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ABSTRACT

Objective: To examine the association between 25-hydroxyvitamin D (25[OH]D) levels and the risk
of multiple sclerosis (MS) in blood samples collected prospectively and during gestation.

Methods: In this nested case-control study, 2 population-based biobanks with 291,500 samples
from164,000persons collected since1975 in the northern half of Swedenwere used.We identified
prospectively collected blood samples from MS cases (n 5 192, controls matched 2:1) and gesta-
tional samples from pregnant mothers where the offspring had later developed MS (n 5 37, control
mothers matched 5:1). 25(OH)D levels were measured using an ELISA, and the risk of MS was
analyzed using matched logistic regression.

Results: Levels of 25(OH)D $75 (vs ,75) nmol/L in prospectively collected blood samples were
associated with a decreased risk of MS (odds ratio [OR] 0.39, 95% confidence interval [CI] 0.16–
0.98). No decrease in MS risk was found in the offspring exposed to gestational 25(OH)D levels
$75 (vs ,75) nmol/L (OR 1.8, 95% CI 0.53–5.8). The prevalence of 25(OH)D levels$75 nmol/L
in female controls decreased gradually during 1976–2005 (p trend 5 0.005).

Conclusion: This study supports the presence of an association between high 25(OH)D levels dur-
ing the years preceding disease onset and a decreased risk of MS. In the very limited material with
samples drawn in early pregnancy, where month-of-birth effects were controlled for, we found no
association between gestational 25(OH)D levels and MS risk in the offspring. Decreasing 25(OH)
D levels in the population may contribute to explain the increasing MS incidence that is suggested
from epidemiologic studies. Neurology� 2012;79:2140–2145

GLOSSARY
25(OH)D 5 25-hydroxyvitamin D; CI 5 confidence interval; DIS 5 dissemination in space; DIT 5 dissemination in time;
EBV 5 Epstein-Barr virus; GRoMS 5 Gestational Risk factors of Multiple Sclerosis; ICD 5 International Classification of
Diseases;MBR5Medical Birth Registry;MS5multiple sclerosis; NBHW5 National Board of Health and Welfare; NSHDS5
Northern Sweden Health and Disease Study; NSMC 5 Northern Sweden Maternity Cohort; OR 5 odds ratio; RoMS 5 Risk
factors of Multiple Sclerosis.

The etiology of multiple sclerosis (MS) is unknown. However, several genetic and environmental
factors, including poor vitamin D status, have been associated with an increased risk of MS.1–6

Humans get vitamin D from 3 sources: diet, dietary supplements, and most important, a cuta-
neous UVB radiation-dependent process. During part of the winter at latitudes $42° N, most
UVB is absorbed by the atmosphere and no vitamin D is produced in the skin.7 The major
circulating form of vitamin D is 25-hydroxyvitamin D (25[OH]D) and it is measured to assess
vitamin D status.8 Some consider levels of 25(OH)D $50 nmol/L as sufficient, while others
suggest that levels $75 nmol/L are needed.9–11

Spring births have been associated with a higher risk of MS, and vitamin D deficiency during
winter pregnancies has been suggested as a possible explanation for this.12,13

The primary objectives of this study were to estimate the risk of MS by levels of 25(OH)D in
prospectively collected blood samples, and to determine the risk of MS in the offspring by levels
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of 25(OH)D during pregnancy. Secondary ob-
jectives included comparing these risk estimates
across different age strata.

METHODS Study design and setting. This nested case-con-

trol study had 2 arms: Risk factors of Multiple Sclerosis (RoMS), esti-

mating the risk of MS by 25(OH)D levels in prospectively drawn

blood samples, and Gestational Risk factors of Multiple Sclerosis

(GRoMS), estimating the risk of MS in the offspring by 25(OH)D

levels during early pregnancy. The study was performed in the 4 north-

ern counties covering half of Sweden between latitude 61.5° and

69.1° N. The study area had a population of 877,211 in 2010

(Statistics Sweden). The study center is located in VästerbottenCounty

at the Department of Neurology at Umeå University Hospital.

Procedure and participants. An MS database was established

in 2009 by searching for MS and adjacent diagnoses based on the

International Classification of Diseases (ICD) codes (table e-1 on

the Neurology® Web site at www.neurology.org).

For RoMS, the case database obtained was cross-linked to 2 local

biobanks: 1) the Northern SwedenMaternity Cohort (NSMC) con-

taining 124,000 serum samples collected since 1975 from pregnant

women, the samples drawn to test for rubella immunity at the first

antenatal visit after confirmed pregnancy (usually during the first tri-

mester), stored in 220°C freezers; and 2) the Northern Sweden

Health and Disease Study (NSHDS) cohort containing 167,500

blood samples collected since 1985 in population-based health pro-

grams, stored in270°C freezers. The NSHDS cohort is built up by

3 subcohorts, 2 from which samples were provided to this study: the

Västerbotten Intervention Program (n 5 113,000 samples) that

started in 1985 and is a population-based health-promoting program

inviting all individuals aged 30, 40, 50, and 60 years old in Väst-

erbotten County; and the Västerbotten Mammography Screening

Program (n 5 54,500 samples), which has invited all women in

Västerbotten county aged 50–69 biannually. The NSHDS and

NSMC contained a total of 291,500 accessible samples from

164,000 unique individuals when this study was performed.Medical

records were examined and cases were included, which fulfilled MS

diagnostic criteria on clinical grounds, or with the support from

MRI.14 Only cases with no symptom suggestive of MS prior to

sample collection noted in medical records were included. Two

controls matched for sex, biobank, sampling date, and age (decreas-

ing priority, best match applied) were selected. Sample collec-

tion routines remained unchanged with one exception: the

samples in NSMC were heat-treated during 1975–1987 to enable

complement binding analyses.

For GRoMS, the initial case database was linked to the Medical

Birth Registry (MBR) at the National Board of Health and Welfare

(NBHW) that contains information on kinship. This created a data-

base containing mothers of persons with MS, which was then cross-

linked to the NSMC. Medical records were examined and the

offspring who fulfilled the MS diagnostic criteria as above were

included.14 The GRoMS database thus encompasses women who

had donated blood to NSMC during early pregnancy, and where the

offspring had later developedMS, hereafter denoted as GRoMS case

mothers and the samples denoted as GRoMS case samples. For each

of these, 5 NSMC control samples were selected, matched as above.

The quality of NSMC serum samples was visually estimated

by the laboratory analyst. The appearance of each sample was char-

acterized before analysis as denoted in table e-2. To enable a post

hoc statistical analysis just on samples of good quality, categories

with significantly different mean 25(OH)D levels (compared to

samples of normal appearance) were excluded (table e-2).

Analyses on the association between 25(OH)D levels and sea-

son, as well as sampling year, were done on NSMC controls only

to avoid possible MS-related bias and problems arising from pool-

ing cohorts with samples collected at different ages and during

different time periods.

No association has been shown between 25(OH)D levels and

MS risk in dark-skinned subjects.2 No data on skin color were

available in our databases, which is probably related to a low influx

of migrants from outside the Nordic countries to northern Sweden

(Statistics Sweden). In an effort to adjust for possible effects from

immigration and skin pigmentation, a local database containing

information on country of origin was used. Subjects were catego-

rized into those born in any of the Nordic countries (Sweden,

Norway, Finland, Denmark, and Iceland) and those born elsewhere.

Laboratory assays. 25(OH)D levels were measured using an

ELISA (Immundiagnostik AG, Bensheim, Germany) following the

manufacturer’s instructions. The same batch was used throughout

the study, and the cases and controls in each set were analyzed on

the same plate and day. The ELISA correlates to a high degree with an

established liquid chromatography–tandemmass spectrometrymethod

(r5 0.89; p, 0.0001, n5 100) (H.J. Roth, personal communica-

tion, 2011). The analyst (M.N.) was blinded to the case or control

status of samples.

Statistical analyses. We used SPSS software, version 19.0. The

independent samples t test was used to test for differences

between means, and the Mann-Whitney U test was used to test

for differences between medians. x2 statistics and Fisher exact test

were used to test for differences between proportions. The risk of

MS was estimated using the following predefined 25(OH)D

groups: above and below median, stratified into tertiles, quartiles,

quintiles, and into 2 groups with $75 vs ,75 and $50 vs ,50

nmol/L (to address the different cutoffs suggested).10,11 Matched

logistic regression was used to estimate odds ratios (ORs) and

95% confidence intervals (CIs) for different 25(OH)D strata.

Pearson correlation coefficient (r) was used to test for correlations
between continuous variables. Logistic regression was used to

estimate the ORs for 25(OH)D levels $75 nmol/L by year of

blood sampling and by season. Summer was defined as May–

October, winter as November–April. Probability is denoted by p.

Standard protocol approvals, registrations, and patient
consents. All subjects consented to donate blood samples for bio-

bank storage, and received written information about the study. All

aspects of the study were approved by the local ethics committee in

Umeå (Dnr 08-135M).

RESULTS 25(OH)D levels in prospective samples, RoMS.

The initial ICD code search yielded 2,887 cases. After
linkage to the biobank cohorts and careful review of
medical records, we identified 192 MS cases with pro-
spectively drawn blood samples available for analyses
(figure 1). Of these, most (n5 182) had MS according
to medical records, all of which fulfilled MS diagnostic
criteria as judged by medical record review.14 The re-
maining 10 cases had not received an MS diagnosis (all
with one confirmed relapse only), but fulfilled the crite-
ria when the 2010 MRI criteria for dissemination in
time (DIT) and space (DIS) were used.14 The median
time from sampling to MS onset was 9 years (range 2
months–32 years). Since most samples were identified in
NSMC, a majority of the cases were female. Clinical
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characteristics were otherwise not different from a pop-
ulation-based MS sample, and the cases and controls
were well matched (table).

The 25(OH)D levels were overall low (table). Four
percent (7/192) of cases and 8% (30/384) of controls
had 25(OH)D levels$75 nmol/L. Levels of 25(OH)D
$75 (vs,75) nmol/L were associated with a lower risk
of MS (OR 0.39, 95% CI 0.16–0.98). In a post hoc
analysis on good quality samples from subjects born in
the Nordic countries (n 5 182 cases [10 excluded due
to selection] and n 5 343 controls [24 excluded due to
selection, 17 due to no case in set]), the findings were
similar (OR 0.33, 95% CI 0.12–0.89). Among these,
4% (7/182) of cases and 8% (27/343) of controls had 25
(OH)D levels $75 nmol/L. Restricting the analysis to
females did not alter the ORs. We found no association
between MS risk and any of the other predefined 25
(OH)D strata, and we found no trend over quintiles
(p trend 5 0.7). In young patients (below median age
at sampling,,26.4 years), the decrease in MS risk asso-
ciated with 25(OH)D levels$75 (vs,75) nmol/L was

more pronounced, though nonsignificant (OR 0.16,
95% CI 0.02–1.3); however, only 1% (1/96) of young
cases and 6% (11/192) of young controls had 25(OH)
D levels $75 nmol/L. The median (range) 25(OH)D
levels varied seasonally in controls, with higher levels in
summer (41 nmol/L [0–158]) than in winter (35 nmol/
L [7–102]), p , 0.001. In cases, no significant differ-
ence between summer (40 nmol/L [0–113]) and
winter (38 nmol/L [10–122]) was found (p 5 0.5).

25(OH)D levels in gestational samples, GRoMS. Cross-
linkage between the case database andMBR at NBHW
yielded 287 mothers of patients with MS. After linkage
to NSMC and careful review of medical records, we
identified 37 patients with MS whose mothers had
donated blood during pregnancy (figure 1). Of these,
32 cases had MS according to medical records, all of
which fulfilled MS diagnostic criteria as judged by
medical record review.14 The remaining 5 patients
had only experienced one confirmed relapse and had
not received an MS diagnosis, but fulfilled the 2010
MRI criteria for DIT and DIS.14 Assuming that each
pregnancy was 280 days long, the majority (78%) of
the GRoMS case samples were drawn during the first
trimester, median (range) 72 days (39–206) from con-
ception (data not available for controls). One of the
GRoMS case mothers had MS herself. The GRoMS
case and control mothers were well matched and the
offspring with MS represents a set of early MS cases,
most with the relapsing-remitting subtype (table).

The 25(OH)D levels were overall low (table). Levels
of 25(OH)D$75 (vs,75) nmol/L were not associated
withMS risk (OR 1.8, 95%CI 0.53–5.8). No change in
the OR was found when only good quality samples from
GRoMS subjects born in the Nordic countries were ana-
lyzed, and we found no association betweenMS risk and
any of the other predefined 25(OH)D strata.

Associations between 25(OH)D levels, sampling year, age,

and season. The following analyses were done onNSMC
controls born in the Nordic countries with good sample
quality (n 5 479). The prevalence of 25(OH)D levels
$75 nmol/L by sampling year time period decreased
gradually during 1976–2005 (p trend 5 0.005, figure
2). The correlation between sampling year and 25(OH)
D levels was present in samples drawn during summer
(r 5 20.22; p 5 0.001, n 5 228), but not during
winter (r 5 0.08; p 5 0.19, n 5 251). The median
(range) 25(OH)D levels in heat-treated samples (38
nmol/L [12–140], n5 321) was not different compared
with non-heat-treated samples (40 nmol/L [7–99], n 5

158) (p5 0.7). Levels of 25(OH)D correlated to age at
sampling (r 5 0.13; p 5 0.006, n 5 479).

Median (range) levels of 25(OH)D varied by month
of sampling with the highest in July (51 nmol/L [16–
140], n 5 46) and the lowest in February (31 nmol/L
[15–65], n5 48). The odds of having 25(OH)D levels

Figure 1 Flow chart of case ascertainment

To identify prospectively collected multiple sclerosis (MS) samples and samples from preg-
nancies where the offspring had later developed MS, a search for MS and adjacent diagno-
ses in northern Sweden was performed. The initial search yielded 2,887 cases. To the left is
shown how subsequent exclusion (working order) of cases yielded 37 samples drawn from
women during pregnancy where the offspring had later developed MS, used in Gestational
Risk factors of Multiple Sclerosis (GRoMS). To the right is shown how the 2,887 initial cases
were reduced to 192MS cases with prospectively collected samples, used in Risk factors of
Multiple Sclerosis (RoMS). MBR 5 Medical Birth Registry.
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$75 nmol/L was 4-fold higher during summer than
during winter (OR 4.4, 95% CI 2.0–10).

DISCUSSION In this study 25(OH)D levels of $75
(vs ,75) nmol/L in prospectively collected samples,
mainly from pregnant women, were associated with a
61% decrease in the risk of MS. We found no asso-
ciation between 25(OH)D strata below 75 nmol/L
and the risk of MS, and no trend over 25(OH)D
quintiles. In general, levels of 25(OH)D were low,
similar to reports from Canada and Finland.15,16

The NSMC samples were drawn in early pregnancy,
which presumably reduces the possible influence
from pregnancy on 25(OH)D levels.17

Our study contained mainly women whereas a sim-
ilar prospective case-control study contained mainly
men.2 This argues that the association between 25
(OH)D levels and MS risk applies to both genders.
While they reported a significant dose-response relation,
we found no such trend. The lower 25(OH)D levels
found in our study may be responsible for this discrep-
ancy, as no significant association has been shown

between MS risk and 25(OH)D categories in the
spectrum below 75 nmol/L.2,18 For this reason, the pre-
defined quantiles may be regarded as inappropriate,
as cutoff for the upper quintile turned out to be only
56 nmol/L. The association between high 25(OH)D
levels and MS risk has been shown to be more pro-
nounced in young (,20 years) subjects.2 Together
with the absence of an association between maternal
25(OH)D levels in early pregnancy and MS risk in the
offspring, this argues that the most vulnerable period
regarding 25(OH)D and MS risk may be between late
pregnancy and young adulthood.

Vitamin D has been shown to have immunomodu-
latory effects, decreasing Th1 activity and increasing
Th2 and T-regulatory cell activity, and may therefore
play a role in MS etiology.19 A potential confounder,
however, is sun exposure, which is suggested to have
immunomodulatory effects apart from generating vita-
min D.20 To determine which factor, vitamin D or sun
exposure, is causative in this sense might not be possi-
ble through observational studies.21,22 Genetic factors
such as a dysfunctional CYP27B1, which affect both

Table Characteristics and matching accuracy for 192 cases and 384 controls in RoMS, and 37 cases and 185 controls in GRoMSa

RoMS cases (n 5 192) RoMS controls (n 5 384) p GRoMS cases (n 5 37)b GRoMS controls (n 5 185) p

Age at blood sampling, y 26 (16–60) 26 (16–60) 1.00c 27 (19–39) 27 (19–40) 0.97c

Year of blood sampling 1986 (1976–2005) 1986 (1976–2005) 1.00c 1982 (1976–1995) 1982 (1976–1995) 1.00c

Sampling day difference — 0 (0–20) — — 0 (0–12) —

Geographic area of origin

Nordic countries 190 (99.0) 374 (97.4) 0.35d 34 (91.9) 180 (97.3) 0.14d

Non-Nordic 2 (1.0) 10 (2.6) 2 (5.4) 2 (1.1)

Data missing — — 1 (2.7) 3 (1.6)

Biobank

NSMC 165 (85.9) 330 (85.9) 1.00e 37 (100) 185 (100) 1.00d

NSHDS 27 (14.1) 54 (14.1) 0 (0) 0 (0)

25(OH)D levels (nmol/L)f 40 (0–122) 39 (0–158) 0.99c 39 (19–103) 40 (0–335) 0.97c

Suboptimal sample quality 8 (4.2) 14 (7.3) 0.76e 1 (2.7) 9 (4.9) 1.00d

MS characteristics

Female 177 (92.2) 354 (92.2) 1.00e 27 (73.0) — —

Clinical subtype

RRMS 120 (62.5) — — 34 (91.9) — —

SPMS 45 (23.4) — — 2 (5.4) — —

PPMS/PRMS 23 (12.0) — — 1 (2.7) — —

Data missing 4 (2.1) — — — — —

Age at MS onset, y 37 (19–66) — — 21 (13–32) — —

Abbreviations: 25(OH)D5 25-hydroxyvitamin D; GRoMS5 Gestational Risk factors of Multiple Sclerosis; MS5multiple sclerosis; NSHDS5 Northern Sweden
Health and Disease Study; NSMC 5 Northern Sweden Maternity Cohort; PPMS 5 primary progressive multiple sclerosis; PRMS 5 progressive relapsing
multiple sclerosis; RoMS5 Risk factors of Multiple Sclerosis; RRMS5 relapsing-remitting multiple sclerosis; SPMS5 secondary progressive multiple sclerosis.
a Data are median (range) or n (%).
b In GRoMS, all data are for mothers of patients with MS, except for MS characteristics, describing their offspring with MS. Only one GRoMS mother had
MS herself.
The Mann-Whitney U test,c the Fisher exact test,d and x2 statisticse were used to test for differences between cases and controls.
f Samples with levels of 25(OH)D 5 0 nmol/L were of suboptimal sample quality.
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vitamin D metabolism and increase MS risk, may rep-
resent another confounder (if the increased MS risk is
explained by an unknown vitamin D–independent
pathway), or argue in favor of a link between vitamin
D andMS (if the lower levels of activated vitamin D are
the key to the increased MS risk), and might also
explain the more pronounced seasonal fluctuation of
25(OH)D seen in controls than in cases.5,23

We found no association between the risk of MS in
the offspring and gestational 25(OH)D levels in this
very limited material with samples drawn during early
pregnancy, opposite to what was predicted in a diet
questionnaire study.13 The GRoMS case and control
mothers were matched for sampling date, and thereby
our results were controlled for season-of-birth effects,
given that the case and control samples were drawn at
the same gestational age. This is likely the case, but
could regrettably not be confirmed as we have no birth
data for controls. Season-of-birth effects on MS risk,
possibly related to UVB radiation-related 25(OH)D
levels, have not been tested in the present study. The
gestational samples were collected in early pregnancy
and 25(OH)D levels in these samples might not be
representative of the levels during the entire pregnancy,
and our results do not exclude an association between
25(OH)D levels in the second and third trimesters and
the risk of MS in the offspring. Our results must also
be treated with caution owing to the small sample size.
There is a need for an expanded study on 25(OH)D

levels and MS where samples are collected from gesta-
tion through adolescence. Since HLA DRB1*15 status
seems to be associated with MS season-of-birth effects,
this needs to be added to the analyses.24

In a post hoc analysis, we have shown that the
prevalence of 25(OH)D levels $75 nmol/L in preg-
nant female controls decreased during 1976–2005
(figure 2). This implies that the recommendations
for vitamin D supplementation during pregnancy
(currently not recommended by the National Food
Administration in Sweden) might need to be reviewed,
especially since the vitamin D requirements during
pregnancy may be higher than in the general popula-
tion.9,25 Evaporation in older samples is not a likely
explanation of the finding of decreasing 25(OH)D
levels since the correlation between sampling year
and 25(OH)D levels was only seen during summer.
Because UVB-derived vitamin D is the major source
of circulating 25(OH)D levels, this also implies that
altered behavior during summer (e.g., sunscreen use,
covering clothing, less time spent outdoors), rather
than dietary factors such as decreased consumption of fish
among pregnant women, may explain the decreasing 25
(OH)D levels.9,11 If the finding of decreasing 25(OH)D
levels over time is representative of the entire population,
perhaps it is the key to why MS incidence is increasing.26

Apart from low 25(OH)D levels, Epstein-Barr virus
(EBV) infection, smoking, and certain genes have been
associated with an increased risk of MS.1,3,4 The environ-
mental factors may be targeted on a population level to
prevent disease. As of today, we are not aware of any
vaccine against EBV, and anti-smoking campaigns are
already launched. Therefore, and in order to determine
whether genetics or sun exposure have confounded our
results, the next logical step in MS risk factor research is
to examine the primary preventive capability of oral vita-
min D supplementation.6 A prospective diet question-
naire study has shown that vitamin D supplementation
was associated with a decrease inMS risk by 40%, and in
another study, supplementation of 2,000 IU vitamin D
daily among children was associated with a 78% reduced
risk of type 1 diabetes.27,28 Although nonrandomized,
both studies lend some support to the notion that vita-
min D supplementation may affect long-term risk of
chronic autoimmune diseases. Daily doses of at least
2,000 IU (50 mg) of vitamin D3 are probably needed
to reach serum concentrations of $75 nmol/L in a
population where median 25(OH)D levels approach
30 nmol/L during winter, given that the serum levels
increase by 0.8–1.0 nmol/L for every mg ingested.8,29,30

This dose is far below the doses needed to reach toxic
serum concentrations of 25(OH)D, and also is consid-
ered safe by the Institute of Medicine.8,10,29 A primary
preventive vitamin D supplementation study needs
adequate size and duration, and has to include regular
estimates of sun exposure and serum 25(OH)D levels.

Figure 2 Odds of having 25(OH)D levels ‡75 nmol/L according to sampling year
time period

Logistic regression was used to calculate odds ratios and confidence intervals for 25(OH)D
levels$75 nmol/L, by sampling year time periods in 479 good-quality samples from controls
in the Northern Sweden Maternity Cohort born in the Nordic countries. The model was
adjusted for age at sampling and month of sampling. Absolute numbers and prevalences
of 25(OH)D levels $75 nmol/L by sampling year time periods are also presented. The odds of
having 25(OH)D levels $75 nmol/L among pregnant women decreased during 1976–2005
(p trend 5 0.005). 25(OH)D 5 25-hydroxyvitamin D.
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This study gives further support for the association
between vitamin D status andMS. Our data suggest that
vitamin D may act as a protective factor for MS some-
where between late pregnancy and young adulthood.
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