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(serum 25-hydroxyvitamin D concentration) and higher
bone mineral density1–3

Vin Tangpricha, Adrian Turner, Catherine Spina, Sheila Decastro, Tai C Chen, and Michael F Holick

ABSTRACT
Background: Vitamin D is made in the skin on exposure to solar
radiation, and it is necessary to optimal skeletal health. Subjects who
use a tanning bed that emits ultraviolet B radiation (290–315 nm) are
likely to have higher 25-hydroxyvitamin D [25(OH)D] concentra-
tions than do subjects who do not regularly use a tanning bed.
Objective: The first objective of this study was to ascertain whether
subjects who regularly use a tanning bed have higher 25(OH)D
concentrations than do subjects who do not use a tanning bed. The
second objective was to ascertain whether higher 25(OH)D concen-
trations correlated positively with bone mineral density.
Design: This cross-sectional analysis examined 50 subjects who
used a tanning bed at least once a week and 106 control subjects.
Each subject gave a blood specimen for measurement of serum
25(OH)D and parathyroid hormone concentrations. Each subject
underwent bone mineral density testing of the hip and spine.
Results: Subjects who used a tanning bed had serum 25(OH)D
concentrations 90% higher than those of control subjects (115.5 �
8.0 and 60.3 � 3.0 nmol/L, respectively; P � 0.001). Subjects who
used a tanning bed had parathyroid hormone concentrations 18%
lower than those of control subjects (21.4 � 1.0 and 25.3 � 0.8
pg/mL, respectively; P � 0.01). Tanners had significantly higher
BMD and z scores at the total hip than did nontanners.
Conclusion: The regular use of a tanning bed that emits vitamin
D–producing ultraviolet radiation is associated with higher
25(OH)D concentrations and thus may have a benefit for the
skeleton. Am J Clin Nutr 2004;80:1645–9.
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INTRODUCTION

Vitamin D is a secosteroid hormone that is made naturally in
the skin. The precursor to vitamin D exists in the skin as
7-dehydrocholesterol, which is converted to previtamin D3 when
exposed to solar ultraviolet B (UVB) radiation of 290–315-nm
wavelength (1, 2). Previtamin D3 undergoes thermal isomeriza-
tion to form vitamin D3. Once formed, vitamin D3 enters the
circulation and is bound to the vitamin D–binding protein. Vi-
tamin D can also be obtained from the diet via consumption of
vitamin D–fortified foods such as milk and cereals and foods that
naturally contain vitamin D, including fatty fish such as salmon

and mackerel (3). Adequate vitamin D status is important for
optimal bone health (4), and chronic vitamin D deficiency leads
to osteomalacia and osteoporosis in adults (3–6). Clinical studies
have shown a positive effect on bone mineral density (BMD)
after supplementation with vitamin D (5, 6). Higher blood con-
centrations of 25-hydroxyvitamin D [25(OH)D] during child-
hood correlate positively with greater adult BMD (7). Further-
more, serum 25(OH)D was positively correlated with BMD in
both men and women of all races (8).

There is increased concern about skin cancer, which has cre-
ated a fear of causative sunlight exposure (9–12). Melanoma is
the most serious form of skin cancer. It should be recognized that
most melanomas occur in areas that are not exposed to the sun
(13) and that it is the number of lifetime sunburn experiences, the
number of moles, and red hair that increase the risk of this deadly
disease (12). The use of sunscreen with a sun-protective factor
(SPF) of �8 reduces the amount of vitamin D3 produced in the
skin by �95% (14). A lack or scarcity of sunlight exposure leads
to vitamin D deficiency (15–20). Adults who use tanning beds
that emit vitamin D3–producing UVB radiation (17, 19, 21)
should be able to make vitamin D3 in their skin and increase the
circulating 25(OH)D concentrations. We evaluated the possibil-
ity that higher serum 25(OH)D concentrations could correlate
with higher BMD in subjects who were exposed to UVB radia-
tion (ie, used a tanning bed) at least once a week.

We conducted a study to ascertain the serum concentrations of
25(OH)D and BMD at the hip and spine in a group of adults who
used tanning beds and in a control group of nontanners. We
sought to ascertain whether there was a significant positive
correlation between circulating serum 25(OH)D concentra-
tions and BMD.
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SUBJECTS AND METHODS

Subjects

We recruited healthy adults between the ages of 18 and 70 y for
participation in our study by placing advertisements in the local
newspaper and on an online bulletin board. We classified as
tanners those subjects who had regularly been using a tanning
bed �1 time/wk for �6 mo. We classified as nontanners those
subjects who did not use a tanning bed. Potential subjects were
excluded if they had history of osteoporosis, took vitamin D
supplements other than a regular multivitamin, took medications
that interfered with vitamin D metabolism, were undergoing
ultraviolet radiation as medical therapy, or were pregnant.

We obtained approval from the Institutional Review Board at
Boston University School of Medicine to conduct the study and
conducted the study in accordance with the Helsinki Declaration
of 1975, as revised in 1983. All of the study subjects gave written
informed consent for participation in the study.

Protocol

Each subject came to the General Clinical Research Clinic at
Boston University School of Medicine between 11 March and 17
June 2003. Each subject gave a blood sample for measurement of
25(OH)D and parathyroid hormone (PTH) concentrations.
Women of childbearing age underwent a urine pregnancy test to
exclude pregnant subjects. Each subject underwent a test of the
BMD of the spine, hip, and total body with the use of a bone
densitometer (QDR 4500W series; Hologic, Inc, Waltham, MA).
We recorded the z score and BMD of the spine (L2-L4), total hip,
and body.

Serum 25(OH)D was measured by using a method described
by Chen et al (22). This assay has a limit of detection of 12.5
nmol/L. Values �12.5 nmol/L were assigned a value of 12.5
nmol/L. The assay has an intraassay CV of 8% and an interassay
CV of 12%. Serum PTH was measured by using the Nichols
Advantage system (Nichols, San Clemente, CA). To ascertain
the prevalence of vitamin D deficiency, we considered any sub-
ject with a serum 25(OH)D concentration �50 nmol/L to be
vitamin D deficient (23).

Demographic information

A total of 166 subjects enrolled into the study. Three subjects
were excluded from the study for the following reasons: they
were aged �70 y with history of osteoporosis, unable to verify
tanning status, and undergoing ultraviolet radiation therapy for
psoriasis. Seven subjects did not complete the study protocol,
either because they did not complete the BMD test or because
their blood was not drawn for testing.

One hundred six subjects were classified as nontanners or
control subjects, and 50 subjects were classified as tanners. Their
background demographic data are shown in Table 1.

Statistical analysis

The results are represented as means � SEM. The data were
analyzed by using Microsoft Excel (Office 2000; Microsoft
Corp, Redmond, WA) and ANALYSE IT (version 1.71;
Analyse-it Software Ltd, Leeds, United Kingdom) software. Dif-
ferences in concentrations of serum 25(OH)D and PTH and urine
N-telopeptides of type I collagen were evaluated by using a
two-tailed unpaired Student’s t test. Differences in z score and

BMD were evaluated by using a two-tailed unpaired Student’s t
test. Differences in proportion were evaluated by using Fisher’s
exact test. The sample size was chosen to provide �80% power
to detect a difference of 50% in 25(OH)D concentration and of
�4% in BMD. A relation between serum 25(OH)D concentra-
tions and BMD was evaluated by performing a Pearson correla-
tion using the Analyze-It statistical software.

RESULTS

25-Hydroxyvitamin D and parathyroid hormone

Tanners had higher mean 25(OH)D concentrations than did
nontanners: 115.5 � 8.0 and 60.3 � 3.0 nmol/L, respectively (P
� 0.001, t test; Figure 1). Tanners also had lower serum PTH

TABLE 1
Demographic information on tanner and nontanner (control) subjects

Nontanners
(n � 106)

Tanners
(n � 50)

Age (y) 32.7 � 0.91 34.2 � 2.0
Sex, F/M (n) 90/16 43/7
Percentage taking a daily

multivitamin (%)
40 54

Milk intake (glasses/d) 1.0 � 0.1 1.0 � 0.1
Sunlight exposure (h/wk) 15.0 � 2.0 24.3 � 2.02

Ethnicity (n)
White 69 46
Asian 23 3
Black 4 —
Other 10 1

Duration of tanning bed
use (y)

0 6.2 � 0.7

Tanning
(sessions/wk) 0 2.4 � 0.2
(min/wk) 0 33.7 � 5.0

1 x� � SD (all such values).
2 Significantly different from nontanners, P � 0.003.

FIGURE 1. Mean (�SEM) serum 25-hydroxyvitamin D concentrations
in tanners and nontanners. Single points for each category are means �
SEMS. *Significantly different from nontanners, P � 0.001.
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concentrations than did nontanners (control subjects): 21.4 � 1.0
and 25.3 � 0.8 ng/mL, respectively (P � 0.01, t test; Figure 2).
The prevalence of vitamin D deficiency among the nontanners
was 41.5%, and that among the tanners was only 8% (P � 0.001,
Fisher’s exact test).

Bone mineral density

The tanners had significantly higher BMD and z scores at the
total hip than did the nontanners (Table 2). No significant dif-
ference in BMD or z score at the spine (L2-L4) or total body was
detected between the tanners and nontanners. No differences in
bone mineral content were detected at either the hip or spine
between tanners and nontanners (Table 2).

Correlation between 25-hydroxyvitamin D concentrations
and bone mineral density

Because it was reported that higher 25(OH)D concentrations
correlated with higher BMD (7), we wanted to see if this asso-
ciation existed in our subject population. We evaluated all sub-
jects in the study to ascertain whether there was a relation be-
tween 25(OH)D concentrations and BMD. We calculated a
Pearson’s coefficient of correlation with 25(OH)D concentration
as the independent factor and BMD as the dependent factor. We
found that there was a positive but nonsignificant relation be-
tween 25(OH)D concentrations and BMD at both the hip (R2 �
0.003, P � 0.53) and spine (R2 � 0.004, P � 0.42).

To correct for ethnic and sexual differences in BMD of the hip
and spine, we calculated a Pearson’s coefficient of correlation
with 25(OH)D concentrations as the independent factor and z
scores of the hip and spine as the dependent factors. We found
that there was still a small positive relation between 25(OH)D
concentrations and BMD. This relation was slightly stronger at
both the hip (R2 � 0.010) and spine (R2 � 0.012) than was that
between 25(OH)D and BMD, but, again, these relations were not
significant.

DISCUSSION

Adults who used a tanning bed had 90% higher serum
25(OH)D and 18% lower PTH concentrations than did adults
who did not use a tanning bed. The prevalence of vitamin D

deficiency [25(OH)D �50 nmol/L] was significantly lower in
the tanners (8%) than in the nontanners (41.5%) at the end of the
winter. Tanners also had significantly higher BMD at the hip than
did the nontanners, which confirms the findings of Bischoff et al
(8). There was a small but nonsignificant positive relation be-
tween serum 25(OH)D concentrations and BMD at the hip and
spine.

These findings have important clinical implications. The in-
creased public awareness of the negative effect of sunlight in
causing skin cancer has resulted in the fact that many adults and
children always wear sun protection or completely avoid sunlight
exposure. A lack of sunlight exposure can result in vitamin D
deficiency. Humans produce most of the vitamin D found in the
circulation in the skin through exposure to sunlight (2, 3), and
adults who spend most of their time indoors are at risk of vitamin
D deficiency (15–18, 20, 21, 23–26). Nursing home residents,
medical inpatients, institutionalized persons, and blacks are at
highest risk of vitamin D deficiency (18, 23–28). Subjects living
in northern latitudes have low production of vitamin D in the skin
because even the zenith of the angle of the sun’s rays does not
allow for cutaneous vitamin D3 production (2, 3, 15, 17, 28). In
addition, increased pigmentation (27–29) or the wearing of
clothing that largely covers the body (30–32) impairs the pro-
duction of vitamin D3 in the skin. The regular use of sunscreens
can also result in vitamin D deficiency (33): sunscreen with an
SPF � 8 can reduce the production of vitamin D in the skin by as
much as 95% (2, 14).

Young adults are also at risk of vitamin D deficiency because
of inadequate sunlight exposure that results from greater pursuit
of indoor activities, greater use of sunscreen because of fear of
skin cancer (34, 35), and less consumption of vitamin D–fortified
milk (15, 36, 37) than were seen in previous generations. A recent
survey of young adults living in Boston found that 36% of young
adults were vitamin D deficient, even though many took a mul-
tivitamin and drank a glass of milk daily (15). African American
adolescents and white preteen girls are also at risk for vitamin D
deficiency (37, 38).

Vitamin D is important to bone mineralization because of its
role in the maintenance of adequate serum calcium and phos-
phorus concentrations (2, 3). Vitamin D deficiency results in
osteomalacia in adults and is a frequent source of occult muscle
and bone pain (39–41). There is increasing evidence that vitamin
D can protect against the development of many chronic diseases,
including type 1 diabetes mellitus, hypertension, cardiovascular

TABLE 2
Bone mineral density (BMD) and bone mineral content (BMC) at the hip
and spine in tanners and nontanners1

Tanners Nontanners

Total hip
BMD (g/cm2) 0.975 � 0.03 0.920 � 0.012

BMC (g) 33.2 � 1.0 31.1 � 0.8
z Score 0.20 � 0.2 �0.18 � 0.012

Spine (L2-L4)
BMD (g/cm2) 1.02 � 0.02 1.00 � 0.01
BMC (g) 61.5 � 0.8 62.1 � 1.0
z Score �0.036 � 0.20 �0.266 � 0.1

1 All values are x� � SEM.
2 Significantly different from tanners, P � 0.04.

FIGURE 2. Mean (�SEM) serum parathyroid hormone concentrations in
tanners and nontanners. Single points for each category are means � SEMS.
*Significantly different from nontanners, P � 0.01.
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disease, common cancers, multiple sclerosis, and rheumatoid
arthritis (2, 3).

The use of tanning beds has been promoted to the public for the
cosmetic purpose of tanning, but this study shows that a moderate
use of tanning beds may also provide some medical benefit.
Higher concentrations of 25(OH)D throughout the year may
have a significant effect in enhancing intestinal calcium absorp-
tion and improving bone health (7, 8, 42). Blood concentrations
of 25(OH)D in tanners are � 75 nmol/L, which is considered to
be necessary for maximum intestinal calcium transport (23, 42).
This may explain why higher serum 25(OH)D concentrations are
associated with higher bone density. There is mounting evidence
that a healthy concentration of 25(OH)D (ie, �75 nmol/L) may
reduce the risk of colon, breast, and prostate cancers, hyperten-
sion, and autoimmune diseases (2, 3, 39–42).

In conclusion, the regular use of a tanning bed results in higher
25(OH)D concentrations and prevents increased seasonal prev-
alence of vitamin D deficiency during the winter. The subjects
who had used tanning beds for a mean of �5 y had higher BMD
at the hip than did the nontanners (control subjects). Larger
studies should be conducted to investigate the potential positive
effect of chronic use of tanning beds on vitamin D status and bone
health.
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