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Abstract

The objective of this study was to (1) to determine the contribution of moderate sun bed exposure to serum 25(OH)D3 levels; (2) to
estimate the decay time of a high 25(OH)D3 level obtained by sun bed exposure; and (3) to evaluate if the recommended ingestion of
vitamin D is sufficient to maintain the 25(OH)D3 concentration obtained by sun bed exposure.

Ten volunteers (20–35 y.o.), skin type I and II, living in Olso, Norway were whole body exposed twice per week to the radiation of a
commercial and approved sun bed (Life Sun S 100 W, Wolff System), starting with 0.5 MED (minimal erythema dose) and escalating to
up to 1 MED per exposure for 4 weeks. After that, half of the volunteers were given a daily supplement of 200 IU vitamin D in the form
of cod liver oil capsules, while the other half of the persons received no supplements.

Erythema did not occurr at any time and a slight pigmentation was seen in most of the volunteers after the sun bed exposures. Serum
level of 25(OH)D3 increased by about 40% on the average. The initial serum 25(OH)D3 level was different among the volunteers (40–
100 nmol/L). Within eight weeks after the last exposure the 25(OH)D3 level decreased to the initial value in all volunteers irrespective
of vitamin D supplementation or not.
� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Recently, the health effects of an adequate vitamin D
status have been strongly emphasized [1–3]. According to
a number of reports, prognosis is improved, adverse symp-
toms are alleviated and incidence rates are reduced for sev-
eral forms of common cancers (breast, colon, lung,
lymphomas, ovarian, prostate, etc.) [4–8], for multiple scle-
rosis [9], diabetes type 1 and 2 [10,11], rheumatoid arthritis
and several other autoimmune diseases [12], as well as car-
1011-1344/$ - see front matter � 2008 Elsevier B.V. All rights reserved.
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diovascular diseases [13] and influenza [14]. Furthermore,
rickets and osteomalacia, both resulting from too low vita-
min D levels, are reappearing in certain population groups
[15,16].

The vitamin D status is usually estimated by measuring
the serum concentration of 25(OH)D3. Optimal levels asso-
ciated with reduction of disease risk may be disease-specific
[17]. Most researchers agree that levels below 50 nmol/L
are inadequate, while much higher levels are probably
needed for optimal health [3,18,19].

Exposure of skin to solar radiation is by many
researches regarded as the main human source for vitamin
D [20]. Consumption of fat fish (herring, mackerel, salmon),
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Fig. 1. Spectral characteristics of the sun bed lamps used in this study.
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cod liver oil and supplements are good alternatives [21].
During winter months (October–March) at latitudes above
40� N vitamin D formation in the skin is insufficient due to
the low UVB fluences [22,23]. This is supported by practi-
cally all published investigations on seasonality of vitamin
D status (for a review, see [24]). Typically, average summer
values are about 70–80 nmol/L, while average winter val-
ues are 40–50 nmol/L [24–32]. We, and others, have found
that cancer prognosis is significantly better for summer
diagnosis than for winter diagnosis [7,33–39], and we have
suggested that this is related to seasonal variations of the
levels of 25(OH)D3. In view of this observation, it seems
important to maintain summer levels of 25(OH)D3 during
the winter as well. This can be achieved either by exposure
to sunbeds or by ingestion of sufficient amounts of food
and supplements containing vitamin D.

Three goals were addressed in this study in healthy vol-
unteers: (1) to determine if non-erythemogenic sun bed
doses can induce summer levels of 25(OH)D3, (2) to deter-
mine how fast these summer levels decrease after termina-
tion of the sun bed exposure and (3) to see if the
recommended intake of 200 IU/day [74] of vitamin D is
adequate to maintain a ‘‘summer” level of 25(OH)D3.

2. Materials and methods

2.1. Volunteers

Ten healthy volunteers were included in the study, three
men and seven women, aged 23–35 years, living in Oslo
(59� N). All of them are Caucasians with similar skin types.
None of them were using supplements including vitamin D
or were exposed to sun or artificial UV sources for at least
one month prior to the study start. To exclude any contri-
bution of solar radiation, we conducted the study between
the months of October and February; a time of the year
when no vitamin D is synthesized from the sun at our lat-
itudes [22,23]. Since we were interested in within-subject
changes, we asked the participants to stick to their normal
diet, even if this would contain small amounts of vitamin D
from fish, milk or margarine.

The Regional Ethical Committee approved the study
and each participant gave informed consent. All followed
the entire study. Giving placebos was deemed unnecessary.
A pilot study had indicated that the low number of partic-
ipants was adequate to give reliable trends.

2.2. Protocol

The study extended over 12 weeks and consisted of two
periods. During the first 4 weeks we simulated a Norwegian
summer by giving moderate sun bed exposures two times
per week. The individual minimum erythema doses
(MEDs) were determined to avoid any sunburning. The
first exposure was 0.5 MED and then increased by approx-
imately 0.1 MED per exposure to reach 1 MED. Exposures
were continued to 1 MED and totaled 10 sessions. After
the period of sun bed exposure was terminated, the exper-
imental group was divided in two: one subgroup got a daily
supplement of 200 IU of vitamin D3 (the standard recom-
mended dose for adults) in the form of cod liver oil cap-
sules (Møllers dobbel produced by Peter Møller AS,
Norway, the amount of vitamin D per capsule being given
by the producer) (Group A), while the other subgroup
received no supplement (Group B). The main endpoint
was to determine the change in the serum concentration
of 25(OH)D3.

2.3. Ultraviolet exposure

The source of UV radiation was a commercially avail-
able and approved sun bed, equipped with Life Sun S
100 W tubes (Wolff System, Basel, Switzerland). The spec-
trum given by the producer is given in Fig. 1. The fluence
rate was measured using an UV-meter (Solar Light Com-
pany Inc., USA) and were: 12 mW/cm2 in UVA and
0.48 mW/cm2 in UVB.

Individual minimal erythema doses (MED) were mea-
sured before the commencement of the study by exposing
three skin areas on the anterior forearm to three doses of
UV (12–15–22 min) from the sun bed. Erythema was eval-
uated clinically 24 h after the end of the irradiation.

UV radiation was administered to the whole body in
incremental doses starting from 0.5 MED and increasing
to 1 MED.

2.4. Blood sampling and methods of analyses

Blood was sampled at the start of the experiment and
weekly thereafter. Serum was separated from cells by cen-
trifugation, frozen down to �20 �C and the samples were
shipped on dry ice in one batch to the Haukeland Univer-
sity Hospital, Bergen, for analysis. The 25(OH)D3 assay
was performed according to a modified version of the
method described [40]. Briefly, 100 ll serum samples were
spiked with 26,27-dexadeuterium-25-hydroxy Vitamin D3

(Synthetica AS, Oslo, Norway) as internal standard and



Fig. 3. Association between the absolute increase in 25(OH)D3 (nmol / L)
and baseline 25(OH)D3 levels (A) and body mass index, BMI (B).
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extracted with methanol and n-hexane. The n-hexane phase
was collected, evaporated to dryness and ejected into a
reverse-phase high-performance liquid chromatography
system. Elution of 25(OH)D3 was performed with metha-
nol/water (88:12, v/v, with 0.1% formic acid) and the eluate
was monitored by a LC/MS-detector (LC/MSD SL, Agi-
lent Technology INC, CA 95051, USA) equipped with a
multimode ion-source. 25(OH)D3 and internal standard
were monitored at 395.0 and 407.3 m/z, respectively, in
the APCI positive mode. The mean recovery of
25(OH)D3 was 77.2% (SD 3.9%) and the inter – assay var-
iation was 4.9%, with a detection limit < 4 nmol/l.

3. Results

Moderate and non-erythemogenic UV exposures in a
commercial sun bed (Fig. 1) twice per week increased the
serum 25(OH)D3 level significantly (Fig. 2). After seven
exposures (three weeks) a plateau level was reached. On
the average the level was raised from 65 nmol/L to
92 nmol/L, i.e., by 40%, which is similar to what is found
for the winter-to-summer increase in other Nordic investi-
gations [22]. The initial level of 25(OH)D3 of the volunteers
was in the range 40–100 nmol/L, and the sun bed-induced
increase was not dependent on the initial level (Fig. 3A).
Thus, even though all persons were of similar age and
had similar skin types (individual MED varied from 20
to 22 min), their abilities to generate vitamin D from expo-
sure to a sun bed were different. Men seemed to show the
highest ability to generate vitamin D, although too few per-
sons were included in the study to permit any firm conclu-
sion (data not shown). Body mass index (BMI) might
influence the serum levels of generated 25(OH)D3 [17,41],
since vitamin D and its precursors all are fat soluble [20].
The range of BMIs in our study was moderate (22–30),
and we observed no correlation between BMI within this
rather narrow range and increase in 25(OH)D3 level
(Fig. 3B).
Fig. 2. Level of 25(OH)D3 (nmol/L) at baseline and increase after ten sun
bed sessions. Data represent averages (SE) for ten volunteers.
After termination of the sun bed session, 25(OH)D3 lev-
els were measured weekly (Fig. 4). Data were normalized to
the initial value. The function y = 1 + at2 exp(�ct) was fit
Fig. 4. Evolution of 25(OH)D3 levels in the two study groups. After the
sun bed exposures, half of the volunteers were given a daily supplement of
200 IU vitamin D in the form of cod liver oil tablets (Group A), while the
other half of the persons received no supplements (Group B). Data are
normalized to the initial value.
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to the experimental data to analyze the buildup and decay
of 25(OH)D3. The term at2 describes the buildup phase and
exp(�ct) the decay phase. The average values of the two
groups and their regression lines are shown in Fig. 4. The
individual values of the parameters vary over a large range
independently of which group they belong to. The mean
values (±SE) of the buildup parameter and decay parame-
ter are 0.16 ± 0.03 and 0.44 ± 0.03 for Group A and
0.018 ± 0.03 and 0.48 ± 0.03 for Group B. The difference
between groups was analyzed using a T-test and the results
are statistically non significant: p = 0.6 for the buildup
parameter and p = 0.5 for the decay parameter.

4. Discussion

The main sources of vitamin D in humans are ultraviolet
(UV) exposure to the sun and ingestion of fish products (fat
fish, cod liver oil) and vitamin D supplements. In the pres-
ent study we have investigated the efficiency of a commer-
cially available sun bed in increasing serum 25(OH)D3

levels in healthy, young persons. Our study has one main
limitation in the population size which was too small to
allow us to draw reliable conclusions on the relationship
between BMI and 25(OH)D3 increase.

The exposure pattern chosen by us did not give ery-
thema at any time, but still raised the serum level of
25(OH)D3 by about 40% on the average (26 nmol/L on
the average). Our results are in agreement with a number
of previous publications performed in healthy volunteers
exposed to artificial UV sources [42–48]. After the ten
sun bed sessions the concentration of 25(OH)D3 was
increased to levels found during a typical Nordic summer.
The increase was not dependent on the initial 25(OH)D3

level, which was widely different (40–100 nmol/L) among
the volunteers. This result is in agreement with other pub-
lications [45,46] but contradicts the results of Mawer [44]
and Snell [43] who found the increase in 25(OH)D3 to be
dependent on the initial level.

Furthermore, we observed no correlation between BMI
and increase in 25(OH)D3 level. Wortsman et al [41]
reported a significant inverse relationship between these
two variables in obese individuals (BMI > 30) exposed to
whole body UV. We can draw no similar conclusion from
our data since the population was small and only three, out
of 10 volunteers were overweight (BMI = 25.0–29.9). A
high body mass is likely to induce a decrease in the bio-
availability of vitamin D formed in the skin or ingested
[41].

There was a lag time of one to two weeks from the first
exposure to the start of the increase in the 25(OH)D3 level.
This is as expected, since 25(OH)D3 is formed in several steps
after UV exposure: first previtamin D is formed, then trans-
formed in a thermal process to vitamin D, which, in turn, has
to diffuse to the blood vessels and bind to D-binding proteins
to be transported to the liver. Vitamin D enters liver cells,
and, finally, is hydroxylated to 25(OH)D3, bound to D-bind-
ing protein and enters the blood stream [20].
A main conclusion of our work is that moderate expo-
sures to a commercial sun bed give improvements of the
vitamin D status. This is in agreement with our earlier, pre-
liminary investigation [24], as well as with the results of
others [42–49]. Regular use of sun beds, with more than
one exposure per week for six months or more resulted in
90% higher 25(OH)D3 serums values and in higher bone
mineral densities, (0.97 ± 0.03 vs. 0.92 ± 0.01 g/cm2) [49].
Sun beds are manufactured so as to follow the legislation
in different countries. This means that the biologically
weighted fluence rates have to be below a certain limit,
often comparable with that of the Mediterranean, midsum-
mer and midday level [50]. Furthermore, based on the
belief that UVB is more carcinogenic than UVA (ultravio-
let A, 320–400 nm) according to the action spectrum of
squamous cell carcinoma in mice [51], sun beds are made
to emit about two orders of magnitude more UVA than
UVB. However, we and others have shown that even in
such sun beds it is mainly the small UVB fraction that gives
the biological effect [52,53]. Since the absorption spectrum
of 7-dehydrocholesterol (presumably similar to the action
spectrum of pre-vitamin D formation in solution) [54] is
similar to the DNA absorption spectrum [55], to the mela-
nogenesis action spectrum and to the erythema action spec-
trum [56] in the range 290–315 nm, we can assume that
whenever a sun bed generates significant amounts of vita-
min D, it also gives DNA damage.

The risk of cutaneous malignant melanoma (CMM)
associated with sun bed use has been the topic of a number
of investigations, as summarized in several reviews [57–59].
Some investigations show a CMM- generating effect of sun
bed use [60–62], while other investigations show no effect or
even protective effects [63,64]. It has been stated that the
discrepancies may be related to methodological short-com-
ings [63,64]. However, in a reanalysis of the data in a recent
IARC report [65] it was pointed out that several studies
were included from the UK where people with Scottish
ancestry have a genetically related increased risk of getting
CMM [66], but that some of the UK studies did not adjust
for skin phenotype or genetic risk [67,68]. Melanogenesis
may be protective against CMM [69], and chronic UV
exposure in some investigations is associated with reduced
risk of CMM [5,70]. Thus, the issue of the CMM-generat-
ing effect of sunbeds is being discussed. When constructing
future sun beds, and when designing proper legislation it
should be kept in mind that UVA, may be more CMM-
generating than previously believed [71].

In view of the documented health effects of an adequate
level of vitamin D, the vitamin D-generating effect of sun
beds should be weighted against the carcinogenic risk.
We have earlier [22] estimated that by moving 10� south-
wards, as from Tromsø to Oslo in Norway, the annual vita-
min D-generating solar exposure would increase by 40–
50%. This would, under otherwise similar conditions, give
a 10% improved vitamin D status, averaged over a year.
Such an increase might have a significant impact on death
rates from several cancers [5,72,73].
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After the sun bed exposures, half of the volunteers were
given a daily supplement of 200 IU vitamin D in the form
of cod liver oil capsules, while the other half of the persons
received no supplements. Within eight weeks the serum
level of 25(OH)D3 decreased to the initial value in all vol-
unteers, irrespective of vitamin D supplementation or not.
Thus, our results seem to indicate that the recommended
intake of 200 IU vitamin D per day [74] is not adequate
to maintain a summer vitamin D status. The half life of
25(OH)D3 in serum is reported to be 1–2 months [75–77].
In our case the decay seems faster, with 25(OH)D3 reaching
50% of the peak level within 1 month. The decay seems to
be faster in the control group (Group B) but the difference
between groups is not significant (p = 0.5).

Raising winter levels to summer levels (50–80 nmol/L in
the Nordic countries, [22]) would lead to an average annual
25(OH)D3 level of 22 nmol/L higher than at present. This
might be achieved by moderate sun bed exposures during
the winter or by increasing the daily intake of vitamin D
up to 1500 IU [78], corresponding to 20 ml cod liver oil.
According to the estimations of Giovannucci and coworkers
[72] this would reduce the total number of cancer deaths by
29% in the US, corresponding to a reduction of the annual
number of cancer deaths in Norway by 3000 from the present
level of 11,000. This is more than 10 times the number of
CMM deaths in Norway per year (about 250) [79].

Taking into account that moderate and regular sun bed
exposure in the winter might not necessarily lead to any
large increase in the number of CMM deaths, one should
reconsider the restrictive attitude towards sun bed use. A
daily increase of vitamin D intake corresponding to 20 ml
cod liver oil may be harder to achieve, but should still be
considered in view of the possible carcinogenic effect of
sun bed exposure. It should be noted that vitamin D sup-
plements should probably be in the form of cholecalciferol
(vitamin D3) rather than of ergocalciferol (vitamin D2)
since the former is more efficient [80].
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