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ABSTRACT
Background: In our previous study, higher serum 25-hydroxyvitamin
D [25(OH)D] concentrations and the vitamin D receptor (VDR) FokI
CC genotype were associated with milder Parkinson disease (PD).
Objective: We evaluated whether vitamin D3 supplementation in-
hibits the progression of PD on the basis of patient VDR subgroups.
Design: Patients with PD (n = 114) were randomly assigned to
receive vitamin D3 supplements (n = 56; 1200 IU/d) or a placebo
(n = 58) for 12 mo in a double-blind setting. Outcomes were clinical
changes from baseline and the percentage of patients who showed
no worsening of the modified Hoehn and Yahr (HY) stage and
Unified Parkinson’s Disease Rating Scale (UPDRS).
Results: Compared with the placebo, vitamin D3 significantly pre-
vented the deterioration of the HY stage in patients [difference
between groups: P = 0.005; mean 6 SD change within vitamin
D3 group: +0.02 6 0.62 (P = 0.79); change within placebo group:
+0.33 6 0.70 (P = 0.0006)]. Interaction analyses showed that VDR
FokI genotypes modified the effect of vitamin D3 on changes in the
HY stage (P-interaction = 0.045), UPDRS total (P-interaction =
0.039), and UPDRS part II (P-interaction = 0.021). Compared with
the placebo, vitamin D3 significantly prevented deterioration of the
HY stage in patients with FokI TT [difference between groups: P =
0.009; change within vitamin D3 group: 20.38 6 0.48 (P = 0.91);
change within placebo group, +0.63 6 0.77 (P = 0.009)] and FokI
CT [difference between groups: P = 0.020; change within vitamin
D3 group: 60.00 6 0.60 (P = 0.78); change within placebo group:
+0.37 6 0.74 (P = 0.014)] but not FokI CC. Similar trends were
observed in UPDRS total and part II.
Conclusion: Vitamin D3 supplementation may stabilize PD for
a short period in patients with FokI TT or CT genotypes without
triggering hypercalcemia, although this effect may be nonspecific
for PD. This trial was registered at UMIN Clinical Trials Registry as
UMIN000001841. Am J Clin Nutr 2013;97:1004–13.

INTRODUCTION

Parkinson disease (PD)5 is a debilitating movement disorder.
Serum concentrations of 25-hydroxyvitamin D [25(OH)D],
which is the primary circulating form of vitamin D and is mostly
obtained from sun exposure, are lower in PD patients than in
age-matched healthy controls (1, 2). Vitamin D insufficiency is
a well-established risk factor for osteoporosis and bone fractures
(3). Moreover, in a meta-analysis of randomized controlled tri-
als, supplemental vitamin D reduced risk of falling in older in-
dividuals (4), which suggested that vitamin D insufficiency may

also increase risk of falls. Indeed, PD patients have a lower
bone-mineral density than do age-matched controls (5) and
higher risk of falls (6) and hip fractures (7), although these risks
may be ascribable in part to factors unrelated to PD, such as
older age, a low BMI, and limited exposure to sunlight (8). In
a long-term cohort study, PD incidence was 3 times higher in
persons with the lowest quartile of serum 25(OH)D concentra-
tions than in those with the highest quartile (9). Moreover,
a higher prevalence of low serum 25(OH)D concentrations has
been reported in patients with more severe PD compared with in
those with milder PD (10, 11). In the United States, mortality
rates of idiopathic PD show a north-south gradient that may
parallel high-low latitudes and low-high sun exposure (12) and
may be consistent with the hypothesis that 25(OH)D insuf-
ficiency because of reduced sun exposure may lead to the de-
terioration of PD. Vitamin D receptor and 1a-hydroxylase,
which is the enzyme that converts 25(OH)D to 1,25-dihydroxy-
vitamin D [1,25(OH)D], the active form of vitamin D, are
expressed in large neurons of the substantia nigra where pig-
mented dopaminergic neurons are selectively lost in PD (13).
Furthermore, VDR knockout mice show muscular and motor
impairment (14). Genetic studies have shown genotypes in the
VDR gene that are associated with risk of PD (15). Our recent
study also showed that the FokI C allele of VDR, which is

1 From the Department of Neurology, Katsushika Medical Center (MS,

MY, MH, MM, and MN) and the Division of Molecular Epidemiology

(MN, DT, and MU), Jikei University School of Medicine, Tokyo, Japan.
2 Funders had no role in the study design, data collection and analysis,

decision to publish, or preparation of the manuscript.
3 Supported by the Ministry of Education, Culture, Sports, Science and

Technology in the Japan-Supported Program for the Strategic Research

Foundation at Private Universities and the Jikei University School of

Medicine.
4 Address correspondence and reprint requests to M Urashima, Division of

Molecular Epidemiology, Jikei University School of Medicine, 3-25-8 Nishi-

shimbashi, Minato-ku, Tokyo 105-8461, Japan. E-mail: urashima@jikei.ac.

jp.
5 Abbreviations used: EQ-5D, EuroQol 5 Dimension; HY, Hoehn and Yahr;

LED, levodopa equivalency dose; MMSE, Mini-Mental State Examination;

PD, Parkinson disease; PDQ39, Parkinson’s Disease Questionnaire-39;

UPDRS, Unified Parkinson’s Disease Rating Scale; VDR, vitamin D receptor;

1,25(OH)D, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D.

ReceivedSeptember 22, 2012. Accepted for publication January 23, 2013.

First published online March 13, 2013; doi: 10.3945/ajcn.112.051664.

1004 Am J Clin Nutr 2013;97:1004–13. Printed in USA. � 2013 American Society for Nutrition

Downloaded from https://academic.oup.com/ajcn/article-abstract/97/5/1004/4577000
by guest
on 13 August 2018



considered to transduce the signal more efficiently than the
FokI T allele, is associated with milder forms of PD (11).
These observations suggest that vitamin D and VDR genotypes
may be associated with the incidence of PD and progression in
patients with PD. Therefore, a randomized, double-blind,
placebo-controlled trial with the use of vitamin D3 supple-
ments was conducted to elucidate whether a 12-mo intake of
vitamin D supplements can inhibit the progression of PD in
a cohort in which VDR genotypes were analyzed (11).

PATIENTS AND METHODS

Study design

A randomized, double-blind, placebo-controlled, parallel-
group trial was conducted at the Department of Neurology in
Katsushika Medical Center, Tokyo, Japan. Both vitamin D3 and
a placebo were purchased from Zenyaku Co Ltd. The study pro-
tocol was reviewed and approved by the ethics committee of Jikei
University School of Medicine and the clinical study committee
of the Katsushika Medical Center. The trial (UMIN000001841)
was registered with the UMIN Clinical Trials Registry on 9 March
2009.

Study population, eligibility, and consent

Consecutive patients with PD, in accordance with clinical
diagnostic criteria of the UK Parkinson’s Disease Society Brain
Bank (16), who showed the pattern of PD in 3-dimensional
stereotactic surface projection analysis with the use of single-
photon emission computed tomography were included (17).
Inclusion criteria were patients who 1) were diagnosed with PD
by $2 neurologists, 2) were aged 45–85 y, and 3) did not have
first- or second-degree relatives with PD. Exclusion criteria were
patients who 1) had a history of stones in the urinary tract, 2)
were already taking vitamin D3 or activated vitamin D, 3) were
diagnosed with osteoporosis or bone fractures, 4) had severe
dementia or depression, 5) had severe psychosis and hallucina-
tions, or 6) were considered incapable of taking part in the study
by the neurologists in charge. When patients satisfied these
criteria, they and their families were asked to provide written,
informed consent after the neurologists explained the study to
them at the Center.

Randomization, blinding, and intervention

A central computerized procedure was used to randomly as-
sign patients in permutated blocks of 4 to receive either vitamin
D3 or the placebo. In adults, an intake $1000 IU vitamin D3/d is
needed to bring vitamin D concentrations in $50% of the
population to 30 ng/mL, which is considered the threshold to
reduce risk of falls, fractures, and colorectal cancer (19). Thus,
a dose of 1200 IU/d was selected. Active and placebo tablets were
identical in appearance. Blinding of the study to patients, their
families, and doctors who evaluated the severity of the disease
was performed by MU, who does not see patients with PD.

Clinical evaluation at entry

To assess primary outcomes, the modified Hoehn and Yahr
(HY) stage (19), Unified Parkinson’s Disease Rating Stage

(UPDRS) total score as well as 4 subscores (part I: nonmotor
experiences of daily living; part II: motor experiences of daily
living; part III: motor examination; and part IV: motor com-
plications) (20), and the Japanese version of the Mini-Mental
State Examination (MMSE) validated by Ideno et al (21) were
scored by the neurologists in charge. All scores were assessed
on therapy. To assess secondary outcomes, the Japanese
version of the Parkinson’s Disease Questionnaire-39 (PDQ39;
total and 8 dimensions) validated by Kohmoto et al (22),
the EuroQol 5 Dimension (EQ-5D), and the visual analog
scale validated by Tsuchiya et al (23) were completed by the
patients.

Basic data

At entry and 12 mo, BMI, blood pressure, levodopa equiva-
lency dose (LED) (24), and laboratory data of peripheral blood
calcium (normal range: 8.5–10.4 mg/dL), high-sensitive para-
thyroid hormone (normal range: 160–520 pg/mL), and liver
and renal function were measured. Serum concentrations of
25(OH)D (ng/mL) and 1,25(OH)D (pg/mL) were measured at
SRL Inc as described previously (25).

Polymerase chain reaction and direct sequencing were used
to analyze VDR genotypes according to the following poly-
morphisms identified with restriction enzymes: FokI (rs10735810),
BsmI (rs1544410), Cdx2 (rs11568820), ApaI (rs7976091), TaqI
(rs731236), and vitamin D binding protein GC1 (rs7041)/GC2
(rs4588) as described previously (11).

Follow-up procedures and determination of outcomes

Patients were followed up every 0.5–3 mo at the Center to
monitor disease progression and adjust drug doses. At each
follow-up, participants were asked to bring the bottle of sup-
plement to check their compliance. After 12 mo of taking the
supplement, the HY stage, UPDRS, MMSE, EQ-5D, PDQ39,
basic data including serum concentrations of 25(OH)D and
1,25(OH)D, and LED were measured again. Primary outcomes
were defined as changes from baseline and the proportion of
patients who showed no worsening or improvement after tak-
ing the study supplement for 12 mo as measured by the mod-
ified the HY stage, UPDRS (total and parts I–IV), and MMSE,
which were scored by the same neurologists. Secondary out-
comes were changes and the proportion of patients who
showed no worsening or improvement in PDQ39 and EQ-5D as
answered by patients. No patients underwent deep brain
stimulation.

Statistical analysis

It was estimated that the primary outcome [ie, HY stage (no
worsening or improvement)] would be seen in 30% of patients in
the vitamin D3 group and 10% of patients in the placebo group.
An equally divided sample of 120 subjects was required to de-
tect this difference, with a type I error (2 sided) of 5% and
a power of 80%. The accrual period was planned from April
2009 to March 2011.

Efficacy was assessed by using intention-to-treat analysis.
Endpoint changes were calculated as the score after intake of the
study supplement minus the score before intake of the study
supplement. When the change in the HY stage, UPDRS, PDQ39,
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or EQ5D was #0, patients were considered not worsened or
improved. In contrast, when the change was .0, the patient was
considered worsened. For the MMSE and visual analog scale, if
the change was $0, the patient was considered not worsened or
improved and vice versa. Finally, the percentage of patients who
were not worsened or improved was compared between vitamin
D3 and placebo groups.

If data were normally distributed, data were analyzed with
paired or unpaired t tests for comparisons within or between
groups before and after the consumption of supplements, re-
spectively. If data were not normally distributed, they were
analyzed by using the Wilcoxon’s signed-rank or Mann-
Whitney test. Categorical variables were assessed by using
the chi-square test. The percentage of subjects who were not
worsened or improved in both primary and secondary out-
comes was compared between the 2 groups by using the RR
as well as risk difference with a 95% CI and the number
needed to treat. To avoid an increase in type I errors in-
troduced by multiple testing in the Mann-Whitney test, Monte
Carlo permutation statistics were used for comparison be-
tween the 2 groups in changes from baseline of both total and
subgroup analyses by using 7 kinds of VDR and GC geno-
types. The distribution of maximum t statistics on the basis of
10,000 random permutations was compared with observed
values to determine the P value and its 95% CI. To identify an
interaction between the intervention group and genotypes,
a new variable was constructed by multiplying the in-
tervention group and genotypes, and then this new variable
was analyzed with linear regression models for changes and
a homogeneity test for not worsening or improvement,
which was represented as the P-interaction (26). All re-
ported P values are 2 sided. P , 0.05 was considered sig-
nificant. All analyses were performed with Stata 12.0
software (StataCorp LP).

RESULTS

Participants

A total of 137 patients were screened from April 2009 to
March 2011, which led to the enrollment of 114 patients; 56
patients were randomly assigned to receive vitamin D3, and 58
patients were randomly assigned to receive a placebo for 12
mo, and the trial ended in March 2012 as scheduled (Figure
1). Ten patients (8.8%) withdrew from the study (7 patients in
the vitamin D3 group and 3 patients in the placebo group;
a difference that was not significant). One patient in the vi-
tamin D3 group developed a cerebral infarction as a serious
adverse event, and he was subsequently lost to follow-up. One
patient in the placebo group was lost to follow-up for un-
known reasons. Consequently, 55 patients in the vitamin D3

group (98.2%) and 57 patients in the placebo group (98.3%)
were analyzed with intention-to-treat analyses. One patient in
the vitamin D3 group (because of a decubitus ulcer) and one
patient in the placebo group (because of the exacerbation of
PD) stopped taking the test supplement as advised by their
doctor in charge. In analyzed patients, compliance was 89.1%
(49 of 55 patients) in the vitamin D3 group and 96.5% (55 of
57 patients) in the placebo group, which was a difference that was
not significant. After 12 mo, one diagnosis of PD in the vitamin
D3 group was changed to the Parkinsonian variant of multiple
system atrophy, and one diagnosis was changed to progressive
supranuclear palsy. One diagnosis in the placebo group was
switched to progressive supranuclear palsy. These 3 patients
worsened during the study period. However, all of these cases
were included in the intention-to-treat analyses. All other PD
patients responded to standard therapy including levodopa.

Patient characteristics were similar in the 2 groups (Table 1). The
mean age of the study population was 72 y. Disease duration, LED,
and primary and secondary endpoints (data not shown), as well as

FIGURE 1. Participant flowchart. AE, adverse event; MSA-P, Parkinsonian variant of multiple system atrophy; PD, Parkinson disease; PSP, progressive
supranuclear palsy.
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25(OH)D and 1,25(OH)D concentrations and VDR and GC geno-
types, were not significantly different between vitamin D3 and

placebo groups. However, 22% and 48% of total participants were

considered vitamin D sufficient [$30 ng 25(OH)D/mL] and de-

ficient [,20 ng 25(OH)D/mL at baseline (3), respectively].

Changes in serum 25(OH)D concentrations and related
variables

In the vitamin D3 group, 25(OH)D concentrations increased
from a mean 6 SD of 22.5 6 9.7 ng/mL at baseline to a mean of
41.7 6 12.6 ng/mL after 12 mo (P , 0.0001), whereas 25(OH)D

TABLE 1

Baseline characteristics by study group1

Vitamin D3 (n = 56) Placebo (n = 58)

Age (y) 72.5 6 6.62 71.2 (6.9)

M [n (%)] 31 (52) 29 (53)

BMI (kg/m2) 22.7 6 2.8 22.8 6 3.7

Disease duration (mo) 24 (2–60)3 13 (3–42)

Levodopa dose equivalency (mg) 300 (150–550) 300 (150–600)

Modified Hoehn and Yahr stage [n (%)]

1/1.5 5/1 (10.7) 10/2 (20.6)

2/2.5 26/13 (69.6) 23/9 (55.2)

3 9 (16.1) 12 (20.7)

4 1 (1.8) 2 (3.4)

5 1 (1.8) 0 (0)

UPDRS

Total 34 (22.5–48.5) 32 (20–44)

Part I: mentation, behavior, and mood 1 (0–2) 0.5 (0–1)

Part II: activities of daily living 9 (6.5–13.5) 8 (5–12)

Part III: motor examination 22 (13–32) 20 (14–29)

Part IV: complications of therapy 0 (0–1) 0 (0–1)

MMSE 28 (26–30) 28 (26–30)

25(OH)D (ng/mL) 22.5 6 9.7 21.1 6 8.8

1,25(OH)D (pg/mL) 61.3 6 17.1 60.4 6 16.8

FokI CC/CT/TT [n (%)] 21 (38)/31 (55)/4 (7) 18 (31)/28 (48)/12 (21)

BsmI GG/AG/AA [n (%)] 46 (82)/9 (16)/1 (2) 51 (88)/5 (9)/2 (3)

Cdx2 GG/GA/AA [n (%)] 20 (36)/26 (46)/10 (18) 19 (33)/33 (57)/6 (10)

ApaI GG/GT/TT [n (%)] 33 (59)/17 (30)/6 (11) 39 (67)/13 (22)/6 (10)

TaqI TT/TC/CC [n (%)] 46 (82)/9 (16)/1 (2) 50 (86)/5 (9)/3 (5)

GC1 TT/TG/GG [n (%)] 22 (39)/19 (34)/15 (27) 20 (34)/28 (48)/10 (7)

GC2 CC/CA/AA [n (%)] 37 (66)/16 (29)/3 (5) 33 (57)/21 (36)/4 (7)

1MMSE, Mini-Mental State Examination; UPDRS, Unified Parkinson’s Disease Rating Scale; 1,25(OH)D, 1,25-

dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D.
2Mean 6 SD (all such values).
3Median; interquartile range in parentheses (all such values).

FIGURE 2. Box plots in vitamin D–related serum variables before and after the intake of test supplements for 12 mo. The lines projecting out from the
boxes extend to the adjacent values, which are the most extreme observations that are not more than 1.5 times the height of the box beyond either quartile.
A: 25(OH)D concentrations (normal range: 30–60 ng/mL). B: 1,25(OH)D concentrations (normal range: 20–60 pg/mL). 25(OH)D and 1,25(OH)D were
considered to be normally distributed on the basis of skewness and kurtosis tests. Statistical analyses were performed by using a paired t test within the
group. When changes from baseline were compared between vitamin D3 (n = 55) and placebo (n = 57) groups, Student’s t tests were used. 1,25(OH)D,
1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D.
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TABLE 2

Changes from baseline and proportion of patients who showed no worsening or improvement in primary and secondary endpoints within the vitamin D3 or

placebo group and between the vitamin D3 and placebo groups1

Outcome

Vitamin D3

(n = 55)

Placebo

(n = 57)

Difference between groups

RR (95% CI); RD (95% CI) P (95% CI) or P

HY stage (stages 1–5)

Change (after 2 before) 0.02 6 0.622 0.33 6 0.70 0.005 (0.003, 0.006)3

Within-group P 0.79 0.0006

Not worsened or improved [n (%)] 16 (29.1) 7 (12.3) 2.37 (1.06, 5.31); 0.17 (0.02, 0.32) 0.0284

UPDRS total (0–195)

Change (after 2 before) 20.87 6 12.8 4.20 6 14.5 0.11 (0.10, 0.11)3

Within-group P 0.85 0.05

Not worsened or improved [n (%)] 21 (38.2) 22 (38.6) 0.99 (0.62, 1.58); 20.00 (20.18, 0.18) 0.964

UPDRS part I (0–16)

Change (after 2 before) 0.11 6 1.30 0.49 6 1.63 0.28 (0.27, 0.29)3

Within-group P 0.66 0.06

Not worsened or improved [n (%)] 12 (21.8) 12 (21.1) 1.04 (0.51, 2.11); 0.01 (20.14, 0.16) 0.924

UPDRS part II (0–48)

Change (after 2 before) 20.87 6 12.8 4.37 6 14.6 0.004 (0.003, 0.006)3

Within-group P 0.32 0.004

Not worsened or improved [n (%)] 26 (47.3) 16 (28.1) 1.68 (1.02, 2.78); 0.19 (0.02, 0.37) 0.0364

UPDRS part III (0–108)

Change (after 2 before) 21.05 6 10.0 1.05 6 9.09 0.26 (0.25, 0.27)3

Within-group P 0.37 0.58

Not worsened or improved [n (%)] 27 (49.1) 27 (47.4) 1.04 (0.71, 1.52); 0.02 (20.17, 0.20) 0.864

UPDRS part IV (0–23)

Change (after 2 before) 0.35 6 1.54 0.44 6 1.32 0.48 (0.47, 0.49)3

Within-group P 0.07 0.006

Not worsened or improved [n (%)] 9 (16.4) 8 (14.0) 1.17 (0.48, 2.80); 0.02 (20.11, 0.16) 0.734

MMSE

Change (after 2 before) 20.33 6 2.16 0.27 6 1.74 0.12 (0.12, 0.13)3

Within-group P 0.42 0.11

Not worsened or improved [n (%)] 31 (63.3) 43 (78.2) 0.81 (0.63, 1.04)20.15 (20.32, 0.02) 0.094

PDQ39 total

Change (after 2 before) 25.41 6 17.4 23.15 6 17.5 0.32 (0.31, 0.32)3

Within-group P 0.04 0.30

Not worsened or improved [n (%)] 33 (67.3) 31 (56.4) 1.19 (0.88, 1.62); 0.11 (20.08, 0.30) 0.254

PDQ39 mobility

Change (after 2 before) 23.80 6 25.3 20.77 6 26.6 0.49 (0.48, 0.50)3

Within-group P 0.29 0.95

Not worsened or improved [n (%)] 24 (50.0) 24 (43.6) 1.15 (0.76, 1.73); 0.06 (20.13, 0.26) 0.524

PDQ39 activities of daily living

Change (after 2 before) 22.47 6 23.9 20.83 6 24.7 0.29 (0.28, 0.30)3

Within-group P 0.22 0.94

Not worsened or improved [n (%)] 29 (59.2) 21 (38.2) 1.55 (1.03, 2.33); 0.21 (0.02, 0.40) 0.0324

PDQ39 emotional well-being

Change (after 2 before) 25.27 6 22.6 23.56 6 21.8 0.41 (0.40, 0.42)3

Within-group P 0.06 0.29

Not worsened or improved [n (%)] 31 (63.3) 24 (43.6) 1.45 (1.00, 2.10); 0.20 (0.01, 0.38) 0.0454

PDQ39 stigma

Change (after 2 before) 0.30 6 23.9 25.45 6 16.5 0.29 (0.28, 0.30)3

Within-group P 0.91 0.05

Not worsened or improved [n (%)] 18 (36.7) 23 (41.8) 0.88 (0.54, 1.42); 20.05 (20.24, 0.14) 0.604

PDQ39 communication

Change (after 2 before) 25.73 6 18.81 21.21 6 21.2 0.37 (0.36, 0.38)3

Within-group P 0.10 0.67

Not worsened or improved [n (%)] 21 (43.8) 21 (38.2) 1.15 (0.72, 1.82); 0.06 (20.13, 0.25) 0.574

PDQ39 bodily support

Change (after 2 before) 27.64 6 20.8 21.97 6 22.2 0.09 (0.08, 0.09)3

Within-group P 0.007 0.51

Not worsened or improved [n (%)] 29 (60.4) 23 (41.8) 1.44 (0.98, 2.13); 0.19 (20.00, 0.38) 0.064

(Continued)
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concentrations changed little in the placebo group from a mean of
21.16 8.8 ng/mL at baseline to a mean of 21.46 9.8 ng/mL after
12 mo (Figure 2A). Moreover, 1,25(OH)D concentrations in-
creased significantly from a mean of 61.36 17.1 ng/mL at baseline
to a mean of 69.9 6 18.0 ng/mL after 12 mo in the vitamin D3

group (P , 0.0001); 1,25(OH)D concentrations values were un-
changed in the placebo group from a mean of 60.4 6 16.8 ng/mL
at baseline to a mean of 56.0 6 14.7 ng/mL after 12 mo (Figure
2B). LED was reduced in 5 of 49 (10%) patients in the vitamin D3

group and 3 of 55 (5%) patients in the placebo group, which was
a difference that was not significant.

Efficacy

Changes from baseline and the proportion of patients who
showed no worsening or improvement in primary and secondary
endpoints were compared between vitamin D3 and placebo
groups as well as within the vitamin D3 or placebo group (Table
2). Modified HY stages were essentially unchanged within the
vitamin D3 group, whereas they worsened significantly within
the placebo group (P = 0.0006). The difference between groups
was significant (P = 0.005). The HY stage did not worsen or
improve in 16 of 55 patients who received vitamin D3 and in 7
of 57 patients who received the placebo (P = 0.028). The risk
difference was 17% (95% CI: 2%, 32%), and thus, the number
needed to treat was considered to be 6 patients (95% CI: 48, 3
patients). Even with the assumption that one lost patient in the
vitamin D3 group and one lost patient in the placebo group
worsened, the difference was still significant (P = 0.032).

Similar to the HY stages, UPDRS part II scores remained
unchanged in the vitamin D3 group, but worsened significantly in
the placebo group (P = 0.004). The difference between groups
was also significant (P = 0.004). No worsening or improvement

in part II occurred in 26 of 55 patients in the vitamin D3 group
and 16 of 57 patients in the placebo group (P = 0.036). In con-
trast, there were no differences between vitamin D3 and placebo
groups in UPDRS total or parts I, III, or IV. MMSE scores were
not different within each group and between groups.

The total score of the PDQ39 (P = 0.04) and bodily support in
the PDQ39 (P = 0.007) improved in the vitamin D3 group but
did not change in the placebo group. In the activities of daily
living part of the PDQ39, 59.2% of patients in the vitamin D3

group did not worsen or improve, which was significantly more
than the 38.2% of patients in the placebo group (P = 0.032).
Similarly, in the emotional well-being part of the PDQ39, 63.3%
of patients in the vitamin D3 group did not worsen or improve,
which was significantly more than the 43.6% of patients in the
placebo group (P = 0.045). No other significant differences in
other outcomes were shown within each group or between groups.

Effect modification by VDR and GC genotypes

Interaction analyses based on VDR and GC genotypes were
performed. Effects of vitamin D3 compared with the placebo
were significantly modified by FokI genotypes as measured with
the HY stage (P-interaction = 0.045) and the UPDRS total
(P-interaction = 0.039) and part II (P-interaction = 0.035) but
not by the other VDR and GC genotypes tested. Proportions
of patients who did not worsen or improve in the HY stage
(P-interaction = 0.54), UPDRS total (P-interaction = 0.021), and
UPDRS part II (P-interaction = 0.0039) are shown in Table 3.
In patients with FokI TT, the HY stages were unchanged within
the vitamin D3 group, whereas they worsened markedly within
the placebo group (P = 0.009). The difference between groups
was also significant (P = 0.009). Similarly, in patients with FokI
CT, HY stages were unchanged within the vitamin D3 group,

TABLE 2 (Continued )

Outcome

Vitamin D3

(n = 55)

Placebo

(n = 57)

Difference between groups

RR (95% CI); RD (95% CI) P (95% CI) or P

PDQ39 social support

Change (after 2 before) 23.65 6 19.7 0.00 6 17.3 0.21 (0.20, 0.22)3

Within-group P 0.24 0.58

Not worsened or improved [n (%)] 13 (27.1) 12 (21.8) 1.24 (0.63, 2.46); 0.05 (20.11, 0.22) 0.534

PDQ39 cognitive impairment

Change (after 2 before) 22.86 6 17.0 21.36 6 18.5 0.99 (0.99, 1.00)3

Within-group P 0.41 0.44

Not worsened or improved [n (%)] 18 (37.5) 25 (45.5) 0.83 (0.52, 1.31); 20.08 (20.27, 0.11) 0.414

EQ-5D

Change (after 2 before) 0.01 6 0.20 20.04 6 0.31 0.78 (0.77, 0.79)3

Within-group P 0.29 0.86

Not worsened or improved [n (%)] 12 (25.0) 18 (32.7) 0.76 (0.41, 1.42); 20.08 (20.25, 0.10) 0.394

Visual analog scale

Change (after 2 before) 24.58 6 16.0 21.51 6 20.0 0.25 (0.24, 0.25)3

Within-group P 0.076 0.89

Not worsened or improved [n (%)] 25 (52.1) 34 (61.8) 0.84 (0.60, 1.19); 20.10 (20.29, 0.09) 0.324

1Within-group P values are for differences in outcomes before and after intervention within the group and were assessed by using Wilcoxon’s signed-

rank test. EQ-5D, EuroQol 5 Dimension; HY, Hoehn and Yahr; MMSE, Mini-Mental State Examination; PDQ39, Parkinson’s Disease Questionnaire-39; RD,

risk (absolute) difference; UPDRS, Unified Parkinson’s Disease Rating Scale.
2Mean 6 SD (all such values).
3Calculated by using Monte Carlo permutation statistics of the Mann-Whitney test.
4Calculated by using the chi-square test.

RCT OF VITAMIN D FOR PD 1009

Downloaded from https://academic.oup.com/ajcn/article-abstract/97/5/1004/4577000
by guest
on 13 August 2018



T
A
B
L
E
3

In
te
ra
ct
io
n
an
al
y
se
s
o
f
F
o
kI

g
en
o
ty
p
es

1

F
o
kI

C
C

F
o
kI

C
T

F
o
kI

T
T

P
-i
n
te
ra
ct
io
n

V
it
am

in
D
3

(n
=
2
1
)

P
la
ce
b
o

(n
=
1
8
)

P
(9
5
%

C
I)

o
r
P

V
it
am

in
D
3

(n
=
3
0
)

P
la
ce
b
o

(n
=
2
7
)

P
(9
5
%

C
I)

o
r
P

V
it
am

in
D
3

(n
=
4
)

P
la
ce
b
o

(n
=
1
2
)

P
(9
5
%

C
I)

o
r
P

H
Y

st
ag
e

C
h
an
g
e

(a
ft
er

–
b
ef
o
re
)

0
.0
45

2

0
.1
2
6

0
.6
73

0
.0
8
6

0
.4
9

0
.8
9
(0
.8
9
–
0
.9
0)

4
0
.0
0
6

0
.6
0

0
.3
7
6

0
.7
4

0
.0
20

(0
.0
1
8–
0
.0
2
3
)4

2
0
.3
8
6

0
.4
8

0
.6
3
6

0
.7
7

0
.0
09

(0
.0
0
7–
0
.0
1
1
)4

P
5

0
.6
2

0
.4
7

0
.7
8

0
.0
14

0
.9
1

0
.0
0
9

N
o
t
w
o
rs
en
ed

o
r

im
p
ro
ve
d
[n

(%
)]

0
.5
46

—
—

—
—

—
—

—
—

—

U
P
D
R
S
to
ta
l

C
ha
ng
e

(a
ft
er

–
be
fo
re
)

0
.0
39

2

1
.4
8
6

1
1
.4

2
0
.8
9
6

1
4
.1

0
.6
0
(0
.6
0
–
0
.6
1)

4
2
1
.2
0
6

1
3
.1

4
.7
4
6

1
2
.4

0
.2
2
(0
.2
1
–0
.2
3)

4
2
1
0
.8

6
1
5
.2

1
0
.6

6
1
7
.4

0
.0
18

(0
.0
1
6–
0
.0
2
1
)4

P
5

0
.5
7

0
.7
1

0
.8
0

0
.1
4

0
.1
4

0
.0
4
1

N
o
t
w
o
rs
en
ed

o
r

im
p
ro
ve
d
[n

(%
)]

0
.0
21

6
6
(2
8
)

9
(5
0
)

1
2
(4
0
)

1
1
(4
1
)

3
(7
5
)

2
(1
7
)

R
R
(9
5
%

C
I)

R
D

(9
5
%

C
I)

0
.5
7
(0
.2
5
–1
.3
0)

0
.1
77

0
.9
8
(0
.5
2
–
1
.8
5)

0
.9
57

4
.5
0
(1
.1
3
–1
8
.0
)

0
.0
29

7

2
0
.2
1
(2

0
.5
2–
0
.0
9
)

2
0
.0
1
(2

0
.2
6–
0
.2
4
)

0
.5
8
(0
.1
1
–1
.0
5)

U
P
D
R
S
p
ar
t
II

C
h
an
g
e

(a
ft
er

–
b
ef
o
re
)

0
.0
35

2

0
.7
1
6

4
.4
2

0
.2
8
6

3
.5
1

0
.6
0
(0
.5
9
–
0
.6
1)

4
2
0
.6
3
(4
.6
8
)

2
.6
3
6

4
.7
5

0
.1
9
(0
.1
9
–0
.2
0)

4
2
3
.2
5
6

2
.0
6

4
.0
0
6

9
.1
9

0
.0
19

(0
.0
1
6–
0
.0
2
2
)4

P
5

0
.5
6

0
.8
4

0
.2
8

0
.0
16

0
.0
66

0
.0
37

N
o
t
w
o
rs
en
ed

o
r

im
p
ro
ve
d
[n

(%
)]

0
.0
03
9
6

7
(3
3
)

9
(5
0
)

1
5
(5
0
)

1
1
(2
2
)

4
(1
0
0
)

1
(8
)

R
R
(9
5
%

C
I)

R
D

(9
5
%

C
I)

0
.6
7
(0
.3
1
–1
.4
3)

0
.2
97

2
.2
5
(1
.0
2
–
4
.9
6)

0
.0
3
0
7

1
2
.0

(1
.8
4
–7
8
.4
)

0
.0
00
6
7

2
0
.1
7
(0
.4
7
–0
.1
3)

0
.2
8
(0
.0
4
–
0
.5
2)

0
.9
2
(0
.7
6
–1
.0
7)

1
H
Y
,
H
o
eh
n
an
d
Y
ah
r;
U
P
D
R
S
,
U
n
ifi
ed

P
ar
ki
n
so
n
’s

D
is
ea
se

R
at
in
g
S
ca
le
.

2
L
in
ea
r
re
g
re
ss
io
n
m
o
d
el
s
w
er
e
ap
p
li
ed

to
ev
al
u
at
e
an

in
te
ra
ct
io
n
ef
fe
ct

an
d
ca
lc
u
la
te

th
e
P
va
lu
e
b
et
w
ee
n
th
e
in
te
rv
en
ti
o
n
g
ro
u
p
an
d
F
o
kI

g
en
o
ty
p
es
.

3
M
ea
n
6

S
D

(a
ll
su
ch

va
lu
es
).

4
C
al
cu
la
te
d
b
y
u
si
n
g
M
o
nt
e
C
ar
lo

p
er
m
u
ta
ti
o
n
st
at
is
ti
cs

o
f
th
e
M
an
n-
W
h
it
n
ey

te
st
.

5
D
if
fe
re
n
ce

in
th
e
o
u
tc
o
m
e
b
ef
o
re

an
d
af
te
r
in
te
rv
en
ti
o
n
w
it
h
in

th
e
g
ro
u
p
w
as

as
se
ss
ed

b
y
u
si
n
g
W
il
co
x
o
n
’s

si
g
n
ed
-r
an
k
te
st
.

6
C
al
cu
la
te
d
b
y
u
si
n
g
th
e
te
st
o
f
h
o
m
o
ge
n
ei
ty
.

7
C
al
cu
la
te
d
b
y
u
si
n
g
th
e
ch
i-
sq
u
ar
e
te
st
.

1010 SUZUKI ET AL

Downloaded from https://academic.oup.com/ajcn/article-abstract/97/5/1004/4577000
by guest
on 13 August 2018



whereas they worsened moderately within the placebo group
(P = 0.014). The difference between groups was also significant
(P = 0.020). However, in patients with FokI CC, vitamin D had
no significant effects on changes in the HY stage either within
the group or between groups. Similarly, vitamin D3 significantly
prevented deterioration in the UPDRS total and part II in pa-
tients with FokI TT but not FokI CC. The percentage of patients
who showed no worsening or improvement in the UPDRS total
was significantly higher in the vitamin D3 group than in the
placebo group in patients with FokI TT (P = 0.029), but not FokI
CT or CC. Similarly, the percentage of patients who showed no
worsening or improvement in the UPDRS part II was significantly
higher in the vitamin D3 group than in the placebo group in pa-
tients with FokI TT (P = 0.0006) and CT (P = 0.030) but not CC.

Safety

There were no obvious adverse events associated with hy-
percalcemia. Serum calcium concentrations remained within the
normal range (Table 4). However, one patient in the placebo
group showed an increase to 11.0 mg/dL, which was above the
upper limit. Highly sensitive parathyroid hormone concentra-
tions decreased significantly (P = 0.045) in the vitamin D3 group
but were not altered in the placebo group. These changes from
baseline were significantly different between the 2 groups (P =
0.007). Alkaline phosphatase was significantly increased (P =
0.0001) in the placebo group but not in the vitamin D3 group. In
contrast, there were no significant changes before and after in-
take of vitamin D3 as well as between vitamin D3 and placebo
groups, in body weight, blood pressure, liver or renal function,
and inflammation or metabolic variables as assessed by using
blood chemistry (liver transaminases, blood urea nitrogen, se-
rum creatinine, high-sensitivity C-reactive protein, blood sugar,
hemoglobin A1c, total cholesterol, LDL and HDL cholesterol,
and triglycerides).

DISCUSSION

In this randomized, double-blind, placebo-controlled trial,
daily supplementation with 1200 IU vitamin D3 for 12 mo sig-

nificantly prevented the deterioration of PD as measured with
the HY stage, UPDRS part II and total, and some domains of the
PDQ39, with no apparent increase in risk of hypercalcemia or
other adverse events during the study period. A point estimate
of the number needed to treat was 6 patients for no worsening or
improvement in the HY stage, which was considered very ef-
fective. To the best of our knowledge, this is the first randomized
trial to examine the effects of vitamin D3 in patients with PD.
However, a meta-analysis showed that supplemental vitamin D
for older adults who participated in randomized controlled trials
consistently showed beneficial muscle effects on strength and
balance (27). Therefore, it cannot be distinguished whether vi-
tamin D supplementation specifically delays the progression of
PD or whether it just nonspecifically improves muscle strength
and balance in older adults.

Next, we examined whether the effect of vitamin D supple-
mentation was modified by VDR or GC genotypes. Ethnic var-
iations in VDR FokI polymorphism ratios for CC:CT:TT are as
follows: white, 40:47:13, respectively; African, 42:48:10, re-
spectively; Hispanic, 46:46:8, respectively; Pacific, 29:58:13,
respectively; and Asian, 32:5:18, respectively (28). These vari-
ations were not significantly different from those in our study
population, which showed polymorphism ratios for CC:CT:TT
of 34:52:14. We showed that individuals with the VDR FokI TT
genotype had significant and consistent responses to vitamin D3

supplementation, and individuals with the FokI CT genotype had
moderate responses. In contrast, patients with the FokI CC ge-
notype had no significant response. By switching from codon
ATG (FokI T) to ACG (FokI C), the first potential start site of
methionine for transcription moves in the 3# direction, which
results in proteins that are 3 amino acids shorter and more
functional even at the same vitamin D concentrations in an
experimental setting (29). Thus, patients with the FokI CC, CT,
and TT genotypes tend to have better outcomes in this order,
suggesting that the FokI TT genotype may be less efficient than
the CC genotype is in responding to the same concentrations of
serum vitamin D; FokI CT may be the intermediate between TT
and CC genotypes. In a prospective cohort study that examined
25(OH)D, VDR polymorphisms, and prostate cancer, there were
significant interactions between 25(OH)D concentrations and

TABLE 4

Changes in serum calcium, hsPTH, and ALP concentrations1

Vitamin D3 (n = 55) Placebo (n = 57)

P3Preintervention Postintervention P2 Preintervention Postintervention P2

Calcium (mg/dL)4 9.2 (8.8, 9.4)5 9.1 (9.0, 9.5) 0.21 9.2 (9.0, 9.5) 9.2 (9.0, 9.4) 0.67

Change (after – before) 0.0 (20.1, 20.3) 0.0 (20.2, 20.2) 0.07

hsPTH (pg/mL)6 430 (340, 500) 390 (320, 460) 0.045 375 (310, 480) 405 (310, 520) 0.07

Change (after – before) 230 (2110, 240) 30 (250, 90) 0.007

ALP (U/L)7 235 (178, 267) 238 (211, 274) 0.07 213 (167, 259) 238 (201, 304) 0.0001

Change (after – before) 13 (28, 38) 30 (21, 71) 0.09

1ALP, alkaline phosphatase; hsPTH, high-sensitivity parathyroid hormone.
2Difference in the outcome before and after intervention within the group was assessed by using Wilcoxon’s signed-

rank test.
3Calculated by using Monte Carlo permutation statistics of the Mann-Whitney test.
4Laboratory data of peripheral blood calcium (normal range: 8.5–10.4 mg/dL).
5Median; IQR in parentheses (all such values).
6Normal range: 160–520 pg/mL.
7Normal range: 115–359 U/L.
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VDR FokI genotypes. In men with the FokI TT genotype,
a higher 25(OH)D concentration was related to significant 60–
70% lower risk of total and aggressive prostate cancer than in
patients with lower 25(OH)D concentrations (30). This obser-
vation was consistent with our results, although the diseases
were different. Thus, we hypothesize that the raising of 25(OH)D
and/or 1,25(OH)D concentrations with vitamin D3 supplemen-
tation is effective in the prevention of deterioration in the sub-
group of patients with FokI TT, somewhat effective in patients
with FokI CT, and not effective in patients with the FokI CC
genotype. VDR TaqI genotypes modify the effect of vitamin
D supplementation by shortening the time to sputum culture
conversion in patients with sputum smear-positive pulmonary
tuberculosis (31), which is an example of another disease that
shows that VDR genotypes may modify the reaction to vitamin D
supplementation.

There were several limitations to this study. First, the number
of patients analyzed may have been too small to detect small
differences in some endpoints or in VDR subgroups. Second,
the dose of vitamin D3 was set at 1200 IU, which raised con-
centrations of 25(OH)D to 19.2 ng/mL and concentrations of
1,25(OH)D to 8.6 pg/mL. However, this dose may not have been
enough to maximize the effect of vitamin D3 supplementation to
improve PD. Third, 10 patients did not complete the intake of
the study supplement, which could have biased the conclusion
toward the null hypothesis. Even with these limitations, vitamin
D prevented the deterioration of PD in this study. Fourth, the
UPDRS was not measured off therapy, which may have un-
derestimated the efficiency of vitamin D. Fifth, prevalences of
25(OH)D insufficiency and deficiency in this study population
were higher than in another cohort (1). Thus, the current results
may not be generalizable to other ethnic groups or people living
at different latitudes. Sixth, the HY stage was used as a primary
endpoint, and other sensitive and accurate measures of outcome,
such as a change in the number of steps during the stand-walk-sit
test, were not used (32). However, even with the use of insen-
sitive endpoints such as the HY stage, vitamin D supplemen-
tation appeared to prevent the deterioration of PD. Seventh,
some patients had advanced PD, whereas some patient had early
PD, which made the study population rather insensitive to
changes in PD, especially over such a short period and in a de-
generative disease that lasts for decades. However, even the
inclusion of these patients with both early and advanced PD,
vitamin D supplementation appeared to inhibit the progression
of PD. Eighth, we could not say that vitamin D supplementation
was perfectly safe and tolerated in PD because the observation
period was only 1 y, and minor clinical signs and symptoms may
have been missed. In addition, the sample size was primarily
calculated to detect the efficacy of vitamin D3 and not side ef-
fects. One case of cerebral infarction and one withdrawal of
consent occurred in the vitamin D3 group. Four patients were not
compliant in taking vitamin D3, whereas only one patient was
not compliant in taking the placebo, although these differences
were not significant in such a small study population.

In conclusion, the results of the current study showed a sig-
nificant effect of 12-mo vitamin D3 supplementation in the
stabilization of the severity of PD in patients with FokI CTand TT
genotypes for a short period but not inpatients with the FokI CC
genotype, with no apparent increase in risk of hypercalcemia.
However, we are not certain that this effect is specific for PD.

We thank Keiichi Kawasaki for assistance with data handling.

The authors’ responsibilities were as follows—MS and MU: conception

and design of the study; MU: drafting of the manuscript and statistical

analyses; MS, MY, MH, MM, and MN: conducting the study; DT: VDR

interpretation; and MS, MN, DT, and MU: interpretation of data. All authors

approved the final version of the manuscript. None of the authors had a con-

flict of interest.

REFERENCES
1. Sato Y, Honda Y, Iwamoto J, Kanoko T, Satoh K. Abnormal bone and

calcium metabolism in immobilized Parkinson’s disease patients. Mov
Disord 2005;20:1598–603.

2. Evatt ML, Delong MR, Khazai N, Rosen A, Triche S, Tangpricha V.
Prevalence of vitamin d insufficiency in patients with Parkinson disease
and Alzheimer disease. Arch Neurol 2008;65:1348–52.

3. Holick MF. Vitamin D deficiency. N Engl J Med 2007;357:266–81.
4. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck

AE, Theiler R, Wong JB, Egli A, Kiel DP, Henschkowski J. Fall pre-
vention with supplemental and active forms of vitamin D: a meta-
analysis of randomised controlled trials. BMJ 2009;339:b3692.

5. van den Bos F, Speelman AD, Samson M, Munneke M, Bloem BR,
Verhaar HJ. Parkinson’s disease and osteoporosis. Age Ageing (Epub
ahead of print 6 November 2012).

6. Cole MH, Silburn PA, Wood JM, Worringham CJ, Kerr GK. Falls in
Parkinson’s disease: kinematic evidence for impaired head and trunk
control. Mov Disord 2010;25:2369–78.

7. Dennison EM, Compston JE, Flahive J, Siris ES, Gehlbach SH, Adachi
JD, Boonen S, Chapurlat R, Dı́ez-Pérez A, Anderson FA Jr, et al.
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