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ABSTRACT
Vitamin D3 is produced in the skin in response to UVB irradiation, from either sun exposure or UVB
sunbeds. The objective of the current study was to characterize serum 25(OH)D response to regular
sunbed use from several lamp outputs following their respective time exposure recommendations.
There were three groups that tanned over 12 weeks during the winter months in dedicated
sunbeds based on lamp outputs (100 W and 160 W low pressure fluorescent and 700 W high
pressure filtered metal halide lamps) and a control group provided serum 25(OH)D samples at
baseline and end-of-study. Tanning session lengths were calculated based on Health Canada
guidelines to stay below the erythema levels. Mean 25(OH)D were increased by an average of
42 nmol/L in the sunbeds that used 100 W and 160 W fluorescents. Change in 25(OH)D was
dependent on baseline 25(OH)D levels and sunbed (p D 0.003) and age (p D 0.03), but was not
affected by gender, BMI, Fitzpatrick type or cumulative length of tanning sessions. There was no
significant increase in 25(OH)D levels in participants using the 700 W filtered metal halide lamp
sunbed or in the control participants. Skin pigmentation, ITA� , was markedly increased in all tanners
and skin lightness, L�, significantly decreased at 12 weeks. Both L� and ITA� were significantly corre-
lated with 25(OH)D concentrations for the sunbeds with fluorescent lamps emitting UVB (100 W
and 160W). Participants following standardized exposure schedules meeting Health Canada regula-
tions in sunbeds irradiating adequate UVB showed continuous increases of 25(OH)D to physiological
levels even after producing a tan in a controlled manner.

ClinicalTrials.gov Registration: NCT02334592

KEYWORDS
Sunbed; tanning; vitamin D;
phototherapy; ultraviolet A;
ultraviolet B; ultraviolet
radiation

Introduction

The production of vitamin D in the skin is a demonstra-
bly positive aspect of tanning.1 UVA radiation from a
sunbed also induces immediate pigment darkening
which is not involved in vitamin D synthesis and also
produces nitric oxide in the skin which leads to relaxation
of blood vessels, lower blood pressure and improved
cardiovascular health.2 There are risks to any type of UV
exposure, whether from the sun or a sunbed. It is widely
accepted that excessive and overexposure of UV can
increase the risk of skin cancer. Squamous cell carcinoma
(SCC) seems to be related to excessive UV exposure
where basal cell carcinoma (BCC) and melanoma is
related to intermittent exposure such as sun burning.3

Ultraviolet-B (UVB) radiation initiates vitamin D
synthesis,4 and wintertime sun exposure at northern

latitudes (above 44�N) does not contain sufficient
UVB radiation to stimulate vitamin D synthesis.5 Nat-
ural vitamin D production is limited by season
depending on latitude. In fact, vitamin D production
is not possible even on exposed skin for four or more
months of the year depending on how far north one
resides due to lack of UVB radiation. Sunlamps with a
UVB component similar to solar summer output may
provide an alternative during the winter.

Health Canada follows the recommendations made
by the Institute of Medicine 2010 to achieve
25-hydroxyvitmain D [25(OH)D] concentrations, the
accepted measure of vitamin D status, of greater than
50 nmol/L for bone health.6 On the other hand, the
Endocrine Society, which also based its recommenda-
tions on clinical trials, recommended 25(OH)D
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concentrations above 75 nmol/L7. The European
Vitamin D Association, which based its recommenda-
tions on observational studies, recommended 25(OH)
D levels of 75–125 nmol/L8, as did another set of
vitamin D experts in setting guidelines for those with
intellectual and/or developmental disabilities.9 A
recent paper suggests that 25(OH)D concentrations of
120 nmol/L are required to promote optimal health10

and to improve overall quality of life11,12 and prevent
cancer.13

Sunbed tanning has been demonstrated to increase
serum 25(OH)D levels, the accepted measure of vita-
min D status.14-16 Over 5 weeks of tanning resulted in
mean serum 25(OH)D levels of 80 nmol/L with the
greatest increase seen in individuals with the lowest
starting 25(OH)D concentrations.17 A recent system-
atic review examined the relationship between UV
exposure and vitamin D production and found that
UVB phototherapy, whether narrow or broadband,
increased serum 25(OH)D levels.18–20 It has been
reported that UV from artificial sources is 8 times
more efficient in generating 25(OH)D.21

People who utilize indoor tanning equipment
(sunbeds) represent a distinct subset of people who
have reported several motivations for tanning includ-
ing “top-up tanning” (i.e. to extend a tanned appear-
ance), pre-vacation tanning to generate a base tan to
prevent burning,22 vitamin D production through
winter, and to look or feel good.23–25 In general, an
improved feeling of well-being is associated with tan-
ning.26–28 Sunbeds emitting UVB have been demon-
strated to stimulate vitamin D production.29–32

Further, sunbeds may confer the benefits associated
with obtaining optimal vitamin D status.

Physiological levels of serum 25(OH)D are repre-
sented by those levels that are achieved by natural
exposure to the sun without sun screen and uninhib-
ited by season. Ancestral people living at the equator,
as measured in the Hadzabe and Maasai tribes of
Tanzania, had mean serum 25(OH)D concentrations
of 109 nmol/L and 119 nmol/L33. Two other lines of
evidence suggest that 120 nmol/L is the level of serum
25(OH)D that meets physiological requirements
including the amount that is required for vitamin D to
be present in breast milk34 as well as the point at
which the compensatory mechanism for deficiency is
turned off.35 Mean 25(OH)D levels of 115 nmol/L
have been achieved in people who use sunbeds
regularly.17

The protocols of the tanning industry in Canada
are governed by the Radiation Emitting Devices Act
(RED Act).36 Health Canada’s RED Act provides
exposure time regulations for sunbed use to stay below
erythema doses. These regulations are intended as
recommendations based on a user’s Fitzpatrick Skin
Type to protect sunbed users from overexposure to
UV radiation. Overexposure is defined as “exposure
that exceeds the amount needed for vitamin D pro-
duction and could lead to skin or eye damage. Acute
overexposure induces sunburn.36”

The result of these regulations, the recommended
exposure times in sunbeds, on vitamin D production
has not been investigated. It is unknown if maximum
time exposures achieve or maintain optimal 25(OH)D
levels. The objective of the current study is to charac-
terize serum 25(OH)D response to regular sunbed
use, using several lamp outputs, and following the
time exposure schedule recommended by the RED
Act and the manufacturer of the equipment. A sec-
ondary goal was to quantify changes in skin colour
throughout the study period and the effect this had on
vitamin D levels.

Results

Demographics

The baseline demographics for all participants are
reported in Table 1. Significant differences in 25
(OH)D values were found at baseline between groups.
Group 1 had the highest mean 25(OH)D while the
control group had the lowest, with groups 2 and 3 in
between. The control group had more male partici-
pants. More than half of participants in groups 2, 3
and 4 were vitamin D deficient (<50 nmol/L) at base-
line while only a quarter of group 1 were deficient.
The owner of the salon where group 1 used the sunbed
was a nurse and since most of the participants had
been clients of the salon in the past, we suspect that
they may have been educated about vitamin D defi-
ciency; hence, the reason for the higher levels at base-
line. More than 75% of all groups were considered
vitamin D insufficient (<75 nmol/L) at baseline.

Participants were enrolled between January 1 and
February 28th to allow for study completion before
summer and limit the effect of any outdoor UVB
exposure. The target was to enroll 20 participants in
each group which was calculated to allow for the
detection of a difference in mean 25(OH)D of
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25 nmol/L. Groups 1 (LP 100W) and 2 (LP 160W)
enrolled 20 participants and enrollment was closed at
the end of February, for group 3 (HP) with 19 partici-
pants enrolled. Of those, 20 (100%), 19 (95%) and 14
(74%) completed the study, respectively. Of the 26
participants recruited in the control group, all 26 com-
pleted the study. Participants completed blood spot
collection kits for 25(OH)D measurements and some
collections were rejected by the laboratory for reasons
such as too little sample. As a result, the number of
samples varies between measurements (Table 2).

25(OH)D Concentrations

Our primary objective was to characterize 25(OH)D
concentrations resulting from regular tanning sessions
for the 3 types of sunbeds in comparison with no tan-
ning (Table 2). Fig. 1 depicts changes in 25(OH)D
over the 12 weeks of the study. In comparison with
baseline, serum 25(OH)D increased significantly in
group 1 at week 9 (p<0.001) and week 12 (p<0.001)
and in group 2 at week 12 (p D 0.05) only. Serum
25(OH)D values did not change over time in groups 3

(HP) or 4. Mean 25(OH)D were increased by an aver-
age of 42 nmol/L in both LP fluorescent sunbeds,
100 W (group 1) and 160 W (group 2). The 100 W
group had a mean increase in 25(OH)D from
66 nmol/L at baseline to 111 nmol/L at study comple-
tion (paired t, p<0.001). The 160 W group started
with lower 25(OH)D, at 46 nmol/L, and increased to
84 nmol/L (paired t, p D 0.007). These increases
included 12 people in group 1, 63% up from 15%,
and 4 people in group 2, 33% up from 0, that
achieved 25(OH)D concentrations above 100 nmol/L
(Table 2). Conversely, the number of vitamin D- defi-
cient individuals, with serum 25(OH)D <50 nmol/L,
was reduced significantly in groups 1 (down from 5 to
0) and 2 (down from 10 to 2). In groups 3 and 4 all
of the participants that were 25(OH)D deficient
(<50 nmol/L) at baseline were still deficient at the
end of the study – 53% and 67%, respectively. The
length of tanning sessions varied by group as per tan-
ning protocols (detailed in Supplemental Tables 1–3),
but each received a maximum exposure in accordance
to skin type and the erythema reference action
spectrum.

Table 1. Baseline Demographics of Study Participants.

Group (Sunbed)

1 (LP 100W) 2 (LP 160W) 3 (HP) 4 (Controls)

N 20 20 19 26
Female:Male 16:4 16:3 11:3 16:10
Age (yr)* 37.1§ 13a 37.0 § 10a 30.5§ 15b 39.5 § 14a

BMI* 24.7 § 3.7 23.9 § 3.3 24.4§ 3.3 NA
Fitzpatrick Skin type:
II 1 2 1 NA
III 12 15 13 NA
IV 7 3 5 NA

Baseline 25(OH)D (nmol/L) 66 § 24a 46 § 14b,c 51 § 24 b,c 40 § 17 c

Vitamin D deficient at baseline (<50 nmol/) 26% a 59% b 53% b 67% c

Vitamin D insufficiency at baseline (<75 nmol/) 79% a 94% a 82% a 92% a

a,b,cGroups with different superscripts denote significant differences between groups
�Mean § SD

Table 2. Comparison of 25(OH)D Concentrations between groups over time.

Week 0 Week 5 Week 9 Week 12

Group 25(OH)D
(nmol/L) [n]

N with 25(OH)D
>100 nmol/L

25(OH)D
(nmol/L) [n]

25(OH)D
(nmol/L) [n]

25(OH)D
(nmol/L) [n]

N with 25(OH)D
>100 nmol/L

Mean Change in
25(OH)D (nmol/L)

1 (LP 100W) 66 § 24 [19] 2/20 84 § 29 [17] 94 § 28 [20] 111 § 36* [19] 12/19 45 § 24a [19]
2 (LP 160W) 46 § 14 [17] 0/17 61 § 29 [12] 79 § 26 [18] 84 § 40 [12] 4/12 38 § 37a [12]
3 (HP) 51 § 24 [17] 2/17 60 § 37 [15] 58 § 28 [12] 58 § 29 [13] 2/13 7 § 39b [13]
4 (Controls) 40 § 17 [22] 1/20 — — 46 § 17 [24] 1/20 6 § 20b [20]

�Denotes significant difference from baseline (p<0.05)
a,b Groups with different superscripts denote significant differences between groups
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Repeated measures ANOVA revealed a significant
effect of time (p D 0.002), treatment group
(p D 0.001) and an interaction effect (p D 0.001).
Post-hoc testing revealed that the effect of time was
driven by groups 1 (100W) and 2 (160W). Linear
regression analysis found that change in 25(OH)D
was dependent on group (p D 0.003) and age (P D
0.03), but was not influenced by gender, BMI, Fitzpa-
trick type or the cumulative length of tanning
(Table 3). There was no significant change in 25(OH)
D levels in the high pressure (HP) 700 W filtered
metal halide sunbed group or in control participants.

Skin pigmentation

Overall, L�, a measure of skin lightness, was markedly
lower at 12 weeks in all tanning groups at all 5 sites
measured (inner upper arm, outer upper arm, cheek,
forehead and lower back, RM ANOVA, p < 0.001;
Fig. 2). There was an overall increase in a� at all sites
(RM ANOVA, p < 0.001; Fig. 2). There was no
change in b�, meaning yellow and blue pigmentation
levels did not change. Skin pigmentation, as measured
by ITA�, was significantly increased over the course of

the 12 weeks of tanning at the lower back and inner
arm (RM ANOVA, p < 0.001; Fig. 2; remaining cites
are depicted in Supplemental Figure 1).

L� and ITA� were significantly correlated with
25(OH)D concentrations whereas no relationship
was observed between a� and 25(OH)D. DL�, Da�, or
DITA� were not dependent on the type of sunlamp
(100 W LP, 160 W LP or 700 W filtered metal halide
HP).

The control group was not skin typed or measured
for pigmentation changes since the outdoor UV expo-
sure was negligible due to the time of year and cloth-
ing worn in winter.

Adverse events

There were no adverse events or sunburns reported
throughout the duration of the trial.

Discussion

The current study provides the first evidence that fol-
lowing recommended sunbed tanning protocols in a
typical tanning salon can achieve physiological levels
of vitamin D when the lamp emits UVB in the range
equivalent to outdoor summer sunshine. The majority
of participants tanning in the LP 100 W sunbed
attained mean 25(OH)D concentrations above
100 nmol/L. While the LP 160 W group reached a
mean 25(OH)D concentration of 84 nmol/L, the rela-
tive increase in 25(OH)D levels was the similar in
both LP groups. With higher baseline 25(OH)D con-
centrations those in the LP 160 W may have reached
25(OH)D levels above 100 nmol/L as well, since nei-
ther group appeared to plateau in 25(OH)D concen-
trations by the end of 12 weeks. In addition, the lack
of a plateau in 25(OH)D concentrations (Fig. 1) sug-
gests that higher 25(OH)D levels may be attained with
further tanning sessions. The LP beds produced a 75–
100% increase in 25(OH)D concentrations in 12 weeks
and 28 tanning sessions. The current study supports

Figure 1. Serum 25-hydroxyvitamin D concentrations over
12 weeks of the study by group. Red line: Tanners in 100 W Low
Pressure sunbed; Green line: Tanners in 160 W Low Pressure
sunbed; Purple line: Tanners in 700 W filtered High Pressure
sunbed; Blue line: Controls (no tanning).

Table 3. Effect of study parameters on change in serum 25(OH)D concentration.

Predictor B Standardized Coeffecient (b) p-value 95% Confidence Interval

Treatment Group ¡28.0 ¡1.29 0.003 ¡46.04, ¡9.89
Gender 4.71 0.067 0.53 ¡10.39, 19.80
Age ¡0.60 ¡0.26 0.03 ¡1.15, ¡0.05
Fitzgerald skin type ¡5.95 ¡0.24 0.34 ¡18.65, 6.45
BMI (kg/m2) ¡0.14 ¡0.02 0.90 ¡2.27, 1.99
Cumulative time (min.) ¡0.07 ¡0.41 0.46 ¡0.27, 0.13

e1375635-4 S. M. KIMBALL ET AL.

D
ow

nl
oa

de
d 

by
 [

E
C

U
 L

ib
ra

ri
es

] 
at

 0
7:

58
 0

7 
Ja

nu
ar

y 
20

18
 



earlier research that showed that skin pigmentation/
tan did not decrease the vitamin D production after
12 weeks. The 25(OH)D concentration levels contin-
ued to increase, especially in the lower baseline 25
(OH)D concentrations.37,38 Further research extend-
ing the period to 120 days of exposure may be
required to see an effect on leveling of 25(OH)D con-
centrations.39 The current study supports the sugges-
tion that artificially produced UVB radiation sources
that mimic sunlight, in this case fluorescent sunbed
lamps with 2.2% and 4.2% UVB, could be a surrogate
for sunlight when the UV index is low in northern
countries for vitamin D production.

Not surprisingly, the 700 W filtered HP sunbed,
which lacked appreciable UVB (0.8%), and contained
UVB wavelengths outside that required to stimulate
vitamin D production, did not produce an increase in
25(OH)D levels. As such, the use of 700 W filtered HP
sunbeds to increase vitamin D status is not supported
or recommended.

The control group was meant to verify that
25(OH)D concentrations would not increase by
normal means – through diet, consuming supple-
ments up to the amount of the recommended die-
tary allowance (600 IU/d), or by sun (UVB)

exposure which was not expected during the win-
ter.40 Baseline 25(OH)D concentrations were found
to be significantly lower in the control group. This
may be due to a difference in behavior particularly
given that we recruited family and friends of
sunbed users as control participants who chose not
to participate as tanners and were therefore less
likely to sunbathe or practice behaviors that
exposed them to the sun at any time of year.

The proportion of participants who were vitamin D
deficient at baseline was alarming and supports the
recent claim that a calculation error was made for the
RDA. Further recommended intakes of vitamin D are
much too low to achieve optimal levels41 and suggests
either the need for further time in a UV environment
or increased levels of supplementation.42 More than
half of participants at baseline had 25(OH)D concen-
trations below 50 nmol/L and more than 80% were
below the suggested level for optimal bone health at
75 nmol/L43. Surprisingly this was true even for those
who were interested in participating in the tanning
groups of this study. Clearly, public health messages
for vitamin D need to be stronger.

There was an expected increase in skin pigmentation
as measured by L�, a� and ITA� that was independent

Figure 2. L�, a� and ITA for the lower back and inner arm measurements. Baseline measures are represented by the solid box plots,
hatched boxes from mid-study and white boxes after 12 weeks of tanning. Boxplots depict the central 50% with the median as the line
and the 25th and 75th percentiles as the whiskers. Outliers are depicted as circles.
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of the type of the sunbed utilized, age, sex, BMI or
cumulative time tanning. Skin lightness, L�, negatively
correlated with 25(OH)D, whereas skin color, ITA�,
positively correlated with 25(OH)D concentrations.
The same ultraviolet wavelengths (290 to 320 nm) that
initiate vitamin D synthesis also trigger melanin pro-
duction and thus skin pigmentation. The current study
demonstrates that the dose of UV from a sunbed that
is required to raise 25(OH)D levels to 100 nmol/L will
also produce a tan. However, the amount of skin pig-
mentation produced was not dependent on vitamin D
production as the 700 W filtered HP bed produced
similar changes in L�, a� and ITA� without an increase
in 25(OH)D.

There are a number of adaptive responses that are
triggered in the skin in response to increased sunlight
exposure including development of pigmentation
(tan), an increase in the thickness of the epidermal
layer, which reduces UV penetration, and an up-regu-
lation of DNA repair processes.44 The current study
protocol involved exposure times that correspond to a
starting UV dose of 100 J/m2/session and increased to
625 J/m2/session, a 6-fold increase in UV exposure
over 12 weeks. No sunburns or adverse reactions were
reported throughout the study period, demonstrating

the safety and validity of exposure regulations and
manufacturer recommendations outlined in the RED
Act. Also, the amount of skin pigmentation achieved
throughout the study afforded a “sun protection
value” such that the skin acclimation to UV exposure
skin was six times greater at the end of 12 weeks.

There are several limitations to the present study.
For ethical reasons recruitment was limited to persons
actively seeking sunbed use, introducing a selection
bias. Because a dedicated sunbed was used at each
salon which were in different cities, this may have
resulted in a unique sample of participants at each
site. While the study design was not randomized, the
outcome of the study was an objective biomarker that
was measured at consecutive time points. Lastly, the
method of sample collection by individuals, blood
spot analysis, resulted in several samples that did not
meet the specifications for testing, a random error,
and thus were not available for analysis.

Overall, the present study confirms that serum
25(OH)D levels improved on average by 42 nmol/L
through regular use of either 100 W (4.2% UVB) or
160 W (2.2% UVB) low pressure fluorescent lamp
sunbeds following the regulations set forth by Health
Canada in the RED Act. Creating a tan after 4 weeks

Figure 3. Flow of trial progress and analysis.
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showed no effect on increasing 25(OH)D levels, but
12 weeks was effective at increasing 25(OH)D levels.
Responsible exposure to summer sunshine and the
majority of sunbeds sold in Canada (containing appre-
ciable levels of UVB) are effective means by which to
increase our serum 25(OH)D levels. In a tanning bed
the exposure to UV light can be controlled more pre-
cisely than casual sun exposure.

Materials and methods

Study population

Study participants included both men and women,
18 years of age and older. Exclusion criteria included a
history of skin cancer, granulomatous disease, liver
disease, or kidney disease, pregnancy, use of photosen-
sitive medications, vitamin D supplementation intake
>1,000 IU/d within the last 60 days, planned travel to
a sunny destination during the study period (January
to April 2014), and sunbed use within the last 60 days.

Recruitment of participants occurred within the
selected salons and on social media. Participants
recruited as “tanners” were most likely to have been
former clients. Controls were friends and family of the
tanners. As the study was open label, participants used
the salon they were recruited from (different cities)
where a dedicated sunbed was provided for study use.
The target enrollment for each group was 20 partici-
pants to allow for a difference in vitamin D status to
be detected between groups. The flow of trial progress
is depicted in.Fig. 3

Tanning protocol

The study was conducted at three different salons
located within Southern Ontario, Canada with a dedi-
cated sunbed at each site. Enrollment of participants
occurred from January 1st to February 28th, 2014 with
study completion on May 31st, 2014. Sunbed lamps
were changed prior to the beginning of the study and
run for 100 hours before enrollment of participants to
level out the exposure of the lamps. Spectral outputs
from baseline are found in Fig. 4. The tanning proto-
col was 12 weeks in length. The following lamps were
used at the location specified:

1) 100 Watt (W) low pressure (LP) fluorescent
sunbed with 4.2% UVB mix in Hamilton,
Ontario;

2) 160 W LP fluorescent sunbed with 2.2% UVB
mix in Tillsonburg, Ontario;

3) High Pressure (HP) 700 W filtered metal halide
sunbed with 0.8% UVB mix in Stittsville,
Ontario;

4) Control group (No tanning) from Southern
Ontario.

Tanning sessions occurred three times per week
for the first four weeks (sessions 1–12) to build photo-
protection (tan), which means starting at approxi-
mately two to three minute exposures and gradually
increasing the time to the maximum exposure time set
by Health Canada. For the remaining eight weeks of
the study (sessions 13–28) tanners used sunbeds twice
per week based on manufacturers recommendations
to maintain a tan. All exposure times are based on
sub-erythema doses set out by recommendations from
the equipment manufacturers except for the first and
last session set by Health Canada. Participants were
asked to expose »90% of their body surface area, i.e.
they could wear undergarments and/or cover their
face.

Exposure times

Time exposure schedules were determined according
to the Health Canada RED Act for the first and maxi-
mum session time and manufacturers standards for

Figure 4. Lamp Spectral Outputs and CIE Vitamin D Action Spec-
trum a) 100 W LP fluorescent sunbed lamps, b) 160 W LP fluores-
cent sunbed lamps, c) High pressure (HP) 700 W filtered metal
halide sunbed lamps, d) CIE Vitamin D Action Spectrum (Red Line
– 100 w LP; Green Line – 160 w LP; Purple Line – 700 w HP), e)
Normalized Spectral Irradiance Distribution (Blue Line – CIE 2006
Vitamin D Action Spectrum; Red Line – 100 w LP; Green
Line – 160 w LP; Purple Line – 700 w HP).
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remaining sessions. First exposure is �100J/m2 and
gradually increases over a four-week period to
625J/m2; weeks following the first exposure increase
according to the manufacturers recommendation to
the maximum exposure. Supplemental Tables 1 to
3 show exposure times and dose amount for each
session for each specific piece of equipment. The
100 W fluorescent lamp had a UVB mix of 4.2%,
the 160 W fluorescent lamp had a 2.2% UVB con-
tent and the 700 W filtered metal halide had 0.8%
UVB content. All exposure time calculations are in
accordance with the erythema reference action
spectrum set out by Health Canada below.

The exposure time in seconds was calculated using
the formula set forth in Health Canada’s Red Act
(Part XI) for the first and maximum exposure time, as
follows:

X=
X

.VλRλ/

where:

X is a dose not greater than 100 J/m2 for the first
session for untanned skin that could progressively
increase to a maximum dose of 625 J/m2 for the
following sessions,

λ is the wavelength in nanometers,
V is the weighting factor determined in accordance

with the erythema reference action spectrum; and
R is the irradiance of the tanning equipment, mea-

sured at the minimum exposure distance.

Vitamin D assessment

The primary outcome was the difference between
baseline and end-of-study vitamin D status. Serum
25-hydroxyvitamin D [25(OH)D] measurements were
assessed four times throughout the tanning procedure
for participants in groups 1–3: baseline or week 0, the
beginning of weeks 5 and 9 and the end of week 12)
and twice in controls, at baseline and at the end of
12 weeks. Serum 25(OH)D blood spots were collected
before sunbed use on the first session of the week 5
and 9 and at the last session for week 12. Serum
25(OH)D was tested every four weeks to determine if
increased pigmentation/photoprotection interfered
with the production of vitamin D and the average per-
son creates a base tan in four weeks. The control
group was tested at baseline and 12 weeks only
because there was no sunbed exposure nor significant

natural UVB exposure for the 12-week period. All par-
ticipants provided finger-prick samples (via a drop of
blood on filter paper). De-identified samples were
measured by LC-MS/MS at Purity Labs (Lake Oswego,
OR) with an intra-assay CV of 4.78% and inter-assay
CV of 6.85%.

Skin pigmentation measurements

A Fitzpatrick skin type was determined for each par-
ticipant (tanning groups 1–3) at baseline by complet-
ing a skin typing form (http://skintype.ca/).

Skin pigmentation, a secondary outcome, was
assessed in duplicate at 5 sites: inner upper arm, outer
upper arm, forehead, cheek and the small of the back.
Measurements were taken by a DSM II colorimeter
(Cortex Technology, Hadsund, Denmark) at baseline,
mid-way (week 5) and at the end of the study (end of
week 12). Calibration against a standard white tile was
performed at the start of each day.

Color system coordinates for L� (dark vs. light),
a� (red vs. green) and b� (yellow vs. blue) based on
the commision internationale de l’eclairage sys-
tem.45 Skin color measurements in terms of CIE-
LAB color space values. Averages of the two values
were used at each site. Changes in L� (DL�) and a�

(Da�) are reported.
Individual typology angle (ITA�) was calculated by

the following equation:

ITA�D artan
L

� ¡ 50
b�

� �
x
180
p

Skin color change (DITA�) was calculated as an
objective measure of skin pigmentation development,
were the differences in ITA� readings between baseline
and end of study.

Statistical analysis

We used SPSS version 22.0 (SPSS Inc, Chicago, IL)
statistical software for statistical analysis. Results are
reported as mean and standard deviation (§ SD).
Repeated Measures Analysis of variance (RM
ANOVA) was performed to detect differences
between groups for 25(OH)D and skin pigment meas-
ures. Paired t-tests were used to determine differences
within groups between baseline and end-of-study.
One-way ANOVA was used to assess changes over
time within groups. Linear regression analyses were
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utilized to test the relationship of categorical variables
on changes in 25(OH)D and skin pigmentation meas-
ures. Spearman correlation was used to investigate
changes in skin pigmentation relative to 25(OH)D.
Study data is available by contacting the authors.
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