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Abstract

Background—Vitamin D insufficiency is a risk factor for MS, and patients don’t always show 

the expected response to vitamin D supplementation.

Objective—To determine if vitamin D supplementation leads to a similar increase in serum 25-

hydroxyvitamin-D (25(OH)D) levels in MS patients and healthy controls (HCs).

Methods—Participants in this open-label study were female, white, aged 18–60 years, had 

25(OH)D levels ≤ 75 nmol/L at screening, and had RRMS or were HCs. Participants received 

5,000 IU/day of vitamin D3 for 90 days. Utilizing generalized estimating equations we examined 

the relationship between the primary outcome (serum 25(OH)D level) and the primary (MS versus 

HC status) and secondary predictors.

Results—27 MS patients and 30 HCs were enrolled. There was no significant difference in 

baseline 25(OH)D level or demographics except for higher body mass index (BMI) in the MS 

group (25.3 vs 23.6 kg/m2, p=0.035). 24 MS subjects and 29 HCs completed the study. In a 
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multivariate model accounting for BMI, medication adherence, and oral contraceptive use, MS 

patients had a 16.7 nmol/L (95%CI: 4.2, 29.2, p=0.008) lower increase in 25(OH)D levels 

compared to HCs.

Conclusions—MS patients had a lower increase in 25(OH)D levels with supplementation, even 

after accounting for putative confounders.
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Introduction

Vitamin D insufficiency has been linked to increased risk of several autoimmune disorders, 

including multiple sclerosis (MS) [1]. Vitamin D is a potent immunomodulator and impacts 

almost all aspects of the immune system [2]. In an animal model of MS, vitamin D reduced 

the severity of the disease, which may be linked to its ability to reduce the number of Th1 

and Th17 cells [3],[4]. Studies suggest that higher levels of serum 25-hydroxyvitamin D are 

associated with lower disease activity [5],[6]. A prior report showed difficulty in obtaining 

adequate serum 25-hydroxyvitamin D (25(OH)D) levels with supplementation in a cohort of 

MS patients [7], raising the question of whether vitamin D pharmacokinetics differ between 

patients with MS and healthy individuals. This hypothesis is appealing given that 

polymorphisms in some genes related to vitamin D metabolism have been associated with 

MS risk [8]–[11]. While many providers recommend vitamin D supplementation to patients 

with MS (while awaiting randomized controlled trial evidence) and several randomized 

controlled trials are now underway to assess the benefit of supplementation of vitamin D on 

disease activity in MS [12]–[14], the optimal dosing to achieve target serum levels of 

vitamin D has not yet been established in MS.

The objective of this study was to assess whether MS patients and healthy individuals have a 

similar change in serum 25(OH)D levels after a course of a fixed dose of vitamin D3 

supplementation. We also evaluated independent determinants of the response to vitamin D 

supplementation.

Methods

Study design

This was an open-label study in which all subjects received the same dose of oral vitamin D3 

for 90 days.

Standard protocol approvals, registrations and patient consents

This study was approved by the University of California, San Francisco (UCSF) and Johns 

Hopkins institutional review boards, and all participants provided written informed consent. 

The study was registered at clinicaltrials.gov (NCT01667796).
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Participants

MS patients were recruited from the UCSF (screening started in November 2010) and Johns 

Hopkins (started in November 2011) MS centers, while healthy controls were recruited from 

friends and biologically unrelated family members in addition to the Johns Hopkins and 

UCSF communities; the final participant was screened in December 2013. Participants were 

recruited only during certain months (screening visits September 1 to March 1) to minimize 

the likelihood of subjects being exposed to very high ultraviolet index days. This was based 

on 2008 charts for San Francisco provided by the National Oceanic and Atmospheric 

Administration [15], as we hypothesized that there may be subtle, unreported discrepancies 

in sun exposure behaviors during high UV index periods due to avoidance by MS patients.

To limit inter-individual variability, participants enrolled in the study were white, non-

Hispanic females who were aged 18 to 60 years with screening 25(OH)D level ≤ 75 nmol/L 

(30 ng/mL, conversion factor: 1 ng/ml=2.496 nmol/L) and screening body mass index (BMI) 

of 18–30 kg/m2. Participants had to be willing to avoid tanning beds and additional 

multivitamins or cod liver oil for the duration of the study. Participants were not pregnant or 

nursing and had to be willing to avoid pregnancy for the study period. Individuals with 

known gastrointestinal disorders or who were on a non-fat diet were excluded to avoid the 

potential impact on vitamin D absorption. Those with a known history of kidney or liver 

disease, nephrolithiasis, hypercalcemia or hypercalciuria, hyperthyroidism, Mycobacterium 
infection, sarcoidosis or other serious chronic illness (cardiac disease, cancer, or HIV) were 

excluded. Use of heparin, low-molecular weight heparin, thiazide diuretics, digoxin, 

diltiazem, verapamil, cimetidine, or medication associated with malabsorption also made 

participants ineligible. Participants were likewise excluded if screening serum calcium >2.5 

mmol/L (10 g/dL, conversion factor: 1 mg/dL=0.25 mmol/L) or screening hemoglobin was 

< 110 g/L (11.0 g/dL). Finally, subjects were excluded if in the month prior to screening, 

they had used illicit drugs, smoked cigarettes, or taken non-topical steroids. MS patients had 

relapsing-remitting disease by 2005 McDonald criteria [16] with Expanded Disability Status 

Scale scores ≤ 3.0 [17] and did not endorse significant sun avoidance; these criteria were 

chosen to minimize differences in vitamin D levels related to sun exposure behaviors. The 

initial inclusion criteria stipulated that patients were taking either no MS medication or 

glatiramer acetate (GA) in order to minimize heterogeneity associated with medications; 

however, due to slow recruitment, allowances were later made to include patients on 

interferon beta and later, to those receiving natalizumab.

Study visits

At the screening visit, participants provided written informed consent and then underwent 

screening procedures, including a physical (and, for MS patients, a neurologic) examination 

and serum 25(OH)D level. Participants who met inclusion/exclusion criteria were seen at a 

baseline visit within 10 days of screening and were provided with the study drug and a 

medication alarm watch. They also underwent blood collection and completed a Block 2005 

Food Frequency Questionnaire [18], Block Dietary Fat Screener [19], Block Calcium/

Vitamin D Screener [20], and a sun exposure questionnaire (which includes questions about 

sunscreen usage) [21]. Follow-up visits were conducted at the study mid-point and at the end 
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of the study and included blood collection, adherence assessment, Block Calcium/Vitamin D 

and Dietary Fat Screeners, and the sun exposure questionnaire.

Intervention

All participants were given 90 capsules (5,000 IU; 125 μg) (purchased from Tishcon 

Corporation, Westbury, NY) at the baseline study visit. Participants were asked to take one 

capsule every day with a meal.

Adherence and safety

Participants were provided with a medication alarm watch and were reminded of the 

importance of adhering to the study drug at each visit, as well as by phone contact at week 3. 

Adherence was expressed as a ratio of the amount of medication consumed divided by the 

duration of possession of the medication and was based on the pill counts at the mid-study 

and final visits.

Outcomes

The primary outcome of this study was the serum 25-hydroxyvitamin D level at the mid-

study and final study visits. The primary predictor was disease status (MS versus HC). 

Secondary predictors included age, BMI, sun exposure, dietary vitamin D intake, dietary fat 

intake, adherence to study drug, and other concomitant medications. 25(OH)D levels were 

measured from all samples in a single batch at Heartland Assays, LLC (Ames, IA) using 0.3 

cc of serum by liquid chromatography/mass spectrometry (LC/MS). The intra-assay 

coefficient of variation for this assay is 6.5%.

Statistical analysis

The sample size of the study was based on previous data that showed that a dose of 5,000 IU 

daily of vitamin D3 led to an increase of 91.3 nmol/L with a standard deviation of 9.4 

nmol/L [22]. To detect a difference of 10% between the two groups, with an alpha of 0.05 

and power of 90%, the calculated sample size was 24 in each group. To account for potential 

drop-outs, a target sample size of 30 in each group was chosen. Baseline demographic 

characteristics were compared using a two-tailed t-test for normally distributed variables and 

a Mann-Whitney U-test for non-normally distributed variables. A chi-square test was used 

for categorical variables. Generalized estimating equations (GEE) with an autoregressive 

with lag one correlation matrix were used to compare the serially-measured serum 25(OH)D 

levels between MS patients and HCs to take into account repeated measures and within-

subject correlations. GEE models assuming different correlation matrices, including 

exchangeable and unstructured covariance matrices, were also assessed. We included an 

interaction term between visit time and disease status, with both coded as categorical 

variables. Covariates that were considered included age, adherence, BMI, oral contraceptive 

(OCP) use, fat intake (per Block Dietary Fat Screener covering study period), sun exposure 

during study period, dietary vitamin D intake during study period, and month of enrollment 

(based on UV index – group 1: November, December, group 2: October, January, group 3: 

September, February, group 4: March) to determine if they altered the association between 

disease status and the serum 25(OH)D levels during the study. Each of these putative 
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covariates was evaluated for its association with 25(OH)D levels in univariate GEE models; 

those that were significantly associated were carried forward to the final “base” multivariate 

model in which the primary predictor was MS versus HC status. However, to assess if any of 

the other potential covariates impacted the results of the base model, we evaluated the effect 

of adding in each covariate one at a time; we also built a large model incorporating all of the 

potential confounders. We also utilized a mixed effects model with a random intercept and 

random slope with serum 25(OH)D as the dependent variable, and other covariates selected 

from the GEE method as described above, to corroborate our findings.

Since previous studies have suggested interactions between vitamin D levels and interferon-

beta [23], we performed a sensitivity analysis excluding the MS patients on interferon-beta. 

Additionally, since the final 8 participants enrolled received a second batch of vitamin D3 

(the first had expired), we performed a sensitivity analysis excluding those patients to 

evaluate if the results were meaningfully different.

Results

Participants and characteristics

A total of 57 participants (30 HCs and 27 MS) were enrolled in the study, of whom 29 HCs 

and 24 MS subjects completed the study. A total of 108 participants (62 HCs and 46 MS) 

were screened for the study, of these 19 MS participants screened out of the study (serum 

25(OH)D > 75 nmol/L – n=9, BMI>30 kg/m2 – n=2, hemoglobin < 110 g/L – n=1, EDSS > 

3.0 – n=3, calcium > 2.5 mmol/L –n=1, participant opted out–n=1, non-Caucasian – n=2) 

while 32 HCs were excluded (serum 25(OH)D > 75 nmol/L – n=24, BMI>30 kg/m2 – n=3, 

hemoglobin < 110 g/L – n=2, calcium > 2.5 mmol/L – n=4, participant opted out –n=1). 

Table 1 lists the baseline characteristics of both groups; the only difference between the 

groups was that there was a slightly higher BMI in the MS subjects as compared to HCs.

During the course of the study, adherence was high; in MS patients, the median adherence 

was 96.9% (interquartile range: 94.5–100%), while in healthy controls (one of whom 

stopped the supplements), it was 98.9% (interquartile range: 96.8–100%). Of the subjects 

with MS that completed the study, 16 were on glatiramer acetate, four were on interferon 

beta-1a (two on the weekly intramuscular formulation and two on the three times weekly, 

subcutaneous version), one was on natalizumab, and three were not on a disease-modifying 

therapy.

Effect of vitamin D supplementation on serum 25(OH)D levels

Following vitamin D3 supplementation, there was a significant increase in vitamin D levels 

in both groups. In the HC group, the change in 25(OH)D over the course of the study was 

82.4 ± 5.2 nmol/L, which was significantly higher than the change in the MS group, which 

was 65.9 ± 5.9 nmol/L (mean ± SEM, two-tailed t-test: p=0.039) (Figure 1). Utilizing the 

univariate GEE model, a difference in change in 25(OH)D level of 21.9 nmol/L (95% CI: 

8.5 to 35.4, p=0.001) was noted between the HC and MS group by the end of the study 

(Table 2). In univariate GEE models, the other covariates that independently predicted 

change in 25(OH)D levels included BMI, adherence to study medication and OCP use. 
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Following adjustment for these factors in the base model, the difference between the two 

groups was still significant: MS patients had 16.7 nmol/L (95% CI: 4.2 to 29.2, p=0.008) 

lower change in 25(OH)D level.

Utilizing the exchangeable or unstructured correlation matrix did not meaningfully alter the 

results. Adjusting one at a time or in a large model for other factors that could possibly 

affect the change in vitamin D levels, such as dietary fat intake, sun light exposure, month of 

enrollment, and dietary vitamin D intake, did not change the results meaningfully (Table 2). 

Utilizing a mixed effects model resulted in similar findings. In sensitivity analyses excluding 

MS patients on interferon, the change in 25-hydroxyvitamin D levels was 15.2 nmol/L lower 

in the MS group compared to HCs adjusting for BMI, adherence to study medication and 

OCP use (95% CI: 2.0 to 28.7 nmol/L, p=0.025). Excluding patients not on disease-

modifying therapy, the change in 25(OH)D levels was 20.7 nmol/L lower in the MS group 

compared to the HCs, adjusting for BMI, adherence to study medication and OCP use (95% 

CI: 8.5 to 32.9 nmol/L, p=0.001). Similarly, while the confidence intervals widened, as 

expected, when the 8 participants who received the second batch of vitamin D3 were 

removed, the direction of the association remained the same.

As in the univariate models, BMI (2.2 nmol/L less for every 1kg/m2 greater, 95%CI: 0.3 to 

4.2 nmol/L, p=0.03), adherence (1.0 nmol/L greater for every 1% increase, 95%CI: 0.5 to 

1.5 nmol/L, p<0.001) and concomitant OCP use (19.0 nmol/L greater in those taking OCPs, 

95%CI: 7.0 to 30.9 nmol/L, p=0.002) remained independent predictors of change in vitamin 

D status in the multivariate model.

Safety outcomes

There were no serious adverse events in either group. The serum calcium levels at mid-study 

(2.34 ± 0.08 mmol/L) and final (2.34 ± 0.08 mmol/L) visits were within normal limits. One 

HC discontinued vitamin D after developing palpitations with an unremarkable cardiac 

workup except for rare premature atrial and ventricular contractions; however, the person 

then reported a remote history of atrial fibrillation (that had not been disclosed at the 

screening visit). This was not deemed to be related to vitamin D supplementation.

Discussion

Compared to healthy individuals, participants with multiple sclerosis have a lesser average 

increase in serum 25(OH)D levels following oral vitamin D3 supplementation despite having 

similar starting concentrations (which was expected since the study only included subjects 

who were insufficient in 25(OH)D). This difference in response persisted following 

adjustment for multiple putative confounders.

We demonstrate a difference in the response to vitamin D supplementation between MS 

patients and HCs that has relevance to clinical practice as well as trial design. First, for 

clinical practitioners who are recommending vitamin D supplementation to MS patients, it 

may be necessary to track the serum levels of 25(OH)D to document adequate response to 

supplementation rather than prescribing a fixed dose. This is furthermore reasonable since 

compared with the medication we used in this trial, patients may purchase and take vitamin 
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D from a variety of manufacturers. In the trial setting, our findings may translate to lower-

than-expected increases in serum 25(OH)D levels, perhaps attenuating study power and thus, 

the ability to detect a difference between treatment groups.

We cannot definitively comment on the immunological or clinical effects of the difference in 

the rise of 25(OH)D levels between the two groups in this study. However, our group 

recently reported on the immunological effects of vitamin D supplementation in a cohort of 

patients with RRMS and demonstrated that when the change in the 25(OH)D level exceeded 

45 nmol/L, each additional 12.5 nmol/L increase in vitamin D level was associated with a 

1% absolute decrease in IL-17 producing CD4+ T cells [24]. Extrapolating from this study, 

we would expect to note 1.4 % lower absolute reduction in IL17 producing CD4+ T cells in 

the MS group compared to the controls when both were given 5,000 IU of vitamin D3 daily. 

While such a change is of pathophysiological interest, the true clinical relevance of the lower 

rise of serum 25(OH)D must be assessed in the form of clinical trials that incorporate 

relapses and disability as clinical measures. It is not clear what the explanation for the 

discrepancy in vitamin D response is. One possibility may be a difference in gut absorption. 

Some studies have demonstrated alteration in gut motility in subjects with MS, which may 

lead to changes in absorption of various nutrients [25]. However, other studies have shown 

no abnormalities in the absorption of dietary fat in MS patients [26]. Another possibility 

may be the alteration of the gut microbiota in patients with MS. Changes in the microbiota 

can alter bile acid metabolism [27], ultimately impacting the absorption of fat-soluble 

vitamins such as vitamin D [28]. As more information emerges about the alterations in the 

microbiome in MS it may help lend credence to this theory. Studies have shown that 

polymorphisms in genes related to vitamin D metabolism are also related to the risk for 

developing MS[8]–[10], although other studies have not replicated some of these 

relationships[29]. It is not clear if these polymorphisms underlie the findings noted in our 

study.

The other factors that appeared to influence the change in serum 25(OH)D levels in our 

study included BMI, adherence to study drug, and OCP use. BMI has been linked to 

25(OH)D levels, as well as to the response to oral vitamin D supplementation [30],[31]. 

Previous studies, as well as our results, suggest that subjects with a higher BMI have lower 

increase in vitamin D levels and may require higher vitamin D dosing [30]–[32]. Improved 

adherence, as expected, led to a better response to supplementation, and patients being 

supplemented with vitamin D who do not have an adequate response in 25(OH)D levels 

should be questioned about adherence prior to modifying vitamin D dosage. There appeared 

to be a significantly greater increase in serum 25(OH)D levels in subjects on OCPs. This 

seems consistent with the fact that previous non-MS studies have shown that women on 

OCPs had higher serum levels of 25(OH)D as well as higher levels of 1,25-

dihydroxyvitamin D [33]–[35]. Thus, the concomitant use of OCPs or hormone replacement 

therapy may need to be taken into account when interpreting changes in serum 25(OH)D 

levels.

We also adjusted for other factors that could significantly affect vitamin D levels, such as fat 

intake, sun exposure and dietary vitamin D intake, utilizing standardized questionnaires as 

well as month of year enrolled. In this study, none of these factors was significantly 
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associated with change in vitamin D levels. It is important to note that the current subjects 

may differ from the source population since they were enrolled only during specific times of 

the year, did not avoid the sun substantially and were consuming a diet with at least some fat 

in it. Other factors that are determinants of serum 25(OH)D levels, such as race and 

ethnicity, were controlled for by the study’s strict enrollment criteria.

The study does have some limitations. The fact that only female non-Hispanic Caucasians 

were included in this study, which was stipulated so as to reduce heterogeneity that might 

have clouded the results due to the sample size, means the generalizability of the findings of 

this study has to be further tested. In addition, the sole use of pill count as a measure of 

adherence may not have been completely accurate. Though only including MS patients not 

on disease-modifying therapies would have been ideal, that decision may have biased the 

sample in that individuals not receiving treatment for their MS may be different than those 

who do. A minor limitation of this study was the use of serum calcium levels as a safety 

outcome, as a rise in urinary calcium excretion is seen prior to a rise in serum calcium 

levels; urinary calcium thus might have been a more useful measure. Participant may have 

been using alternative or complimentary medications that could have unknown effects on 

vitamin D metabolism. Although very few participants reported using vitamin D 

supplements at the time of the screening visit, it is possible that the results may have been 

impacted if MS patients and controls differentially utilized vitamin D supplementation prior 

to the screening visit. We hope to replicate the findings in a future study and to conduct 

genotyping of the subjects to assess if variants in vitamin D metabolism genes, particularly 

those already associated with MS, can account for the findings.

Acknowledgments

We thank Jeffrey Gelfand, MD and Cynthia Delgado, MD for serving on the DSMB. This work was supported by 
NIH K23 (NS067055) to EMM and in part by a National MS Society Sylvia Lawry physician fellowship (FP-1787-
A-1) to PB.

References

1. Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio A. Serum 25-hydroxyvitamin D levels and 
risk of multiple sclerosis. JAMA. 2006; 296(23):2832–8. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/17179460. [PubMed: 17179460] 

2. Di Rosa M, Malaguarnera M, Nicoletti F, Malaguarnera L. Vitamin D3: a helpful immuno-
modulator. Immunology. 2011; 134(2):123–39. Available at: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=3194221&tool=pmcentrez&rendertype=abstract. [PubMed: 21896008] 

3. Joshi S, Pantalena L-C, Liu XK, et al. 1,25-dihydroxyvitamin D(3) ameliorates Th17 autoimmunity 
via transcriptional modulation of interleukin-17A. Mol Cell Biol. 2011; 31(17):3653–69. Available 
at: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3165548&tool=pmcentrez&rendertype=abstract. [PubMed: 21746882] 

4. Lemire JM, Archer DC. 1,25-dihydroxyvitamin D3 prevents the in vivo induction of murine 
experimental autoimmune encephalomyelitis. J Clin Invest. 1991; 87(3):1103–7. Available at: http://
www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=329907&tool=pmcentrez&rendertype=abstract. [PubMed: 1705564] 

5. Mowry EM, Krupp LB, Milazzo M, et al. Vitamin D status is associated with relapse rate in 
pediatric-onset multiple sclerosis. Ann Neurol. 2010; 67(5):618–24. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/20437559. [PubMed: 20437559] 

Bhargava et al. Page 8

Mult Scler. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/17179460
http://www.ncbi.nlm.nih.gov/pubmed/17179460
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3194221&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3194221&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3165548&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3165548&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=329907&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=329907&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=329907&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/20437559
http://www.ncbi.nlm.nih.gov/pubmed/20437559


6. Simpson S, Taylor B, Blizzard L, et al. Higher 25-hydroxyvitamin D is associated with lower 
relapse risk in multiple sclerosis. Ann Neurol. 2010; 68(2):193–203. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/20695012. [PubMed: 20695012] 

7. Hiremath GS, Cettomai D, Baynes M, et al. Vitamin D status and effect of low-dose cholecalciferol 
and high-dose ergocalciferol supplementation in multiple sclerosis. Mult Scler. 2009; 15:735–740. 
[PubMed: 19383644] 

8. Genome-wide association study identifies new multiple sclerosis susceptibility loci on chromosomes 
12 and 20. Nat Genet. 2009; 41(7):824–8. Available at: http://www.ncbi.nlm.nih.gov/pubmed/
19525955. [PubMed: 19525955] 

9. Sawcer S, Hellenthal G, Pirinen M, et al. Genetic risk and a primary role for cell-mediated immune 
mechanisms in multiple sclerosis. Nature. 2011; 476(7359):214–9. Available at: http://
www.nature.com.proxy1.library.jhu.edu/nature/journal/v476/n7359/full/nature10251.html. 
[PubMed: 21833088] 

10. Ramagopalan SV, Dyment DA, Cader MZ, et al. Rare variants in the CYP27B1 gene are associated 
with multiple sclerosis. Ann Neurol. 2011; 70(6):881–6. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/22190362. [PubMed: 22190362] 

11. Tajouri L, Ovcaric M, Curtain R, et al. Variation in the vitamin D receptor gene is associated with 
multiple sclerosis in an Australian population. J Neurogenet. 19(1):25–38. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/16076630. [PubMed: 16076630] 

12. Dörr J, Ohlraun S, Skarabis H, Paul F. Efficacy of vitamin D supplementation in multiple sclerosis 
(EVIDIMS Trial): study protocol for a randomized controlled trial. Trials. 2012; 13(1):15. 
Available at: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3298796&tool=pmcentrez&rendertype=abstract. [PubMed: 22316314] 

13. Smolders J, Hupperts R, Barkhof F, et al. Efficacy of vitamin D3 as add-on therapy in patients with 
relapsing-remitting multiple sclerosis receiving subcutaneous interferon β-1a: a Phase II, 
multicenter, double-blind, randomized, placebo-controlled trial. J Neurol Sci. 2011; 311(1–2):44–
9. Available at: http://www.ncbi.nlm.nih.gov/pubmed/21620416. [PubMed: 21620416] 

14. Bhargava, P.; Cassard, S.; Steele, SU., et al. [Accessed October 15, 2014] The Vitamin D to 
Ameliorate Multiple Sclerosis (VIDAMS) trial: study design for a multicenter, randomized, 
double-blind controlled trial of vitamin D in multiple sclerosis. Contemp Clin Trials. 2014. 
Available at: http://www.ncbi.nlm.nih.gov/pubmed/25311447

15. [Accessed October 31, 2014] Climate Prediction Center - Stratosphere: UV Index: Annual Time 
Series. Available at: http://www.cpc.ncep.noaa.gov/products/stratosphere/uv_index/
uv_annual.shtml

16. Polman CH, Reingold SC, Edan G, et al. Diagnostic criteria for multiple sclerosis: 2005 revisions 
to the ‘McDonald Criteria’. Ann Neurol. 2005; 58(6):840–6. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/16283615. [PubMed: 16283615] 

17. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability status scale 
(EDSS). Neurology. 1983; 33(11):1444–52. Available at: http://www.ncbi.nlm.nih.gov/pubmed/
6685237. [PubMed: 6685237] 

18. Block G, Woods M, Potosky A, Clifford C. Validation of a self-administered diet history 
questionnaire using multiple diet records. J Clin Epidemiol. 1990; 43:1327–1335. [PubMed: 
2254769] 

19. Block G, Gillespie C, Rosenbaum EH, Jenson C. A rapid food screener to assess fat and fruit and 
vegetable intake. Am J Prev Med. 2000; 18:284–288. [PubMed: 10788730] 

20. Cummings, SR.; Block, G.; McHenry, K.; Baron, RB. Evaluation of two food frequency methods 
of measuring dietary calcium intake. 1987. 

21. Chan J, Jaceldo-Siegl K, Fraser GE. Serum 25-hydroxyvitamin D status of vegetarians, partial 
vegetarians, and nonvegetarians: The Adventist Health Study-2. American Journal of Clinical 
Nutrition. 2009; 89

22. Heaney RP, Davies KM, Chen TC, Holick MF, Barger-Lux MJ. Human serum 25-
hydroxycholecalciferol response to extended oral dosing with cholecalciferol. Am J Clin Nutr. 
2003; 77(1):204–10. Available at: http://www.ncbi.nlm.nih.gov/pubmed/12499343. [PubMed: 
12499343] 

Bhargava et al. Page 9

Mult Scler. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/20695012
http://www.ncbi.nlm.nih.gov/pubmed/20695012
http://www.ncbi.nlm.nih.gov/pubmed/19525955
http://www.ncbi.nlm.nih.gov/pubmed/19525955
http://www.nature.com.proxy1.library.jhu.edu/nature/journal/v476/n7359/full/nature10251.html
http://www.nature.com.proxy1.library.jhu.edu/nature/journal/v476/n7359/full/nature10251.html
http://www.ncbi.nlm.nih.gov/pubmed/22190362
http://www.ncbi.nlm.nih.gov/pubmed/22190362
http://www.ncbi.nlm.nih.gov/pubmed/16076630
http://www.ncbi.nlm.nih.gov/pubmed/16076630
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3298796&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3298796&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/21620416
http://www.ncbi.nlm.nih.gov/pubmed/25311447
http://www.cpc.ncep.noaa.gov/products/stratosphere/uv_index/uv_annual.shtml
http://www.cpc.ncep.noaa.gov/products/stratosphere/uv_index/uv_annual.shtml
http://www.ncbi.nlm.nih.gov/pubmed/16283615
http://www.ncbi.nlm.nih.gov/pubmed/16283615
http://www.ncbi.nlm.nih.gov/pubmed/6685237
http://www.ncbi.nlm.nih.gov/pubmed/6685237
http://www.ncbi.nlm.nih.gov/pubmed/12499343


23. Stewart N, Simpson S, van der Mei I, et al. Interferon-β and serum 25-hydroxyvitamin D interact to 
modulate relapse risk in MS. Neurology. 2012; 79(3):254–60. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/22700816. [PubMed: 22700816] 

24. Bhargava P, Sotirchos E, Eckstein C, et al. High-dose vitamin D supplementation reduces IL-17-
producing CD4+ T-cells and effector-memory CD4+ T-cells in multiple sclerosis patients 
(S38.001). Neurology. 2015; 84(14_Supplement):S38.001. Available at: http://www.neurology.org/
content/84/14_Supplement/S38.001.short?sid=de2360f7-7532-4a2e-8246-28262d3f59a8. 

25. el-Maghraby TAF, Shalaby NM, Al-Tawdy MH, Salem SS. Gastric motility dysfunction in patients 
with multiple sclerosis assessed by gastric emptying scintigraphy. Can J Gastroenterol. 2005; 
19(3):141–5. Available at: http://www.ncbi.nlm.nih.gov/pubmed/15776133. [PubMed: 15776133] 

26. Wong EK, Enomoto H, Leopold IH, et al. Intestinal absorption of dietary fat in patients with 
multiple sclerosis. Metab Pediatr Syst Ophthalmol. 1993; 16(3–4):39–42. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/8090084. 

27. Dawson, PA.; Karpen, SJ. [Accessed November 3, 2014] Intestinal Transport and Metabolism of 
Bile Acids. J Lipid Res. 2014. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25210150

28. Hanly R, Ryan N, Snelling H, et al. Association between bile acid turnover and osteoporosis in 
postmenopausal women. Nucl Med Commun. 2013; 34(6):597–600. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/23619342. [PubMed: 23619342] 

29. Ban M, Caillier S, Mero I-L, et al. No evidence of association between mutant alleles of the 
CYP27B1 gene and multiple sclerosis. Ann Neurol. 2013; 73(3):430–2. Available at: http://
www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3631291&tool=pmcentrez&rendertype=abstract. [PubMed: 23444327] 

30. Bryant, GA.; Koenigsfeld, CF.; Lehman, NP., et al. [Accessed October 19, 2014] A Retrospective 
Evaluation of Response to Vitamin D Supplementation in Obese Versus Nonobese Patients. J 
Pharm Pract. 2014. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25124377

31. Singh G, Bonham AJ. A predictive equation to guide vitamin d replacement dose in patients. J Am 
Board Fam Med. 27(4):495–509. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25002004. 
[PubMed: 25002004] 

32. Tepper S, Shahar DR, Geva D, Ish-Shalom S. Predictors of serum 25(Oh)D increase following 
bimonthly supplementation with 100,000IU vitamin D in healthy, men aged 25–65 years. J Steroid 
Biochem Mol Biol. 2014; 144(Pt A):163–6. Available at: http://www.ncbi.nlm.nih.gov/pubmed/
24333798. [PubMed: 24333798] 

33. Harris SS, Dawson-Hughes B. The association of oral contraceptive use with plasma 25-
hydroxyvitamin D levels. J Am Coll Nutr. 1998; 17(3):282–4. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/9627916. [PubMed: 9627916] 

34. Møller UK, Streym Sviđ, Jensen LT, et al. Increased plasma concentrations of vitamin D 
metabolites and vitamin D binding protein in women using hormonal contraceptives: a cross-
sectional study. Nutrients. 2013; 5(9):3470–80. Available at: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=3798915&tool=pmcentrez&rendertype=abstract. [PubMed: 24013463] 

35. Nylén H, Björkhem-Bergman L, Ekström L, et al. Plasma Levels of 25-Hydroxyvitamin D3 and In 
Vivo Markers of Cytochrome P450 3A Activity in Swedes and Koreans: Effects of a Genetic 
Polymorphism and Oral Contraceptives. Basic Clin Pharmacol Toxicol. 2014; 115(4):366–71. 
Available at: http://www.ncbi.nlm.nih.gov/pubmed/24655660. [PubMed: 24655660] 

Bhargava et al. Page 10

Mult Scler. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pubmed/22700816
http://www.ncbi.nlm.nih.gov/pubmed/22700816
http://www.neurology.org/content/84/14_Supplement/S38.001.short?sid=de2360f7-7532-4a2e-8246-28262d3f59a8
http://www.neurology.org/content/84/14_Supplement/S38.001.short?sid=de2360f7-7532-4a2e-8246-28262d3f59a8
http://www.ncbi.nlm.nih.gov/pubmed/15776133
http://www.ncbi.nlm.nih.gov/pubmed/8090084
http://www.ncbi.nlm.nih.gov/pubmed/8090084
http://www.ncbi.nlm.nih.gov/pubmed/25210150
http://www.ncbi.nlm.nih.gov/pubmed/23619342
http://www.ncbi.nlm.nih.gov/pubmed/23619342
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3631291&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3631291&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3631291&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/25124377
http://www.ncbi.nlm.nih.gov/pubmed/25002004
http://www.ncbi.nlm.nih.gov/pubmed/24333798
http://www.ncbi.nlm.nih.gov/pubmed/24333798
http://www.ncbi.nlm.nih.gov/pubmed/9627916
http://www.ncbi.nlm.nih.gov/pubmed/9627916
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3798915&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3798915&tool=pmcentrez&rendertype=abstract
http://www.ncbi.nlm.nih.gov/pubmed/24655660


Figure 1. Serial serum 25(OH)D levels by group (MS or HC)
The figure displays the serum 25(OH)D levels in the two groups over the course of the study. 

The error bars represent the standard error of the mean (SEM) Though both groups begin at 

the same 25(OH)D level at the first study visit, clear separation is noted between the groups 

at the final study visit.
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Table 1

Baseline characteristics of enrolled subjects

Characteristic* Multiple sclerosis (n=27) Healthy controls (n=30) p-value

Age (years) 40.2 ± 9.2 37.9 ± 12.1 0.44

Body mass index (kg/m2) 25.3 ± 2.9 23.6 ± 2.9 0.03

Serum 25-hydroxyvitamin D (nmol/L) 55.2 ± 19.7 55.9 ± 20.0 0.91

Calcium (mmol/L) 3.7 ± 0.1 3.8 ± 0.1 0.14

Oral contraceptive use, n (%) 4 (14.8) 9 (30) 0.17

Dietary vitamin D intake (IU/day) 117.8 ± 184 77.3 ± 97 0.31

Dietary calcium intake (mg/day) 340.3 ± 221.5 417.3 ± 235.3 0.20

Total daily fat intake (grams) 85.2 ± 17.4 86.4 ± 14.3 0.79

Sun exposure (hours per week) 12 ± 10.6 9.3 ± 5.8 0.23

Sunscreen use, n (%) Seldom or never 10 (37) 17 (57) 0.28

Occasionally or Usually 17 (63) 13 (43)

*
presented as mean ± standard deviation unless otherwise noted
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Table 2

Predictors of change in serum 25(OH)D levels

Variable* Univariate model Base model Base model + age, fat intake, sun 
exposure, dietary vitamin D, month 
of enrollment

MS versus healthy control −21.9 (−35.4, −8.5)
p=0.001

−16.7 (−29.2, −4.2)
p=0.008

−17.0 (−29.2, −5.0)
p=0.006

BMI (per kg/m2 greater) −1.7 (−3.5, 0.02)
p=0.05

−2.2 (−4.2, −0.3)
p=0.03

Adherence (per 1% greater) 0.7 (0.5, 1.2)
p<0.001

1.0 (0.5, 1.5)
p<0.001

Oral contraceptive use 14.7 (3.0, 26.7)
p=0.02

19.0 (7.0, 30.9)
p=0.002

Age (per 5 years greater) 2.2 (−0.2, 4.7)
p=0.06

Fat intake (per 1 point greater) −0.2 (−1.0, 0.7)
p=0.76

Sun exposure (per 5 hours greater) 0.07 (−3.5, 3.7)
p=0.97

Dietary vitamin D intake (per 100 IU greater) 1.5 (−2.2, 5.0)
p=0.43

Month of enrollment (per unit change in group, based 
on UV index)

3.0 (−2.2, 8.2)
p=0.27

*
Presented as mean (95% confidence intervals), all values in nmol/L
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