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Background: A role for vitamin D deficiency in Par-
kinson disease (PD) has recently been proposed.

Objective: To compare the prevalence of vitamin D de-
ficiency in a research database cohort of patients with PD
with the prevalence in age-matched healthy controls and
patients with Alzheimer disease (AD).

Design: Survey study and blinded comparison of plasma
25-hydroxyvitamin D (25[OH]D) concentrations of stored
samples in a clinical research database at Emory Univer-
sity School of Medicine.

Setting: Referral center (PD and AD patients), primary
care clinics, and community setting (controls).

Participants: Participants were recruited into the study
between May 1992 and March 2007. Every fifth consecu-
tively enrolled PD patient was selected from the clinical
research database. Unrelated AD (n=97) and control
(n=99) participants were randomly selected from the da-
tabase after matching for age, sex, race, APOE genotype,
and geographic location.

Main Outcome Measures: Prevalence of suboptimal
vitamin D and mean 25(OH)D concentrations.

Results: Significantly more patients with PD (55%)
had insufficient vitamin D than did controls (36%) or
patients with AD (41%; P=.02, x* test). The mean (SD)
25(OH)D concentration in the PD cohort was signifi-
cantly lower than in the AD and control cohorts (31.9
[13.6] ng/mL vs 34.8 [15.4] ng/mL and 37.0 [14.5]
ng/mL, respectively; P=.03).

Conclusions: This report of 25(OH)D concentrations
in a predominantly white PD cohort demonstrates a
significantly higher prevalence of hypovitaminosis in
PD vs both healthy controls and patients with AD.
These data support a possible role of vitamin D insuf-
ficiency in PD. Further studies are needed to deter-
mine the factors contributing to these differences and
elucidate the potential role of vitamin D in pathogen-
esis and clinical course of PD.
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ITAMIN D IS IMPORTANT FOR
maintaining many physi-
ologic functions, and vita-
min D deficiency is asso-

age 25-hydroxyvitamin D (25[OH]D) form
to the biologically active vitamin D form,
1,25-dihydroxyvitamin D. Both la-
OHase and vitamin D receptors (VDRs) are
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ciated with increased risk
of disease. Optimal balance, muscle
strength, and innate immunity'? require
adequate vitamin D levels; vitamin D de-
ficiency is associated with increased risk
for several types of cancer, as well as au-
toimmune and cardiovascular disor-
ders.>7 Vitamin D also regulates pro-
cesses known to go awry in multiple
sclerosis, Parkinson disease (PD), and
other neurodegenerative disorders, in-
cluding neurotrophin, inducible nitric ox-
ide synthase, glutathione and mono-
amine synthesis, and apoptosis.®’ The
enzyme 25-hydroxyvitamin D-la-
hydroxylase (1a-OHase) converts the stor-

expressed in many extrarenal tissues, in-
cluding muscle and brain. Given the high
prevalence rates of vitamin D deficiency
in such varied populations as elderly pa-
tients, chronically ill patients, and healthy
young adults' and the widespread distri-
bution of the VDRs and 1a-OHase in brain
and muscle,'™!! optimal vitamin D status
may be important for preventing or treat-
ing neurodegenerative disorders.

Active 1,25-dihydroxyvitamin D binds
to VDRs and regulates approximately 200
genes involved in cell differentiation, pro-
liferation, and apoptosis.' In the brain,
VDRs localize in the nucleus, whereas 1a-
OHase is distributed throughout the cy-
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tosol. In particular, hippocampal and substantia nigra cells
demonstrate high concentrations of VDRs and la-
OHase.'® Additional epidemiologic, animal, and human
data support the concept that vitamin D deficiency may
be involved in the pathogenesis, progression, and clini-
cal manifestations of PD."? Limited previous reports'>'°
of vitamin D deficiency in PD focus on skeletal health
associations in elderly (aged =65 years) Asian popula-
tions, but these reports have not been confirmed in white
populations. Furthermore, if vitamin D insufficiency is
acquired as a result of chronic neurodegeneration, one
would expect the prevalence of vitamin D to be similar
in 2 populations with different neurodegenerative dis-
eases. This report summarizes the prevalence of vitamin
D deficiency in a research database cohort of patients with
PD and 2 comparison cohorts—one of age-matched
healthy controls and another of patients with Alzheimer
disease (AD), also a slowly progressive neurodegenera-
tive disease.

B METHODS ey

STUDY POPULATION

Three hundred individuals were selected for 3 cohorts (100 pa-
tients with PD, 100 patients with AD, and 100 healthy con-
trols) from 2019 participants in an existing research registry
database, the Clinical Research in Neurology (CRIN) data-
base, maintained by the Department of Neurology, Emory Uni-
versity School of Medicine. The umbrella structure, enroll-
ment, and sample handling protocols for the CRIN database
have been approved by the Emory University institutional re-
view board. All participants provided informed consent and were
recruited between May 1992 and March 2007. The CRIN da-
tabase participants with AD (n=844) and PD (n=699) were re-
cruited sequentially from the memory and movement disor-
der clinics. The CRIN database control participants (n=476)
without known neurologic disease were recruited mostly from
general medical clinics and community educational events.

Participants were assigned a research diagnosis of AD, PD,
or control based on comprehensive evaluation by experienced
subspecialty cognitive or movement disorder neurologists
(M.L.E. and M.R.D.) or by 2 or more subspecialty neurolo-
gists after review of available medical information. The most
recent clinical impressions were used for participants with lon-
gitudinal clinical assessments. Patients with a history of stroke,
transient ischemic attack, restless legs syndrome, or essential
tremor were excluded from all 3 groups. The PD participants
had their conditions diagnosed based on the presence of 2 or
more cardinal motor features of PD,'” definite response to le-
vodopa, and the absence of features suggestive of other par-
kinsonian syndromes. The AD participants were diagnosed as
having AD using widely accepted criteria, including support-
ive neuropsychological testing,'® and were free of other neu-
rologic diagnoses. The control participants had no history of
neurologic disease (by examination where available and by self-
report for all others) and had Mini-Mental State Examination
scores of 25 or higher. Participants related to any previous par-
ticipant in the 3 CRIN database groups were excluded to mini-
mize recruitment bias.

PARTICIPANT SELECTION

Every fifth participant with PD from the CRIN database was
selected (in chronologic order of enrollment) until the PD co-

hort sample size reached 100. To control for known confound-
ing variables (age, geographic latitude, and race), as well as po-
tential confounding predictor variables (sex and APOE
genotype), AD (n=100) and control (n=100) cohorts were cho-
sen by random selection after matching for age (+5 years), ex-
cept for the youngest AD patient, who was matched within 10
years (Table), race, APOE genotype, sex, and residence in the
southeastern United States.

LABORATORY ANALYSIS OF 25-(OH)D
CONCENTRATIONS

Stored plasma samples were analyzed with an enzyme-linked
immunosorbent assay kit for 25(OH)D (Immunodiagnostic Sys-
tems Inc, Fountain Hills, Arizona) in 3 batches (with samples
for each batch randomly selected from all 3 cohorts). The limit
of detection is 2 ng/mL (to convert to nanomoles per liter, mul-
tiply by 2.496). Intra-assay and interassay coefficients of varia-
tion are less than 8% and less than 10%, respectively. On the
basis of the 25(OH)D cut points used in our clinic practice and
reviewed by Holick,' we defined vitamin D insufficiency as a
25(OH)D concentration of 30 ng/mL or less and vitamin D de-
ficiency as a 25(OH)D concentration of less than 20 ng/mL.

STATISTICAL ANALYSIS

In 4 samples (1 from the control cohort and 3 from the AD co-
hort), the 25(OH)D concentration was more than 3 SDs above
the mean. These samples were excluded from analysis, leav-
ing 100 individuals in the PD cohort, 97 in the AD cohort, and
99 in the control cohort. Microsoft Excel (Microsoft Inc, Se-
attle, Washington) and SAS statistical software, version 9.1 (SAS
Institute Inc, Cary, North Carolina), were used for all statisti-
cal calculations, with a 2-sided significance level of .05 (a=.05).

The 25(OH)D concentrations were normally distributed;
parametric tests were therefore used for analysis. Because 25
(OH)D concentrations are higher in the summer than in the
winter, distribution for month and season of blood draw for
participants in each cohort was examined. Finally, the AD and
PD cohorts were evaluated to determine whether symptom du-
ration correlated with the 25(OH)D concentration (8 of 97 par-
ticipants in the AD cohort and 1 of 100 participants in the PD
cohort had missing data).

BN RESULTS R

More than half of the PD participants (55%) had vitamin
D insufficiency (25[OH]D, =30 ng/mL) compared with ap-
proximately a third of the controls (Figure). Most partici-
pants in all 3 cohorts were white, reflecting the racial dis-
tribution of the PD population at our institution. All
participants resided in southern latitudes (100% south of
39°N and 90% south of 37°N). The prevalence of vitamin
D insufficiency was significantly higher in the PD cohort
than in the AD and control cohorts (Table). Similarly, 23%
of the PD cohort was vitamin D deficient (25[OH]D, <20
ng/mL) compared with 16% of the AD cohort and 10% of
the control cohort (P=.01 for PD vs control participants
and P=.18 for PD vs AD participants).

A significantly higher portion of the samples from the
PD cohort were drawn in the summer to fall (when vi-
tamin D levels are higher) than in samples from the con-
trol group. Although not statistically significant, the por-
tion of samples from the PD group drawn in the summer
to fall was also higher than in the AD cohort. Evaluation
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Table. Demographic Data and Vitamin D Status in PD Patients, AD Patients, and Matched Healthy Controls

P Value?

[ 1
PD Patients AD Patients PD Patients

insufficiency, %

PD Patients AD Patients Healthy Controls Vs ' Vs
(n=100) (n=97) (n=99) Controls Controls  AD Patients
Demographic
Age, mean (range), y 65.4 (37-88) 66.4 (47-88) 65.7 (39-89) .84 .59 A7
Sex, %
Male 57 57 57
Female 43 43 43
Race, No.
White 96 94 96
African American 1 1 1
Asian 1 1 1
Hispanic 2 1 1
Symptom duration, 7.6 (5.4) [0-28] 3.6 (2.6) [0-16]
mean (SD) [range], y
Season sample drawn, % .01 .29 .26
Summer to fall (July-December) 57 47 39
Winter to spring (January-June) 43 52 61
Vitamin D status®
25(0H)D level, mean (SD) [range], 31.9 (13.6) [12.1-68.9] 34.8 (15.4) [7.5-81.2] 37.0 (14.5) [11.1-81.9] .01 .30 12
ng/mL
Prevalence of vitamin D 55.0 41.2 36.4 .008 48 .05
insufficiency (25[0H]D,
=30 ng/mL), %
Vitamin D status by season
Summer to fall (July-December)®
25(0H)D, mean (SD), ng/mL 32.3 (13.8) (n=57) 35.1 (16.6) (n=46) 39.85 (13.8) (n=39) 13 .86 .20
Prevalence of vitamin D 54 44 31 .02 16 .27
insufficiency, %
Winter to spring (January—June)d o A . S .. ..
25(0H)D, mean (SD), ng/mL 31.4 (13.5) (n=43) 34.7 (14.6) (n=50) 35.1 (14.8) (n=60) .02 16 .36
Prevalence of vitamin D 56 38 40 11 .83 .09

Abbreviations: AD, Alzheimer disease; 25(0H)D, 25-hydroxyvitamin D; PD, Parkinson disease.

Sl conversion factor: To convert 25(0H)D to nanomoles per liter, multiply by 2.496.

3Except where noted, pairwise P values via pooled ttest and PROC GLM procedure. Ellipses indicate statistical test not relevant.
b25(0H)D level (P=.03, analysis of variance using PROC GLM) and prevalence (P=.02, x* test) irrespective of season.
€25(0H)D level (P=.28, analysis of variance) and prevalence (P=.17, x? test) for summer to fall months.

d425(0H)D level (P=.07, analysis of variance) and prevalence (P=.07, x? test) for winter to spring months.

of the symptom duration in the AD and PD cohorts re-
vealed a longer duration in the PD cohort but no signifi-
cant correlation between duration of disease symptoms
and 25(OH)D concentration (P=.35 and .11, Pearson test,
for the AD and PD patients, respectively) (Table).

B covent [

Vitamin D insufficiency is a common health problem in
elderly individuals, who also have a high prevalence of
neurodegenerative diseases. Vitamin D is primarily pro-
duced in the skin on exposure to UV-B radiation and is
found in limited food sources"'?; advancing age, obe-
sity, avoidance of sun exposure, residence in northerly
latitudes, and darker skin pigmentation are associated
with increased risk of vitamin D deficiency. Patients
with chronic neurodegenerative diseases frequently
have many risk factors for vitamin D insufficiency.
Consistent with our a priori hypothesis, we found the
prevalence of vitamin D insufficiency in the PD cohort
to be significantly higher than in the control group.
Surprisingly, the prevalence of vitamin D insufficiency

in the PD cohort was higher than in the comparison
cohort with AD.

The prevalence of vitamin D deficiency (25[OH]|D,
<20ng/mL) in our PD cohort (23%) was lower than that
previously observed in a Japanese PD cohort*? (50 of 71
patients with PD [85%]). Both insufficiency (36%) and
deficiency (10%) in our control cohort were also less
prevalent than reported in controls from a study of pros-
tate cancer risk?® (58% insufficient [<32 mg/mL] and 16%
deficient [<20 ng/mL]). Because all our study partici-
pants resided in southern latitudes and were predomi-
nantly white and a greater proportion of our samples were
collected in the summer to fall, alower prevalence of hy-
povitaminosis D in all our cohorts is not unexpected. Also,
the Japanese participants were drawn from a hospital
population, whereas participants in this study were re-
cruited from an outpatient clinic. Previous studies'**! in-
dicate that hospitalized patients have lower mean vita-
min D levels than age-matched participants recruited
from the community. The higher prevalence of insuffi-
ciency in the PD cohorts compared with the control
cohort is not unexpected given that PD may cause
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patients to have decreased activity levels and lower sun-
shine exposure.

However, the lower vitamin D levels in the PD vs AD
cohort are intriguing. The typical course of AD is shorter
than that of PD,*** and PD patients experience mobil-
ity problems more frequently than AD patients. Both fac-
tors could make a PD patient less likely to get sun ex-
posure and account for the higher prevalence of vitamin
D insufficiency. Supporting this notion, more severely
affected PD patients with a longer mean (SD) disease du-
ration (Hoehn and Yahr stages I11-V, 7.1 [3.8] years) re-
portedly had a higher prevalence of 25(OH)D defi-
ciency than less severely affected patients with shorter
disease duration (Hoehn and Yahr stages I-1I, 4.1[2.3]
years).”” In contrast, although the range and mean of
symptom duration in our PD and AD cohorts were con-
sistent with what one would expect to find in a neurol-
ogy clinic, 25(OH)D insufficiency did not correlate with
symptom duration in either cohort (AD or PD), suggest-
ing that vitamin D insufficiency may be unique to PD.
Alternatively, the possible correlation may be too weak
to be detected with our current sample size.

Strengths of this analysis are that the sample size was
relatively large (97-100 participants in each cohort) and
that the cohorts were matched for sex (which, depend-
ing on cultural and social differences, could affect dura-
tion of sun exposure and degree of skin coverage or
protection when in sunlight), age (known to affect sus-
ceptibility to vitamin D deficiency), and APOE genotyp-
ing (which has been postulated to be protective for vi-
tamin D deficiency?®). Age was not limited in our inclusion
criteria, thus increasing the generalizability to PD and AD
populations with younger and older patients. In addi-
tion, diagnoses were made by experienced subspecialty
neurologists according to well-characterized criteria. Al-
though this was a retrospective study, participants were
identified and data were analyzed as if in a prospective
cross-sectional study.

This analysis did not control for vitamin D intake, al-
though in other populations vitamin D intake contrib-
utes little to 25(OH)D levels.” In this cross-sectional study
that lacks longitudinal data, we cannot address etiology
for the clinical associations discussed. In addition, we do
not have uniformly collected measures of PD severity
(Hoehn and Yahr stage, Unified Parkinson Disease Rat-
ing Scale scores) or anthropomorphic and sun exposure
data; therefore, we cannot assess what effect, if any, dif-
ferences in body mass index and exposure to sunshine
might have on these findings. Another weakness is that
the portion of plasma samples drawn in the winter to
spring and fall to summer were not matched across co-
horts. Despite a significantly higher proportion of the
samples from the PD cohort being drawn in the summer
to fall, we still found higher rates of vitamin D insuffi-
ciency in the PD cohort compared with the AD and healthy
control cohorts.

In summary, we found that PD patients have a higher
prevalence of vitamin D insufficiency compared with pa-
tients with AD and healthy controls. These findings sup-
port the previously suggested need'” for further studies
to assess what contribution a low 25(OH)D concentra-
tion adds to the risk of developing PD (vs other neuro-

Il Patients with PD
[ patients with AD

[ Controls

Prevalence of Vitamin D Insufficiency
(25[0H]D, <30 ng/mL), %

Summer-Fall
(Jul-Dec)

All Seasons
(Jan-Dec)

Winter-Spring
(Jan-June)

Figure. Prevalence of vitamin D insufficiency in patients with Parkinson
disease (PD), patients with Alzheimer disease (AD), and matched healthy
controls. *P=.008 for PD patients vs controls and P=.05 for PD patients vs
AD patients. T, P=.02 for patients with PD vs controls. 25[0OH]D indicates
25-hydroxyvitamin D. (To convert 25(0H)D to nanomoles per liter, multiply
by 2.496.)

degenerative disorders) and to determine whether cor-
rection of vitamin D insufficiency and deficiency will
improve motor or nonmotor symptoms in PD. Finally,
the finding of a high incidence of vitamin D deficiency
in the PD and other cohorts highlights the importance
of routinely checking the level of 25-(OH)D, particu-
larly in elderly patients, since deficiency is strongly cor-
related with a higher incidence of osteoporosis, falls,
and hip fractures and has been associated with a higher
incidence of several forms of cancer and autoimmune
disorders.
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