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Abstract To estimate the associations between vitamin D
status and Parkinson’s disease (PD). We searched elec-
tronic databases of the human literature in PubMed, EM-
BASE and the Cochrane Library up to February, 2014
using the following keywords: ‘vitamin D’ or 25(OH)D’
and ‘status’ or ‘deficiency’ or ‘insufficiency’ and ‘Parkin-
son’s disease’. A systematic review and meta-analysis were
conducted on observational studies that reported the asso-
ciation between blood vitamin D levels and PD. Seven
studies met the inclusion criteria. 1,008 patients and 4,536
controls were included. Results of our meta-analysis show
that PD patients had lower mean levels of 25-hydroxyvi-
tamin D [25(OH)D] than healthy controls [weighted mean
difference (MD), —16.9, 95 % confidence interval (CI)],
—33.5 to —0.2). Patients with vitamin D insufficiency
[25(OH)D level <75 nmol/l] had an increased risk of PD
(OR 1.5, 95 % CI 1.1-2.0). Patients with vitamin D defi-
ciency [25(OH)D level <50 nmol/l] experienced a twofold
increased risk of PD (OR 2.2, 95 % CI 1.5-3.4). Low
vitamin D levels are associated with an increased risk of
PD.
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Introduction

Parkinson’s disease (PD) is the very common neurode-
generative disease. It is characterized by degeneration of
the dopaminergic neurons in the substantia nigra, resulting
in clinical symptoms such as resting tremor, rigidity and
bradykinesia [1, 2]. It has been suggested that PD is the
result of a complex of nutritional factors, genetic factors,
environmental factors and aging [3]; however, the nature of
the environmental factors remains largely unclear.
Recently, emerging data suggest that vitamin D may play
an important role in the progression of the development of
PD. It is well established that the vitamin D endocrine
system plays a critical role in calcium homeostasis and bone
health; however, in recent decades, the broad range of
physiological actions of vitamin D has been increasingly
recognized. In addition to its role in proliferation, differ-
entiation and immunomodulation, there is mounting evi-
dence to support an intricate role of vitamin D in brain
development and function in health and disease [4]. Opti-
mal balance, muscle strength, and innate immunity require
sufficient vitamin D levels, and its deficiency is correlated
with increasing risk for a range of adverse health outcomes
including cardiovascular diseases [5], stroke [6, 7], multiple
sclerosis [8], infectious disease [9, 10] and cancer [11].
Increasing evidence has shown that individuals with PD
have lower levels of 25-hydroxyvitamin (25[OH]D) relative
to healthy controls and vitamin D deficiency has been
proposed to be linked to PD through multiple mechanisms
[12]. There is an increasing interest in a range of actions of
vitamin D. Low vitamin D status play an important role in

@ Springer



1724

Neurol Sci (2014) 35:1723-1730

the development or pathogenesis of PD [13]. It is reported
that the distribution of vitamin D receptors in the substantia
nigra is widely known to be affected in PD, and the
involvement of this vitamin has been revealed in the regu-
lation of tyrosine hydroxylase gene expression and conse-
quently dopamine biosynthesis [14, 15].

However, there is a lack of systematic reviews and
meta-analysis on the evidence regarding the association
between vitamin D and PD. Given the high prevalence of
low vitamin D status worldwide, we conducted a system-
atic review to shed light on the relationship between vita-
min D levels and the risk of PD. In the present study, we
performed a meta-analysis to evaluate comprehensively the
vitamin D levels in individuals with PD, which has
potential implications for the prevention and treatment of
this disease.

Methods

We followed the guidelines for meta-analysis of observa-
tional studies in epidemiology (MOOSE) [16].

Data sources

Our electronic literature searches targeted studies on vita-
min D status and PD. We searched the human literature in
PubMed, EMBASE and the Cochrane Library up to Feb-
ruary 2014 for articles on levels of circulating 25(OH)D
levels and the risk of PD. The following keywords were
used in the search: ‘vitamin D’ or ‘25(OH)D’ and ‘status’
or ‘deficiency’ or ‘insufficiency’. Relevant studies were
further sought manually in the reference lists of primary
papers and reviews.

Study selection

Full-length articles of studies evaluating vitamin D status
and PD were scrutinized and subsequently selected if they
fulfilled the following inclusion criteria: (a) study design
was observational study; (b) study population was PD
without pre-existing chronic disease; (c) contained relevant
data to calculate the effect size; (d) met the predefined
methodological quality assessment criteria for non-ran-
domized observational studies (Table 1) [17]. Studies were
excluded if: (a) they were reviews, case reports, letters or
comments; (b) vitamin D levels were measured using non-
blood biological samples such as amniotic fluid or urine;
(c) vitamin D level that was measured was the active
metabolite 1,25 dihydroxyvitamin D [1,25(OH),D] only;
(d) incomplete or conflicting result data.

Studies were selected in a two-stage process. Two
reviewers (ZL and HPQ) independently scrutinized the
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Table 1 Quality assessment of observational studies (total 10 points)

1. Selection of participants (1/0)
Cohort studies (1/0)

Selected cohort was representative of the general population
(population-based studies) or target catchment population
(hospital-based studies) (1)

Cohort was a selected unrepresentative group (0)
Case—control studies (1/0)
Cases and controls drawn from the same population (1)

Cases and controls drawn from different sources or the
selection of groups (0)

2. Comparability of groups (2/0)

No significant differences between the groups reported in terms
of age, plurality, smoking, history of preterm birth,
preeclampsia or gestational diabetes, pre-existing medical
conditions were explicitly reported, or these differences were
adjusted for (2)

Differences between groups were not examined (1)
Groups differed and no adjustment results provided (0)
3. Definition of outcomes (2/0)
Definition of outcomes
Referenced or standard definition (2)
Explicit non-standard definition (1)
Unspecified or unacceptable definition (0)
4. Ascertainment of outcomes (2/0)
How the diagnosis was made

Prospectively diagnosed or review of notes/hospital discharge
records (2)

Retrospective chart review or database coding (1)
Process not described (0)
5. Sample size (1/0)

>200 participants in a cohort study; >50 participants in either
group (case/control) (1)

100< participants <200 in a cohort; 25< participants <50 in
either group (case/control) (0.5)

Participants <100 or total number of events <10 in a cohort;
participants <25 in either group (case/control) (0)

6. Study design (2/0)

Prospective cohort or nested case—control within a prospective
cohort (2)

Cross-sectional, case—control or retrospective cohort (1)
Not described or poorly designed (0)
Exclusion

Score zero in any item (1 to 6) or a total score <7 out of 10
maximal points

A score-based quality assessment criteria for non-randomized
observational studies adapted from Duckitt and Harrington [17]

electronic literature searches and obtained full-length arti-
cles of all citations that met the predefined selection cri-
teria. Final inclusion or exclusion decisions were then
made after we read these articles. In cases of duplicate
publications, we selected the most complete version.
We resolved any disagreements through consensus or
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Total citations identified from electronic searches on vitamin D
and Parkinson’s disease (n=119)

» Citations excluded after screening
titles and /or abstracts (n=63)

A 4

Primary articles retrieved for more
detailed evaluation (n=56)

Exclusions: reviews=14

No relevant exposure=11

> No outcome data=9
Insufficient data =2

Vitamin D supplementation=6

A 4

Full text articles potentially to be
included (n=14)

» Exclusions for not meeting the
quality assessment criteria=7

A4

Included studies in systematic review
(n=7)

Fig. 1 Flow chart of study selection process in a systematic review

arbitration by a third reviewer (SB). We identified 119
articles and after screening the abstracts, we read 56
papers. Seven primary studies met the inclusion criteria
(details see Fig. 1).

We evaluated the methodological quality of each study
based on the study design, selection of participants, com-
parability of groups, definition of outcomes, ascertainment
of outcomes and sample size, using the assessment criteria
for non-randomized observational studies adapted from
Duckitt and Harrington [17]. We excluded any study with a
score of zero in any of the 6 items or a total score <7 out of
10 maximal points. Quality scores of all included studies
are summarized in Table 2.

Tabulation and integration

The following information was extracted from the study
reports: the first author’s last name, year of publication,
country of origin, study design, sample size, gender, season
of blood sampling, assay method, mean age, adjusted odds

ratio and the potential confounding variables in the
adjustments. Two authors extracted the data independently
and in duplicate. Discrepancies were resolved through
discussion to achieve a consensus.

Data on dichotomous outcomes were combined using
the Mantel-Haenszel method, and measures of effect are
presented as odds ratio (OR) with 95 % confidence inter-
vals (ClIs). For continuous data, we calculated the sample
size weighted mean difference (MD) when outcomes were
measured in the same way between studies. We used forest
plots to show the point estimate (95 % Cls) for each study,
with a diamond at the bottom representing the pooled point
estimate (95 % Cls) for each outcome of interest. The
presence of significant heterogeneity was examined by the
I squared (12) statistic. In cases where I? exceeded 50 %,
we pooled results using the random effects models.
Otherwise, fixed effects models were applied. There is no
universally accepted definition of vitamin D deficiency.

We used the cut-off point of 50 nmol/l which has been
suggested by most experts as the cut-off for vitamin D
deficiency. We used the cut-off point of 75 nmol/l which
has been suggested by most experts as the cut-off for
vitamin D insufficiency [18].

We also conducted sensitivity analysis including only
prospective cohort or nested case—control studies. Two-
tailed P < 0.05 was considered statistically significant.
Funnel plots were applied to evaluate publication bias.
Meta-analyses were performed using the Review Manager
(RevMan) 5.2 (Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2011).

Results

Seven studies [19-25] (including 1,008 PD and 4,536
controls) met the eligibility criteria. Table 2 shows the
quality scores of included studies on vitamin D status and
PD of each paper. Table 3 shows the first author, year of
publication, the country, number of cases and controls,
percentage of male and female patients, assay methods, the
mean age of the subjects and adjusted OR (95 % CI)

Table 2 Quality scores of

Study Selection of Comparability Outcomes Ascertainment Sample Study Total
included studies on vitamin D participants  of groups definition size design  score
status and Parkinson’s disease

Abou-Raya [19] 1 2 2 2 0.5 2 9.5

Bos [20] 1 2 2 2 1 1

Ding [21] 1 2 2 2 1 1

Evatt [22] 1 2 2 2 1 2 10

Knekt [23] 1 2 2 2 1 2 10

Sato [24] 1 2 2 2 0.5 1 8.5

Sato [25] 1 2 2 2 1 1 9
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Parkinson Disease Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Welght IV, Random, 95% Cl IV, Random, 95% CI
Abou-Raya 2009 322 247 82 539 12 68 14.2% -21.70[-27.76,-15.64] -
Bos 2013 48.3 20.2 186 56.7 229 802 14.4% -8.40[-11.71,-5.09] -
Ding 2013 76.1 30 388 81.1 265 283 14.3% -56.00[-9.29, -0.71] bl
Evatt 2008 319 136 100 37 145 99 14.3% -5.10[-9.01, -1.19] -
Knekt 2010 36.3 185 50 41.8 19.5 3123 14.3% -5.50[-10.67,-0.33] l
Sato 2002 30 27 60 49 8 62 14.1% -19.00[-26.12,-11.88] -
Sato 2005 29.7 16.2 142 831 7.7 99 14.4% -53.40[-56.47,-50.33] -
Total (95% Cl) 1008 4536 100.0% -16.88 [-33.54, -0.23] <
Heterogeneity: Tau? = 489.10; Chi? = 636.09, df = 6 (P < 0.00001); |12 =99% 100 50 0 50 100

Test for overall effect: Z = 1.99 (P = 0.05)

Favours experimental Favours control

Fig. 2 Forest plots of summary mean difference of the association between low 25(OH) D levels and Parkinson’s disease. CI confidence interval

Parkinson Disease Control

Odds Ratlo Odds Ratlo

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Ding 2013 182 388 112 283 80.9% 1.35[0.99, 1.84]
Evatt 2008 55 100 36 99 19.1% 2.14[1.21,3.78] -
Total (95% CI) 488 382 100.0% 1.50 [1.14, 1.97] L 2
Total events 237 148
it Chi2 = = = - 12 = 400 I } T } {
Heterogeneity: Chiz = 1.95, df =1 (P = 0.16); I = 49% 0.01 01 1 10 100

Test for overall effect: Z = 2.92 (P = 0.003)

Favours [experimental] Favours [control]

Fig. 3 Forest plots of summary crude odds ratios of the association between 25(OH) D <75 nmol/l and Parkinson’s disease. CI confidence

interval

Parkinson Disease Control Odds Ratlo Odds Ratlo

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Ding 2013 68 388 26 283 76.2% 2.10[1.30, 3.40] : 3
Evatt 2008 23 100 10 99 23.8% 2.66[1.19, 5.93] —
Total (95% CI) 488 382 100.0%  2.23 [1.48, 3.37] L 4
Total events 91 36

it Chi2 = = = .12 =00 I } T } {
Heterogeneity: Chi? = 0.24, df =1 (P = 0.62); I = 0% 0.01 01 1 10 100

Test for overall effect: Z = 3.82 (P = 0.0001)

Favours [experimental] Favours [control]

Fig. 4 Forest plots of summary crude odds ratios of the association between 25(OH) D <50 nmol/l and Parkinson’s disease. CI confidence

interval

included in each studies. The results of the meta-analysis
are shown in Fig. 2. They indicate that patients with PD
had lower levels of 25(OH)D relative to healthy controls
(weighted mean difference —16.9; 95 % CI, -33.5 to —0.2).
There were statistically significant heterogeneity
(P < 0.00001; I> =99 %). The significant heterogeneity
may be due to the differences in country, ethnicity and age
of the participants studied (Table 3). Participants in Abou-
Raya et al.’s study were white or black; in Bos et al. and
Knekt et al.’s studies were all white; in Ding et al.’s and
Evatt et al.’s studies they were white, Asian, black, and
Hispanic; those in Sato et al.’s study were all Asian. First,
vitamin D levels vary in subjects from different ethnicities.
For example, vitamin D insufficiency is more prevalent
among black Americans than non-black Americans [26].
Second, international comparison studies have shown that
serum 25(OH)D levels vary among countries because of

postulated factors, such as variation of sunshine exposure
due to latitude of the country, vitamin D supplementation
from food, and genetic factors. The different countries
from where the subjects resided also may account in part
for the high heterogeneity. In addition, as age is an
important factor influencing the status of vitamin D, the
differences in mean ages of the participants in different
studies also may result in significant heterogeneity [27].
Patients with vitamin D insufficiency [25(OH)D
level <75 nmol/l] had an increased risk of PD (OR 1.5,95 %
CI 1.1-2.0) (see Fig. 3). Patients with vitamin D deficiency
[25(OH)D level <50 nmol/l] experienced a twofold
increased risk of PD (OR 2.2, 95 % CI 1.5-3.4) (see Fig. 4).
No obvious publication biases were observed in Funnel
plots (see Fig. 5). Similar results were observed if the
meta-analyses were restricted to prospective cohort and
nested case—control studies (data available upon request).
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Fig. 5 Funnel plot of PD group vs. control group to assess
publication bias

Discussion

The main findings in this systematic review and meta-
analysis are that PD patients had lower mean 25(OH)D
levels. Patients with vitamin D insufficiency [25(OH)D
level <75 nmol/1] had an increased risk of PD (OR 1.5,
95 % CI 1.1-2.0) (see Fig. 3). Patients with vitamin D
deficiency [25(OH)D level <50 nmol/l] experienced a
twofold increased risk of PD (OR 2.2, 95 % CI 1.5-3.4)
(see Fig. 4).

Previously, Zhao et al. [28] conducted meta-analysis of
vitamin D levels in Alzheimer’s and Parkinson’s disease,
the results of this meta-analysis also showed that the PD
patients had lower levels of 25(OH)D than healthy con-
trols. However, our study included more recent observa-
tional studies, and our systematic review also includes
category variables such as 25(OH)D <75 or 50 nmol/l.

Vitamin D deficiency is an important condition in the
elderly. Prevalence of neurodegenerative disease is also
higher in these patients. Vitamin D is produced in body in
skin on exposure to UV-B radiation and is found in limited
food sources [29].

Some involved factors in vitamin D deficiency are
advanced age, avoidance of sun exposure, residence in
northerly latitudes, and darker skin. Serum 25(OH)D is the
most useful indicator of vitamin D level of body.

In recent years, the terms vitamin D insufficiency and
deficiency have been employed to characterize the subop-
timal serum levels of 25(OH)D. However, presently it is
difficult to give a clear value of 25(OH)D concentrations
for the vitamin D insufficiency and deficiency. Thus, an
alternative useful gradual scale has been proposed as fol-
lows: vitamin D insufficiency is defined as the 25(OH)D
level <30 ng/ml (75 nmol/l) and vitamin D deficiency as
the 25(OH)D level <20 ng/ml (50 nmol/l) [18]. As shown
in Fig. I, according to the mean 25(OH)D levels

@ Springer

individuals with PD in six studies are vitamin D deficient,
whereas the vitamin D status in the control group is much
better.

The quality of systematic reviews is dependent upon the
quality of studies included. We scrutinized the selected
studies and excluded studies of poor methodological
quality using strict quality assessment criteria. Methodo-
logical issues that may affect the study quality such as
cohort being selected an unrepresentative group, unspeci-
fied or unacceptable definition of outcomes, or study design
not described or poorly designed, were not applicable to
the studies reviewed.

A number of biologically plausible mechanisms may
explain the associations between vitamin D status and PD.
Vitamin D has been shown to exhibit neuroprotective
effects through antioxidative mechanisms, neuronal cal-
cium regulation, immunomodulation, enhanced nerve
conduction, and detoxification mechanisms. The vitamin D
receptors and an enzyme responsible for the formation of
the active form 1,25-hydroxyvitamin D have been found in
high levels in the substantia nigra, the region of the brain
affected most by Parkinson disease [30, 31]. This raises the
possibility that chronic inadequacy of vitamin D leads to
the loss of dopaminergic neurons in the substantia nigra
region and further Parkinson disease. Vitamin D receptor
(VDR) is widely expressed in human brains and is
responsible for the formation of the highly active vitamin D
metabolite. Animal studies have investigated the effects of
VDR gene transcription in neuronal cells, and have shown
that VDRs and vitamin D are key molecules to brain
development, the prevention of anxiety, the induction of
glial-derived neurotrophic factor, and the induction of
nerve growth factor synthesis [32].

Some limitations of this review should be acknowl-
edged. We need to interpret the results cautiously. Low
vitamin D levels are found in PD, however, in the lack of
large multi-center double-blinded randomized controlled
clinical trials of vitamin D supplementation for the PD, this
could be an epiphenomenon. We cannot exclude the drug’s
influence, since we had no information for most cases of
treatment with anti-parkinsonian drugs, which may occur
years before the date of first hospitalization. Second, there
were different assay techniques used to measure circulating
25(OH)D level. Third, since there is no information
regarding sunlight exposure or ethnicity-specific results in
most studies, we could not pool the findings by sunlight
exposure or ethnicity. However, sunlight exposure and
ethnicity (a partly surrogate measure for sunlight exposure
and typical intake or supplementation level in a population)
are upstream factors affecting vitamin D status; their
effects should have already been reflected in blood vitamin
D levels—the basis of the meta-analyses. In addition, we
do not have uniformly collected measures of PD severity
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(Hoehn and Yahr stage, Unified Parkinson Disease Rating
Scale scores). Therefore, we cannot assess exactly what
effect, if any, differences in age and race or the time of
plasma samples drawn might have on these findings.
Finally, we reviewed only published studies in English.

In summary, patients with lower vitamin D status were
associated with high risk of PD. Further confirmation of
these findings in a large cohort is needed. As well, further
research is required to better understand the role of vitamin
D in PD associated pathologies. Large multi-center double-
blinded randomized controlled clinical trials of vitamin D
supplementation for the prevention of PD are needed to be
conducted to determine the risks and benefits. Such an
intervention, if proven safe and effective, could have sub-
stantial public health importance.

Highlights

1. The levels of 25(OH)D were lower in Parkinson’s
disease (PD) than in controls.

2. Patients with circulating 25(OH)D levels <75 nmol/l
had an increased risk of PD.

3. Patients with 25(OH)D levels <50 nmol/l experienced
a twofold increased risk of PD.
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