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ABSTRACT

Objective: To evaluate whether vitamin D is associated with multiple sclerosis (MS) status and
disease severity in African Americans.

Methods: Serum 25-hydroxyvitamin D was compared in a cross-sectional sample of 339 African
Americans with MS and 342 African American controls. Correlations between disease severity
(Multiple Sclerosis Severity Score [MSSS]) and 25-hydroxyvitamin D levels were sought.

Results: A total of 71% of controls and 77% of patients with MS were vitamin D deficient (�50
nmol/L; �20 ng/mL), and 93% of controls and 94% of patients with MS were vitamin D insuffi-
cient (�75 nmol/L; �30 ng/mL). Median unadjusted (29.7 vs 36.6 nmol/L, p � 0.0001) and
deseasonalized (p � 0.0013) 25-hydroxyvitamin D levels were lower in the MS group. Multivari-
able analysis revealed that differences in latitude and ultraviolet index accounted for much of this
association. The median (interquartile range) MSSS was 6.1 (4.8–8.1). There was no apparent
association between the MSSS and vitamin D status. A greater proportion of European genetic
ancestry, a measure of genetic admixture, was positively correlated with 25-hydroxyvitamin D
(p � 0.007).

Conclusions: Levels of 25-hydroxyvitamin D were lower in African Americans with MS than con-
trols, an observation primarily explained by differences in climate and geography. There was no
apparent association between vitamin D status and disease severity. These results are consistent
with observations in other populations that lower 25-hydroxyvitamin D is associated with having
MS, but also highlight the importance of climate and ancestry in determining vitamin D status.
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GLOSSARY
CI � confidence interval; EDSS � Expanded Disability Status Scale; MS � multiple sclerosis; MSSS � Multiple Sclerosis
Severity Score; OR � odds ratio; UV � ultraviolet.

Multiple sclerosis (MS) is less prevalent in African Americans than whites,1,2 but the disease
course tends to be more severe, with a greater risk for secondary progression and ambulatory
disability.3,4

Low vitamin D status is reported to be a major risk factor for MS susceptibility5,6 and
severity.7-11 The mechanism likely relates to effects of vitamin D on multiple pathways of the
innate and adaptive immune systems.12-14 Vitamin D may also influence HLA-DRB1*15 ex-
pression, the main MS susceptibility allele in whites.15

Most of the vitamin D supply in humans comes from cutaneous synthesis following sun
exposure.16 In national surveys, African Americans have a lower vitamin D status than non-
Hispanic whites and Mexican Americans.17,18 The most likely explanation for this disparity is
that melanin, the primary determinant of skin pigmentation, functions as an optical filter of
ultraviolet (UV) light, limiting cutaneous vitamin D synthesis.19-23 Darker pigmented individ-
uals require longer UV exposure times than lighter pigmented individuals to synthesize equiv-
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alent amounts of previtamin D3,21,22 although
vitamin D status may be more important than
skin pigmentation in determining absolute
amounts of vitamin D production following
UV exposure.24

A nested-case control study reported an as-
sociation between vitamin D status and MS
susceptibility in whites, but not in Hispanics
or African Americans.5 Subsequent studies ex-
amining vitamin D and MS disease severity
were conducted in populations that were pre-
dominantly white.7-9 Using a large, cross-
sectional African American dataset, we asked
whether vitamin D status is associated with
having MS and whether lower vitamin D sta-
tus correlates with MS disease severity.

METHODS Study sample. The African American Multiple
Sclerosis Genetics Project is a study of self-identified African
Americans with MS and unaffected African American controls,
some of whom were spouses or friends of affected participants.25

Participants were referred through a nationwide network of MS
centers. Blood and medical records were collected from subjects
upon entry into the study. The collection as a whole is estimated
to account for 3.6%–5.4% of all African Americans with MS in
the United States.26

A subset of 345 African Americans with MS and 345 unaf-
fected African American controls were selected from the African
American Multiple Sclerosis Genetics Project for whom detailed
clinical information, DNA, and serum samples were available.
Six cases and 3 controls were excluded from this initial sample
due to technical limitations or missing data, for a final sample of
339 cases and 342 controls. Blood samples were collected be-
tween 1998 and 2009.

All MS cases met International Panel diagnostic criteria27 as
confirmed by systematic medical record review (medical records
were reviewed by B.A.C.C.).3 Disability at the time of blood
draw was measured by the Expanded Disability Status Scale
(EDSS),28 and disease severity was measured by the Multiple
Sclerosis Severity Score (MSSS),29 which incorporates disease du-
ration and EDSS. A single investigator (B.A.C.C.) calculated the
EDSS and MSSS. Genotyping of the HLA-DRB1 locus was per-
formed as described previously.25 To account for possible influ-
ences of genetic heterogeneity on vitamin D status, the
proportion of European genetic ancestry, a measure of genetic
admixture, was measured by genotyping reference and variant
single nucleotide polymorphisms from representative African
American and European populations, as described previously.30

Standard protocol approvals, registrations, and patient
consents. All participants provided written informed consent,
and the UCSF Committee on Human Research approved the
study protocol.

Vitamin D status. Blood samples were drawn upon enroll-
ment into the study and sent to the UCSF MS Genetics labora-
tory for processing and storage (at �80°C). Samples selected for
this study were then sent to a reference laboratory at UC Davis
Medical Center to measure 25-hydroxyvitamin D using the Dia-
sorin Liaison Total Vitamin D assay.31 The reference laboratory

was blinded to case/control status. Interassay coefficients of vari-

ation for this assay were 8.3% for low (mean 15.9 ng/mL) and

6.3% for high (mean 55.0 ng/mL) control samples. Levels below

the assay limit (�10 nmol/L) were assigned a value of 5 nmol/L

for analysis.

Levels of 25-hydroxyvitamin D are reported in nmol/L (to

convert to ng/mL, divide by 2.496).

An analysis of variance was performed to examine whether

seasonal variation in vitamin D status in the control population

differed between broad latitude bands (table e-1 on the Neurol-
ogy® Web site at www.neurology.org).5 Deseasonalized vitamin

D levels were calculated by regressing the measured 25-

hydroxyvitamin D level (in nmol/L) on the periodic function:

sin(2�[day of year drawn/365]) � cos(2�[day of year drawn/

365]) � sin(2�[day of year drawn/183]) � cos(2�[day of year

drawn/183]), and then adding the residuals to the seasonal aver-

age to create a deseasonalized vitamin D level for each individ-

ual.5,8 This provides a way to adjust for the seasonal variation of

25-hydroxyvitamin D given that blood samples were collected at

nonuniform times throughout the year. “January 1” deseasonal-

ized values were arbitrarily chosen for analysis, though in a peri-

odic function any date would be expected to have been equally

informative (and subject to the same limitations). Given the as-

sumptions and limitations inherent in deseasonalized analysis,

we also performed and report parallel analyses using unadjusted

25-hydroxyvitamin D values.

Geographic location, latitude, and UV index. Geo-

graphic location at the time of blood draw was determined by

the US Postal Service zip code of the participant’s home address;

for participants with no listed home address, the zip code of the

referring MS center was substituted. The corresponding latitude

for each zip code was obtained from a commercially available

dataset (ZIPList5 Geocode Database, Zipinfo.com, Woodlands,

TX). The average UV index for the month and nearest of 58

forecast cities to the location and time of blood draw was as-

signed based on 1997 monthly means published by the National

Weather Service (http://www.cpc.noaa.gov/products/stratosphere/

uv_index/uv_meanmax.shtml). The UV index is an ordinal scale

from 0 (minimal UV exposure) to 11� (extremely high) of the

strength of UV solar radiation.

Statistical analysis. For univariate analyses (table 1 and fig-

ure), the Wilcoxon rank sum test was used to test for differences

in 25-hydroxyvitamin D status between the MS and control

groups. The �2 test was used for categorical variables.

To examine whether vitamin D status is associated with hav-

ing MS, logistic regression was performed, adjusting for age, sex,

and HLA-DRB1*15 status (tables 2 and e-2). Models adjusting

for latitude (for deseasonalized 25-hydroxyvitamin D) and UV

index (for unadjusted 25-hydroxyvitamin D) were also analyzed

to examine the influence of baseline geographic and climatic

differences.

To examine predictors of vitamin D status in both the con-

trol group and study sample as a whole, multiple linear regres-

sion was performed, adjusting for age, sex, HLA-DRB1*15
status, proportion European genetic ancestry, MS status, latitude

(for deseasonalized 25-hydroxyvitamin D values), and UV index

(for unadjusted 25-hydroxyvitamin D values).

To analyze the association between vitamin D status and

disease severity (MSSS) in the MS group, multiple linear regres-

sion was performed, adjusting for age, sex, HLA-DRB1*15 sta-

tus, and proportion European genetic ancestry. Ordinal logistic

regression (categorizing by MSSS 0 to �2, �2 to �4, �4 to
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�6, �6 to �8, �8 to �10) and logistic regression (low [MSSS
�6] vs high [MSSS �6] disability) models were also examined.

Variables for 25-hydroxyvitamin D (unadjusted and
deseasonalized), MSSS, and proportion European genetic ances-
try were transformed as required to ensure normality. Statistical
analysis was performed using Stata 10.1 (Stata Corp., College
Station, TX).

RESULTS The median (interquartile range) unad-
justed 25-hydroxyvitamin D level was 29.7 (19.7–
46.2) nmol/L in the MS group and 36.6 (24.0–51.9)
nmol/L in controls (p � 0.0001) (table 1). Seventy-
seven percent of the MS group and 71% of controls

had 25-hydroxyvitamin D levels in a range com-
monly considered to be vitamin D deficient (�50
nmol/L or �20 ng/mL), and 94% of the MS group
and 93% of controls had levels in a range commonly
considered to be vitamin D insufficient (�75
nmol/L or �30 ng/mL).16

The distribution of 25-hydroxyvitamin D levels
was modestly left skewed with a long right tail. Dif-
ferences in the seasonal variation of unadjusted 25-
hydroxyvitamin D levels were examined in the
control population across 3 latitude bands (�37 de-
grees, �37 to �41 degrees, and �41 degrees) (table
e-1). Season was highly associated with vitamin D
status across all latitude bands, but differences in
amounts of seasonal variation were not significant
between latitude bands (analysis of variance, p �

0.11); similar results were obtained using the square
root of unadjusted 25-hydroxyvitamin D, which was
normally distributed (p � 0.08). Because season was
highly correlated with vitamin D status and there
were no significant differences in seasonal variation
between latitude bands, we elected to use deseasonal-
ized vitamin D levels for subsequent analysis. En-
tirely separate analyses by latitude band were not
possible based on sample size. A parallel analysis us-
ing unadjusted 25-hydroxyvitamin D values is also
reported.

Compared with the control group, the MS group
was slightly younger, more likely to be female,
tended to live in higher latitudes, and had a lower
average monthly UV index at the time of blood draw
(table 1). Proportion of European genetic ancestry
was similar between the MS group and controls.

Figure 25-Hydroxyvitamin D levels are lower in
African Americans with multiple
sclerosis than controls

Levels of 25-hydroxyvitamin D (deseasonalized) were lower
in African Americans with multiple sclerosis than controls in
this cross-sectional dataset (p � 0.0013). The box plot indi-
cates the median and interquartile range, the whiskers des-
ignate 1.5 times the interquartile distance, and the dots
denote outlying values. The p value was calculated by the
Wilcoxon rank sum test.

Table 1 Differences between African Americans with MS and unaffected controls

MS (n � 339) Controls (n � 342) p Value

25-Hydroxyvitamin D (nmol/L), median
(IQR); range

29.7 (19.7–46.2); 5–170 36.6 (24.0–51.9); 5–142.5 0.0001

Deseasonalized vitamin D (January 1),
median (IQR)

26.4 (17.7–41.9) 32.7 (21.6–46.4) 0.0013

Vitamin D deficient (25-
hydroxyvitamin D <50 nmol/L
[20 ng/mL]), % (n)

77 (262) 71 (243) (0.074)

Vitamin D insufficient (25-
hydroxyvitamin D <75 nmol/L
[30 ng/mL]), % (n)

94 (318) 93 (319) (0.78)

Age, y, mean (SD) 41.9 (11.2) 43.7 (12.3) 0.048

Male, % 44.1 53.8 0.011

UV index, mean (SD) 3.8 (2.2) 4.8 (2.7) �0.0001

Latitude, deg, mean (SD) 39.4 (3.5) 38.1 (3.3) �0.0001

HLA-DRB1*15 (% with allele) 40.5 26.8 �0.0001

European genetic ancestry (%),
median (IQR); range

18.7 (13.5–27.6); 3.9–62.2 19.8 (13.3–26.6); 0.8–71.3 (0.65)

Multiple Sclerosis Severity Score at
time of blood draw, median (IQR)

6.1 (4.8–8.1) — —

Abbreviations: IQR � interquartile range; MS � multiple sclerosis.
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Deseasonalized 25-hydroxyvitamin D was slightly
but significantly lower in the MS group compared to
controls (p � 0.001) (table 1 and figure), as were
unadjusted 25-hydroxyvitamin D levels. On multi-
variable analysis (table 2), lower deseasonalized 25-
hydroxyvitamin D remained associated with MS

status after adjustment for age, sex, and HLA-
DRB1*15 (which was highly associated with MS sta-
tus). Differences in latitude between groups
accounted for much of this apparent association.
Similar results were observed using unadjusted 25-
hydroxyvitamin D levels and adjusting for UV index
(table e-2).

A greater proportion of European genetic ancestry
was positively correlated with 25-hydroxyvitamin D
status in this African American dataset, an associa-
tion that retained statistical significance even after
adjusting for differences in latitude (table 3) or UV
index (table e-3). The association between European
genetic admixture and vitamin D status was also
present in the control population alone (p � 0.012
univariate, p � 0.01 adjusting for latitude). As ex-
pected, UV index and latitude were highly correlated
with 25-hydroxyvitamin D status. A possible interac-
tion between MS status and proportion of European
ancestry was examined for by adding a multiplicative
term to the model and not found. Additional factors
that were not predictive of vitamin D status were age,
sex, HLA-DRB*15 status, and length of blood stor-
age time.

The median (interquartile range) MSSS of the
MS group was 6.1 (4.8–8.1), indicating a high rate
of ambulatory disability in this study sample. There
was no association between MSSS and vitamin D
status using linear regression. Per 10 nmol/L
deseasonalized 25-hydroxyvitamin D, the � coeffi-
cient was �0.034, 95% confidence interval (CI)
�0.15 to 0.08, p � 0.57. Per 10 nmol/L unadjusted
25-hydroxyvitamin D, the � coefficient was �0.034,
95% CI �0.15 to 0.08, p � 0.56. There was no
association between low vs high MSSS (MSSS �6 vs
MSSS �6) and vitamin D status using logistic regres-
sion for deseasonalized vitamin D (odds ratio [OR]
0.97, 95% CI 0.65 to 1.43, p � 0.86) or unadjusted
25-hydroxyvitamin D (OR 1.009, 95% CI 0.66 to 1.5,
p � 0.97), adjusting for age and sex. There was also no
association between MSSS and vitamin D status using
ordinal logistic regression (categorizing by MSSS 0 to
�2, �2 to �4, �4 to �6, �6 to �8, �8 to �10).
Adjusting for HLA-DRB1*15 status and proportion of
European genetic ancestry in the above regression mod-
els did not alter this result. There was no association
between MSSS and age, HLA-DRB1*15 status, propor-
tion of European genetic ancestry, or latitude (for
deseasonalized) or UV index (for unadjusted 25-
hydroxyvitamin D). There was no apparent association
between EDSS and unadjusted or deseasonalized 25-
hydroxyvitamin D.

DISCUSSION This is the largest study to date ex-
amining vitamin D status in African Americans with

Table 2 Predictors of multiple sclerosis status in a cross-sectional sample of
African Americans

Odds
ratio p Value

95% Confidence
interval

Univariate analysis

Deseasonalized 25-hydroxyvitamin
D (per 10 nmol/L)

0.93 0.038 0.85 to 0.99

Age (per year) 0.99 0.048 0.97 to 0.99

Male sex 0.68 0.011 0.51 to 0.92

HLA-DRB1*15 status 2.28 7 � 10�6 1.59 to 3.26

Latitude 1.13 3.8 � 10�7 1.08 to 1.18

Multivariable analysis without
adjustment for latitude

Deseasonalized 25-hydroxyvitamin
D (per 10 nmol/L)

0.92 0.038 0.86 to 0.996

Age (per year) 0.99 0.14 0.98 to 1.003

Male sex 0.70 0.023 0.51 to 0.92

HLA-DRB1*15 status 2.31 8.3 � 10�6 1.6 to 3.33

Multivariable analysis including
adjustment for latitude

Deseasonalized 25-hydroxyvitamin
D (per 10 nmol/L)

0.94 0.12 0.87 to 1.02

Age (per year) 0.99 0.13 0.98 to 1.003

Male sex 0.65 0.01 0.47 to 0.9

HLA-DRB1*15 status 2.6 1 � 10�6 1.77 to 3.82

Latitude 1.16 1.3 � 10�8 1.1 to 1.21

Table 3 Proportion of European genetic ancestry, a measure of genetic
admixture, is positively correlated with vitamin D statusa

� Coefficient p Value
95% Confidence
interval

Univariate

Proportion European genetic
ancestry (range 0–1.0)

0.48 0.012 0.1 to 0.85

Latitude �0.02 0.007 �0.03 to �0.004

Multivariable

Proportion European genetic
ancestry (range 0–1.0)

0.5 0.008 0.13 to 0.88

Latitude �0.02 0.002 �0.03 to �0.01

Multivariable adjusting for multiple
sclerosis status

Proportion European genetic
ancestry (range 0–1.0)

0.51 0.007 0.13 to 0.88

Latitude �0.02 0.007 �0.03 to �0.005

Multiple sclerosis �0.08 (0.08) �0.18 to 0.01

a The analysis was performed using multiple linear regression of the transformed variables,
the square root of deseasonalized 25-hydroxyvitamin D per 10 nmol/L, and the square root
of proportion of European genetic ancestry, which were normally distributed. Variables not
associated with 25-hydroxyvitamin D included age, sex, and HLA-DRB1*15.
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MS. Levels of 25-hydroxyvitamin D were low in
both the MS and control groups. Three-quarters of
all participants were vitamin D deficient (�50
nmol/L [20 ng/mL]) and 94% were vitamin D insuf-
ficient (�75 nmol/L [30 ng/L]). This degree of
vitamin D insufficiency may have important impli-
cations for bone health, cardiovascular, inflamma-
tory, and neoplastic disease, in addition to its
possible role in modulating MS.16

Levels of 25-hydroxyvitamin D were lower in Af-
rican Americans with MS than controls. This associ-
ation was weakened, but still present, when
controlling for differences in climate and geography
between groups. The cross-sectional study design
does not allow for a determination of causality, and
possible explanations include an influence of vitamin
D on MS susceptibility or the reverse causality of an
influence of having MS on vitamin D status. UV
radiation, which was very strongly correlated with
both MS and vitamin D status in this dataset, may
also have direct immunosuppressant effects32 and was
recently shown to suppress disease activity in a mu-
rine model of experimental autoimmune encephalo-
myelitis independently of 25-hydroxyvitamin D
production.33 The cross-sectional nature of our data-
set does not allow for a determination of the relative
contributions of UV radiation and vitamin D status
in this kind of analysis. Longitudinal studies with
larger samples of African Americans will be needed to
establish cause-effect relationships between vitamin
D status and MS in this population.

There was no apparent association between 25-
hydroxyvitamin D and MS disease severity (MSSS)
in this dataset. The lack of an association between
vitamin D status and disease severity could be a con-
sequence of sample size limitations, smaller effect
sizes in darker pigmented populations, or the use of
the MSSS, and not relapse rate, as a marker of disease
severity.7,8 Relapse rate was not determined in this
dataset, as clinical variables were ascertained by retro-
spective chart review. It is possible that vitamin D
status might influence the relapse rate independently
of cumulative disability. It is also possible that the
biological consequences of a lower vitamin D status
in darker pigmented populations might be different
than in lighter pigmented populations.34 In rheuma-
toid arthritis, an analogous association between lower
vitamin D status and worsened disease severity that
was seen in a predominantly white population35 was
not observed in a predominantly African American
population.36

There is substantial genetic heterogeneity within
African American populations,37 and in this dataset,
European genetic ancestry ranged from 1% to 71%
(median 19%). The proportion of European genetic

ancestry was one of the strongest predictors of vita-
min D status (but not MS status) in this African
American study population. The positive correlation
between European genetic ancestry and vitamin D
status might simply reflect unmeasured differences in
skin pigmentation, but genetically influenced differ-
ences in vitamin D utilization cannot be excluded.38

Because of the genetic heterogeneity that is masked
and diluted by traditional definitions of race, there is
ongoing debate in the medical and scientific commu-
nity about whether race should still be used to charac-
terize populations for biological investigation.39 Percent
African genetic ancestry was recently reported to be
more informative than race in defining normative val-
ues for pulmonary function testing.40 The results from
our study similarly illustrate how a measure of genetic
heterogeneity was able to reveal a biological association
with vitamin D status that might have been obscured
using racial classification alone. This observation high-
lights the potential importance of controlling for ge-
netic admixture in future studies of vitamin D in
addition to, or in place of, race.

There are a number of limitations to this analysis.
The study sample was not population-based and may
not be reflective of all African American MS popula-
tions. The high degree of ambulatory disability in this
dataset, however, is typical of other study populations of
African Americans with MS. (The median MSSS was
6.0 in African Americans in the New York State Multi-
ple Sclerosis Consortium dataset,4 which is very similar
to the median MSSS of 6.1 in our study.) Data on other
possible confounders of MS susceptibility, such as
Epstein-Barr virus serology, infectious mononucleosis
history, and smoking history, were not collected as part
of this study. The average UV index at the time of
blood draw is also only a rough estimate of ambient UV
radiation and does not measure actual sunlight expo-
sure, which could lead to residual confounding. Finally,
genetic polymorphisms of vitamin D pathway proteins
were not analyzed. Whether such differences might in-
fluence MS susceptibility and severity remains an im-
portant question.

Levels of 25-hydroxyvitamin D were lower in Afri-
can Americans with MS than controls in this cross-
sectional dataset. Differences in climate and geography
accounted for much, but not all, of this association.
There was no association between vitamin D status and
MS disease severity (MSSS or EDSS). Greater Euro-
pean genetic ancestry was positively correlated with vi-
tamin D status. Larger, prospective studies of diverse
populations are needed to explore the relationship of
MS and vitamin D further.
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