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Background: This literature review and meta-analysis aimed to determine the association between deficiency of vitamin D,
or 25-hydroxyvitamin D, and Parkinson’s disease, and whether vitamin D from supplements and sunlight im-
proves the symptoms of Parkinson’s disease.

Material/Methods: A literature review and meta-analysis were performed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement. Systematic literature review was performed using databas-
es that included the Web of Science, PubMed, the Cochrane Library, and Embase. The Jadad scale (the Oxford
quality scoring system) and the Newcastle-Ottawa scale (NOS) were used to evaluate the quality of the studies.

Results: Eight studies were included in the meta-analysis. Both 25-hydroxyvitamin D insufficiency (<30 ng/mL) (OR, 1.77;
95% Cl, 1.29-2.43; P<0.001) and deficiency (<20 ng/mL) (OR, 2.55; 95% Cl, 1.98-3.27; P<0.001) were signifi-
cantly associated with an increased risk of Parkinson’s disease when compared with normal controls Sunlight
exposure (>15 min/week) was significantly associated with a reduced risk of Parkinson’s disease (OR, 0.02;
95% Cl, 0.00-0.10; P<0.001). The use of vitamin D supplements was effective in increasing 25-hydroxyvitamin
D levels (SMD, 1.79; 95% Cl, 1.40-2.18; P<0.001), but had no significant effect on motor function (MD, —-1.82;
95% Cl, -5.10-1.45; P=0.275) in patients with Parkinson’s disease.

Conclusions: Insufficiency and deficiency of 25-hydroxyvitamin D and reduced exposure to sunlight were significantly as-
sociated with an increased risk of Parkinson’s disease. However, vitamin D supplements resulted in no signif-
icant benefits in improving motor function for patients with Parkinson’s disease.

MeSH Keywords: Calcitriol ¢ Meta-Analysis ¢ Parkinson Disease ¢ Sunlight

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/912840

%3377 EES MEIS %53

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Zhou Z. et al.:
Vitamin D and Parkinson’s disease
© Med Sci Monit, 2019; 25: 666-674

Background

Parkinson’s disease is a complex neurodegenerative disease
that involves the loss of dopaminergic neurons in the sub-
stantia nigra [1]. Parkinson’s disease is characterized clini-
cally by motor dysfunction, including a resting tremor, brady-
kinesia and rigidity, and by non-motor symptoms, including
sleep disturbance, cognitive impairment, olfactory disorders,
and fatigue [1]. Elderly individuals who are more than 60 years
of age are most likely to develop Parkinson’s disease [2]. For
people who are more than 40 years of age, the incidence of
Parkinson’s disease is 37.55 and 61.21 per 100,000 person-
years, for women and the men, respectively [2]. Worldwide,
due to the increase in life expectancy, it has been predicted
that the number of patients with Parkinson’s disease who are
more than 50 years of age will double by 2030 [3]. Both genet-
ic and environmental factors have been reported to contribute
to the development of Parkinson’s disease, including specific
genetic mutations [4], gender [5], exposure to pesticides [6],
and the use of calcium channel blockers [7].

Vitamin D, or 25-hydroxyvitamin D, is derived naturally from
two main sources, the diet and from the effects of ultravio-
let B (UVB) (wavelength, 290-315 nm) from sunlight, on the
conversion from the steroid precursor, 7-dehydrocholesterol,
in the skin. Therefore, lack of exposure to sunlight can result
in low levels of vitamin D [8]. Currently, vitamin D has become
regarded not as a vitamin, but as a hormone [9]. Apart from
being involved in the metabolism of calcium and phosphorus,
vitamin D also has a role in the inflammatory response [10],
glucose and lipid metabolism [11,12], and in cardiac and vas-
cular regulation [13]. Vitamin D performs its biological func-
tions by binding to vitamin D receptors (VDRs) [14], which are
members of the steroid hormone receptor superfamily. VDRs
are widely expressed in many tissues [9], including the kid-
ney, bone, the intestine, muscle, the pancreas, and the cen-
tral nervous system.

Vitamin D deficiency is associated with a variety of patho-
logical changes in many organ systems [15], and has been
shown to be associated with an increased for several chron-
ic diseases, including multiple sclerosis [16-19], cardiovascu-
lar disease [20], cancer [21], type 2 diabetes [22], Alzheimer’s
disease [23] and Parkinson’s disease [24]. Vitamin D deficien-
cy has been proposed to act as a suppressor of gene expres-
sion [25], one of the key genes that is suppressed in vitamin
D deficiency is the tyrosine hydroxylase (TH) gene, which plays
an essential role in regulation of dopamine biosynthesis [26]
and the expression of neurotrophic factors [9].

Studies on the association between vitamin D deficiency and
Parkinson’s disease have shown conflicting findings. One co-
hort study [27] reported that there was insufficient evidence
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to support the hypothesis that vitamin D deficiency had a role
in the pathogenesis of Parkinson’s disease, or on the integri-
ty of the dopaminergic system. However, other studies [9,28]
have reported a high prevalence of vitamin D deficiency in pa-
tients with Parkinson’s disease, with an inverse relationship
between serum levels of 25-hydroxyvitamin D and the sever-
ity of Parkinson’s disease [29-31]. Vitamin D supplements
have been shown to reduce the rate of deterioration of mo-
tor function, as determined by both the Hoehn and Yahr scale
and the Unified Parkinson’s Disease Rating Scale (UPDRS) [32].
Preclinical animal experiments have also shown that vitamin D
treatment was beneficial in reducing neuroinflammation and
dopaminergic neurodegeneration [33]. However, controver-
sy remains regarding the relationship between vitamin D sta-
tus and the risk of Parkinson’s disease. One study in Finland
showed that increased vitamin D levels could reduce the risk
of developing Parkinson’s disease [24]. A further prospective
cohort study that included a 17-year follow-up period showed
that there was no association between vitamin D levels and
the risk of developing Parkinson’s disease [34].

Most previously published studies have focused on the preva-
lence of vitamin D deficiency or insufficiency in patients with
Parkinson’s disease, but published cohort studies, case-con-
trolled studies, or randomized controlled trials (RCT) are scarce.
Findings on the association between vitamin D status and the
risk of Parkinson’s disease are inconsistent, and it is unclear
whether the degree of vitamin D deficiency affects the risk
of Parkinson’s disease. Also, although vitamin D deficiency is
more common in patients with Parkinson’s disease, it is un-
known whether vitamin D supplements and exposure to sun-
light can be regarded as an effective therapy to reduce the
symptoms of Parkinson’s disease.

Therefore, this literature review and meta-analysis aimed to
determine the association between deficiency of vitamin D,
or 25-hydroxyvitamin D, and Parkinson’s disease, and wheth-
er vitamin D from supplements and sunlight improves the
symptoms of Parkinson’s disease. The normal serum refer-
ence range for total 25-hydroxyvitamin D is 20-100 ng/mlL,
and in this study, vitamin D insufficiency was defined as a se-
rum level <30 ng/mL, and vitamin D deficiency was defined
as a serum level <20 ng/mL.

Material and Methods

Literature search

This systematic review and meta-analysis were performed ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (http://www.prisma-
statement.org).
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Table 1. The search strategy for PubMed.

Search
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Query

Idiopathic Parkinson disease [Title/Abstract] OR Parkinsonism [Title/Abstract] OR primary Parkinsonism
#1 [Title/Abstract] OR Parkinsonian disorder [Title/Abstract] OR Parkinsonian syndrome [Title/Abstract] OR Parkinson
[Title/Abstract] OR PD [Title/Abstract] OR paralysis agitans [Title/Abstract] OR lewy body [Title/Abstract]

Cholecalciferol [Title/Abstract] OR ergocalciferol [Title/Abstract] OR 25-Hydroxyvitamin D [Title/Abstract] OR

#4 25(0OH)D [Title/Abstract] OR vitamin D analog [Title/Abstract]
#5 Vitamin D [Mesh]

””””” #6  waoR#s

""""" #7  #sanp#s

A systematic literature search was performed using four elec-
tronic databases from their inceptions to May 2018m with
publications in the English language, The databases included
PubMed, Embase, the Cochrane Library, and the Web of Science.
The keywords used in the searches included: ‘vitamin D,’ ‘cho-
lecalciferol,” ‘ergocalciferol,’” ‘25-hydroxyvitamin D,” ‘25(0H)D,’
‘vitamin D analog,” and ‘Parkinson’s disease,” ‘Parkinsonism,’
‘Parkinsonian disorder,” ‘PD,’” ‘paralysis agitans,’” ‘Lewy body.’
Variations or synonyms of keywords were also used to ensure
that a comprehensive search was undertaken. Reference lists
from review articles were also viewed to ensure that no poten-
tially eligible studies were omitted. The detailed search strate-
gy for the PubMed database is presented in Table 1.

Publication selection

Two reviewers independently reviewed the titles and abstracts
of the retrieved publications. The full text of the publications
was reviewed for studies where the inclusion eligibility could
not be determined from the titles and abstracts alone. Inclusion
criteria were case-controlled studies, cohort studies, or random-
ized clinical trials (RCTs) that included patients with a diagnosis
of Parkinson’s disease and serum vitamin D (25-hydroxyvita-
min D) measurement to determine whether there was insuf-
ficiency or deficiency. Inclusion criteria also required details
of the use of vitamin D supplements and sunlight exposure,
the relative risk (RR) or odds ratio (OR), and changes in serum
vitamin D levels. The use of the Unified Parkinson’s Disease
Rating Scale (UPDRS) (Part Il) over time was an inclusion cri-
teria or could be calculated from reported data.

Published studies were excluded if they were cross-section-
al studies, case reports, review articles, animal studies, edi-
torials, or letters, or if they had incomplete data. In the latter
case, there were attempts to contact the authors to supply
missing data. Only studies selected by both reviewers were

included in the meta-analysis. Any disputes regarding publi-
cation inclusion criteria were resolved by discussion or refer-
ral to a third reviewer.

Data extraction and quality assessment of the study
methods using the Jadad scale (the Oxford quality scoring
system) and the Newcastle-Ottawa scale (NOS)

Data from the included studies were independently extracted
by two reviewers, with the use of a data extraction checklist.
Confirmation of data extraction was performed and any incon-
sistent data were verified by a third reviewer. Extracted pub-
lication data included the first author, the year of publication,
the region, the study type, the characteristics of the study par-
ticipants, including age, gender, body mass index (BMI), Hoehn
and Yahr stage, and baseline levels of 25-hydroxyvitamin D.
Exposure measurement, effect size, adjusted factors for co-
hort or case-controlled studies, and treatment methods, time
of follow-up for RCTs were also recorded. Any disagreements
were resolved by discussion until a consensus was reached.

The Jadad scale (the Oxford quality scoring system) [35] was
used to evaluate the quality of the study methods used for
RCTs, and the Newcastle-Ottawa scale (NOS) [36] was used
to evaluate the study quality for cohort or case-controlled
studies. The requirements of the Jadad scoring system in-
cluded the generation of a random sequence, allocation con-
cealment, participants, investigators and assessors who were
blinded to the study, the integrity of data, selective reporting,
and evaluation of sources of bias. The maximum score using
the Jadad scale was 7 points, and studies with a Jadad score
of >4 points were considered to be of high quality. The NOS
was mainly used to assess the methodological quality of non-
RCTs, including cohort and case-controlled studies. The max-
imum score using the NOS was 9 points, and studies with a
NOS score of >6 points were considered to be of high quality.
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Articles retrieved from electronic database (n=1965):
PubMed (n=101), Cochrane Library (n=396),
Embase (n=419), Web of Science (n=149)

Other resource
(n=0)

Articles after removing duplicates
(n=1651)

!

Articles screened by titles and
abstracts (n=1651)

Figure 1. Flow diagram of the study design and
screening of the published literature.

li Exclusion (n=1627)

Literatures assessed through
full-text reading (n=24)

Literatures included in the review

Exclusion (n=16):
t « reference papers (n=>5)
- no outcomes (n=6)
_ « inappropriate control
(n=8) (n=2)
- reviews (n=2)
«letter (n=1)

Data synthesis and statistical analysis

The primary outcomes evaluated in this review and meta-
analysis included the association between vitamin D status
and the risk of Parkinson’s disease and the effects of vitamin
D supplements on serum levels of vitamin D (25-hydroxyvi-
tamin D) and motor function for individuals with Parkinson’s
disease. The secondary outcome was the relationship be-
tween sunlight exposure and the risk of Parkinson’s disease.
The normal serum reference range for total 25-hydroxyvita-
min D is 20-100 ng/mL. In this study, vitamin D insufficiency
was defined as a serum level <30 ng/mL (<75 nmol/L), and vi-
tamin D deficiency was defined as a serum level <20 ng/mL
(<50 nmol/L) [37]. A cutoff value of 15 min/week was used to
evaluate the effects of sunlight exposure on the prevention of
Parkinson’s disease, as previously reported [38].

The RR or OR with a 95% confidence interval (Cl) were pooled
for dichotomous outcomes. Continuous outcomes measured
using the same method were summarized as the weighted
mean difference (MD) with 95% Cl. The pooled standardized
mean difference (SMD) and 95% Cl were calculated for out-
comes with different measures. The 12 statistic was used to
determine heterogeneity across studies. A fixed-effects pooled
analysis method was used to combine the results if no or low
heterogeneity existed (1%<50%), or a random-effects meta-
analysis was performed. Visual interpretation of funnel plots
and Egger’s test [39] were used to determine publication bias,
where appropriate. Sensitivity analysis, based on the quali-
ty of the study methods, was performed to test the stability
of the studies, where required. Stata version 12.0 statistical
software was used to perform the meta-analysis and to cre-
ate forest plots.

Results

Publication search results

A flow diagram of the study publication screening method is
shown in Figure 1. A total of 1,965 publications were initially
identified according to the search criteria. Then, the titles and
abstracts of 1,651 publications were reviewed after removing
duplicate studies, and 1,627 non-relevant publications were
removed. For the remaining 24 publications, the full texts were
retrieved for further assessment, and 16 publications were ex-
cluded. Finally, eight studies [28,31,32,40-44] were included
in the meta-analysis (Figure 1).

Characteristics and quality of the methods used in the
included studies

Of eight studies, three studies [28,40,44] originated from the
United States, three [31,32,43] studies were from Japan, one
study was from Canada [41], and one study was from Egypt [42].
Of the eight studies, there were five case-controlled studies
[31,40-43], one cohort study [28] and two randomized clini-
cal studies (RCTs) [32,44]. The characteristics of cohort study,
case-controlled studies, and RCTs are presented in Tables 2
and 3. All studies were considered to be of high-quality, ex-
cept for one study [43]. The details of the Newcastle-Ottawa
scale (NOS) or the Jadad scale (the Oxford quality scoring sys-
tem) for each study are shown in Tables 2 and 3.

Synthesis of meta-analysis: Vitamin D status and the risk
of Parkinson’s disease

Three studies that included 966 patients with Parkinson’s dis-
ease and 813 controls investigated the influence of low vitamin

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




META-ANALYSIS

Zhou Z. et al.:
Vitamin D and Parkinson’s disease
© Med Sci Monit, 2019; 25: 666-674

Table 2. Characteristics and methodological quality of studies for analysis of 25(OH)D level, sunlight exposure and risk of PD.

Disease

duration

(years);
Hoehn and
Yahr stage

Number; age (years);

Studies; years Male %; BMI

Types of
studies

of publication;
region

Exposure
measures

NOS

OR (95% CI) —

Adjustment

Wang et al. [40]; Case-control 478; 431; 7048; 7.6+6.24;
2014; USA 64+12; 63%; 35%; NA NA
NA
Ding et al. [41];  Case-control 388; 283; 4.5+4.8;
2013; Canada 65.749.6; 68.0+10.4; 2.1+0.6
64.4%; 37.5%;
26.5+4.9 26.5+4.9
Evatt et al. [28]; Cohort 100; 99; 7.6+5.4;
2008; USA 65.4; 65.7; NA
57%; NA 57%; NA
Abou-Raya et al. Case-control 82; 68; .5+3.5;
[42]; 2009; Egypt 67.5:7.5;  67.0£6.9; 3.0£0.5
52.4%; 52.9%;
23.9+5.7 23.5+3.8
Sato et al. [31]; Case-control 142; 99; 6.2+3.7;
2005; Japan 69.9+7.7; 68.8+3.4; 3.3+1.1
45.1%; 42.4%;
21.4+3.5 22.2+2.0
Sato et al. [43]; Case-control 71; 33; PD,: 4.142.3;
1997; Japan 69.93; 68.8+3.5; 1.86+0.48
45.1%; 21.35 51.5%; PD,: 7.1+3.8;
22.3+2.0 3.84+0.77

Exposure: E:2.64 Age, sex, and 9
E, insufficiency, (1.88,3.71)* season
25(0H)D Ep 203
<30 ng/mL; (1.58, 2.89)*
E,, deficiency, T
25(0H)D Ea: 1.35 Age, sex, race, 6
<20 ng/mL. (0.99, 1.84)** and
Non-exposure: E,: 1.80 vitamin D
e S (1.06, 3.10)*  supplemen-
250HD fation
230 ng/mL E:2.14 Race, 7
(1.21, 3.78)** APOE genotype,
E,: 2.66 sex, and
(1.19, 5.93) **  residence
Exposure: 0.08 Age, sex, BMI 7
sunlight (0.04, 0.18)**
exposure <15
min/w;
Non-exposure: T
sunlight 0.01 . Age 7
exposure (0.00, 0.02)
>15 min/w
0.05 Age 5
(0.01, 0.46)**
0.01

(0.00, 0.05)**

25(0OH)D — 25-hydroxyvitamin D; PD — Parkinson’s disease; BMI — body mass index; NOS — Newcastle-Ottawa quality assessment scale;
NA — not available. * Adjusted value from original articles; ** value calculated according to counts of events and total number of two

groups in each study. Data were presented as mean + standard deviation.

Table 3. Characteristics and methodological quality of studies for analysis of effects of vitamin D supplement on patients with PD.

Studies; Number; age Disease duration Baseline 25(0H)D )
years of Typeof (years); Male %; (years); Hoehn and Intervention
publication; studies Yahr stage
region
Suzuki et al. RCT 56; 58; 2 1.08; 22.5+¢9.7 21.1+88 Vit. D,  Placebo 12m 6
[32]; 2013; 72.5+6.6; 71.216.9; 2.27 2.16 1200 1U/d
Japan 52%; 53%;
22.7+2.8 22.8+3.7
Dubose et al. RCT 16; 14, 2.19; 2.21; 20.2+8.6 24.9+8.6 Vit. D,  Placebo 6 m 6
[44]; 2011; 64+7.9; 6517.3; NA NA 50000 plus vit. D
USA 63.3%; 68.8%; IU/w 600 IU/d
29.343.3 28.2+5.6 plus vit. D
600 1U/d

T — treatment group; C — control group; 25(0H)D — 25-hydroxyvitamin D; PD — Parkinson’s disease; BMI — body mass index; NA — not

available; vit. D — vitamin D. Data were presented as mean + standard deviation.
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Study Year a b OR (95% ) % weight
25(0H)D <30 ng/ml
Evatt 2008 2.14(1.21,3.78) 20.47
Ding 2013 - 1.35(0.99, 1.84) 38.06
Wang 2014 e 2.07(1.58,2.72) 4147
Overall (I-squared=56.9%, p=0.098) <> 1.77(1.29, 2.43) 100.00
Weights are from random effects analysis
25(0H)D <20 ng/ml
Evatt 2008 2.66(1.19,5.93) 9.47
Ding 2013 = 2.10(1.30,3.40) 3036
Wang 2014 —— 2.76(2.01,3.77) 60.17
Overall (I-squared=0.0%, p=0.646) <> 2.55 (1.98,3.27) 100.00
T T
169 5.93

Figure 2. Forest plots of the association between vitamin D insufficiency and deficiency and the risk of Parkinson’s disease. a) Forest
plots of the association between vitamin D insufficiency and the risk of Parkinson’s disease. b) Forest plots of the association
between vitamin D deficiency and the risk of Parkinson’s disease.

Weights are from random effects analysis

Study Year

Sato (a) 1997 ——
Sato (b) 1997 ——=—+

Sato 2005 ——
Abou-Raya 2009 P
Overall (I-squared=78.8%, p=0.003) <>

OR (95% Cl) % weight
0.05(0.01, 0.46) 20.27
0.01(0.00, 0.05) 18.94
0.01(0.00,0.02) 29.32
0.08(0.04,0.18) 3157
0.02 (0.00,0.10) 100.00

T
.00048

Figure 3. Forest plots of the association between sunlight exposure and the risk of Parkinson’s disease.

D level on the risk of Parkinson’s disease (Figure 2) [28,40,41].
The results of pooled random-effects analysis showed that vi-
tamin D insufficiency (serum level <30 ng/mL or <75 nmol/L)
measured as serum 25-hydroxyvitamin D, significantly in-
creased the risk of Parkinson’s disease by >1.5-fold (OR, 1.77;
95% Cl, 1.29-2.43; P<0.001) with low heterogeneity across
studies (1?=56.9%; P=0.098). Vitamin D deficiency (serum level
<20 ng/mL or <50 nmol/L) measured as serum 25-hydroxyvi-
tamin D, significantly increased the risk of Parkinson’s disease
by almost 2.5-fold (OR, 2.55; 95% Cl, 1.98-3.27; P<0.001), and
there was no study heterogeneity (12=0.0%; P=0.646). Compared
with vitamin D insufficiency, vitamin D resulted in a significant
increase in the risk of Parkinson’s disease (Figure 2).

Synthesis of meta-analysis: Sunlight exposure and the risk
of Parkinson’s disease

Three case-controlled studies involving 295 patients with
Parkinson’s disease and 200 controls evaluated the association
between exposure to sunlight and the risk of Parkinson’s dis-
ease (Figure 3) [31,42,43]. There was high heterogeneity across
studies (12=78.8%; P=0.003), and a random-effects meta-analy-
sis was performed to combine data. Exposure to sunlight (>15
min/week) was associated with a significantly reduced risk of

Parkinson’s disease (OR, 0.02; 95% Cl, 0.00-0.10; P<0.001).
Similar results were obtained for the sensitivity analysis (OR,
0.03; 95% Cl, 0.00-0.26; P<0.001) (Figure 3).

Synthesis of meta-analysis: Vitamin D supplements and
vitamin D levels in patients with Parkinson’s disease

Two RCTs involving 144 patients reported the effects of vi-
tamin D supplement on vitamin D level for individuals with
Parkinson’s disease [32,44]. There was no heterogeneity be-
tween published trials (1?=0.0%; P=0.783). In the fixed-mod-
el analysis of pooled data, the standardized mean difference
(SMD) was 1.79 (95% Cl, 1.40-2.18; P<0.001) indicating that
vitamin D supplements increased serum levels of vitamin D
(Figure 4).

Synthesis of meta-analysis: Vitamin D supplements and
motor function in patients with Parkinson’s disease

Motor function in patients with Parkinson’s disease evaluat-
ed by the Unified Parkinson’s Disease Rating Scale (UPDRS)
(Part 1) was reported in two RCTs (three intervention groups)
[32,44]. Vitamin D supplementation had no significant effect
on motor function in patients with Parkinson’s disease (MD,
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Study Year SMD (95% CI) 9% weight

Dubose 2011 — 1.67(0.77, 2.58) 19.22

Suzuki 2013 ——-— 1.81(1.37,2.26) 80.78

Overall (I-squared=0.0%, p=0.783) 1.79(1.39,2.18) 100.00
-2.58 2.58

Figure 4. Forest plots of the effects of vitamin D supplementation on vitamin D levels in patients with Parkinson’s disease.

Study Year MD (95% Cl) % weight

Dubose (a) 2011 ~0.50(=12.27,11.27) 7.73

Dubose (b) 2011 y 0.10(-12.33,12.53) 6.93

Suzuki 2013 —— ~2.10 (~5.64, 1.44) 8534

Overall (I-squared=0.0%, p=0.921) <> ~1.82(~5.10, 1.45) 100.00
125 0 125

Figure 5. Forest plots of the effects of vitamin D supplementation on motor function in patients with Parkinson’s disease.

-1.82; 95% Cl, -5.10-1.45; P=0.275) (Figure 5). There was no
heterogeneity between studies (1>=0.0%, P=0.921) (Figure 5).

Discussion

A systematic literature review identified eight studies that in-
cluded five case-controlled studies, one cohort study, and two
randomized clinical trials (RCTs). Meta-analysis was performed
to investigate the associations between vitamin D status, as
determined by the serum levels of 25-hydroxyvitamin D, sun-
light exposure, and the risk of Parkinson’s disease. The ther-
apeutic effects of vitamin D supplements on serum levels of
vitamin D and on motor function for patients with Parkinson’s
disease were also investigated in the meta-analysis. To our
knowledge, this was the first systematic review and meta-anal-
ysis to investigate the relationship between vitamin D supple-
ments and sunlight exposure and the risk of Parkinson’s dis-
ease. This meta-analysis was performed according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [45]. Keywords and their variations or syn-
onyms were used to search electronic publication databases,
and reference lists of eligible studies were also reviewed. Of
the eight identified studies that underwent quantitative data
synthesis, the Jadad scale (the Oxford quality scoring system)
and the Newcastle-Ottawa scale (NOS) were used to evaluate
the quality of the methods used in the studies.

Pooled meta-data analysis showed that individuals with vita-
min D insufficiency (serum 25-hydroxyvitamin D <30 ng/mL)
were significantly more likely to develop Parkinson’s disease
(OR, 1.77; 95% Cl, 1.29-2.43; P<0.001), and individuals with
vitamin D deficiency (serum 25-hydroxyvitamin D <20 ng/mL)
had a 2.5-fold increased risk of developing Parkinson’s disease,

when compared with control groups (OR, 2.55; 95% Cl, 1.98—
3.27; P<0.001).

Previously published studies have reported that patients with
Parkinson’s disease had reduced serum levels of vitamin D when
compared with normal individuals [46,47]. A prospective co-
hort study that included 3,173 participants with a 29-year fol-
low-up, showed that vitamin D could protect individuals from
Parkinson’s disease [24]. Also, increased vitamin D receptors
(VDRs) and enzymes involved in the formation of active vita-
min D have been reported in the substantia nigra, an area as-
sociated with the development of Parkinson’s disease [48]. The
neuroprotective function of vitamin D may occur due to the
regulation of neurotrophic factors, antioxidative mechanisms,
immunoregulation, regulation of calcium-binding protein, and
modulation of neuronal excitation [24,48,49]. Together, the re-
sults of the present meta-analysis and the findings from pre-
vious studies provide evidence that supports the beneficial ef-
fects of vitamin D in reducing the risk of Parkinson’s disease.

However, this meta-analysis showed that the use of vitamin D
supplements increased the serum levels of vitamin D (25-hy-
droxyvitamin D) in patients with Parkinson’s disease (SMD,
1.79; 95% Cl, 1.40-2.18; P<0.001), but there were no signif-
icant effects from the use of vitamin D supplements on mo-
tor function (MD, -1.82; 95% Cl, -5.10-1.45; P=0.275). In sup-
port of these findings, a previously published cross-sectional
study from Iran showed that vitamin D status was not associ-
ated with Hoehn and Yahr stage and the Unified Parkinson’s
Disease Rating Scale (UPDRS) score in subjects with Parkinson’s
disease [50].

The findings of this present study also showed that exposure
to sunlight (>15 min/week) had a significant role in preventing
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Parkinson’s disease (OR, 0.02; 95% Cl, 0.00-0.10; P<0.001).
Sensitivity analysis was also performed to determine the
quality of the methods used in the published studies, which
showed similar results (OR, 0.03; 95% Cl, 0.00-0.26; P<0.001).
One study [51] also reported that exposure to UVB was asso-
ciated with a reduced risk of developing Parkinson’s disease.
UVB is a component of sunlight, and cutaneous synthesis of
vitamin D requires UVB radiation [52], and this process has
an important role in controlling serum vitamin D levels [53].
Sunlight exposure reduces the risk of Parkinson’s disease by
increasing serum levels of vitamin D.

Because there is evidence to support that vitamin D has a po-
tential role in the prevention of Parkinson’s disease, for indi-
viduals with vitamin D insufficiency, especially those who are
at high risk of developing Parkinson’s disease, it might be im-
portant to take vitamin D supplements or to include foods in
the diet that are rich in vitamin D, including fish, liver, and nuts,
to maintain D levels within the normal range. Spending more
time outdoors to increase the duration of sunlight exposure,
might be a better option. However, in patients with established
Parkinson’s disease, currently, there is no evidence that vita-
min D should be recommended for symptom control. Therefore,
with regard to the effects of vitamin D on Parkinson’s disease,
currently, vitamin D appears to have a more important role in
the prevention rather the treatment of Parkinson’s disease

This study had several limitations. Only eight studies were iden-
tified, which included a small number of study participants and
short-term follow-up. In the study design, although compre-
hensive keywords and search strategies were used to identi-
fy relevant published studies, there was still a possibility that
some studies were missed, particularly studies with negative
results, which are more likely not to be published. There was
also the possibility of study bias, as publications were limited
to those in the English language, and the possibility of pub-
lication bias was not explored due to the limited number of
published studies. This analysis only investigated the influ-
ence of vitamin D supplements on serum concentrations of
vitamin D and on motor function for patients with Parkinson’s
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disease, an overall evaluation on effects of vitamin D supple-
ment was not made due to limited or unavailable data. Only
two RCTs [32,44] reported the effects of vitamin D supplements,
and this and other limitations may result in non-representative
results. Future large-scale, multi-center, controlled, randomized
clinical studies are required to provide evidence on the asso-
ciation between vitamin D and Parkinson’s disease, which in-
clude long-term follow-up, particularly for the effects of vita-
min D on motor function and other rehabilitation outcomes.

Conclusions

Vitamin D levels below the normal range are associated with
an increased risk of Parkinson’s disease, which increases
with decreasing levels of vitamin D. Also, sunlight exposure
(>15 min/week) is beneficial in reducing the risk of developing
Parkinson’s disease. Vitamin D supplementation is beneficial
for increasing vitamin D levels in patients with Parkinson’s dis-
ease but has no effects on motor function. Therefore, mainte-
nance of normal vitamin D levels from a combination of diet,
sunlight, and supplements are low-cost approaches to prevent
Parkinson’s disease, but vitamin D supplementation might not
be a suitable addition to the treatment regime and patient re-
habilitation in patients with established Parkinson’s disease.
Due to the few included studies in this meta-analysis, high-
quality multicenter studies are still needed to confirm the con-
clusions and to explore the effectiveness of vitamin D supple-
ments on non-motor symptoms and quality of life for patients
with Parkinson’s disease.
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