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The results of 3 independent studies published in this
issue of Neurology®1–3 (table) suggest that higher levels of
circulating 25-hydroxyvitamin D (25[OH]D) may reduce
relapses and lesions on MRI in persons with multiple scle-
rosis (MS). Two of these studies also addressed a possible
interaction between 25(OH)D levels and treatment with
interferon-� (IFN-�), reaching opposite conclusions.
How strong is this evidence and how should it affect clini-
cal practice?

Causal inference from observational data is always
challenging, but determining how 25(OH)D levels
may affect MS disease activity is a particularly daunt-
ing task. Circulating levels of 25(OH)D strongly de-
pend on skin exposure to ultraviolet B radiation
(UVR); thus levels fluctuate with season and depend
on the use of sun protection behaviors such as sun-
screen and clothing. Levels also depend on time
spent outdoors at different times of day, which can in
turn be affected by relapses and disability status.
Outdoor activity and sun protection behaviors are
also associated with other health behaviors, such as
smoking. Thus it is difficult to exclude confounding
by season or other unmeasured factors, or reverse
causation as explanations for the reported findings.
Spurious inverse associations with 25(OH)D levels
could result if disease activity was increased because
of more frequent respiratory infections in winter, or
if higher disease activity resulted in lower serum
25(OH)D because of reduced sun exposure or direct
metabolic effects.

Stewart et al.3 attempted to reduce these poten-
tial biases by using 25(OH)D levels measured bi-
annually to predict the hazard of relapse during
the subsequent 6 months, and by stratifying the
results by season. In contrast, the analyses in Ru-
nia et al.1 assumed that at each point in time the
relapse rate depends on the mean 25(OH)D levels
during the previous 4 weeks, which could have
been affected by the disease activity itself. Finally,
Løken-Amsrud et al.2 examined the cross-sectional
association between 25(OH)D levels and new

MRI lesions, in which directionality of cause and
effect cannot be established, and the reported in-
verse association disappeared in analyses with a lag
time of 1 or 2 months, or adjusted for season.

Why publish 3 papers with rather inconclusive
results? These investigations become more informa-
tive when considered in the context of prior evidence
regarding an etiologic role of 25(OH)D in MS. It is
well-established that the vitamin D receptor is ex-
pressed on many immune cells, that variations in
25(OH)D levels within the physiologic range affect
immune responses, and that experimental autoim-
mune encephalomyelitis can be prevented or amelio-
rated with calcitriol, the active form of vitamin D.5

Further, 2 complementary observations are more di-
rectly related to MS. First, high serum 25(OH)D
levels are a protective factor for development of MS
in apparently healthy young adults6 and in children
with a first demyelinating episode.7 Second, the risk
of MS is increased among carriers of rare loss of func-
tion variants of CYP27B1, the enzyme encoding the
1-� hydroxylase that converts 25(OH)D to its active
form.8 These observations are parsimoniously ex-
plained by a protective effect of 25(OH)D on MS
risk. To the extent that the putative underlying
mechanisms, such as a skewing of T-cells toward an
anti-inflammatory cytokine profile9 and decreased
proliferative responses,10 are likely to remain relevant
even after MS onset, high 25(OH)D levels could
analogously affect the early course of MS. Stewart et
al.3 aimed to examine the interaction between
25(OH)D and IFN-�. They found that increasing
25(OH)D was related to lower MS activity only in
patients treated with IFN-�. Løken-Amsrud et al.2,
however, drew the opposite conclusion. This discrep-
ancy could perhaps be explained by differences in
latitude (40–44 south3 vs 58–63 north2), and thus
UVR exposure, or differences in the timing of the
25(OH)D measurement relative to the outcome of
interest. In any case, these preliminary findings
should be interpreted cautiously.
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What are the clinical implications of the reported
inverse association between 25(OH)D and MS dis-
ease activity? A key consideration is the dose-
response relationship. That vitamin deficiency (�50
nmol/L) has a negative effect in persons with MS
would be scientifically interesting, but it would not
radically change care. The diagnosis and treatment of
vitamin D deficiency should already be part of rou-
tine care. For clinicians and their patients the funda-
mental question is whether otherwise adequate
vitamin D levels for the general population are sub-
optimal for individuals with MS. For example, if the
optimal serum 25(OH)D level for MS was �100
nmol/L, as suggested by epidemiologic data on MS
risk,6 then most persons with MS would benefit from
additional vitamin D supplements. Unfortunately,
the data on 25(OH)D and MS activity remain sparse
and provide insufficient information on the optimal
dose. Because of their small size, the studies reported
here had insufficient power for dose-response resolu-
tion. Nevertheless, it is noteworthy that few patients
took vitamin D supplements, and that in each study
mean winter 25(OH)D levels were below 75
nmol/L, a level often used to define vitamin D suffi-
ciency and associated with an increased fracture
risk.11

In a recent trial among 23 patients with MS,
6,000 IU vitamin D2/day conferred no benefit over
1,000 IU, but the study was too small to be informa-
tive.12 Encouraged by the relatively low toxicity of
vitamin D, other investigators have proposed the use
of very high doses. In an ongoing trial, patients with
MS are randomized to 14,000 IU of vitamin D/day,13

a dose that is expected to increase 25(OH)D levels to
�250 nmol/L,14 despite the lack of observational
data to suggest that these high levels are better than
the high-normal values associated with lower MS risk
or activity in observational studies. Solid evidence on
optimal levels of 25(OH)D for the treatment of MS

will have to rely on large, rigorous clinical trials,
comparing a range of dosages rather than assuming
that the highest tolerable dose is better and failing to
consider that higher doses may have unintended ef-
fects.15,16 It is too soon to recommend the use of
high-dose vitamin D in clinical practice. Meanwhile,
considering the high prevalence of vitamin D insuffi-
ciency and deficiency in persons with MS, the high
risk of osteoporosis, and the safety of vitamin D at
modest doses, the evidence is sufficient to recom-
mend monitoring of vitamin D levels and supple-
mentation as needed to achieve at least a year-round
level of vitamin D sufficiency in persons with MS.
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Table The results of 3 independent studies published in this issue of Neurology®
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Abbreviation: IFN-� � interferon-�.
a Only 145 patients contributed to follow-up data on relapses.
b Results reported in a previous publication based on the same study.4
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