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IMPORTANCE It remains unclear whether vitamin D insufficiency, which is common in
individuals with multiple sclerosis (MS), has an adverse effect on MS outcomes.

OBJECTIVES To determine whether serum concentrations of 25-hydroxyvitamin D
(25[OH]D), a marker of vitamin D status, predict disease activity and prognosis in patients
with a first event suggestive of MS (clinically isolated syndrome).

DESIGN, SETTING, AND PARTICIPANTS The Betaferon/Betaseron in Newly Emerging multiple
sclerosis For Initial Treatment study was a randomized trial originally designed to evaluate the
impact of early vs delayed interferon beta-1b treatment in patients with clinically isolated
syndrome. Serum 25(OH)D concentrations were measured at baseline and 6, 12, and 24
months. A total of 465 of the 468 patients randomized had at least 1 25(OH)D measurement,
and 334 patients had them at both the 6- and 12-month (seasonally asynchronous)
measurements. Patients were followed up for 5 years clinically and by magnetic resonance
imaging.

MAIN OUTCOMES AND MEASURES New active lesions, increased T2 lesion volume, and brain
volume on magnetic resonance imaging, as well as MS relapses and disability (Expanded
Disability Status Scale score).

RESULTS Higher 25(OH)D levels predicted reduced MS activity and a slower rate of
progression. A 50-nmol/L (20-ng/mL) increment in average serum 25(OH)D levels within the
first 12 months predicted a 57% lower rate of new active lesions (P < .001), 57% lower relapse
rate (P = .03), 25% lower yearly increase in T2 lesion volume (P < .001), and 0.41% lower
yearly loss in brain volume (P = .07) from months 12 to 60. Similar associations were found
between 25(OH)D measured up to 12 months and MS activity or progression from months 24
to 60. In analyses using dichotomous 25(OH)D levels, values greater than or equal to 50
nmol/L (20 ng/mL) at up to 12 months predicted lower disability (Expanded Disability Status
Scale score, −0.17; P = .004) during the subsequent 4 years.

CONCLUSIONS AND RELEVANCE Among patients with MS mainly treated with interferon
beta-1b, low 25(OH)D levels early in the disease course are a strong risk factor for long-term
MS activity and progression.
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M ultiple sclerosis (MS) is a common cause of neuro-
logical disability in young adults.1 Most patients ex-
perience bouts of inflammatory demyelination

(relapsing-remitting MS) followed years later by treatment-
resistant disease progression and brain atrophy.2 A higher MS
risk in individuals with low vitamin D intake3 or low circulat-
ing 25-hydroxyvitamin D (25[OH]D),4-7 as well as an inverse cor-
relation between vitamin D status and MS activity, have been
reported8-11 and suggest that vitamin D is related to the dis-
ease process that leads to and perpetuates MS. However, pre-
vious clinical studies were conducted among patients with vari-
able disease duration and could not determine whether low
vitamin D is a consequence of MS activity12 or whether vita-
min D levels early in the disease course contribute to predict
long-term progression and disability. Because the prevalence
of vitamin D insufficiency (25[OH]D<50 nmol/L [20 ng/mL])
is high,13 supplementation could potentially benefit a large pro-
portion of patients with MS.

Therefore, we aimed to determine whether vitamin D sta-
tus early in the disease process influenced long-term disease
course among participants in the Betaferon/Betaseron in Newly
Emerging multiple sclerosis For Initial Treatment (BENEFIT)
trial.

Methods
Study Population and Study Design
BENEFIT was originally designed to compare early vs de-
layed interferon beta-1b (IFNB-1b; Betaseron) treatment in pa-
tients with a diagnosis of clinically isolated syndrome (CIS).
Between February 2002 and June 2003, patients from 18 Eu-
ropean countries, Israel, and Canada were enrolled in 98 cen-
ters. Patients presenting with a first episode of neurological
dysfunction highly suggestive of MS with a minimum of 2 clini-
cally silent lesions on magnetic resonance imaging (MRI) were
randomized in a 5:3 ratio to receive either IFNB-1b, 250 μg,
(n = 292) or placebo (n = 176) subcutaneously every other day
for 2 years or until a second clinical event occurred and the di-
agnosis of clinically definite MS (CDMS) could be established.
All patients were then eligible to enter a prospectively planned
follow-up phase with open-label IFNB-1b up to a maximum of
5 years after randomization. Details of the study results and
design have been published elsewhere.14-16

This study was approved by the Harvard School of Public
Health institutional review board. Participants in the BENEFIT
trial provided written informed consent; our study used de-
identified data and biological samples, without direct contact
with BENEFIT participants.

Measurement of 25(OH)D
Levels of 25(OH)D were measured in serum samples col-
lected at baseline and 6, 12, and 24 months. Samples were
shipped to the central laboratory within 3 days of being drawn
and then maintained at −20°C until further analysis. Only
samples with a minimum of 2 mL serum were used for this
study, resulting in 465 patients (out of 468 enrolled) with at
least 1 25(OH)D measurement, 417 with 2 or more, 396 with 3

or more, and 303 with all 4 measurements. Serum 25(OH)D was
measured using an enzyme-linked immunosorbent assay (Im-
munodiagnostic Systems Inc). The average intra-assay coef-
ficient of variation derived from blind quality control samples
was 4.4% and the average interassay coefficient of variation
was 11.7%. As expected, serum 25(OH)D levels varied by sea-
son (eFigure 1 in Supplement). The baseline level of 25(OH)D
was strongly correlated with levels at 12 (Spearman correla-
tion, r = 0.61) and 24 months (r = 0.60) and moderately cor-
related with the opposite season levels at 6 months (r = 0.30).
Because the primary purpose of the study was to estimate the
effects of long-term average 25(OH)D levels, seasonal varia-
tions were removed as previously described.4

Statistical Analyses
Serum 25(OH)D was treated as a time-dependent variable using
at each point the average of all previous values. Because the
seasonally synchronous baseline, 12-month, and 24-month
samples could provide a biased estimate of the year-round vi-
tamin D status, most analyses were restricted to patients who
had 25(OH)D measured at both 6 and 12 months. The 12-
month level was preferred to the baseline level because the lat-
ter had to happen within 60 days after the start of the CIS and
thus could have been affected by the acute inflammatory pro-
cess. To minimize the possibility that lower 25(OH)D levels were
a consequence of MS severity rather than its cause, we also re-
lated the cumulative average 25(OH)D levels at 12 months with
outcomes between 12 and 60 months or between 24 and 60
months (ie, leaving a 1-year lag between 25[OH]D measure-
ment and assessment of MS activity or progression). Three sets
of analyses were planned a priori, each with a different speci-
fication of serum 25(OH)D levels: (1) continuous to determine
the overall linear trend; (2) quintiles to explore the dose re-
sponse; and (3) categorical with the following predefined in-
tervals: less than 25 nmol/L; 25 to less than 50 nmol/L; 50 to
less than 75 nmol/L; and greater than or equal to 75 nmol/L.
Because of sparse data in the extreme groups, these latter cat-
egories were collapsed to less than 50 nmol/L vs greater than
or equal to 50 nmol/L.

Three outcome categories were analyzed using clinical and
MRI assessments: time to a definite diagnosis of MS, MS ac-
tivity, and MS progression. A specially trained evaluating phy-
sician conducted all standardized neurological evaluations and
determined the Expanded Disability Status Scale (EDSS) score.17

Relapses were assessed and defined in accordance with estab-
lished guidelines.18 Magnetic resonance images were con-
ducted every 3 months in the first year and then at 18, 24, 36,
48, and 60 months. All MRIs were quality controlled and cen-
trally evaluated by the Image Analysis Center in Amsterdam
(lead by F.B.). Definite diagnosis of MS was determined by clini-
cal and MRI criteria (McDonald et al MS [MDMS] criteria)19 and
by purely clinical criteria (modified Poser et al criteria, re-
ferred to as CDMS).18 Activity of MS was assessed as the num-
ber of relapses and the number of new active lesions on brain
MRI (defined as new T2 lesions, new gadolinium+ lesions or
enlarging T2 lesions). Magnetic resonance imaging markers of
progression were the percentage change of T2 lesion volume
and the percentage change of brain volume. The change in brain
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volume was measured in the Magnetic Resonance Image
Analysis Center in Basel (lead by E-W.R.) using the Struc-
tural Image Evaluation using Normalization of Atrophy
method,20 focusing on the central cerebral volume. Owing
to rigorous criteria with respect to scan quality and brain
coverage, approximately 20% of the images were excluded
from brain-volume analysis. Considering that the baseline
MRI was obtained at a time of acute inflammation (the CIS)
with a high probability of partial spontaneous resolution of
MRI pathology in the first year after the CIS21 and consider-
ing the possible effect of resolution of edema and cellular
infiltrates on atrophy measurements (pseudoatrophy) after
initiation of anti-inflammatory MS therapies,22 the month 12
visit was used as the primary reference point for the analy-
sis of the percentage change in T2 volume and brain vol-
ume. Clinically, progression was assessed by changes of the
EDSS score over time. Because spontaneous recovery of
neurological deficits due to the CIS was expected after the
baseline visit16 (eTable 1 in Supplement), month 6 was used
as the primary reference point for analysis of the EDSS score
outcome.

McDonald et al MS and CDMS were analyzed using a Cox
proportional hazards regression model. Because many con-
versions occurred during the first 6 months, these results
are strongly dependent on 25(OH)D levels measured close to
the time of the first clinical event, which may not accurately
reflect a patient’s average vitamin D status.4 Therefore, we

also examined the relation between 25(OH)D levels and the
rate of conversion to MS using as baseline the 6-month or
12-month visit. Other outcomes, including relapse rate,
number of new active MRI lesions, change in T2 lesion vol-
ume, percentage brain loss, and change in EDSS score, were
analyzed using a generalized mixed-effects model treating
the patient as a random effect. The relapse rate was mod-
eled as a binary variable indicating whether a relapse
occurred on a given day, the number of new active MRI
lesions was modeled as a count variable, and the other out-
comes were modeled as continuous variables. The within-
subject data were adjusted for any serial correlation that
was present.

All the analyses were adjusted for sex, age at baseline, ini-
tial group of randomization (IFNB-1b or placebo), baseline T2
lesion score (the logarithm of the number of T2 lesions), and
the type of CIS (monofocal vs multifocal). Further adjust-
ments for baseline body mass index (BMI, calculated as weight
in kilograms divided by height in meters squared) and use of
steroids for the initial clinical event did not materially change
the results and were therefore omitted. Because no signifi-
cant interactions were present between 25(OH)D levels and
either randomization group (initial placebo or initial IFNB-
1b) or sex in any of the previously mentioned analyses, only
aggregate results are shown (results by treatment group are in-
cluded in the Supplement). Of note, patients randomized to
initial treatment had a mean exposure of 1387 days to IFNB-

Table 1. Selected Characteristics of BENEFIT Participants by Average of Baseline, 6-Month, and 12-Month Season-Adjusted 25(OH)D Level

Quintiles of 25(OH)D Low vs High 25(OH)D

1 2 3 4 5
Low

(<50 nmol/L)
High

(≥50 nmol/L)
No. of patientsa 93 93 92 93 93 251 213

25(OH)D, median
(range), nmol/L

31 (19-36) 40 (36-45) 48 (45-52) 56 (52-61) 69 (61-98) 39 (19-50) 60 (50-98)

Age at
recruitment,
mean (SD), y

30.4 (7.9) 32.7 (7.3) 29.3 (7.3) 30.5 (7.0) 30.8 (7.5) 31.3 (7.6) 30.1 (7.2)

Female, % 69.9 77.4 65.2 71.0 71.0 71.7 70.0

Randomized to
IFNB-1b, %

65.6 62.4 53.3 57 73.1 59.8 65.3

Monofocal onset, % 53.8 54.8 48.9 51.6 52.7 52.6 52.1

No. of T2 lesions at
baseline,
median (Q1-Q3)

21 (10-37) 19 (9-45) 16 (7-31) 15 (7-36) 16 (6-44) 20 (8-38) 15 (7-37)

T2 volume at baseline,
median (Q1-Q3), mm3

2091
(598.0-5165.0)

1883
(772.0-5184.0)

1860
(706.3-3227.5)

1711
(506.0-4340.0)

1942
(764.0-5536.0)

1903
(629.5-4549.0)

1871
(621.0-4602.0)

Central brain volume
at baseline,
median
(Q1-Q3), cm3

1045
(1026-1072)

1040
(1017-1065)

1051
(1019-1080)

1047
(1028-1078)

1070
(1032-1085)

1045
(1017-1072)

1059
(1029-1085)

BMI, mean (SD) 25.2 (5.5) 24.2 (4.5) 24.4 (4.0) 23.8 (3.8) 23.9 (4.4) 24.6 (4.8) 24.0 (4.0)

Steroids for first
clinical event, %

80.6 64.5 71.7 74.2 64.5 72.9 69.0

Mean time to last
EDSS, d

1558.5 1692.3 1637.6 1574.2 1691.8 1632.9 1629.6

Mean time to last
MRI, d

1483.1 1609.7 1578.7 1512.1 1615.0 1552.1 1570.2

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; BENEFIT, Betaferon/Betaseron
in Newly Emerging multiple sclerosis For Initial Treatment; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
EDSS, Expanded Disability Status Scale; IFNB-1b, interferon beta-1b;

MRI, magnetic resonance imaging; Q, quintile.
a N = 464 patients because 1 patient only had 25(OH)D measures at 24 months.
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1b, whereas patients randomized to initial placebo were ex-
posed for a mean of 498 days to placebo and for a mean of 1016
days to IFNB-1b. P values were not corrected for multiple
comparisons.

Results
Patient Characteristics and 25(OH)D
Patients with higher 25(OH)D levels tended to have a younger
age, a lower BMI, a lower number of T2 lesions, and a higher
brain volume at the CIS but were otherwise similar to those
with lower levels (Table 1). Patient characteristics in the sub-
group with months 6 and 12 measurements did not differ from

these results (eTable 2 in Supplement). The distribution of 25
(OH)D levels by visit and by season is shown in eFigure 1 and
eFigure 2 in Supplement).

Conversion to Definite MS
During the 5 years of follow-up, 377 patients (81.3%) con-
verted to MDMS and 216 (46.6%) converted to CDMS. The haz-
ard of conversion decreased with increasing serum 25(OH)D,
more strongly after 6 months, and among patients with 25
(OH)D measures at both 6 and 12 months, among whom the
hazard of conversion decreased by more than 50% for a 50-
nmol/L (20-ng/mL) increase in 25(OH)D (eTable 3 in Supple-
ment). Results by treatment group are in eTable 3 and by quin-
tiles in eFigure 3 in Supplement. Mean serum 25(OH)D levels

Figure 1. Multiple Sclerosis Outcomes According to Dichotomous Serum 25-Hydroxyvitamin D Levels
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Vitamin D and Multiple Sclerosis Activity Original Investigation Research

jamaneurology.com JAMA Neurology March 2014 Volume 71, Number 3 309

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

at 12 months contributed to predict subsequent conversions
to MDMS (P = .02) and CDMS (P = .05) (Figure 1A).

MS Activity
New Active MRI Lesions
The rate of occurrence of new active lesions decreased with
increasing serum 25(OH)D (Table 2); this inverse association
was particularly strong for patients with both 6- and 12-
month 25(OH)D measurements, among whom a 50-nmol/l in-
crease in the average 25(OH)D at up to 12 months predicted a
57% lower rate between 12 and 60 months and a 63% lower rate
between 24 and 60 months (Table 2). Significant inverse as-
sociations were also observed in categorical analyses (dichoto-
mous in Figure 1B; quintiles in Figure 2A). Results by treat-
ment group are in eTable 4 in Supplement.

Relapses
On average, patients in BENEFIT experienced 0.2 relapses per
year. Overall, the relapse rate decreased by 27% (not signifi-
cant) for a 50-nmol/L increment in 25(OH)D (Table 2). This as-
sociation was stronger among patients with 25(OH)D mea-
sures at both 6 and 12 months; in this group, a significantly
lower relapse rate with increasing serum 25(OH)D was ob-
served after 12 months. No significant associations were found
in analyses based on categorical 25(OH)D level (eFigure 4 in
Supplement).

Progression of MS
Change of T2 Volume
Higher levels of 25(OH)D were associated with less T2 lesion
volume accumulation over time; the relative decrease in T2 le-
sion volume for a 50-nmol/L increase in 25(OH)D was 20% per
year (P < .001) (Table 3). Restriction to patients with both
6-month and 12-month 25(OH)D measures tended to
strengthen the results. Results by treatment group are in eTable
5 in Supplement. Results by dichotomous 25(OH)D are shown
in Figure 1C and those by quintiles in Figure 2B.

Change of Brain Volume
A 50-nmol/L (20-ng/mL) increase in 25(OH)D was associated
with a 0.27% lower rate of brain loss (P = .12) (Table 3). In analy-
ses excluding patients missing the 6- or 12-month 25(OH)D lev-
els, the overall 25(OH)D-related annual difference in brain-
volume loss for a 50-nmol/L (20-ng/mL) increase in 25(OH)D
was 0.41% (P = .07). Results by treatment group are in eTable
4 (Supplement). In analyses with dichotomous 25(OH)D, the

percentage loss in brain volume was lower among patients with
25(OH)D concentrations at 12 months greater than or equal to
50 nmol/L (20 ng/mL) compared with those less than 50 nmol/L
(20 ng/mL) (0.34%; P = .005; Figure 1D). Analyses by quin-
tiles revealed an unexpected J-shaped relation (higher brain
volume in the lowest quintile (eFigure 5 in Supplement).

Change in EDSS Score
A 50-nmol/L increase in 25(OH)D levels was associated with a
reduction of 0.16 steps in the average EDSS score (P = .11). Re-
sults restricted to patients with measured 6- and 12-month 25
(OH)D measures were similar (Table 3). The annualized change
in EDSS score was lower among patients with serum 25(OH)D
greater than or equal to 50 nmol/L compared with those less
than 50 nmol/L (−0.17; P = .004), as well as in patients in the
highest quintiles compared with those in the lowest quintile
(Figure 2C).

Discussion
In this large prospective investigation, we found that average
serum 25(OH)D levels in the first 12 months following a CIS
strongly predicted MS activity and progression during the sub-
sequent 4 years. By the end of the follow-up at 60 months, those
patients with serum 25(OH)D concentrations greater than or
equal to 50 nmol/L had a 4-times lower change in T2 lesion vol-
ume, a 2-fold lower rate of brain atrophy, and lower disability
than those below 50 nmol/L. Although associations were gen-
erally stronger for MRI than for clinical outcomes, the latter were
still remarkable considering the overall low rate of relapses (0.2
per year) and small EDSS score change (median change, 0.0) in
BENEFIT. Moreover, the profound association of 25(OH)D lev-
els with MRI measures of disease activity and progression is of
particular clinical relevance for patients with CIS in whom the
prognostic value of MRI pathology for the development of long-
term disability has been demonstrated.23,24 It is also notewor-
thy that the inverse relation of 25(OH)D levels with develop-
ment of MS, relapses, and MRI measures was observed in a
population being treated with IFNB-1b, which had a consider-
able impact on these outcomes in the present study.14,16,21

Distinctive strengths of this study include the longitudi-
nal design, recruitment of all patients at the time of CIS, re-
peated measurement of serum 25(OH)D levels, the large num-
ber of participants, standardized treatment (early vs late IFNB-
1b), and rigorous clinical and MRI assessment of all patients

Table 2. RRs for New Active Lesions on Brain Magnetic Resonance Imaging and Multiple Sclerosis Relapses According to a 50-nmol/L Increment
in Serum 25(OH)D Levelsa

Variable

Baseline to 60 mob,c Baseline to 60 moc,d 12 to 60 mod,e 24 to 60 mod,e

RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value RR (95% CI) P Value
New active lesions 0.61 (0.44-0.83) .002 0.54 (0.37-0.78) .001 0.43 (0.26-0.70) <.001 0.37 (0.21-0.63) <.001

Relapses 0.73 (0.46-1.16) .19 0.66 (0.38-1.17) .16 0.43 (0.20-0.92) .03 0.41 (0.16-1.06) .06

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; RR, rate ratio.
a RR adjusted for age, sex, treatment, time of follow-up, T2 lesion score at

baseline, and type of onset.
b N = 454.

c Cumulative average 25(OH)D updated to 24 months.
d No missing 6- or 12-month 25(OH)D measure (n = 334).
e Cumulative average 25(OH)D updated to 12 months.
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during a 5-year period.16 Because serum 25(OH)D levels strongly
depend on time spent outdoors, which can in turn be af-
fected by MS activity, reverse causation could have explained
the cross-sectional or short-term inverse associations be-
tween serum 25(OH)D concentrations and MS activity previ-

ously reported.9-12,25,26 The robustness of our results in analy-
ses leaving a 1-year lag time between the last serum 25(OH)D
measurement and assessment of MS outcomes provides evi-
dence that low vitamin D was not a consequence of the dis-
ease process itself but rather its predictor.

Figure 2. Magnetic Resonance Imaging Evidence of Multiple Sclerosis Activity and Progression
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Our study also had some limitations. First, almost all pa-
tients in our study were white individuals of European ances-
try, thus limiting generalizations to individuals of other races
or ethnicities. Second, most participants were eventually
treated with IFNB-1b—although uniform treatment is an im-
portant advantage, our results may not apply to patients treated
with different drugs. Third, although a clear dose response was
observed for the most sensitive MRI outcomes, there was no
evidence of a ceiling effect, and it is thus possible that the po-
tential benefits of vitamin D are fully reached only at serum
25(OH)D concentrations greater than the still moderate level
observed in the highest quintile of participants in BENEFIT
(median, 69 nmol/L or 27.6 ng/mL).

The combined results of previous epidemiological stud-
ies relating serum 25(OH)D levels to MS risk4-6 and those of the
present investigation imply that either serum 25(OH)D levels
directly affect the disease process before and after the onset
of symptoms or they act as a prognostic marker. The inverse
association between vitamin D and MS outcomes could be ex-
plained if both were affected by a common factor or con-
founder. Among healthy individuals, the main predictors of
25(OH)D levels, besides vitamin D intake, are exposure to ul-
traviolet light, BMI, and genetic factors.27-29 Ultraviolet light
has some immunosuppressive effects not mediated by vita-
min D,30,31 which could contribute to the associations re-
ported here, but the inverse association between vitamin D in-
take and MS risk3 and the beneficial effects of vitamin D in
animal models of MS32,33 favor a role of vitamin D itself. Dif-
ferences in BMI are also unlikely to explain our results be-
cause adjustment for this factor was inconsequential. Fi-
nally, genetic effects28,29 are too small to account for the strong

inverse associations reported here.34 As in all observational
studies, a role of unknown factors cannot be excluded. Re-
sults of 3 small double-blind randomized trials have been
inconsistent,35-37 but these studies were not powered to de-
termine the efficacy of vitamin D on MS outcomes.

The results of our study reveal a robust prognostic value
of vitamin D levels measured early in the MS course and con-
verge with previous epidemiological and biological evidence
supporting a protective effect of vitamin D on the disease pro-
cess underlying MS,38 and thus the importance of correcting
vitamin D insufficiency, which affects about 50% of patients
with MS in Europe39 and 20% in the United States.11,40 How-
ever, further investigations are needed to determine the op-
timal levels of vitamin D and whether results apply to differ-
ent races or ethnicities, to patients with the secondary or
primary progressive course of MS, or in combination with drugs
other than IFNB-1b.

Conclusions
In summary, in this large longitudinal study among patients with
CIS randomized to early vs late treatment with IFNB-1b, we
found that higher serum 25(OH)D levels robustly predicted a
lower degree of MS activity, MRI lesion load, brain atrophy, and
clinical progression during the 5 years of follow-up. Although
controlled studies currently under way41 may provide more de-
finitive answers as to the therapeutic value of further increas-
ing already adequate vitamin D levels, our results suggest that
identification and correction of vitamin D insufficiency has an
important role in the early treatment of MS.
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