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Abstract:

In recent years, neurodegenerative diseases are a leading cause of morbidity and disability worldwide,
with Parkinson's disease (PD) being the most prevalent. Although diet and vitamin status play a
crucial role in PD, the results of vitamin D supplementation are scarce and contradictory. Therefore,
the present systematic work reviewed the available randomized controlled trials (RCTs) regarding
the role of vitamin D supplementation in patients with PD in the Pubmed, Scopus and Cochrane
databases and in grey literature. Four RCTs including 321 patients with PD were identified. VVarious
doses of vitamin D were administered (1,000- 10,000 1U/d) and different exposure outcomes were
assessed. One study reported beneficial effects of vitamin D on the Hoehn and Yahr scale (HY) and
two studies reported null effects on the Unified Parkinson's Disease Rating Scale (UPDRS).
Regarding functional tests, heterogeneous results in the timed-up and go (TUG) test were observed
in two studies. One study conducted minute walking tests at 6 and 10 minutes and found an
improvement only in the 6MWT. In conclusion, a very small number of RCTs have assessed the

effects of vitamin D supplementation on PD. Some isolated beneficial effects of vitamin D were
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reported on functional scales and tests but more studies are needed to draw safe conclusions regarding

its supplementation in PD.
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Introduction

In recent years, neurodegenerative diseases are a leading cause of morbidity and disability
worldwide, with Parkinson's disease (PD) being the most prevalent [1] and having a higher incidence
in adults above 60 years (1%) [2]. In Europe, the prevalence of PD is estimated at approximately
183/100.000 per year [3]. PD is characterized by the loss of dopamine-producing cells in the brain,
causing problems with movement and emotions [4]. The main symptoms of this disease are slowness
of movement and speed (bradykinesia), muscle rigidity, loss of automatic movements, and tremors,
in one of the upper limbs [5]. Additional symptoms of PD may include verbal and written disabilities,
communication and concentration difficulties, dysphagia, sarcopenia, depression, and short-term
memory loss [4,5]. The exact etiology of this disease is not yet fully understood but is believed that

it is a complex result of genetic and environmental factors [6].

Of the environmental factors, diet appears to play a crucial role in both reducing the risk of
developing PD and alleviating symptoms of established disease [7]. In particular, studies have
shown that flavonoids, carotenoids [5], coffee [8], as well as vegetables, fruits, fish, seeds, and nuts
may reduce the risk of developing PD [9-12]. On the contrary, frequent intake of dairy products is
associated with a greater risk of developing PD [13,14]. Moreover, vitamins may help prevent the
onset of PD. Specifically, vitamins B6, B9, and B12, through their participation in homocysteine
metabolism, prevent toxic effects on neurons [15]. In addition, vitamin C, found in abundance in the
brain, seems to enhance nerve integrity [16]. Especially, supplementing with vitamin B6 [17] and

vitamin D [18,19] could improve patient mobility.

Vitamin D belongs to fat-soluble vitamins and is often referred to as a hormone [20]. It can
be ingested through foods, such as egg yolks and fatty fish [21], or it can be synthesized in the skin
upon sun exposure [22]. Vitamin D is important for maintaining and promoting bone health [23],
muscle health, and strength, while it may reduce the risk of falls and fractures in elderly people

[23,24]. In addition, Vitamin D helps sharpen memory [25,26], improves mood [27,28], and
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promotes the normal functioning of both the nervous [29,30] and immune [31,32] systems.

Based on case-control studies, patients with established PD typically have lower serum
vitamin D concentrations than controls [33]. In addition, vitamin D deficiency (vitamin D levels
<50 nmol/L) has been shown to contribute to slowed cognitive function [34] and faster brain aging
[35,36]. Vitamin D contributes to the prevention of PD by regulating calcium ions within the
dopaminergic nerves [37]. Moreover, vitamin D deficiency increases the risk of developing PD, due
to the uncontrolled oxidant [38,39] and neurotoxic reactions in the body [40], as well as the reduced
production of the nerve growth factor (NGF) and the brain-derived neurotrophic factor (BDNF)
[41,42]. In parallel, lower vitamin D levels are related to increased circulating inflammatory

molecules, such as C-reactive protein, which may increase the risk of PD [43].

Several earlier systematic reviews have been conducted investigating the relationship between
PD and vitamin D, with the majority of them focusing on the relationship between circulating vitamin
D and the risk of PD [18,44-46]. However, the results of vitamin D supplementation are scarce and
contradictory [47]. Therefore, the present systematic review includes recent studies [48] and
summarizes the results of randomized controlled trials (RCTs), aiming to clarify the role of vitamin

D supplementation in protecting PD and managing its symptoms.

Methods

The systematic review was performed in accordance to Preferred Reporting Items for Systematic

Reviews and Meta-analyses (PRISMA) guidelines.

Search Strategy

We search randomized clinical trials related to vitamin D and PD published up to June 2023 in
research databases Pubmed, Cochrane and Scopus as well as in grey literature (International Clinical
Trials Registry Platform (ICTRP), ClinicalTrials.gov). The search strategy were applied by used the

terms: “vitamin D” and “Parkinson Disease”. These terms combined with the Boolean Operator AND,
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while for the synonymous words Boolean Operator OR was used. The search strategy was applied to
Pubmed presented in more detailed in Table 1. The research question was formed as described in

Table 2.

Inclusion and Exclusion Criteria

Studies were are eligible if they 1) were randomized controlled trials, 2) participants have diagnosed
PD, 3) compared vitamin D supplementation administered per os with placebo. The exclusion criteria
is as follows: 1) non-experimental studies, 2) reviews, 3) case reports, 4) case-series, 5) observational
studies, 6) there is no control group, 7) intervention with combined or other nutrient supplementation.

No language restriction criteria were applied.

Study and Data Collection Process

Risk of Bias and Quality Assessment

Two researchers (P.D. and G.V.) independently assessed the quality of the included RCTs by using
the Cochrane Risk of Bias (RoB 2.0) [49] and a senior researcher (S.K.P.) intervened when there was

a disagreement.

Data Extraction

In a predefined excel form two researchers extract details from each included article. In more details,
the following data were extracted: first authors’ name, study duration, journal, registry number, origin
where the study took place, ethical permission, the design of RCTs, the method of masking and
randomization, mean age, diagnostic criteria for PD, details about the intervention (number of
participants, duration, type of supplement, dosage), details about control group (number, sex

distribution), inclusion and exclusion criteria, and the outcomes.

Data Synthesis
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A narrative synthesis was performed, as it is not possible to conduct a meta-analysis due to the variety

of outcomes studied, as well as the variability of the tools used to assess functional capacity.

Results

Out of 1,447 search results, 4 studied met the inclusion criteria and were included in the systematic

review. Figure 1 presents the flowchart describing the selection of studies according to PRISMA

guidelines.

)

Identification

Screening

Identification of studies via databases and registers

Records identified from:
Databases:

Pubmed n = 363
Scopus n = 1021
Cochrane n =63

Y

Records screened
(n=1175)

Reports assessed for eligibility
in=98)

Studies included in review
(n=4)

v

Records removed before
SCreening:

Duplicate records removed (n =
272)

Records excluded after
evaluation the titte and abstract
(n=1077)

Reports excluded:
Case-control studies (n = 22)
Other outcome of interest (n =
25)

Animal studies (n=13)
Cohort studies (n = 17)
Review (n=8)

Letter to the Editor (n = 9)

In vitro (n =2}

Case study (n = 2)

Editorial (n = 2)

Retracted (n = 4)

Figure 1. PRISMA flowchart [50] of the selection process of the retrieved studies.

Four double-blind randomized controlled trials including 321 patients with PD were identified

[39,48,51,52]. The studies were conducted in Japan [39], Taiwan [51], Poland [48], and Iran [52]
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(Table 3). The mean age of the patients ranged from 44 to 72 [39] (Table 4). Different doses of
vitamin D were administered ranging from 1000-1200 1U/d or higher (40001U/d) to 10,0001U/d, and
one of them customized the dosage to the participants’ BMI [39,48,51,52] (Table 5). Most of the
studies (three out of four) had a duration of about 3-4 months [48,51,52] and one of them lasted one
year [39]. The studies focused on different outcomes, mainly on the progression of the disease,
balance, strength, and the duration of dyskinesia [39,48,51,52]. A more detailed presentation of

reported outcomes follows.

Vitamin D levels

Supplementation with vitamin D increased 25(OH)D [39,48,51] and 1,25(OH)D [39,48] in all studies
that measured vitamin D status. Regarding other vitamin D metabolites also found increases in

24,25(0H)2D3 and epi-25(0OH)D3 [48].

Cognitive impairment

Only one study assessed the effects of vitamin D on cognitive impairment with the use of a Mini-

Mental State Examination (MMSE) [39]. No difference in the MMSE was documented [39].

Questionnaires on functional capacity

Two studies reported outcomes regarding several scales of PD [39,52]. One study found that vitamin
D prevented the deterioration of the patients using the Hoehn and Yahr scale (HY) [39]. No changes
were reported regarding the Unified PD rating scale (UPDRS) [39,52]. However, Suzuki et al.
detected a gene interaction between (vitamin D receptor) VDR Fokl genotypes and vitamin D effects

on HY, UPDRS, and UPDRS part Il scales [39]. Moreover, differences in The Parkinson's Disease
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Questionnaire (PDQ39) activities of daily living and emotional well-being were documented in one

study [39].

Functional tests

The timed up-and-go (TUG) test was improved after vitamin D supplementation in one study [48],
while in another one no significant change was observed [51]. Moreover, in one study, vitamin D
supplementation improved the 6-minute walking test (6MWT) score, but not the 10-minute walking

test (10MWT) [48].

Balance and falls

Only one study reported results on balance and falls and found no significant differences (with an

improvement in balance in intermediate measurements) [51].

Risk of bias of the included RCTs

Table 6 summarized the risk of bias of the included studies. Only one study had no concerns about
the overall risk of bias. All studies are deemed with low risk of bias regarding the random sequence
generation, allocation concealment, blinding of outcomes interest, and selective reporting. Three

studies raised concerns about the blinding of participants and personnel.

Discussion

In the present work RCTs on vitamin D supplementation and Parkinson’s disease were

systematically reviewed. A relatively small number of RCTs (n=4) have been conducted in this field,
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with heterogeneous study design and outcome variables [39,48,51,52]. The supplementation with
vitamin D led to increases in its serum levels [39,48,51]. Regarding questionnaires on functional
capacity only one study reported beneficial effects of vitamin D on the HY scale [39], while no
changes were documented in the UPDRS disease scale [39,52]. Regarding functional tests,
heterogeneous results in the TUG were observed [48,51], and improvements were detected in the 6-

minute walking test (6MWT), but not the 10-minute walking test (LOMWT) [50].

Although several doses of vitamin D were tested (from 1000 IU to 10,000 IU), circulating
vitamin D increased in three studies [39,48,51], while in one study vitamin D status was not assessed
after intervention [52]. Such an effect is expected since supplementary doses of vitamin D are
administered. Indeed, as previously reported by our group, the supplementation of vitamin D even in
lower doses (200- 300 IU) leads to increases in serum vitamin D levels in a different pathological

context [53].

Along with the interpretation of the obtained results several issues should be considered, such
as the dosing of vitamin D, participant’s age, and country of origin. It is noted that by-design studies
running functional tests [48,51] used higher doses of vitamin D (4,000- 10,000 1U/d) than studies
assessing functional status with the use of questionnaires (1,000- 1,200 1U) [48,51]. The highest dose
of vitamin D was not accompanied by better results. On the contrary, in the study of Hiller et al,
which used 10,000 I1U/d, the TUG test remained unchanged [51], while in the study of Bytowska
using lower levels according to BMI (and up to 6,000 1U/d) favorable effects on the TUG test and
6MWT were reported [48]. It is however obvious that further studies are needed to draw safer

conclusions regarding the dosing of vitamin D and its effects on PD.

The age of subjects may play a role in the outcomes achieved. In one study balance measures
were improved in younger patients (52-66 y), while in the total sample, no significant differences

were documented [51]. However, the effects of vitamin D supplementation on UPDRS were non-
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significant both in the study by Suzuki et al. and that of Habibi et al., despite the differences in age
and baseline UPDRS (mean age 72, baseline UPDRS 34 vs mean age 44 y, baseline UPDRS 20.52)
[39,52]. In parallel, age may be also related to the stage of PD, which may be an additional
confounding factor. For example, in the study of Suzuki et al., some patients were in the advanced
stage and others in an earlier stage of PD, which may render the identification of potential changes
difficult [39]. Older subjects have usually higher rates of vitamin D deficiency due to lower exposure
to sunlight and lower capacity of vitamin D hydroxylation [54]. However, others have shown that
elevated vitamin D levels are associated with lower severity of PD, but not with disease duration or

age [18].

The country of origin of participants should also be considered. The studies were mostly
conducted in Asia (Japan [39], Taiwan [51], and Iran [52]) and one study in Europe (Poland [48]).
This means that the results may not be generalized to the US or other European populations. In fact,
several gene interactions with vitamin D and health outcomes have been reported in the studies
assessed [39], which may be population-relevant.

Despite the low number of RCTs identified, some studies showed a beneficial effect of
vitamin D supplementation on some functional tests in PD, confirming the emerging hypothesis of
vitamin D implication in the nervous system. Indeed, vitamin D crosses the blood—brain barrier and
can directly affect the brain [55]. In parallel, vitamin D has systematic [40] and in-situ anti-
inflammatory effects [56,57], which may explain its potential preventive action in brain aging.
Moreover, it increases neurotrophin [58], NGF, and BDNF [41,42]. In animal studies vitamin D
administration protected against 6-hydroxydopamine-induced neurotoxicity damage [72] and
increased glutathione levels in the central nervous system [59].

Last but not least, several limitations should be considered in the studies included. Dosing of
vitamin D may be suboptimal in some cases and compliance problems may be present [39].

Moreover, the statistical power of some studies was low [51]. The levels of other vitamins and
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background nutritional habits were not assessed. For example, it is known that especially B vitamins
may affect PD [15], while dietary patterns may have beneficial effects through the modification of

oxidative stress and inflammatory milieu [60].

Regarding gene-phenotype interactions, several polymorphisms affect circulating vitamin D
[82]. Indeed, polymorphisms regarding cholesterol synthesis, hydroxylation, vitamin D receptor, and
vitamin D transport can have such an effect [19]. However, only one study assessed the potential
interaction of genetic makeup with PD related scales, introducing a field that needs more attention

[39].

In conclusion, a very small number of RCTs with a relative short supplementation period,
have assessed the effects of vitamin D supplementation on PD, and different exposure outcomes were
assessed, which renders comparisons between studies even more difficult. Although circulating
vitamin D generally increased, some isolated beneficial effects of vitamin D were reported on
functional scales (HY but not UPDRS) and in some (TUG, 6MWT) but not all functional tests
(10MWT). Further studies are needed to solve the puzzle of vitamin D supplementation in patients

with PD.

Abbreviations: ABC: Activities-specific Balance Confidence; EQ-5D: EuroQol 5 Dimension; hs-
CRP: high-sensitivity C-reactive protein; HY stage: Hoehn and Yahr scale; MMSE: Mini-Mental
State Examination; MWT: min walk test; NHP: Nottingham health profile; PD: Parkinson disease;
PDQ39: The Parkinson's Disease Questionnaire; PL: placebo; POMS: Profile of Mood States; SOT:
Sensory Organization Test; TUG test: timed up and go test; UPDRS IV sub score: UPDRS:

Unified Parkinson's disease rating scale

Funding source: There was no funding source for this study.
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396  Table 1. Search strategy in Pubmed.

#1 "Parkinson Disease"[Mesh] OR "Parkinson Disease"[tiab] OR "Parkinson's Disease"[tiab] OR
Parkinson*[tiab] OR Parkinsonism[tiab]

#2 "vitamin D" [Mesh] OR "vitamin D"[tiab] OR "vitamin D2"[tiab] OR "vitamin D3"[tiab] OR
"1,25 dihydroxycholecalciferol”[tiab] OR ergocalciferol*[Mesh] OR ergocalciferol*[tiab] OR
calcitriol[tiab] OR "25-Hydroxyvitamin D"[tiab] OR "1-alpha hydroxyvitamin D3"[tiab] OR
cholecalciferol[Mesh] OR cholecalciferol[tiab] OR alfacalcidol[tiab] OR doxercalciferol[tiab] OR
"1,25-dihydroxyvitamin D3"[tiab] OR "25 hydroxycholecalciferol"[tiab] OR calcifediol[tiab]

#1 AND #2

397

398



399  Table 2. Research question formulated as PICO.

P (Population)
Patients with diagnosed PD

I (Intervention)
Vitamin D per os administration as supplement

C (Comparator)
Placebo

O (Outcome)
- Increase vitamin D serum levels
- Improve physical function

400



401  Table 3: Characteristics of the included studies.

Study
name

Study
duration

Publication
year

Journal

Origin

Registry

Ethical
permission

RCT
design

Randomization

Masking

Suzuki et al
[39]

12 months

2013

Am J Clin
Nutr

Tokyo,
Japan

UMIN Clinical
Trials Registry

(UMINO000001841)

Ethics
committee of
Jikei University
School of
Medicine and
the clinical
study committee
of the
Katsushika
Medical Center

parallel

yes

double-
blind

Hiller et al
[51]

16 weeks

2018

PLoS ONE

Taiwan

ClinicalTrials.gov:
NCT01119131

Portland VA
Medical Center
(IRB #2393),
OHSU
institutional
review board
(IRB#6482)

parallel

yes (Those with
<20 ng/ml
baseline vitamin
D (25-OH)
levels were
enrolled into the
vitamin D
supplementation
arm)

double-
blind

Bytowska et
al [48]

12 weeks

2023

IIMS

Poland

Clinical Trials.gov
(NCT04768023)

Independent
Bioethics
Committee for
Scientific
Research at the
Medical
University of
Gdansk
(NKBBN/522-
648/2019)

parallel

yes

double-
blind

Habibi et al
[52]

3 months

2018

Neurol Int.

Iran

Ethical
Committee of
the Iran
University of

parallel

yes

double-
blind
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Table 4. General characteristics of participants and inclusion/exclusion criteria of patients in the randomized controlled trials.

Disorders and
Stroke
(NINDS)
criteria

Study name | Patients | Men | Age Parkinson Interventio | Control | Inclusion/Exclusion Criteria
(n) (n) mean =SD Criteria n (n) (n)
(¥)
Suzukietal | 114 60 72.5+ 6.6 criteriaof the | 55 57 Inclusion:
[39] UK 1) PD diagnosis by >2 neurologists
Parkinson’s 2) age 45-85y, and
Disease 3) not having first- or second-degree relatives with PD.
Society Brain
Bank Exclusion:
1) history of stones in the urinary tract
2) vitamin D supplements
3) Osteoporosis or bone fractures
4) severe dementia or depression
5) severe psychosis and hallucinations, or
6) being capable for participation in the study by the neurologists
Hiller et al 58 68 66.57+ 8.07 | National 28 30 Inclusion:
[51] Institute of 1) diagnosis of PD (NINDS criteria)
Neurological 2) Ability to ambulate 50 feet without the assistance of another

person.

3) Ability to cooperate with balance testing.

4) 50 + years of age.

5) Serum Vitamin D (25-OH): 21- 39 ng/ml.

6) Balance dysfunction indicated by: a score of >1 on the pull test
or 1 fall in last month or 2 near falls in the last month.

Exclusion:

1) Significant cognitive deficits as defined by a Mini Mental
Status Exam (MMSE) of <25.

2) Other neurological or orthopedic deficit that impairs gait or
cognition (e.g. stroke, fracture).

3) History of renal stones or renal disease (history of renal
transplant, currently on dialysis, or a creatinine > 1.5 at baseline
testing)




405

406

407

408

409

410

4) Vitamin D supplementation of > 600 1U a day
5) Hypercalcemia (based on ionized calcium level).
6) Known untreated tuberculosis infection.

7) Pregnancy

8) Soy Allergy

Bytowska et | 29 19 vitD group 13 16 Inclusion:
al [48] 63+9 1)Willingness to participate
PL Group 2) subthalamic nucleus deep brain stimulation treatment
66 + 6 3) no previous supplementation of vitamin D3
4) no serious comorbidity (tumor, cerebrovascular disease
5) cardiorespiratory compromise, forced dementia, etc.)
Exclusion:
not meeting the inclusion criteria
Habibi et al 120 NR VitD group 60 60 Inclusion:
[52] 44.02+13.2 1) patients with Parkinson disease that have levodopa induced
PL group dyskinesia
49.9+11.4 2) written informed consent

Exclusion:
NOT meeting the inclusion criteria

NR: Not reported; PL: Placebo; SD: Standard deviation




411 Table 5. Intervention details and outcomes of the included studies.

Study Intervention Comparator Duration | Timepoints of | Primary Secondary Results
name Details Details measurements | Outcomes Outcomes
Suzuki et | 1200 IU/d vit D3 | Placebo 12 months | t=0, t=12 HY stage, PDQ39, EQ-
al [39] (identical tablets months UPDRS, UPDRS | 5D Vitamin D3 prevented the deterioration of
without vitD) part Il, MMSE the HY stage in patients [difference
between groups: P = 0.005; mean + SD
change within vitamin D3 group: +0.02 £
0.62 (P = 0.79); change within placebo
group: +0.33 £ 0.70 (P = 0.0006)].
No difference in UPDRS and MMSE.
Difference in PDQ39 activities of daily living
Difference in PDQ39 emotional well-being
Interaction of VDR Fokl genotypes with vitD3
on changes in the HY stage (P-interaction =
0.045), UPDRS total (P-interaction = 0.039),
and UPDRS part Il (P-interaction = 0.021).
Hilleret | vitamin D Placebo 16 weeks | t=0, t=16 Composite score | Gait measures | 1 25(OH)D (T0:30.2 ng/ml T1: 61.1 ng/ml)
al [51] (10,000 1U/day), | (identical tablets weeks of static and (iMOBILITY
Ca 1000 mg/d without vitD+ dynamic balance | device, TUG no improvement in balance (SOT)
Ca) test)
(Sensory improvement in the SOT of 10.6 points in ages
Organization Test | Strength 52-66 vs ages 67-86 of the cohort (p = 0.012)
using dynamic measures (leg
posturography) flexion and no differences in secondary outcomes
extension
using a
dynamometer)
Falls
Quality of life
(NHP, PDQ-




39, ABC,

POMS)
biochemical
measurements
25(0OH)D, Ca,
P, Creatine
Bytowska | for BMI under placebo 12 weeks | t=0, t= Functional Tests | C-Reactive 1 25(0OH)D3 after vitamin D3 supplementation
etal [48] | 25, 4000 vegetable oil 6weeks, t= (TUG, 6 MWT, Protein in the VitD group
International (identical bottles) 12weeks 10 MWT)
Units (1U)/day; no changes in the serum concertation of
for BMI between Vitamin D 25(0OH)D2 in both groups at TO and T2
25 and 30, 5000 Metabolites
IU/day; and for 25(0CH)D3 124,25(0H)2D3 in the VitD group (T0: 2.09 +
BMI over 30, 25(0CH)D2 1.09 ng/mL vs T2: 2.77 + 1.02 ng/mL) (p <
6000 1U/day 24,25(0H)2D3 0.05) no change in the PL group (TO: 1.67

epi-25(0H)D3

1.15 ng/mL vs T2: 1.32 + 0.81 ng/mL)

1 epi-25(0OH)D3 in the VitD group (T0: 1.03 £
0.37 vs T2: 1.67 £ 0.70 ng/mL (p < 0.005)

no change in PL group (TO: 0.83 + 0.54 ng/mL
vs T2 0.79 £ 0.54 ng/mL)

positive correlation between 25(0OH)D3 and
24,25(0H)2D3 (p < 0.0001)

positive correlation between 25(0OH)D3
concentration and epi-25(OH)D3 (p < 0.0001)

| TUG in the VitD group after
supplementation (T0: 13.69 + 5.10 sec vs
T1:11.96 + 3.44 sec and T2: 11.46 + 3.80 sec)
(p <0.05)

no changes in TUG in the PL group (TO: 10.65
+2.44 sec, T1:10.56 + 2.73 sec, T2: 9.86 +
1.63 sec).




16 MWT in VitD group (TO vs T2) (TO:
316.68 £ 93.45m, T1:339.99 £ 91.43 m, T2:
350.29 £ 96.28 m) (p < 0.05)

no changes in the PL group (T0:381.23 =
74.74 m, T1:379.99 + 56.5 m, T2:377.61 +
75.6 m)

No change in 10 MWT at all three time points
in the PL and the VitD group, respectively
(T1:9+1.59 sec, 10.39 + 3.24 sec; T2:8.46 £
1.00 sec, 9.88 + 2.38 sec; T3:8.66 + 1.43 s,
9.31 +2.47 sec

no changes in hs-CRP in both groups

Habibi et
al [52]

vitamin D3
(1000 1U/d)

placebo

3 months

t=0, t=3
months

UPDRS part IV
and UPDRS

no effects of vitD in improvement of levodopa
induced dyskinesia (UPDRS and UPDRS part
V)

positive correlation of the duration of
dyskinesia (years) with severity in both groups

positive correlation of the duration of
dyskinesia (years) with dyskinesia duration per
day in vitD group.

Age, sex, duration of dyskinesia and Parkinson
disease (years) had no effect on the treatment
outcomes

412 ABC: Activities-specific Balance Confidence; EQ-5D: EuroQol 5 Dimension; hs-CRP: high-sensitivity C-reactive protein; HY stage: Hoehn and Yahr scale; MMSE: Mini-
413 Mental State Examination; MWT: min walk test; NHP: Nottingham health profile; PD: Parkinson disease; PDQ39: The Parkinson's Disease Questionnaire; PL: placebo; POMS:
414 profile of Mood States; SOT: Sensory Organization Test; TUG test: timed up and go test; UPDRS IV sub score: UPDRS: Unified Parkinson's disease rating scale
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416

417

418

419

420

421

Table 6. Risk of bias of the included RCTs

Suzuki et al., Bytowska et Hiller et al., Habibi et al.,
2013 [39] al., 2023 [48] 2018 [51] 2018 [52]
Random sequence generation @ @ @ @
(Selection bias)
Allocation concealment (Selection ) @ @ &)
bias)
Blinding of participants and @ 2] S) @
personnel (Performance bias)
Blinding of outcomes assessment @
(Detection bias)
Incomplete outcome data (Attrition @ 7] 2] @
bias)
Selective reporting (Reporting bias) @ 57 2] @
Other bias 2]

@ vyes, ® no, o non-answer
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