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ABBREVIATIONS (in alphabetical order)

1,25(OH)2D
25(OH)D
7-DHC
BB-UVB
BCa
BMD
BMI
CD
CIE
CLIA
CMM
CRC
CYP24A1
CYP27B1
CYP2R1
DBP
E-BSA
ECa
FGF23
GWAS
HPLC
IU
LC-MS
MED
MS
mVDR
NB-UVB
NIST
nVDR
OR
PCa
PTH
RA
RCT
RDD
RIA
RR
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1,25-Dihydroxyvitamin D
25-Hydroxyvitamin D
7-Dehydrocholesterol
Broadband Ultraviolet B
Breast Cancer
Bone Mineral Density
Body Mass Index
Crohn’s disease
The International Commission on Illumination
Chemiluminescent Immunoassay
Cuteneous Malignant Melanoma
Colorectal Cancer
24-hydroxylase
1-hydroxylase
25-hydroxylase
Vitamin D binding protein
Exposed Body Surface Area
Endometrial Cancer
Fibroblast Growth Factor-23
Genome-Wide Association Study
High-Performance Liquid Chromatography
International Units
Liquid Chromatography-Mass Spectrometry
Minimal Erythema Dose
Multiple Sclerosis
Membrane vitamin D receptor
Narrowband Ultraviolet B
National Institute of Standards and Technology
Nuclear vitamin D receptor
Odds Ratio
Prostate Cancer
Parathyroid hormone
Rheumatoid Arthritis
Randomized Clinical Trial
Recommended daily dose for vitamin D intake
Radio-Immunoassay
Relative risk

RXR
Sun1
Sun2
Sun3
SDD
SED
sHPT
SLE
SPF
SZA
T1D
TUL
UVA
UVB
UVD3
UVEry
UVI
UVR
VDDS
VDRE
DEQAS

Retinoic X Receptors
Sun bed – Life Sun S 100W
Sun bed – Solarium Super Plus 100 W
Sun bed – Golden Sun RS 100 W + Beauty Sun 25 W
Standard vitamin D dose
Standard erythema dose
Secondary Hyperparathyroidism
Systemic Lupus Erythematosus
Sun Protection Factor
Solar Zenith Angle
Type 1 Diabetes
Tolerable Upper Limit
Ultraviolet A (320-400nm)
Ultraviolet B (280-320 nm)
Previtamin D3 weighted UV
Erythema weighted UV
Ultraviolet Index
Ultraviolet Radiation
Vitamin D Deficiency Syndrome
Vitamin D-Responsive Element
Vitamin D External Quality Assessment Scheme

RELEVANT UNITS AND CONVERSIONS
1,25(OH)2D: Concentration [pmol/L]

= 2.4 x Concentration [pg/ml]

25(OH)D: Concentration [nmol/L]

= 2.5 x Concentration [ng/ml]

2

SED: Dose [J/m ]

= 0.1 x Dose [mJ/cm2]

Vitamin D intake: Dose [IU]

= 40 x Dose [µg]
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FACTS ABOUT VITAMIN D

VITAMIN D: VITAMIN D3 (cholecalciferol) and VITAMIN D2 (ergocalciferol)
Vitamin D, the “sunshine vitamin“, is a fat-soluble steroid pro-hormone. Vitamin D
is a biologically inert compound, and has to undergo a number of conversions in
order to become an active hormone. The main source of vitamin D3 for humans is
sun exposure. Another important source for vitamin D is food. Vitamin D3 is present
in few animal foods, mainly fat fish, while vitamin D2 is found in some wild
mushrooms. Both vitamin D forms are available in supplements. The high dose
supplementation available in Norway is a vitamin D2 form.

25-HYDROXYVITAMIN D (CALCIDIOL or 25(OH)D)
Vitamin D, produced in the skin or obtained from food and supplements, undergoes
its first hydroxylation in the liver and becomes 25(OH)D. Serum 25(OH)D is the
major form of vitamin D and the most reliable determinant of vitamin D status.
Serum 25(OH)D concentrations reflect well the cutaneous vitamin D synthesis and
ingested vitamin D. According to the classification proposed by M.F. Holick, one of
the world leaders in vitamin D research, vitamin D deficiency should be defined as
serum 25(OH)D levels < 50 nmol/L, vitmin D insufficiency as 50-74 nmol/L, and
vitamin D sufficiency as values  75 nmol/L.

1,25-DIHYDROXYVITAMIN D (CALCITRIOL or 1,25(OH)2D)
In the kidneys 25(OH)D undergoes the second hydroxylation to 1,25(OH)2D. Serum
1,25(OH)2D is an active steroid hormone that regulates calcium homeostasis and
bone mineralization. Vitamin D status can not be determined by 1,25(OH)2D
measurements, since its serum concentrations are tightly regulated and may remain
normal even in the setting of vitamin D deficiency. The 1,25(OH)2D signaling
pathway is mediated through the vitamin D receptor (VDR). Almost 40 tissues in the
human body express VDR. Thus, it has been recently proposed that 1,25(OH)2D
may be involved in regulation of many physiological functions.
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1. ABSTRACT
Sun is the main vitamin D source for humans. Sun exposure during the summer may provide
large amounts of vitamin D3, which is stored in the fat tissue and released during the winter.
Serum 25(OH)D levels > 80 nmol/L at the end of the summer are considered necessary in
order to avoid vitamin D deficiency during the winter. However, it is not clear how much sun
exposure is needed to achieve this concentration. In this study we simulated a Norwegian
summer by using commercially available tanning equipment. We found that moderate
exposures given during 5-7 weeks may raise serum 25(OH)D concentrations from typical
winter values to typical summer values. A UV dose equal to a whole body sun exposure of 5 10 MED at sunny summer midday increased serum 25(OH)D by 15-23 nmol/L. The increase
was dependent on the initial vitamin D status: persons with the lowest baseline 25(OH)D
concentrations got the largest increase. However, for persons with vitamin D deficiency
(25(OH)D < 50 nmol/L) the mentioned UV exposure was not large enough to reach the
threshold of vitamin D sufficiency (25(OH)D  75 nmol/L). Moreover, a daily whole body sun
exposure of ~0.2 MED seems to be almost equal to an oral vitamin D intake of 2,000 IU.
Body composition and BMI are important predictors of vitamin D status. Our earlier
investigations suggested that serum 25(OH)D levels decrease proportionally with increasing
BMI. The key mechanism behind is possibly increased sequestration of fat-soluble vitamin D
in a large volume of fat tissue. However, other factors, such as low sun exposure and
inadequate vitamin D intake, may also contribute to the low vitamin D status in overweight
and obese persons. In this study we have investigated the impact of excess body weight on
serum 1,25(OH)2D concentrations. According to our results high BMI and adiposity in adults
were associated with decreased serum 1,25(OH)2D. Serum 25(OH)D was the strongest
predictor of 1,25(OH)2D values. A decrease in 25(OH)D by 1 nmol/L was associated with a
decrease in 1,25(OH)2D concentrations by 0.4 pmol/L (P<0.001). There was no correlation
between serum concentrations of 25(OH)D and 1,25(OH)2D in obese children and adolescents,
although the prevalence of vitamin D deficiency and insufficiency in adolescents was high (58
%).
Low vitamin D status as a consequence of low sun exposure and/or high BMI may play a role
in cancer development and prognosis. Our calculations suggest that a low vitamin D status may
explain at least 20% of the cancer risk attributable to high BMI. It also seems that the
contribution of low 25(OH)D to the increased cancer risk with increasing BMI may be
different for different cancer types being highest for colorectal and breast cancers.
A panel of 25 world leaders in vitamin D research recommended that the serum 25(OH)D
concentrations should be at least  75 nmol/L (30 ng/ml) in order to provide optimal health
outcomes. These values may be achieved by moderate UV exposure or by high vitamin D
intake. The dose of vitamin D supplementation and UV exposure should be adjusted according
to BMI.
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2. AIMS OF THE STUDY
The objective of this study was to investigate the complex association between vitamin D
predictors (UV exposure, BMI, vitamin D intake), serum 25(OH)D concentrations, and cancer
risk.
In order to investigate the effect of UV exposure on serum 25(OH)D concentrations a
Norwegian summer was simulated by using commercially available tanning equipment during
the winter. Thus, our aims were:





to investigate the effect of moderate UV exposure on vitamin D status
to investigate the impact of initial vitamin D status on serum 25(OH)D increase
to investigate the role of body weight and vitamin D intake on serum 25(OH)D increase
to compare the efficiency of high dose vitamin D supplementation and moderate UV
exposure to increase serum 25(OH) concentrations

To determine the association between excess body weight, vitamin D status, and serum
1,25(OH)2D concentrations we analyzed a data base containing relevant data for almost 1,900
adults and children with overweight and obesity. We aimed to:
 investigate the prevalence of vitamin D deficiency and insufficiency
 estimate the associations between body composition, BMI, age, gender, and serum
concentrations of 25(OH)D and 1,25(OH)2D
 investigate the association between serum 1,25(OH)2D and 25(OH)D
 study the seasonal variation of both serum 25(OH)D and 1,25(OH)2D
Furthermore, we wanted to investigate if low vitamin D status related to high BMI plays any
role in cancer development. We aimed to:
 estimate the possible contribution of vitamin D to cancer risk attributable to high BMI
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3. VITAMIN D SYNTHESIS AND METHABOLISM
Vitamin D, also known as the “sunshine vitamin“, is a fat-soluble steroid pro-hormone. It is
available in two distinct forms: cholecalciferol (Vitamin D3) and ergocalciferol (vitamin D2)
(Figure 1) (1).
The main source of vitamin D3 for humans is sun (2). About 90-95% of total vitamin D
is produced in the skin (3). Another important source for vitamin D is food (4). Vitamin D3 is
present in few animal foods, mainly fat fish, while vitamin D2 is found in some wild
mushrooms (4). Both vitamin D forms are available in supplements. Although in a number of
studies vitamin D3 has proven to be the most potent form for humans, both vitamin D forms
are still regarded as equivalent and interchangeable (5).

CH3
H3C

H3C
H3C

CH3

H3C

CH3

CH3

CH2

CH2

Vitamin D3
Cholecalciferol
OH

CH3

Vitamin D2
Ergocalciferol

OH

Figure 1. Two distinct forms of vitamin D

3.1. Cutaneous vitamin D3 synthesis
Exposure of uncovered skin to ultraviolet B radiation (UVB) (280-320 nm) generates
previtamin D3 from 7-dehydrocholesterol in the plasma membranes of the cells in upper skin
layers, mainly in the stratum basale and the stratum spinosum (3;6). Previtamin D3 undergoes a
rapid thermal isomerization to vitamin D3. Once formed, vitamin D3 is ejected out of the
plasma membrane into extracellular space, where it enters the bloodstream and binds to
vitamin D binding protein (DBP) (3).
The concentrations of previtamin D3 in the skin reaches its maximum within hours,
however it may take 24-48 hours to few days until serum vitamin D levels increase (7). Under
prolonged UVB exposure both previtamin D3 and vitamin D3 can be converted to several
biologically inactive photoproducts, mainly lumisterol and tachysterol (8). These compounds
may also be converted back when the concentrations of previtamin D3 decreases. Thus,
excessive sun exposure does not result in vitamin D intoxication (8).
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3.2. Vitamin D metabolism
Vitamin D is a biologically inert compound, and has to undergo a number of conversions in
order to become an active hormone (3;6). In the blood stream vitamin D and its metabolites are
bound to DBP that plays an important role in maintaining vitamin D status (Figure 2) (9).
3.2.1. From a vitamin to an active hormone. DBP transports vitamin D to the liver where it
undergoes the first hydroxylation to 25-hydroxivitamin D (25(OH)D) catalysed by one or more
cytochrome P450 vitamin D 25-hydroxylases (CYP2R1, CYP27A1) (10). Other cytochrome
P450 enzymes may also be involved in vitamin D 25-hydroxylation (11;12). Genetic variations
of CYP2R1 may influence serum 25(OH)D concentrations (13). In the blood steam 25(OH)D
binds to DBP to be transported to the kidneys and other tissues. In the kidneys 25(OH)D
undergoes a second hydroxylation to 1,25-dihydroxyvitamin D (1,25(OH)2D) by 1hydroxylase (CYP27B1) (10). The renal expression of CYP27B1 is up-regulated by
parathyroid hormone (PTH), low serum calcium, and high phosphates concentrations, and
down-regulated by fibroblast growth factor 23 (FGF 23) and high 1,25(OH)2D (12;14). At the
same time, low PTH, high calcium, and low phosphates concentrations stimulate expression of
24-hydroxylase (CYP24A1), an enzyme that catabolizes both 25(OH)D and 1,25(OH)2D to
calcitroic acid (11).

Serum 1,25(OH)2DDBP

UVB

290-320 nm

• Calcium homeostasis
• Bone health
• Cardiovascular health
• Methabolic functions
• Immune function

Kidneys

D3
25(OH)DDBP
Skin

Intracellular

Liver

D3/D2 DBP

1,25(OH)2D
Diseased cells

25(OH)DDBP

• Cell growth
• Differentiation
• Angiogenesis
• Apoptosis

Intracellular 1,25(OH)2D
Vitamin D2 and D3 from
food and supplements

Normal cells

• Local regulation of cell metabolism

Figure 2. Vitamin D sources and metabolism.
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Although, CYP27B1 is found predominantly in kidneys, it is also expressed by many
other cell types, such as macrohages, T-lymphocytes, dendritic cells, keratinocytes, bone,
placenta and prostate cells (15;16). Several types of cancer cells (intestine, prostate, lung, skin
etc.) may also convert 25(OH)D to 1,25(OH)2D (10;16). It has recently been revealed that a
few cell types (keratinocytes, macrophages, prostate epithelial cells, osteoblasts) may
metabolize vitamin D to 1,25(OH)2D (10).
3.2.2. The role of DBP in vitamin D metabolism. In the blood circulation vitamin D
metabolites are bound to DBP and to other proteins (9). The main functions of DBP are
solubilization and transport of vitamin D metabolites to target tissues. Binding to DBP
decreases the bioavailability of vitamin D active metabolites, and, possibly, prevents vitamin D
intoxication (17). It may also preserve vitamin D metabolites from fast catabolism, thus,
increasing their half-life time. In this case, DBP acts as a reservoir for vitamin D circulating
forms. Serum DBP concentrations are 100-fold higher than those of 25(OH)D, and only 5% of
DBP binding sites are occupied by vitamin D methabolites (17). The binding affinity of DBP is
different for each vitamin D metabolite, and is highest for 25(OH)D. Approximately 88% of
serum 25(OH)D, 85% of serum 1,25(OH)2D, but only 60% of vitamin D are bound to DBP
(17;18). DBP is a highly polymorphic protein (19). Genetic variants of DBP have been
associated with large differences in binding affinity to vitamin D ligands, and may explain
much of the interpersonal variation in the levels circulating 25(OH)D and 1,25(OH)2D (20).
DBP polymorphism also predicts response of serum 25(OH)D to vitamin D supplementation
and sun exposure (13;19;21).

3.3. Mechanisms of vitamin D action
1,25(OH)2D is transported from the kidneys by DBP to organs and tissues where it acts in both
genomic or non-genomic manner (10;22) Vitamin D signaling is mediated through vitamin D
receptor that may be located in the cell nucleus (nVDR) or the cell membrane (mVDR) (22).
Almost 40 tissues express one or both types of VDR (22), and about 3% of the human genome
may be regulated by 1,25(OH)2D (23).
3.3.1. Genomic vitamin D response is mediated through nVDR and takes hours or even days
(10;22). VDR is functioning as a heterodimer and commonly recruits retinoid X receptor
(RXR). VDR-RXR heterodimers build complexes with co-regulatory proteins that further
interact with specific genomic sequences, vitamin D response elements (VDRE), in the
promoter region of target genes (10;22).
The study by Ramagopalan et al. on lymphoblastoid cell lines provides a highresolution map of VDR binding throughout the human genome, and indicates 2776 binding
sites and 229 genes that can be up- or down-regulated in response to 1,25(OH)2D stimulation
(24). The VDR binding activity was high around the genes that, according to recent genomewide association studies (GWAS) were associated with multiple sclerosis (MS), diabetes type
1 (T1D), Crohn’s disease (CD), systemic lupus erythematosus (SLE), rheumatoid arthritis
(RA), chronic lymphocytic leukemia, colorectal cancer, hair color, tanning, and height (Figure
3) (24;25). Interestingly, VDR binds more actively to the regions responsible for positive
selection (hair color, skin sensitivity). This suggests an important role of vitamin D in human
evolution (24). Although these data strongly support pleiotropic vitamin D activities, further
research is needed to identify the particular molecular mechanisms behind vitamin D action.
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VDR activation regulates the expression of at least 11 genes essential for calcium
homeostasis and bone health including SPP1 (osteopontin), TRPV6 (selective calcium
channel), LRP5 (low density lipoprotein receptor-related protein 5), BGP, RANKL (receptor
activator for nuclear factor  B ligand), OPG (osteoprotegerin), CYP24A1, PTH, FGF23,
PHEX (phosphate-regulating gene) and klotho protein (26).
3.3.2. Non-genomic vitamin D responses are probably mediated through mVDR (27). The
non-genomic mechanism of action include activation of protein kinase C (PKC), mitogenactivated protein kinase (MAPK), phosholipase A2 (PLA2), phospholipase C (PLC), G-protein
and opening of ion channels (22). The time required for non-genomic effects may vary from a
few seconds to 10-60 minutes (22).
8,3

Chronic lymphocytic leukemia
7,2

Hair color
5,4

Tanning/skin sensitivity to tan

5,1

Systemic lupus erythematosus
4

Colorectal cancer
3,5

Crohn’s disease
2,9

Diabetes type 1

2,8

Rheumatoid arthritis
2,2

Multiple sclerosis
1,7

Height
0

1

2

3

4

5

6

7

8

9

VDR binding activity

Figure 3. VDR binding activity around the genes related to common diseases identified by
recent genome-wide association studies (GWAS) (24).
The effects of vitamin D are commonly subdivided as classical and non-classical
(8;28). The main classical role of 1,25(OH)2D is to maintain mineral homeostasis and bone
health by increasing the absorption of calcium and phosphates in intestine and reabsorption in
kidneys, regulation of serum PTH and FGF23 levels, and control of bone growth,
mineralization and remodeling (29;30).
Among non-classical vitamin D actions may be listed inhibition of cell proliferation
and induction of differentiation, regulation of innate and anti-bacterial immune responses and
control over hormone secretion (8). These mechanisms explain the essential role of vitamin D
in muscle function, cardiovascular homeostasis, nervous function, immune, endocrine, and
circulatory systems (31)
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4. VITAMIN D SOURCES
Vitamin D may be obtained from UVB exposure (sun, tanning units, narrowband, and
broadband UVB lamps) and dietary intake (unfortified and fortified foods and supplements).

4.1. Sun and artificial UVB sources
Sun is definitely the cheapest, the most available and the most natural vitamin D source among
all possible sources of UVB (32). However, it is probably not the most efficient one.
Broadband and narrowband UVB cabinets for psoriasis treatment, as well as some tanning
units commercially available in Europe, seem to be more efficient sources for vitamin D, if one
takes into account shorter irradiation times and larger body area that can be exposed at the
same time.
The main differences between sun and artificial UVB sources are intensity and
proportional content of UVB, ultraviolet A (UVA) (320-400nm), and visible light (Figure 4).
These basic differences may have impacts on health effects of UV radiation, including vitamin
D synthesis.

Figure 4. Sources of UVB radiation.
4.1.1. Erythema- and vitamin D- weighted UV. Even short exposures to the sun may
produce a large amount of vitamin D3 (33). UV exposure of the whole body to one minimal
erythema dose (MED) seems to increase serum vitamin D3 levels equivalent with an oral dose
of 10,000-20,000 IU (3).
4.1.1.1. Minimal erythema dose (MED) is defined as the minimal UV dose required to
produce perceptible erythema (a slight pinkness) to the skin as determined 24 hours after
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exposure to UV source (34). MED can be expressed in minutes or in UV dose (J/m2), adjusted
to the International Commission on Illumination (CIE) recommended action spectra for
erythema (35). The MED is an individual and often subjective indicator of skin sensitivity to
UV radiation. It varies with skin pigmentation, skin type, UV intensity and other factors (36).
Therefore, standardized MED for each skin type were developed (Table 1).
4.1.1.2. Standard erythema dose (SED). Due to very high interindividual variations of MED it
is not always convenient to describe the UV doses in MED, especially in large populations, at
different latitudes and with different UV sources. Thus, SED is more often used to describe
occupational and controlled UV exposure as well as effects of different UV doses on human
health, including cutaneous vitamin D3 synthesis (37). The SED equals to 100 J/m2 weighted
by CIE erythema action spectrum and the emission spectrum of the UV source (37). Thus, the
SED is a more accurate measure of physical UV exposure than MED.
Table 1. MED and SED in different skin types (34;38)
Skin
type

Reaction to sun

MED
(J/m2)

MED
(min)*

SED

I

Always burns; never tans

200

22

2

II

Burns easily; tans minimally

250

28

2.5

III

Burns moderately; tans gradually

300

33

3

IV

Rarely burns; tans easily

450

50

4.5

V

Very rarely burns; tans substantially

600

67

6

VI

Never burns; deeply pigmented

1000

111

10

* Oslo, 12:00 a.m. 22 June 2010, 1 SED = 11 minutes
4.1.1.3. UV index (UVI) is another important measure of UVR (32). UVI is calculated by the
formula: UVI = 40 x UVEry, where UVEry is CIE erythema weighted UV (W/m2) (39). UVI are
usually presented as a scale from 1 to 15 that indicates the risk level of possible skin damage
due to UV exposure. Based on UV index, the number of SED achieved per hour can be
calculated (SED h-1) (Figure 5) (32).
4.1.1.4. Standard vitamin D dose (SDD). To estimate the efficiency of UV source to induce
vitamin D3 synthesis it has been also proposed to use vitamin D weighted UV dose (UVD3) and
SDD (33). UVD3 dose may be calculated as the area under the curve obtained by multiplication
of CIE vitamin D action spectrum and the emission spectrum of the UV source (Figure 6)
(40;41). The ratio between UVD3 and UVEry indicates the benefit/risk balance, and shows the
efficiency of light source to induce vitamin D synthesis during certain erythema dose (42).
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Figure 5. Range of UVI and corresponding exposure for erythema (SED h-1) and vitamin D
synthesis for skin type II (32)
The SDD is defined as the UV dose necessary for a serum vitamin D3 increase equal to
an oral vitamin D dose of 1000 IU (33). According to Holick, SDD may be achieved by a UV
exposure of ¼ skin area (hands, face and arms) to ¼ of personal MED (33). The SDD is in a
way a similar measure as MED for erythema, but only for vitamin D synthesis. Thus, it feels
right to suggest a measure similar to SED, which will reflect a fixed dose of CIE vitamin D
weighted UV. According to the results of our recent study, a vitamin D weighted UV dose of
about 100 J/m2 may possibly be as effective to improve vitamin D status as an oral vitamin D3
dose of 2000 IU (43). Thus, a dose of 100 J/m2 of vitamin D weighted UV may be a good
candidate dose for proposed measure. For Oslo sun this dose will be equal to ~0.6 SED of
whole body exposure.

Figure 6. Action spectra of erythema, previtamin D3, and sun in Gran Canaria (left panel).
Efficiency spectra for vitamin D synthesis and erythema production (right panel).
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4.1.2. Efficiency of vitamin D synthesis. The effectiveness of UV sources to induce vitamin
D3 synthesis depends on UVB fluence rates, ratio between vitamin D weighed (UVD3) and
erythema weighed UV (UVEry) (UVD3/ UVEry) and skin pigmentation (1;38;44-47).
Solar UVB fluence rates, as well as UVD3/ UVEry, vary with latitude, season, weather
conditions and day time (1;48;49). Thus, an optimal benefit to risk condition for vitamin D
synthesis from solar UV exposure occurs under high solar altitude, low zenith angle, midday
midsummer sunlight (42).
Artificial sources of UV radiation include various lamps used both in medicine
(psoriasis broadband and narrowband UVB lamps) and industry (sun bed lamps). According to
state regulations, only type 3 sun beds are commercially available in Norway (50). The
regulations limit the CIE erythema weighted UV to 0.3 W/m2 (0.15 W/m2 of UVB and 0.15
W/m2 of UVA) (50). The intensity of broadband and narrow band UVB lamps used to treat
psoriasis is 3-15-fold higher than that (51). The efficiency of artificial UV sources to induce
vitamin D synthesis may be estimated based on UVD3/ UVEry that varies between 0.5 and 2
depending on lamp type (42). The tanning units used in our studies had UVD3/ UVEry = 1.3
(43;52). The UV doses for sun at different latitudes and tanning units used in the study are
compared in Table 2.

Table 2. UV doses of different UVB sources for the skin type II person (33;38;51).

SED

UVD3 per

UVD3/

SDD

(min)

(min)

2

SED (J/m )

UVEry

(min)

Oslo Sun*

28

11

170

1.70

7

Gran Canaria Sun*

15

6

187

1.87

4

UV source

MED

Equator Sun*

11

4.3

188

1.88

3

1

23

9

125

1.25

6

2

15

6

134

1.34

4

Tanning device Sun2
Tanning devise Sun3

* 11 a.m.-13 p.m. June 2010
1
Solarium Super Plus 100 W
2
Golden Sun RS 100W combined with Beauty Sun S 25 W
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4.2. Food and supplements
2.1. Food sources. There are only few foods that naturally contain vitamin D. Fatty fish
(mackerel, salmon, herring) and cod liver oil are the major sources of vitamin D3 in Norway
(Table 3) (53). Small amounts of vitamin D3 are also present in beef liver, eggs and meat (4).
Some dairy products in Norway including butter, margarine, and milk are fortified with
vitamin D3 (53). Vitamin D2 is found in wild mushrooms and plants (4).
Table 3. Vitamin D content in unfortified and fortified foods

Food

μg

IU

%RDD*

%TUL**

Fish liver (cod)

72.4

2900

725

145

Mackerel (salmon, traut, herring)

17.5

700

175

35

Cod roe

5.3

212

53

11

Cod, saithe, haddock

3.0

120

30

6

Fish soup, gratin

2.4

96

24

4.8

Fish fingers, breaded

2.0

80

20

4

Catfish

0.7

28

7

1.4

Roe paste

6.0

240

60

12

Sardines, herring, sprat

3.0

120

30

6

Smoked salmon

1.4

56

14

2.8

Mackerel

1.3

50

13

2.5

Butter, margarine, 10 g

0.8

32

8

1.6

Milk (extra light), 1.5 dl

0.6

24

6

1.2

Bakery products, cakes, 1 pc

0.4

16

4

0.8

Egg, 1 pc

0.36

14

4

0.7

Fish meal, 150g portion

Sandwich spread, 25 g

*Recommended Daily Dose (RDD) in Norway is 400 IU
** Tolerable Upper Limit (TUL) for daily vitamin D intake is 2,000 IU
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4.2.2. In supplements vitamin D is available in both forms: vitamin D3 and vitamin D2.
Although, there are mainly vitamin D3 supplements that are used in Norway (Table 4) (53).
Cod liver oil (Tran) is traditionally one of the most popular vitamin D supplements in Norway
with 60% of adult population using it (54).
Table 4. Vitamin D content in supplements

Supplements

μg

IU

%RDD*

%TUL**

Cod liver oil (Tran1), 5ml

10

400

100

20

Cod liver oil (Tran capsules), 1 cp

5

200

50

10

Nycoplus D-vitamin (tablets) 1 tab

10

400

100

20

Nycoplus D-vitamin (drops), 5 dr

10

400

100

20

Waifa- Calcium 500 mg + D-vitamin, 1 tab

10

400

100

20

Calcigran forte Calcium 500 mg + D, 1 tab

10

400

100

20

Sanasol, 5 ml

5

200

50

10

2.5

100

25

5

750

30000

10702

2142

Vitamin D3

Spektro multi (tablets), 1 tab
Vitamin D2
AFI-D 2 forte2 (capsules), 1 cp

*Recommended Daily Dose (RDD) in Norway is 400 IU
** Tolerable Upper Limit (TUL) for daily vitamin D intake is 2,000 IU
1
Tran produced by different companies in Norway contains the same amount of vitamin D
2
1 capsule per week is usually prescribed
4.2.3. The daily recommended vitamin D intake (RDD) in Norway is 7.5 μg (300 IU) for
adults, and 10 μg (400 IU) for children (6-23 months) and persons > 60 years (54). These
recommendations are similar to those in other European countries (55). Vitamin D
supplementation is usually recommended during the winter months when vitamin D3 can not
be produced in the skin (56).
The upper tolerable limit for vitamin D intake (UTL) (maximum daily intake unlikely
to cause any health risks) is set to 2,000 IU (50 μg) for adults and at 1,000 IU (25 μg) for
children (55;57). However, it has been shown that vitamin D daily intake of doses <10,000 IU
does not result in any sign of toxicity (9).
Based on a report from National Nutrition Council (56), the intake of vitamin D with
food in Norway is in the range of 3 to 6 μg/d, slightly lower in women (4.0 μg) than in men
(5.8 μg). The total vitamin D intake (including supplements) is of the order of 4 to 14 μg/d
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(56). The contribution of vitamin D supplements, unfortified and fortified foods to mean daily
vitamin D intake in Norway seems to be the following: 45%, 30% and 25%, respectively (53).
There is a large variation of daily vitamin D intake between different age groups, with the
lowest intake among teenagers (58). Significantly higher vitamin D intake was observed in
northern Norway compared to southern of Norway (56;58;59). That is probably due to high
consumption of cod liver oil and fish including mølje (a traditional north Norwegian fish meal
consisting of cod liver) (59). One mølje meal may provide the equivalent of 7-18 RDD (59).
Although, Norway has few foods fortified with vitamin D3, it has one of the highest
daily vitamin D intakes in Europe (60). Traditions of fish eating and high cod liver oil
consumption might have contributed to that.

5. VITAMIN D STATUS
Vitamin D, produced in the skin or obtained from food and supplements, is a biologically inert
compound, and is, therefore, not routinely measured in routine clinical practice (61). Although
1,25(OH)2D is the most active vitamin D metabolite, serum 25(OH)D is the most abundant
form of vitamin D and the most reliable determinant of vitamin D status (3;9;62). Serum
25(OH)D concentrations reflects the cutaneous vitamin D synthesis and ingested vitamin D
well (3;10). Serum 1,25(OH)2D concentrations are about 0.01% of 25(OH)D values, and are
in most cases strictly regulated by PTH, calcium and phosphate (3;61). Therefore, serum
1,25(OH)2D is usually not considered for assessment of the vitamin D status. However, it may
be a useful estimation in patients with kidney diseases and very low serum 25(OH)D (62).

5.1. Measurements of vitamin D status
There are many commercially available assays for vitamin D measurements. However, their
comparability is uncertain (63). High-pressure liquid chromatography (HPLC) was considered
as a “gold standard” for vitamin D status assessment, however, now it is not often used
routinely (64;65). Radioimmunoassay (RIA) for 25(OH)D measurements was developed in
1985, and became one of the most common methods for routine 25(OH)D evaluation
(64;66;67). Other common methods are liquid chromatography-tandem mass spectrometry
(LCMS), chemiluminescent immunoassays (CLIA), enzyme immunoassays, competitive
protein binding assays, and automated chemiluninescence protein-binding assays (66).
A recent study compared three available assays: HPLC-APCI-MS (HPLC-atmospheric
pressure ionization-mass spectrometry), RIA (IDS, UK) and CLIA (LIAISON, Diasorin)
(Figure 7) (63). In the same set of samples the mean 25(OH)D concentrations were 85 nmol/L,
70 nmol/L, and 60 nmol/L measured by HPLC, RIA and CLIA, respectively (63). Thus, the
difference between HPLC and RIA values was 14.8 nmol/L, and between HPLC and CLIA –
24.5 nmol/L. Both HPLC-APCI-MS and CLIA were evaluated and approved by Vitamin D
External Quality Assessment Scheme (DEQAS), a program aimed to improve reliability of
25(OH)D measurements (63;68).
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Several other studies and data sets
from DEQAS show large assay-specific
variation (65-70). It is sometimes difficult to
explain this variability, but it has been
proposed that different methods may not
recognize equally 25(OH)D2, 25(OH)D3 and
some other recently discovered metabolites,
such as 3-epi-25-hydroxyvitamin D (3-epi25(OH)D) present in samples from infants
(64;69). This may lead to both false-positive
and false-negative results, and difficulties in
clinical interpretation (64). The majority of
methods have a tendency to underestimate the
actual vitamin D status. Thus, a measured
25(OH)D  100 nmol/L may only ensure that
the patient has serum 25(OH)D  80 nmol/L
(67;69).
To guarantee the accuracy of available
25(OH)D assays the National Institute of
Standards and Technology (NIST, USA) has
recently developed a reference material for
circulating 25(OH)D (SRM 972) (69). It
consists of 4 pools of frozen serum with
different concentrations of 25(OH)D2,
25(OH)D3, or both. The fourth pool
additionally contains 3-epi-25(OH)D3 (69).

Figure 7. Prevalence of vitamin D
deficiency, insufficiency, and sufficiency in
the same population according to HPLC,
RIA, and CLIA measurements (63).

Thus, it seems possible to standardize the methods used in different laboratories to one
reference material and get analysis certification by NIST. In the nearest future several methods
will be validated according to the NIST procedure, and their reliability will be improved, but to
date LC-MS/MS and HPLC seem to be the most reliable methods for 25(OH)D assessment
(65;70;71). Although these methods require more expensive equipment and take considerably
longer time, they provide accurate quantitative measurements of both 25(OH)D2 and
25(OH)D3 (71). Immunoassays may have enough sensitivity to recognize low vitamin D status,
however, they may be imprecise in estimation of high serum 25(OH)D values (71). Some
methods do not separate D2 and D3 forms and evaluate a sum of 25(OH)D2 and 25(OH)D3.
These methods often have lower sensitivity for 25(OH)D2 than for 25(OH)D3, and
underestimate the total 25(OH)D2 (64;67;69;71). In cases when vitamin D2 is not available in
food or supplements, it may be of minor importance. In contrast, high dose supplementation
(30,000 IU, AFI-D2 forte) available in Norway is a vitamin D2 form, and the evaluation of the
effect of supplementation may largely depend on the method chosen for serum 25(OH)D
assessment.
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5.2. Serum 25-hydroxyvitamin D concentrations
The lack of uniform terminology and classification system makes it very difficult to define the
categories of vitamin D status. According a classification proposed by Holick, vitamin D
deficiency should be defined as serum 25(OH)D levels < 50 nmol/L, vitmin D insufficiency as
50-74 nmol/L, and vitamin D sufficiency as values  75 nmol/L (Figure 8) (61). Other authors
proposed different thresholds for vitamin D deficiency and insufficiency, but mainly setting
the threshold at 50 nmol/L (27;72;73).
5.2.1. The cut-off for vitamin D deficiency
was mainly chosen based on classical vitamin D
actions on mineral homeostasis. Serum
25(OH)D levels < 50 nmol/L are associated
with mineralization defects, such as rickets in
infants and children and osteomalacia in adults.
On the other hand, several studies suggest that
levels < 80 nmol/L may be related to impaired
calcium absorption, lower bone mineral density
(BMD) and osteoporosis (74;75). Thus, the
cut-off 50 nmol/L may be too low even in
regard to bone health.
5.2.2. Recommended vitamin D status. A
panel of 25 world famous vitamin D researchers
recommended that the serum 25(OH)D
concentrations should be at least  75 nmol/L
(30 ng/ml) in order to provide optimal health
outcomes (76). Since most of the methods
underestimate serum 25(OH)D concentrations
(67;69), choosing this cut-off ensures that the
true 25(OH)D values are > 50 noml/L (67).
Serum 25(OH)D levels < 75 nmol/L may be
considered as low (72).

Figure 8. Vitamin D status (61).

The threshold of 75 nmol/L was chosen based mostly on two considerations: serum
PTH concentrations and non-classical effects of vitamin D (76).
One of the main roles of PTH in vitamin D metabolism is to maintain serum
1,25(OH)2D and calcium values in the normal range in the setting of low serum 25(OH)D
concentrations. Serum 25(OH)D correlates negatively with serum PTH, and PTH increases
with decreasing serum 25(OH)D (61). High PTH increases the activity of renal 1 –
hydroxylase that leads to increased 1,25(OH)2D production by kidneys. However, secondary
hyperpatathyroidism (sHPT) caused by low 25(OH)D may result in low BMD, osteoporosis
and high risk of fractures (77). Serum 25(OH)D concentrations  75 nmol/L suppress serum
PTH levels maximally and provide optimal calcium absorption (72;78). At the same time some
studies reported different thresholds for maximal PTH suppression in the range between 50
and 80 nmol/L (79), and in some studies the relationship between serum 25(OH)D and PTH
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appeared to be linear (80;81). These findings indicate that optimal range of serum 25(OH)D
concentrations may differ between individuals. Moreover, racial differences in the relationship
between vitamin D status, serum PTH and bone mineral density have been recently observed
(79;80). A number of studies suggest that an optimal level of serum 25(OH)D may be different
for Caucasians and non-Caucasians, since blacks increase PTH at 25(OH)D levels of about 50
nmol/L (79;80). Furthermore, blacks seem to need lower 25(OH)D levels to maintain normal
BMD (80). This suggests evolutionary developed differences in calcium homeostasis between
races. Thus, it may be inappropriate to extrapolate directly the cut-offs for vitamin D
deficiency and optimal vitamin D status developed for whites to other races and ethnic groups
(80).
Serum 25(OH)D concentrations > 75-80 nmol/L have been associated with decreased
incidence of several common diseases, including cancer, autoimmune diseases, diabetes,
cardiovascular events and total mortality (Figure 9) (76;82-91). These associations were
proposed mainly on a basis of epidemiological studies of disease risk and outcomes in
connection to pre-diagnostic vitamin D levels or surrogate measures of vitamin D status, such
as UVB exposure and vitamin D intake (31;64;76). Experimental studies on cell lines and
animal models support the hypothesis that the observed associations may by related to nonclassical actions of vitamin D (16;23;92;93)

Figure 9. Disease incidence prevention by serum 25(OH)D in prospective studies (82-87;8991;94).
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The effects of vitamin D supplementation on common diseases were further investigated in
several randomized clinical trials (RCT). However, many of these studies turned to be
inconclusive, possibly because the dose of vitamin D supplementation was too low to cause
any significant improvement of vitamin D status (76;95;96). Nevertheless, some recent RCT
have proven the beneficial effects of vitamin D supplementations on total mortality (RR 0.93;
CI, 0.87-0.96) (meta-analysis of 18 RCT) (97), risk of wintertime influenza A in nursery
school children (RR 0.58; CI, 0.34-0.99) (98), prevention of non-vertebral fractures (RR 0.80;
CI, 0.72-0.89) (meta-analysis of 9 RCT, dose- dependent effect) (99), cancer risk (RR 0.2; CI,
0.09-0.60) (Ca + D group) (100), risk of falls (RR 0.77; CI, 0.65-0.90) (101), and risk of
cardio-vascular events (RR 0.90; CI, 0.77-1.05) (meta-analysis of 8 RCT) (102). In a large
RCT on overweight and obese persons (103) vitamin D supplementation ameliorated
symptoms of depression, but did not affect cardiovascular risk factors (104) and cytokine
levels (105). Lack of effect of vitamin D supplementation on circulating cytokine levels was
also reported by Yusupov et al. (106).
5.2.3. Vitamin D deficiency syndrome (VDDS). Since vitamin D deficiency is often observed
in patients with osteoporosis, chronic fatigue, chronic pain, depression, autoimmune diseases,
diabetes, heart diseases, hypertension and certain cancer types, some researchers proposed to
define a combination of these conditions as VDDS (107). This does not necessary mean that
these diseases are caused by vitamin D deficiency, or that administration of vitamin D will
cure them (107). VDDS is most probably a multifactorial disease with many contributing
factors, but improvement of vitamin D status may possibly reduce the symptoms of VDDS.
5.2.4. Toxic vitamin D status. Excessive UVB exposure does not cause any vitamin D
intoxication, even though the exposure to 1 MED equals 10,000-25,000 IU of vitamin D
supplementation (1;108). However, high doses of vitamin D supplementation (> 10,000 IU/d)
may result in vitamin D intoxication associated with hypercalcemia (62;109;110). The most
common symptoms of vitamin D intoxication are extreme pain due to kidney stone, vomiting,
fever, chills, acute renal failure and any sings of dehydration related to hypercalcemia, such as
conjunctivitis, increased thirst, constipation and hyporeflexia (109). The main biochemical
findings of vitamin D intoxications are: hypercalcemia, hypercalciuria, secondary
hypoparathyroidism and serum 25(OH)D concentrations > 280 nmol/L (109). The threshold
serum 25(OH)D concentration for vitamin D toxicity, according to some researchers, may be
in the range of 375-500 nmol/L (64;72). Moreover, few studies reported that a daily
supplementation with 10,000 - 40,000 IU did not affect calcium methabolism, even though
serum 25(OH)D may reach levels > 400 nmol/L (111-113).

5.3. Global vitamin D status
According to recent meta-analysis on 394 cross-sectional studies with 32,266 subjects included
from all over the world, the mean serum 25(OH)D levels was 54 nmol/L (114). Based on a cutoff level of 75 nmol/L for serum 25(OH)D concentrations it has been estimated that over 80%
of people, world-wide, have a low vitamin D status, and only 4 % were reported to have values
>100 nmol/L (114). As it might be expected, Caucasians had higher 25(OH)D concentrations
compared with non-Caucasians (Figure 10). The study also reported, significantly lower
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serum 25(OH)D in children (<15 years) and older persons (>75 years) than in adults (15-75
years), and slightly higher values in women compared to men, 56 nmol/L vs. 50 nmol/L,
respectively (114).
Depending on latitude, season,
age and ethnical origin prevalence of
vitamin D deficiency (serum 25(OH)D
< 50 nmol/L) varies largely world-wide,
being
highest
in
non-Western
developing countries (115;116).
Serum 25(OH)D < 25 nmol/L (severe
vitamin D deficiency) were most
common in Sub-Saharan Africa, South
Asia and Middle East regions (115).
Despite of high UVB rates, up to 50%
of populations living in these regions
have serum 25(OH)D below the cut-off
of 25 nmol/L (116;117). Some studies
from Mongolia, China, Libanon, and
Iran report high prevalence of severe
vitamin D deficiency (10-60%) with a
cut-off of 12.5 nmol/L (116).
Although, vitamin D deficiency
is less prevalent in Europe than in the
above
mentioned
countries,
the
occurrence of serum 25(OH)D < 50
nmol/L was reported to be 40-80% (118). The best vitamin D status in Europe was observed in
the Nordic countries, including Norway (115;116;118;119). The mean serum 25(OH)D
concentrations in Norway have often been reported to be within the range of 60-80 nmol/L
(56;59;120-124). The prevalence of vitamin D deficiency among native Norwegians is about
10-15 % (56), but may be as high as 40-50% during the winter (120). Teenagers and elderly
generally have high rates of vitamin D deficiency (40-80%). Although, serum 25(OH)D
concentrations < 25 nmol/L are rare among native Norwegians, non-Western immigrants from
Pakistan, Sri Lanka, Vetnam, Turkey and Somalia have an average serum 25(OH)D levels of
~25nmol/L (121;123;124). Approximately 50-60 % of immigrants have concentrations < 25
nmol/L, and, in 10-15% of them the levels are < 12.5 nmol/L (121;124).

Figure 10. Global vitamin D status (114). Data
are means serum 25(OH)D concentrations.

6. RISK FACTORS FOR LOW VITAMIN D STATUS
A number of factors may contribute to the development of vitamin D deficiency. Little sun
exposure or sun avoidance together with low vitamin D intake are definitely the main reasons
(61;72;125). However, in certain circumstances other factors may be equally important.
Impaired vitamin D absorption from the intestine may result in vitamin D deficiency, even
under adequate vitamin D supplementation (126). The same applies for persons with excess
body weight, but due to other reasons than malabsorption (127;128). Older persons,
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individuals with dark skin, and persons with severe chronic diseases and kidney failure are also
at risk of vitamin D deficiency (61;72;76).

6.1. Sun exposure
Season, latitude, time of day, atmospheric conditions, skin pigmentation, and sun exposure
habits (sun avoiding behavior, clothing, sunscreens use) are among the factors that may affect
vitamin D synthesis in the skin (1).
6.1.1. Latitude and solar zenith angle. UVB fluence rates are highest at locations and times
with low solar zenith angles (SZA), and decrease with increasing SZA (32;38;129;130). Thus,
the UVB intensity is highest at equator, and lowest at northern latitudes (32). The UVB fluence
and UVD3/ UVEry also depend on ozone depletion (38). This means that higher amounts of
vitamin D may be produced at the equator than at northern latitude (32;130).
One might then expect to find a geographical gradient in vitamin D levels. However, a
recent meta-analysis of 394 cross-sectional studies on vitamin D status at different latitudes
(0o-80oN) showed no significant correlation between latitude and vitamin D status (114). It is
worthwhile to mention that a north-south gradient before multiple adjustments was observed
in Caucasians (114). Previous studies revealed contradictory results (77;131). A strong
negative association between vitamin D status and latitude was observed by Zittermann et al.
(131), and a positive one by Lips at al. (77).
The lack of latitude gradient in vitamin D status may be explained by differences in sun
exposure habits, clothing, vitamin D intake from food and supplements, genetic factors, skin
pigmentation, and methods used to determine vitamin D status (114).
6.1.2. Seasonal variation. At latitudes > 40o more UVB is absorbed by the ozone layer due to
large SZA (46;130;132;133). Thus, much less UVB is reaching the ground. In Oslo vitamin D
production from the sunlight takes place only during the summer months (April-October),
since during the winter sunlight contains almost no UVB (46;134).
Due to this seasonal variation in annual UVB fluence rates, serum vitamin D levels also
vary with the season (132;135;136). Highest vitamin D concentrations are observed between
July and September, and lowest in February and March (120;128;132;137;138). The
prevalence of vitamin D deficiency is high during the winter months (30-40 %), and in some
groups of people, predisposed to low vitamin D, may reach 90-100 % (56;73). On the average,
summer values are about 50% higher than winter concentrations, and normally are > 80
nmol/L (21;56;72;73;133;137;139-141). Several recent studies reported that winter serum
25(OH)D concentrations correlate positively with 25(OH)D values achieved at the end of the
previous summer (138;140;142). Thus, it has been suggested that serum 25(OH)D
concentrations > 80 nmol/L at the end of the summer are required to prevent against vitamin D
deficiency (< 50 nmol/L) during the following winter (138;140). Moreover, summer values >
100 nmol/L may maintain the winter concentrations > 70 nmol/L (142). Some individuals have
a low vitamin D status even during the summer (120;128;140). Sun avoidance, sunscreen use,
clothing, little time spend outside and lack of clear recommendations for sun exposure may
have contributed to the low vitamin D status in these individuals (138;140;143).
In order to achieve any optimal vitamin D status during the summer it has been
recommended to expose 25 % of the body surface (hands, face and arms) to the sun in the

- 28 -

middle of the day to ¼ MED daily (33). However, this sun exposure can prevent only against
vitamin D deficiency, and seems not to be enough to reach serum 25(OH)D concentrations >
75 nmol/L (40). On the other hand, an exposure to 1.4 SED (~0.5 MED) every day during the
summer in real life conditions (summer clothing) may result in serum 25(OH)D levels >80
nmol/L (138). It has also been shown that women who spent on the average 4-6 hours every
week outdoor during summer reached the serum 25(OH)D levels ~100 nmol/L (142). Working
outdoors was also associated with a good vitamin D status at the end of the summer (Table 6.
Part I) (144;145).
Vacations to sunny countries may improve vitamin D status significantly, especially
during winter months (142;146). In the study by Osmancevic et al. serum 25(OH)D increased
by almost 50 nmol/L after 15 days of climate therapy of psoriasis patients at Gran Canaria
(146). Thus, after whole body exposure of total dose 166 SED serum 25(OH)D levels were on
the average 105 nmol/L (146).
6.1.3. Atmospheric conditions. A number of environmental factors may attenuate the fluence
of UVB radiation, including total ozone, clouds, aerosols, surface reflectivity and low altitude
(48;147-149). Thick cloud cover and ozone layer may reduce vitamin D synthesis even
considerably at the equator (48). Snow cover may increase vitamin D production, since it
reflects and scatters a large fraction of UVB (48). Most calculations for vitamin D synthesis
are still performed for clear atmospheric conditions (148). Usually, planar horizontal geometry
is used, but we have shown that vertical cylinder geometry will give different and more
realistic results (46).
Air pollution may also be associated with decreased vitamin D synthesis (143;150).
The level of air pollution was negatively correlated to UVB irradiance at the ground surface in
polluted areas, and positively associated with prevalence of low vitamin D status (150).
6.1.4. Sun avoidance (clothing, shade, sunscreen use). A number of skin cancer prevention
campaigns have been launched during the last decades. “SunSmart” is one of the most famous
programs that was designed to educate people about skin cancer and the ways it may be
prevented (151;152). The five key recommendations for sun protection from SunSmart are:
slip (cover as much of the body with cloths as possible), slop (reapply sunscreen with SPF >30
every 2 hours), slap (wear a broad-brimmed hat), seek (stay in the shade) and slide (wear
wrap-around sunglasses) (151;152). Following all these recommendations may completely
block vitamin D synthesis and result in vitamin D deficiency.

6.1.4.1. Clothing. The amount of vitamin D produced in the skin is proportional to the area of
uncovered skin exposed to UVB radiation (1). Whole body exposure is practically possible
only in tanning units or UV cabinets, since hardly more than 50 % of the body surface may be
exposed to the sun at the same time (146). During the summer about 65-80% of the body
surface usually remains covered with cloths (1;40;125). But not even 20-35 % of remained
uncovered skin is directly exposed to the sun due to the geometry of the body (49;125). Thus,
typical summer clothes may minimize vitamin D synthesis to 10-25 % of what is maximally
possible.
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6.1.4.2. Shade. When the influence of shade is taken into account, vitamin D production
decreases further, especially in urban environments and nearby buildings (125). Thus, vitamin
D deficiency is prevalent in urban areas (143;153;154). Shade reduces UVB fluence rates and
vitamin D synthesis by approximately 60 % (155). It has been observed, that women who
prefer to stay in the shade have 50% lower serum 25(OH)D concentrations (86 nmol/L)
compared to women who prefer to stay in the sun (126 nmol/L) (142).
6.1.4.3. Use of sunscreens may seriously
interfere with cutaneous vitamin D
synthesis, leading to low vitamin D status
(157). Sunscreens absorb mainly UVB,
but also some UVA (157;158). Some
studies have suggested that that use of
sunscreen with sun protection factor (SPF)
>8 may decrease vitamin D synthesis by
90%, and with SPF > 15 by approximately
95-99% (159-161). However, most recent
studies showed little or no effect of
sunscreens on vitamin D synthesis
(158;162;163). The most likely reason for
this is that in most cases sunscreens are
not properly applied and the level of sun
protecting is much lower than labeled SPF
(158;163).
6.1.5. Skin pigmentation. The skin
pigment melanin limits penetration of
UVB radiation that results in low vitamin
D synthesis in those persons (7).
Individuals with skin type V and VI may
Figure 11. Vitamin D status according to skin need 5-10 times longer sun exposure than
type (Caucasians, skin type I-IV (156), non- persons with skin type I and II in order to
produce the same amount of vitamin D
Caucasians, skin type V-VI (114)).
(108;164). Therefore, non-Caucasians
usually have much lower vitamin D status than Caucasians, especially living at high latitudes
(114). Blacks also have small seasonal variation of vitamin D (165).
However, a paradox has been observed by Glass et al. (156). In a study performed on
Caucasian women with skin types I-IV, the lowest vitamin D status was observed in women
with skin types I and II (Figure 11) (156). The same trend was observed by others (142).A
possible explanation for this finding is that persons with light skin are generally recommended
to avoid sun and to wear sunscreens whenever they are outdoors.

6.2. Vitamin D intake
Dietary intake is an important source of vitamin D during the winter (73). Vitamin D may be
obtained from food that naturally contain vitamin D, dietary products fortified with vitamin D
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and a variety of supplements (2;10). Since just few foods contain vitamin D in significant
quantities, it might be very difficult to obtain adequate amounts of vitamin D only from food
(56). Thus, supplementation may be needed during the part of the year when vitamin D cannot
be produced in the skin.
6.2.1. “Recommended” intake does not mean “adequate” intake. The recommended
vitamin D intake in most European countries, including Norway, is about 10 μg (400 IU) for
children and 5-7.5 μg (200-300 IU) for adults (55). According to a report of the National
Nutrition Council, the total vitamin D intake from both food and supplements in Norway is
very close to the one that was recommended and is 10-12 μg for adults, similar (9-10 μg) for
small children and 5-6 μg for adolescents (56). However, the prevalence of vitamin D
deficiency is still high (73;120).
An intake of 400 IU may ensure that 97.5% of a population would maintain serum
25(OH)D levels > 25 nmol/L, but only 50 % of persons would maintain levels > 50nmol/L
(166;167). According to recent observational and experimental studies the increment in serum
25(OH)D concentration after vitamin D supplementation is dependent the initial vitamin D
status, and vary from 2.5 nmol/L per 100 IU of vitamin D intake in persons with low initial
levels to 1.5 nmol/L or less for those with high serum 25(OH)D at baseline (9;78;88;168;169).
Thus, supplementation with 400 IU/d may result in an increase of serum 25(OH)D by 6-10
nmol/L, 1,000 IU/d in an increase by 15-25 nmol/L, and a daily supplementation with 2,000 IU
should be enough to raise 25(OH)D by approximately 30-50 nmol/L. This is in agreement with
most published studies (9;43;78;88;166;168-172), except one by Holvik et al. that showed an
increase of serum 25(OH)D concentrations by 34 nmol/L after only 1 month of vitamin D
supplementation with 400 IU/d (173). That was enough to reach serum 25(OH)D >75 nmol/L
(173). Other studies suggested that an intake of 1,500-3,000 (76;82;168;171;172;174;175)
may be required to reach serum 25(OH)D > 75 nmol/L, and at least 1,000 IU/d may be needed
to maintain vitamin D status at this level (166;167). Obese persons, persons with severe
vitamin D deficiency and associated chronic diseases may require even higher doses of vitamin
D supplementations (3,000-10,000 IU/d) (87;103;111;169;176).
The effect of oral vitamin D supplementation to increase serum 25(OH)D
concentrations is also dependent on intestinal absorption of vitamin D. Thus, malabsorbtion
syndrome as a consequence of chronic inflammatory diseases (Chron’s disease, cystic fibrosis,
short bowel syndrome) or pancreatic insufficiency may diminish effects of oral
supplementation (126;177). In persons with decreased vitamin D absorption from the intestine
single annual intramuscular injections of a “mega dose” of 600,000 IU may be preferred
(178;179). This method of administration results in fast increase of serum 25(OH)D to the
maximum values of 100-120 nmol/L during the first 6 months (178;179).
6.2.2. Vitamin D3 or D2? Vitamin D supplementation is available in two forms. The major
preparation used in Norway is vitamin D2 (AFI-D2 forte) (Table 2). Although vitamin D2 and
vitamin D3 supplementation is regarded as equally potent and used to be administrated in the
same doses, several studies have questioned their equivalency (5;180-183). A number of
studies suggested that vitamin D3 supplementation is 2-3-fold more effective to increase serum
25(OH)D concentrations than vitamin D2 (180;183-185). Moreover, serum 25(OH)D levels
seem to decay much faster after D2 administration compared to D3 administration (181).
Relatively, the low potency of vitamin D2 supplementation was explained by diminished
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binding of vitamin D2 metabolites to BDP and short half-life (17;180). It is also possible that
some methods used for serum 25(OH)D measurements may have underestimated the
concentrations of vitamin D2 metabolites due to low sensitivity (64;67;69;71). However, a
recent study investigated the effect of vitamin D2 and D3 supplementation (1,000 IU/d for 11
weeks) on serum 25(OH)D increase using one of the most reliable methods (LC-MS), and
concluded that vitamin D2 and vitamin D3 are equally potent to improve vitamin D status (5).
Unfortunately, the study did not have a follow up to asses the decay of serum 25(OH)D
concentrations after the end of the intervention. Similar 25(OH)D increases after
administration of 1.25 mg D2 or D3 was also observed by Thacher et al. in a study performed
on Nigerian children (182). Thus, further research might be needed to clarify possible
differences in vitamin D2 and D3 bioavailability.
6.3. Excess body weight
During the last decades the prevalence of overweight (BMI 25-30 kg/m2) and obesity (BMI >
30 kg/m2) in Norway has followed the global trend and increased dramatically, reaching
epidemic proportions (186;187). Just between 1990 and 2001 the prevalence of obesity
increased from 4% to 11% for women and 5% to 13% for men (186). The average BMI in the
adult Norwegian population has also increased significantly over these years and is above the
upper limit of a normal BMI range (BMI 18.5-24.9 kg/m2) (186;187). The increase of body
weight is accompanied by increased risks of negative health outcomes and associated diseases
(188). Vitamin D altered metabolism and vitamin D-related disorders are among these
(132;176;189-198).
6.3.1. Serum 25(OH)D values decrease proportionally with increasing BMI (128;189;199).
Thus, an increase of 1 kg/m2 in BMI is associated with a decrease in serum 25(OH)D
concentration by 0.7-1.3 nmol/L (128;189;199;200). Consequently, persons with normal
weight have on the average about 20-25 nmol/L higher serum 25(OH)D concentrations than
persons with BMI > 40 kg/m2 (morbid obesity) (128;201). The prevalence of vitamin D
deficiency in morbidly obese persons was reported to be 60-80%, that is 2-3-fold higher than
in non-obese individuals, and 4-6-fold higher than in normal weight subjects (56;202-204).
Obese persons commonly have low seasonal variation of serum 25(OH)D concentrations, and
often do not reach the threshold of 75 nmol/L even during the summer (128;196). As a result
of vitamin D deficiency sHPT is often observed in overweight and obese persons (191;200).
6.3.2. Serum 1,25(OH)2D concentrations. Earlier studies reported elevated serum
1,25(OH)2D values in subjects with high BMI related to high prevalence of sPTH
(197;198;205;206). However, recent studies observed a negative correlation of serum
1,25(OH)2D with BMI and adiposity, and a positive one with serum 25(OH)D
(120;133;194;200;207). Thus, an increase of 1 kg/m2 in BMI resulted in 0.8-0.9 pmol/l
decrease of serum 1,25(OH)2D concentrations (194;195). This supports the hypothesis that
renal 1,25(OH)2D synthesis is dependent not only on PTH levels, but also on substrate
concentrations.
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6.3.3. Influence of excess body weight on vitamin D status
6.3.3.1. Sequestration in fat tissue. Vitamin D is a fat-soluble compound, thus, it accumulates
in the excess body fat and muscular tissue, and, therefore, has reduced bioavailability in
overweight and obese individuals (190). As was calculated on the basis of an animal model
(pigs), a woman of 70 kg with fat mass of 35 % (normal weight) would store almost threequarters of the total vitamin D in the fat tissue, but 25(OH)D would be more equally
distributed in the body: 35 % in fat, 30 % in serum, 20 % in muscles, and 15 % in all other
tissues (208). Therefore, it is also likely that serum concentrations of vitamin D metabolites
may be affected by a large overall volume of distribution (110).
6.3.3.2. Sun exposure habits. Other factors, such as sun exposure habits during the summer
and diet composition, may also contribute to low vitamin D status in persons with excess body
weight (194;196;209;210). Obese persons have reduced outdoor activity during the summer,
and generally prefer to cover as much of the body with cloths as possible (196;209). Although
they have a large skin surface and possible may produce more vitamin D than normal weight
persons, the same sun exposure results in almost 60 % less increase in serum 25(OH)D
concentrations in obese than in non-obese (190). The mechanism behind it is not fully
understood, but it has been proposed that obese may have altered release of vitamin D
produced in the skin into blood circulation, since subcutaneous fat may sequester more vitamin
D. Supporting this hypothesis, vitamin D3 concentrations in subcutaneous fat tissue and serum
were positively correlated in a pilot study on obese adults undergoing gastric bypass surgery
(211).
6.3.3.3. Inadequate vitamin D consumption. Obese persons seem to benefit less from the
same dose of oral vitamin D supplementation than non-obese persons (190;212). At the same
time, they have generally decreased vitamin D intake compared with normal weight persons
(210). A number of studies have investigated the effect of different doses of vitamin D
supplementation in persons with excess body weight (127;176;190;212;213). The general
conclusion is that the efficiency of vitamin D supplementation to increase serum 25(OH)D
concentrations is dependent on BMI, and that higher doses of supplementation are required in
obese persons than in normal weight subjects to reach and maintain optimal vitamin D status
(212;213). In a study of Zittermann et al. vitamin D3 supplementation with 3,300 IU/d for 1
year in patients with BMI > 27 kg/m2 resulted in an increase of serum 25(OH)D by 56 nml/L,
and was efficient in giving 25(OH)D concentrations > 80 nmol/L (176). For persons with BMI
> 40 kg/m2 a supplementation with 40,000 IU per week may be necessary in order to reach
serum 25(OH)D >80 nmol/L (127).
6.3.4. Does vitamin D deficiency cause obesity? Adipocytes express both VDR and 1hydroxylase and may convert 25(OH)D to 1,25(OH)2D (214;215). Experimental studies on
adipose tissue cell lines confirmed the importance of 1,25(OH)2D in modulating adipocyte
function by regulating apoptosis, adipose tissue fat depot location and glucorticoid production
(215;216). Observational studies have also reported that serum 25(OH)D concentrations were
associated with a number of metabolic risk factors (199;217-223). Thus, vitamin D status was
positively related to insulin sensitivity and negatively to fasting glucose, insulin levels,
adiponectin concentrations and other markers of diabetes II type (waist circumference,

- 33 -

haemoglogin A1c) (199;217-223). Serum 25(OH)D concentrations were also associated with
changes in lipid profile (220;221;223). Moreover, vitamin D intake with food and supplements
was an independent predictor of obesity in the study performed by Kamycheva et al. (210).
Based on these findings, it has been proposed that vitamin D deficiency may play a
role in development of common obesity (127;176;224;225). Several studies were initiated to
test this hypothesis, and to investigate if improvement of vitamin D status may result in weight
loss (127;176;224). RCT revealed no effect of vitamin D supplementation on weight loss
(127;176). On the other hand, weight loss was associated with improvement of vitamin D
status (226). Thus, vitamin D deficiency seems to be a consequence of obesity, but not the
other way around. However, vitamin D supplementation in obese persons may enhance the
beneficial effects of weight-reduction programs, and may possibly improve metabolic,
cardiovascular and mental health in these persons (103;176;226).

6.4. Genetic variation and vitamin D status
According to GWAS with about 34,000 persons from 15 European cohorts, the risk of vitamin
D deficiency and insufficiency may be genetically determined (13). The genetic variations in
three loci were identified to be associated with serum 25(OH)D levels (13;227). Among them
are: 1) the locus of the gene coding the enzyme involved in cholesterol synthesis from 7-DHC
(7-DHC-reductase), 2) CYP2R1, the gene that encodes the enzyme involved in the
hydroxylation of vitamin D to 25(OH)D in the liver, and 3) GC that encodes DBP (13;227).
The most unlucky combination of the genetic variants (all three loci associated with low
vitamin D status) was associated with a 2.5-fold higher risk of serum 25(OH)D < 75 nmol/L
than the most lucky combination (none of the loci associated with low vitamin D status) (13).
Moreover, genetic factors seem to explain about 50% of serum 25(OH)D variability during the
summer, although, environmental factors may play a major role during the winter (21). Thus,
testing gene polymorphism of the vitamin D associated loci may be useful to identify persons
with high risk of vitamin D deficiency.

6.5. Who is at risk for Vitamin D deficiency?
There are several groups of people that are at high risk for vitamin D deficiency including
infants, adolescents, elderly, vegetarians, non-Caucasians living at northern latitudes, skin type
I and II individuals avoiding sun, overweight and obese, persons with malabsorbtion, and
individuals using medications that may interfere with vitamin D endocrine system, such as
anticonvulsants, rifampicin, cholestyramine, highly active antiretroviral treatment and
glucocorticoids (61;72;76;228).
Vitamin D deficiency should be checked for in children with symptoms common for
rickets (pain, irritability, bone deformations, impaired growth) and often infections, as well as
in adults with evidence of poor bone health (osteomalacia, osteopenia, low BMD, osteoporosis,
fractures), chronic pain, proximal muscle weakness and fatigue (72;76;228). Recently it has
been suggested that patients with depression, autoimmune diseases, diabetes, heart diseases,
hypertension and cancer may also have vitamin D deficiency or VDDS (76;107).
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7. VITAMIN D AND CANCER
The role of vitamin D and its derivatives in cancer prevention and progression has been the
topic of numerous recent investigations. It is evident that vitamin D may affect cancer risk and
mortality, by action directly on cancer cells and by modulating anti-cancer immune responses
(17;83;88). 1,25(OH)2D modulates a wide array of molecular reactions that result in antiproleferative, pro-differentiating, anti-inflammatory, anti-metastatic, pro-apoptotic, and
immunomodulatory effects (229;230). Colorectal (CRC), breast (BCa), and prostate cancers
(PCa) are among the most studied malignancies in regard to vitamin D actions.

7.1. Mechanisms of anti-cancer effects
Most of cancer cells express VDR that mediates both genomic and non-genomic effects of
vitamin D. CRC, BCa, and PCa cells also express 1-hydroxylase and may convert 25(OH)D
to 1,25(OH)2D (16;231), and 24-hydroxylase that is responsible for vitamin D utilization and
converts both 25(OH)D and 1,25(OH)2D to their less-active metabolites (17). The balance
between these enzymes may be important for cancer development and prognosis. This also
suggests that vitamin D supplementation and 24-hydroxylase-resistent analogs may possibly be
used in cancer prevention and therapy (229). However, during cancer progression tumor cells
often decrease expression of 1-hydroxylase and have reduced responds to VDR activation
(232-234). At the same time, high expression of 24-hydroxylase was observed in cancer cells
(232;233).
7.1.1. Regulation of cell growth, proliferation, differentiation and apoptosis. Inhibition of
cancer cell growth by 1,25(OH)2D most probably occurs due to cell cycle arrest and
stimulation of apoptosis (230). In PCa cells 1,25(OH)2D treatment results in cell cycle arrest in
G1/G0 phase, inhibition of cell proliferation, and decreased expression of the c-myc oncogene
(235-237). In BCa cells 1,25(OH)2D facilitates apoptosis as well as expression of several key
proteins involved in cell proliferation and differentiation (238;239). Both in vitro and in vivo
studies show that 1,25(OH)2D has pronounced anti-proliferative and pro-differentiation effects
on CRC (240;241).
7.1.2. Regulation of androgen and estrogen receptor signaling. Growth of PCa and BCa
cells is dependent on activation of androgen and estrogen receptor signaling pathways.
1,25(OH)2D seems to be involved in regulation of both sex-steroid receptors (229). Thus, in
BCa cells 1,25(OH)2D inhibits expression of estrogen receptors and decreases estrogenmediated cell proliferation (242). In PCa cells 1,25(OH)2D in general inhibits expression of
androgen receptors, but in androgen-independent cell lines 1,25(OH)2D up-regulates
expression of androgen receptors, and facilitates androgen-dependent anti-ptoliferative affects
(236;243).
7.1.3. Anti-inflammatory actions. In cancer cell lines, including PCa, BCa, CRC,
1,25(OH)2D treatment gives anti-inflammatory effects like inhibition of prostaglandins
synthesis, modulation of cycloxygenese-2, 15-hydroxyprostaglandin dehydrogenase,
prostaglandin receptors and prostagalngin pathway genes; inhibition of stress-activated kinase
signaling and induction of MAP kinase phosphatase 5; inhibition of nuclear factor B
activation and signaling; regulation of inflammatory cytokines production (229).
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7.1.4. Inhibition of angiogenesis. In vivo and in vitro studies on BCa revealed that
1,25(OH)2D inhibits expression of vascular endothelial growth factor (VEGF), the most active
stimulator of angiogenesis, and decreases tumor visualization in mice (244). VEGF and matrix
metallopeptidase-9 were also suppressed after 1,25(OH)2D treatment in a number of PCa cell
lines (244;245). Moreover, tumors from VDR knockout mice had increased expression of
VEGF, platelet-derived growth factor, and hypoxia-inducible transcription factor-1 (246).
1,25(OH)2D was also shown to inhibit directly proliferation of endothelial cells (245;246).

7.2. Observational studies
A large amount of epidemiological data on the association of vitamin D status and cancer risk
and mortality come from ecological studies that used surrogate measures of vitamin D status,
such as UVB fluence rates, latitude, season, skin cancer incidence and dietary vitamin D intake
(132;139;247-256). Grant conducted a multifactorial ecological study of cancer mortality rates
in the United States using UVB fluence rates in July as a surrogate measure of the vitamin D
status, and found nearly the same associations of “vitamin D status” with breast, colon, rectal,
oesophageal, renal, stomach, gallbladder, pancreas, prostate cancers as well as with multiple
myeloma and non-Hodgkin’s lymphoma (249), even thought these cancers have different
contributing risk factors.
Ecological studies have been accompanied by a large number of cohort, case-control,
and cross-sectional studies aimed to shed light on the direct association between vitamin D and
cancer. Most attention was concentrated around common cancer types such as CRC, BCa, and
PCa. Due to a large number of studies and the discrepancy between them it seems more
reliable to draw conclusions from meta-analysis of the observational studies recently
performed.
7.2.1. Colorectal cancer (CRC). According to meta-analysis by Gandini et al., there is a
consistent inverse correlation between serum 25(OH)D concentrations and risk for colorectal
cancer (257). Based on 9 studies that included 2,630 cases, the summary RR for colorectal
cancer was 0.85 (CI, 0.79-0.91) for 25 nmol/L. This is in agreement with earlier published
mata-analysis by Yin et al., that reported the summary OR for colon cancer 0.78 (CI, 0.541.13), rectal cancer 0.41 (CI, 0.11-1.49), and for types both of cancers 0.57 (CI, 0.43-0.76) for
50 nmol/L increase (89). Moreover, serum 25(OH)D concentrations at diagnosis and vitamin D
intake were inversely correlated with colorectal cancer mortality (258;259).
7.2.2. Breast cancer (BCa). In a meta-analysis by Yin et al. based on 9 publications, the RR
of BCa for an increase of serum 25(OH)D by 50 nmol/L was 0.73 (CL, 0.60-0.88) (260). The
reported association was weaker than earlier suggested (91). Garland et al. suggested similar
associations between vitamin D status, breast and colorectal cancer (91). Thus, an increase of
serum 25(OH)D concentrations from < 40 nmol/L to > 95 nmol/L was associated with 55-58
% reduction in risk for both cancer types. Gandini et al. found no association between vitamin
D status and BCa (RR 0.89 (CI, 0.81-0.98) for 25 nmol/L) in the pooled analysis of 10 studies
(257).
7.2.3. Prostate cancer (PCa). No association between vitamin D status and PCa risk was
found in two recent meta-analysis (257;261). The summary RR was 0.99 (CI, 0.95-1.03) for 25
nmol/L in the meta-analysis performed by Gandini et al. (257), and OR was 1.03 (CI, 0.96-
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1.11) for 25 nmol/L in the study by Yin et al. (261). One study that was included in both metaanalyses reported a U-shape in the association between PCa risk and serum 25(OH)D
concentration (262). Thus, the risk was highest for men with serum 25(OH)D values < 19
nmol/L and > 80 nmol/L, and the lowest risk was reported for men with serum 25(OH)D
concentrations within the range of 40-60 nmol/L. However, this finding is likely to be just an
isolated observation, since the upper quartiles of 25(OH)D concentrations were the same as in
other studies showing protective or no effect (257). Another meta-analysis has estimated the
role of SNP of VDR in PCa risk based on 36 recent studies (263). The authors concluded that
the Apal a allele was associated with decreased risk of PCa among Asians, and the Fokl f allele
was weakly associated increase risk of PCa in Caucasians (263). Improved PCa survival was
observed for persons with pre-diagnostic serum 25(OH)D concentrations > 80 nmol/L (264).

7.3. Clinical trials
7.3.1. Vitamin D for cancer prevention. Clinical studies on cancer prevention have been
conducted to investigate the effects of vitamin D supplementation on CRC and BCa risk
(100;240;265). Since cancer cells and cells within the tumor microenvironment may convert
25(OH)D to 1,25(OH)2D, is it believed the increase of serum 25(OH)D concentrations after
adequate vitamin D supplementation may result in local 1,25(OH)2D synthesis and thereby
anti-proliferative effects. Additionally, 25(OH)D may also activate VDR.
The Women Health Initiative (WHI) study investigated the effect of supplementation
with 400 IU/d of vitamin D3 primarily to prevent fractures, but the secondary outcomes of the
study were risks for BCa and CRC (266). Initial analysis revealed no association between
vitamin D supplementation and cancer risk (267). However, the reanalysis of the data
suggested that the effect of vitamin D on CRC risk may be modified by hormone-replacement
therapy (265). Thus, protective effects of vitamin D against CRC were shown only for women
who had no estrogen treatment during vitamin D intervention.
A small pilot RCT in 92 men and women with a history of pathology-confirmed
colorectal adenoma reported that vitamin D3 supplementation with 800 IU/d for 6 months
resulted in increased differentiation of normal colorectal epithelial cells and normalization of
the colorectal crypt proliferative zone (240). Thus, the study supported the role of vitamin D in
CRC development.
A large, placebo controlled, double-blind, 4-year longitudinal clinical trial in
postmenopausal women with 1,100 IU/d vitamin D3 supplementation and/or calcium (14001500 mg) reported 77 % decreased risk of getting any type of cancer in vitamin D+calcium
arm compared with placebo arm (RR 0.23 CI, 0.09-0.60; P < 0.005) (100).
7.3.2. Vitamin D for cancer treatment. Most anti-cancer clinical trials with vitamin D were
conducted on PCa patients and used 1,25(OH)2D (268). Some studies also investigated the
effectiveness of vitamin D supplementation and vitamin D analogues.
7.3.2.1. Vitamin D3 supplementation. A small pilot study in 15 PCa patients reported that
supplementation with 2,000 IU vitamin D3 for 21 months prolonged the doubling time of
prostate-specific antigen (PSA), an important marker of tumor growth (269).
A recent Phase II study in metastatic BCa patients revealed no effects of vitamin D3
supplementation in dose of 10,000 IU/d for 4 months on palliative outcomes or prognosis of
advanced BCa (111).
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7.3.2.2. 1,25-dihydroxyvitamin D. Administration of 1,25(OH)2D alone or in combination with
standard cancer therapy was reported in clinical trials on PCa. Although, some regimens of
1,25(OH)2D treatment may result in hypercalcemia, the intermittent administration with high
doses given 3 times a week or once a week was shown to be safe and resulted only in transient
hypercalcemia and rare renal stones (270;271). The effect of the treatment was often evaluated
based on serum PSA levels and overall survival (270). 1,25(OH)2D was in most cases used in
combination with dexamathasone, paclitaxel, or carboplatin (272).
High-dose oral 1,25(OH)2D administration together with dexamethasone and
carboplastin, or dexamethasone alone in PCa patients resulted in significant PSA decrease (two
Phase II trials) (271;273). However, these results were not confirmed by ASCENT I clinical
trial conducted in advanced PCa patients that observed almost no effect of 1,25(OH)2D on
PSA concentrations (274). 1,25(OH)2D was administrated in formulation of DN-101
(Novacea) orally once a week together with taxotere and resulted in significant improvement
of overall survival. Based on inspiring results of ASCENT I, a large Phase III (ASCENT II)
was initiated (275). ASCENT II had two arms: 1. docetaxel (new regimen, once every 3
weeks) as a control arm, and 2. docetaxel (old regimen, once a week) + DN-101.
Unfortunately, this study was stopped due to excess mortality in the study arm. At first, it was
explained by possible 1,25(OH)2D toxicity, but further analysis of the results suggested that
the excess mortality was caused by asymmetric study design and less effective docetaxel
regimen in the study arm (275).
7.3.2.3. Vitamin D analogs. Development of less hypercalcemic analogs of 1,25(OH)2D may
solve the problem of administration of active vitamin D metabolites in high enough doses to
cause therapeutic effects. Recently several 1,25(OH)2D analogues became available including
EB1089 (seocalcitol), 1--vitamin D2, inecalcitol, and paricalcitol (229;276).
Conclusion. Although the epidemiological data firmly show an association between serum
25(OH)D concentrations, vitamin D intake, and solar radiation, the lack of well designed Phase
II and Phase III RCT makes it difficult to define a biologically optimal dose and TUL for
vitamin D intake. At this moment there are over 300 open intervention studies that have been
initiated to investigate the effect of vitamin D on cancer incidence and mortality (277). Thus,
in the nearest future we will hopefully have answers to many of our questions.
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8. GENERAL METODOLOGICAL CONSIDERATIONS
8.1. Analysis data base
Data on overweight and obese persons were provided by a Metabolic and Medical Lifestyle
Management Clinic in Oslo, Norway, collected from September 2001 to January 2007. It
contained data on serum 25(OH)D and 1,25(OH)2D concentrations, body composition
parameters (BMI, body weight, fat mass, adiposity), season of blood sampling, gender, age and
primary diagnosis in 1779 adults (1464 women and 315 men) and 102 children (70 girls and
32 boys). Data on co-morbidities were also recorded in the database (Paper 2 and 3).

8.2. Volunteers
To avoid any contribution from solar radiation, intervention studies were conducted during the
winter months (November to March), a time of the year when no vitamin D is synthesized in
skin by sun exposure at our latitudes.
A total of 54 healthy volunteers (15 men and 39 women), aged between 21 and 65
years, were included in the interventional studies (Paper 4 and 5). All volunteers were living in
Oslo (59°N). Almost all participants (>90 %) were Caucasians and had Fitzpatrick skin types
II or III. The participants were asked to fill out questionnaires that screened for: age, weigh,
height, skin type, sun exposure, indoor tanning habits, and food.
Exclusion criteria were: presence of severe disorders and medical conditions known to
effect vitamin D status; pregnancy or plans to become pregnant; high-dose vitamin D
supplementation, winter vacations to southern latitudes and indoor tanning late than 8 weeks
before initiation of the study or plans for traveling to southern latitudes during the study.

8.3. Serum 25(OH)D and 1,25(OH)2D assays
 Serum 25(OH)D and 1,25(OH)2D in overweight and obese persons were analyzed at the
Hormone Laboratory, Aker University Hospital and Fürst Laboratories, but by
radioimmunoassays (RIA) (DiaSorin, Stillwater, MN, USA). Vitamin D deficiency was
defined as serum 25(OH)D < 50nmol/L and vitamin D sufficiency as concentrations  75
nmol/L (Paper 1, 2, and 3).
 Serum 25(OH)D of 54 volunteers, participated in intervention studies, were analyzed at
the Haukeland University Hospital, Bergen, Norway. The 25(OH)D assay was performed
by LC-MS method (LC MSD SL; Agilent Technology, CA). The mean recovery of
calcidiol was 77.2% (SD 3.9%) and the interassay variation was 4.9%, with a detection
limit < 4 nmol/l (Paper 4 and 5).

8.4. Body composition and BMI
Body composition parameters and BMI were estimated using bioelectric impedance analysis
(BIA) with Tanita Body Fat Monitors, TBF 300 GS (Tanita Corp of America, USA) (Paper 2
and 3). Overweight in adults was defined as a BMI in the range 25 – 29.9 kg/m2. Obesity and
morbid obesity were defined as a BMI  30 kg/m2 and  40 kg/m2, respectively. In children
and adolescents obesity and overweight categories were defined based on specific centile
curves standardized for age and sex (Paper 3). Overweight was defined as a BMI between the
85th and 95th percentiles. Obesity was defined as a BMI  95th percentile.
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8.5. Vitamin D intake
Vitamin D intake of volunteers that participated in the intervention studies was analyzed based
on food frequency questionnaires (Paper 4 and 5). No vitamin D intake or supplementation
data were recorded in the database on overweight and obese persons (Paper 2 and 3). RDD of
D3 has been increased in 2004 from 5 μg/d to 7.5 μg/d. D2 supplementation for adults was not
available in Norway during the observation period.

8.6. UV exposure
 Sources of UV radiation were commercially available and approved type 3 tanning units
equipped with Solarium Super Plus 100 W tubes (2.0 % UVB280-320 nm, device S2) (Paper
4), or with Golden Sun RS 100 W and Beauty Sun S 25 W spaghetti tubes (Wolff System,
Basel, Switzerland) (2,15% UVB280-320 nm, device S3) (Paper 5). The spectral distributions
of the lamps were provided by the producer (Figure 12). Additionally, fluence rates of
both tanning units were measured using a UV-meter (Solar Light Company Inc.) (paper 4
and 5). Emission spectra of S3 and of the sun (Oslo, 22 July 2010, 12.00 AM) were
measured with a AvaSpec ULS fiber optic spectrometer using AvaSoft 7.3.1 (Avantes BV,
NL-6961 RB Eerbeek, Netherlands) (Paper 5).
 Efficiency spectra of vitamin D formation were calculated based on action spectra of
previtamin D3 synthesis in the human skin (CIE-2006) (278). CIE erythema weighted UV
doses are presented as Standard Erythema Dose (SED; 1 SED = 100 J/m2). One SED is
equivalent to about 0.5 MED for the most sensitive type 1 skin (1 MED = 200 J/m2) (Paper
4 and 5).

8.7. Data analysis
 In obese and overweight persons correlations between 25(OH)D, 1,25(OH)2D, BMI,
adiposity, age were analyzed using SigmaPlot 10.0 and SPSS 15.00 for Windows (Paper 2
and 3). The monthly data of the variables were presented as means ± SEM. Correlation
analysis was also performed for 25(OH)D quartiles using one-way ANOVA and the
Bonferroni correction. The alpha criterion for two-tailed statistical significance was
defined < 0.05.
 Data for healthy volunteers were analyzed using Sigma Plot 10.0 for Windows. The
variables are presented as means ± SEM. The criterion for statistical significance is defined
as P < 0.05. (Paper 4 and 5)
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9. SUMMARY OF PUBLICATIONS
Paper 1
Obesity and increased risk of cancer: Does decrease of serum 25-hydroxyvitamin D level
with increasing body mass index explain some of the association?
Aims: Our earlier investigations suggest that serum 25(OH)D levels decrease with increasing
BMI. At the same time, excess body weight is associated with increased risk of cancer. Thus,
we wanted to evaluate the possible connection between cancer risk, BMI and vitamin D status.
Methods: In this study, we analyze data published in current meta-analysis, prospective
studies, and systematic reviews on cancer-specific risk attributed to high BMI and low vitamin
D status.
Results: Our study suggests that a low vitamin D status may explain at least 20% of the cancer
risk attributable to high BMI. The contribution of low 25(OH)D to the increased cancer risk
with increasing BMI may be different for different cancer types. Thus, we find 40% for breast
cancer, and 26 and 75% for colorectal cancer in men and women, respectively.
Paper 2
The serum 25-hydroxyvitamin D is a predictor of 1,25-dihydroxyvitamin D in overweight
and obese patients.
Aims: Although, it is generally accepted that serum 1,25(OH)2D concentrations remain almost
constant in time, some groups of patients may have decreased 1,25(OH)2D concentrations. We
aimed to investigated the factors that may directly influence serum 1,25(OH)2D
concentrations.
Methods: In the present study the associations between 25(OH)D, 1,25(OH)2D, BMI, body
weight, fat mass, adiposity, season, gender and age were analyzed in 1779 obese and
overweight patients.
Results: Serum 25(OH)D among the other studied factors was the strongest predictor for
serum 1,25(OH)2D. The 1,25(OH)2D concentrations were 25.4 pmol/L (Cl, 19.3-31.5) lower in
the lowest 25(OH)D quartile to compared with highest quartile. A seasonal variation was
observed for both vitamin D metabolites. Among all body composition parameters, adiposity
had the strongest predictive power on serum 1,25(OH)2D concentrations. Serum 1,25(OH)2D
concentrations were also associated with age.
Paper 3
Vitamin D status in Norwegian children and adolescents with excess body weight.
Aims: The purpose of this study was to determine the prevalence of vitamin D deficiency and
insufficiency in Norwegian children and adolescents with excess body weight.
Methods: Vitamin D status and seasonal variations of 25(OH)D and 1,25(OH)2D were
analyzed in 102 children and adolescents (70 girls and 32 boys), 8–19 yr of age, with
overweight and obesity.
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Results: Overall, 50% of the children and adolescents included in the study had vitamin D
insufficiency and 19% had vitamin D deficiency. Only 42% of teenagers had 25(OH)D levels
75 nmol/L vs. 72% of preteens. Serum 25(OH)D concentrations had a typical seasonal
variation with the highest values observed during the summer. In contrast, serum 1,25(OH)2D
had a peak during the spring.
Paper 4
Sunbeds as vitamin D sources.
Aims: We wanted to determine whether repeated exposures to small UV doses from a
commercial sun bed are efficient to increased serum 25(OH)D concentrations. We also aimed
to investigate the impact of initial vitamin D status on serum 25(OH)D increase.
Methods: Healthy volunteers were randomly divided into two groups that had different
tanning regimens: 6.75 MED and 13.5 MED (Sun2 device).
Results: The mean 25(OH)D values after exposure were ~80 nmol/L and the mean increase
(~15 nmol/L) was the same for all UV doses given. Persons with the lowest initial levels got
the largest increase. The level in this group was back to the pre-exposure level after 2–4 weeks.

Paper 5
Effect of vitamin D supplementation and ultraviolet B exposure on serum 25hydroxyvitamin D concentrations in healthy volunteers.
Aims: The aim of the present study was to compare the efficiency of oral vitamin D
supplementation and multiple UVB exposures for improvement of the vitamin D status.
Methods: Healthy volunteers were randomly divided into two groups. Group 1 started with
vitamin D supplementation (2,000 IU/d for 30 days) and continued with 10 Sun3 exposures.
Group 2 started with 10 Sun3 exposures and continued with vitamin d supplementation.
Results: Oral supplementation with vitamin D3 was slightly more beneficial than UV exposure
(10 Sun3 exposures of total dose 23.8 SED; vitamin D weighted dose: 134 J/m2 per 1 SED).
The first phase of intervention resulted in an increase of serum 25(OH)D concentrations by
~25 nmol/L. The total serum 25(OH)D increase after both interventions in both groups was
31.3 nmol/L (SEM ± 3.8 nmol/L; P<0.001). At the end of the study 61% of the volunteers had
serum 25(OH)D  75 nmol/L. The results of our study indicate that daily whole body sun
exposure at ~0.5 SED may be enough to achieve and maintain serum 25(OH)D concentrations
 75 nmol/L, if the initial serum 25(OH)D concentrations are  50 nmol/L. This dose almost
equals to 2000 IU/d of oral vitamin D supplementation, and about 2 hours per week of sun
exposure to 1/3 skin surface area at Oslo latitude around midday during the summer.
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10. DISCUSSION
10.1. Vitamin D and artificial UVB sources
Sun is the most efficient natural source of vitamin D. Thus, sun exposure during the summer
may provide essential amounts of vitamin D3, some of which is stored for the coming winter
(61). The serum 25(OH)D levels > 80 nmol/L at the end of the summer are considered
necessary to avoid vitamin D deficiency (25(OH)D < 50 nmol/L) during the winter (140).
However, it is not clear how much sun exposure is needed for optimal vitamin D synthesis
(125). According to Holick’s rule, exposure of ¼ body skin surface to the sun for ¼ MED
(~0.5-0.8 SED) is required to produce enough vitamin D, and is equal to 1,000 IU/d oral
vitamin D (33). Recent studies examining serum 25(OH)D concentrations at the end of the
summer or after controlled UVB exposure do not support this advice (125). It seems that
longer sun exposures may be needed to reach an optimal vitamin D status, and the
recommended exposure is probably enough just to prevent vitamin D deficiency during the
summer (40;140). For people living in urban areas even the current advice seems to be difficult
to follow. It is not always possible for them to incorporate “sunshine minutes” into daily
working schedule, since the best exposure time is the midday (44;46). Thus, vitamin D
deficiency is prevalent even in the sunny countries (115;279).
10.1.1. How much vitamin D do we get from the sun? At northern latitudes vitamin D
synthesis takes place only during the summer months (April-October). Therefore, serum
25(OH)D concentrations vary during the year, usually in the range of 50-80 nmol/L, with a
peak in July-September, and a nadir in February-March . Sun exposure habits during the
summer may contribute significantly to seasonal variation of vitamin D. The time spend
outdoors during the summer and the area of uncovered skin surface exposed to the sun
correlate positively with serum 25(OH)D concentrations (142;145).
Thieden et al. (138) estimated vitamin D status and summer sun exposure behavior in
Danish indoor and outdoor (gardeners) workers, and found that serum 25(OH)D concentrations
were associated with the cumulative UVR dose obtained during the summer (mean: 156 SED),
daily time spend outdoors (mean: 1.4 SED), number of days with large body surface exposed
to the sun (upper body) (mean: 24 days), and constitutive pigmentation. (Table 5. Part I). Sun
exposure for 1.4 SED/d (~16 minutes for Oslo) during the summer is enough to reach the
25(OH)D levels > 80nmol/L at the end of the summer, and to maintain serum 25(OH)D > 50
nmol/L during the winter.
This is in agreement with a recent study (140) that estimated sun exposure behavior and
seasonal variation of vitamin D in a UK population. During spring and summer the average
daily sun exposure was ~0.5 SED (6 minutes for Oslo), which is close to that suggested by
Holick as an optimal exposure for vitamin D synthesis. This dose was not enough to reach the
threshold for vitamin D sufficiency (25(OH)D  75 nmol/L) at the end of the summer (140).
Burgaz. et al. observed a large difference between serum 25(OH)D concentrations in
two groups of women with different sun exposure habits. Women who during the summer
preferred to stay in the sun instead of in shade, had skin type III or IV, and of normal weight,
had 64 nmol/L higher serum 25(OH)D concentrations than women that preferred shade, had
skin type I or II, and were obese (142) (Table 5. Part I). The results of the study also
suggested that the 25(OH)D levels > 100 nmol/L at the end of the summer may maintain serum
25(OH)D > 75 nmol/L throughout the year (142). Vacations to sunny countries were also
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associated with increased serum 25(OH)D concentrations. A woman who had 3 vacations to a
sunny country during the winter had serum 25(OH)D levels of 139 nmol/L. A large increase in
serum 25(OH)D concentrations (47 nmol/L) was observed in patients with psoriasis that
received climate therapy in Gran Canaria (146;280). After a whole body sun exposure to a total
dose of 166 SED over 15 days serum 25(OH)D values increased from 57 nmol/L to 105
nmol/L (Table 5. Part I). Another study by Vähävihu et al. (281) reported an increase in
serum 25(OH)D concentrations by 13.4 nmol/L (total dose 60 SED) and 24 nmol/L (total
dose109 SED) after 2 weeks-climate therapy in Gran Canaria in patients with atopic dermatitis
(281).
Table 6. “Rule of nines” (145).
Body area

Head

Skin
surface,
%
9

Both arms

18

Both legs

36

Trunk

36

Persons working outdoors also seem to have a
much better vitamin D status than indoor workers
(144). Thus, in the study by Barger-Lux outdoor
workers (landscaping, construction work, farming,
and recreation) had serum 25(OH)D concentrations
of 122 nmol/L (100-154 nmol/L), which decreased to
74 nmol/L during the winter (145). The average time
they spent outdoors was 38 hours per week (Table 5.
Part I). The vitamin D status was dependent on the
area of body skin surface that was uncovered during
sun exposure. The skin area was calculated based on
“Rule of nines” (Table 6).

10.1.2. Do UVA-tanning units contain enough UVB for vitamin D synthesis? Even though
modern tanning units are often called “UVA-sun beds” it does not mean they emit no UVB,
but that they emit a lot of UVA. In fact, the tanning units allowed in Norway (CIE erythema
weighted UV to 0.3 W/m2: 0.15 W/m2 of UVB and 0.15 W/m2 of UVA) emit slightly more
UVB than sun at Oslo latitude during the summer (282). Thus, tanning devices may be useful
to study the effects of solar UV exposure since it can be simulated under well controlled
conditions. Our group has studied the efficiency of UVB radiation to provoke vitamin D
synthesis using three different tanning units in regard to UVB emmission and intensity
(43;52;283). In our first study (283) we used lamps (Life Sun S 100W (device Sun1)) with the
highest UVB content (UVB280-320 nm 3,9%). The two following studies were performed with
lamps with almost 2-fold lower UVB content (device Sun2) (Paper 4), (device Sun3) (Paper 5).
All studies were performed between October and April, a time of the year when vitamin D
synthesis from the sun exposure does not occur.
In general, the serum 25(OH)D increase was highest after exposure to a tanning unit
with high UVB content (52;283). After 10 whole body exposures to S1 (total dose of 8.5 MED
over 4 weeks) serum 25(OH)D concentrations increased on the average by 26 nmol/L, from
initial levels of 65 nmol/L to 92 nmol/L (Table 5. Part II). After exposure to Sun2 and Sun3
the increase in serum 25(OH)D concentrations was lower than for Sun1, but 25(OH)D and
final vitamin D status were dependent on initial serum 25(OH)D concentrations (Paper 4). The
mean increase after exposure to Sun2 was 15 nmol/L disregard of UV dose (6.75 MED or 13.5
MED over 7 weeks).
Further, we aimed to compare the efficiency of oral vitamin D supplementation (2,000
IU/d for 4 weeks) and 10 exposures to S3 (total dose of 23.8 SED (9 MED), to increase and
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maintain serum 25(OH)D concentrations (Paper 5). Volunteers were randomized into two
groups: Group 1 and Group 2. Group 1 received vitamin D supplementation at first and then
continued with 10 whole body exposures. Group 2 started with 10 exposures and than
continued with vitamin D supplementation. As in a previous study, serum 25(OH) increase
was dependent on initial values. Thus, volunteers that did not have vitamin D deficiency after
both interventions reached average concentrations of > 90 nmol/L. Vitamin D deficient
participants also significantly increased serum 25(OH)D concentrations, although they did not
reach the threshold of vitamin D sufficiency (Table 5. Part II). Vitamin D supplementation
with 2,000 IU/d had almost the same effect on vitamin D status as 10 whole body exposures.
The increase of serum 25(OH)D after first intervention was 25 nmol/L, and after both
interventions 31 nmol/L on average.
The UV dose given in the study was equal to ~0.5 SED/d sun exposure to the whole
body, or almost 1 MED to ¼ of body surface at Oslo latitude, that is about a 4-fold higher dose
than previously recommended (33). Thus, our studies indicate that the recommended sun
exposure is unlikely to be adequate for optimal vitamin D synthesis. Our findings are in
agreement with other studies on the indoor tanning devices (Table 5. Part II). Rhodes el al.
simulated the summer sun exposure by using a tanning device equipped with Arimed B and
Cleo Natural lamps (5 % UVB). An exposure equal to 3.3 SED of solar UV dose (39 minutes
in Manchester sun, UK) (36 minutes in Oslo sun) was given to 35 % of body surface (skin area
that is usually stays uncovered during the summer) (40). After 18 exposures of a total dose of
20 SED serum 25(OH)D concentrations increased significantly, but just to reach values > 50
nmol/L. Only 26 % of participants had serum 25(OH)D > 75 nmol/L at the end of the study.
The results of the study conducted by Thieden et al. showed that even tanning units that
emit only 0.5 % or 1.4 % UVB are efficient to induce vitamin D synthesis. However, only
exposure to 1.4 % UVB devices resulted in substantial increase in serum 25(OH)D
concentrations (41). After 8 exposures (total dose 253 mJ/cm2 of CIE vitamin D weighted UV
(~21 SED) serum 25(OH)D concentrations increased by 30 nmol/L, reaching levels of 75
nmol/L. The daily CIE vitamin D dose for this group was slightly higher than was given in our
last study (140 J/m2 vs. 91 J/m2, respectively), and corresponds to 9 minutes of whole body sun
exposure at Oslo latitude. In the 0.5 % UVB group serum 25(OH)D concentrations increased
by 15 nmol/L (total dose 49 mJ/cm2 of CIE vitamin D weighted UV) (Table 5. Part II).
In contrast to other studies, Carbone at al. observed a large increase in serum 25(OH)D
in volunteers exposed to 1.5% UVB tanning unit (total dose 20-40.5 SED over 12 weeks)
(284). Just after 6 weeks serum 25(OH)D concentrations in participants with initial values < 75
nmol/L increased by 60 nmol/L, and by 18 nmol/L in persons with initial concentrations  75
nmol/L (Table 5. Part II).
10.1.3. Broadband and narrowband UVB devises. Other sources of UVB radiation used for
treatment of psoriasis and other skin diseases are broadband UVB lamps (BB-UVB) and
narrowband UVB lamps (NB-UVB). These lamps have fluence rates in the region of 280-360
nm, with a peak at 313 nm (BB-UVB) and of 311-313 nm (NB-UVB). In a number of recent
studies both BB-UVB and NB-UVB were shown to induce significant vitamin D synthesis
(Table 5. Part III) (164;285-293). The increase in serum 25(OH)D concentrations seems to be
higher in the BB-UVB treated patients than in the NB-UVB treated patients. This might be due
to the fact that spectra of NB-UVB lamps have a peak at 311-313 nm, while the maximal
vitamin D synthesis occurs at wavelengths between 295 and 305 nm (39). Thus, BB-UVB
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lamps cover most of the wavelengths required for vitamin D synthesis. The average increase of
serum 25(OH)D concentrations for BB-UVB treated patients was 48 nmol/L, and for NB-UVB
treated patients was 34 nmol/L (calculations are based on 8 published studies presented in
Table 5. Part III).
10.1.4. What is the most efficient source of vitamin D? NB-UVB and BB-UVB lamps are
the most efficient sources of vitamin D. They emit mainly UVB of very high intensity, and 1
MED dose may be achieved within few minutes of exposure (51).
The relative efficiency of other UVB sources to induce vitamin D synthesis varies with
the ratio between UVEry and UVD, which practically reflects UVB content (42). Tanning units
that emit 5 % UVB280-320 nm would most probably induce similar vitamin D synthesis as sun
exposure at midday during the summer (UVD/UVEry = 1.7-1.8) (40;42;283). However,
commercially available tanning units in Norway emit high doses of UVA and contain only
about 2 % or less UVB280-320 nm (UVD/UVEry < 1.3) (282). That means that less vitamin D may
be produced after exposure to the same UVEry dose in tanning units than in the sun at midday
during the summer. The UVB content of the solar radiation also varies during the day, being
highest at noon (46). Thus, the effects of available tanning devices to induce erythema and
vitamin D synthesis are similar to that of solar radiation early in the morning (7-8 a.m.) and
after noon (4-5 p.m.) (46). The action spectra of vitamin D, of erythema, and of melanogenesis
are within the limits of error similar (44). The main possible difference is that the vitamin D
spectrum has no significant value in UVA. Thus, tanning units are, as we have estimated,
slightly, more erythemagenic than vitamin D-producing, although the differences are probably
not significant. Thus, the efficiency of different UVB sources to induce vitamin D synthesis is
as following: NB-UVB and BB-UVB > solar radiation between 8 a.m. and 4 p.m. during the
summer > commercially available tanning devices.
10.1.5. Indoor tanning and risk for cutaneous malignant melanoma (CMM). Several
recent publications reported increased risk of CMM in indoor tanners (294). The OR presented
by Lazovich et al. was 1.74 (CI, 1.42-2.14) for ever use of tanning facilities (295). A slightly
lower RR for CMM in indoor tanners was found by Veierød et al. in Scandinavia (294). Earlier
studies, however, do not support this, in spite of the fact that older tanning units were stronger
than modern ones (282;296). Awareness about possible CMM risks should be high among sun
bed users, especially those with fair-skin (skin type 1) (297). However, it is also possible that
the risk of CMM for indoor tanners is overestimated due to other contributing factors, such as
sunburns (298). A sun seeking behavior among these persons, recall bias present in
retrospective studies.
According to Lazovich et al., the risk of CMM was also higher for users of UVAemitting devices (OR 4.44; CI, 2.45-8.02) compared to UVB-enhanced units (OR 2.86; CI,
2.03-4.03) (295). The Setlow’s CMM spectrum weights UVA strongly, which may support the
epidemiological findings (299). However, the most recent CMM studies, using fish, transgenic
mice, or monodelphis domestica, indicate that UVA has no melanomagenic effect (300-302).
If these reports are correct and can be translated to humans, they argue against the recent
reports of tanning units as CMM-generating devices. Two large meta-analyses also failed to
show any significant positive correlation between use of tanning equipment and risk of CMM
(RR 1.04 (CI, 0.91-1.14) (303) and RR 1.15 (CI, 1.00-1.31) (296)). Thus, the matter is still not
scientifically solved.
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outdoor workers

Beer Sheva, Israel (31oN),
December - November

Omaha, Nebraska, (410N)
August-September,
February-March

Azizi et al. 2009 (144)

Barger-Lux et al. 2002 (145)
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2

Whole body except for areas covered by underwear
Exposed Body Surface Area

64.8 (outdoor
workers) ; 51.0
(indoor workers)

Climate therapy, Gran
Canaria (270N), January March 2005

Vähävihu et al. 2008 (281)

1

166 SED over 15 days

57.2 (30% < 50)

Climate therapy, Gran
Canaria (270N), March 2006

Osmancevic et al. 2009 (146)

42.7 (74 % < 50)

Weekly sun exposure: 3
hours (7%); 3-6 hours
(33%);  6 hours (60%)

72 (18% < 50)

Sweden (60oN) JanuarySeptember 2006

Burgaz et al. 2009 (142)

544 hours during summer
16 weeks (38 hours per
week)

Outdoor workers: 4,4 hours
(4-37 SED/d) Indoor
workers: 0.9 hours (0.68.2SED/d)

60.2 SED or 109 SED over
15 days

3.7 SED weekly during
spring and summer

45.8 (~48% < 50)

Manchester, UK (530N)
March 2007-February 2008

Webb et al. 2010 (140)

156 SED (1.4 SED daily for
121 summer days)

Total UV dose

Was not estimated
Indoor and outdoor
workers

nmol/L

Initial 25(OH)D,

Denmark (56oN) MaySeptember

Sun

UVB source

Thieden et al. 2009 (41)

Author

Table 5. Part I Effect of UV exposure during the summer on serum 25(OH)D concentrations.

56.4 (13.4) in 60.2 SED group;
62.3 (24.0) in 109 SED group

whole body1

Real live
conditions

122 in late summer, decreased
to 74 during following winter

74 (9.2) in outdoor workers;
66 (15) in indoor workers

104.5 (47.3)

whole body1

Real live
conditions

99 (27) (sun seeking behavior
126 vs. 86 sun avoidance)

71 (25.2) in September,
decreased to 46 in following
February

82.2 in September, decreased to
56 in following February

nmol/L

Final 25(OH)D (25(OH)D),

Real live
conditions

Real live
conditions

Real live
conditions

E-BSA2

UVB source

Solarium Super Plus 100 W (2.0 %
UVB) January-April 2007

Gold Sun RS 100W + Beauty Sun
S 25 W (2.2 % UVB) JanuaryApril 2008

Arimed B+Cleo Natural (5 %
UVB) January –February

Body Soft 410-220 (0,5% UVB) or
Body Soft 364-220 (1,4% UVB)
January-February

ETS (1.5 % UVB) February-March
2005

Moan et al. 2009 (52)

Lagunova et al. 2010
(43)

Rhodes et al. 2010 (40)

Thieden et al. 2008 (41)

Carbone et al. 2008 (284)

* After 12 weeks serum 25(OH)D also increased in control groups
1
whole body except for areas covered by underwear
2
Exposed Body Surface Areas
3
CIE vitamin D weighted UVB dose

Life Sun S 100 W (3.9 % UVB)
January-April 2006

Tanning unit

Porojnicu et al. 2008
(283)

Author

50 (< 75)
122.5 ( 75)

46.4 (57.6 % <50)

44 (62.5 % <50)

48.4 (90% < 75)

65 (40% < 50)

65 (20 % < 50;
80 % < 75)

nmol/L

Initial 25(OH)D,

80.2 (15) disregard of the UV
dose
74 (25) after first
intervention; 80.6 (31.2) after
both interventions

whole body 1
whole body1

whole body1
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After 6 weeks: 110 (60) in
< 75; 140 (17.5) in  75)
After 12 weeks: 135* in < 75;
152.5* in  75

whole body1

UV D3 253 mJ/cm2 or 49
mJ/cm2 (6 min x 4 + 12
min x 4 over 16 days)
20.2-49.6SED (0.84-1.69
SED (4-8 min) x 2 per
week for 12 weeks)

1,4% UVB: 75 (29)
0,5% UVB: 62 (15)

35% body

70 (26)

92 (27), decreased almost to
initial levels after 8 weeks

(25(OH)D), nmol/L

Final 25(OH)D

whole body1

E-BSA2

23.4 SED (1.3 SED x 3
per week for 6 weeks)

6.8 MED or 13.5 MED
(15 exposures over 7
weeks)
23.8 SED
(10 exposures over 5
weeks) or 2,000 IU/d

8.5 MED (10 exposures
over 4 weeks)

Total UV dose

Table 5. Part II Effect of the exposure to tanning devices on serum 25(OH)D concentrations

UVB source

Narrowband UVB (Cotona 4),
Broadband UVB (TL-12),
November – June

Narrowband UVB (TL-01),
October 2008 - February 2009

Narrowband UVB (Tl-01),
November 2006-April 2007

Narrowband UVB (Tl-01),
January-March 2008, 2009

Narrowband UVB (Tl-01),
December-March 2004-2006

Osmancevic et al. 2009 (288)

Ryen et al. 2009 (291)

Cicarma et al. 2009 (292)

Vähävihu et al. 2010 (293)

Vähävihu et al. 2010 (287)
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1

SED for 100 J/m2 = 10 mJ/cm2 = 0.01 J/cm2
Whole body except for areas covered by underwear
2
Exposed Body Surface Are

87 (BB-UVB)
95 (BB-UVB)

Broadband UVB (TL-12),
January -March 2008

Bogh et al. 2009 (285)

42.1 (77 % < 50)

43.2 (79 % < 50)

66 (< 80); 112 ( 80)

57.5 (34 % < 50)

60.3 (90% < 80)
both blacks and
whites
36.5 (67% <50); 27.8
(worshippers)

Broadband UVB, NovemberMarch

Armas et al. 2007 (164)

92 (42 % < 75)

nmol/l

Initial 25(OH)D,

Broadband UVB (TL-12),
autumn-spring

UVB lamps

Narrowband and broadband

Osmancevic et al. 2007 (286)

Author

Whole body 55.8 (11.4 );
head and arms 48.8 (11.0);
abdomen 39.2 (4.0)

whole body1
whole body1
whole body1,
head and arms,
abdomen

6.9 J/cm2 over 4 weeks
8.88 J/cm2 over 15
exposures
13 SED over 7 exposures

116 (73)

whole body1

22.5 J/cm2 (18 exposures
over on average 6 weeks)

110.8 (44.8) in < 80;
120.6 (8.6) in  80

125 (67.5)

138 (51) NB-UVB;
174 (79)BB-UVB

whole body1

12 J/cm2 (BB-UVB), 37
J/cm2 (NB-UVB) over 812 weeks

(dose dependent increase: 6
SED - 53; 4-5 SED – 29.2;
SED - 8)
59.8 (23.3)
53.1 (25.3) in worshippers

149 (57)

24% (chest,
back) body

whole body1

0.24-0.96 J/cm2 (12
exposures over 4 weeks

Final 25(OH)D
(25(OH)D), nmol/L

12 SED (40 min: 3 SED x
4 exposures)

whole body1

SE-BSA2

0.9 J/cm2 over 8-12 weeks

Total UV dose

Table 5. Part III Effect of the exposure to narrowband and broadband UVB lamps on serum 25(OH)D concentrations

10.2. Obesity and overweight are predictors of low vitamin D status
Obesity is a known risk factor for vitamin D deficiency. The key mechanism behind that is
possibly increased sequestration of fat-soluble vitamin D in a large volume of fat tissue
(61;190;208;211). However, other factors, such as low sun exposure and inadequate vitamin D
intake, may also contribute to low vitamin D status in overweight and obese persons
(194;196;209;210).
Low serum 25(OH)D concentrations result in elevation of PTH and often in sHPT
(10;14;211). That might be necessary to maintain serum 1,25(OH)2D concentrations high even
in a setting of vitamin D deficiency. Supporting this theory, earlier investigations showed that
persons with excess body weight had a low vitamin D status, but had high 1,25(OH)2D levels
(197;198;205;206). We have conducted a study in over 2,000 overweight and obese persons
registered in a Metabolic and Medical Lifestyle Management Clinic in Oslo between
September 2001 and January 2007 (Paper 2 and 3). The aim of the study was to investigate
possible predictors of serum 1,25(OH)2D concentrations, such as BMI, body composition,
gender, age, season of blood sampling, and vitamin D status. The results of our study indicate
that serum 25(OH)D may be the main predictor of serum 1,25(OH)2D in overweight and obese
adults (Paper 2) (Figure 12). We further showed that a decrease in 25(OH)D by 1 nmol/L was
associated with a decrease in 1,25(OH)2D concentrations by 0.4 pmol/L (P<0.001).

Figure 13. Serum 1,25(OH)2D concentrations
(pmol/L) grouped according to 25(OH)D
quartiles. The box represents the 75th and 25th
percentiles and the line within the box indicates
the median quartile value. The whiskers
correspond to minimum and maximum quartile
values that are not classified as outliers. The
circles above and below whiskers indicate
outliers. The 1,25(OH)2D concentrations were
highest in the highest 25(OH)D quartile (oneway ANOVA p<0.001)

This is in agreement with other recent studies
that report a significant positive correlation between
serum
25(OH)D
and
1,25(OH)2D
(120;128;194;200;207). Moreover, an increase of
serum 25(OH)D concentrations after UVB exposure
or vitamin D supplementation led to a subsequent
increase in serum 1,25(OH)2D concentration as well
(146;182). These findings support the hypothesis
that renal 1,25(OH)2D synthesis is dependent on the
availability of 25(OH)D, which is its precursor
However, this might be different for children and
adolescents that do not seem to have any correlation
between serum 25(OH)D and 1,25(OH)2D
concentrations (Paper 3).
Despite of high prevalence of vitamin D
deficiency in a teenage group (13-19 years), the
highest serum 1,25(OH)2D levels were observed in
adolescents and the levels decreased significantly
with age (Paper 2 and 3).This may at least in part be
explained by age-related decrease in PTH capacity
to induce expression of renal 1-hydroxylase (304),
but may also be related to more strict regulation of
renal 1,25(OH)2D synthesis in children than in
adults, since stabile 1,25(OH)2D levels are essential
during maximal bone growth (305).
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Excess body weight is also unlikely to affect serum 1,25(OH)2D concentrations in
children and adolescents, but may be related to low vitamin D status (Paper 3). Our findings
are in agreement with most studies in obese children (136;305-307).
In adults both 25(OH)D and 1,25(OH)2D concentrations are associated with adiposity,
BMI, age, and varied with the season (Paper 2). Thus, persons with high BMI had both low
vitamin D status and low 1,25(OH)2D concentrations (Table 7). Serum 25(OH)D
concentrations were about 25-30 nmol/L higher during the summer than in the winter or early
spring, with the highest values (> 80 nmol/L) observed in August. Serum 1,25(OH)2D
concentrations had apeak in May and another one in September. Winter 1,25(OH)2D values
were on the average 15 pmol/L lower than summer levels. The spring increase in 1,25(OH)2D
may possibly be mediated by high PTH that usually shows a strong negative correlation with
25(OH)D, and the second one occurred after the 25(OH)D increase and was possibly driven by
that increase. Thus, serum 1,25(OH)2D concentrations are associated with a number of
contributing factors which are closely related to each other, and may to a certain extent explain
the 1,25(OH)2D variability.
Table 7. Serum 25(OH)D and 1,25(OH)2D concentrations in normal weight, overweight,
obese, and morbidly obese adults (age 20-80 years).
BMI, kg/m2

n

1,25(OH)2D
(± SEM),
pmol/L

25(OH)D, nmol/L
Mean (±SEM)

% < 50

% < 75

>100

Men
< 25

31

117.1 (6.6)

82.9 (3.3)

0

38.7

19.4

25-29.9

76

109.9 (8.5)

74.4 (4.3)

19.7

55.3

18.2

> 30

208

100.3 (2.2)

64.0 (1.6)

27.4

71.2

6.7

> 40

44

97.3 (4.7)

52.9 (2.9)

43.2

93.1

2.3

< 25

177

116.3 (3.2)

82.6 (2.0)

9.1

42.9

27.0

25-29.9

402

111.8 (1.8)

76.7 (1.2)

13.7

47.8

15.7

> 30

887

102.2 (1.2)

69.5 (0.8)

20.9

62.3

11.3

> 40

158

97.9 (2.8)

65.1 (2.0)

27.2

68.0

8.2

Women

Vitamin D deficiency in children may be related to increased risk of MS, T1D, and
asthma (305). In adults, a low vitamin D status may be associated with several common
diseases, including cancer, autoimmune diseases, diabetes, cardiovascular events and total
mortality (3;17;107). Based on our studies, we may conclude that since persons with excess
body weight have high prevalence of vitamin D deficiency and insufficiency, they may also be
more predisposed for the above mentioned diseases.
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Moreover, a decrease serum 1,25(OH)2D may possibly also contribute to increased risk
of cardiovascular diseases, diabetes, and renal failure in obese and overweight individuals
(308). Interestingly, the best prognosis for cancer survival in our studies was observed for
patients that were diagnosed with cancer during late summer and early autumn when both
serum 25(OH)D and 1,25(OH)2D concentrations are high (139;251-256).

10.3. Excess body weight, vitamin D, and cancer
Body composition and BMI are important predictors of vitamin D status. Our earlier
investigations suggested that 5 kg/m2 BMI increase was related to about 5 nmol/L decrease in
serum 25(OH)D concentrations (128). Excess body weight is also associated with cancer
incidence and mortality, with about 3-8 % of the total cancer incidence possibly being
attributed to excess BMI (309;310).
In U.S. Health Professionals Follow-up Study Giovannucci et al. has observed that the
risk of several types of cancer including PCa were modified by BMI and serum 25(OH)D (88),
while BMI correlated negatively with 25(OH)D values. The study performed by Tuohimaa et
al. revealed an interaction between methabolic syndrome factors, including BMI, vitamin D
status, and PCa risk (311). Thus, the effect of metabolic factors on PCa risk was strongly
conditioned by 25(OH)D levels.
Based on these finding, we proposed a hypothesis that the increased risk of cancer in
persons with overweight and obesity may possibly be related to decreased serum 25(OH)D
concentrations (Paper 1). Our calculations were performed based on current meta-analysis by
Gorham et al. (312) and Garland at el. (313) that reported 50-55 % decrease in CRC and BCa
risk with 55 nmol/L 25(OH)D increase, and the assumption that the effect of vitamin D status
may be similar in all vitamin D-sensitive cancer types (Paper 1).
According to our calculations, low serum 25(OH)D concentrations may explain
approximately 20 % of total cancer risk attributed to high BMI. However, the contribution of
vitamin D status to obesity-related cancer risk may vary with cancer type, probably being
highest for CRC in women and BCa (Paper 1). Supporting our hypothesis, poor BCa outcomes
and survival were linked to low vitamin D concentrations as a consequence of excess body
weight in the study of Tsvetkova et al. (314). The authors evaluated the relationship between
vitamin D and obesity-related factors in RCT of BCa adjuvant chemotherapy, and concluded
that serum 25(OH)D concentrations were associated with key obesity-related factors, season of
blood sampling, and race (314). Nonetheless, the prognostic effects of obesity-attributed low
vitamin D status cannot be evaluated yet, since the follow-up of the study is not completed.
An interesting observation was reported by Yu et al. who investigated the effect of
dietary vitamin D3 on endometrial cancer (ECa) development in mice (92). Animals were fed
high-caloric diet to induce obesity, and the study group got diet additionally fortified with
vitamin D3. Obese mice had increased risk of ECa, which was modified by vitamin D. Dietary
vitamin D inhibited the carcinogenic effect of obesity on ECa, and was associated with 25 %
reduction in incidence of endometrial pathology in obese mice (P < 0.001) (92). The effect was
explained mainly by the ability of vitamin D to reverse the obesity-induced increase in
osteopontin and decrease in E-cadherin.
Serum 25(OH)D concentrations may also affect circulating leptin levels (315),
inflammatory markers (308), modulate glucose intolerance and insulin resistance (316;317),
which are all factors contributing to increased risk of cancer in overweight and obese persons
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(318). Additionally, low serum 1,25(OH)2D levels, common in this group of patients, were
recently linked to excess midterm mortality in patients with coronary heart disease,
hypertension, diabetes, heart and renal failure (128;308). Moreover, serum 25(OH)D and
1,25(OH)2D seem to be independent predictors of all-cause and cardiovascular mortality (319321), and survival from some vitamin D-sensitive cancers (322).

11. CONCLUSIONS
The aim of this work was to investigate the impact of vitamin D predictors (UV exposure,
BMI, vitamin D intake) on vitamin D status and cancer risk.
The effect of UV exposure and vitamin D intake on serum 25(OH)D concentrations
were evaluated in interventional studies. We have simulated a Norwegian summer by exposure
to commercial, UV-emitting tanning units (two types) with ~2 % of UVB280-320nm. We have
also compared the efficiency of high dose oral vitamin D supplementation with moderate
exposures to these tanning devices with respect to achieving a given increase in serum
25(OH)D concentrations. Thus, based on interventional studies we may conclude that:
 Moderate UV exposures given over 5-7 weeks may raise serum 25(OH)D
concentrations from typical winter values to typical summer values.
 The recommended by Holick sun exposure (¼ MED (~0.5-0.8 SED) daily to ¼ body
skin surface) is most probably too small to provide optimal vitamin D status (25(OH)D
 75 nmol/L).
 The increase in serum 25(OH)D concentrations is dependent on initial vitamin D status:
persons with the lowest baseline 25(OH)D concentrations have the largest increase.
However, persons with vitamin D deficiency (25(OH)D < 50 nmol/L) do usually not
reach vitamin D sufficiency (25(OH)D  75 nmol/L) after the mentioned UV exposure.
 An oral vitamin D intake of 2,000 IU is almost equal to a whole body sun exposure of
~0.2 MED (0.5-0.8 SED) corresponding to 5-7 minutes midday on a midsummer,
cloudless day in Oslo.
The associations between body composition, BMI, and 1,25(OH)2D concentrations were
analyzed in 1779 adults and 102 children with overweight or obesity. The following
conclusions were drawn:
 The prevalence of vitamin D deficiency and insufficiency is increasing with BMI.
Around 60-70 % of obese adults (BMI > 30 kg/m2) and 50 % of overweight and obese
children have serum 25(OH)D < 75 nmol/L.
 In adults, the serum 25(OH)D concentration is the strongest predictor of serum
1,25(OH)2D concentration. A decrease in 25(OH)D by 1 nmol/L is associated with 0.4
pmol/L decrease in serum 1,25(OH)2D.
 There is no correlation between serum 25(OH)D and 1,25(OH)2D concentrations in
children and adolescents with excess body weight.
 Serum 1,25(OH)2D concentrations decrease with increasing BMI and adiposity. Older
persons (> 50 years) have lower 1,25(OH)2D concentrations than younger persons (<
30 years).
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 Serum 25(OH)D and 1,25(OH)2D concentrations vary during the year. In obese and
overweight adults there is a late summer peak for both serum 25(OH)D and
1,25(OH)2D concentrations.
We have also estimated possible contribution of obesity- related decrease in serum 25(OH)D
concentrations on cancer risk. According to our calculations:
 At least 20 % of the total cancer risk attributable to high BMI may be explained by low
vitamin D status.
 The contribution of vitamin D status to obesity- related cancer risk is different for
different cancer types.
 A low vitamin D status may explain 40 % of obesity-related risk BCa, and 26 % and 75
% of obesity-related CRC risk in men and women, respectively.

12. FUTURE PERSPECTIVES
Over 300 clinical trials have been initiated recently to investigate the association between
vitamin D status and cancer risk and survival (277;296). However, most of them are not yet
accomplished. The results of these and other clinical trials will hopefully clarify the
relationship between serum levels of vitamin D metabolites and cancer development and
prognosis. Phase II and Phase III RCT are needed to elucidate the potential role of vitamin D
metabolites and analogues in anti-cancer treatment. We plan to continue our work in this field
and to investigate vitamin D status in the Norwegian cancer population linking it to cancer risk
and prognosis.
New guidelines for vitamin D supplementation and sun exposure are required in order
to improve vitamin D status, both on individual and population levels. The recommended
vitamin D intake and sun exposure should be reconsidered and, according to the present work,
increased significantly. We aim to continue our work in developing these recommendations.
In light of recent research, the regulations about UVB content in commercially
available tanning units should be changed. Further research is needed in order to estimate
possible impact of sun bed use on CMM risk.

- 55 -

Reference List
(1) Holick MF, Chen TC, Lu Z, Sauter E. Vitamin D and skin physiology: a D-lightful
story. J Bone Miner Res 2007 Dec;22(2):28-33.
(2) Holick MF. Vitamin D: A millenium perspective. J Cell Biochem 2003 Feb
1;88(2):296-307.
(3) Holick MF. The vitamin D epidemic and its health consequences. J Nutr 2005
Nov;135(11):2739-48.
(4) Lamberg-Allardt C. Vitamin D in foods and as supplements. Prog Biophys Mol Biol
2006 Sep;92(1):33-8.
(5) Biancuzzo RM, Young A, Bibuld D, Cai MH, Winter MR, Klein EK, et al. Fortification
of orange juice with vitamin D(2) or vitamin D(3) is as effective as an oral supplement
in maintaining vitamin D status in adults. Am J Clin Nutr 2010 Jun;91(6):1621-6.
(6) Norman AW. Sunlight, season, skin pigmentation, vitamin D, and 25-hydroxyvitamin
D: integral components of the vitamin D endocrine system. Am J Clin Nutr 1998
Jun;67(6):1108-10.
(7) Clemens TL, Adams JS, Henderson SL, Holick MF. Increased skin pigment reduces the
capacity of skin to synthesise vitamin D3. Lancet 1982 Jan 9;1(8263):74-6.
(8) Bikle D. Nonclassic actions of vitamin D. J Clin Endocrinol Metab 2009 Jan;94(1):2634.
(9) Hathcock JN, Shao A, Vieth R, Heaney R. Risk assessment for vitamin D. Am J Clin
Nutr 2007 Jan;85(1):6-18.
(10) Lehmann B, Meurer M. Vitamin D metabolism. Dermatol Ther 2010 Jan;23(1):2-12.
(11) Prosser DE, Jones G. Enzymes involved in the activation and inactivation of vitamin D.
Trends Biochem Sci 2004 Dec;29(12):664-73.
(12) Ohyama Y, Yamasaki T. Eight cytochrome P450s catalyze vitamin D metabolism.
Front Biosci 2004 Sep 1;9:3007-18.:3007-18.
(13) Wang TJ, Zhang F, Richards JB, Kestenbaum B, van Meurs JB, Berry D, et al.
Common genetic determinants of vitamin D insufficiency: a genome-wide association
study. Lancet 2010 Jul 17;376(9736):180-8.
(14) Christakos S, Ajibade DV, Dhawan P, Fechner AJ, Mady LJ. Vitamin D: metabolism.
Endocrinol Metab Clin North Am 2010 Jun;39(2):243-53.

- 56 -

(15) Zehnder D, Bland R, Williams MC, McNinch RW, Howie AJ, Stewart PM, et al.
Extrarenal expression of 25-hydroxyvitamin d(3)-1 alpha-hydroxylase. J Clin
Endocrinol Metab 2001 Feb;86(2):888-94.
(16) Hewison M, Burke F, Evans KN, Lammas DA, Sansom DM, Liu P, et al. Extra-renal
25-hydroxyvitamin D3-1alpha-hydroxylase in human health and disease. J Steroid
Biochem Mol Biol 2007 Mar;103(3-5):316-21.
(17) Feldman D, Malloy PJ, Krishnan V, Balint E. Vitamin D: biology, action, and clinical
implications. In: Marcus R, editor. Osteoporosis. 2009. p. 279-344.
(18) Speeckaert M, Huang G, Delanghe JR, Taes YE. Biological and clinical aspects of the
vitamin D binding protein (Gc-globulin) and its polymorphism. Clin Chim Acta 2006
Oct;372(1-2):33-42.
(19) Fu L, Yun F, Oczak M, Wong BY, Vieth R, Cole DE. Common genetic variants of the
vitamin D binding protein (DBP) predict differences in response of serum 25hydroxyvitamin D [25(OH)D] to vitamin D supplementation. Clin Biochem 2009
Jul;42(10-11):1174-7.
(20) Lauridsen AL, Vestergaard P, Hermann AP, Brot C, Heickendorff L, Mosekilde L, et
al. Plasma concentrations of 25-hydroxy-vitamin D and 1,25-dihydroxy-vitamin D are
related to the phenotype of Gc (vitamin D-binding protein): a cross-sectional study on
595 early postmenopausal women. Calcif Tissue Int 2005 Jul;77(1):15-22.
(21) Snellman G, Melhus H, Gedeborg R, Olofsson S, Wolk A, Pedersen NL, et al. Seasonal
genetic influence on serum 25-hydroxyvitamin D levels: a twin study. PLoS One 2009
Nov 13;4(11):e7747.
(22) Mizwicki MT, Norman AW. The vitamin D sterol-vitamin D receptor ensemble model
offers unique insights into both genomic and rapid-response signaling. Sci Signal 2009
Jun 16;2(75):4.
(23) Bouillon R, Bischoff-Ferrari H, Willett W. Vitamin D and health: perspectives from
mice and man. J Bone Miner Res 2008 Jul;23(7):974-9.
(24) Ramagopalan SV, Heger A, Berlanga AJ, Maugeri NJ, Lincoln MR, Burrell A, et al. A
ChIP-seq defined genome-wide map of vitamin D receptor binding: associations with
disease and evolution. Genome Res 2010 Oct;20(10):1352-60.
(25) Hardy J, Singleton A. Genomewide association studies and human disease. N Engl J
Med 2009 Apr 23;360(17):1759-68.
(26) Haussler MR, Haussler CA, Whitfield GK, Hsieh JC, Thompson PD, Barthel TK, et al.
The nuclear vitamin D receptor controls the expression of genes encoding factors which
feed the "Fountain of Youth" to mediate healthful aging. J Steroid Biochem Mol Biol
2010 Jul;121(1-2):88-97.

- 57 -

(27) Misra M, Pacaud D, Petryk A, Collett-Solberg PF, Kappy M. Vitamin D deficiency in
children and its management: review of current knowledge and recommendations.
Pediatrics 2008 Aug;122(2):398-417.
(28) Margolis RN, Christakos S. The nuclear receptor superfamily of steroid hormones and
vitamin D gene regulation. An update. Ann N Y Acad Sci 2010 Mar;1192(1):208-14.
(29) Bergwitz C, Juppner H. Regulation of phosphate homeostasis by PTH, vitamin D, and
FGF23. Annu Rev Med 2010;61:91-104.
(30) Weaver CM. Vitamin D, calcium homeostasis, and skeleton accretion in children. J
Bone Miner Res 2007 Dec;22(2):45-9.
(31) Zittermann A, Gutierrez OM. Nonclassical Vitamin D Actions. Nutrients 2010;2:40825.
(32) McKenzie RL, Liley JB, Bjorn LO. UV radiation: balancing risks and benefits.
Photochem Photobiol 2009 Jan;85(1):88-98.
(33) Dowdy JC, Sayre RM, Holick MF. Holick's rule and vitamin D from sunlight. J Steroid
Biochem Mol Biol 2010 Jul;121(1-2):328-30.
(34) Fitzpatrick TB. The validity and practicality of sun-reactive skin types I through VI.
Arch Dermatol 1988 Jun;124(6):869-71.
(35) The International Commission on Illumination. CIE: Erythema reference action
spectrum and standard erythema dose, S 007/E. Vienna, Austria; 1998.
(36) Dornelles S, Goldim J, Cestari T. Determination of the minimal erythema dose and
colorimetric measurements as indicators of skin sensitivity to UV-B radiation.
Photochem Photobiol 2004 Jun;79(6):540-4.
(37) Harrison GI, Young AR. Ultraviolet radiation-induced erythema in human skin.
Methods 2002 Sep;28(1):14-9.
(38) Fioletov VE, McArthur LJ, Mathews TW, Marrett L. On the relationship between
erythemal and vitamin D action spectrum weighted ultraviolet radiation. J Photochem
Photobiol B 2009 Apr 2;95(1):9-16.
(39) The International Commission on Illumination. CIE: International Standard Global
Solar UV Index, S 013. Vienna, Austria; 2003.
(40) Rhodes LE, Webb AR, Fraser HI, Kift R, Durkin MT, Allan D, et al. Recommended
summer sunlight exposure levels can produce sufficient (> or =20 ng ml(-1)) but not the
proposed optimal (> or =32 ng ml(-1)) 25(OH)D levels at UK latitudes. J Invest
Dermatol 2010 May;130(5):1411-8.

- 58 -

(41) Thieden E, Jorgensen HL, Jorgensen NR, Philipsen PA, Wulf HC. Sunbed radiation
provokes cutaneous vitamin D synthesis in humans--a randomized controlled trial.
Photochem Photobiol 2008 Nov;84(6):1487-92.
(42) Sayre RM, Dowdy JC, Shepherd JG. Variability of pre-vitamin D3 effectiveness of UV
appliances for skin tanning. J Steroid Biochem Mol Biol 2010 Jul;121(1-2):331-3.
(43) Lagunova Z, Porojnicu AC, Holick MF, Aksnes L, Iani V, Bruland OS, et al. Effect of
vitamin D supplementation and ultraviolet B exposure on serum 25-hydroxyvitamin D
concentrations in healthy volunteers. submitted 2011.
(44) Moan J, Porojnicu A, Dahlback A. Ultraviolet radiation and malignant melanoma. In:
Reichrath J, editor. Sunlight, Vitamin D and Skin Cancer. Landes Bioscience and
Springer Science+Business Media; 2008. p. 104-16.
(45) Moan J, Bruland OS, Dahlback A, Juzeniene A, Porojnicu A. Vitamin D status, solar
radiation and cancer prognosis. In: Holick MF, editor. Nutrition and Health: Vitamin
D.LLC: Springer Science+Business Media; 2010. p. 765-72.
(46) Moan J, Dahlback A, Porojnicu AC. At what time should one go out in the sun? Adv
Exp Med Biol 2008;624:86-8.
(47) Moan J, Porojnicu AC, Dahlback A, Grant WB, Juzeniene A. Where the sun does not
shine: is sunshine protective against melanoma of the vulva? J Photochem Photobiol B
2010 Nov 3;101(2):179-83.
(48) Engelsen O, Brustad M, Aksnes L, Lund E. Daily duration of vitamin D synthesis in
human skin with relation to latitude, total ozone, altitude, ground cover, aerosols and
cloud thickness. Photochem Photobiol 2005 Nov;81(6):1287-90.
(49) Webb AR, Engelsen O. Calculated ultraviolet exposure levels for a healthy vitamin D
status. Photochem Photobiol 2006 Nov;82(6):1697-703.
(50) Statens Strålevern. Solarium. http://www.nrpa.no/ 2010 [cited 2011 May 9];
(51) Wulf HC, Heydenreich J, Philipsen PA. Variables in full-body ultraviolet B treatment
of skin diseases. Photodermatol Photoimmunol Photomed 2010 Jun;26(3):165-9.
(52) Moan J, Lagunova Z, Cicarma E, Aksnes L, Dahlback A, Grant WB, et al. Sunbeds as
vitamin D sources. Photochem Photobiol 2009 Nov;85(6):1474-9.
(53) Jorde R, Bonaa KH. Calcium from dairy products, vitamin D intake, and blood
pressure: the Tromso Study. Am J Clin Nutr 2000 Jun;71(6):1530-5.
(54) Pedersen JI. Vitamin D requirement and setting recommendation levels - current
Nordic view. Nutr Rev 2008 Oct;66(10 Suppl 2):165-9.

- 59 -

(55) Doets EL, de Wit LS, Dhonukshe-Rutten RA, Cavelaars AE, Raats MM, Timotijevic L,
et al. Current micronutrient recommendations in Europe: towards understanding their
differences and similarities. Eur J Nutr 2008 Apr;47 Suppl 1:17-40.:17-40.
(56) Meyer HE, Brunvand L, Brustad M, Holvik K, Johansson L, Paulsen JE. [Tiltak for å
sikre en god vitamin D-status i befolkningen]. Oslo, Norway: Nasjonalt råd for
ernæring; 2006. Report No.: SI-1408.
(57) European Commission. Oppinion of the scientific commitee on food on the tolerable
upper intake level of vitamin D. 2002.
(58) Johansson L, Solvoll K. Norkost 1997 [Landsomfattende kostholdsundersøkelse blant
menn og kvinner i alderen 16-79 år.]. Statens råd for ernæring og fysisk aktivitet;
1999. Report No.: 2.
(59) Brustad M, Sandanger T, Aksnes L, Lund E. Vitamin D status in a rural population of
northern Norway with high fish liver consumption. Public Health Nutr 2004
Sep;7(6):783-9.
(60) Ovesen L, Andersen R, Jakobsen J. Geographical differences in vitamin D status, with
particular reference to European countries. Proc Nutr Soc 2003 Nov;62(4):813-21.
(61) Holick MF. Vitamin D deficiency. N Engl J Med 2007 Jul;19(357):266-81.
(62) Jones G. Pharmacokinetics of vitamin D toxicity. Am J Clin Nutr 2008 Aug;88(2):5826.
(63) Snellman G, Melhus H, Gedeborg R, Byberg L, Berglund L, Wernroth L, et al.
Determining vitamin D status: a comparison between commercially available assays.
PLoS One 2010 Jul 13;5(7):e11555.
(64) Holick MF. Vitamin D status: measurement, interpretation, and clinical application.
Ann Epidemiol 2009 Feb;19(2):73-8.
(65) Lensmeyer GL, Wiebe DA, Binkley N, Drezner MK. HPLC method for 25hydroxyvitamin D measurement: comparison with contemporary assays. Clin Chem
2006 Jun;52(6):1120-6.
(66) Carter GD, Carter CR, Gunter E, Jones J, Jones G, Makin HL, et al. Measurement of
Vitamin D metabolites: an international perspective on methodology and clinical
interpretation. J Steroid Biochem Mol Biol 2004 May;89-90(1-5):467-71.
(67) Cavalier E, Rozet E, Gadisseur R, Carlisi A, Monge M, Chapelle JP, et al.
Measurement uncertainty of 25-OH vitamin D determination with different
commercially available kits: impact on the clinical cut offs. Osteoporos Int 2010
Jun;21(6):1047-51.

- 60 -

(68) Carter GD. 25-Hydroxyvitamin D assays: the quest for accuracy. Clin Chem 2009
Jul;55(7):1300-2.
(69) Phinney KW. Development of a standard reference material for vitamin D in serum.
Am J Clin Nutr 2008 Aug;88(2):511-2.
(70) Tai SS, Bedner M, Phinney KW. Development of a candidate reference measurement
procedure for the determination of 25-hydroxyvitamin D3 and 25-hydroxyvitamin D2
in human serum using isotope-dilution liquid chromatography-tandem mass
spectrometry. Anal Chem 2010 Mar 1;82(5):1942-8.
(71) Wallace AM, Gibson S, de la HA, Lamberg-Allardt C, Ashwell M. Measurement of 25hydroxyvitamin D in the clinical laboratory: current procedures, performance
characteristics and limitations. Steroids 2010 Jul;75(7):477-88.
(72) Binkley N, Ramamurthy R, Krueger D. Low vitamin D status: definition, prevalence,
consequences, and correction. Endocrinol Metab Clin North Am 2010 Jun;39(2):287301.
(73) Mosekilde L. Vitamin D deficiency and its health consequences in northern Europe. In:
Holick MF, editor. Nutrition and Health: Vitamin D. Springer Scieace+Business Media,
LLC; 2010. p. 435-51.
(74) Bischoff-Ferrari HA, Dietrich T, Orav EJ, wson-Hughes B. Positive association
between 25-hydroxy vitamin D levels and bone mineral density: a population-based
study of younger and older adults. Am J Med 2004 May 1;116(9):634-9.
(75) Vieth R, Ladak Y, Walfish PG. Age-related changes in the 25-hydroxyvitamin D versus
parathyroid hormone relationship suggest a different reason why older adults require
more vitamin D. J Clin Endocrinol Metab 2003 Jan;88(1):185-91.
(76) Souberbielle JC, Body JJ, Lappe JM, Plebani M, Shoenfeld Y, Wang TJ, et al. Vitamin
D and musculoskeletal health, cardiovascular disease, autoimmunity and cancer:
Recommendations for clinical practice. Autoimmun Rev 2010 Sep;9(11):709-15.
(77) Lips P, Duong T, Oleksik A, Black D, Cummings S, Cox D, et al. A global study of
vitamin D status and parathyroid function in postmenopausal women with osteoporosis:
baseline data from the multiple outcomes of raloxifene evaluation clinical trial. J Clin
Endocrinol Metab 2001 Mar;86(3):1212-21.
(78) Hollis BW. Circulating 25-hydroxyvitamin D levels indicative of vitamin D
sufficiency: implications for establishing a new effective dietary intake
recommendation for vitamin D. J Nutr 2005 Feb;135(2):317-22.
(79) Aloia JF, Chen DG, Chen H. The 25(OH)D/PTH Threshold in Black Women. J Clin
Endocrinol Metab 2010 Nov;95(11):5069-73.

- 61 -

(80) Gutierrez OM, Farwell WR, Kermah D, Taylor EN. Racial differences in the relationship
between vitamin D, bone mineral density, and parathyroid hormone in the National
Health and Nutrition Examination Survey. Osteoporos Int 2010 Sep 17.
(81) Hill KM, McCabe GP, McCabe LD, Gordon CM, Abrams SA, Weaver CM. An
Inflection Point of Serum 25-Hydroxyvitamin D for Maximal Suppression of
Parathyroid Hormone Is Not Evident from Multi-Site Pooled Data in Children and
Adolescents. J Nutr 2010 Nov;140(11):1983-8.
(82) Zipitis CS, Akobeng AK. Vitamin D supplementation in early childhood and risk of
type 1 diabetes: a systematic review and meta-analysis. Arch Dis Child 2008
Jun;93(6):512-7.
(83) Freedman DM, Looker AC, Chang SC, Graubard BI. Prospective study of serum
vitamin D and cancer mortality in the United States. J Natl Cancer Inst 2007 Nov
7;99(21):1594-602.
(84) Giovannucci E, Liu Y, Hollis BW, Rimm EB. 25-hydroxyvitamin D and risk of
myocardial infarction in men: a prospective study. Arch Intern Med 2008 Jun
9;168(11):1174-80.
(85) Ginde AA, Mansbach JM, Camargo CA, Jr. Association between serum 25hydroxyvitamin D level and upper respiratory tract infection in the Third National
Health and Nutrition Examination Survey. Arch Intern Med 2009 Feb 23;169(4):38490.
(86) Pittas AG, Lau J, Hu FB, wson-Hughes B. The role of vitamin D and calcium in type 2
diabetes. A systematic review and meta-analysis. J Clin Endocrinol Metab 2007
Jun;92(6):2017-29.
(87) Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum 25-hydroxyvitamin
D levels and risk of multiple sclerosis. JAMA 2006;296(23):2832-8.
(88) Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, et al.
Prospective study of predictors of vitamin D status and cancer incidence and mortality
in men. J Natl Cancer Inst 2006 Apr 5;98(7):451-9.
(89) Yin L, Grandi N, Raum E, Haug U, Arndt V, Brenner H. Meta-analysis: longitudinal
studies of serum vitamin D and colorectal cancer risk. Aliment Pharmacol Ther 2009
Jul 1;30(2):113-25.
(90) Ginde AA, Scragg R, Schwartz RS, Camargo CA, Jr. Prospective study of serum 25hydroxyvitamin D level, cardiovascular disease mortality, and all-cause mortality in
older U.S. adults. J Am Geriatr Soc 2009 Sep;57(9):1595-603.
(91) Garland CF, Gorham ED, Mohr SB, Garland FC. Vitamin D for cancer prevention:
global perspective. Ann Epidemiol 2009 Jul;19(7):468-83.

- 62 -

(92) Yu W, Cline M, Maxwell LG, Berrigan D, Rodriguez G, Warri A, et al. Dietary
Vitamin D Exposure Prevents Obesity-Induced Increase in Endometrial Cancer in
Pten+/- Mice. Cancer Prev Res (Phila) 2010 Oct;3(10):1246-58.
(93) Matthews D, LaPorta E, Zinser GM, Narvaez CJ, Welsh J. Genomic vitamin D
signaling in breast cancer: Insights from animal models and human cells. J Steroid
Biochem Mol Biol 2010 Jul;121(1-2):362-7.
(94) Arnaud SB, Stickler GB, Haworth JC. Serum 25-hydroxyvitamin D in infantile rickets.
Pediatrics 1976 Feb;57(2):221-5.
(95) Wejse C, Gomes VF, Rabna P, Gustafson P, Aaby P, Lisse IM, et al. Vitamin D as
supplementary treatment for tuberculosis: a double-blind, randomized, placebocontrolled trial. Am J Respir Crit Care Med 2009 May 1;179(9):843-50.
(96) Lai JK, Lucas RM, Clements MS, Roddam AW, Banks E. Hip fracture risk in relation
to vitamin D supplementation and serum 25-hydroxyvitamin D levels: a systematic
review and meta-analysis of randomised controlled trials and observational studies.
BMC Public Health 2010 Jun 11;10:331.
(97) Autier P, Gandini S. Vitamin D supplementation and total mortality: a meta-analysis of
randomized controlled trials. Arch Intern Med 2007 Sep 10;167(16):1730-7.
(98) 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 May;91(5):1255-60.
(99) Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck AE, Staehelin HB, Orav EJ, et al.
Prevention of nonvertebral fractures with oral vitamin D and dose dependency: a metaanalysis of randomized controlled trials. Arch Intern Med 2009 Mar 23;169(6):551-61.
(100) Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, Heaney RP. Vitamin D and
calcium supplementation reduces cancer risk: results of a randomized trial. Am J Clin
Nutr 2007 Jun;85(6):1586-91.
(101) Bischoff-Ferrari HA, wson-Hughes B, Staehelin HB, Orav JE, Stuck AE, Theiler R, et
al. Fall prevention with supplemental and active forms of vitamin D: a meta-analysis of
randomised controlled trials. BMJ 2009 Oct 1;339:doi: 10.1136/bmj.b3692.
(102) Wang L, Manson JE, Song Y, Sesso HD. Systematic review: Vitamin D and calcium
supplementation in prevention of cardiovascular events. Ann Intern Med 2010 Mar
2;152(5):315-23.
(103) Jorde R, Sneve M, Figenschau Y, Svartberg J, Waterloo K. Effects of vitamin D
supplementation on symptoms of depression in overweight and obese subjects:
randomized double blind trial. J Intern Med 2008 Dec;264(6):599-609.

- 63 -

(104) Jorde R, Sneve M, Torjesen P, Figenschau Y. No improvement in cardiovascular risk
factors in overweight and obese subjects after supplementation with vitamin D3 for 1
year. J Intern Med 2010 May;267(5):462-72.
(105) Jorde R, Sneve M, Torjesen PA, Figenschau Y, Goransson LG, Omdal R. No effect of
supplementation with cholecalciferol on cytokines and markers of inflammation in
overweight and obese subjects. Cytokine 2010 May;50(2):175-80.
(106) Yusupov E, Li-Ng M, Pollack S, Yeh JK, Mikhail M, Aloia JF. Vitamin d and serum
cytokines in a randomized clinical trial. Int J Endocrinol 2010 Aug 12:305054.
(107) Cannell JJ. Vitamin D deficiency syndrome. http://www.vitamindcouncil.
org/vdds.shtml 2010 [cited 2011 May 9];
(108) Holick MF. Vitamin D: a D-Lightful health perspective. Nutr Rev 2008
Oct;66(10):182-94.
(109) Vieth R. Toxicity of vitamin D. In: Holick MF, editor. Nutrition and Health: Vitamin
D.LLC: Springer Science+Business Media; 2010. p. 603-12.
(110) Vieth R. Vitamin D toxicity, policy, and science. J Bone Miner Res 2007 Dec;22(2):648.
(111) Amir E, Simmons CE, Freedman OC, Dranitsaris G, Cole DE, Vieth R, et al. A phase 2
trial exploring the effects of high-dose (10,000 IU/day) vitamin D(3) in breast cancer
patients with bone metastases. Cancer 2010 Jan 15;116(2):284-91.
(112) Vieth R. Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and safety.
Am J Clin Nutr 1999 May;69(5):842-56.
(113) Burton JM, Kimball S, Vieth R, Bar-Or A, Dosch HM, Cheung R, et al. A phase I/II
dose-escalation trial of vitamin D3 and calcium in multiple sclerosis. Neurology 2010
Jun 8;74(23):1852-9.
(114) Hagenau T, Vest R, Gissel TN, Poulsen CS, Erlandsen M, Mosekilde L, et al. Global
vitamin D levels in relation to age, gender, skin pigmentation and latitude: an ecologic
meta-regression analysis. Osteoporos Int 2009 Jan;20(1):133-40.
(115) Mithal A, Wahl DA, Bonjour JP, Burckhardt P, wson-Hughes B, Eisman JA, et al.
Global vitamin D status and determinants of hypovitaminosis D. Osteoporos Int 2009
Nov;20(11):1807-20.
(116) Arabi A, El RR, El-Hajj FG. Hypovitaminosis D in developing countries-prevalence,
risk factors and outcomes. Nat Rev Endocrinol 2010 Oct;6(10):550-61.
(117) Norsang G, Ma L, Dahlback A, Zhuoma C, Tsoja W, Porojnicu A, et al. The vitamin D
status among Tibetans. Photochem Photobiol 2009 Jul;85(4):1028-31.

- 64 -

(118) Lips P. Worldwide status of vitamin D nutrition. J Steroid Biochem Mol Biol 2010
Jul;121(1-2):297-300.
(119) Kuchuk NO, van Schoor NM, Pluijm SM, Chines A, Lips P. Vitamin D status,
parathyroid function, bone turnover, and BMD in postmenopausal women with
osteoporosis: global perspective. J Bone Miner Res 2009 Apr;24(4):693-701.
(120) Christensen MH, Lien EA, Hustad S, Almas B. Seasonal and age-related differences in
serum 25-hydroxyvitamin D, 1,25-dihydroxyvitamin D and parathyroid hormone in
patients from Western Norway. Scand J Clin Lab Invest 2010 Jul;70(4):281-6.
(121) Meyer HE, Falch JA, Sogaard AJ, Haug E. Vitamin D deficiency and secondary
hyperparathyroidism and the association with bone mineral density in persons with
Pakistani and Norwegian background living in Oslo, Norway, The Oslo Health Study.
Bone 2004 Aug;35(2):412-7.
(122) Hutchinson MS, Grimnes G, Joakimsen RM, Figenschau Y, Jorde R. Low serum 25hydroxyvitamin D levels are associated with increased all-cause mortality risk in a
general population: the Tromso study. Eur J Endocrinol 2010 May;162(5):935-42.
(123) Holvik K, Brunvand L, Brustad M, Meyer HE. Vitamin D in the Norwegian population.
In: Bjertness E, editor. Solar Radiation and Human Health. The Norwegian Acacdemy
of Science and Letters; 2008. p. 216-28.
(124) Madar AA, Stene LC, Meyer HE. Vitamin D status among immigrant mothers from
Pakistan, Turkey and Somalia and their infants attending child health clinics in
Norway. Br J Nutr 2009 Apr;101(7):1052-8.
(125) Diffey BL. Is casual exposure to summer sunlight effective at maintaining adequate
vitamin D status? Photodermatol Photoimmunol Photomed 2010 Aug;26(4):172-6.
(126) Chandra P, Wolfenden LL, Ziegler TR, Tian J, Luo M, Stecenko AA, et al. Treatment
of vitamin D deficiency with UV light in patients with malabsorption syndromes: a case
series. Photodermatol Photoimmunol Photomed 2007 Oct;23(5):179-85.
(127) Jorde R, Sneve M, Emaus N, Figenschau Y, Grimnes G. Cross-sectional and
longitudinal relation between serum 25-hydroxyvitamin D and body mass index: the
Tromso study. Eur J Nutr 2010 Oct;49(7):401-7.
(128) Lagunova Z, Porojnicu AC, Lindberg F, Hexeberg S, Moan J. The dependency of
vitamin D status on body mass index, gender, age and season. Anticancer Res 2009
Sep;29(9):3713-20.
(129) Parisi AV, Turnbull DJ, Turner J. Comparison of biologically effective spectra for
erythema and pre-vitamin D3 synthesis. Int J Biometeorol 2009 Jan;53(1):11-5.

- 65 -

(130) Turnbull DJ, Parisi AV. Optimizing solar UV-radiation exposures for vitamin D3:
comparing global and diffuse spectral UV radiation. Radiat Res 2008 Mar;169(3):3449.
(131) Zittermann A, Schleithoff SS, Koerfer R. Putting cardiovascular disease and vitamin D
insufficiency into perspective. Br J Nutr 2005 Oct;94(4):483-92.
(132) Moan J, Dahlback A, Lagunova Z, Cicarma E, Porojnicu AC. Solar radiation, vitamin
D and cancer incidence and mortality in Norway. Anticancer Res 2009 Sep;29(9):35019.
(133) Moan J, Lagunova Z, Lindberg FA, Porojnicu AC. Seasonal variation of 1,25dihydroxyvitamin D and its association with body mass index and age. J Steroid
Biochem Mol Biol 2009 Feb;113(3-5):217-21.
(134) Edvardsen K, Engelsen O, Brustad M. Duration of vitamin D synthesis from weather
model data for use in prospective epidemiological studies. Int J Biometeorol 2009
Sep;53(5):451-9.
(135) Kimlin MG. Geographic location and vitamin D synthesis. Mol Aspects Med 2008
Dec;29(6):453-61.
(136) Terushkin V, Bender A, Psaty EL, Engelsen O, Wang SQ, Halpern AC. Estimated
equivalency of vitamin D production from natural sun exposure versus oral vitamin D
supplementation across seasons at two US latitudes. J Am Acad Dermatol 2010
Jun;62(6):929.
(137) Kull M, Jr., Kallikorm R, Tamm A, Lember M. Seasonal variance of 25-(OH) vitamin
D in the general population of Estonia, a Northern European country. BMC Public
Health 2009 Jan;19(9):22.
(138) Thieden E, Philipsen PA, Heydenreich J, Wulf HC. Vitamin D level in summer and
winter related to measured UVR exposure and behavior. Photochem Photobiol 2009
Nov;85(6):1480-4.
(139) Moan J, Porojnicu A, Lagunova Z, Berg JP, Dahlback A. Colon cancer: prognosis for
different latitudes, age groups and seasons in Norway. J Photochem Photobiol B 2007
Dec 14;89(2-3):148-55.
(140) Webb AR, Kift R, Durkin MT, O'Brien SJ, Vail A, Berry JL, et al. The role of sunlight
exposure in determining the vitamin D status of the UK white Caucasian adult
population. Br J Dermatol 2010 Nov;163(5):1050-5.
(141) Wicherts IS, Boeke AJ, van dM, I, van Schoor NM, Knol DL, Lips P. Sunlight
exposure or vitamin D supplementation for vitamin D-deficient non-western
immigrants: a randomized clinical trial. Osteoporos Int 2011 Mar;22(3):873-82.

- 66 -

(142) Burgaz A, Akesson A, Michaelsson K, Wolk A. 25-hydroxyvitamin D accumulation
during summer in elderly women at latitude 60 degrees N. J Intern Med 2009
Nov;266(5):476-83.
(143) Manicourt DH, Devogelaer JP. Urban tropospheric ozone increases the prevalence of
vitamin D deficiency among Belgian postmenopausal women with outdoor activities
during summer. J Clin Endocrinol Metab 2008 Oct;93(10):3893-9.
(144) Azizi E, Pavlotsky F, Vered I, Kudish AI. Occupational exposure to solar UVB and
seasonal monitoring of serum levels of 25-hydroxy vitamin D3: a case-control study.
Photochem Photobiol 2009 Sep;85(5):1240-4.
(145) Barger-Lux MJ, Heaney RP. Effects of above average summer sun exposure on serum
25-hydroxyvitamin D and calcium absorption. J Clin Endocrinol Metab 2002
Nov;87(11):4952-6.
(146) Osmancevic A, Nilsen LT, Landin-Wilhelmsen K, Soyland E, Abusdal TP, Hagve TA,
et al. Effect of climate therapy at Gran Canaria on vitamin D production, blood glucose
and lipids in patients with psoriasis. J Eur Acad Dermatol Venereol 2009
Oct;23(10):1133-40.
(147) Webb AR. Who, what, where and when-influences on cutaneous vitamin D synthesis.
Prog Biophys Mol Biol 2006 Sep;92(1):17-25.
(148) Diffey BL. Modelling the seasonal variation of vitamin D due to sun exposure. Br J
Dermatol 2010 Jun;162(6):1342-8.
(149) Chen TC, Chimeh F, Lu Z, Mathieu J, Person KS, Zhang A, et al. Factors that influence
the cutaneous synthesis and dietary sources of vitamin D. Arch Biochem Biophys 2007
Apr 15;460(2):213-7.
(150) Hosseinpanah F, Pour SH, Heibatollahi M, Moghbel N, Asefzade S, Azizi F. The
effects of air pollution on vitamin D status in healthy women: a cross sectional study.
BMC Public Health 2010 Aug 29;10:519.
(151) Cancer Research U. SunSmart. www.sunsmart.org.uk 2010 [cited 2011 May 9];
(152) Cancer Council A. SunSmart. http://www.cancer.org. au/cancersmartlifestyle/SunSmart
htm 2010 [cited 2011 May 9];
(153) Napiorkowska L, Budlewski T, Jakubas-Kwiatkowska W, Hamzy V, Gozdowski D,
Franek E. Prevalence of low serum vitamin D concentration in an urban population of
elderly women in Poland. Pol Arch Med Wewn 2009 Nov;119(11):699-703.
(154) Long AN, Ray MM, Nandikanti D, Bowman B, Khan A, Lamar K, et al. Prevalence of
25-hydroxyvitamin D deficiency in an urban general internal medicine academic
practice. Tenn Med 2010 Aug;103(7):51-2, 57.

- 67 -

(155) Holick MF. Environmental factors that influence the cutaneous production of vitamin
D. Am J Clin Nutr 1995 Mar;61(3):638-45.
(156) Glass D, Lens M, Swaminathan R, Spector TD, Bataille V. Pigmentation and vitamin D
metabolism in Caucasians: low vitamin D serum levels in fair skin types in the UK.
PLoS One 2009 Aug 3;4(8):e6477.
(157) Sayre RM, Dowdy JC. Darkness at noon: sunscreens and vitamin D3. Photochem
Photobiol 2007 Mar;83(2):459-63.
(158) Springbett P, Buglass S, Young AR. Photoprotection and vitamin D status. J
Photochem Photobiol B 2010 Nov 3;101(2):160-8.
(159) Matsuoka LY, Ide L, Wortsman J, MacLaughlin JA, Holick MF. Sunscreens suppress
cutaneous vitamin D3 synthesis. J Clin Endocrinol Metab 1987 Jun;64(6):1165-8.
(160) Matsuoka LY, Wortsman J, Hollis BW. Use of topical sunscreen for the evaluation of
regional synthesis of vitamin D3. J Am Acad Dermatol 1990 May;22(5 Pt 1):772-5.
(161) Holick MF, MacLaughlin JA, Clark MB, Holick SA, Potts JT, Jr., Anderson RR, et al.
Photosynthesis of previtamin D3 in human skin and the physiologic consequences.
Science 1980 Oct 10;210(4466):203-5.
(162) Norval M, Wulf HC. Does chronic sunscreen use reduce vitamin D production to
insufficient levels? Br J Dermatol 2009 Oct;161(4):732-6.
(163) Marks R, Foley PA, Jolley D, Knight KR, Harrison J, Thompson SC. The effect of
regular sunscreen use on vitamin D levels in an Australian population. Results of a
randomized controlled trial. Arch Dermatol 1995 Apr;131(4):415-21.
(164) Armas LA, Dowell S, Akhter M, Duthuluru S, Huerter C, Hollis BW, et al. UltravioletB radiation increases serum 25-hydroxyvitamin D levels: the effect of UVB dose and
skin color. J Am Acad Dermatol 2007 Oct;57(4):588-93.
(165) Harris SS. Vitamin D and African Americans. J Nutr 2006 Apr;136(4):1126-9.
(166) Cashman KD, Hill TR, Lucey AJ, Taylor N, Seamans KM, Muldowney S, et al.
Estimation of the dietary requirement for vitamin D in healthy adults. Am J Clin Nutr
2008 Dec;88(6):1535-42.
(167) Cashman KD, Wallace JM, Horigan G, Hill TR, Barnes MS, Lucey AJ, et al.
Estimation of the dietary requirement for vitamin D in free-living adults >=64 y of age.
Am J Clin Nutr 2009 May;89(5):1366-74.
(168) wson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ, Vieth R. Estimates of
optimal vitamin D status. Osteoporos Int 2005 Jul;16(7):713-6.

- 68 -

(169) Heaney RP, Davies KM, Chen TC, Holick MF, Barger-Lux MJ. Human serum 25hydroxycholecalciferol response to extended oral dosing with cholecalciferol. Am J
Clin Nutr 2003 Jan;77(1):204-10.
(170) Broe KE, Chen TC, Weinberg J, Bischoff-Ferrari HA, Holick MF, Kiel DP. A higher
dose of vitamin d reduces the risk of falls in nursing home residents: a randomized,
multiple-dose study. J Am Geriatr Soc 2007 Feb;55(2):234-9.
(171) Leidig-Bruckner G, Roth HJ, Bruckner T, Lorenz A, Raue F, Frank-Raue K. Are
commonly recommended dosages for vitamin D supplementation too low? Vitamin D
status and effects of supplementation on serum 25-hydroxyvitamin D levels-an
observational study during clinical practice conditions. Osteoporos Int 2011
Jan;22(1):231-40.
(172) Smith SM, Gardner KK, Locke J, Zwart SR. Vitamin D supplementation during
Antarctic winter. Am J Clin Nutr 2009 Apr;89(4):1092-8.
(173) Holvik K, Madar AA, Meyer HE, Lofthus CM, Stene LC. A randomised comparison of
increase in serum 25-hydroxyvitamin D concentration after 4 weeks of daily oral intake
of 10 microg cholecalciferol from multivitamin tablets or fish oil capsules in healthy
young adults. Br J Nutr 2007 Sep;98(3):620-5.
(174) Vieth R, Bischoff-Ferrari H, Boucher BJ, wson-Hughes B, Garland CF, Heaney RP, et
al. The urgent need to recommend an intake of vitamin D that is effective. Am J Clin
Nutr 2007 Mar;85(3):649-50.
(175) Henry HL, Bouillon R, Norman AW, Gallagher JC, Lips P, Heaney RP, et al. 14th
Vitamin D Workshop consensus on vitamin D nutritional guidelines. J Steroid Biochem
Mol Biol 2010 Jul;121(1-2):4-6.
(176) Zittermann A, Frisch S, Berthold HK, Gotting C, Kuhn J, Kleesiek K, et al. Vitamin D
supplementation enhances the beneficial effects of weight loss on cardiovascular
disease risk markers. Am J Clin Nutr 2009 May;89(5):1321-7.
(177) Fisher L, Byrnes E, Fisher AA. Prevalence of vitamin K and vitamin D deficiency in
patients with hepatobiliary and pancreatic disorders. Nutr Res 2009 Sep;29(9):676-83.
(178) Diamond TH, Ho KW, Rohl PG, Meerkin M. Annual intramuscular injection of a
megadose of cholecalciferol for treatment of vitamin D deficiency: efficacy and safety
data. Med J Aust 2005 Jul 4;183(1):10-2.
(179) Einarsdottir K, Preen DB, Clay TD, Kiely L, Holman CD, Cohen LD. Effect of a single
'megadose' intramuscular vitamin D (600,000 IU) injection on vitamin D concentrations
and bone mineral density following biliopancreatic diversion surgery. Obes Surg 2010
Jun;20(6):732-7.
(180) Houghton LA, Vieth R. The case against ergocalciferol (vitamin D2) as a vitamin
supplement. Am J Clin Nutr 2006 Oct;84(4):694-7.

- 69 -

(181) Armas LA, Hollis BW, Heaney RP. Vitamin D2 is much less effective than vitamin D3
in humans. J Clin Endocrinol Metab 2004 Nov;89(11):5387-91.
(182) Thacher TD, Obadofin MO, O'Brien KO, Abrams SA. The effect of vitamin D2 and
vitamin D3 on intestinal calcium absorption in Nigerian children with rickets. J Clin
Endocrinol Metab 2009 Sep;94(9):3314-21.
(183) Leventis P, Kiely PD. The tolerability and biochemical effects of high-dose bolus
vitamin D2 and D3 supplementation in patients with vitamin D insufficiency. Scand J
Rheumatol 2009 Mar;38(2):149-53.
(184) Trang HM, Cole DE, Rubin LA, Pierratos A, Siu S, Vieth R. Evidence that vitamin D3
increases serum 25-hydroxyvitamin D more efficiently than does vitamin D2. Am J
Clin Nutr 1998 Oct;68(4):854-8.
(185) Mastaglia SR, Mautalen CA, Parisi MS, Oliveri B. Vitamin D2 dose required to rapidly
increase 25OHD levels in osteoporotic women. Eur J Clin Nutr 2006 May;60(5):681-7.
(186) Reas DL, Nygard JF, Svensson E, Sorensen T, Sandanger I. Changes in body mass
index by age, gender, and socio-economic status among a cohort of Norwegian men
and women (1990-2001). BMC Public Health 2007 Sep 30;7:269.
(187) Meyer HE, Tverdal A. Development of body weight in the Norwegian population.
Prostaglandins Leukot Essent Fatty Acids 2005 Jul;73(1):3-7.
(188) Hjartaker A, Langseth H, Weiderpass E. Obesity and diabetes epidemics: cancer
repercussions. Adv Exp Med Biol 2008;630:72-93.:72-93.
(189) Rodriguez-Rodriguez E, Navia B, Lopez-Sobaler AM, Ortega RM. Vitamin D in
overweight/obese women and its relationship with dietetic and anthropometric
variables. Obesity (Silver Spring) 2009 Apr;17(4):778-82.
(190) Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. Decreased bioavailability of
vitamin D in obesity. Am J Clin Nutr 2000 Sep;72(3):690-3.
(191) Snijder MB, van Dam RM, Visser M, Deeg DJ, Dekker JM, Bouter LM, et al.
Adiposity in relation to vitamin D status and parathyroid hormone levels: a populationbased study in older men and women. J Clin Endocrinol Metab 2005 Jul;90(7):4119-23.
(192) Lagunova Z, Porojnicu AC, Grant WB, Bruland O, Moan JE. Obesity and increased
risk of cancer: does decrease of serum 25-hydroxyvitamin D level with increasing body
mass index explain some of the association? Mol Nutr Food Res 2010 Aug;54(8):112733.
(193) Herranz AS, Garcia Martinez MC, Alvarez DF, V. [Vitamin D deficiency in morbidly
obese patients. A case-control study]. Endocrinol Nutr 2010 Jun;57(6):256-61.

- 70 -

(194) Holvik K, Meyer HE, Sogaard AJ, Haug E, Falch JA. Pakistanis living in Oslo have
lower serum 1,25-dihydroxyvitamin D levels but higher serum ionized calcium levels
compared with ethnic Norwegians. The Oslo Health Study. BMC Endocr Disord 2007
Oct 18;7:9.:9.
(195) Lagunova Z, Porojnicu AC, Vieth R, Lindberg FA, Hexeberg S, Moan J. Serum 25hydroxyvitamin D is a predictor of serum 1,25-dihydroxyvitamin D in overweight and
obese patients. J Nutr 2011 Jan;141(1):112-7.
(196) Ernst B, Thurnheer M, Schmid SM, Wilms B, Schultes B. Seasonal variation in the
deficiency of 25-hydroxyvitamin D(3) in mildly to extremely obese subjects. Obes Surg
2009 Feb;19(2):180-3.
(197) Bell NH, Epstein S, Greene A, Shary J, Oexmann MJ, Shaw S. Evidence for alteration
of the vitamin D-endocrine system in obese subjects. J Clin Invest 1985 Jul;76(1):3703.
(198) Liel Y, Ulmer E, Shary J, Hollis BW, Bell NH. Low circulating vitamin D in obesity.
Calcif Tissue Int 1988 Oct;43(4):199-201.
(199) 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 J 2008;7:4.
(200) Parikh SJ, Edelman M, Uwaifo GI, Freedman RJ, Semega-Janneh M, Reynolds J, et al.
The relationship between obesity and serum 1,25-dihydroxy vitamin D concentrations
in healthy adults. J Clin Endocrinol Metab 2004 Mar;89(3):1196-9.
(201) Aasheim ET, Hofso D, Hjelmesaeth J, Birkeland KI, Bohmer T. Vitamin status in
morbidly obese patients: a cross-sectional study. Am J Clin Nutr 2008 Feb;87(2):362-9.
(202) Goldner WS, Stoner JA, Thompson J, Taylor K, Larson L, Erickson J, et al. Prevalence
of vitamin D insufficiency and deficiency in morbidly obese patients: a comparison
with non-obese controls. Obes Surg 2008 Feb;18(2):145-50.
(203) Carlin AM, Rao DS, Meslemani AM, Genaw JA, Parikh NJ, Levy S, et al. Prevalence
of vitamin D depletion among morbidly obese patients seeking gastric bypass surgery.
Surg Obes Relat Dis 2006 Mar;2(2):98-103.
(204) Fish E, Beverstein G, Olson D, Reinhardt S, Garren M, Gould J. Vitamin D Status of
Morbidly Obese Bariatric Surgery Patients. J Surg Res 2010 Dec;164(2):198-202.
(205) Zamboni G, Soffiati M, Giavarina D, Tato L. Mineral metabolism in obese children.
Acta Paediatr Scand 1988 Sep;77(5):741-6.
(206) Hey H, Stokholm KH, Lund B, Lund B, Sorensen OH. Vitamin D deficiency in obese
patients and changes in circulating vitamin D metabolites following jejunoileal bypass.
Int J Obes 1982;6(5):473-9.

- 71 -

(207) Rejnmark L, Vestergaard P, Heickendorff L, Mosekilde L. Plasma 1,25(OH)2D levels
decrease in postmenopausal women with hypovitaminosis D. Eur J Endocrinol 2008
Apr;158(4):571-6.
(208) Heaney RP, Horst RL, Cullen DM, Armas LA. Vitamin D3 distribution and status in
the body. J Am Coll Nutr 2009 Jun;28(3):252-6.
(209) Florez H, Martinez R, Chacra W, Strickman-Stein N, Levis S. Outdoor exercise reduces
the risk of hypovitaminosis D in the obese. J Steroid Biochem Mol Biol 2007
Mar;103(3-5):679-81.
(210) Kamycheva E, Joakimsen RM, Jorde R. Intakes of calcium and vitamin d predict body
mass index in the population of Northern Norway. J Nutr 2003 Jan;133(1):102-6.
(211) Blum M, Dolnikowski G, Seyoum E, Harris SS, Booth SL, Peterson J, et al. Vitamin
D(3) in fat tissue. Endocrine 2008 Feb;33(1):90-4.
(212) Lee P, Greenfield JR, Seibel MJ, Eisman JA, Center JR. Adequacy of vitamin D
replacement in severe deficiency is dependent on body mass index. Am J Med 2009
Nov;122(11):1056-60.
(213) Blum M, Dallal GE, wson-Hughes B. Body size and serum 25 hydroxy vitamin D
response to oral supplements in healthy older adults. J Am Coll Nutr 2008
Apr;27(2):274-9.
(214) Li J, Byrne ME, Chang E, Jiang Y, Donkin SS, Buhman KK, et al. 1alpha,25Dihydroxyvitamin D hydroxylase in adipocytes. J Steroid Biochem Mol Biol 2008
Nov;112(1-3):122-6.
(215) Zemel MB, Sun X. Vitamin D modulation of adipocyte function. In: Holick MF, editor.
Nutrition and Health: Vitamin D.LLC: Springer Science+Business Media; 2010. p.
345-57.
(216) Sergeev IN. 1,25-Dihydroxyvitamin D3 induces Ca2+-mediated apoptosis in
adipocytes via activation of calpain and caspase-12. Biochem Biophys Res Commun
2009 Jun;19;384(1):18-21.
(217) Tai K, Need AG, Horowitz M, Chapman IM. Vitamin D, glucose, insulin, and insulin
sensitivity. Nutrition 2008 Mar;24(3):279-85.
(218) Alvarez JA, Ashraf A. Role of vitamin d in insulin secretion and insulin sensitivity for
glucose homeostasis. Int J Endocrinol 2010;2010:351-85.
(219) Stefikova K, Spustova V, Krivosikova Z, Oksa A, Gazdikova K, Fedelesova V, et al.
Insulin resistance and vitamin D deficiency in patients with chronic kidney disease
stage 2-3. Physiol Res 2011 Apr 4;60(1):149-55.

- 72 -

(220) Gannage-Yared MH, Chedid R, Khalife S, Azzi E, Zoghbi F, Halaby G. Vitamin D in
relation to metabolic risk factors, insulin sensitivity and adiponectin in a young MiddleEastern population. Eur J Endocrinol 2009 Jun;160(6):965-71.
(221) Muscogiuri G, Sorice GP, Prioletta A, Policola C, Della CS, Pontecorvi A, et al. 25Hydroxyvitamin D concentration correlates with insulin-sensitivity and BMI in obesity.
Obesity (Silver Spring) 2010 Oct;18(10):1906-10.
(222) Kayaniyil S, Vieth R, Retnakaran R, Knight JA, Qi Y, Gerstein HC, et al. Association
of vitamin D with insulin resistance and beta-cell dysfunction in subjects at risk for
type 2 diabetes. Diabetes Care 2010 Jun;33(6):1379-81.
(223) Liu E, Meigs JB, Pittas AG, McKeown NM, Economos CD, Booth SL, et al. Plasma
25-hydroxyvitamin d is associated with markers of the insulin resistant phenotype in
nondiabetic adults. J Nutr 2009 Feb;139(2):329-34.
(224) Shahar DR, Schwarzfuchs D, Fraser D, Vardi H, Thiery J, Fiedler GM, et al. Dairy
calcium intake, serum vitamin D, and successful weight loss. Am J Clin Nutr 2010
Nov;92(5):1017-22.
(225) Foss YJ. Vitamin D deficiency is the cause of common obesity. Med Hypotheses 2009
Mar;72(3):314-21.
(226) Tzotzas T, Papadopoulou FG, Tziomalos K, Karras S, Gastaris K, Perros P, et al.
Rising serum 25-hydroxy-vitamin D levels after weight loss in obese women correlate
with improvement in insulin resistance. J Clin Endocrinol Metab 2010 Sep;95(9):42517.
(227) Ahn J, Yu K, Stolzenberg-Solomon R, Simon KC, McCullough ML, Gallicchio L, et al.
Genome-wide association study of circulating vitamin D levels. Hum Mol Genet 2010
Jul 1;19(13):2739-45.
(228) Pearce SH, Cheetham TD. Diagnosis and management of vitamin D deficiency. BMJ
2010 Jan 11;340: doi: 10.1136/bmj.b5664.
(229) Krishnan AV, Feldman D. Mechanisms of the Anti-Cancer and Anti-Inflammatory
Actions of Vitamin D. Annu Rev Pharmacol Toxicol 2011 Feb 10;51:311-36.
(230) Fleet JC. Molecular actions of vitamin D contributing to cancer prevention. Mol
Aspects Med 2008 Dec;29(6):388-96.
(231) Bikle D. Extrarenal synthesis of 1,25-dihydroxyvitamin D and its health implications.
In: Holick MF, editor. Nutrition and Health: vitamin D.LLC: Springer
Science+Business Media; 2010. p. 277-95.
(232) Blomberg JM, Andersen CB, Nielsen JE, Bagi P, Jorgensen A, Juul A, et al. Expression
of the vitamin D receptor, 25-hydroxylases, 1alpha-hydroxylase and 24-hydroxylase in

- 73 -

the human kidney and renal clear cell cancer. J Steroid Biochem Mol Biol 2010
Jul;121(1-2):376-82.
(233) Lopes N, Sousa B, Martins D, Gomes M, Vieira D, Veronese LA, et al. Alterations in
Vitamin D signalling and metabolic pathways in breast cancer progression: a study of
VDR, CYP27B1 and CYP24A1 expression in benign and malignant breast lesions
Vitamin D pathways unbalanced in breast lesions. BMC Cancer 2010 Sep 11;10:483.
(234) Kure S, Nosho K, Baba Y, Irahara N, Shima K, Ng K, et al. Vitamin D receptor
expression is associated with PIK3CA and KRAS mutations in colorectal cancer.
Cancer Epidemiol Biomarkers Prev 2009 Oct;18(10):2765-72.
(235) Myrthue A, Rademacher BL, Pittsenbarger J, Kutyba-Brooks B, Gantner M, Qian DZ,
et al. The iroquois homeobox gene 5 is regulated by 1,25-dihydroxyvitamin D3 in
human prostate cancer and regulates apoptosis and the cell cycle in LNCaP prostate
cancer cells. Clin Cancer Res 2008 Jun 1;14(11):3562-70.
(236) Washington MN, Weigel NL. 1{alpha},25-Dihydroxyvitamin D3 inhibits growth of
VCaP prostate cancer cells despite inducing the growth-promoting TMPRSS2:ERG
gene fusion. Endocrinology 2010 Apr;151(4):1409-17.
(237) Rohan JN, Weigel NL. 1Alpha,25-dihydroxyvitamin D3 reduces c-Myc expression,
inhibiting proliferation and causing G1 accumulation in C4-2 prostate cancer cells.
Endocrinology 2009 May;150(5):2046-54.
(238) Narvaez CJ, Welsh J. Role of mitochondria and caspases in vitamin D-mediated
apoptosis of MCF-7 breast cancer cells. J Biol Chem 2001 Mar 23;276(12):9101-7.
(239) Byrne B, Welsh J. Identification of novel mediators of Vitamin D signaling and
1,25(OH)2D3 resistance in mammary cells. J Steroid Biochem Mol Biol 2007
Mar;103(3-5):703-7.
(240) Fedirko V, Bostick RM, Flanders WD, Long Q, Sidelnikov E, Shaukat A, et al. Effects
of vitamin d and calcium on proliferation and differentiation in normal colon mucosa: a
randomized clinical trial. Cancer Epidemiol Biomarkers Prev 2009 Nov;18(11):293341.
(241) Kim YS, Milner JA. Dietary modulation of colon cancer risk. J Nutr 2007
Nov;137(11):2576-9.
(242) Krishnan AV, Swami S, Feldman D. Vitamin D and breast cancer: inhibition of
estrogen synthesis and signaling. J Steroid Biochem Mol Biol 2010 Jul;121(1-2):343-8.
(243) Weigel NL. Interactions between vitamin D and androgen receptor signaling in prostate
cancer cells. Nutr Rev 2007 Aug;65(8 Pt 2):S116-S117.

- 74 -

(244) Mantell DJ, Owens PE, Bundred NJ, Mawer EB, Canfield AE. 1 alpha,25dihydroxyvitamin D(3) inhibits angiogenesis in vitro and in vivo. Circ Res 2000 Aug
4;87(3):214-20.
(245) Sakamoto S, Ryan AJ, Kyprianou N. Targeting vasculature in urologic tumors:
mechanistic and therapeutic significance. J Cell Biochem 2008 Feb 15;103(3):691-708.
(246) Chung I, Han G, Seshadri M, Gillard BM, Yu WD, Foster BA, et al. Role of vitamin D
receptor in the antiproliferative effects of calcitriol in tumor-derived endothelial cells
and tumor angiogenesis in vivo. Cancer Res 2009 Feb 1;69(3):967-75.
(247) Boscoe FP, Schymura MJ. Solar ultraviolet-B exposure and cancer incidence and
mortality in the United States, 1993-2002. BMC Cancer 2006 Nov 10;6:264.
(248) Grant WB, Garland CF. The association of solar ultraviolet B (UVB) with reducing risk
of cancer: multifactorial ecologic analysis of geographic variation in age-adjusted
cancer mortality rates. Anticancer Res 2006 Jul;26(4A):2687-99.
(249) Grant WB. An estimate of premature cancer mortality in the U.S. due to inadequate
doses of solar ultraviolet-B radiation. Cancer 2002 Mar 15;94(6):1867-75.
(250) Lagunova Z, Porojnicu AC, Dahlback A, Berg JP, Beer TM, Moan J. Prostate cancer
survival is dependent on season of diagnosis. Prostate 2007 Sep 1;67(12):1362-70.
(251) Porojnicu AC, Dahlback A, Moan J. Sun exposure and cancer survival in Norway:
changes in the risk of death with season of diagnosis and latitude. Adv Exp Med Biol
2008;624:43-54.
(252) Porojnicu A, Robsahm TE, Berg JP, Moan J. Season of diagnosis is a predictor of
cancer survival. Sun-induced vitamin D may be involved: a possible role of suninduced Vitamin D. J Steroid Biochem Mol Biol 2007 Mar;103(3-5):675-8.
(253) Porojnicu AC, Robsahm TE, Dahlback A, Berg JP, Christiani D, Bruland OS, et al.
Seasonal and geographical variations in lung cancer prognosis in Norway. Does
Vitamin D from the sun play a role? Lung Cancer 2007 Mar;55(3):263-70.
(254) Porojnicu AC, Lagunova Z, Robsahm TE, Berg JP, Dahlback A, Moan J. Changes in
risk of death from breast cancer with season and latitude: sun exposure and breast
cancer survival in Norway. Breast Cancer Res Treat 2007 May;102(3):323-8.
(255) Porojnicu AC, Robsahm TE, Ree AH, Moan J. Season of diagnosis is a prognostic
factor in Hodgkin's lymphoma: a possible role of sun-induced vitamin D. Br J Cancer
2005 Sep 5;93(5):571-4.
(256) Robsahm TE, Tretli S, Dahlback A, Moan J. Vitamin D3 from sunlight may improve
the prognosis of breast-, colon- and prostate cancer (Norway). Cancer Causes Control
2004 Mar;15(2):149-58.

- 75 -

(257) Gandini S, Boniol M, Haukka J, Byrnes G, Cox B, Sneyd MJ, et al. Meta-analysis of
observational studies of serum 25-hydroxyvitamin D levels and colorectal, breast and
prostate cancer and colorectal adenoma. Int J Cancer 2011 Mar 15;128(6):1414-24.
(258) Ng K, Meyerhardt JA, Wu K, Feskanich D, Hollis BW, Giovannucci EL, et al.
Circulating 25-hydroxyvitamin d levels and survival in patients with colorectal cancer.
J Clin Oncol 2008 Jun;26(18):2984-91.
(259) Freedman DM, Looker AC, Abnet CC, Linet MS, Graubard BI. Serum Vitamin D and
Cancer Mortality in the NHANES III Study (1988-2006). Cancer Res 2010 Nov
1;70(21):8587-97.
(260) Yin L, Grandi N, Raum E, Haug U, Arndt V, Brenner H. Meta-analysis: serum vitamin
D and breast cancer risk. Eur J Cancer 2010 Aug;46(12):2196-205.
(261) Yin L, Raum E, Haug U, Arndt V, Brenner H. Meta-analysis of longitudinal studies:
Serum vitamin D and prostate cancer risk. Cancer Epidemiol 2009 Dec;33(6):435-45.
(262) Tuohimaa P, Tenkanen L, Ahonen M, Lumme S, Jellum E, Hallmans G, et al. Both
high and low levels of blood vitamin D are associated with a higher prostate cancer
risk: a longitudinal, nested case-control study in the Nordic countries. Int J Cancer 2004
Jan 1;108(1):104-8.
(263) Yin M, Wei S, Wei Q. Vitamin D Receptor Genetic Polymorphisms and Prostate
Cancer Risk: A Meta-analysis of 36 Published Studies. Int J Clin Exp Med 2009 Jun
15;2(2):159-75.
(264) Tretli S, Hernes E, Berg JP, Hestvik UE, Robsahm TE. Association between serum
25(OH)D and death from prostate cancer. Br J Cancer 2009 Feb 10;100(3):450-4.
(265) Ding EL, Mehta S, Fawzi WW, Giovannucci EL. Interaction of estrogen therapy with
calcium and vitamin D supplementation on colorectal cancer risk: reanalysis of
Women's Health Initiative randomized trial. Int J Cancer 2008 Apr 15;122(8):1690-4.
(266) Jackson RD, LaCroix AZ, Gass M, Wallace RB, Robbins J, Lewis CE, et al. Calcium
plus vitamin D supplementation and the risk of fractures. N Engl J Med 2006 Feb
16;354(7):669-83.
(267) Wactawski-Wende J, Kotchen JM, Anderson GL, Assaf AR, Brunner RL, O'Sullivan
MJ, et al. Calcium plus vitamin D supplementation and the risk of colorectal cancer. N
Engl J Med 2006 Feb 16;354(7):684-96.
(268) Ma Y, Trump DL, Johnson CS. Vitamin D in combination cancer treatment. J Cancer
2010 Jul 15;1:101-7.
(269) Woo TC, Choo R, Jamieson M, Chander S, Vieth R. Pilot study: potential role of
vitamin D (Cholecalciferol) in patients with PSA relapse after definitive therapy. Nutr
Cancer 2005;51(1):32-6.

- 76 -

(270) Beer TM, Lemmon D, Lowe BA, Henner WD. High-dose weekly oral calcitriol in
patients with a rising PSA after prostatectomy or radiation for prostate carcinoma.
Cancer 2003 Mar 1;97(5):1217-24.
(271) Trump DL, Potter DM, Muindi J, Brufsky A, Johnson CS. Phase II trial of high-dose,
intermittent calcitriol (1,25 dihydroxyvitamin D3) and dexamethasone in androgenindependent prostate cancer. Cancer 2006 May 15;106(10):2136-42.
(272) Trump DL, Hershberger PA, Bernardi RJ, Ahmed S, Muindi J, Fakih M, et al. Antitumor activity of calcitriol: pre-clinical and clinical studies. J Steroid Biochem Mol
Biol 2004 May;89-90(1-5):519-26.
(273) Flaig TW, Barqawi A, Miller G, Kane M, Zeng C, Crawford ED, et al. A phase II trial
of dexamethasone, vitamin D, and carboplatin in patients with hormone-refractory
prostate cancer. Cancer 2006 Jul 15;107(2):266-74.
(274) Beer TM. ASCENT: the androgen-independent prostate cancer study of calcitriol
enhancing taxotere. BJU Int 2005 Sep;96(4):508-13.
(275) Beer TM, Ryan CW, Venner PM, Petrylak DP, Chatta GS, Ruether JD, et al.
Intermittent chemotherapy in patients with metastatic androgen-independent prostate
cancer: results from ASCENT, a double-blinded, randomized comparison of high-dose
calcitriol plus docetaxel with placebo plus docetaxel. Cancer 2008 Jan 15;112(2):32630.
(276) Krishnan AV, Trump DL, Johnson CS, Feldman D. The role of vitamin D in cancer
prevention and treatment. Endocrinol Metab Clin North Am 2010 Jun;39(2):401-18,
table.
(277) The U.S.National Institute of Health. http://clinicaltrial.gov/
ct2/results?term=Vitamin+D+intervention+cancer+ 2010 [cited 2011 May 9];
(278) The International Commission on Illumination. CIE: Action spectrum for the
production of previtamin D3 in human skin. Technical Report; 2006. Report No.: 174.
(279) Peters BS, dos Santos LC, Fisberg M, Wood RJ, Martini LA. Prevalence of vitamin D
insufficiency in Brazilian adolescents. Ann Nutr Metab 2009;54(1):15-21.
(280) Nilsen LT, Soyland E, Krogstad AL. Estimated ultraviolet doses to psoriasis patients
during climate therapy. Photodermatol Photoimmunol Photomed 2009 Aug;25(4):2028.
(281) Vahavihu K, Ylianttila L, Salmelin R, Lamberg-Allardt C, Viljakainen H, Tuohimaa P,
et al. Heliotherapy improves vitamin D balance and atopic dermatitis. Br J Dermatol
2008 Jun;158(6):1323-8.

- 77 -

(282) Nilsen LT, Hannevik M, Aalerud TN, Johnsen B, Friberg EG, Veierod MB. Trends in
UV irradiance of tanning devices in Norway: 1983-2005. Photochem Photobiol 2008
Sep;84(5):1100-8.
(283) Porojnicu AC, Bruland OS, Aksnes L, Grant WB, Moan J. Sun beds and cod liver oil as
vitamin D sources. J Photochem Photobiol B 2008 May 29;91(2-3):125-31.
(284) Carbone LD, Rosenberg EW, Tolley EA, Holick MF, Hughes TA, Watsky MA, et al.
25-Hydroxyvitamin D, cholesterol, and ultraviolet irradiation. Metabolism 2008
Jun;57(6):741-8.
(285) Bogh MK, Schmedes AV, Philipsen PA, Thieden E, Wulf HC. Vitamin D production
after UVB exposure depends on baseline vitamin D and total cholesterol but not on skin
pigmentation. J Invest Dermatol 2010 Feb;130(2):546-53.
(286) Osmancevic A, Landin-Wilhelmsen K, Larko O, Mellstrom D, Wennberg AM, Hulthen
L, et al. UVB therapy increases 25(OH) vitamin D syntheses in postmenopausal women
with psoriasis. Photodermatol Photoimmunol Photomed 2007 Oct;23(5):172-8.
(287) Vahavihu K, Ylianttila L, Kautiainen H, Viljakainen H, Lamberg-Allardt C, Hasan T,
et al. Narrowband ultraviolet B course improves vitamin D balance in women in winter.
Br J Dermatol 2010 Apr;162(4):848-53.
(288) Osmancevic A, Landin-Wilhelmsen K, Larko O, Wennberg AM, Krogstad AL.
Vitamin D production in psoriasis patients increases less with narrowband than with
broadband ultraviolet B phototherapy. Photodermatol Photoimmunol Photomed 2009
Jun;25(3):119-23.
(289) Czarnecki D. Narrowband ultraviolet B therapy is an effective means of raising serum
vitamin D levels. Clin Exp Dermatol 2008 Mar;33(2):202.
(290) Osmancevic A, Landin-Wilhelmsen K, Larko O, Krogstad AL. Vitamin D status in
psoriasis patients during different treatments with phototherapy. J Photochem Photobiol
B 2010 Nov 3;101(2):117-23.
(291) Ryan C, Moran B, McKenna MJ, Murray BF, Brady J, Collins P, et al. The effect of
narrowband UV-B treatment for psoriasis on vitamin D status during wintertime in
Ireland. Arch Dermatol 2010 Aug;146(8):836-42.
(292) Cicarma E, Mork C, Porojnicu AC, Juzeniene A, Tam TT, Dahlback A, et al. Influence
of narrowband UVB phototherapy on vitamin D and folate status. Exp Dermatol 2010
Aug;19(8):67-72.
(293) Vahavihu K, la-Houhala M, Peric M, Karisola P, Kautiainen H, Hasan T, et al.
Narrowband ultraviolet B treatment improves vitamin D balance and alters
antimicrobial peptide expression in skin lesions of psoriasis and atopic dermatitis. Br J
Dermatol 2010 Aug;163(2):321-8.

- 78 -

(294) Veierod MB, Adami HO, Lund E, Armstrong BK, Weiderpass E. Sun and solarium
exposure and melanoma risk: effects of age, pigmentary characteristics, and nevi.
Cancer Epidemiol Biomarkers Prev 2010 Jan;19(1):111-20.
(295) Lazovich D, Vogel RI, Berwick M, Weinstock MA, Anderson KE, Warshaw EM.
Indoor tanning and risk of melanoma: a case-control study in a highly exposed
population. Cancer Epidemiol Biomarkers Prev 2010 Jun;19(6):1557-68.
(296) The association of use of sunbeds with cutaneous malignant melanoma and other skin
cancers: A systematic review. Int J Cancer 2007 Mar 1;120(5):1116-22.
(297) Bliss JM, Ford D, Swerdlow AJ, Armstrong BK, Cristofolini M, Elwood JM, et al. Risk
of cutaneous melanoma associated with pigmentation characteristics and freckling:
systematic overview of 10 case-control studies. The International Melanoma Analysis
Group (IMAGE). Int J Cancer 1995 Aug 9;62(4):367-76.
(298) Grant WB, Pope SJ, Moan JE. Indoor tanning and risk of melanoma: a case-control
study in a highly exposed population - letter. Cancer Epidemiol Biomarkers Prev 2010
Oct;19(10):2685-6.
(299) Setlow RB, Grist E, Thompson K, Woodhead AD. Wavelengths effective in induction
of malignant melanoma. Proc Natl Acad Sci U S A 1993 Jul 15;90(14):6666-70.
(300) Ley RD. Dose response for ultraviolet radiation A-induced focal melanocytic
hyperplasia and nonmelanoma skin tumors in Monodelphis domestica. Photochem
Photobiol 2001 Jan;73(1):20-3.
(301) De Fabo EC, Noonan FP, Fears T, Merlino G. Ultraviolet B but not ultraviolet A
radiation initiates melanoma. Cancer Res 2004 Sep 15;64(18):6372-6.
(302) Mitchell D, Paniker L, Sanchez G, Trono D, Nairn R. The etiology of sunlight-induced
melanoma in Xiphophorus hybrid fish. Mol Carcinog 2007 Aug;46(8):679-84.
(303) Grant WB. Critique of the International Agency for Research on Cancer meta-analysis
of the association of sunbed use with risk of cutaneous malignant melanoma. Dermatol
Ther 2009;1(6):294-300.
(304) Armbrecht HJ, Boltz MA, Ritter CS, Brown AJ. Parathyroid hormone stimulation of
the renal 25-hydroxyvitamin D-1alpha-hydroxylase--effect of age and free radicals. J
Steroid Biochem Mol Biol 2007 Mar;103(3-5):330-3.
(305) Huh SY, Gordon CM. Vitamin D deficiency in children and adolescents: epidemiology,
impact and treatment. Rev Endocr Metab Disord 2008 Jun;9(2):161-70.
(306) Lenders CM, Feldman HA, Von SE, Merewood A, Sweeney C, Wilson DM, et al.
Relation of body fat indexes to vitamin D status and deficiency among obese
adolescents. Am J Clin Nutr 2009 Sep;90(3):459-67.

- 79 -

(307) Reinehr T, de SG, Alexy U, Kersting M, Andler W. Vitamin D status and parathyroid
hormone in obese children before and after weight loss. Eur J Endocrinol 2007
Aug;157(2):225-32.
(308) Zittermann A, Schleithoff SS, Frisch S, Gotting C, Kuhn J, Koertke H, et al. Circulating
calcitriol concentrations and total mortality. Clin Chem 2009 Jun;55(6):1163-70.
(309) Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and
incidence of cancer: a systematic review and meta-analysis of prospective observational
studies. Lancet 2008 Feb 16;371(9612):569-78.
(310) Renehan AG, Soerjomataram I, Tyson M, Egger M, Zwahlen M, Coebergh JW, et al.
Incident cancer burden attributable to excess body mass index in 30 European
countries. Int J Cancer 2010 Feb 1;126(3):692-702.
(311) Tuohimaa P, Tenkanen L, Syvala H, Lumme S, Hakulinen T, Dillner J, et al.
Interaction of factors related to the metabolic syndrome and vitamin D on risk of
prostate cancer. Cancer Epidemiol Biomarkers Prev 2007 Feb;16(2):302-7.
(312) Gorham ED, Garland CF, Garland FC, Grant WB, Mohr SB, Lipkin M, et al. Optimal
vitamin D status for colorectal cancer prevention: a quantitative meta analysis. Am J
Prev Med 2007 Mar;32(3):210-6.
(313) Garland CF, Gorham ED, Mohr SB, Grant WB, Giovannucci EL, Lipkin M, et al.
Vitamin D and prevention of breast cancer: pooled analysis. J Steroid Biochem Mol
Biol 2007 Mar;103(3-5):708-11.
(314) Tsvetkova EV, Chapman JM, Baetz TD, Burnell MJ, Gelmon KA, Pu N, et al.
Characterization of 25-OH vitamin D (Vit D) and factors associated with obesity in
patients with high-risk breast cancer (BC): NCIC CTG MA.21. Journal of Clinical
Oncology 2010;28(15):1578.
(315) Maetani M, Maskarinec G, Franke AA, Cooney RV. Association of leptin, 25hydroxyvitamin D, and parathyroid hormone in women. Nutr Cancer 2009;61(2):22531.
(316) Forouhi NG, Luan J, Cooper A, Boucher BJ, Wareham NJ. Baseline serum 25-hydroxy
vitamin d is predictive of future glycemic status and insulin resistance: the Medical
Research Council Ely Prospective Study 1990-2000. Diabetes 2008 Oct;57(10):261925.
(317) Kotsa K, Yavropoulou MP, Anastasiou O, Yovos JG. Role of vitamin D treatment in
glucose metabolism in polycystic ovary syndrome. Fertil Steril 2009 Sep;92(3):1053-8.
(318) Percik R, Stumvoll M. Obesity and cancer. Exp Clin Endocrinol Diabetes 2009
Nov;117(10):563-6.

- 80 -

(319) Tomaschitz A, Pilz S, Ritz E, Grammer T, Drechsler C, Boehm BO, et al. Independent
association between 1,25-dihydroxyvitamin D, 25-hydroxyvitamin D and the reninangiotensin system: The Ludwigshafen Risk and Cardiovascular Health (LURIC)
study. Clin Chim Acta 2010 Sep 6;411(17-18):1354-60.
(320) Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst U, Wellnitz B, et al. Independent
association of low serum 25-hydroxyvitamin d and 1,25-dihydroxyvitamin d levels with
all-cause and cardiovascular mortality. Arch Intern Med 2008 Jun 23;168(12):1340-9.
(321) Pilz S, Dobnig H, Fischer JE, Wellnitz B, Seelhorst U, Boehm BO, et al. Low vitamin d
levels predict stroke in patients referred to coronary angiography. Stroke 2008
Sep;39(9):2611-3.
(322) Drake MT, Maurer MJ, Link BK, Habermann TM, Ansell SM, Micallef IN, et al.
Vitamin D insufficiency and prognosis in non-Hodgkin's lymphoma. J Clin Oncol 2010
Sep;28(27):4191-8.

- 81 -

LIST OF CORRECTIONS
1. Abbreviations (25-Hydroxymin D, DBP, SED – Standard Erythema Dose) have been
corrected.
2. Table 6 appears now in the text as Table 5.
3. Table 7 appears now in the text as Table 6.
4. Table 5 appears now in the text as Table 7.
5. FUTURE PERSPECTIVES chapter is added in the thesis.
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Abstract
Solar UV radiation and food are the two naturally available and major sources of vitamin
D for humans. At northern latitudes sun exposure provides enough vitamin D only during
the summer. During the winter vitamin D intake becomes the most important source of
vitamin D. Indoor tanning units are good sources of vitamin D as well, but their use are
being debated because of the skin cancer risk associated with large exposures. The aim of
the present study was to compare the efficiency of oral vitamin D3 supplementation (2000
IU/d for 30 days) and 10 sun bed exposures of total dose 23.8 SED (vitamin D weighted
dose 319 mJ/cm2) to improve the vitamin D status. Healthy volunteers were randomized
into two groups: Group 1 received vitamin D supplementation at first and then continued
with 10 whole body exposures. Group 2 started with 10 exposures and than continued
with vitamin D supplementation. The oral supplementation with vitamin D3 was slightly
more beneficial than exposure to UVB and resulted in serum 25(OH)D increase by 27.5
nmol/L (SEM ± 3.5 nmol/L; P<0.01) vs. 22.9 nmol/L (SEM ± 5.0 nmol/L; P<0.01) in the
UVB group. At the end of the study the pooled serum 25(OH)D increase was 31.3
nmol/L (SEM ± 3.8 nmol/L; P<0.001), and 61 % of the volunteers had serum 25(OH)D 
75 nmol/L. Thus, a daily whole body exposure to 0.5 SED may be enough to achieve and
maintain serum 25(OH)D concentrations  75 nmol/L. This dose almost equals to 2000
IU/d of oral vitamin D supplementation, and about 2 hours of sun exposure weekly to 1/3
skin surface area at Oslo latitude around midday during the summer.
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Introduction
Solar UVB radiation is the main source of vitamin D for humans (1). About 80-90% of
total vitamin D is produced in the skin (1). Exposure of the whole body to the sun for 1
minimal erythema dose (MED) ( ~2.5-3.5 standard erythema dose (SED)) under optimal
conditions may be equivalent to 10 000 -25 000 IU of oral vitamin D (2). However,
vitamin D synthesis is a self-regulated process, and under prolonged sun exposure both
previtamin D and vitamin D are degraded to tachysterol and other photoproducts (2).
Thus, excessive sun exposure does not result in vitamin D intoxication as was once
thought, but it may cause DNA damage and sunburn and, thus, increase the risk for skin
cancer (3).
The sun exposure time needed for optimal vitamin D synthesis vary greatly with time of
day, season, latitude, altitude and weather conditions (4-6). At Oslo latitude, 590N,
vitamin D is produced in the skin only during the summer months (April – October) with
the maximum vitamin D synthesis around noon 11 a.m. - 1 p.m. (7). Between November
and March practically no synthesis of vitamin D occurs due to lack of UVB in solar
radiation. Therefore, vitamin D supplementation is recommended during the winter to
maintain a good vitamin D status (8). The recommended daily dose of vitamin D in
Norway is 300 - 400 IU (7.5 - 10 g) (9). This is, according to recent literature, hardly
enough to keep serum 25(OH)D concentrations >50 nmol/L (10). Artificial sources of
UVB may also be good sources of vitamin D during the winter, however little is known
how given doses of UVB radiation correspond to given doses of vitamin D
supplementation, with respect to efficiency to increase serum 25(OH)D (11;12).
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In a previous study, we found that 10 sun bed exposures (total dose of 8.5 MED) were
enough to reach summer serum 25(OH)D concentrations (12). A vitamin D
supplementation of 200 IU per day following the exposures was far too little to maintain
the achieved serum 25(OH)D values (12). The present study was designed to investigate
if a vitamin D supplementation with 2000 IU daily (tolerable upper limit for vitamin D
intake according to the European Commission (13)) is efficient to remain serum
25(OH)D levels achieved after 10 sun bed exposures. We also aimed to investigate if the
initial vitamin D status effects the efficiency of UVB irradiation to increase serum
25(OH)D levels.

Materials and methods
Volunteers
A total of 31 healthy volunteers (8 men and 23 women), aged between 23 and 61 years,
were recruited in the study. All volunteers were living in Oslo (59°N).
The participants were asked to fill out questionnaires with questions about age,
weigh, height, skin type, sun exposure and indoor tanning habits. The questionnaires
contained also questions about dietary vitamin D intake with food and/or supplements.
The exclusion criteria were: the presence of severe disorders and medical conditions
known to effect vitamin D status; pregnancy or plans to become pregnant; high-dose
vitamin D supplementation, winter vacations to southern latitudes and indoor tanning for
8 weeks before initiation of the study or plans for traveling to southern latitudes during
the study.
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The study was approved by the Regional Ethical Committee. Each participant
gave written informed consent.
UVB source
The source of UV radiation was a commercially available and approved type 3 sun bed
(2,15% UVB: 280-320 nm), equipped with Golden Sun RS 100 W and Beauty Sun S 25
W spaghetti tubes (Wolff System, Basel, Switzerland). The emission spectra of the sun
bed and the sun (Oslo, 22 July 2010, 12.00 AM) were measured with a AvaSpec ULS
fiber optic spectrometer using AvaSoft 7.3.1 (Avantes BV, NL-6961 RB Eerbeek,
Netherlands) (Figure 1 A). Efficiency spectra of vitamin D formation were calculated
based on action spectra of previtamin D3 synthesis in the human skin by Holick et al.
(Figure 1 B) (14). CIE-weighted UV doses are presented as Standard Erythema Dose
(SED; 1 SED = 100 J/m2). The SED is equivalent to about 0.5 MED for the most
sensitive type 1 skin (1 MED = 200 J/m2) (4).
Design and protocol of the study
The study was carried out during the winter months (January - March) in order to avoid
any 25(OH)D contribution from solar radiation. All volunteers were recruited between
December 2007 and February 2008. The study extended over 9 weeks.
The participants were randomly assigned into two groups (Figure 2). Group 1 (n0=15)
received 2000 IU (50 g) of vitamin D3 (J.R. Carlson Laboratories, Inc., IL 60004-1985)
daily for 30 days, then continued with 10 whole body sun bed exposures (1.- 7 min (1.3
SED); 2-3.- 10 min (1.9 SED); 4-5.-13 min (2.4 SED); 6-10.- 15 min (2.8 SED)) twice a
week with a total dose of 23.8 SED (vitamin D weighted: 134 J/m2 per 1 SED). Group 2
(n0=16) started with 10 sun bed exposures following the same exposure schedule as
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Group 1 with a total dose of 24 SED, then continued with 2000 IU (50 g) of vitamin D3
daily for 30 days. Individual MED were determined at the baseline to avoid any sun
burns. Four skin areas (2x2cm) on the anterior forearm were exposed to different doses of
UV (10 – 15 – 20 –25 min). The skin reaction was evaluated 24h after exposure.
Blood sampling and methods of analyses
Blood samples were taken at the baseline, after first intervention (vitamin D
supplementation (Group 1), after 10 sun bed exposures (Group 2)) and at the end of the
study. Serum was separated from the blood cells by centrifugation and then frozen to
20 °C. All serum samples in batch were analyzed in Haukeland University Hospital,
Bergen, Norway. The 25(OH)D assay was performed by liquid chromatography-mass
spectrometry method (LC MSD SL; Agilent Technology, CA).The assay was performed
according to a modified version of the method described elsewhere (11). The mean
recovery of 25(OH)D was 77.2% (SD 3.9%) and the interassay variation was 4.9%, with
a detection limit < 4 nmol/l.
Statistical analysis
The data were analyzed using Sigma Plot 10.0 for Windows. The values of the variables
were presented as means ± SEM. The criterion for statistical significance was defined as
P < 0.05.

Results
The spectral characteristics of the sun bed used in the study and that of the midday,
midsummer sun are shown on Figure 1A. According to our calculations, based on
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efficiency spectra of previtamin D3 formation of these two UVB sources, the sun bed was
about 25-30 % less efficient in producing previtamin D3 than the sun.
Of the 31 volunteers recruited in the study, 25 subjects completed the second
phase of intervention (Figure 2). Four persons withdrew from the study during the
supplementation part and two persons during the sun bed treatment for reasons unrelated
to the interventions. No side-effects were observed.
The baseline characteristics of the two groups are shown in Table 1. There was no
significant difference in mean age, BMI, vitamin D intake or serum 25(OH)D
concentrations at baseline between the groups, although volunteers in Group 1 had 8.2
nmol/L higher serum 25(OH)D than those in Group 2. The mean serum 25(OH)D
concentration at baseline for the whole group was 50.2 ± 3.61 nmol/L. Only 3 persons
(10%) had serum 25(OH)D > 75nmol/L. Serum 25(OH)D concentrations < 50nmol/L
were observed in 15 volunteers (50%).
After the first phase of intervention serum 25(OH)D concentrations increased
significantly in both groups (P<0.01) (Figure 3). Serum 25(OH)D concentrations
increased by 27.5 ± 3.48 nmol/L in Group 1 after vitamin D3 supplementation and by
22.9 ± 3.48 nmol/L in Group 2 after 10 sun bed exposures (P = 0.49) (Figure 4). The
second phase of intervention resulted in a slight and non-significant further increase in
serum 25(OH)D (Figure 3, 4). This is to be expected since serum 25(OH)D
concentrations usually plateau after 4-6 weeks of intervention (15;16). The total increase
was similar in both groups (Figure 4, Table 1). Although the serum 25(OH)D
concentrations at the end of the study were highest in Group 1, the relative increase was
similar in both groups (Table 1).
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The absolute increase was also similar in participants with baseline serum
25(OH)D concentrations < 50 nmol/L and > 50 nmol/L (Figure 5). However, the
achieved serum 25(OH)D concentrations were highest in the group with high baseline
25(OH)D (Figure 5).
The increase in serum 25(OH)D in Group 2 after the first phase of intervention
(10 sun bed exposures) was to some extent greater in persons with low BMI compared
than in persons with high BMI, but not significantly (data not shown). No correlation
between absolute increase in serum 25(OH)D and BMI was observed after vitamin D
supplementation. This might be due to rather small differences in BMI between
volunteers. The majority of participants had BMI within the normal range (18-24.9
kg/m2), or were overweight (BMI 25-29.9 kg/m2). Only one volunteer had BMI > 30
kg/m2.

Discussion
Although there is no consistent definition of vitamin D deficiency, sufficient vitamin D
status is usually defined as serum 25(OH)D concentrations 75 nmol/L (17;18). This
cutoff point is based on evaluations of the biological effect serum 25(OH)D levels on
serum concentrations of PTH levels and clinical data that supports a protective effect of
vitamin D against a number of diseases (18;19).
Serum 25(OH)D concentrations vary with season with the lowest values observed
during the winter and early spring (20). Our study shows that only 3 adults (10%) among
31 volunteers had sufficient vitamin D status in the middle of the winter (January 2008).
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This is in agreement with other investigations that reported the prevalence of vitamin D
sufficiency to be as low as 10-20% during the winter months (19;21).
In Norway and other northern countries the highest serum 25(OH)D
concentrations were observed in July-September with the mean values above 60-80
nmol/L (21). The late summer 25(OH)D values predict the vitamin D status during the
following winter monthes. It has been calculated by Webb at al. that a circulating
25(OH)D levels 80nmol/L at the end of the summer are required in order to maintain
25(OH)D values 50 nmol/L during the following winter (22). However, several recent
studies found that current sun exposure habits do not provide for the required vitamin D
status for most people (21-23). According to Christensen et al. only 44% of persons from
Western Norway have serum 25(OH)D >75 nmol/L at the end of the summer (21). The
results of the recent study performed in Greater Manchester, UK, indicate that exposure
to 0.5 SED daily between 11 a.m. and 1 p.m. in real life conditions (typical summer
clothing) is not enough to reach the level of vitamin D sufficiency at the end of the
summer (22). Based on the results of our study, we may conclude that a whole body
exposure to at least 0.5 SED (5-6 minutes) may be needed to reach and maintain an
optimal vitamin D status. This is in agreement with the study conducted in Copenhagen,
Denmark, that suggested the serum 25(OH)D concentrations 80 nmol/L in September
may be achieved by daily sun exposure to 1.4 SED in real life conditions (24).
In order to maintain 25(OH)D  80nmol/L during the winter, vitamin D
supplementation is recommended. Holick et al. reported that 1000 IU/d of vitamin D in
the winter for 11 weeks was ineffective in raising the blood levels  75 nmol/L (16).
According to the recent study by Cashman et al. 920-1640 IU may be required to keep
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late summer 25(OH)D concentrations throughout the year if supplementation is started in
the autumn (10). Thus, higher doses of vitamin D supplementation (2000-3000 IU) may
be considered necessary to reach those values if supplementation is started later in the
winter when initial levels are low (25). The response of serum 25(OH)D to each 100 IU
vitamin D ingested vary from 2.5 nmol/L in persons with low initial levels to 1.5 nmol/L
or less for those with high serum 25(OH)D at baseline (15;16).
Alternatively, artificial UV sources can be used to improve vitamin D status
during the winter (11;26). However, little is known about any interaction between
vitamin D supplementation and UV exposure necessary to improve and maintain
25(OH)D levels > 75 nmol/L.
According to Holick’s rule: “Exposure of ¼ body skin surface to the sun for ¼
MED (~0.5-0.8 SED) at 42°N (Boston) in March would be equally efficient to 1000 IU
(25 g) of vitamin D intake” (14). The exposure required for vitamin D production equal
to 1000 IU oral intake is also called a standard vitamin D dose (SDD), and for skin type
II person corresponding to a vitamin D weighted dose of 106-110 J/m2 or, based on
Holick’s rule, to ~7 minutes sun exposure to ¼ of body surface at Oslo latitude (4;5).
According to calculations performed by Webb and Engelsen for SDD at 62.5°N latitude
(6), a person with skin type II to III would need to spend ~9-11 minutes in the sun at
around 12:00 a.m. in order to reach SDD.
Our results suggest that not even a dose of 91 J/m2 (vitamin D weighted) of
whole body exposure is equivalent to 1000 IU vitamin D intake. Similar conclusions
were drawn by Thieden et al., who has conducted a study on healthy volunteers with sun
bed exposure in the daily dose of ~140 J/m2 (vitamin D weighted) for 18 days (26). This
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dose was exactly enough to increase serum 25(OH)D concentrations up to 75.3 nmol/L
(26). Rhodes et al. also concluded that the recommended sun exposure can produce
25(OH)D concentrations  50nmol/L, but not the proposed sufficient 25(OH)D levels
(27).
The effectiveness of UVB exposure to increase serum 25(OH)D concentrations
may also be dependent on initial vitamin D status. As it has been shown by us and other
investigators, low initial 25(OH)D concentrations were associated with large absolute and
relative increases in serum 25(OH)D, irrespective of UVB dose (11;28;29). In the present
study we have also observed this trend (Figure 5). However, adults who were vitamin D
deficient did reach serum 25(OH)D levels  75 nmol/L after intervention.
Several studies have also suggested that genetic factors may explain the
interindividual variation in serum 25(OH)D concentrations (30;31). In fact, genetic
variations at specific loci may substantially affect vitamin D status. Recently, three such
loci were identified. These are genes involved in cholesterol synthesis from 7-DHC,
hydroxylation of vitamin D to 25(OH)D, and vitamin D transport (30). The combination
of impaired alleles at all three loci more than doubles the risk of vitamin D insufficiency
(30). Moreover, genetic predisposition may explain about 50% of variability in serum
25(OH)D during the summer (31). This can at least in part explain the discrepancy
between calculated and actual UV dose required for optimal vitamin D production.
One should also remember that in the most models used for calculations of SDD a
flat horizontal surface model (pancake model) was used (4-6). This model does not take
into account the geometry of the human body and the surface of the skin that is not
directly exposed to the sun. Thus, the time required to reach SDD may be longer than
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predicted by the calculations. In the case of calculations for whole body exposure this
time should be doubled, since only half of the body can be exposed to the sun at any time
(29).
Besides season and time of the day, SDD may also vary largely with real
atmospheric conditions, orientation of the skin surface and of sun screams use (4-6).
From this point of view, use of indoor tanning units could be more controllable and
beneficial than real sun exposure since whole body area can be exposed to UVB radiation
of equal intensity. Whole body exposure will also reduce the time of sun or sun bed
exposure required for an optimal vitamin D synthesis. However, a growing body of
evidence suggests that the modern sun beds may increase the risk of skin cancer (32;33).
This might be due to strong UVA radiation emitted by many sun beds, in some of them
being 3-10 times stronger compared to the sun. At the same time, careful sun exposure
does not seem to increase the skin cancer risk and still can be recommended to improve
vitamin D status during the summer.
However, vitamin D supplementation may be the safest way for improving the vitamin D
status. Based on the results of our study, oral vitamin D supplementation with 2000 IU is
equally or more effective to increase serum 25(OH)D concentrations than 10 sun bed
exposures. A daily supplementation with 2000 IU results in an increase of serum
25(OH)D by 25-30 nmol/L, which is in most cases enough to achieve and maintain
vitamin D sufficiency. Thus, the recommended daily dose (400 IU) should be
reconsidered and increased significantly. No vitamin D toxicity has been observed for
vitamin D supplementation <10,000 IU (34).
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Table 1
Characteristics of study population.
P value

Group 1

Group 2

Vitamin D intake*, µg/day

6.7 ± 1.4

6.6 ± 1.0

0.98

BMI, kg/m2

23.3 ± 0.8

24.5 ± 1.0

0.33

Age, years

36.3 ± 2.9

39.3 ± 3.3

0.50

2;8;4;1

2;10;3;1

0.78

Initial 25(OH)D levels, nmol/L (SEM)

52.5 ± 4.0

44.3 ± 4.5

0.19

25(OH)D after FF#, nmol/L (SEM)

80.9 ± 4.1

67.2 ± 4.9

0.05

84.8 ± 5.1

76.3 ± 6.2

0.32

Absolute 25(OH)D increase, nmol/L (SEM)

31.2 ± 5.0

31.3 ± 5.6

0.99

Relative 25(OH)D increase, %

66.5 ± 13.9

89.9 ± 24.3

0.44

Skin type** I; II; III; IV

¤

25(OH)D after SF , nmol/L (SEM)

*Self-reported vitamin D intake calculated based on food frequency questionnaire
**Self-reported skin type according to Fitzpatrick classification
#

Fisrt phase, ¤Second phase
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Figure 1
Spectral characteristics of the sun bed used in the study and of the sun at noon midsummer in
Oslo (22 July 2010). Action (A) and efficiency (B) spectra of vitamin D3 formation in the
skin.
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Figure 2
Diagram showing flow of subjects through the study and study design.
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Figure 3
Serum concentrations of serum 25(OH)D in two groups at baseline, after the first and the
second phase of intervention. Data are means ± SEM. There was a significant increase in
serum 25(OH)D during the first phase of intervention.
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Figure 4
Absolute serum 25(OH)D increase after first and second intervention phases. Data are
means ± SEM.
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Figure 5
Serum 25(OH)D increase after two intervention phases in vitamin D deficient and nondeficient persons. Data are means ± SEM. Means with superscripts without a common
letter differ, P<0.05.
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