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Vitamin D status in psoriasis patients treated with UVB therapy 

Amra Osmancevic 
Department of Dermatology and Venereology, Institute of Clinical Sciences at 

Sahlgrenska Academy, University of Gothenburg, Göteborg, Sweden 
 

Abstract 
The thesis deals with the effect of ultraviolet B (UVB) 280-320 nm on vitamin D 
production in psoriasis patients during treatment with phototherapy.  
Background: Psoriasis is a chronic, inflammatory disease affecting the skin and potentially 
the joints. Both genetic and environmental factors are important in the aetiology of the 
disease. Phototherapy (broadband UVB, narrowband UVB (NBUVB) and heliotherapy) is 
commonly used as treatment of psoriasis. 
Vitamin D3, or cholecalciferol, is produced in the basal epidermis by ultraviolet radiation 
(290-315 nm) of 7-dehydrocholesterol and hydroxylated in the liver to the major circulating 
metabolite 25-hydroxyvitamin D [25(OH)D]. Hydroxylation to 1,25-dihydroxyvitamin D 
[1,25(OH)2D] in the kidneys is stimulated by parathyroid hormone (PTH) and suppressed by 
phosphate. Sun exposure is the strongest factor influencing 25(OH)D.  
Aims: 1) To study the effect of UVB on vitamin D synthesis in patients with psoriasis. 2) 
To examine possible differences between NBUVB and broadband UVB on vitamin D 
production in psoriatic patients. 3) To investigate the effect of UVB induced vitamin D on 
bone, lipid and carbohydrate status in psoriasis patients. 
Methods: Serum 25(OH)D, 1,25(OH)2D, PTH, calcium and creatinine were measured 
before and after the phototherapy in white, Caucasian patients with active plaque psoriasis. 
Bone mineral density (BMD) was examined using Dual-Energy X-ray Absorptiometry 
(DEXA) in postmenopausal women with psoriasis. Lipid and carbohydrate status were 
assessed in patients treated with heliotherapy. 
Results: Psoriasis improved in all patients, with a 75% reduction in PASI (Psoriasis Area 
and Severity Index) score on all regimes. Serum 25(OH)D increased and PTH decreased 
after phototherapy. The increase in 25(OH)D was higher in the broadband treated patients 
compared with NBUVB. There was no correlation between the dose of UVB and the 
increase of 25(OH)D. Postmenopausal women with psoriasis had higher BMD both at the 
hip and at the lumbar spine than age-matched controls. The ratio of low-density 
lipoprotein (LDL) and high-density lipoprotein cholesterol (HDL), and the levels of 
glycosylated haemoglobin A1c (HbA1c) decreased during heliotherapy.  
Conclusion: UVB and heliotherapy increased the serum 25(OH)D production, reduced 
the serum PTH concentrations and improved psoriasis, lipid and carbohydrate status in the 
patients. Vitamin D production in psoriasis patients increased less with NBUVB than with 
broadband UVB phototherapy. Postmenopausal women with psoriasis had higher BMD 
than age-matched controls, a finding that could be related to their higher body weight, 
physical activity and the UVB exposure.  
 
Key words: Vitamin D, PTH, psoriasis, bone mineral density, ultraviolet UVB 
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”Vitamin D under ljusbehandling hos patienter med psoriasis” 

 

Amra Osmancevic, Hudkliniken, Sahlgrenska Universitetssjukhuset 

Svensk sammanfattning 

 

Ultraviolett B (UVB) ljus respektive solljus under klimatvård på Gran Canaria 

förbättrar psoriasis och höjer vitamin D nivåerna i blodet. Vitamin D produktionen 

hos patienter med psoriasis ökar mer under behandling med bredband UVB (280-

320 nm) än med smalspektrum UVB, så kallat TL01 (311 nm).  

Undersökning av en grupp postmenopausala kvinnor med psoriasis visade att de 

hade bättre bentäthet än jämnåriga kvinnor från Göteborg. Detta kan delvis bero 

på att kvinnorna med psoriasis hade högre kroppsvikt, fysisk aktivitet och positiv 

effekt av UVB på vitamin D nivåerna. 

Behandling med solljus under s.k. klimatvård på Gran Canaria hade gynnsam effekt 

på psoriasis, ökade vitamin D och förbättrade blodfetterna samt 

sockeromsättningen hos dessa patienter.  

Psoriasispatienter med låga nivåer av vitamin D i blodet (<30 ng/ml) före 

behandlingsstart, ökade mer i sina D-vitaminvärden efter ljusbehandlingarna än 

dem som hade högre halter av D-vitamin vid start. Alla patienter gick upp i sina D-

vitaminvärden oavsett ålder, hudtyp eller svårighetsgrad av psoriasis. Effekt av 

solljus på vitamin D under 2 veckors klimatvård på Gran Canaria kan jämföras med 

effekten av behandling med UVB lampa 2-3 gånger/vecka under 2 till 3 månaders 

tid.  

UVB och solljus ökade vitamin D i blodet, förbättrade psoriasis, var associerat med 

bättre benmassa, och hade positiv effekt på lipider och sockeromsättning. 
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Abbreviations 

 

7-DHC  7- dehydrocholesterol 

D3   cholecalciferol 

25(OH)D  25-hydroxyvitamin D (or calcidiol) 

1,25(OH)2D 1,25-dihydroxyvitamin D (or calcitriol) 

PTH  parathyroid hormone 

VDR  vitamin D receptor 

VDP  vitamin D binding protein 

UVR  ultraviolet radiation 

UVB  ultraviolet radiation B 

UVA  ultraviolet radiation A 

NBUVB   narrowband ultraviolet radiation B 

PASI  Psoriasis Area and Severity Index 

HRT  hormonal replacement therapy 

DEXA  Dual-Energy X-ray Absorptiometry 

BMD  bone mineral density 

BMI  body mass index 

LDL   low density lipoprotein cholesterol 

HDL   high density lipoprotein cholesterol 

TNF-α  tumour necrosis factor-α 

HbA1c  haemoglobin A1c 

PUVA  Psoarlen+UVA 

MED  Minimal Erythema Dose 

SED  Standard Erythema Dose 
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Introduction 

Vitamins   

William Fletcher was the first scientist who in 1905 determined that diseases 
occurred if special factors (vitamins) were removed from food. He was researching 
the causes of the disease beriberi when he discovered that eating unpolished rice 
prevented beriberi and eating polished rice did not. William Fletcher believed that 
there were special nutrients contained in the husk of the rice. 

At the same time biochemist Frederick Gowland Hopkins discovered that certain 
factors in food were important to health. In 1912, Polish scientist Cashmir Funk 
named the special nutritional parts of food as a "vitamine" after "vita" meaning 
life and "amine" from compounds found in the thiamine he isolated from rice 
husks. Vitamine was later shortened to vitamin.  

Vitamins B, C and D were all discovered as a result of research into diseases - 
beriberi, scurvy and rickets, respectively. Supplementing an imbalanced diet with 
certain foods was shown to prevent each of these diseases. Subsequently, 
purification and analysis of disease-preventing compounds in these foods 
established a new class of nutrients - in addition to proteins, fats and carbohydrates 
- that are now known to be essential for human health.   

 

Vitamin D 

Nomenclature  

Cholecalciferol or vitamin D3 is produced in the skin as a result of ultraviolet 
irradiation of 7-dehydrocholesterol (7-DHC). Ergocalciferol or vitamin D2 is 
produced by ultraviolet irradiation of the plant sterol ergosterol. “Calciferol” refers 
to both of these compounds. 
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Structure 

The two forms of vitamin D (D2 and D3) differ chemically in their side chains. 
These structural differences also alter their metabolism, but in general, the 
biological activity of their active metabolites is comparable.1  

The only structural difference between vitamin D2 and D3 is in their side chains. 
The side chain for vitamin D2 contains a double bond between C-22 and C-23 and 
a C-24 methyl group (Figure 1).  

 

 
Figure 1:  Structure of vitamin D3 and D2 and their respective precursors, 

7-dehydrocholesterol, and ergosterol (MacLaughlin and Holick, 1983). 
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Historical perspective 

 Sunshine as a means of health 

The discovery of vitamin D in food and the realization that the body can produce 
vitamin D independently are both intimately tied to research into the cause and 
prevention of childhood rickets. 

There has been some evidence since early Greek and Roman times of the bone-
deforming disease commonly known as rickets. The first scientific description of a 
vitamin D deficiency, namely rickets, was provided in the 17th century by both Dr. 
Daniel Whistler (1645) and Professor Francis Glisson (1650) (Figure 2). 

 

 

Figure 2: D.Whistler; F.Glisson. A Treatise of the Rickets: Being a Disease Common to Children. 
London: P. Cole, 1651 

 

Rickets is a disease of young children with a constellation  of physical signs and 
symptoms including deformities of the skeleton, such as bowed legs, enlargement 
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of the epiphyses of the long bones and rib cage (rachitic rosary), deformed pelvis, 
enlarged head, curvature of the spine, poor dentition, and weak flabby legs.2 During 
the Industrial Revolution in Europe children developed this disease as a result of a 
sunless environment in the polluted inner cites. An autopsy study of children who 
died of various causes in Leyden, The Netherlands, in the end of the 18th century, 
revealed that 80-90% of these children had evidence of rickets. 

In 1822 Sniadecki discovered the importance of exposure to sunlight for the 
prevention and cure of rickets. He observed that children living in the inner city of 
Warsaw, Poland, had a higher incidence of rickets than children living in rural areas. 
He encouraged direct exposure of the skin to sunlight as one most efficient 
methods for the prevention and cure of rickets.3    

Little attention, however, was given to the environment as a cause of rickets until 
1889, when a British Medical Association investigative committee reported that 
rickets was infrequently seen in rural districts of the British Isles but was prevalent 
in large industrial towns.4 In 1890 Palm collected clinical observations from a 
number of his colleagues throughout the British Empire and the Orient. He found 
that rickets was widespread in the industrial centres of Great Britain, whereas in 
impoverished cities in China, Japan, and India, where people received poor 
nutrition and lived in squalor, the disease was rare.5 Based on this epidemiological 
survey he urged “the systematic use of sunbaths as a preventive and therapeutic 
measure in rickets and other diseases, and the education of the public to the 
appreciation of sunshine as a means of health.” However, it was difficult at the 
time for people to believe that such a simple remedy as exposure to sunlight could 
cure this bone-deforming disease, and little was done to use these astute 
observations for curing rickets. 

The fat-soluble vitamin 

In the early 1800s it was a common practice, supported by folklore, to give children 
cod liver oil to prevent and cure rickets. In the 1890s scientists began to search for 
specific foods that could prevent rickets. Such reasoning was rooted in the 
knowledge that two other diseases, scurvy and beriberi, could be prevented by the 
addition of certain foods (such as citrus fruits that contain vitamin C, and whole 
grain rice that contains vitamin B1) to the diet. However, it was not until 1918 when 
Mellanby reported that he could make beagles rachitic and reverse the bone disease 
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with cod liver oil that the scientific community began to consider rickets as a 
nutritional-deficiency disease. In 1921 he wrote, "The action of fats in rickets is due 
to a vitamin or accessory food factor which they contain, probably identical with 
the fat-soluble vitamin." Originally it was thought that the antirachitic factor in cod 
liver oil was vitamin A. However, McColum et al. demonstrated that the 
antirachitic activity that he called vitamin D was separate from vitamin A. They 
exposed cod liver oil to heat and oxygen - vitamin A activity was destroyed while 
when maintaining the antirachitic activity. The vitamin in cod liver oil was 
designated “D” as vitamins A, B, and C had already been identified.  

Light equals vitamin D 

At the same time that Mellanby was demonstrating that rickets could be cured by 
the ingestion of cod liver oil, Huldschinsky was exposing rachitic children to 
radiation from a mercury arc lamp. He reported dramatic reversal of rickets within 
four months after ultraviolet radiation therapy from the mercury arc lamp. In 1921 
Hess and Unger exposed seven rachitic children in New York City to sunshine and 
reported, by X-ray examination, that there was marked improvement in each child’s 
rickets. This research had equivocally shown that exposure to sunlight alone could 
prevent and cure this crippling bone disease. This led Hess and Weinstock to 
investigate independently the use of ultraviolet irradiation of food (including wheat, 
lettuce, vegetable oils and animal feed) as a way of imparting antirachitic activity.6 
Steenbock appreciated the use of this technique and introduced the concept of 
irradiating milk as a means of preventing rickets in children.7 This led to the 
fortification of milk with vitamin D, which helped eradicate rickets in the countries 
that used this practice.   

The chemical structures of the D vitamins were determined in the 1930s in 
Professor A. Windaus’s laboratory at the University of Göttingen in Germany. 
Vitamin D was first isolated from the irradiation of the fungal sterol ergosterol and 
was designated vitamin D1. However, the product was an impure mixture, and the 
term was dropped. Vitamin D2, which could be produced by ultraviolet irradiation 
of ergosterol, was chemically characterized in 1932. Vitamin D3 was not chemically 
characterized until 1936 when it was shown to result from the ultraviolet irradiation 
of 7-DHC. Almost simultaneously, the elusive antirachitic component of cod liver 
oil was shown to be identical to the characterized vitamin D3. These results clearly 
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established that the antirachitic substance vitamin D was chemically a steroid, more 
specifically a seco-steroid (Figure 1). 

Once the structure of vitamin D was characterised and a simple process was 
developed for its synthesis, vitamin D was directly added to milk, thereby making 
the ultraviolet irradiation of milk obsolete. Ergocalciferol (D2) is commercially 
made by irradiating and then purifying the ergosterol extracted from yeast. 
Cholecalciferol (D3) is produced commercially by extracting 7-DHC from wool fat, 
followed by UVB irradiation and purification.  

Photosynthesis 

Vitamin D is produced in the skin from 7-DHC, the last precursor in cholesterol 
synthesis.8 In adult human skin, approximately 50% of  provitamin D3 (7-DHC) is 
found in the epidermis and the other half is found in the dermis.8 During exposure 
to sunlight, the high-energy UVB photons with energies between 290 and 315 nm, 
penetrate into the skin where they are absorbed by provitamin D3 -the immediate 
precursor in cholesterol biosynthetic pathway. UVB photons break the B ring of 
the cholesterol structure, cleavage between carbons 9 and 10 to form a 9,10 –
secosteroid  known as previtamin D3. Previtamin D3 also has the capacity to 
absorb ultraviolet radiation. This results in its isomerisation to two photoproducts 
known as lumisterol and tachysterol.9 Both of these photoisomers are inert in 
calcium metabolism. During prolonged exposure to the sun, the accumulation of 
previtamin D3 is limited to about 10 to 15% of the original 7-DHC content 
because the previtamin photoisomerizes to lumisterol 3 and tachysterol 3.8 
Previtamin D3 is biologically inert and thermodynamically unstable. As a result, its 
double bonds rearrange spontaneously to form vitamin D3 (Figure 3). At a 
physiological temperature of 37° C, this process would take approximately 24 to 48 
hours to reach completion. However, it is now recognised that previtamin D3 is 
rapidly converted to vitamin D3 in human skin.  Previtamin D3 exists in two 
isomeric forms known as the cis,cis and cis,trans forms. Only the cis,cis conformer can 
be converted to vitamin D3. The cis,trans form is thermodynamically more stable 
but cannot be converted to vitamin D3, thus accounting for the prolonged 
isomerisation time. It takes time for the cis,trans form to isomerise to the cis,cis 
conformer before it can be converted to vitamin D3. However, a unique 
mechanism operates that allows the efficient conversion of previtamin D3 to 
vitamin D3 within hours after its formation in the skin. The previtamin D3 is 
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sandwiched between fatty acids in the bilipid membrane.10 Vitamin D3 is also able 
to absorb ultraviolet radiation. Exposure to ultraviolet radiation results in 
isomerisation of vitamin D3 to form at least three photoproducts, known as 5,6-
trans vitamin D3, supersterol I, and supersterol II (Figure 3).11 None of these 
vitamin D3 photoproducts has any effect on calcium metabolism at physiological 
concentrations. Once vitamin D3 is made, it undergoes a conformational change 
that allows it to move from the membrane to the extracellular space and eventually 
to the dermal capillary bed. Since most of the ultraviolet B radiation is absorbed in 
the epidermis, more than 70% of previtamin D3 synthesis occurs here.8 Aging 
decreases the thickness of both the epidermis and dermis, therefore there is an age-
dependent decline in provitamin D3 8,12 resulting in a decreased capacity of the 
elderly to produce vitamin D3 in the skin.13 

 

 

Figure 3:  Photosynthesis of vitamin D in the skin. DBP= Vitamin D Binding Protein                                 
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Factors that influence on vitamin D photosynthesis       

Any process that decreases or prevents ultraviolet B photons from reaching the 
viable epidermis to be absorbed by provitamin D3 results in a diminution in the 
photosynthesis of previtamin D3. Melanin and sunscreens are effective in 
absorbing UVB radiation. Thus, an increase in skin pigmentation can markedly 
diminish the cutaneous production of vitamin D3.14 Thus heavily pigmented people 
require at least 5 to 10 times longer exposure than Caucasians to produce adequate 
vitamin D3 in their skin.14 The application of a sunscreen with a sun protection 
factor (SPF) of 8 will reduce, by more than 95%, the cutaneous production of 
cholecalciferol.15 Most clothing completely absorbs UVB radiation thus preventing 
the cutaneous production of vitamin D3 on the areas it covers.16 It is well-known 
that sunlight exposure through glass will not result in any significant vitamin D3 
production. The reason being that there are substances in glass, including lead, that 
absorb UVB radiation.17  

The zenith angle of the sun has a dramatic effect on the total number of UVB 
photons reaching the earth’s surface. During the winter, at latitudes above 40° 
north and below 40° south of the equator, the UVB photons are efficiently 
absorbed by the ozone layer, essentially eliminating the ability of the skin to 
produce vitamin D3.18 At latitudes above and below 34° south and north 
respectively, there is cutaneous production of vitamin D3 all year round. The 
latitude of Sweden is 62º north of the equator and in this geographic area UVB is 
not transmitted in sunlight from October to March.      

How much sunlight is necessary to satisfy the body’s requirement? 

This is an especially relevant question in view of concern about the damaging 
effects of excessive exposure to sunlight. An adult Caucasian exposed to sunlight or 
a (tanning bed) lamp (~32 mJ/cm2) that emits UVB radiation produces ~1 ng of 
cholecalciferol/cm2 skin.2 A study was conducted where medical students received 
a whole-body exposure to 1 minimal erythema dose (MED) of solar simulated 
sunlight together with graded doses of vitamin D. The circulating levels of vitamin 
D were subsequently measured at various intervals. It was found that a whole-body 
exposure to 1 MED of UVB radiation resulted in a blood level of vitamin D that 
was comparable to taking between 10,000 and 25,000 IU of vitamin D orally.17          
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Metabolism  

It has been estimated that between 90 and 95% of all people obtain their vitamin D 
requirement from exposure to sunlight.17 The vitamin D3 produced in the skin or 
ingested from the diet can be stored in body fat and released into the circulation at 
during times when there is an inadequate cutaneous production of vitamin D3. In 
obese children and adults, the cholecalciferol is sequestered deep in the body fat, 
making it less bioaviable.2 Thus, obese individuals are only able to increase their 
blood levels of vitamin D by approximately 50% compared with normal-weighted 
individuals.19 However, vitamin D is biologically inert and must be metabolized in 
the liver on carbon 25 to form the major circulating form of vitamin D, 25-
hydroxycholecalciferol (25(OH)D) or calcidiol, (Figure 4).  

UVB

Cholecalciferol
(Vitamin D3)

7-Dehydrocholesterol

Liver

25-hydroxyvitamin  D3

Kidney

1,25-dihydroxyvitamin  D3

Vitamin D3
Vitamin D2

Dietary intake

Maintains calcium balance 
In the body

Skin

 
Figure 4: Metabolism of vitamin D 
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25(OH)D is used clinically to measure vitamin D status for vitamin D deficiency, 
sufficiency, and intoxication.17 Because 25(OH)D is biologically inert at 
physiological concentrations, it must be converted in the kidney to its activated 
form 1,25 dihydroxycholecalciferol [1,25(OH)2D] or calcitriol, (Figure 4).    

Vitamin D-binding protein (DBP), a 458-amino acid polymorphic human serum 
protein, is the major plasma carrier of vitamin D3 and of all its metabolites, which 
include 25(OH)D and 1,25(OH)2D.20  

The skin occupies a central position within the vitamin D system. Epidermal 
keratinocytes also express the vitamin D hydroxylase enzymes 25-hydroxylase 
(CYP27A1) and 1α-hydroxylase (CYP27B1), enabling them to convert vitamin D3 
into 25(OH)D and 1,25(OH)2D, the biologically active form of vitamin D3.21 In 
addition, keratinocytes are vitamin D target cells as they contain the vitamin D 
receptor (VDR) and respond to 1,25(OH)2D with changes in proliferation, 
differentiation and cytokine production.22 Taken together, these findings indicate 
the existence of a unique photoendocrine vitamin D system in keratinocytes - this 
is corroborated by the demonstration of 1,25(OH)2D synthesis and vitamin D 
effects in UVB-irradiated skin or keratinocytes.21,23 In contrast to epidermal 
keratinocytes, dermal fibroblasts only have the capacity for photoproduction of 
25(OH)D but not 1,25(OH)2D.24 25(OH)D may then act as a paracrine factor to 
keratinocytes. Monocytes, like keratinocytes, have the full machinery to 
photoproduce 1,25(OH)2D.23 

The physiologic significance of the cutaneous photosynthesis of 1,25(OH)2D is 
poorly understood. As the amounts of UVB-produced 1,25(OH)2D in 
keratinocytes are small23 and circulating 25(OH)D and 1,25(OH)2D are hardly 
detectable in hepatectomized or nephrectomized animals25, cutaneous production 
of active vitamin D does not appear to play a major role outside the skin. However, 
locally produced 1,25(OH)2D may contribute to UVB effects within the skin, such 
as its therapeutic action on psoriasis.26 Furthermore, photoproduced 1,25(OH)2D 
might serve as an endogenous protection mechanism against UVB-dependent 
DNA damage, apoptosis and release of proinflammatory cytokines such as IL-6.27,28 

Levels of 25(OH)D 

A 25(OH)D level less than <30 ng/ml (75 nmol/l) is considered to be suboptimal 
vitamin D status - this is the minimal level of 25(OH)D necessary to suppress 
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parathyroid hormone secretion.29-31 A 25(OH)D level of between 21 ng/ml (52 
nmol/l) and 29 ng/ml (74 nmol/l) is considered to be vitamin D insufficiency.31-33 
The cut-off level for serum 25(OH)D, which is taken as a diagnostic value for 
vitamin D deficiency, has varied over the years.33-35  

Mechanism of action 

1,25(OH)2D interacts with its nuclear VDR, which in turn binds with the retinoic 
acid-X-receptor. This complex is recognised by specific gene sequences known as 
the vitamin D responsive elements (VDRE) to unlock genetic information that is 
responsible for its biologic actions. In the intestine 1,25(OH)2D induces the 
expression of an epithelial calcium channel, calcium-binding protein (calbindin), 
and a variety of other proteins to help the transport of calcium from food into the 
circulation.36 1,25(OH)2D also interacts with the VDR in the osteoblast and 
stimulates the expression of receptor activator of NFκβ ligand (RANKL) similar to 
PTH.37 Thus, 1,25(OH)2D maintains calcium homeostasis by increasing the 
efficiency of intestinal calcium absorption and mobilizing calcium stores from the 
skeleton. 

PTH, hypocalcaemia, and hypophosphatemia are the major stimulators for the 
renal production of 1,25(OH)2D.37 During pregnancy, lactation, and growth sex 
steroids, prolactin, growth hormone, and insulin-like growth factor 1 (IGF-1) play a 
role in enhancing the renal production of 1,25(OH)2D to satisfy increased calcium 
needs. 37 

Vitamin D deficiency results in a decrease in the efficiency of intestinal absorption 
of dietary calcium and phosphorus.37 This causes a transient lowering of the ionized 
calcium, which is immediately corrected by the increased production and secretion 
of PTH. PTH sustains the blood-ionized calcium by interacting with its membrane 
receptor on mature osteoblasts, which induces the expression of RANKL.37 This 
plasma membrane receptor protein is recognised by RANK that is present on the 
plasma membrane of preosteoclasts. The intimate interaction between RANKL 
and RANK results in increased production and maturation of osteoclasts.37,38 
Osteoclasts release hydrochloric acid and collagenases to destroy bone, resulting in 
the mobilization of calcium stores from the skeleton. Thus vitamin D deficiency 
induced secondary hyperparathyroidism results in skeletal wasting that can 
precipitate and exacerbate osteoporosis.2 Vitamin D deficiency and attendant 
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secondary hyperparathyroidism also causes loss of phosphorus into the urine and 
lowering of serum phosphorus levels. This results in an inadequate calcium x 
phosphorus product, causing poor or defective mineralization of the bone matrix 
laid down by osteoblasts.2 In children, the effect of body weight and gravity on a 
poorly mineralized skeleton results in the classic bony rachitic deformities in the 
lower limbs (bowed legs and knocked knees). Adults have enough mineral in their 
skeleton to prevent skeletal deformities. However, in vitamin D deficient state, the 
newly laid-down osteid cannot be properly mineralised, leading to osteomalacia. 
Unlike osteoporosis, which is a silent disease until fracture occurs, osteomalacia is 
associated with either widespread or localised throbbing bone pain. The likely cause 
is that the unmineralised osteoid becomes hydrated and provides little support for 
the sensory fibres in periosteal covering.39 Osteomalacia cannot be distinguished 
from osteoporosis/osteopenia by neither X-ray analyses nor by bone densitometry 
- they appear identical.  

Besides the small intestine and the osteoblast, VDR has been identified in almost 
every tissue and cell in the body, including brain, heart, skin, pancreas, breast, colon 
and immune cells.37,40 1,25(OH)2D helps regulate cell growth and maturation, 
stimulates insulin secretion, inhibits renin production, and modulates the functions 
of activated T and B lymphocytes and macrophages.37,41 

It is documented that risk of morbidity or mortality from colon, prostate, breast, 
ovarian, oesophageal, non-Hodgkin’s lymphoma, and a variety of other aggressive 
cancers is related to living at higher latitudes and being at higher risk of vitamin D 
deficiency.42-45 Initially the explanation for why increased sun exposure decreased 
the risk of fatality from common cancers was due to the increased production of 
vitamin D in the skin, leading to the increased production of  1,25(OH)2D in the 
kidneys.42 Because it was known that the VDR existed in most tissues in the body 
and that 1,25(OH)2D was a potent inhibitor of both normal and cancer cell 
growth10,37 it was assumed that the increased renal production of 1,25(OH)2D could 
downregulate cancer cell growth and therefore mitigate the cancer’s activity and 
decrease mortality. However, it was also known that the production of 1,25(OH)2D 
in the kidneys was tightly controlled and that increased intake of vitamin D or 
exposure to sunlight did not result in an increase in circulating concentrations of 
1,25(OH)2D.37 However, this still did not explain the anti-cancer effect of sunlight -
vitamin D concentration. The skin not only makes cholecalciferol, but it also has 
the enzymatic machinery to convert 25(OH)D to 1,25(OH)2D, similar to activated 
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macrophages.46,47 In 1998 Schwartz et al.48 reported normal and malignant prostate 
cancer cells also had the enzymatic machinery to make 1,25(OH)2D.  Increased 
exposure to sunlight or vitamin D intake leads to increased production of 
25(OH)D. Higher concentrations of 25(OH)D are used by prostate cells to make 
1,25(OH)2D, which help keep prostate cell proliferation in check and therefore 
decreases the risk of malignancy.37 It has since been observed that breast, colon, 
lung, brain and a wide variety of other cells in the body are able to produce 
1,25(OH)2D.37,49-53 Thus it has been suggested that raising blood levels of  
25(OH)D provides most of the body’s tissues with enough substrate to make 
1,25(OH)2D locally to act as a sentinel to help control cellular growth and 
maturation and decrease the risk of malignancy.37 Both prospective and 
retrospective studies revealed that, if the 25(OH)D level is at least 20 ng/ml, than 
there is an approximate 30-50% decreased risk of developing and dying of colon, 
prostate, and breast cancers.37,42,45,54  

There are several studies suggesting that increased exposure to limited amounts of 
sunlight decreases the risk of developing and dying of the most deadly form of skin 
cancer, melanoma.55,56 

Effects on autoimmune diseases 

Activated T and B lymphocytes, monocytes, and macrophages have VDR.41,53,57,58 
1,25(OH)2D  interacts with its VDR in immune cells and has a variety of effects on 
regulating lymphocyte function, cytokine production, macrophage activity, and 
monocyte maturation.37,41,53,58,59 Thus, 1,25(OH)2D  is a potent immunomodulator. 
Insights into the important role of vitamin D in the prevention of autoimmune 
diseases have come from a variety of animal studies. Nonobese diabetic mice that 
typically develop type I diabetes by 200 days reduced their risk of developing this 
disease by 80% when they received a physiological dose of 1,25(OH)2D daily.60 
Mice that were pretreated with 1,25(OH)2D before they were injected with myelin 
to induce a multiple-sclerosis-like disease were immune from it.61 Similar 
observations were made in a mouse model that develops Crohn’s disease.62 These 
animal model studies have given important insights into the role of 1,25(OH)2D  in 
reducing the risk of developing common autoimmune diseases such as multiple 
sclerosis63 and rheumatoid arthritis.64 Most compelling is the observation that 
children in Finland who received 2000 IU of vitamin D daily from one year and 
were followed up for the next 25 years had an 80% decreased risk of developing 
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type I diabetes, whereas children who were vitamin D deficient had a four-fold 
increased risk of developing this disease later in life.65    

Effects on hypertension 

In 1997 Rostand 66 reported that people living at higher latitudes throughout the 
world were at higher risk of developing hypertension. He suggested that this may 
be related to being more prone to developing vitamin D deficiency. To determine 
the possible link between sun exposure and the protective effect in preventing 
hypertension, Krause et al. 67 exposed a group of hypertensive adults to a tanning 
bed that emitted light and UVB and UVA radiation similar to summer sunlight. A 
similar group of hypertensive adults was exposed to a similar tanning bed that 
emitted light and UVA radiation similar to winter sunlight, i.e., no UVB radiation.  
All subjects were exposed 3 times a week for 3 months. After 3 months, it was 
observed that hypertensive patients who were exposed to the tanning bed that 
emitted UVB radiation had a 180% increase in their circulating concentrations of 
25(OH)D. There was no change in blood levels of 25(OH)D in the comparable 
group that was exposed to the tanning bed that did not emit UVB radiation. The 
patients who had increased 25(OH)D levels also had a decrease of systolic and 
diastolic blood pressures by 6 mm Hg, bringing them into the normal range. The 
placebo group (exposed to light that did not emit UVB radiation) did not change 
their 25(OH)D levels and no effect was observed on their blood pressure. 

It has also been observed that patients with cardiovascular heart disease are more 
likely to develop heart failure if they are vitamin D deficient.68 The exact 
mechanism responsible for vitamin D sufficiency protecting against cardiovascular 
heart disease is not fully understood. It is known that 1,25(OH)2D is one of the 
most potent hormones for downregulation of the blood pressure hormone renin in 
the kidneys.69 Furthermore vascular smooth muscle cells have a VDR that in the 
presence of 1,25(OH)2D induces  relaxation and thereby vasodilatation.70,71  

Antimicrobial effects  

In addition to phagocytes and cytokines, a major component of the innate immune 
system is a diverse combination of cationic peptides that include the α- and β-
defensins and cathelicidins, which have potent microbicidal activities at low 
concentrations.72  
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The antimicrobial peptide cathelicidin is a vitamin D target gene,73 and induces 
upregulation of CYP27B1 and VDR in monocytes. Cathelicidin expression was also 
shown to be increased in human skin in vivo by topical application of active vitamin 
D compounds such as calcipotriol and 1,25(OH)2D3.74 

Cathelicidin plays also the role in wound healing and inflammatory skin disease.75 
Cathelicidin is not only an effector molecule of innate immunity by its antimicrobial 
activity but it also exhibits biological activities on adaptive immunity, angiogenesis 
and cell proliferation and migration.72 Therefore, its function is pivotal for wound 
repair.76 In addition to its upregulation in the skin following cutaneous injury, high 
expression of cathelicidin and of antimicrobial peptides has also been noted in 
psoriasis, accounting for the rare occurrence of skin infections in this condition.72 

Substitution 

Today, companies such as Hoffmann-La Roche and BASF produce large quantities 
of the primary form of vitamin D, also known as vitamin D3 or cholecalciferol. 
Cholesterol from animal products (such as lanolin from sheep wool) is purified and 
used as starting material for purification of the precursor 7-DHC, which is then 
converted into vitamin D3 by irradiation. This synthetic vitamin D3 is added to 
many foods, particularly milk products; it is also a key ingredient in the 
multivitamin supplements that many people take regularly.  

Doses of calciferols are often expressed in international units (IU), there being 40 
IU/µg of cholecalciferol and 38.8 IU/µg of ergocalciferol.77 

Conclusions 

It has been estimated that the body requires daily 3000-5000 IU of vitamin D.2,78 
The most likely reason for this is that essentially every tissue and cell in the body 
has a VDR and thus a requirement for vitamin D.2 Vitamin D is critically important 
for the maintenance of calcium metabolism and good skeletal health throughout 
life.79,80 The revelations that vitamin D regulates the immune system, controls 
cancer cell growth and regulates the blood pressure hormone renin provides an 
explanation for why vitamin D sufficiency has been observed to be so beneficial in 
the prevention of many chronic illnesses that plague both children and adults. 
People of darker skin colour are more prone to vitamin D deficiency at Northern 
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latitudes. Vitamin D deficiency has been recognised even in some of the sunniest 
climates, including Saudi Arabia and India.81,82 

Thus, vitamin D status has such important health implications that a measurement 
of 25(OH)D should be part of a routine physical examination for children and 
adults of all ages. 

In the absence of sun exposure, 1000 IU of cholecalciferol a day is necessary to 
maintain a healthy blood level of 25(OH)D of between 32 and 40 ng/ml (80 -100 
nmol/l).2 Increasing the intake of vitamin D fortified foods and increasing fatty fish 
consumption will help satisfy the requirement for vitamin D in the absence of 
exposure to sunlight. Multivitamins typically contain 400 IU of vitamin D. Thus, 
diet plus supplementary vitamin D can result in attaining the recommended 1000 
IU of cholecalciferol. 

It has been estimated that exposure to  sunlight for usually no more than 5-15 
minutes per day (between 10 am and 3 pm) on the limbs or hands, face and arms 
during the spring, summer, and autumn (not during the winter unless located below 
35° north) provides the required 1000 IU of cholecalciferol.2 Limited exposure 
should be followed by the application of a broad spectrum sunscreen with an SPF 
of at least 15 to prevent damaging effects due to excessive exposure to sunlight and 
to prevent sun burning.2  

Psoriasis 

Psoriasis is a chronic, non-contagious skin disease characterized by red, inflamed 
cutaneous lesions covered with silvery-white scale. The term psoro comes from the 
Greek word for itch; psoriasis corresponds with the term itchy. In 1841 Ferdinand 
Hebra, a Viennese dermatologist, was the first to ascribe the name 'psoriasis'. He 
described the clinical picture of psoriasis that is used today. The hereditary factor of 
psoriasis had already been established by that time. 

Psoriasis affects both genders equally and can occur at any age, although it most 
commonly appears for the first time between the ages of 15 and 25. The prevalence 
of psoriasis in Western populations is estimated to be around 2-3%. The disease 
affects the skin and potentially the joints. The prevalence of psoriatic arthritis in 
psoriasis patients is estimated to be between 25-31%.83 
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Both genetic and environmental factors are important in the aetiology of the 
disease. Psoriasis  can be triggered by certain external stimuli, for example, bacterial 
infections or injuries.84 Genetic susceptibility factors that contribute to 
predisposition to psoriasis are being identified85, but so far, the cause of disease is 
not fully understood.  

The disease is an immune-mediated disorder in which excessive reproduction of 
skin cells is secondary to factors produced by the immune system. T-cells, dendritic 
antigen-presenting cells (APC) and cytokine networks are recognized as playing a 
major role in the pathogenesis of psoriasis.85 Dysregulation of T-cell APC 
interactions and over expression of proinflammatory cytokines lead to the 
characterised hyperproliferation and decreased differentiation of keratinocytes 
expressed by the increased cell turnover in epidermis.85 It is not known what 
initiates the activation of these cells. Such triggers activate the otherwise dormant 
innate immunity in the skin. 

In patients with psoriasis, innate immunity then becomes hyperactivated. 
Pathomorphologically, this is represented by the activity of natural killer (NK) cells, 
increased antigen presentation by Langerhans cells, an influx of CD4+ T cells, 
neutrophils, an activation of tumour necrosis factor α (TNF-α)–releasing 
macrophages86-88 and  hyperprolifreation of keratinocytes. This activation leads 
finally to the recruitment of effector T-helper cell type 1 (TH-1) cells. The 
epidermis of patients with psoriasis responds in a typical pattern to T-cell activation 
and cytokine production. TH-1 cells produce large amounts of interferon gamma 
(IFN- ), TNF-α, and interleukin (IL) 2 and activate macrophages to secrete even 
more TNF-α.88,89 TNF-α and IFN- , have been shown to play a key role in 
psoriasis.90 IFN-  is responsible for the epidermal hyperplasia.91 IFN-  can trigger 
psoriasis at injection sites and T cells in psoriatic plaques produce it in high 
amounts. High TNF-α levels have been found in psoriatic skin as well as serum and 
are considered to derive mainly from activated macrophages.86,92 Furthermore, 
TNF-α and IFN-  levels in serum correlate with disease activity of psoriatic 
patients.93,94 Why the T cells become active and remain in that state is as yet unclear. 
Chronic inflammation of psoriatic lesions suggests that there is an underlying 
inborn “error” in the regulatory T-cell population and the persistence of a yet 
unknown trigger that induces an exaggerated innate immune response.84 Recently it 
has been shown that regulatory T cells are functionally deficient in patients with 
psoriasis and not present in sufficient numbers in lesions to achieve a 
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downregulation of the hyperresponse.95  Furthermore, the basement membrane 
zone of patients with psoriasis seems to be altered structurally in a way that basal 
layers of keratinocytes can be more easily promoted to proliferate than usual, 
particularly in the presence of the inflammatory T-cell cytokines.95,96 

Disease management is dependent on severity, psychosocial effects and the 
patient's lifestyle. The treatment consists of various local and systemic treatments. 
Local treatments include creams and ointments containing tar, dithranol, salicylic 
acid or vitamin D-related compounds (calcipotriol (Daivonex)®, calcitriol (Silkis)® 
or tacalcitol (Curatoderm)®). Occasionally, corticosteroid-containing ointments are 
used for a short time. Vitamin D3 analogues inhibit proliferation, induce terminal 
differentiation of human keratinocytes and exhibit immunomodulating properties.97 
Several studies have shown that calcipotriol as well as calcitriol and tacalcitol are 
efficacious, safe and can be used on a long-term basis for psoriasis.98-101 Vitamin D3 
analogues can be used in combination with phototherapy.102  

Effects of vitamin D3 analogues in psoriasis 

Psoriasis is characterized by keratinocyte hyperproliferation, abnormal keratinocyte 
differentiation, and immune-cell infiltration into the epidermis and dermis. The 
most common form of psoriasis is plaque psoriasis or psoriasis vulgaris. At the 
molecular level, psoriasis lesions show a prominent loss of loricrin and filaggrin in 
the suprabasal layers of the epidermis and abnormal overexpression of other 
differentiation markers such as involucrin, transglutaminase I (TGase I), psoriasin, 

migration inhibitory factor related protein-8, and skin-derived antileukoproteinase. 
The expression of normal suprabasal keratins K1 and K10 is inhibited and replaced 
by the expression of the hyperproliferative keratins K6 and K16.  

The observations that keratinocytes and T cells express VDR and that 1,25-(OH)2D 
is a potent stimulator of keratinocyte differentiation provided a reasonable basis for 
the clinical use of VDR ligands for the treatment of psoriasis.103,104 The first clinical 
evidence to support the use of vitamin D analogues was obtained fortuitously when 
a patient treated orally with 1 -hydroxyvitamin D3 for osteoporosis showed 
remarkable remission of psoriatic lesions.105 Subsequently, promising clinical results 
were obtained in studies using oral 1 -hydroxyvitamin D3, oral and topical 1,25-
(OH)2D (calcitriol), and topical 1,24-(OH)2D. In these clinical trials, approximately 
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70–80% of the patients showed improvement, and complete clearance of the target 
lesions was observed in 20–25% of patients.106  

The antipsoriatic activity of VDR ligands could be attributed to their 
differentiation, antiproliferative, and immunomodulatory properties. VDR ligands 
exhibit multipronged effects in psoriatic lesions and affect the function of 
keratinocytes, T cells, and APC. VDR ligands promoted differentiation and 
inhibited the proliferation of keratinocytes.106,107 Differentiation of keratinocytes 
results in the formation of a cornified envelope (CE) that provides the barrier 
function of the skin. The expression of involucrin, a component of the CE, and 
TGase I, the enzyme that cross-links the components of CE, was increased by 
1,25(OH)2D and other VDR ligands.108 Treatment of keratinocytes with the 
medium containing high calcium also stimulated keratinocyte differentiation by 
increasing the expression of involucrin and TGase I. 1,25(OH)2D promoted 
keratinocyte differentiation, increased the expression of calcium receptor in 
keratinocytes109 and indirectly induced the expression of keratin 1, involucrin, 
TGase I, loricrin, and filaggrin, which are required for CE formation. VDR ligands 
decreased the expression/level of proinflammatory cytokines IL-2, IFN- , IL-6, and 
IL-8110-113 in T cells, all of which play a role in cutaneous inflammation, and 
proliferation of T lymphocytes and keratinocytes. Furthermore, topical calcipotriol 
increased antinflammatory cytokine IL-10 and decreased IL-8 in psoriatic lesions 
114, and 1,25-(OH)2D also increased the expression of IL-10 receptor in 
keratinocytes.115  

APCs or dendritic cells (DCs) also play an important role in psoriasis and 
autoimmune diseases because they are involved in autoantigen presentation. It 
appears that APCs are one of the major targets of 1,25-(OH)2D-mediated 

immunosuppressive action and VDR ligands prevent the differentiation, 

maturation, activation, and survival of DCs, leading to T cell hyporesponsiveness.116 
1,25-(OH)2D also increased the expression of IL-10 and decreased the expression 
of IL-12, two major cytokines that are involved in Th1-Th2 balance.117  

Psoriasis and comorbidities 

Psoriasis is considered a chronic and debilitating inflammatory disease associated 
with serious comorbiditites.118,119 The chronic inflammation in psoriasis can 
predispose patients to other inflammatory conditions. For example, individuals 
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with psoriasis are at increased risk for insulin resistance, obesity, dyslipidemia, and 
hypertension - components that characterize the metabolic syndrome. The 
metabolic syndrome is an important driver of adverse cardiovascular outcomes. It 
is likely that proinflammatory cytokines, such as TNF-α, and other factors that are 
overproduced in patients with psoriasis likely contribute to the increased risk for 
development of metabolic syndrome.120,121  

The high prevalence of atherosclerosis is also reported in psoriasis patients. In the 
pathogenesis of this phenomenon high serum lipid levels have been suggested. 
High serum lipid levels are common in psoriasis and may be responsible for an 
elevated prevalence of cardiovascular events in these patients.122 It may be useful to 
perform early screening and treatment of hyperlipidaemia in psoriasis to prevent 
atherosclerosis and its complications. Inflammation plays a key role in the 
pathogenesis of psoriasis and a number of chronic inflammatory systemic diseases 
listed above. Activated inflammatory cells and pro-inflammatory cytokines 
contribute to the development of psoriatic lesions and play an important role in the 
breakdown of atherosclerotic plaques. Psoriasis and atherosclerosis also have 
similar histological characteristics involving T cells, macrophages and monocytes. 
In particular, extravasation of T cells through the epithelium is characteristic of 
both psoriatic and atherosclerotic plaques.  

Inflammatory factors have also been associated with insulin resistance and β-cell 
failure, both are key features of type 2 diabetes mellitus.123 There is evidence that 
vitamin D may stimulate pancreatic insulin secretion directly. Vitamin D exerts its 
effect through nuclear receptors that are found in a wide variety of tissues, 
including T and B lymphocytes, skeletal muscle, and the pancreatic islet  β-cells.124 
The stimulatory effects of vitamin D on insulin secretion may be manifest only 
when calcium levels are adequate.124 There is some evidence that increased PTH 
activity is associated with, and possibly causes, reduced insulin sensitivity.124 The 
prevalence of impaired glucose tolerance and diabetes mellitus is increased in 
patients with primary hyperparathyroidism.125,126 

Vitamin D has a wide range of effects on the immune system: it promotes the 
differentiation of monocytes into macrophages thus increasing their cytotoxic 
activity; reduces the antigen-presenting activity of macrophages to lymphocytes; 
prevents dendritic cell maturation; inhibits T lymphocyte-mediated 
immunoglobulin synthesis in B cells and inhibits delayed-type hypersensitivity 
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reactions.34,127,128 In contrast, vitamin D exerts an antiproliferative effect on 
activated lymphocytes while suppressing the generation and activity of new NK 
cells.129,130 Furthermore vitamin D has been reported to downregulate the 
production of several cytokines: IL-2, IL-6 and IL-12, IFN- , TNF-α, and TNF-
β.128,131 Alternations in vitamin D status and/or action may affect insulin sensitivity, 
β-cell function or both. Furthermore, several vitamin D-relatid genes are associated 
with different pathogenetic traits of the disease.  Therefore, vitamin D and its 
related metabolic and immune pathways may be involved in the pathogenesis of 
type 2 diabetes mellitus at both environmental and genetic levels.123  

Osteoporosis 

Information about prevalence of osteoporosis among patients with psoriasis and 
epidemiology of risk factors for osteoporosis in this group is rare. Previous studies 
did not detect any  differences in bone mineral density (BMD) between patients 
with psoriasis and healthy controls.132 It is not known if psoriasis disease itself has 
any impact on bone metabolism.  

However, a previous study on psoriasis patients showed no evidence that patients 
with chronic plaque psoriasis, despite risk factors, had low BMD, although the 
subgroup with joint involvement appeared to be at higher risk of osteoporosis and 
therefore required prevention.132 Reduced BMD has been linked to palmoplantar 
pustular psoriasis.133 The existence of less severe periarticular osteoporosis is 
considered possible but there is no data concerning the existence of systemic 
osteoporosis in patients with psoriatic arthritis.134 

Vitamin D is important for bone metabolism.135 Vitamin D deficiency thus 
contributes to the pathogenesis of osteoporosis and hip fractures.136 The 
supplementation strategy with calcium and vitamin D supplements is cost saving 
for osteoporotic fracture.137 

Phototherapy  
It has been known for more than 2000 years that several skin diseases improve 
upon exposure to the sun (heliotherapy), but the systematic investigation of 
phototherapeutic modalities did not start until the beginning of the 20th century. 
UV radiation that reaches the skin is either reflected or absorbed by structures of 
the skin. UVC (<280 nm) is mostly absorbed in the stratum corneum, and UVA 
(320-400 nm) shows deeper penetration than UVB (280-320 nm).139-143 Thus, UVB 
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is mainly absorbed by epidermal components including keratinocytes, melanin and 
Langerhans' cells.144 Biological effects of UV radiation are generated through 
interaction with absorbing molecules called chromophores. In the case of UVB, the 
most important chromophores are proteins such as keratin, melanin, collagen and 
elastin, urocanic acid, DNA and previtamin D.8,145-147 

In 1903, Niels Finsen received the Nobel Prize for developing phototherapy as a 
treatment for tuberculosis of the skin. Around the turn of the 19th century, 
Sardemann used for the first time ever a carbon arc lamp to treat psoriasis in a 
patient.148 In 1923, Alderson then described “heliotherapy in psoriasis”. He used a 
quartz-jacketed mercury discharge lamp to treat his first patients.149 Three years 
later Goeckerman150 demonstrated the beneficial effect of natural sunlight in 
combination with tar for psoriasis vulgaris “Goekermann regimen”.151 In 1953, 
Ingram initiated the combination of UVB radiation, dithranol and tar-bathing for 
psoriasis.152 In 1974, the combination of oral psoralen intake and subsequent UVA 
irradiation was reported by Parrish153 and Wolff154, publications that marked the 
initiation of modern psoralen+UVA (PUVA) photochemotherapy for psoriasis. 
Phototherapy is thus an old and established treatment modality for this disease. 
According to Feldman et al.155, with regard to efficacy, safety and cost-
effectiveness, UVB phototherapy appears to be the best first-line treatment for the 
control of generalized psoriasis. Data from Fischer & Alsins156 and Parrish & 
Jaenicke157 subsequently showed that wavelengths around 311 nm provoke least 
erythema while being most effective for clearing psoriasis. According to these 
results a fluorescent bulb was developed (TL-01), emitting a major peak at 311 (± 
2nm) and a minor peak at 305 nm. This treatment was later called narrowband 
UVB (NBUVB) and following its introduction several studies were published on its 
superior efficacy in phototherapy of psoriasis.158-161 There is a large body of 
evidence indicating that NBUVB is more effective than broadband UVB as a 
monotherapeutic agent in the treatment of psoriasis even in children.160,162-164. 
Whereas broadband UVB is considered to be most effective close to the minimal 
erythema dose (MED), NBUVB has also been shown to be effective in 
suberythemogenic doses.165 However, Diffey166 could show in a mathematical 
model that clearance of psoriasis plaques is achieved faster with higher MED rates. 
For treatment of psoriasis with NBUVB, three rather than two or five radiations a 
week are effective167,168 and low incremental regimens are sufficient according to 
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Wainwright et al.169, who showed this regimen to be as effective as high incremental 
regimens but less erythemogenic. 

Ultraviolet radiation clears psoriasis with varying efficacy depending on the 
wavelength. Wavelength dependency was determined with monochromatic UV 
radiation and resulted in the action spectrum for psoriasis as established by 
Parrish.149,156,157 Wavelengths of less than 300 nm also achieve significant clearing of 
psoriasis, but cause more side effects in terms of erythema and burning and are 
thus less efficient.170 Further conclusions from this spectral analysis were that 
throughout the UVB and UVA ranges, the daily dose to clear psoriasis is equivalent 
to the MED.148 In other words, if a UV source emits the psoriasis action spectrum, 
one MED per day would be the best dosage regimen to clear the patients 
psoriasis.161 On the other hand the production of vitamin D is mediated by UVB 
dose equivalent to one MED. 

Mechanism of action 

Phototherapy (broadband UVB, NBUVB and heliotherapy) are commonly used 
treatment modalities for widespread psoriasis. 

Ultraviolet radiation influences the pathologic immune response in psoriasis in 
multiple ways. Firstly, it alters the deviated antigen presentation, which is a major 
trigger in psoriasis lesions. Langerhans cell numbers decrease by 90% after 7 UV 
treatment sessions.171 Furthermore the remaining dendritic cells acquire 
cytoskeleton damage by photo-oxidative stress, and this reduces subsequently their 
ability to express high numbers of costimulatory surface markers to efficiently 
stimulate T cells. UV radiation also alters the cytokine secretion pattern of 
macrophages at the site of inflammation and can diminish their numbers by 
induction of apoptosis.172 Under the influence of UV radiation, they produce IL-10, 
an important immunosuppressive cytokine that shifts the TH-1 environment back 
toward a TH-2 setting. Furthermore, macrophages produce IL-15 under the 
influence of UV radiation, a cytokine that recruits new T cells into the plaque. 
These new inactivated T-cells replace the originally present, hyperactivated set of T 
cells that become apoptotic under UV irradiation.173 T cells are already susceptible 
to very low doses of UVB and are thus more or less a selective target of  
photons.174 
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The downregulation of T-cell activity goes along with a decrease in IL-2, a general 
cytokine of T-cell activation in skin after UV irradiation.175 This can partly be 
attributed to another effect of UV radiation: among the new T-cells recruited into 
the lesion are regulatory T-cells, and UVB and PUVA have been shown to induce 
regulatory T-cell production and thus promote intrinsic immunologic control of 
pathologic overreaction.95,176,177 Ultraviolet radiation, however, also acts on the 
innate defence because it has been shown to switch off the activity of neutrophil 
and causes a dose-dependent inhibition of NK cell function.178,179 Doses that easily 
reach the dermis in clinical practice have been shown to diminish NK cell activity 
by at least 50%.171 This effect is exerted through reactive oxygen species induced by 
UV, in particular the superoxide anion (O2

−) plays a key role here.171 

UV radiation increases the IL-1 receptor antagonist in the epidermis more than 
inducing IL-1, a fact that strongly promotes keratinocyte differentiation and thus 
contributes to restoring the disturbed epidermal microarchitecture of psoriasis. 
Interestingly the effects on TNF-α are controversial. Ultraviolet B increases TNF-α, 
whereas UVA radiation reduces it. Ultraviolet radiation therefore does not inhibit 
this major cytokine of psoriasis pathology.180 

The effects of UV radiation on psoriasis can be divided into 2 mechanisms; 
immediate effects and delayed effects. Immediate effects are, for example, cell 
membrane damage by lipid peroxidation, DNA damage, induction of cytoplasmatic 
transcription factors, and isomerization of chromophores such as urocanic 
acid.170,181-184 These effects are largely cytopathic and induce growth arrest or even 
apoptosis. Delayed effects result from cells surviving the immediate effects of 
photon bombardment and lead to a modulation of the psoriasis microarchitecture, 
particular the TH-1–dominated immune response.166,170  

Heliotherapy, natural sunlight, has been used as a UV source throughout history 
long before modern phototherapy was developed. Heliotherapy has been shown to 
be generally effective in clearing psoriasis.185 Climatotherapy comprises alternative 
treatment methods employing the healing capacities of natural resources, including 
sunlight, temperature, humidity, barometric pressure and air. No other skin disease 
responds to heliotherapy as dramatically as psoriasis vulgaris.  
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Aims of  the investigation 

 

The overall aims of the 4 studies were to 1) increase the knowledge about the 
effects of UVB on vitamin D production during treatment with phototherapy and 
heliotherapy in patients with psoriasis; 2) identify any differences between the 
effect of NBUVB and broadband UVB on vitamin D synthesis in this group of 
patients; and 3) investigate the effects of UVB-induced vitamin D synthesis on 
bone, lipid and carbohydrate status in psoriasis patients. 

 

Paper I.  The aim was to examine whether broadband UVB therapy was capable of 
inducing vitamin D synthesis, thereby supplying psoriasis patients with vitamin D. 

 

Paper II. The aim was to investigate bone mineral density (BMD) and factors 
contributing to osteoporosis in a group of postmenopausal women with psoriasis 
who had been exposed to UVB therapy versus an age-matched control population. 

  

Paper III. The aim was to study whether the effect of NBUVB on vitamin D 
synthesis differed from the effect of broadband UVB in this respect. 

 

Paper IV. The aim was to investigate the effect of climate therapy on vitamin D 
synthesis, blood glucose and lipids, vitamin B12, C reactive protein and 
haemoglobin in patients with psoriasis.  
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Material and methods 

Subjects 

White, Caucasian patients with active plaque psoriasis were included in the studies 
(Paper I–IV). Clinical characteristics of the subjects included in the different studies 
are presented in Table 1. 

 

 

Study 

Number 
of 

patients 

Sex 

M/F 

Age (year) 

(mean±SD)

PASI 
score 

before 

 

PASI 
score 

after 

 

Age at onset 
of psoriasis 

(mean±SD) 

Paper   
I 

24 0/24 69 ± 5.9 6-12 

(range) 

1-4 

(range) 

34.0 ± 23 

Paper 
II 

35 0/35 69.3 ±6.3   37.0 ±23.5 

Paper 
III 

68 51/17 54.1±16.0 9.0±4.7 2.6±1.6 26.3 ± 14.2 

Paper 
IV 

20 14/6 47.2±10.7 9.8±4.5 2.4±1.7  

Table 1: Clinical characteristics of the psoriatic subjects included in study I–IV of this Thesis. 
PASI (Psoriasis Area and Severity Index) 

Anthropometry and bone measurement (paper I and II) 

Body weight and height were measured in underwear and without shoes to the 
nearest 0.5 kg and cm, respectively. Body mass index (BMI) was calculated as body 
weight divided by height squared (kg/m2), measured at the time of the Dual-Energy 
X-ray Absorptiometry (DEXA) examination. 

Bone mineral density (BMD) was examined by DEXA with Hologic Delphi A at 
the hip and the lumbar spine after UVB therapy. BMD results were recorded as the 
T-score (SD from the mean peak value in young sex-matched adults) and the Z-
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score (difference in SD from the mean of a healthy, age- and sex-matched sample) 
for each subject. The Z-score was adjusted in the BMD measurements from 
population data and inlaid as a control value in Hologic Delphi A. 

Vitamin D analyses 

Paper I and III 

Serum samples for 25(OH)D and  1,25(OH)2D were obtained at baseline and after 
the last dose of radiation. Serum 25(OH)D and 1,25(OH)2D were measured using 
the 125I (radioimmunoassay) RIA method (DiaSorin, Stillwater, MN, USA). A 
serum 25(OH)D concentration of ≤30 ng/ml was considered as vitamin D 
insufficiency (Paper I). 

Paper IV 

Similar vitamin D methods were used but analysed at the Hormone Laboratory, 
Aker University Hospital, Oslo, Norway. The serum concentrations of 25(OH)D 
and 1,25(OH)2D were measured by RIA and competitive RIA, respectively 
(DiaSorin, Stillwater, MN, USA).  

Other biochemistry   

Paper I and  III  

Blood samples for creatinine, calcium and intact parathyroid hormone (PTH) were 
obtained at baseline and after the last dose of radiation. Serum PTH was measured 
using the immunochemical luminescence method (mass concentration), serum 
calcium by photometry, 600 nm and serum creatinine by using an enzymatic 
method (µmol/l). The serum concentrations of thyroid hormones, and osteocalcin, 
calcium and creatinine were measured before the first and after the last dose of 
radiation (Paper I). Thyroxine hormone (free T4) and thyroid-stimulating hormone 
(TSH) were examined by electrochemical luminescence ECLIA (nmol/l) and 
(mU/l) respectively. Serum osteocalcin was examined using an immunochemical 
radio immunoassay (µg/l).  
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Paper IV 

The serum concentrations of calcium, ionised calcium (Ca++), PTH, plasma folate, 
homocysteine, vitamin B12, erythrocyte haemoglobin (EHb), erythrocyte folate 
(EFo), erythrocyte hematocrit (EHct), C reactive protein (CRP) and micro CRP 
(mCRP) were obtained before the sun exposure, after one day and after 15 days of 
exposure. The serum concentrations of creatinine, glucose, Apolipoprotein A1 
(APO-A1), Apolipoprotein B (APO-B), Lipoprotein A (Lp(a)), total cholesterol, 
high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol 
(LDL), triglyceride and glycosylated haemoglobin A1c (HbA1c) were analysed using 
routine laboratory methods, (Department of Medical Biochemistry, Rikshospitalet, 
Oslo, Norway) before and after 15 days of sun exposure.  

Procedures of UV exposure and UV measurement 

Paper I 

Patients were treated with broadband UVB (280-320 nm, PhilipsTL12 and Corona 
4, ESSHÅ, Elagentur, AB, Värnamo, Sweden) 2 to 3 times/week for 8 to 12 weeks 
(mean number of treatments 23.3±5.5) The radiation source was a fluorescent 
cabinet that enclosed subjects, consisting of fluorescent tubes mounted in a round 
assembly, placed at a distance of 30 cm apart from the body surface of the standing 
subject (Figure 5). The irradiance was measured by PUVA Combi Light (ESSHÅ, 
Elagentur, AB, Värnamo, Sweden). 

The subjects were exposed (whole body) to individually adjusted doses of UVB 
depending on skin phototype and erythemal response to therapy. The median 
cumulative UVB dose during the series of exposures was 0.9 J/cm2 (range 0.4 to 
5.8 J/cm2). 

 

Paper III 

The patients were previously treated with UV therapy. The selection of UV lamp 
was based on patients’ previous experience of the respective broadband or 
narrowband therapy. They were treated with the same lamp (NBUVB or TL12) 
throughout the study. Twenty-six patients were treated with broadband UVB (280-
320 nm, Philips TL12 and Corona 4, ESSHÅ, Elagentur, AB, Värnamo, Sweden) 
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and 42 patients were treated with NBUVB (311-312 nm, Corona 4, ESSHÅ, 
Elagentur, AB, Värnamo, Sweden). 

 

Figure 5: Psoriasis. Treatments with UVB lamp. 

All patients were treated according to standardised schedule adjusted to each 
patient 2 to 3 times/week for 8 to 12 weeks. The patients reached approximately 
the same outcome with similar total number of treatments (mean number of 
treatments 27.2±5.3 in the broadband UVB treated group and 28.1±5.6 in the 
NBUVB treated group).  

The radiation source consisted of fluorescent tubes mounted in a round assembly 
and placed at a distance of 30 cm apart from the body surface of the standing 
subject. Irradiation was measured by PUVA Combi Light (ESSHÅ, Elagentur, AB, 
Värnamo, Sweden). 

Subjects were exposed (whole body) to individually adjusted doses of UVB 
depending on skin phototype and erythemal response to therapy. The median 
cumulative UVB dose during the series of exposures in the group treated with 
broadband UVB was 12 J/cm2 and in the group treated with NBUVB 37 J/cm2. 

 

Paper IV 

The study was carried out during 15 days in March 2006 at Valle Marina Treatment 
Centre, Gran Canaria (27oN, 15oW) (Figure 6). The patients followed a strict 
exposure schedule the first day of the study, exposing first the front side of the 
body for 30 minutes, the back side for 30 minutes, followed by 15 minutes 
exposure of each side during the period between 11 am to 1 pm local time. They 
were allowed to stay outside after lunch, when an adequate amount (2 mg/cm2) of 
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sunscreen with sun protection factor (SPF) of 25 (Pediatrics Photoprotector ISDN, 
25B-10A-IR) was used for the whole body.186 For remaining days patients were 
advised to gradually increase the hours of exposure per day, and to limit the use of 
sunscreen to parts of the body that are susceptible to burning.  

 
Figure 6: Valle Marina 

The patients registered time spent in the sun every day per 20 minutes from 9 am 
to 5 pm local time, as well as the use/amount of sunscreen and SPF factor. Spectral 
UVB (280–315 nm), UVA (315–400 nm) and CIE-weighted UV irradiances were 
measured every hour using 2 broadband instruments (Solar Light Co PMA 2100 
with UVB sensor PMA 2101 and UVA  sensor PMA 2110, and Gigahertz-Optik 
GmbH X1 1 Optometer with UVB and UVA sensors XD-501).The CIE-action 
spectrum is a reference action spectrum for UV induced erythema in Caucasian 
human skin, valid for the UV region from 250–400 nm.187 Sensors were calibrated 
and intercompared against a spectroradiometer (Brewer#185, measurement range 
286.5–365 nm, extended for UVA 365–400 nm) at Izaña, Tenerife, prior to the 
study (by Mr. Alberto Redondas, Instituto Nacional de Meteorologia (INM), Spain) 
according to internationally accepted procedures (Figure 7).188,189 The overall 
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measurement uncertainty can be estimated within ±25%, and is due to the 
uncertainty in different instruments, temperature variations, azimuth variations and 
non-ideal cosine response in broadband sensors. Spectral UVB and UVA 
irradiances, in addition to CIE-weighted UVB and UVA irradiances, were 
calculated for the whole period using a radiation transfer model, libRadtran for 
irradiance calculations.190 

 

Figure 7: Calibrated broadband CIE-weighted UVB and spectral UVA-probes against 
spectroradiometer at Izaña, Tenerife, at the INM (Instituto Nacional de Meteorologia España), 

by Alberto Redondas 
 

The model was run for the following conditions: cloudless sky, albedo of 0.05, sea 
level and ozone values from the TOMS satellite.191 The UV irradiances were 
adjusted according to measurements taken at the treatment centre to account for 
the real weather situation and possible discrepancies from model parameters, such 
as different albedo and aerosol amount. UV doses were estimated for each patient 
after 1 day and after 15 days of sun exposure by combining calculated UV 
irradiances with sun exposure time from patients’ diaries.   

Results are presented as spectral UVB and UVA doses, as well as CIE-weighted 
UV doses in Standard Erythema Dose (SED) (1 SED = 100 J/m2 = 0.01 J/cm2). 
UV doses for each patient were set equal to the ambient UV doses divided by two, 
since only half the body can be exposed at any time. Doses on the first day 
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excluded exposure time when sunscreen is used, since patients reported using 
approximately the proper amount of sunscreen after lunch (30 ml, SPF 25). 

All exposure time is included for remaining days since patients reported using small 
amounts of sunscreen only on easily burned locations.  

Concomitant medication 

The patients were without any psoriasis medication for 4 weeks prior to the 
interventions in study I, III and IV. 

Questionnaires 

Medical, family and gynaecological history, nutrient intake, physical activity, history 
of psoriasis, previous psoriasis treatment and sun exposure in Paper II were 
obtained with questionnaires. Previous (at the age of 25 years) body height and 
weight were asked for. 

Exposure to sun during the summer was graded from 1 to 4, grade 1 was sun 
exposure <½ h/day, grade 2 was sun exposure ½–1 h/day, grade 3 was sun 
exposure 1–2 h, and grade 4 was defined as sun exposure >2 h/sunny summer day. 

Time spent outdoors per day (independent of sun exposure) was registered and 
graded from 1 to 4 in a similar way.  

Travel to sunny countries in the last two and ten years respectively was analysed 
and graded from 0 to 4. Grade 0 was no travel to sunny countries, grade 1 was 1-4 
travels, grade 2 was 5-10 travels, grade 3 was 10-20 travels and grade 4 was >20 
travels in the last 10 years.  

Ethical considerations 

Each patient was given written information about the aim of the study. The study 
was approved by the Ethics Committee at the University of Gothenburg and the 
Swedish National Data Inspection Board (Paper I, II and III) and Regional 
Committee of Medical Ethics and the Norwegian National Data Inspection Board 
(Paper IV). Declaration of Helsinki protocols was followed and the written 
informed consent of patients was obtained. 
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Statistics 

Data are given as mean ± SD or median (min-max) unless otherwise stated. Simple 
descriptive statistics and univariate correlations were performed using the statistics 
routines of software (Excel, Microsoft Inc, SPSS, Version 15).  

Student’s paired t-test was used for comparisons of blood test results before and 
after sun exposure. Associations between variables were tested by Pearson and 
Spearman correlation analysis. Probability values (2-sided) were considered 
significant at values of <0.05.  
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Results 

Comparison between the studies 

Phototherapy induced vitamin D production in patients with psoriasis. 

Serum levels of 25(OH)D increased during the treatment with artificial UV 
(broadband UVB (p<0.00001), NBUVB (p<0.0001)) and during the heliotherapy 
(p<0.0001) (Table 2, Figure 8 and 9).  

 

 Postmenopausal
women treated 
with broadband 
UVB (Paper I) 

Broadband 

(Paper III) 

Narrowband 

(Paper III) 

Heliotherapy 

(Paper IV) 

25(OH)D(ng/ml)     

before  
after 

36.8 ±17.0 

59.6±18.7 

37.9±16.9 

69.4±19.7 

34.8±11.9 

55.3±17.6 

22.9±6.0 

41.8±6.3 

1,25(OH)2D (pg/ml)      

before 
after 

53.2±17.0 

61.7±11.0 

59.4±16.8 

66.5±19.3 

62.1±25.6 

62.0±19.1 

58.6±16.8 

73.1±23.7 

PTH (ng/l)     

before 
 after 

63.3±26.2 

48.4±17.3 

31.6±17.2 

23.3±12.8 

33.7±17.7 

29.2±14.1 

41.8±17.3 

38.6±12.9 

Table 2: Changes in serum concentrations of 25(OH)D, 1,25(OH)2D and PTH in psoriasis 
patients treated with broadband UVB, NBUVB and heliotherapy. (Mean ±SD) 

 

The increase in 25(OH)D was higher in the broadband treated patients compared 
to NBUVB treated group (p=0.008) and compared to patients treated with 
heliotherapy (p<0.01). The increase in 25(OH)D during two weeks of 
climatotherapy was similar to the increase in 25 (OH)D during the treatment with 
NBUVB.  
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Figure 8: The mean 25(OH)D serum concentrations before and after the treatment with 
broadband UVB lamp (Paper I and III), NBUVB lamp (Paper III) and heliotherapy (Paper IV), 

respectively. Error bars: 95% CI. 

 

The serum concentrations of 25(OH)D increased  in postmenopausal women with 
psoriasis treated with broadband UVB. There was no difference in the increase of 
25(OH)D between the postmenopausal women treated with broadband UVB, 
younger patients treated with broadband, NBUVB, or heliotherapy, respectively. 

Patients treated with broadband UVB during winter months increased their serum 
levels of 25(OH)D from 28.5±8.8 to 64.6±24.1 ng/ml (p<0.001) and patients 
treated with NBUVB increased their 25(OH)D from 28.3±6.8 to 47.2±15.5 ng/ml 
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(p<0.001); (p=0.012 between lamps). Patients treated with 2 weeks heliotherapy 
increased 25(OH)D from 22.9±6.0 to 41.8±6.3 ng/ml (p<0.001), respectively, 
(p<0.015 between broadband UVB treated patients during winter and patients 
treated with heliotherapy). 

Two weeks of heliotherapy were as effective as treatment with NBUVB 2-3 times 
per week for 2 to 3 months. Serum concentration of 25(OH)D at the start in Paper 
I and III was however, higher than in patients treated with heliotherapy 
(p=0.0001). The mean serum concentration of 25(OH)D after UV therapy was also 
higher in patients treated with artificial lamps (p<0.0001) compared with 
heliotherapy. 

 
Figure 9: Changes in serum concentrations of 25(OH)D induced by broadband UVB, NBUVB 

and heliotherapy in each psoriatic patient. 
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PTH decreased after the treatment with broadband UVB and after heliotherapy 
(Table 2). The decrease in PTH was most prominent in the group of 
postmenopausal women treated with broadband UVB, Paper I.  

The suppression of PTH in postmenopausal women treated with broadband UVB 
was higher than in patients treated with NBUVB (p=0.005), Paper III, and in 
patients treated with heliotherapy (p=0.026), Paper IV, respectively (Table 2, Figure 
10 and 11). 
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Figure 10: Changes in serum PTH after different phototherapies in psoriatic patients. 
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Figure 11: Changes in serum concentrations of PTH induced by broadband UVB, NBUVB and 

heliotherapy in each psoriatic patient. 

 

1,25(OH)2D increased more during the heliotherapy than with NBUVB (p=0.02). 

There was no correlation between the dose of UVB and the increase of 25(OH)D, 

or 1,25(OH)2D respectively. 

Psoriasis improved in all patients, with a reduction in PASI  score of about 75% on 
all regimens. PASI at start was similar in all groups and improved similarly on all 
regimens.  
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Paper I 

Twenty-four women aged 60–81 years with a mean BMI of 27.7±4 kg/m2 were 
treated with broadband UVB, 2–3 times/week during 8–12 weeks. Psoriasis 
improved in all patients, with a reduction in PASI from 6–12 before to 1–4 after 
UV therapy.  

Vitamin 25(OH)D 

Serum levels of 25(OH)D increased from 36.8 ±17.0 ng/ml before the UVB 
treatment to 59.6 ± 18.7 ng/ml after (p<0.001) (Table 2, Figure 8).  

Two patients showed a reduction in their circulating vitamin D levels following 
phototherapy. Both subjects had high level of 25(OH)D at the start of the 
treatment – one subject due to travel to a sunny country one month before the 
UVB therapy, and one subject commenced  her course of UVB at the start of the 
autumn following summer, so their vitamin D levels were falling after the summer 
peak. 

Before UVB therapy, a serum concentration of 25(OH)D  below  30 ng/ml was 
found in 10 patients (42%) and serum concentrations of 25(OH)D of >30 ng/ml 
were present in 14 patients. All increased 25(OH)D after UVB (p=0.001), while 
PTH decreased (p=0.001). The increase in 25(OH)D was enhanced in  patients 
with low vitamin D values. 

The serum concentration of osteocalcin was similar in patients with low and normal 
vitamin D before and after UVB therapy.  

Six of the patients had taken vitamin and mineral supplements (vitamin E, Omega 
3 and multivitamins including vitamin D3 (200 IU/day)). Despite this intake of 
supplements, two of these patients had vitamin D insufficiency (25(OH)D <30 
ng/ml). All these women experienced an increase in serum 25(OH)D similar to 
that in patients without supplements.  

Serum calcium, osteocalcin, thyroid hormones and creatinine were unaltered after 
the UVB therapy.   

Serum PTH  

Serum PTH decreased after UVB exposure from 63.3±26 ng/l to 48.4±17.3 ng/l 
(p<0.001) in all women (Table 2, Figure 10).  
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Serum PTH decreased from 69.6±30 ng/l to 49.8±17 (=29%) (p<0.001) in 
patients ≥70 years of age and from 55.9±19 ng/l to 46.6±19 (=17%) (p=0.039) in 
patients <70 years of age.   

Secondary hyperparathyroidism (PTH >65 ng/l) was found in 7 patients (29%) 
before treatment. In these patients, the median PTH value decreased from 98.2 
ng/l before the UVB therapy to 63.7 ng/l (54%) after (p< 0.001). None of the 
patients had hypercalcaemia. The median 25(OH)D in these patients was 22.6 
ng/ml before UVB treatment and 64.7 ng/ml (186%) after. 

Bone status 

The mean Z-score value (SD from the mean peak value in age-matched adults) was 
+0.54 SD (±1.1) at the hip and +0.50 SD (±1.4) at the lumbar spine.  

The mean T-score value (SD from mean peak value in young adults) was -0.90 SD 
(±1.15) at the hip and -1.49 SD (±1.4) at the lumbar spine.  

Normal BMD (T-score >-1 SD) was found in 10 of the youngest patients, 
osteopenia (T-score between –1 to -2.5 SD) in 5 patients and osteoporosis (T-score 
<-2.5 SD) in 9 patients.  

Mean serum levels of 25(OH)D before the UVB treatment were 38.4±21 ng/ml in 
the group with normal BMD, 36.0±13 ng/ml in the group with osteopenia and 
35.5±16 ng/ml in the women with osteoporosis (ns. between groups).  

After the UVB treatment, serum 25(OH)D increased in all groups (p<0.01), 
respectively. The mean serum level of 1,25(OH)2D did not differ between the 
different BMD groups before or after the UVB treatment. There was no 
relationship between psoriasis onset and bone status. Any changes in BMD were 
not expected to occur in 8-12 weeks of UV therapy. 

Paper II 

Anthropometry and bone status 

Thirty-five women with psoriasis were compared with 2448 age-matched control 
women from the Geriatric out-patient clinic, Göteborg, regarding risk factors for 
osteoporosis. Both the Z score and T score at the hip and lumbar spine were 
higher in women with psoriasis than in controls.  
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A positive family history for kyphosis was less common in patients than in controls 
(p=0.0086). The duration of HRT was shorter in patients than in controls 
(p=0.045).Prevalence of myocardial infarction and angina pectoris was more 
common in the patient group. Patients had higher consumption of cheese and 
coffee and were more physically active than controls. The degree of physical 
activity in patients was 3.7±2.2 of 1–4 (low to high) per week vs. 1.8±1 in controls 
(p=0.0001). 

Subjects with normal BMD (n=14) were younger (67±6 years) than the patients 
with osteopenia and osteoporosis (72±6 and 70±6 years, respectively). BMI and 
the number of UVB treatments did not differ between groups. The age at onset of 
psoriasis correlated positively with BMD in all patients.  

All fractures occurred after falling during patients’ leisure time and 87% involved a 
wrist fracture.  

The patients with normal BMD had highest childbirth, latest menopause and 
longest duration of HRT.  

Milk consumption varied from 0 to 5 glasses per day but did not differ between 
groups. Coffee consumption varied between 1 to 8 cups/day and was highest in the 
patients with osteoporosis. Vitamin and mineral supplementations (vitamin E, 
omega 3, calcium or multivitamin) did not differ between groups. Current smoking 
was more common in patients with osteopenia and osteoporosis. 

Physical leisure time activities were highest in patients with normal BMD. The 
activities were mainly described as Grade 3 (regular exercise within different 
activities depending on the season such as swimming, skiing, walking and 
gardening).   

Sun exposure of two hours or more during summer was highest in patients with 
normal BMD. The patients with normal BMD had the highest number of trips to 
sunny countries in the last 2 years. Spending time outdoors (independent on sun 
exposure) was similar in all groups and varied between 1–2 h/day.  

None of the patients had systemic treatment with corticosteroids but 27 (77%) had 
topical treatment with cortisone ointments alone or in combination with vitamin D 
analogue (calcipotriol). Patients with normal BMD used more calcipotriol while 
osteoporosis patients used more topical corticosteroid. 
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Paper III 

Twenty-six psoriatic patients (7 women and 19 men) with broadband UVB 
treatment were compared with 42 (10 women and 32 men) psoriatic patients with 
NBUVB treatment for 8 to 12 weeks.  

Serum 25(OH)D increased after both broadband and NBUVB (Table 2, Figures 8 
and 9). The increase in 25(OH)D was higher in the broadband treated patients 
(p=0.008) compared with NBUVB. Serum PTH decreased on broadband UVB 
(p<0.05).  

Secondary hyperparathyroidism (PTH >65ng/ml) was present in 5 men and their 
PTH values normalised after UVB therapy. 25(OH)D increased similarly in patients 
with 25(OH)D <30ng/ml as in patients with 25(OH)D ≥30 ng/ml at baseline. 
There were no changes in 1,25 (OH)2D, creatinine or serum calcium in the groups 
after treatment.  

There was no correlation between the dose of UVB and the increase of 25(OH)D. 
The treatment time was four times longer for the NBUVB treated patients than for 
patients treated with the broadband UVB.  

Patients with skin type II (n=23), obtained as expected, a lower median dose of 
UVB (broadband 6.9 J/cm2 and narrowband 31.4 J/cm2) than patients with skin 
type III (n=44, dose of broadband UVB 16.4 J/cm2 and 51.8 J/cm2 dose of 
NBUVB) and IV (n=1, treated with broadband UVB, dose 15.7 J/cm2). Patients 
with skin type II (n=23) increased in 25(OH)D from 33.8±16.8 to 56.5±20.7 
ng/ml (p<0.001) and patients with skin type III (n=44) increased from 36.9±12.3 
to 64.0±18.0 ng/ml (p<0.001),  respectively (ns between skin type II and III). 

Psoriasis improved in all patients, with a similar reduction in PASI score in both 
groups. Improvement in psoriasis correlated positively with increase in 25(OH)D  
(p=0.047).  

The baseline 25(OH)D levels were lower in those who started in winter compared 
with those who started during spring (p=0.0001).  

The age difference was explained by the later introduction of the NBUVB lamps 
(younger patients). 
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Paper IV 

Sun exposure for 15 days led to reduction in the PASI score in patients with 
psoriasis. Furthermore, the sun exposure increased serum concentrations of both 
25(OH)D and 1,25(OH)2D.  

Patients with 25(OH)D ≤ 20 ng/ml (50 nmol/l) at baseline (1 woman and 5 men) 
increased more in 25(OH)D than  patients with 25(OH)D >50 nmol/l (p=0.03). 

The serum concentrations of 1,25(OH)2D increased after 15 days of sun exposure 
(p=0.01 day 1–15 and p=0.004 day 2–15). 

The serum concentrations of PTH decreased (p=0.04 day 2–15). 

BMI was unaltered during the study period. The sun exposure improved the lipid 
and carbohydrate status of the patients. The LDL/HDL cholesterol ratio decreased 
from 2.4 to 1.9 (p<0.001). The serum concentrations of APO-A1, EHb, folic acid, 
HDL, homocysteine and uric acid increased during 15 days of climate therapy. The 
serum concentrations of APO-B, vitamin B12 and HbA1c decreased during the sun 
exposure period. The serum concentrations of calcium, creatinine, EHct, glucose, 
CRP, mCRP, total cholesterol, LDL, Lp(a) and triglyceride were not influenced by 
climate therapy.  

Diastolic blood pressure increased from 84.5±9.7 to 90.9±10.6 mmHg (p=0.007) 
while systolic blood pressure and pulse were unaltered after 2 weeks of sun 
exposures.  

Daily sun exposure time per patient increased throughout the treatment period. 
The patients received on average 5.1±2.3 SED (median=4.0 SED), range 2.6–10.3 
SED on the first day of exposure. The mean dose was similar for the patients with 
skin type II and III. The mean dose after 15 days sun exposure was 166±25 SED 
(range 104–210), 135 and 169 SED for the patients with skin type II and III, 
respectively. The variation between minimum and maximum patient doses each day 
was large. The patients´ sunbathing with sunscreen during the first day reported a 
use of approximately 30 ml of cream each on body sites easily burned. Although 14 
out of the 20 patients reported erythema after the first day of sun exposure, but 
none reported blistering erythema.  

The reduction in PASI score was 73%, but there was no correlation between the 
improvement in PASI score and vitamin D or the UV dose, respectively. 
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Furthermore, we did not find any correlation between changes in the single 
component of PASI score, including area, erythema, infiltration and desquamation, 
and the dose of received UVB.  

Serum concentration of 1,25(OH)2D at baseline correlated positively to serum 
concentration of 25(OH)D at baseline (p<0.0005) and negatively to increase of 
25(OH)D (p=0.023). The increase in 25(OH)D correlated to the increase in 
1,25(OH)2D after 15 days of climate therapy (p<0.0005). Serum concentrations of 
25(OH)D at baseline correlated positively to serum HDL at baseline (r=0.46, 
p=0.040). 
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Discussion 

Serum 25(OH)D in psoriasis patients during treatment 

with phototherapy (Papers I, III and IV) 

Serum 25(OH)D levels increased in psoriasis patients following treatment with  
heliotherapy, broadband UVB and NBUVB phototherapy. Psoriasis improved in all 
patients, with a reduction in PASI score of about 75% on all regimens. UVB and 
sun exposure are the strongest factors influencing 25(OH)D.8,18,33,138,192 The same 
wavelength of the UVB spectrum (290-315 nm) that is responsible for D3 vitamin 
synthesis in the skin also improves psoriasis lesions, and has therefore been used in 
psoriasis therapy. 

Vitamin D3 production in patients with psoriasis increased less with NBUVB than 
with broadband UVB phototherapy. One explanation might be that the optimal 
wavelength for initiation of the vitamin D3 pathway was 300±5 nm in vitro and in 
vivo193 which is in the broadband UVB range (280-320 nm). The synthesis of 
vitamin D3 was stimulated by wavelengths between 290-315 nm, but not longer 
than 315 nm. The present results from our study (Paper III) showed that a 
wavelength of 311 nm was effective for inducing vitamin D3 synthesis, but not to 
the same extent as wavelengths in the broadband UVB range. UVB treatment of 
psoriasis was a sufficiently time-consuming procedure to increase vitamin D3 also 
with NBUVB. The time required for NBUVB to have an effect can reduce the 
difference in the potential for vitamin D3 production between the two lamps. The 
treatment time correlated strongly with the type of lamp (patients treated with 
NBUVB required 4 times longer exposure times than patients treated with 
broadband UVB). This is consistent with other studies demonstrating that the dose 
response of the erythemal spectra of NBUVB should be about 4.2 times that of 
broadband UVB 194. The dose of UVB also correlated with the type of lamp, but 
we could not find any correlation between the dose of UVB and the increase of 
25(OH)D levels. This might be explained by autoregulation of skin synthesis, 
storage, and slow, steady release of vitamin D3 from the skin into the circulation.8  

The serum concentrations of 25(OH)D almost doubled during 15 days of climate 
therapy (Paper IV). Patients with lower 25(OH)D levels at baseline responded 
better to sunlight and phototherapy (Paper I and IV) which is consistent with other 
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studies.195 All patients reached serum levels of 30 ng/ml (75 nmol/l) after two 
weeks of sun exposure. A circulating level of 25(OH)D of >30 ng/ml, or >75 
nmol/l, appears to be necessary to maximize the health benefits of vitamin D.195 
Sun exposure is the major source of vitamin D3 for most humans.195 Skin pigment, 
sunscreen use, aging, time of day, season, and latitude all affect previtamin D3 
synthesis.196  

The ability of the skin to produce vitamin D3 declines with age 12 due to 
insufficient sunlight exposure29,197 and a reduction in the functional production 
capacity of the skin.12,13,198 All the patients in our study (Paper I) were post-
menopausal women and we were unable to see any clear negative correlation 
between age and vitamin D3 synthesis in line with a previous population study 
carried out in the same city.138 Age did not correlate with the increase in 25(OH)D 
in our intervention studies (Paper I, III, and IV).  

The increase in 25(OH)D during 2 weeks of heliotherapy was very similar to the 
increase in 25(OH)D during treatment with broadband UVB and NBUVB for 2 to 
3 months (Paper I and III). During prolonged exposure to the sun, the 
accumulation of previtamin D3 is limited to about 10 to 15% of the original 7-
DHC content, because the previtamin also undergoes photoisomerization into two 
biologically inert photoproducts, lumisterol-3 and tachysterol-3.8 

The vitamin D3 production is a unique, autoregulated mechanism which occurs at 
two levels. Excessive sun exposure does not lead to overdosing of vitamin D3 due 
to conversion of previtamin D3 to inactive photoproducts (lumisterol 3 and 
tachisterol 3) as well as conversion of vitamin D3 to its isomers in the skin (5,6-
trans vitamin D3, supersterol I, supersterol II) which are thought to have low 
calcemic effect at physiological concentrations. Vitamin D3 is synthesized in the 
skin and  released steadily and slowly from the skin into the circulation.8   

There was no difference in the increase of 25(OH)D between the different skin 
types in the present studies. The reason could be that the subjects were exposed to 
individually adjusted doses of UVB depending on skin phototype and erythemal 
response to therapy. All patients had previous experience of UVB therapy for their 
psoriasis disease. As expected, fair-skinned patients required lower doses of UVB 
(broadband and narrowband) than patients with skin type III and IV. This finding 
is consistent with other studies examining the effect of skin pigmentation on 
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vitamin D3 synthesis.199 Melanin pigment in human skin competes for, and absorbs 
the UVB photons responsible for the vitamin D3 synthesis.199 

During the winter months vitamin D3 production is insufficient to meet the 
optimal requirements in both younger and older adults at Northern latitudes.200 As 
seen in a previous study201, lower baseline 25(OH)D levels were found in those 
who initiated treatment in winter. Psoriasis lesions usually deteriorate during winter, 
and many patients are therefore given repeated UVB treatment during this season. 
In addition to healing psoriasis lesions, UVB therapy also provides these patients 
with vitamin D3 during the winter months, when levels of 25(OH)D in Northern 
countries are generally low. Broadband UVB induced vitamin D3 production and 
suppressed PTH (Paper I, III and IV). The increase in 25(OH)D was similar for 
the broadband and NBUVB lamps during the spring period. The influence of 
ambient UVB on vitamin D status during the spring months (March-June) might 
explain this result.  

We found no correlation between the increase of the dose of UVB and the increase 
of serum 25(OH)D levels within the groups. This might be due to the fact that 
serum concentrations of 25(OH)D were measured at different time points and a 
plateau level was reached after three weeks, which had also been seen in a previous 
study.202 A recent in vitro study has demonstrated that the dose-response 
relationship of UV exposure and cholecalciferol synthesis was nonlinear. It was 
hypothesized that exposure to additional UV may not result in a proportional 
increase in vitamin D levels.203 

The correlation between sunlight measures and serum 25(OH)D has been shown 
to be weak.204 Patients (Paper IV) reached their plateau of daily sun exposure after 
the first week. It might be that the vitamin D3 production was most prominent 
during the first week, when the patients had experienced redness and some of them 
even got sunburned.   

The increase of 25OHD during 15 days of climate therapy was significant even 
though the patients used sunscreens on body sites susceptible to sunburn, and even 
though the skin was affected by psoriasis lesions. An SPF-8 sunscreen reduces the 
skin's production of vitamin D3 by 95%. Clothing completely blocked all solar 
UVB radiation and thereby prevented vitamin D3 production.15  

We found no correlation between the reduction in PASI score and serum 
concentrations of 25(OH)D during climate therapy, consistent with another study 
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(Paper I). Furthermore, there was no dose-dependent correlation between vitamin 
D metabolite levels, PASI score and the received UV dose. 

Improvement in psoriasis correlated positively with an increase in 25(OH)D3 levels 
in Paper III (p=0.047; the group of patients treated with broadband UVB and  
NBUVB) but not in the other studies (Paper I and IV). We do not have a good 
explanation for this. Instead we propose that a larger population of psoriasis 
patients should be examined to clarify this finding.  

It has been alleged that NBUVB is more effective than broadband UVB for 
reducing PASI scores, as well as safer and better tolerated by patients than PUVA 
when taken at suberythemogenic doses.205 The NBUVB lamp seemed to be easier 
to handle and better tolerated, giving it some advantages over the standard 
broadband UVB206 which has led to a reduction in the usage of broadband UVB.  
One of the drawbacks with the new lamp is that the radiation times are almost 
doubled.207 The reduction of PASI scores in our study (Paper III) was similar in all 
patients, irrespective of the choice of lamp. The patients were not allowed to apply 
calcipotriol to psoriasis lesions during the study and several patients noticed a 
somewhat delayed effect of the UVB therapy on the healing process. Several 
studies have shown more rapid healing of psoriasis with the combination of 
calcipotriol and UVB radiation than with monotherapy with either treatment.102,208  

Our method for measuring and estimating UV doses (Paper IV) is simpler 
compared with using personal UV dosimeters, but it is associated with more 
uncertainties. These are discussed by Snellman et al209, but the predominant 
uncertainty is probably due to the fact that the skin dose equals half the ambient 
dose. This is appropriate as a first approximation, in particular for the abdomen 
and back during sun bathing if the patients turn to expose these sites to an equal 
extent. Measurements using personal dosimeters in other studies support this 
assumption.209-211 For the extremities, doses are reported to be higher or lower 
depending on activities, and all vary more than during sun bathing.209,211,212 The 
upper extremities probably often receive more than 50% of the ambient UV209-212 
and are therefore more susceptible to sunburn. These sites are often covered with 
sunscreen through the treatment period.  

The correlation between personal report of sun exposure and ambient UV light 
measured by dosimeter (assessment of radiation dose) is weak.204   
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The positive correlation between serum 25(OH)D and serum 1,25(OH)2D (Paper 
IV) suggests that the production of the latter is substrate-dependent in vitamin D-
deficient patients.136,213 Serum concentration of 25(OH)D at baseline was lower in 
patients treated with heliotherapy (p=0.0001) than in patients treated with 
broadband UVB and NBUVB, and in postmenopausal women with psoriasis 
treated with broadband UVB. 

Serum 25 OH vitamin D levels in the postmenopausal psoriatic women before 
UVB therapy (Paper I) were similar to those in age- and location-matched control 
women.138 The serum concentration of 25(OH)D at baseline was similar in the 
patients treated with broadband UVB and NBUVB, and in postmenopausal 
women with psoriasis treated with broadband UVB. After broadband UVB 
treatment, serum 25(OH)D increased whilst serum PTH decreased. In addition to 
the positive calciotropic effect of vitamin D on bone metabolism and the 
suppression of PTH214,10, vitamin D also plays an important role in healing 
psoriasis.215-217 This indicates that the positive effect of UVB on psoriasis might be 
due to vitamin D3 production in the skin.  

The increase in serum 25(OH)D found after UVB exposure was consistent with 
the results from sun exposure studies, where sunlight was the strongest factor 
influencing serum vitamin D in women in the general population.79,138  

The regular use of sunbeds that emits vitamin D-producing ultraviolet radiation is 
associated with higher 25(OH)D concentrations in healthy adults, and may thus be 
of benefit to the skeleton in vitamin D insufficiency.79 Others have found that 
vitamin D3 is more efficacious than vitamin D2 (the major vitamin in supplements) 
for increasing serum 25(OH)D levels.218 UVB therapy increased serum 25(OH)D 
levels even in patients taking vitamin D supplements. This is in line with previous 
studies which reported that UV-induced vitamin D3 synthesis had a greater 
influence on the serum levels of circulating calcidiol than the peroral intake of 
supplements.10,218   

The controlled use of UVB is a safe and effective method for the treatment of 
psoriasis151 and could be used as treatment for vitamin D deficiency.136  

The cut-off level for serum 25(OH)D, which is used as a diagnostic marker for 
vitamin D deficiency, has varied over the years.33-35 The early biochemical changes 
in vitamin D insufficiency include a rise in serum PTH, which begins to increase as 

serum 25(OH)D levels fall below 30 ng/ml or 75 nmol/l.35 This level of 25(OH)D 
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has become the suggested cut-off point for vitamin D deficiency or 
inadequacy.29,30,35,219  

In those studies, it is not possible to draw conclusions about the ability of psoriatic 
skin to produce vitamin D3. A larger study is needed to examine the correlation 
between PASI and the capacity of psoriatic skin to produce vitamin D3 during 
UVB exposure. 

Serum 1,25(OH)2D in psoriasis patients during treatment 

with phototherapy (Papers I, III and IV) 

Vitamin D undergoes metabolism in the liver to 25(OH)D, and then in the kidney 
to a number of metabolites, the most important of which is 1,25(OH)2D. This is 
the classical pathway and quantitatively the most important for producing 
1,25(OH)2D. However, the keratinocyte is fully capable of producing its own 
1,25(OH)2D.46  The skin is the only tissue yet known in which the complete UVB-
induced pathway from 7-DHC via intermediates (previtamin D3, vitamin D3, 
25(OH)D) to the final product 1,25(OH)2D, takes place under physiological 
conditions.26 Levels of 1,25(OH)2D tended to increase during phototherapy, but 
statistically significant increases were noticed only during heliotherapy, and only in 
postmenopausal women with 25(OH)D3 below 30 ng/ml, and in women aged ≥ 
70 years. One explanation might be that these patients had lower serum 
concentrations of 25(OH)D at the start of the treatment.  

It has been postulated that the synthesis of 1,25(OH)2D is tightly regulated, and 
that increases in 25(OH)D concentrations due to exposure to sunlight have no 
effect on serum 1,25(OH)2D levels.195,220 Some other studies221,222 have shown a 
positive correlation between serum 25(OH)D and serum  1,25(OH)2D in vitamin 
D-deficient patients, indicating substrate-dependent synthesis of 1,25(OH)2D.  The 
similar observation that both 25(OH)D and 1,25(OH)2D increased in vitamin D 
deficient persons following UVB exposure223 or after vitamin D supplementation221  
has been reported previously. Parathyroid hormone is a well-known stimulator of 
1,25(OH)2D synthesis. The positive correlation between 1,25(OH)2D and intact 
PTH reflects the physiological effects of  PTH on the 1,25(OH)2D response to low 
calcium. The positive relationship between PTH and 1,25(OH)2D,  and the inverse 
relationship between PTH and 25(OH)D has been shown in a previous study from 
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the same city.224 The persistent elevation of 1,25(OH)2D concentrations in patients 
with low levels of 25(OH)D might be explained by PTH-induced chronic 
stimulation of the renal 25(OH)D-1α-hydroxylase.223  

The increase of 1,25(OH)2D levels between patients treated with heliotherapy and 
patients treated with NBUVB differed (p=0.02). This might be also explained by 
lower values of 25(OH)D at baseline in patients treated with heliotherapy. 

Keratinocytes are capable of producing a variety of vitamin D metabolites, 
including 1,25(OH)2D, 24,25(OH)2D, 1,24,25(OH)3D46 from exogenous and 
endogenous sources of 25(OH)D. The process by which 1,25(OH)2D is produced 
and catabolised is tightly regulated and coupled to the differentiation of these cells. 
The epidermis is likely to contribute to circulating levels of 1,25(OH)2D, as  human 
keratinocytes rapidly and extensively convert 25(OH)D to 1,25(OH)2D.46,225 Peak 
intracellular levels of 1,25(OH)2D are reached within 1 hour of adding 25(OH)D.46 
However, when renal production  of 1,25(OH)2D is normal, circulating levels of 
1,25(OH)2D are sufficient to limit the contribution from epidermal production.225 
It is now clear that epidermal 1α-hydroxylase and renal 1α-hydroxylase are identical 
proteins. The 1α-hydroxylase molecule is a 56-kDa protein with 506 amino acids. 

Production of 1,25(OH)2D regulates itself in the cell through a negative feedback 
loop which is similar to that observed in the kidney, but differs from that seen in 
the macrophage where this feedback is missing.46 An important difference between 
keratinocytes and renal cells in the regulation of 25(OH)D metabolism by 
1,25(OH)2D is that the concentration of 1,25(OH)2D required to inhibit the 1α-
hydroxylase and induce 24-hydroxylase in renal cells appears to be several times 
greater than that required to achieve comparable effects in keratinocytes.46,225 Thus, 
1,25(OH)2D production by keratinocytes is extremely sensitive to exogenous 
calcitriol. Acute nephrectomy leads to a very low extrarenal production of 
1,25(OH)2D226, and pig skin perfused with 25(OH)D showed low amounts of 
calcitriol  which increased after 4-8 hours of perfusion.227  In contrast to the renal 
1α-hydroxylase which is tightly regulated by feedback mechanisms, the extrarenal 
1α-hydroxylase is only constitutively expressed.21 As a consequence, there should 
be no relevant feedback mechanisms between the systemic and epidermal vitamin 
D pathways that ultimately depend on UVB radiation.21 Thus, the local UVB-
triggered production of calcitriol may primarily regulate epidermal cellular functions 
in an auto- and paracrine manner, but this should not be crucial for systemic 
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vitamin D effects21 and systemic vitamin D deficiency does not stimulate epidermal 
synthesis of 1,25(OH)2D.228  

Cutaneous production of 1,25(OH)2D3 may regulate growth, differentiation, 
apoptosis and other biological processes in the skin.229 The NBUVB has been 
shown to have less capacity to induce a local skin production of 1,25(OH)2D3 at 
44% of the monochromatic irradiation at 300 ±2.5 nm.193 

There is no information in the literature whether psoriatic skin is capable of 
synthesizing vitamin D.  

It is not clear if the serum 25(OH)D level is linked to the level of the active form of 
vitamin D3 present in the skin. It has been suggested that cutaneous conversion of 
25(OH)D to 1,25(OH)2D does not play a role because the amount of free 
25(OH)D3 that penetrates the cell membrane of epidermal keratinocytes is too 
small to produce sufficient amounts of 1,25(OH)2D.229 The main form of 
circulating 25(OH)D is presented in a complex with vitamin D-binding protein 
(DBP) with only a very small amount (0.03%) available as the free form. 
Furthermore, the deeper layers of the epidermis are not vascularised, which further 
impairs the passage of the 25(OH)D3-DBP complex from blood to epidermal 
keratinocytes.229  

We found no correlation between reduction in PASI score and serum 
concentrations 1,25(OH)2D. Nevertheless, the known therapeutic effect of UVB 
light therapy for the treatment of psoriasis may be mediated via UVB-induced 
production of 1,25(OH)2D.26 The calcitriol concentration in UVB-treated skin 
measured by microdialysis was dependent on the UVB dose.230 In vitro studies have 
shown that the substrate concentration of cholecalciferol in keratinocytes mainly 
determines the synthesis rate of 1,25(OH)2D in these cells.231 Thus, higher synthesis 
rates of cholecalciferol should result in a faster and more pronounced release of 
1,25(OH)2D into the extracellular fluid. UVB-induced membrane damage to 
epidermal keratinocytes may also increase the outflow of newly synthesized 
calcitriol.230 

The 1,25(OH)2D molecule and its analogues, as well as UVB phototherapy, exert 
antiproliferative, prodifferentiative, and immune-modulatory effects on 
keratinocytes that are of particular importance for the therapy of hyperproliferative 
skin diseases such as psoriasis vulgaris.21,232 However, the full range of UVB and 
vitamin D3 effects is not completely understood.   
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The observation that 1,25(OH)2D induces keratinocyte differentiation was first 
made by Hosomi et al.233 and provided an explanation for the earlier and 
unexpected finding of 1,25(OH)2D receptors in the skin. 1,25(OH)2D is likely to be 
an autocrine or paracrine factor for epidermal differentiation, since it is produced 
by the keratinocyte. The receptor for, and the production of 1,25(OH)2D vary with 
the differentiation in a manner suggesting feedback regulation;234 both are reduced 
in the later stages of differentiation. 1,25(OH)2D increases involucrin, 
transglutaminase activity, and cornified envelope formation in keratinocytes.233 

Serum PTH in psoriasis patients during treatment with 

phototherapy (Papers I, III and IV) 

Plasma concentrations of 1,25(OH)2D3 (calcitriol) depend mainly on renal 
function, plasma concentrations of intact PTH, and dietary intake of calcium and 
phosphate. High PTH and low dietary intake of calcium and phosphate are the 
main stimulators of the production of calcitriol. PTH increases with increasing age, 
possibly due to less sunlight exposure and/or reduced calcium/vitamin D intake.224 
The clear concomitant decrease in serum PTH after UVB exposure in our studies 
indicates that the skin has a good ability to synthesise vitamin D3 even at high age 
and with part of the skin covered by psoriasis lesions. Our results indicate that in 
women aged >70 years, UVB therapy radically increased vitamin D levels and 
suppressed PTH levels in serum. However, after adjustment for age, sun exposure 
was the only external factor that influenced serum vitamin D.138 This is in line with 
the positive effect of UVB on the vitamin D3 synthesis in the women in our study, 
irrespective of age. 

Serum PTH levels in postmenopausal women with psoriasis was higher both 
before and after UVB exposure compared with the population sample from the 
same region.224 We found 7 patients (Paper I) and 5 patients (Paper III), 
respectively, with secondary hyperparathyroidism due to vitamin D deficiency. In 
these patients, PTH was suppressed by the UVB-induced increase in serum vitamin 
D3.  Irradiation with UVB was as effective as oral vitamin D3 for increasing serum 
25(OH)D and suppressing secondary hyperparathyroidism.136 25(OH)D 
concentrations below 30 ng/ml (75 nmol/l) resulted in secondary 
hyperparathyroidism and a decrease in BMD.235 
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Decreased renal function, oestrogen deficiency and low calcium intake may also 
induce secondary hyperparathyroidism.30 Broadband UVB induced vitamin D3 
synthesis and suppressed PTH (Papers I, III and IV). 

Bone status in postmenopausal women with psoriasis 

treated with UVB phototherapy (Paper I and  II) 

Postmenopausal women with psoriasis (Paper I and II) had higher BMD both of 
the hip and the lumbar spine compared with age-matched controls.  

Multiple risk factors that contribute to low serum 25(OH)D and osteoporosis have 
been identified. They include inadequate sun exposure18, insufficient intake of 
fortified foods or vitamin D supplements236, low body mass index, white ethnicity, 
lack of exercise, use of medications that accelerate vitamin D metabolism, diseases 

that alter vitamin D metabolism such as malabsorption syndromes, and chronic 
liver disease.30,35,237  

In our study (Paper I), patients with 25(OH)D levels below 30 ng/ml and 
secondary hyperparathyroidism had lower BMD in terms of both T and Z scores 
of the hip and the lumbar spine compared with those with higher vitamin D levels, 
consistent with another study.79  

The second study (Paper II) showed that women with psoriasis had higher BMD 
both of the hip and the lumbar spine compared with age-matched controls. Higher 
body weight and BMI are factors which may have contributed to the higher BMD 
in patients compared with controls. Information about the prevalence of 
osteoporosis among psoriasis patients and the epidemiology of risk factors for 
osteoporosis in this group are sparse. However, a previous study showed no 
evidence that patients with chronic plaque psoriasis had low BMD despite risk 
factors, although the subgroup with joint involvement appeared to be at higher risk 
of osteoporosis and therefore required prevention therapy.132 Reduced BMD has 
been linked to palmoplantar pustular psoriasis.133 The existence of less severe 
periarticular osteoporosis is considered possible, but there are no data concerning 
the prevalence of systemic osteoporosis in patients with psoriatic arthritis.134 In 
general, bone loss increases with increasing age. BMD has been shown to be a 
predictive indicator for bone fractures in healthy subjects and in patients with 
osteoporosis.238 
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Vitamin D is important for bone metabolism.135 Vitamin D deficiency thus 
contributes to the pathogenesis of osteoporosis and hip fractures.136 
Supplementation strategies involving calcium and vitamin D supplements are cost-
saving for preventing osteoporotic fractures.137 

Treatment with UVB in patients with psoriasis is most common during the darker 
period of the year when UVB is lacking and levels of vitamin D are low in 
Northern countries. Furthermore, UVB therapy heals psoriasis and supplies these 
patients with vitamin D at levels similar to those in the general population,138 which 
might have positive effects also on bone status. 

A family history of fractures, physical activity, smoking and oestrogen substitution 
are important factors influencing bone mass.239-241 Low body weight is related to 
low skeletal muscle mass and increased risk of fractures.241,242 Muscle tissue and 
strength are important for body balance and to prevent of falls.243 Previous studies 
have confirmed a protective effect of weight gain against fractures.237 Moreover, the 
relative risk of fractures (with the exception of spinal fractures) correlated positively 
with current height, height at the age of 25, and height loss since the age of 25.244 
The decrease in height since the age of 25 in patients with psoriasis with 
osteoporosis compared with patients with normal BMD was consistent with 
findings in other studies.237  

A positive family history of hip fractures and especially kyphosis was more 
common in controls than in patients with psoriasis. That could be a possible 
explanation for the lower BMD of the lumbar spine in controls compared with 
patients with psoriasis. Heredity for hip fractures was mainly found in psoriatic 
patients with osteoporosis. A maternal history of hip fractures doubled the risk of 
having a hip fracture.240,242 A history of fractures (particularly a family history of hip 
fractures) confers an increased risk of fractures that is independent of BMD.245 
Furthermore, the effect of family history is not general, but implies a site-specific 
predisposition to fractures.246 

Menopause in patients with psoriasis occurred on average at a higher age in the 
group with normal BMD compared with the osteoporosis group. Early menopause 
is widely regarded as a risk factor for osteoporosis.247 However, bone mass declines 
and the risk of fractures increases with increasing age, especially after the 
menopause along with diminishing endogenous secretion of oestradiol.237,239,241 
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Osteoporosis in postmenopausal women is more related to hormonal aberrations 
than to lifestyle factors.237 Patients who used HRT had higher BMD.237,248 The 
duration of HRT was longer in controls than in psoriasis patients. Within the 
psoriasis group, the duration of HRT was longer in patients with normal BMD. 
The duration of contraceptive usage was considerably longer in psoriasis patients 
with normal BMD than in the other two groups. Prior use of, and the duration use 
of oral contraceptive agents is associated with higher BMD.249 

A history of postmenopausal symptoms in psoriasis patients did not influence 
BMD, consistent with a previous study.250 

Physical activity correlated positively with BMD in psoriasis patients. Physical 
activity has been claimed to be beneficial to bone mass and protective against 
fractures.251 Regular walking in middle-aged and elderly women is associated with a 
reduced risk of vertebral deformity.252 Subjects who took a daily walk of at least 30 
min had a significantly better climbing capacity, higher BMD and lower 
concentration of serum triglycerides than subjects who walked less.253 Lifetime 
exercise was also positively associated with BMD of the hip.254 

Current smoking was positively correlated with osteoporosis in our study, 
consistent with previous studies.255,256 Smoking is widely considered to be a risk 
factor for future fracture.257,258 

None of the patients had undergone systemic treatment with corticosteroids, but 
77% had used topical treatment with corticosteroid ointments alone or in 
combination with vitamin D analogues (calcipotriol). The usage of topical 
corticosteroids was sparse, and the dosages were too low to have any systemic 
effects or impair on BMD. Prior and current exposure to corticosteroids confers an 
increased risk of fractures.259 

Many of the patients, 63%, had joint pain (half of these patients had normal BMD) 
and reported limited mobility or function in at least one joint, but none of them 
had psoriasis arthritis. Higher body weight or BMI were positively associated with 
joint pain, consistent with a previous study.260  

The limitation of this study (Paper II) was the small number of patients with 
psoriasis, and larger studies are needed before any firm conclusions regarding bone 
status and possible risk factors in psoriatic patients can be drawn.  
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Lipid status and blood glucose in psoriasis patients 

during treatment with heliotherapy (Paper IV) 

Dyslipidemia 

The ratio of low-density lipoprotein cholesterol (LDL) and high-density lipoprotein 
cholesterol (HDL) decreased, and the levels of haemoglobin A1c (HbA1c) also 
decreased in psoriasis patients during heliotherapy.  

A strong link has been suggested between psoriasis and abnormalities in fatty acid 
metabolism.118 Patients with psoriasis exhibit a dyslipidemic profile, including 
increased levels of plasma cholesterol, triglycerides (TG), LDL, very low-density 
lipoprotein (VLDL) cholesterol, and decreased levels of HDL cholesterol and 
antioxidant capacity. 

Consistent with these findings, a potentially atherogenic lipid profile has also been 
observed in psoriasis patients compared with matched controls.261 A recent study 
investigating the role of altered lipid metabolism in psoriasis suggests that a 
dyslipidemic profile may precede the onset of psoriasis.262 Compared with healthy 
controls, patients with recent onset of psoriasis showed significantly elevated levels 
of HDL cholesterol and apolipoprotein (Apo) A-1 and had altered cholesterol/TG 
ratios in VLDL particles.262 Adjustment for age, sex, smoking, physical exercise, 
alcohol use, BMI, and systolic blood pressure did not influence the results, leading 
to the conclusion that lipid abnormalities in psoriasis patients may be genetically 
determined.262 Furthermore, HDL-associated Apo A-1 can inhibit the activation of 
monocytes/macrophages by interfering with their interaction with stimulated T-
cells, leading to decreased TNF-α and IL-1 production.263 Therefore, it is possible 
that lower levels of HDL may contribute to a state of chronic inflammation.263 
Moreover, VLDL and LDL have been shown to enhance the proliferation and 
LDL receptor expression of human epidermal keratinocytes in vitro, and increased 
VLDL or LDL could thus contribute to the pathogenesis of psoriasis.264 

Metabolic syndrome 

Large epidemiological studies have confirmed that psoriasis and psoriatic arthritis 
are associated with metabolic diseases including obesity, dyslipidemia and 
diabetes.265 The metabolic syndrome comprises a cluster of risk factors including 
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central obesity, atherogenic dyslipidemia, hypertension and glucose intolerance, and 
is a strong predictor of diabetes, cardiovascular diseases, and stroke.266,267 Patients 
with psoriasis also show an increased prevalence of the metabolic syndrome 
compared with nonpsoriatic dermatological patients.268 The importance of the 
metabolic syndrome is that it may confer a higher cardiovascular risk than its 
individual components.265 

Psoriasis patients with metabolic syndrome had disease onset at an earlier age, and 
longer disease duration compared with psoriasis patients without metabolic 
syndrome268, suggesting that psoriasis duration is a risk factor for the metabolic 
syndrome. On the other hand, abdominal obesity is a proinflammatory state with 
the visceral adipose tissue providing a rich source of inflammatory mediators 
known as adipocytokines. These include adiponectin, leptin, resistin and visfatin, 
and may provide an important link between obesity, insulin resistance and related 
inflammatory disorders. Other products of adipose tissue that have been 
characterized include TNF-α and IL-6.269 These products all play well-defined roles 
in the pathogenesis of psoriasis and at the interface between the immune and 
metabolic systems. In line with this hypothesis is the evidence that obesity is a risk 
factor for other inflammatory diseases such as atherosclerosis and asthma.  

Hypertension  

Diastolic blood pressure increased in patients with psoriasis following 15 days of 
climate therapy. Other studies have described that sun-like UV irradiation 
decreased resting pulse rate, decreased recovery pulse rate, and decreased systolic 
blood pressure in healthy persons.270 We have no explanation for the present 
contradictory finding, but it could be due to chance or possibly changes in physical 
activity or alcohol or nutrient intake. 

A higher prevalence of hypertension in psoriasis patients compared with controls 
has been reported.271 The possibility exists that hypertension and psoriasis share 
common risk factors.118 For example, angiotensin II, a product of angiotensin 
converting enzyme (ACE), is known to regulate vascular tone and to stimulate the 
release of proinflammatory cytokines.272 Increased levels of serum ACE in psoriasis 
patients have been reported273, as well as an increase in plasma renin activity. The 
prevalence of hypertension in psoriasis and the basis of this association require 
further study. 
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Insulin resistance/diabetes 

An association between psoriasis and increased serum fasting glucose levels, 
hyperinsulinemia, insulin resistance, and type 2 diabetes has been demonstrated.274 
A cross-sectional study found that psoriasis patients were more likely to be insulin 
resistant and to have impaired glucose tolerance, higher fasting insulin levels, and 
impaired β-cell function than non-psoriatic subjects.274 However, there were no 
correlations between these measures and psoriasis disease severity and duration.274 
Although the literature supports an association between psoriasis and insulin 
resistance/type 2 diabetes, the confounding factor of obesity should be taken into 
consideration. Obesity, especially abdominal obesity, is strongly associated with the 
development of the metabolic syndrome and type 2 diabetes.275  

Neimann et al. demonstrated that obesity and diabetes were more strongly 
associated with severe psoriasis than were hypertension, hyperlipidemia, or 
smoking.271 Therefore, lifestyle factors (e.g. lack of exercise, poor diet) could 
contribute to the development of obesity and accompanying insulin resistance in 
psoriasis patients.  

Proinflammatory cytokines involved in psoriasis, such as TNF-α and IL-1β, play a 
central role in the development of atherosclerosis.276 Atherosclerosis is considered 
to be an inflammatory disease and involves the production of proinflammatory 
cytokines by immune cells (macrophages, monocytes, T cells) at the sites of 
atherosclerotic lesions.276 

Another link between psoriasis and atherosclerosis involves 
hyperhomocysteinemia.277 Hyperhomocysteinemia is considered to be a risk factor 
for atherosclerotic vascular disease278, and increased levels of homocysteine are 
implicated in atherosclerosis and vascular disease, in part through promotion of 
endothelial injury and thrombotic pathways.279 In a case-control study 
homocysteine levels were found to be higher in patients with psoriasis than in 
healthy controls, and correlated with increasing psoriasis severity.280, 281 Although 
folate deficiency may have a role in this condition, the exact mechanisms involved 
in hyperhomocysteinemia remain unclear.280 Vitamin B12 (cyanocobalamin) can be 
photolysed by UV light.282 UVB readily destroys tryptophan (Trp) residues of LDL 
and HDL. Moreover, LDL and HDL cholesterol are natural carriers of vitamin E 
and carotenoids. These two antioxidants are also rapidly bleached by UVB.283 The 
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decrease in serum vitamin B12 during climate therapy can be explained by its 
photodegradation. 

Role of vitamin D in the pathogenesis of type 2 diabetes mellitus 

Increase in HDL-cholesterol and decrease in HbA1c during climate therapy could 
be explained by several factors. One possible mechanism could be a direct effect of 
vitamin D on insulin sensitivity.124 Another is that sun exposure usually implies 
greater outdoor physical activity, leading to beneficial effects on lipids and insulin 
sensitivity, unrelated to serum 25(OH)D concentrations.124 The diet might also 
influence glucose and lipid metabolism. The observed associations between vitamin 
D, insulin, and glucose metabolism in humans have not yet been confirmed by 
intervention studies and, hence, a causal association has not been established.124 
Although climate therapy did not change the basal glucose levels of the patients, 
the HbA1c levels decreased about 10 %, indicating improved insulin sensitivity.  

There are seasonal variations in lipid levels, with levels of total cholesterol, LDL, 
triglyceride and lipoprotein A being highest in the winter when UVB induced 
production of vitamin D3 is at its minimum.284 Serum concentrations of 25(OH)D 
at baseline correlated positively with serum HDL at baseline, consistent with a 
previously published study.285 We found no other correlation between vitamin D 
and blood lipids.  

Maintained body weight speaks against any caloric reduction as an explanation for 
the improved glucose and lipid metabolism.  

Heliotherapy enhanced vitamin D3 production in patients with psoriasis. This 
might be one reason why positive effects were also seen on glucose and lipid 
metabolism.  
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Conclusions 

 

• UVB therapy improved psoriasis scores, increased serum 25(OH)D 
synthesis and reduced serum PTH concentrations in postmenopausal 
women (paper I). 

 

• Postmenopausal women with psoriasis had higher BMD than age-matched 
controls. Higher body weight, physical activity and UVB exposure could 
explain this finding (paper II). 

 

• Serum concentrations of 25(OH)D in psoriasis patients increased less with  
narrowband UVB than with broadband UVB phototherapy. Psoriasis 
improved on both regimens (paper III).    

 

• Climate therapy administered in Gran Canaria enhanced vitamin D3 
production and improved PASI scores in patients with psoriasis. Positive 
effects were also seen on glucose and lipid metabolism (paper IV). 
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Future prospects 

 

Extensive research has been carried out on the synthesis of vitamin D and the 
importance of this vitamin for human health in general. This thesis contributes to 
the research including vitamin D status in psoriasis patients during treatment with 
phototherapy.  

The studies showed that the production of 25(OH)D did not correlate to the dose 
of UVB indicating a complexity in the regulation of the synthesis and metabolism 
of vitamin D.  

It is not known whether skin affected by psoriasis or eczema differ in vitamin D 
production compared to normal skin. Our hypothesis is that different skin regions 
vary in their production of vitamin D. 

More research is needed to develop safe intentional recommendations for sun 
exposure to obtain appropriate vitamin D production especially in the Scandinavian 
population. It is also necessary to establish new recommendations for daily vitamin 
D supplements in different patient groups.  

 

Possible future research includes studies on: 

• The capacity of psoriatic skin to produce and metabolise vitamin D during 
UVB exposure using the microdialysis technique. 

• The ability of different skin areas to synthesize vitamin D for optimizing the 
recommendations for safe sun exposure. 

• Vitamin D status in different population groups at increased risk of vitamin 
D deficiency including dark-skinned people and immigrants. 

• To clarify the effect of climate therapy and life style factors such as physical 
activity and diet, on psoriasis, vitamin D, insulin sensitivity and lipid status. 

• To clarify the relationship between psoriasis, type 2 diabetes and 
cardiovascular disease. 
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