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Abstract—Background: A protective effect of vitamin D on risk of multiple sclerosis (MS) has been proposed, but no
prospective studies have addressed this hypothesis. Methods: Dietary vitamin D intake was examined directly in relation
to risk of MS in two large cohorts of women: the Nurses’ Health Study (NHS; 92,253 women followed from 1980 to 2000)
and Nurses’ Health Study II (NHS II; 95,310 women followed from 1991 to 2001). Diet was assessed at baseline and
updated every 4 years thereafter. During the follow-up, 173 cases of MS with onset of symptoms after baseline were
confirmed. Results: The pooled age-adjusted relative risk (RR) comparing women in the highest quintile of total vitamin D
intake at baseline with those in the lowest was 0.67 (95% CI ⫽ 0.40 to 1.12; p for trend ⫽ 0.03). Intake of vitamin D from
supplements was also inversely associated with risk of MS; the RR comparing women with intake of ⱖ400 IU/day with
women with no supplemental vitamin D intake was 0.59 (95% CI ⫽ 0.38 to 0.91; p for trend ⫽ 0.006). No association was
found between vitamin D from food and MS incidence. Conclusion: These results support a protective effect of vitamin D
intake on risk of developing MS.
NEUROLOGY 2004;62:60 –65

The incidence of multiple sclerosis (MS) is low in the
tropics and increases with distance from the equator
in both hemispheres.1 One hypothesis is that sunlight exposure and the resulting increase in vitamin
D may exert a protective effect.2-5 During the winter
at high latitudes, ultraviolet sunlight is too low to
produce adequate amounts of vitamin D3, and vitamin D insufficiency lasting 4 to 6 months of the year
at latitudes of ⱖ42° is common in individuals with
low vitamin D intake.6,7 Vitamin D has strong immunoregulatory effects,8-10 and vitamin D supplementation prevents experimental autoimmune encephalomyelitis (EAE), an autoimmune disease in animals
that is used as a model of MS.11 Studies on vitamin D
and MS have found that individuals with MS tend to
have insufficient vitamin D levels12,13 and that periods of low vitamin D precede the occurrence of high
lesion activity, whereas periods of high vitamin D
precede low lesion activity, as detected by MRI.14,15
There are, however, no prospective studies relating
vitamin D to risk of developing MS. Therefore, we
used the data from two large prospective cohorts to
examine whether or not high vitamin D intake reduces the risk of MS.
Methods. Study population. The study population comprised
women participating in two prospective studies of female registered nurses living in the USA: the Nurses’ Health Study (NHS)
and the Nurses’ Health Study II (NHS II). The NHS was established in 1976 and recruited 121,700 nurses aged 30 to 55 years;

the NHS II was established in 1989 and recruited 116,671 nurses
aged 25 to 42 years. As the first dietary assessment was conducted
in 1980 in the NHS and in 1991 in the NHS II, the dates of return
of the 1980 and 1991 questionnaires were chosen as the baseline
(beginning of the follow-up). Women with incomplete baseline food
frequency questionnaires or implausible caloric intakes (⬍500 or
⬎3,500 kcal/day in NHS, ⬍800 or ⬎4,200 kcal/day in NHS II)
were excluded from the analyses. Further, as the occurrence of
neurologic symptoms may have caused changes in diet or use of
vitamin supplements, we excluded women whose symptoms of MS
started before baseline. These exclusions left a total of 92,253
women for the analyses in the NHS and 95,310 in the NHS II.
Ascertainment of MS. Newly diagnosed cases of MS were
identified by self-report on biennial questionnaires sent to all participants and confirmed by asking the treating neurologist to complete a questionnaire on the certainty of the diagnosis (definite,
probable, possible, not MS), clinical history (including date of MS
diagnosis and date of the first symptoms of MS), and laboratory
tests. If a neurologist was not involved or did not respond, we sent
the questionnaire to the patient’s internist.16 In 90% of women
with MS, the treating physician was a neurologist, and the diagnosis was supported by positive MRI findings in 76% (NHS) and
89% (NHS II) of the cases. The higher percentage of MRI in the
NHS II reflects the higher proportion of cases with recent onset,
as in both cohorts 89% of the cases diagnosed after 1990 had an
MRI-supported diagnosis. For purposes of the investigation, we
confirmed as cases women with a diagnosis of definite or probable
MS according to their neurologist or physician; the validity of this
approach has been previously reported.16 The sensitivity of the
results to diagnostic errors was examined by restricting the analyses to definite MS cases. We documented 76 cases of MS (53
definite and 23 probable) in the NHS and 97 cases (76 definite and
21 probable) in the NHS II with onset of symptoms after baseline.
Assessment of vitamin D intake. Participants in the NHS
completed comprehensive semiquantitative food frequency questionnaires in 1980, 1984, 1986, 1990, and 1994 and those in the
NHS II cohort in 1991 and 1995. The baseline 1980 questionnaire
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Table 1 Baseline age-adjusted characteristics of participants in NHS (1980) and NHS II (1991) according to quintiles of total vitamin D
intake
NHS

NHS II

Quintile of total vitamin D intake

Quintile of total vitamin D intake

Characteristics

1

2

3

4

5

1

2

3

4

5

Ever smoker, %

62

57

54

54

56

37

36

34

34

34

Born in north tier, %

40

41

44

44

42

30

34

37

38

38

Use of multivitamins, %

6

7

13

48

97

8

16

30

70

96

0.1

0.3

0.7

1.2

1.0

0.2

0.7

1.3

1.4

1.5

Mean daily food intake
Skim/low-fat milk,
servings/d
Whole milk, servings/d

0.1

0.2

0.4

0.4

0.3

0.0

0.1

0.1

0.1

0.1

Fish, servings/d

0.16

0.16

0.17

0.19

0.18

0.06

0.10

0.12

0.13

0.14

Mean daily nutrient intake
(with supplements)
Calcium, mg
Vitamin A, IU

484

613

763

904

899

687

847

1,028

1,162

1,374

10,289

10,515

11,034

13,476

19,669

9,397

10,540

11,565

13,830

18,584

Vitamin E, mg

35

34

37

64

163

22

24

30

52

98

Folate, g

229

247

270

381

705

286

325

369

540

866

Vitamin C, mg

216

220

226

306

571

171

187

210

284

439

Vitamin B1, mg

1.6

1.7

1.9

2.6

5.6

2.0

2.2

2.6

3.8

7.5

Vitamin B2, mg

2.1

2.3

2.6

3.5

6.5

2.1

2.4

3.0

4.3

8.3

Vitamin B6, mg

1.8

2.0

2.0

2.9

6.1

4.7

5.1

5.9

9.2

16.6

Vitamin B12, g

5.3

5.9

6.6

9.3

17.7

5.8

6.8

8.0

10.8

17.9

Zinc, mg

6.1

6.2

6.5

7.3

9.6

11

12

13

17

24

NHS ⫽ Nurses’ Health Study.

in the NHS cohort included 61 items; subsequent questionnaires
were expanded to approximately 130 items. These questionnaires
have been described in detail, and the validity and reproducibility
of food and nutrient intakes have been previously documented.17,18
The food items that mostly contributed to vitamin D intake were
skim/low-fat milk (38 to 40% of vitamin D from foods) and fish (10
to 12%). The correlations between intakes estimated from the food
frequency questionnaire and those from four 1-week diet records
were 0.81 for skim milk and 0.66 for fish.17,18 The information on
current use, brand, and dosage of multivitamin supplements was
collected on each biennial questionnaire. Current use of individual
vitamin D supplements was also collected biennially; the dose of
vitamin D supplements was not specified in the questionnaire and
was assumed to be 400 IU (10 g). The validity of vitamin D
intake was assessed by comparing it with the plasma concentrations of 25-hydroxyvitamin D (25[OH]D) among 323 healthy NHS
women.19 The mean 25(OH)D was 22.0 ng/mL among women in
the bottom quintile of vitamin D intake and 30.1 ng/mL among
women in the top quintile; for plasma collected between January
and April, the corresponding values were 15.9 and 27.9 ng/mL.
Validity of estimated vitamin D intake in the NHS is further
supported by its inverse association with risk of hip fractures.19
Statistical analyses. Each participant contributed persontime of follow-up from the date of return of the first food frequency
questionnaire (1980 in NHS and 1991 in NHS II) to the date at
onset of the first symptoms of MS, death from any cause, or end of
follow-up, whichever came first. The end of follow-up was May 31,
1998, in NHS and May 31, 1999, in NHS II. Separate analyses
were conducted within each cohort. For the main analyses, women
were categorized by quintiles of intake of total (from foods and
supplements) energy-adjusted vitamin D at baseline; adjustment
for total energy intake was achieved using the residuals of the
regression of vitamin D intake on total caloric intake.20 For each
quintile of vitamin D intake, we estimated the incidence rate by

dividing the number of MS cases by the number of person-years of
follow-up. Relative risks (RR) were calculated by dividing the incidence rate in each quintile by the corresponding rate in the lowest
quintile, which was used as the reference category. Similar analyses were conducted to examine the separate effects of vitamin D
from foods or from supplements. In these analyses, intake of vitamin D from supplements (from either multivitamin or specific
vitamin D supplements) was categorized in three groups: none,
⬍400 IU/day, and ⱖ400 IU/day. In separate analyses that incorporated the repeated dietary measurements, the incidence of MS
was related to the cumulative average of vitamin D intake from
all the available dietary questionnaires up to the start of each
2-year follow-up interval.21 Cox proportional hazards models were
used to adjust the RR estimates simultaneously for risk factors for
MS, including pack-years of smoking22 and latitude at birth
(north, middle, or south).16 The two cohorts were combined, and
pooled RR were estimated using Cox’s proportional hazards models stratified by age (5-year age groups) and cohort. Tests for trend
were conducted by using the median values of quintiles of vitamin
D intake or of categories of vitamin D supplement intake as a
continuous variable. Heterogeneity of RR estimates from the two
cohorts was tested using a Wald test, where the squared difference between the log RR was divided by the sum of the variances
of each of the log RR. All p values are two tailed.

Results. Women in the top quintile of total vitamin D
intake at baseline were less likely to have ever smoked and
more likely to be current users at baseline of multivitamin
supplements than women in the bottom quintile (table 1).
Almost all the women in the top quintile of total vitamin D
intake at baseline were multivitamin users as compared
with ⬍10% of women in the bottom quintile. As a result,
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Table 2 Relative risk of MS according to baseline intake of vitamin D for NHS (1980 –1998) and NHS II (1991–1999)
NHS*

Parameters

Median
IU/d

Cases/
person-y

NHS II*

Pooled*

Pooled†

RR (95% CI)

Median
IU/d

Cases/
person-y

RR (95% CI)

RR (95% CI)

RR (95% CI)

Ref.

128

20/149,878

Ref.

Ref.

Ref.

Total vitamin D
Quintile 1

58

17/320,108

2

124

21/320,460

1.24 (0.65–2.35)

217

26/149,899 1.30 (0.72–2.34) 1.27 (0.83–1.96)

1.28 (0.83–1.98)

3

197

15/321,047

0.89 (0.44–1.77)

317

18/150,044 0.90 (0.47–1.70) 0.89 (0.56–1.43)

0.89 (0.56–1.43)

4

344

14/319,014

0.81 (0.40–1.65)

472

17/150,187 0.87 (0.46–1.64) 0.84 (0.52–1.35)

0.83 (0.52–1.35)

5

641

9/318,652

0.55 (0.25–1.22)

742

16/150,069 0.77 (0.40–1.50) 0.67 (0.40–1.12)

0.69 (0.42–1.15)

76/1,599,281
p trend

97/750,075
0.05

0.22

0.03

p heterogeneity

0.03
0.42

Vitamin D from food
Quintile 1

49

14/319,365

Ref.

110

19/149,803

2

100

17/320,496

1.21 (0.59–2.45)

177

15/149,968 0.79 (0.40–1.55) 0.97 (0.60–1.57)

Ref.

Ref.

Ref.
0.97 (0.60–1.58)

3

147

18/320,059

1.29 (0.64–2.61)

234

30/149,933 1.58 (0.89–2.81) 1.46 (0.94–2.27)

1.47 (0.94–2.30)

4

204

14/320,201

1.01 (0.48–2.13)

302

18/150,130 0.95 (0.50–1.80) 0.97 (0.60–1.59)

0.97 (0.60–1.58)

5

311

13/319,159

0.93 (0.43–2.00)

414

15/150,243 0.78 (0.39–1.54) 0.84 (0.51–1.40)

0.84 (0.51–1.40)

76/1,599,281
p trend

97/750,075
0.61

0.56

0.44

p heterogeneity

0.42
1.0

Vitamin D from
supplements, IU/d
0

0

⬍ 400

228

ⱖ 400

400

64/1,120,418

Ref.

5/153,468

0.53 (0.21–1.33)

228

0

16/147,326 0.75 (0.43–1.29) 0.68 (0.42–1.08)

0.68 (0.43–1.08)

7/325,394

0.39 (0.18–0.85)

400

18/165,960 0.75 (0.44–1.26) 0.59 (0.38–0.91)

0.60 (0.39–0.92)

76/1,599,281
p trend

63/436,790

Ref.

Ref.

Ref.

97/750,075
0.007

0.20

p heterogeneity

0.006

0.009
0.16

* Adjusted for age in 5-y groups.
† Further adjusted for smoking (never, ⬍10 packs/y, 10 –24 packs/y, 25⫹ packs/y) and latitude at birth.
MS ⫽ multiple sclerosis; NHS ⫽ Nurses’ Health Study; RR ⫽ relative risk.

vitamin D intake was strongly associated with intakes of
other components of multivitamins such as vitamins A, E,
and folic acid. Consumption of skim/low-fat milk, the major
contributor of dietary vitamin D in these cohorts, was also
severalfold higher among women in the top quintile of
total vitamin D than among those in the bottom quintile
(see table 1).
Total vitamin D intake at baseline was inversely associated with risk of MS (table 2). The age-adjusted pooled RR
comparing the highest with the lowest quintile of consumption was 0.67 (95% CI ⫽ 0.40 to 1.12; p for trend ⫽
0.03). Intake of vitamin D from supplements only was also
inversely associated with risk; the RR comparing women
with intake of ⱖ400 IU/day with those with no supplemental vitamin D intake was 0.59 (95% CI ⫽ 0.38 to 0.91; p for
trend ⫽ 0.006). Both associations were stronger in the
NHS than in the NHS II cohort, but tests for heterogeneity
were not significant (see table 2). These RR did not materially change after further adjustment for pack-years of
smoking and latitude at birth (see table 2). In contrast, we
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found no associations between vitamin D intake from food
only and risk of MS. The RR comparing women in the
highest quintile of dietary vitamin D with those in the
lowest were 0.93 (95% CI ⫽ 0.43 to 2.0) in the NHS and
0.78 (95% CI ⫽ 0.39 to 1.54) in the NHS II (see table 2).
Similar nonsignificant results were obtained after excluding women with any intake of supplemental vitamin D; the
corresponding RR were 1.13 (95% CI ⫽ 0.47 to 2.73) in the
NHS and 1.13 (95% CI ⫽ 0.50 to 2.57) in the NHS II.
Inverse associations between total vitamin D intake or
vitamin D intake from supplements were also found in
analyses using the cumulative average of intake. Overall,
these associations were similar to those using vitamin D
intake at baseline (table 3). Analyses restricted to cases of
definite MS gave similar results. In these analyses, the
age-adjusted RR comparing the highest with the lowest
quintile were 0.62 for baseline total vitamin D intake (p for
trend ⫽ 0.02) and 0.56 for cumulative total vitamin D
intake (p for trend ⫽ 0.01); the RR for baseline and cumulative supplemental vitamin D intakes were 0.52 (p for

Table 3 Relative risk of MS according to updated cumulative average intake of vitamin D for NHS (1980 –1998) and NHS II
(1991–1999)
NHS*

Parameters

Median
IU/d

Cases/
person-y

NHS II*

RR (95% CI)

Median
IU/d

Pooled*

Pooled†

Cases/
person-y

RR (95% CI)

RR (95% CI)

RR (95% CI)

Ref.

Ref.

Ref.

Total vitamin D
Quintile 1

87 19/316,294

Ref.

135

18/149,943

2

167 15/322,409

0.78 (0.40–1.54)

226

30/149,309 1.68 (0.94–3.02) 1.22 (0.79–1.88) 1.23 (0.79–1.90)

3

250 13/320,897

0.70 (0.35–1.41)

326

18/150,515 1.01 (0.52–1.94) 0.85 (0.53–1.37) 0.84 (0.52–1.35)

4

373 22/321,275

1.20 (0.65–2.19)

468

16/150,578 0.92 (0.47–1.80) 1.06 (0.68–1.66) 1.03 (0.65–1.63)

5

599

0.41 (0.18–0.94)

714

15/149,730 0.83 (0.41–1.67) 0.61 (0.36–1.04) 0.63 (0.37–1.07)

7/318,406
76/1,599,281

p trend

97/750,075
0.16

0.13

0.04

p heterogeneity

0.05
0.92

Vitamin D from food
Quintile 1

71 12/315,641

Ref.

112

19/149,785

2

123 24/322,065

2.00 (1.00–3.99)

176

17/149,443 0.90 (0.47–1.73) 1.33 (0.83–2.11) 1.33 (0.83–2.12)

3

165 17/320,988

1.46 (0.70–3.05)

230

31/150,843 1.62 (0.92–2.87) 1.56 (0.99–2.45) 1.57 (1.00–2.47)

4

214 10/321,864

0.89 (0.39–2.03)

294

17/150,309 0.89 (0.46–1.72) 0.89 (0.53–1.49) 0.89 (0.53–1.49)

5

298 13/318,723

1.15 (0.52–2.53)

399

13/149,695 0.68 (0.33–1.39) 0.86 (0.51–1.45) 0.87 (0.52–1.47)

76/1,599,281
p trend

Ref.

Ref.

Ref.

97/750,075
0.53

0.29

0.22

p heterogeneity

0.22
0.75

Vitamin D from
supplements, IU/d
0

0 43/784,669

Ref.

0

56/381,710

Ref.

Ref.

Ref.

⬍ 400

152 29/600,089

1.12 (0.69–1.81)

200

27/232,136 0.81 (0.51–1.29) 0.94 (0.68–1.32) 0.99 (0.70–1.40)

ⱖ 400

400

0.35 (0.13–0.98)

400

14/136,229 0.70 (0.39–1.26) 0.57 (0.34–0.94) 0.58 (0.35–0.96)

4/214,532
76/1,599,281

p trend

97/750,075
0.10

0.18

0.04

p heterogeneity

0.06
0.47

* Adjusted for age in 5-y groups.
† Further adjusted for smoking (never, ⬍10 packs/y, 10 –24 packs/y, 25⫹ packs/y) and latitude at birth.
MS ⫽ multiple sclerosis; NHS ⫽ Nurses’ Health Study; RR ⫽ relative risk.

trend ⫽ 0.004) and 0.53 (p for trend ⫽ 0.03). Some women
reported use of calcium supplements but not vitamin D
supplements. As calcium supplements often contain vitamin D, vitamin D intake of these women could have been
underestimated; their exclusion from the analyses, however, did not materially change the results.
Vitamin D intake may be more important for women
living in regions at high latitude where winter sunlight is
insufficient. Therefore, we examined the interaction between quintiles of vitamin D intake and latitude at birth
and at age 15. Neither interaction was significant (birth:
p ⫽ 0.71; age 15: p ⫽ 0.12).
Supplemental vitamin D intake was mostly from multivitamins, as only a small percentage of women reported
using vitamin D-specific supplements. As a result, vitamin
D intake was correlated with intakes of other multivitamin
components such as vitamins A, C, and E, folic acid, and
the B vitamins (see table 1). A trend toward lower risk of
MS with increasing total vitamin D intake or vitamin D

intake from supplements and risk of MS remained after
adjustment for quintile of vitamin A (p for trend ⫽ 0.02 for
total vitamin D, p ⫽ 0.003 for vitamin D from supplements) or vitamin C (p ⫽ 0.02 and p ⫽ 0.003) but not after
adjustment for vitamin E, folic acid, or vitamins B1, B2, B6,
or B12. However, none of these vitamins was itself significantly associated with risk of MS after adjustment for total
vitamin D or vitamin D from supplements. Duration of use
of multivitamins was also inversely associated with risk of
MS; the RR using women who never used multivitamins as
a reference were 0.61 (95% CI ⫽ 0.34 to 1.07) for ⬍5 years
of use, 0.70 (95% CI ⫽ 0.46 to 1.06) for 5 to 9 years of use,
and 0.41 (95% CI ⫽ 0.18 to 0.93) for ⱖ10 years of use (p for
trend ⫽ 0.006). The use of multivitamin supplements without vitamin D was too infrequent to determine its association with MS risk.

Discussion. In this large prospective study, we
found that women who used supplemental vitamin
January (1 of 2) 2004
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D, largely from multivitamins, had a 40% lower risk
of MS than women who did not use vitamin D
supplements.
A protective role of vitamin D has been proposed
to explain the well-known latitude gradient in MS
incidence and prevalence.2 A study among US veterans found that the average annual hours of sunshine
and the average December daily solar radiation at
place of birth were strongly and inversely correlated
with MS: ⫺0.73 and ⫺0.80, respectively3; similar results were obtained in Australia4 and among immigrants to Israel.5 However, the correlation between
latitude and sunlight exposure is so high that it prevents the assessment of their independent contributions in ecologic studies, and none of several climatic
factors—including annual solar radiation—was independently correlated with the risk of MS after accounting for latitude.23 In a small German study,14
seasonal fluctuation of gadolinium-enhancing lesions
was found, with a greater number of active lesions
seen in spring (March to May) than in autumn (September to November).15 This seasonal fluctuation
was compared with median 25(OH)D levels from the
German population, and high 25(OH)D levels in the
summer (July to August) were strongly correlated
with low lesion activity in autumn and low 25(OH)D
levels in the winter (January to March) correlated
with high lesion activity in spring.15 More compelling
is the experimental evidence that vitamin D supplementation can prevent or favorably affect the course
of EAE, an induced autoimmune disease used as an
animal model of MS. Onset of EAE occurs earlier in
vitamin D-deficient mice11,24 and is prevented by administration of 1,25(OH)2D3 prior to injection of the
inducing antigens.11,24,25 Further, progression of the
disease is considerably slowed when 1,25(OH)2D3 is
given at the first sign of clinical symptoms,11,24-26 and
progression recurs when 1,25(OH)2D3 supplementation is interrupted.11 The mechanisms of these favorable effects of vitamin D are not entirely known but
could be related to the ability of 1,25(OH)2D3 to inhibit the production of the Th1-associated cytokines
interleukins-12 and 2, interferon-␥, and tumor necrosis factor-␣, thus suppressing the development and
proliferation of the inflammatory Th1 cells.27-30 Consistent with these mechanisms is the recent report of
a lower risk of type 1 diabetes among individuals
supplemented with vitamin D in the first year of
life.31
An important limitation of our study is that we
could not assess the effects of vitamin D intake on
risk of MS independently of use of multivitamins,
which was also inversely associated with risk of MS.
Plausible candidates for a protective effect include
several components of multivitamins, such as vitamin E, folic acid, zinc, and vitamins B1, B2, B6, and
B12. In a previous analysis in these cohorts, we found
no associations between use of multivitamin supplements and risk of MS.32 That analysis, however, was
based on a shorter follow-up period, and because of
the small number of cases, we included women who
64
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completed their first food frequency questionnaire
after the onset of symptoms of MS. The previous null
finding could thus be explained if some women with
MS started taking multivitamins after experiencing
neurologic symptoms, but before the diagnosis. As a
statistical separation of the individual associations of
multivitamin components with MS risk is not possible in our study, the interpretation should rely on
the biologic plausibility of specific hypotheses. Protective effects of antioxidants,33 zinc,34 and vitamins
B2,34 B6,34 and B1235 on the risk of developing MS
have been proposed, but the experimental evidence
is not as strong for any of these as it is for vitamin D.
Therefore, a protective effect of vitamin D seems a
more likely explanation of the observed associations.
Finally, analyses were adjusted for known MS risk
factors (age, smoking, and latitude of residence at
birth) with no appreciable change in the RR; however, confounding by unknown factors cannot be
excluded.
We found a 40% reduction in risk of MS among
women who use supplemental vitamin D, primarily
in the form of multivitamins, compared with women
who do not use supplements. Whether or not this
finding reflects a protective effect of vitamin D intake on risk of MS remains to be established. Because of the difficulty in separating the effects of
different dietary components and of the contribution
of sunlight to circulating levels of vitamin D, future
prospective studies should measure directly circulating levels of 25(OH)D before the onset of MS. Further, it may be important to assess whether vitamin
D supplementation may slow the progression of MS.
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