. Skin beta-
endorphin mediates addiction to UV light. Cell 2014; 157:
1527-34.

Lindelof B, Krynitz B, Ayoubi S, Martschin C, Wiegleb-
Edstrom D, Wiklund K. Previous extensive sun exposure
and subsequent vitamin D production in patients with basal
cell carcinoma of the skin, has no protective effect on internal
cancers. Eur J Cancer 2012; 48: 1154-8.

Newton-Bishop JA, Beswick S, Randerson-Moor J et al.
Serum 25-hydroxyvitamin D3 levels are associated with

48

49

50

breslow thickness at presentation and survival from mela-
noma. J Clin Oncol 2009; 27: 5439-44.

Jensen AO, Lamberg AL, Jacobsen JB, Braae Olesen A,
Sorensen HT. Non-melanoma skin cancer and ten-year all-
cause mortality: a population-based cohort study. Acta Derm
Venereol 2010; 90: 362-7.

Yang L, Lof M, Veierod MB, Sandin S, Adami HO, Weiderpass
E. Ultraviolet exposure and mortality among women in
Sweden. Cancer Epidemiol Biomarkers Prev 2011; 20: 683—
90.

Lindqvist PG. On elucidating a possible link between vitamin
D and venous thromboembolism-finding a piece of the puzzle.
Thromb Haemost 2013; 109: 787-8.

Correspondence: Pelle G. Lindqvist, Department of Obstetrics and
Gynecology, Clintec Karolinska University Hospital, Huddinge,
Kvinnokliniken K 57, SE-14186 Stockholm, Sweden.
(fax: +46 8 58587568; e-mail: Pelle.lindqvist@ki.se).@

© 2016 The Association for the Publication of the Journal of Internal Medicine 387
Journal of Internal Medicine, 2016, 280; 375-387

85U8017 SUOWILLIOD BAFesID 3|l jdde 8Ly Aq pauienob ale il VO ‘8sn 4O Sa|ni Joj ARIqIT 8UIIUO AB|1/M UO (SUO I pUOD-pUe-SWLsHWI0D" A | 1M Afe.q 1 BU1|UO//:SARY) SUORIPUOD PUe SWie 1 8L} 88S *[1202/TT/7T] Uo Ariq)TauliuO A8|IM ‘96vZT WIO(TTTT OT/10p/w00 A8 1M AIq1jeulUuo//Sdny Wiy papeojumod ‘7 ‘9T0Z ‘96.2G9ET



