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Background

Narrowband ultraviolet B phototherapy (nbUVB) is an established treatment
modality for patients with severe atopic dermatitis (AD) and is known to
increase serum vitamin D levels (SVD). The relationship between SVD and
AD remains unclear.

Objectives

To assess SVD and disease severity in patients with AD before and after nbUVB
and establish whether a change in SVD correlates to response to nbUVB.

Methods

A single-centre, open observational study recruited 21 male and 17 female
patients with AD between November and April. Eczema severity was meas-
ured using the SCORAD tool, and serum 25-hydroxyvitamin D3 levels were
determined before and after nbUVB, which was administered thrice weekly.

Results

Nine patients had severe AD, 23 moderate and six mild, as indicated by
SCORAD measurements. Seventeen patients completed the study. Median
SVD increased from 45 nmol/l pre-treatment to 169 nmol/l post-treatment
(95% CI 2.9-5.0 times baseline) (P < 0.0001). Mean SCORAD reduction fol-
lowing nbUVB was significant at 21.9 units (95% CI, 14.9-28.9) (P < 0.0001).
No evidence of a relationship between change in SCORAD and change in SVD
was found.

Limitations
A significant number of patients failed to complete the study.

Conclusions

Patients with AD are at risk of vitamin D deficiency. Correlation between this
and disease severity has been postulated, but this study does not provide
confirmatory evidence.
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It has long been recognized that Vitamin D is essential in
maintaining normal calcium metabolism and bone density
and that it is involved in the control of cell growth. A
growing body of literature also suggests that vitamin D
affects both innate and adaptive immune mechanisms
through the stimulation of Toll-like receptors (TLRs), par-
ticularly TLR2 and TLR4, increasing the production of
pro-inflammatory cytokines and potentially influencing T
helper type 2 responses (1-3). These findings may help to
explain the role of vitamin D in allergic diseases, including
skin disease. However, the role of vitamin D in the patho-
genesis and management of atopic dermatitis (AD)
remains controversial, with studies linking both high and
low vitamin D levels to an increased risk of developing the
disease (4, 5). Peroni et al. (6) report an inverse association
between vitamin D levels and severity of AD in children,
and Javanbakht et al. (7) show a significant improvement
in eczema severity scores with oral vitamin D in combina-
tion with vitamin E, though not in vitamin D alone. In
contrast, Sidbury et al. (8) found no statistically significant
change in the severity of AD in a study evaluating the effect
of vitamin D supplementation in children.

Narrowband ultraviolet B phototherapy (nbUVB) is an
effective treatment modality for AD and has been shown to
increase serum vitamin D levels (9), but it is unclear if this
is a relevant factor in treatment response. The aim of this
study was to assess serum vitamin D levels (SVD) and
disease severity in patients with AD before and after treat-
ment with nbUVB and establish whether change in SVD
corresponded to response to nbUVB.

Study design and ethics

This was a single-centre, open observational study con-
ducted in the Department of Dermatology, Leeds Teaching
Hospitals NHS Trust. Ethical approval was given by Leeds
(West) Research Ethics Committee, and all subjects gave
informed consent to participate. All aspects of the study
were conducted according to the principles of the Decla-
ration of Helsinki.

Participants

Thirty-eight adults with a clinical diagnosis of AD requir-
ing treatment with nbUVB were consecutively enrolled in
the study. Twenty-one males and 17 females participated,
mean age 40 years (range 19-77). The patients were
recruited over a 2-year period, but only between the
months of November and April to limit seasonal influence
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on SVD. Exclusion criteria included diseases known to
alter serum vitamin D metabolism, such as chronic renal
failure (estimated glomerular filtration rate < 30 ml/min/
1.73 m?), primary biliary cirrhosis and malabsorption syn-
dromes, as well as porphyria and photosensitive disorders.
Other exclusion criteria included vitamin D supplementa-
tion, phototherapy or having gone on a holiday to a sunny
place in the 2 months prior to the study; systemic therapy
for AD within 4 weeks of recruitment; and planning to
have a holiday in a sunny place during treatment with
nbUVB.

Baseline assessments for eczema severity

The severity of AD in patients was determined using the
validated Scoring Atopic Dermatitis (SCORAD) clinical
assessment tool (10) both before and after treatment with
nbUVB (see Fig. 1). The SCORAD values were used to
define AD as severe (> 50), moderate (25-50) or mild
(< 25) (11).

Vitamin D analysis and definitions

Serum 25-hydroxyvitamin D levels were measured
both before and on discontinuation of treatment with
nbUVB. The method used to measure vitamin D was
tandem mass spectrometry. Using this method, levels of
25-hydroxyvitamin D2 and D3 were measured, and then
results were totalled. At our institute, concentrations
below 20.0 nmol/l are interpreted as Vitamin D deficiency;
20.0-60.0 nmol/l suggests Vitamin D depletion and may
be inadequate to maintain optimal skeletal health, while
greater than 60 nmol/l suggests Vitamin D sufficiency, and
greater than 500 nmol/l suggests Vitamin D toxicity (12).
The coefficient of variations calculated for quality control
specimens to indicate the reliability of vitamin D level
measurement in our institute during the study period are
listed in Table 1. Our laboratory also participates in the
Vitamin D External Quality Assessment Scheme (DEQAS)
and obtained certificates of proficiency from 2009 to 2012
by meeting the performance target set by the advisory
panel.

Total IgE concentrations were measured for all patients
prior to treatment (normal range 0-120 kU/I).

Phototherapy

Narrowband UVB phototherapy was carried out in a
Waldmann 7001 cubicle equipped with 40 TLO1 nbUVB
fluorescent tubes (311 nm % 2 nm). The initial irradiation
dose was 70% of the minimal erythema dose, which was
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determined by phototesting. Treatment was given three
times per week with incremental increases of 20% at each
visit, adjusted according to the erythema response. The
whole body was exposed during treatment except for male
genital protection, and a face shield was provided if the
face was uninvolved. If there was facial involvement, then
a face shield was used as soon as the eczema responded to
treatment.

Statistical analysis

Power calculations indicated that 50 patients were
required to power the study. This was based on our target
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(SCORAD) clinical assessment tool.

of 80% power to find a 50% increase in vitamin D levels
following nbUVB. It was felt that power would be
increased further by the fact that there would be correla-
tion between readings within individuals. Using a database
of patients previously referred for nbUVB in this centre, it
was predicted that adequate numbers would be recruited
over two winters, and hence ethical approval was sought
for that time period. Unfortunately, recruitment was less
than expected, primarily due to patients not wishing to
have blood tests taken. Serum vitamin D levels and
SCORAD data pre- and post-treatment with nbUVB were
compared. Baseline SVD was compared with baseline
severity of eczema. As the serum vitamin D levels were
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Table 1. Vitamin D levels measured in quality control
specimens in our institute during the study period

First winter of enrol- Second winter of

ment enrolment
D2 13.2 (8.3) 16.9 (5.4)
21.1 (7.5) 27.4 (6.5)
34.3 (7.7) 44.8 (7.9)
54.6 (5.6) 68.5 (7.1)
71.4 (7.6) 87.8 (10.1)
D3 17.9 (6.9) 18.7 (6.1)
24.2 (8.0) 33.7 (5.8)
34.3 (7.4) 52.9 (5.6)
62.4 (5.7) 74.9 (4.6)
79.0 (6.1) 94.9 (8.4)

Data are given as mean vitamin D levels (nmol/L) fol-
lowed by coefficient of variation in parentheses (%).

skewed, the vitamin D levels were logged prior to analysis.
Analysis of variance was performed on these logged SVD
data to determine if the vitamin D levels were lower in
patients with moderate and severe eczema. Further analy-
sis was then performed to see if there was a relationship
between the change in SCORAD and the change in SVD.
Paired t-tests and Wilcoxon signed-rank tests were used to
analyse the data. All analyses were carried out in Statsdirect
Version 2.7.8. For all statistical analyses, P < 0.05 was con-
sidered significant.

Of the 38 patients recruited to the study, 19 were male and
19 female, with a mean age of 41 years (range 19-78 years).
Using the SCORAD index, nine patients were classified as
having severe disease, 23 as having moderate disease and
six as having mild disease. A total of 17 patients completed
the study; the remainder either stopped attending for
nbUVB or failed to attend for formal assessment at end of
treatment. Mean total IgE level was 803 kU/I (range 9 to
> 5000).

Pre- and post-treatment SVD levels were recorded in 15
patients after a mean of 31 exposures (range 11-40) and a
mean cumulative dose of 390.07 J/cm? (range 4.23-834.45)
(see Table 2). Median SVD was 45 nmol/l pre-treatment
and 169 nmol/l post-treatment, with an average increase of
3.8 times the baseline level (95% CI, 2.9-5.0 times base-
line), demonstrating a highly statistically significant
increase (P < 0.0001). Baseline and final SCORAD data
were available for 17 patients. Mean SCORAD reduction
following nbUVB was significant at 21.9 units (95% CI,
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Change in SCORAD vs. Change in serum Vitamin D
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Fig. 2. Plot showing the relationship between the change in
SCORAD and change in vitamin D levels; correlation
coefficient=0.17.
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Fig. 3. Plot showing the relationship between baseline SVD
and baseline SCORAD.

14.9-28.9) (P < 0.0001). However, no evidence of a rela-
tionship between change in SCORAD and change in SVD
was found (Fig. 2). While the mean SVD was lowest for
patients with severe eczema (according to their SCORAD
data) and highest for patients with mild eczema, the
median values did not follow this pattern. In addition,
analysis of variance of SVD showed there was no evidence
of a relationship between these values and SCORAD
grouping (P =0.77). The coefficient of correlation
between baseline SVD and baseline SCORAD values
(Fig. 3) lacked significance at 0.12 (P = 0.45), suggesting
there is no relationship between SVD and severity of AD.

AD is the most common inflammatory skin disease in
childhood (13) and persists into adulthood in approxi-
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mately 30% of patients (14). The disease poses a significant
economic burden to the individual (15) and to health ser-
vices (16). AD may be more common in countries with less
natural sunlight (17), and vitamin D deficiency is associ-
ated with higher latitude (18); hence, a potential relation-
ship between these parameters is here considered. Only 11
of the 38 patients recruited to this study (29%) had a
normal SVD at baseline, which may be a skewed result
given that recruitment took place in winter months, when
SVD will be lower. Previous studies also confirm that
vitamin D deficiency or depletion is common in patients
with AD and much higher than in healthy subjects (9, 19).
It is, however, unclear whether vitamin D directly contrib-
utes to the pathogenesis of AD or occurs as a consequence
of the disease and reduced skin exposure. There is an
increasing body of literature linking vitamin D levels to a
wide range of diseases, including solid organ tumours,
autoimmune disease and cardiovascular disease, with sig-
nificant implications for patients with low SVD (20, 21).

Vitamin D level is challenging to measure, with numer-
ous assays available and a lack of standardization of results.
The DEQAS scheme in which our laboratory participates is
useful in validating assays and individual laboratory per-
formance. In view of the challenges that measurement and
interpretation of vitamin D levels poses, other markers of
vitamin D status have been considered. Parathyroid
hormone (PTH) is one such marker due to its role in
converting the different metabolites of vitamin D and the
fact that it is usually inversely proportional to vitamin D
levels in many patient groups. However, for a number of
reasons, it is not thought to be a reliable substitute for
vitamin D measurement, including the fact that levels can
vary widely at a given vitamin D concentration; in addi-
tion, levels depend on age and renal function. For this
reason, PTH was not measured in this study (22).

Vitamin D is synthesized in the skin when keratino-
cytes are induced by ultraviolet B to convert 7-
dehydrocholesterol to vitamin D (23). This study demon-
strates evidence of a statistically significant increase in SVD
and fall in SCORAD following the treatment with nbUVB.
This is in keeping with previous studies showing that
nbUVB can increase SVD in AD and psoriasis patients (9)
and in healthy people (24) and that nbUVB reduces
SCORAD in patients with AD (9). The mechanisms
by which nbUVB improves AD include induction of
the immunosuppressive cytokine interleukin-10 by
keratinocytes and, possibly, lymphocyte apoptosis. Cur-
rently there is no evidence that nbUVB improves AD as a
direct result of the influence on SVD (25).

Contrary to the findings of a study in children with AD
where the authors observed a statistically significant
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negative correlation between baseline SVD and baseline
SCORAD, suggesting an inverse relationship between SVD
and severity of disease (6), our study does not provide
evidence of a relationship between baseline SVD and base-
line SCORAD values. Although Peroni ef al. recruited a
number of patients similar to the number recruited for
this study, there was a more even distribution of patients
with mild (n = 15), moderate (n = 13) and severe (n = 23)
disease according to SCORAD assessment. In our study,
the majority of participants were classified as having mod-
erate or severe atopic eczema, which probably reflects the
practice of treating patients with more severe disease with
phototherapy. This, together with small patient numbers,
may have influenced the lack of relationship between SVD
and disease severity in this study. However, a further
recent study by Samochocki et al. similarly failed to dem-
onstrate an association between SVD in adult patients with
AD and disease severity as indicated by SCORAD (26).
Javanbakht et al. (7) report a four-arm parallel-group
study comparing vitamin D and E individually and in
combination against placebo in patients with AD. Results
were available for 45 patients, including adults and chil-
dren. There was no statistical improvement in SCORAD in
the vitamin D group compared with placebo, but there
was one for vitamin D combined with vitamin E over a
60-day period. The numbers in each of the arms of this
study were small. Sidbury et al. (8) treated five children
with worsening yet predominantly mild AD during winter
with vitamin D supplementation for 1 month but did not
analyse SVD. Although the results suggested that the
treated arm may have benefited from vitamin D, they were
not statistically significant. A recent Cochrane review con-
cluded that there is currently no evidence to support the
treatment of AD with vitamin D on the basis of these two
studies (27). More recently published investigations con-
tinue to report conflicting findings. Samochocki et al.
demonstrated a fall in SCORAD when patients with AD,
selected because of frequent skin infection, received
vitamin D supplementation (26). In contrast, a study by

Hata et al. failed to show an improvement in eczema
severity when patients with AD received oral vitamin D for
3 weeks (28).

The main limitation of our study is that a significant
number of patients failed to attend for the final assessment
visit or had incomplete data. The reasons for this included
patients discontinuing phototherapy prior to completion
of the full treatment course, patients failing to attend for
the repeat vitamin D measurement and, in a small number
of cases, blood samples not reaching the laboratory. A
further factor is the small number of patients recruited.
This was exacerbated by recruiting only during winter
months, thus limiting the number of patients eligible con-
siderably, despite running the study over two winters.
Future studies may need to be multicentre in order to
recruit more patients to ensure larger numbers complete
the study and allow regression analysis. Other limitations
include the aforementioned selection bias, which resulted
in the inclusion of more patients with moderate to severe
disease and may potentially have skewed the results. We
elected not to include a control group of patients in this
study, as the majority of eczema patients requiring
phototherapy have significant disease, such that it would
not be ethical to randomize them to a non-treatment or
topical therapy-only arm. In addition, the other studies
published to date on this topic included many variables
that could potentially have confounded their results,
including Fitzpatrick skin type (28), body mass index (28),
season of recruitment and dose of vitamin D adminis-
tered. It is important that future research in this field
attempt to standardize these parameters in order to
provide a definitive answer to this question.

This study was funded by the charitable organization
Leeds Foundation for Dermatological Research. We grate-
fully acknowledge the contribution of Dr Helen Fields for
her assistance in the vitamin D analysis.
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