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ABSTRACT
Purpose To assess the relationships of sun exposure
history, supplementation and environmental factors to
vitamin D levels in multiple sclerosis (MS) patients and
to evaluate the associations between sun exposure and
MRI measures.
Methods This study included 264 MS patients (mean
age 46.9±10 years, disease duration 14.6±10 years;
67.8% relapsing–remitting, 28% secondary progressive
and 4.2% primary progressive MS) and 69 healthy
controls. Subjects underwent neurological and 3 T MRI
examinations, provided blood samples and answered
questions to a structured questionnaire. Information on
race, skin and eye colour, supplement use, body mass
index (BMI) and sun exposure was obtained by
questionnaire. The vitamin D metabolites (25-hydroxy
vitamin D3, 1, 25-dihydroxy vitamin D3 and 24, 25-
dihydroxy vitamin D3) were measured using mass
spectrometry.
Results Multivitamin supplementation (partial
correlation rp=0.29, p<0.001), BMI (rp=−0.24,
p=0.001), summer sun exposure (rp=0.22, p=0.002)
and darker eye colour (rp=−0.18, p=0.015) had the
strongest associations with vitamin D metabolite levels in
the MS group. Increased summer sun exposure was
associated with increased grey matter volume (GMV,
rp=0.16, p=0.019) and whole brain volume (WBV,
rp=0.20, p=0.004) after correcting for Extended
Disability Status Scale in the MS group. Inclusion of
25-hydroxy vitamin D3 levels did not substantially affect
the positive associations of sun exposure with WBV
(rp=0.18, p=0.003) and GMV (rp=0.14, p=0.026) in the
MS group.
Conclusions Sun exposure may have direct effects on
MRI measures of neurodegeneration in MS, independently
of vitamin D.

INTRODUCTION AND BACKGROUND
Multiple sclerosis (MS) is a degenerative, chronic
inflammatory disease of the CNS that causes
demyelination, lesion formation and CNS atrophy.
The CNS damage in MS results from abnormal
immune responses but there is also neurodegenera-
tion and progressive neuronal loss.1 2

Latitude is a prominent environmental factor
associated with the risk of developing MS, which
increases with increasing distance from the equator
in both the northern and southern hemispheres.
Latitude is an important determinant of sun expos-
ure, and areas at higher latitudes receive less potent

ultraviolet radiation (UVR) exposure.3 Climate and
seasonal variation also affect UVR exposure.
Outdoor temperature and sunny weather are also
important determinants of human activities and
behaviours that could result in sun exposure. Sun
exposure is also being minimised as a consequence
of public health education campaigns, which are
promoting the use of sun blocking agents in order
to reduce the incidence of skin cancer.4 5

UVR exerts an immunosuppressive effect on the
immune system through multiple mechanisms and
has been associated with the risk of autoimmune
disease such as MS, type 1 diabetes and rheumatoid
arthritis.6 7 UVR causes local immunosuppression,
resulting in less hypersensitivity reactions. Secondly,
it helps limit melatonin secretion, which can modu-
late Tcell proliferation and activity.8–10 More import-
antly, UVR increases vitamin D production, and
vitamin D has been shown to have pleiotropic immu-
nomodulatory activities. There are challenges in
assessing the relationship of sunlight exposure to clin-
ical outcomes in MS because disability progression
can affect sun exposure. Furthermore, sunlight
exposure can affect vitamin D levels, making it diffi-
cult to assess which of the two exposures is relevant
for modulating pathophysiological mechanisms of
brain injury.
Vitamin D levels are dependent on sun exposure

because ultraviolet light is required for the first step
in the synthesis of vitamin D from 7-
dehydrocholesterol in the skin. Several studies have
examined the associations of vitamin D with clinical
and MRI measures in MS patients. These studies
have reported associations with relapse rates.11–14

Adverse disability and disability changes on the
Extended Disability Status Scale (EDSS) and the MS
Severity Scale are associated with low vitamin D
levels.13 15 The associations of vitamin D levels with
MRI measures in MS patients have been examined
but the associations appear more modest.15 16

The goal of this study was to assess the inter-
dependencies of sunlight and vitamin D supplemen-
tation to vitamin D metabolite levels in MS patients
and to evaluate the associations between sun expos-
ure to MRI measures of brain injury in MS.

METHODS
Patient population
Study design
Data from an ongoing prospective study of clinical,
genetic and environmental risk factors in MS at the
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MS Center of the State University of New York at Buffalo were
used. The University at Buffalo Human Subjects Institutional
Review Board approved the study protocol and all participants
provided written informed consent.

The study included patients with MS, clinically isolated syn-
drome (CIS), healthy controls and controls with other neuro-
logical diseases. A total of 499 subjects were enrolled, including
289 MS, 21 CIS, 163 healthy controls and 26 subjects with
other neurological diseases.

In this analysis, MS patients and controls, aged 18 years and
older and those 65 years and under, were included. Children
under 18 years of age, subjects over 65 years of age and those
with CIS, neuromyelitis optica or other neurological diseases
were excluded. Controls without MRI were excluded.

Based on these inclusion and exclusion criteria, we included
264 MS patients and 69 healthy controls: 166 subjects were
excluded (21 CIS, 26 other neurological diseases, six neuromye-
litis optica, 15 subjects aged <18 years, 16 subjects aged
>65 years and 80 healthy subjects without MRI).

Patients and controls underwent neurological and MRI exam-
inations, provided blood samples for genetic analyses and
answered questions to a structured questionnaire administered
in person by an interviewer.17 The responses were transcribed
directly to computer by the interviewer.

Information on race, skin and eye colour, supplement use,
body mass index (BMI) and sun exposure was obtained by ques-
tionnaire. The sun exposure data were obtained by question-
naire for the preceding 2 years. Subjects were asked to provide
information on time of sun exposure from ‘job’, ‘exercise’,
‘leisure’, ‘beach’, ‘sun bathing’, ‘tanning bed’ and ‘other’ activ-
ities during the summer and winter months. The cumulative
summer and winter sun exposure in days was calculated from
the responses. The sun exposure values for summer and winter
were binned into four groups using observed quartiles. Buffalo,
a city in the western part of New York State, USA, is located at
42°5401700N latitude and 78°5005800W longitude.

Subjects provided yes–no answers on whether they had con-
sumed multivitamin, vitamin D and calcium plus vitamin D sup-
plements. The responses to vitamin D and calcium plus vitamin D
supplements were pooled into a single variable.

Subjects also provided information on eye colour, which was
recorded on an ordinal scale (level 0: light blue, grey or green;
level 1: blue, grey or green; level 2: dark blue, grey or green;
level 3: brown). Likewise, skin colour in an unexposed area of
the body was recorded on the 6 level Fitzpatrick Scale.

Vitamin D and vitamin D metabolites
Vitamin D metabolites (25 hydroxy vitamin D3 (25(OH)VD3);
1, 25 dihydroxy vitamin D3 (1, 25(OH)2 VD3); and 24, 25
dihydroxy vitamin D3 (24, 25(OH)2 VD3)) were measured
using liquid chromatography–tandem mass spectrometry
methods with stable isotope labelled internal standards, as pub-
lished previously.18

The raw 25(OH)VD3, 1, 25(OH)2 VD3 and 24, 25(OH)2
VD3 levels were logarithm transformed and deseasonalised
using sinusoidal regression. The month of blood draw was used
as the independent variable in the sinusoidal regression. The
form for the regression equation for 25(OH)VD3 was:

log25ðOHÞVD3 ¼ a0 þ a1cos
2pðT� 0:5Þ

12

� �

þ a2sin
2pðT� 0:5Þ

12

� �

T represents the month of blood draw ( January=1 to
December=12 scale with the 0.5 rounding values to the mid-
point of the month). The a0, a1, a2 are model parameters and
were estimated from the data using non-linear regression. The
deseasonalised values of log 25(OH)VD3 were obtained by
adding the residuals to the model mean a0. The deseasonalised
values of 25(OH)VD3 were calculated via the anti-log trans-
formation. The deseasonalised values of 1, 25(OH)2 VD3 and
24, 25(OH)2 VD3 were obtained from the raw 1, 25(OH)2 VD3

and 24, 25(OH)2 VD3 levels using the same methodology.

HLA genotyping
HLA DR*1501 status was obtained by genotyping DNA from
peripheral blood for rs3135005 using an allele discrimination
kit (Assays-on-Demand genotyping kit; Applied Biosystems,
Redwood City, California, USA).

MRI acquisition and analysis
MRI acquisition protocols and analysis methods are summarised
in the online supplementary data. We assessed measures of T2
and T1 lesion volume (LV), and normalised whole brain volume
(WBV) and grey matter volume (GMV). In MS patients, the
mean time difference between blood sampling and MRI was
30.6 days (95% CI 17.4 to 43.8 days; median 0 days (25th–75th
IQR −26 to –56 days)). In controls, the mean time difference
was −14.9 days (95% CI −6.6 to −23.2 days).

Statistical analysis
The SPSS (SPSS Inc, Chicago, Illinois, USA) statistical program
was used for statistical analyses.

EDSS was categorised into four groups based on experimen-
tally observed quartiles. T2-LV and T1-LV were logarithm trans-
formed. Deseasonalised 25(OH)VD3, 1, 25(OH)2 VD3 and 24,
25(OH)2 VD3 were logarithm transformed.

Linear regression analyses were used to evaluate the associa-
tions of individual environmental factors and vitamin D meta-
bolites. Deseasonalised 25(OH)VD3, 1, 25(OH)2 VD3 and 24,
25(OH)2 VD3 were individually evaluated as dependent vari-
ables. All of these regression analyses included age and sex as
predictors and the following candidate environmental factors
were added one by one as the third predictor: BMI, summer
sun exposure, winter sun exposure, multivitamin supplement,
vitamin D supplement, race (white or not), skin colour, eye
colour, HLA DRB1*1501 and present interferon use.

As noted in the introduction above, disability can affect sun
exposure, which in turn can affect vitamin D production in the
skin. Therefore, we used a two stage analysis strategy to assess
the role of sunlight and vitamin D on MRI outcomes in MS
patients. In the first step, we assessed the associations of MRI
outcomes with sunlight exposure after correcting for age,
gender and EDSS quartiles. In the second stage, we included
25-hydroxy vitamin D3 levels as an additional predictor. Linear
regression was used for analysis of the MRI measures of MS
patients: T2-LV, T1-LV, normalised WBV and GMV. The MRI
variable of interest was the dependent variable with age, sex,
EDSS quartiles and the summer sun exposure quartiles as pre-
dictors. In follow-up analyses, 25 hydroxy-vitamin D3 levels
were included as an additional predictor. A similar approach
was used to assess MRI measures of controls except that EDSS
quartiles were not included as a predictor.

A p value ≤0.05 was considered significant whereas a p value
≤0.15 was considered a trend.
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RESULTS
Demographic and clinical characteristics of the patient popula-
tion are summarised in table 1.

Environmental determinants of vitamin D metabolites
We first assessed the relative importance of candidate predictors
of deseasonalised vitamin D metabolite levels in regression ana-
lyses that corrected for age and sex and the individual predictor
of interest. Our candidate list of predictors included: BMI, skin
colour, eye colour, multivitamin supplementation in the preced-
ing 3 months, use of vitamin D supplements or calcium plus
vitamin D supplements in the preceding 3 months, present use
of interferon β, and summer and winter sun exposure in the
preceding 2 years. Levels of 25 hydroxy vitamin D3, 1, 25 dihy-
droxy vitamin D3 and 24, 25 dihydroxy vitamin D3 metabolites
were individually assessed as dependent variables. Table 2 shows
the partial correlations and corresponding p values for the pre-
dictors. The results from the individual analyses indicated that
multivitamin supplementation, BMI, summer sun exposure and
eye colour had the strongest associations with vitamin D3
metabolite levels. The results from stepwise regression models
were similar (data not shown).

Figure 1A compares the relative contributions of multivitamin
supplements to vitamin D or calcium plus vitamin D supple-
ments in the preceding 3 months. The group that reported
taking multivitamin supplements had an increase in deseasona-
lised 25 hydroxy vitamin D3 levels. Vitamin D or calcium plus
vitamin D supplements did not increase deseasonalised 25
hydroxy vitamin D3 levels in the group also taking multivitamin
supplements.

Figure 1B compares the relative contributions of multivitamin
supplements for different quartiles of summer sun exposure.
A pattern of increasing deseasonalised 25 hydroxy vitamin D3
levels with increasing quartile of summer sun exposure was
found. The higher quartiles of summer sun exposure exhibited
a more marked increasing trend in those not taking multivita-
min supplements.

Relationships to MRI outcomes
The results from the two stage statistical analyses are summarised
in table 2. T2-LV and T1-LV were not associated with sun expos-
ure. The dependence of GMVand WBV for different quartiles of
summer sun exposure is shown in figure 2A and B, respectively.
Increased summer sun exposure was associated with increased
GMV and WBV after correcting for EDSS. Additional analyses
with an interaction term between EDSS and summer sun exposure
were conducted and did not support a significant interaction. In
the second stage of the analysis, the inclusion of vitamin D did not
substantially affect the positive associations between sun exposure
and GMV and WBV. Interaction analysis between sunlight and
25-hydroxy vitamin D3 is not included given the non-significant
main effects for vitamin D. We also separately assessed the associa-
tions of sunlight in the subsets of MS patients with relapsing
disease and those with progressive disease (secondary progressive
or primary progressive MS). The findings are summarised in the
online supplementary data.

We had sun exposure and MRI data on 69 controls (mean age
43.7±SD 11.7 years, 55% female). In regression analyses that cor-
rected for sex and age, we found a trend between increased sun
exposure and increased normalised GMV (rp=0.21, p=0.087,
figure 2C). WBV was not associated (p=0.45, figure 2D).

DISCUSSION
The purpose of this study was to systematically assess the relative
contributions of different environmental factors to vitamin D
metabolite levels in MS patients and to determine whether sun-
light exposure was associated with MRI measures of brain injury.
Our results indicate that BMI, multivitamin supplementation,
summer sun exposure and eye colour had strong associations
with vitamin D metabolite levels. Increased sun exposure was
associated with increased WBV and GMV after adjusting for dis-
ability and 25-hydroxy vitamin D3 levels. Our results are consist-
ent with the possibility that immunomodulation resulting
directly from sun exposure may be a contributing factor to MRI
outcomes in MS.

The main limitation of this study is that it is a cross sectional
study, which limits the ability to obtain cause–effect assessments
from associations. Our findings are consistent with an effect of
sun exposure on WBV and GMV but they could potentially also
be caused by lifestyle changes consequent to disability. Although
we undertook several precautions to address the potential
adverse effects of reverse causation by obtaining blood bio-
marker assessments and using MRI measures, only prospective
longitudinal studies can fully eliminate the confounding effects
of reverse causation. Both longitudinal MR measures and longi-
tudinal measures of environmental factors are needed, with

Table 1 Demographics and clinical characteristics of the patients

Characteristic Value

Sex (F:M) (% female) 202:62 (76.5)
Disease course (n (%))*
Relapsing–remitting 179 (67.8)
Secondary progressive 74 (28.0)
Primary progressive 11 (4.2)

Race/ethnicity (n (%))†
Caucasian 240 (93.0)
African-American 12 (4.7)
Hispanic/Latino 4 (1.6)
Asian 0 (0)
Other 2 (0.8)

Age (years) 46.9±10.0
Disease duration (years) 14.6±10.0
Treatment duration (years) 3.7±3.7
Median EDSS (median (IQR)) 3.0 (4.0)
Disease modifying therapy (n (%))
IFN β-1a (Avonex) 80 (30.3)
IFN β-1a (Rebif) 20 (7.6)
IFN β-1b (Betaseron) 1 (0.4)
Glatiramer acetate 59 (22.3)
Natalizumab 54 (20.5)
Missing 5 (1.5)
No therapy 30 (11.4)

CEL (number) 0.32±2.1
CE-LV (ml) 0.038±0.24

T2-LV (ml) 15.8±16.5
T1-LV (ml) 3.9±7.2
GMV (ml) 789±88
WBV (ml) 1550±103

*Secondary progressive and secondary progressive with superimposed relapses are
grouped. Primary progressive and primary relapsing MS patients are grouped.
†Data unavailable for six MS patients.
Data are mean±SD or number (%), except for EDSS, which is expressed as median
(interquartile range).
CEL, contrast enhancing lesion; CE-LV, contrast enhancing lesion volume; EDSS,
Extended Disability Status Scale; GMV, grey matter volume; IFN, interferon; LV, lesion
volume; MS, multiple sclerosis; WBV, whole brain volume.
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Figure 1 (A) Dependence of deseasonalised 25-hydroxy vitamin D3 levels (in ng/ml on the left axis and nmol/l on the right axis) on the presence
or absence of multivitamin consumption in the preceding 3 months. The dark gray (blue in online version of figure) bars correspond to the group
that did not take vitamin D or calcium plus vitamin D supplements and the light gray (green in online version of figure) bars correspond to the
group that took vitamin D or calcium plus vitamin D supplements. (B) Dependence of deseasonalised 25-hydroxy vitamin D3 levels (in ng/ml on the
left axis and nmol/l on the right axis) on the quartile of summer sun exposure in the preceding 2 years in the absence (dark gray bars/blue bars in
online version of figure) or presence (lighter gray bars/green bars in online version of figure) of multivitamin consumption. The bars represent the
mean values and error bars are SEs. Access the article online to view this figure in colour.

Table 2 Univariate analyses of different candidate vitamin D determinants

Characteristic 25(OH)VD3 1, 25(OH)2 VD3 24, 25(OH)2 VD3

Body mass index −0.24 (0.001) −0.16 (0.029) −0.20 (0.006)
Summer sun exposure 0.22 (0.002) 0.14 (0.048) 0.20 (0.005)
Winter sun exposure 0.17 (0.017) 0.07 (0.31) 0.13 (0.077)
Multivitamin supplement 0.29 (<0.001) 0.09 (0.23) 0.21 (0.005)
Vitamin D supplement 0.13 (0.083) 0.13 (0.090) 0.09 (0.22)
Race: White or not 0.18 (0.014) 0.12 (0.095) 0.14 (0.057)
Skin colour −0.12 (0.093) −0.16 (0.029) −0.13 (0.065)
Eye colour −0.17 (0.015) −0.18 (0.010) −0.18 (0.010)
HLA DRB1*1501 0.082 (0.25) 0.020 (0.78) 0.11 (0.13)
Present interferon use −0.058 (0.41) 0.014 (0.84) −0.032 (0.65)

The partial correlation (rp) and covariate p value (in parenthesis) results for each determinant are shown.
25(OH)VD3, 25 hydroxy vitamin D3; 1, 25(OH)2 VD3,1, 25 dihydroxy vitamin D3; 24, 25(OH)2 VD3, 24, 25 dihydroxy vitamin D3.
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Table 3 Dependence of MRI measures on sun exposure

MRI characteristic Summer sun quartiles slope±SE Summer sun quartiles rp (p value)
EDSS
rp (p value)

T2-LV −0.037±0.031 0.08 (0.23) 0.27 (<0.001)
T1-LV −0.008±0.047 −0.013 (0.87) 0.30 (<0.001)
GMV 12.4±5.3 0.16 (0.019) −0.19 (0.005)
WBV 18.2±6.2 0.20 (0.004) −0.15 (0.027)

Summer sun quartiles slope±SE Summer sun quartiles EDSS 25 OH VD3

T2-LV −0.033±0.026 −0.08 (0.22) 0.23 (<0.001) −0.05 (0.42)
T1-LV −0.009±0.032 −0.02 (0.78) 0.23 (<0.001) −0.11 (0.087)
GMV 10.1±4.5 0.14 (0.026) −0.18 (0.003) 0.06 (0.34)
WBV 15.6±5.3 0.18 (0.003) −0.16 (0.012) −0.003 (0.97)

All analyses were corrected for age, sex and EDSS. The results without (top half of table) and with correction for 25 hydroxy vitamin D3 levels are shown (bottom half of table). The
slope± SE is shown for summer quartiles only. The partial correlation (rp) and covariate p value (in parentheses) results for each predictor are shown.
Slope±SE units are ml per quartile for GMV and WBV. The units of slope±SE are per quartile for T2-LV and T1-LV, which were log transformed.
EDSS, Extended Disability Status Scale; GMV, grey matter volume; LV, lesion volume; WBV, whole brain volume.

Figure 2 (A) Dependence of normalised grey matter volume (GMV) and (B) normalised whole brain volume (WBV) of multiple sclerosis (MS)
patients on the quartile of summer sun exposure in the preceding 2 years. (C) Dependence of GMV and (D) WBV of healthy controls on the quartile
of summer sun exposure in the preceding 2 years. The lower quartiles of sun exposure are in darker shades of gray (green in online version) and the
highest quartile is lighter shades of gray (more yellow in online version). The bars represent the mean values and error bars are SEs. Access the
article online to view this figure in colour.
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careful repeated measurements of both summer and winter sun
exposure and 25-hydroxy vitamin D levels.

We found that multivitamin supplementation results in
greater changes in 25-hydroxy vitamin D3 levels in individuals
with lower levels of sunlight exposures. Our results are consist-
ent with the possibility that the active metabolite levels are regu-
lated. Steffensen et al19 also found similar results for
supplementation in a randomised clinical trial of vitamin D
effects on bone mineral density that involved 60 MS patients.
Recent data suggest that interferon beta treatment is more
effective against relapses if vitamin D levels are sufficient.14 We
also assessed but did not find evidence that present treatment
with interferon β increased levels of either 25 hydroxy vitamin
D3 or 1, 25 dihydroxy vitamin D3. However, a prospective
vitamin D add-on study would be appropriate for directly
addressing this issue. Analogously, we also assessed whether the
presence or absence of disease modifying treatments (including
glatiramer acetate or natalizumab) were associated with vitamin
D metabolites but did not find evidence for significant associa-
tions (data not shown). One potential criticism of our method-
ology is that we did not collect information on the precise
multivitamin brands used by our subjects, which might have
enabled more systematic dose estimation for vitamin D and a
better understanding of the role of other vitamins and minerals.
Many currently available multivitamin supplements are taken
once daily and contain vitamins and minerals at levels close to
the required daily allowance.20

Our study complements longitudinal studies that have investi-
gated the seasonal dependence of relapses,21–23 contrast enhan-
cing lesions (CEL)24 and new T2 lesions.25 However, there are
studies that did not find evidence to support seasonal depend-
ence of CEL26 or of relapses.27 A study of 28 patients by
Killestein et al28 did not find seasonality in the number of active
lesions but reported seasonal variation in interferon γ secretion,
which was weakly associated with MRI variations. Seasonality
in interferon γ secretion was also found in a Tasmanian study of
untreated MS and in a study of progressive MS.29 30 In our
study, we obtained long term self-reported sun exposure mea-
sures rather than month of measurement to assess the impact on
MRI measures of lesion burden and neurodegeneration. We did
not assess CEL because these are transient compared with the
period over which the sun exposure measures were obtained.
We conducted the analyses (data not shown) but did not find
evidence for seasonality for CEL. However, longitudinal serial
MRI scanning is necessary to effectively answer this question.
Also, the majority of our patients were on disease modifying
therapies, which are known to suppress CEL activity.

A critical challenge in assessing environmental factors such as
sun exposure is that these measurements are difficult to make
and are subject to recall errors. Latitude and meteorological
exposure data have frequently been used as objective surrogate
measures of incident sunlight exposure in epidemiological
studies but these cannot be used for studies such as ours that
span a geographically small area. The biological exposure at a
given level of sun exposure can further be modulated by skin
pigmentation, level of outdoor activity, clothing and sunscreen
use. Because our sample contained patients of Caucasian and
non-Caucasian racial ancestry who differ in skin pigmentation,
we conducted subanalyses of the results shown in tables 2 and 3
for the subset of patients of Caucasian race. The conclusions
were not substantively changed (data not shown). Clothing and
sunscreen use are more difficult to meaningfully measure
although surveys to collect these data have been developed.
Silicone skin casts have been used to image skin damage

induced by UVR and can serve as a surrogate marker for long
term sun exposure to skin.31 We did not obtain silicone skin
casts. However, to address these concerns, we included multiple
vitamin D metabolites as biomarkers, which are dependent in
part on sun exposure, but can be objectively measured. We also
focused on obtaining information on sun exposure in the pre-
ceding 2 years given the potential recall problems associated
with obtaining past sun exposure of longer duration. Systematic
studies of sun exposure have shown good test–retest reproduci-
bility in MS.31 Sun exposure and vitamin D were reported to be
independent risk factors for CNS demyelination in an Australian
multicentre case control study of MS incidence. Greater UV
induced skin damage and higher vitamin D levels were asso-
ciated with a decreased risk of the initial demyelinating event.32

The doses of oral vitamin D necessary for achieving thera-
peutic outcomes in clinical trials and MS prevention remains
unclear, given the lack of large randomised placebo controlled
studies. In a small 48 week study of 15 patients, 1, 25 (OH)2
vitamin D (calcitriol 2.5 μg/day) treatment reduced the relapse
rate compared with the period preceding study entry; treatment
discontinuation was associated with an increase in EDSS.33 Two
patients experienced hypercalcaemia. An open label randomised
52 week trial of high dose vitamin D escalation (up to
40 000 IU/day) followed by de-escalation, found a trend
towards lower relapse rates compared with the control group,
which received 4000 IU/day vitamin D supplementation
(4000 IU/day). A 6 month, placebo controlled, double blind
clinical trial of vitamin D2 in MS patients failed to find improve-
ments on MRI and clinical outcomes despite increasing vitamin
D levels in serum.34 A randomised trial of the vitamin D3–inter-
feron β-1b combination therapy (20 000 IU or 500 mg of
vitamin D3, once weekly) did not meet its primary MRI end-
point of T2 disease burden; however, CEL burden was signifi-
cantly reduced.35 Additional preplanned analysis of this study
showed a smaller T2-LV growth and less new/enlarging T2 brain
MRI lesions in the vitamin D3 treated compared with the
placebo treated subgroup.35 36 A 96 week trial of vitamin D3 sup-
plementation did not find evidence for a vitamin D effect.37 The
Institute of Medicine report,38 which was based on a systematic
review of an extensive body of clinical literature, found that there
was evidence to support calcium and vitamin D use in bone health
but did not find evidence to support its use in other conditions,
such as MS.39 The therapeutic potential of vitamin D in MS
should therefore be viewed with equipoise until the outcomes of
larger randomised clinical trials are available.40

In conclusion, the results from our cross sectional study
suggest that sun exposure could have an effect on brain volume
in MS. These effects appear to be dissociated from the increased
vitamin D levels that result from increased sun exposure.
However, it is necessary to overcome the limitations of the cross
sectional study design before definitive conclusions can be estab-
lished. Further prospective longitudinal studies of the effects of
sun exposure on brain volume reserve in controls and on neuro-
degeneration in MS patients are therefore needed.

Contributors RZ: study design, MRI data acquisition, data interpretation and
manuscript preparation. CNT: data analysis. BW-G: study design, oversaw all clinical
aspects of the project including clinical data acquisition, data analysis and
interpretation, and manuscript preparation. CT: data analysis. NB: MRI data
acquisition. KOC: data analysis. MGD: MRI method development and analysis. EC:
MRI data acquisition. DPR: data acquisition. JQ: vitamin D analysis and acquisition.
MR: study design, data analysis and interpretation, and manuscript preparation.

Funding We gratefully acknowledge support from the National Multiple Sclerosis
Society (RG3743 and RG 4836-A-5) and the Department of Defence Multiple
Sclerosis Program (MS090122). The funding sources had no role in the design and

1080 Zivadinov R, et al. J Neurol Neurosurg Psychiatry 2013;84:1075–1081. doi:10.1136/jnnp-2012-304661

Multiple sclerosis

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2012-304661 on 5 F

ebruary 2013. D
ow

nloaded from
 

http://jnnp.bmj.com/


conduct of the study; collection, management, analysis and interpretation of the
data; or in the preparation, review or approval of the manuscript.

Competing interests RZ has received speaker honoraria and consultant fees from
Teva Neurosciences, Biogen Idec, Questcor, Genzyme-Sanofi, Novartis, Bracco, Bayer
and EMD Serono. He has received research support from the National Multiple Sclerosis
Society, Department of Defence, Biogen Idec, Teva Neuroscience, Teva Pharmaceuticals,
EMD Serono, Genzyme-Sanofi, Questcor, Bracco and Greatbatch. BW-G received
honoraria for serving in advisory boards and educational programmes from Teva
Neuroscience, Biogen Idec, Novartis, Accorda EMD Serono, Pfizer, Novartis, Genzyme
and Sanofi. She also received support for research activities from the National Institutes
of Health, National Multiple Sclerosis Society, National Science Foundation, Department
of Defence, EMD Serono, Biogen Idec, Teva Neuroscience, Cyberonics, Novartis, Acorda
and the Jog for the Jake Foundation. JQ received research funding from the Department
of Defence, the National Science Foundation, the National Institutes of Health, the
American Heart Association, Kinex, CH3, Pfizer, Novartis, Abbott and Amgen. These are
unrelated to the research presented in this report. MR received research funding or
consulting fees from EMD Serono, Biogen Idec, Allergan, Netezza, Pfizer, Novartis,
Monsanto, the National Multiple Sclerosis Society, the Department of Defence, Jog for
the Jake Foundation, the National Institutes of Health and National Science Foundation.
He received compensation for serving as an editor from the American Association of
Pharmaceutical Scientists. These are unrelated to the research presented in this report.

Ethics approval The study was approved by the Human Subjects Institutional
Review Board of the University at Buffalo.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Frohman EM, Racke MK, Raine CS. Multiple sclerosis—the plaque and its

pathogenesis. N Engl J Med 2006;354:942–55.
2 Trapp BD, Peterson J, Ransohoff RM, et al. Axonal transection in the lesions of

multiple sclerosis. N Engl J Med 1998;338:278–85.
3 Staples A-LP Judith, Lim L. Low maternal exposure to ultraviolet radiation in

pregnancy, month of birth, and risk of multiple sclerosis in offspring: longitudinal
analysis. BMJ 2010;340:c1640.

4 Lucas RM, Ponsonby AL. Ultraviolet radiation and health: friend and foe. Med J
Aust 2002;177:594–8.

5 INTERSUN. The global UV project a guide and compendium to reduce the burden
of disease resulting from exposure to UV radiation while enjoying the sun safely. In:
Radiation and Environmental Health Unit, ed. Geneva, Switzerland: World Health
Organization, 2003:3–8.

6 Ponsonby AL, Lucas RM, van der Mei IA. UVR, vitamin D and three autoimmune
diseases—multiple sclerosis, type 1 diabetes, rheumatoid arthritis. Photochem
Photobiol 2005;81:1267–75.

7 Juzeniene A, Moan J. Beneficial effects of UV radiation other than via vitamin D
production. Dermato-Endocrinology 2012;4:109–17.

8 Anderson G, Rodriguez M. Multiple sclerosis, seizures, and antiepileptics: role of
IL-18, IDO, and melatonin. Eur J Neurol 2011;18:680–5.

9 Pedrosa AM, Weinlich R, Mognol GP, et al. Melatonin protects CD4+ T cells from
activation-induced cell death by blocking NFAT-mediated CD95 ligand upregulation.
J Immunol 2010;184:3487–94.

10 Mehta BK. New hypotheses on sunlight and the geographic variability of multiple
sclerosis prevalence. J Neurol Sci 2010;292:5–10.

11 Runia TF, Hop WC, de Rijke YB, et al. Lower serum vitamin D levels are associated
with a higher relapse risk in multiple sclerosis. Neurology 2012;79:261–6.

12 Simpson S Jr, Taylor B, Blizzard L, et al. Higher 25-hydroxyvitamin D is associated
with lower relapse risk in multiple sclerosis. Ann Neurol 2010;68:193–203.

13 Smolders J, Menheere P, Kessels A, et al. Association of vitamin D metabolite levels
with relapse rate and disability in multiple sclerosis. Mult Scler 2008;14:1220–4.

14 Stewart N, Simpson S Jr, van der Mei I, et al. Interferon-beta and serum
25-hydroxyvitamin D interact to modulate relapse risk in MS. Neurology
2012;79:254–60.

15 Weinstock-Guttman B, Zivadinov R, Qu J, et al. Vitamin D metabolites are
associated with clinical and MRI outcomes in multiple sclerosis patients. J Neurol
Neurosurg Psychiatry 2011;82:189–95.

16 Mowry EM, Waubant E, McCulloch CE, et al. Vitamin D status predicts new brain
magnetic resonance imaging activity in multiple sclerosis. Ann Neurol
2012;72:234–40.

17 Dolic K, Weinstock-Guttman B, Marr K, et al. Risk factors for chronic cerebrospinal
venous insufficiency (CCSVI) in a large cohort of volunteers. PloS One 2011;6:
e28062.

18 Duan X, Weinstock-Guttman B, Wang H, et al. Ultrasensitive quantification of
serum vitamin D metabolites using selective solid-phase extraction coupled to
microflow liquid chromatography and isotope-dilution mass spectrometry. Anal
Chem 2010;82:2488–97.

19 Steffensen LH, Brustad M, Kampman MT. What is needed to keep persons with
multiple sclerosis vitamin D-sufficient throughout the year? J Neurol
2013;260:182–8.

20 National Institutes of Health State-of-the-Science Conference Statement:
multivitamin/mineral supplements and chronic disease prevention. Am J Clin Nutr
2007;85:257S–64S.

21 Tremlett H, van der Mei IA, Pittas F, et al. Monthly ambient sunlight,
infections and relapse rates in multiple sclerosis. Neuroepidemiology
2008;31:271–9.

22 Salvi F, Bartolomei I, Smolensky MH, et al. A seasonal periodicity in relapses of
multiple sclerosis? A single-center, population-based, preliminary study conducted in
Bologna, Italy. BMC Neurol 2010;10:105.

23 Ogawa G, Mochizuki H, Kanzaki M, et al. Seasonal variation of multiple sclerosis
exacerbations in Japan. Neurol Sci 2004;24:417–19.

24 Auer DP, Schumann EM, Kumpfel T, et al. Seasonal fluctuations of
gadolinium-enhancing magnetic resonance imaging lesions in multiple sclerosis.
Ann Neurol 2000;47:276–7.

25 Meier DS, Balashov KE, Healy B, et al. Seasonal prevalence of MS disease activity.
Neurology 2010;75:799–806.

26 Rovaris M, Comi G, Sormani MP, et al. Effects of seasons on magnetic resonance
imaging—measured disease activity in patients with multiple sclerosis. Ann Neurol
2001;49:415–16.

27 Fonseca AC, Costa J, Cordeiro C, et al. Influence of climatic factors in the incidence
of multiple sclerosis relapses in a Portuguese population. Eur J Neurol
2009;16:537–9.

28 Killestein J, Rep MH, Meilof JF, et al. Seasonal variation in immune measurements
and MRI markers of disease activity in MS. Neurology 2002;58:1077–80.

29 Stewart N, Taylor B, Ponsonby AL, et al. The effect of season on cytokine
expression in multiple sclerosis and healthy subjects. J Neuroimmunol
2007;188:181–6.

30 Balashov KE, Olek MJ, Smith DR, et al. Seasonal variation of interferon-gamma
production in progressive multiple sclerosis. Ann Neurol 1998;44:824–8.

31 van der Mei IA, Blizzard L, Ponsonby AL, et al. Validity and reliability of adult recall
of past sun exposure in a case-control study of multiple sclerosis. Cancer Epidemiol
Biomarkers Prev 2006;15:1538–44.

32 Lucas RM, Ponsonby AL, Dear K, et al. Sun exposure and vitamin D are
independent risk factors for CNS demyelination. Neurology 2011;76:540–8.

33 Wingerchuk DM, Lesaux J, Rice GP, et al. A pilot study of oral calcitriol
(1,25-dihydroxyvitamin D3) for relapsing-remitting multiple sclerosis. J Neurol
Neurosurg Psychiatry 2005;76:1294–6.

34 Stein MS, Liu Y, Gray OM, et al. A randomized trial of high-dose vitamin D2 in
relapsing-remitting multiple sclerosis. Neurology 2011;77:1611–18.

35 Soilu-Hanninen M, Aivo J, Lindstrom BM, et al. A randomised, double blind,
placebo controlled trial with vitamin D3 as an add on treatment to interferon
beta-1b in patients with multiple sclerosis. J Neurol Neurosurg Psychiatry
2012;83:565–71.

36 Aivo J, Lindsrom BM, Soilu-Hanninen M. A randomised, double-blind,
placebo-controlled trial with vitamin D3 in MS: subgroup analysis of patients with
baseline disease activity despite interferon treatment. Mult Scler Int
2012;2012:802796.

37 Kampman MT, Steffensen LH, Mellgren SI, et al. Effect of vitamin D3
supplementation on relapses, disease progression, and measures of function in
persons with multiple sclerosis: exploratory outcomes from a double-blind
randomised controlled trial. Mult Scler 2012;18:1144–51.

38 Consensus Report. Dietary Reference Intakes for Calcium and Vitamin D. Food and
Nutrition Board. Institute of Nutrition. 2010. [updated 2010; cited 2010]; http://
dietary-supplements.info.nih.gov/factsheets/vitamind.asp (accessed February 2011).

39 Ross AC, Manson JE, Abrams SA, et al. The 2011 report on dietary reference
intakes for calcium and vitamin D from the Institute of Medicine: what clinicians
need to know. J Clin Endocrinol Metab 2011;96:53–8.

40 Glade MJ. Vitamin D: health panacea or false prophet? Nutrition 2013;29:37–41.

Zivadinov R, et al. J Neurol Neurosurg Psychiatry 2013;84:1075–1081. doi:10.1136/jnnp-2012-304661 1081

Multiple sclerosis

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2012-304661 on 5 F

ebruary 2013. D
ow

nloaded from
 

http://dietary-supplements.info.nih.gov/factsheets/vitamind.asp
http://dietary-supplements.info.nih.gov/factsheets/vitamind.asp
http://dietary-supplements.info.nih.gov/factsheets/vitamind.asp
http://dietary-supplements.info.nih.gov/factsheets/vitamind.asp
http://jnnp.bmj.com/


SUPPLEMENTARY DATA 

ANALYSIS OF NON-PROGRESSIVE & PROGRESSIVE PATIENT SUB-GROUPS 

METHODS 

Data Analysis 

Subjects with relapsing-remitting (RR) MS were categorized as non-progressive MS 

whereas those with relapsing and non-relapsing forms of secondary progressive (SP) 

and primary-progressive (PP) MS were categorized as progressive MS 1. 

SPSS (IBM Inc., Armonk, NY, version 19.0) statistical program was used for all 

statistical analyses. Linear regression was used for analysis of the normalized whole 

brain volume (WBV) and gray matter volume (GMV) MRI measures of MS patients. The 

sub-groups with progressive and non-progressive MS were analyzed separately. The 

MRI variable of interest was the dependent variable with age, sex, EDSS quartiles and 

the summer sun exposure quartiles as predictors. In follow-up analyses, 25 hydroxy-

vitamin D3 levels were included as an additional predictor. 

MRI Acquisition and Analysis 

Image Acquisition: Patients underwent brain MRI on a 3-T General Electric Signa 

4x/Lx, scanner. Axial dual fast spin-echo (FSE) T2/PD-weighted image (WI), 3D- 

spoiled-gradient recalled (SPGR) T1-WI, spin echo (SE) T1-WI with and without 

gadolinium (Gd) contrast, fast attenuated inversion recovery (FLAIR) scans were 

acquired. 



Image Analysis: The MRI analysts were blinded to patients’ clinical characteristics and 

clinical status. The following MRI measures were computed: T1-, T2- and gadolinium 

(Gd) contrast-enhancing (CE) lesion volumes (LV), measures of central, global and 

tissue specific brain atrophy.  

Lesion Measures: T2- and T1-LVs were obtained with a semi-automated edge 

detection contouring-thresholding technique previously described 2. 

Global and Central Atrophy Measures: The SIENAX cross-sectional software tool 

was used, with correction for T1-hypointensity misclassification, for brain extraction and 

tissue segmentation 3. We acquired and used normalized volume measures of the 

whole brain (WBV), GM (GMV), white matter (WMV), and lateral ventricles (LVV), as 

described previously 4.  

RESULTS 

Supplementary Figure 1 summarizes the WBV and GMV results for the non-progressive 

and non-progressive sub-groups.  

In the non-progressive MS group, increased summer sun exposure (p = 0.021) was 

associated with increased WBV after correcting for EDSS. A trend was found for GMV 

(p = 0.11). The overall dependence on sun exposure was not affected upon correction 

for 25 hydroxy-vitamin D3 levels (p = 0.013 for WBV and p = 0.11 for GMV). 

In the progressive MS group, increased summer sun exposure was associated with a 

trend toward increased WBV (p = 0.11) and trend toward increased GMV (p = 0.088) 

after correcting for EDSS.  
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SUPPLEMENTARY FIGURE 1 LEGEND 

Dependence of normalized gray matter volume (GMV, Figure 1A) and normalized whole 

brain volume (WBV, Figure 1B) results for the non-progressive (blue bars) and 

progressive MS (green bars) sub-groups on the quartile of summer sun exposure in the 

preceding 2-years. The bars represent the mean values and error bars are standard 

errors. 
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