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Abstract Inconsistent results regarding the association

between statin use and risk of Parkinson’s disease (PD) have

been reported. We therefore examined the association

between statin use and risk of PD by conducting a detailed

meta-analysis of all observational studies published regard-

ing this subject. A literature search in the PubMed database

was undertaken through April 2012, looking for observa-

tional studies evaluating the association between statin use

and risk of PD. Combined relative risk (RR) estimates and

95 % confidence intervals (CIs) were calculated using a

random-effects model. Subgroup and sensitivity analyses

were also performed. A total of eight (five case–control and

three cohort) studies contributed to the analysis. There was

heterogeneity and publication bias among the studies. Statin

use significantly reduced the risk of PD by 23 % (RR 0.77,

95 % CI 0.64–0.92, p = 0.005). However, long-term statin

use did not significantly affect the risk of PD (RR 0.72, 95 %

CI 0.45–1.13, p = 0.15). Stratification of studies by age and

smoking status significantly affected the final estimate (age-

adjusted RR 0.61, 95 % CI 0.42–0.86, p = 0.005; age-

not-adjusted RR 0.93, 95 % CI 0.83–1.05, p = 0.23 and

smoking-adjusted RR 0.60, 95 % CI 0.42–0.87, p = 0.007;

smoking-not-adjusted RR 0.92, 95 % CI 0.82–1.02,

p = 0.10). Furthermore, sensitivity analysis confirmed the

stability of results. Our meta-analysis supports the hypothesis

that statin use reduced the risk of PD. Nevertheless, more

randomized clinical trials and observational studies are

required to confirm this association with underlying bio-

logical mechanisms in the future.
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Introduction

Parkinson’s disease (PD) is a neurological disorder char-

acterized by the progressive loss of dopaminergic neurons

in the substantia nigra pars compacta [1]. The etiology of

PD is suggested with the involvement of oxidative stress,

neuroinflammation, and mitochondrial dysfunction [2].

Primary or idiopathic PD is the second most common late-

onset neurodegenerative disease, characterized by several

clinical features such as resting tremor, rigidity, akinesia,

depression, and sleep disturbances. The prevalence of idi-

opathic PD in industrialized countries has been reported to

be 0.3 % in the entire population and 1 % in those older

than 60 years; in individuals aged 80 years or above, the

prevalence can be higher than 4 % [3].

Statins [3-hydroxy-3-methyl glutaryl-coenzyme A

(HMG-CoA) reductase inhibitors] are a therapeutic class of

drugs that reduce plasma cholesterol levels and used to

manage and prevent coronary heart disease. As such,

statins are among the most commonly prescribed drugs

worldwide [4]. Recently, statins have been found to have

potent anti-inflammatory and immunomodulating effects,

which led to the hypothesis that statins could be neuro-

protective agents [5–7]. Additionally, statins have been

shown to increase striatal dopamine concentration in ani-

mal models of PD [8]. Several observational studies have

been conducted to examine the association between statin

use and PD risk and have generated mixed results [9–16].

Some randomized clinical trials (RCTs) on statin use in

coronary heart disease [17–19] reported incidence of PD,

but most of the results were ambiguous because of inade-

quate power.
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Until now, no definite conclusion on this topic has been

made. In the present meta-analysis, we examined the statin

use in relation to risk of PD using epidemiological studies

published up to April 2012. RCTs have been excluded,

since to the best of our knowledge, there were no RCTs

published specifically related to this topic.

Materials and methods

Search strategy

Two authors independently performed the literature search

by using the PubMed database up to April 2012. Search

terms included: ‘‘statin(s)’’ or ‘‘HMG-CoA reductase

inhibitor(s)’’ or ‘‘lipid-lowering agent(s)’’ or ‘‘atorvastatin’’

or ‘‘cerivastatin’’ or ‘‘fluvastatin’’ or ‘‘lovastatin’’ or

‘‘mevastatin’’ or ‘‘pravastatin’’ or ‘‘rivastatin’’ or ‘‘rosu-

vastatin’’ or ‘‘simvastatin’’ and ‘‘PD’’ with limits, humans

and English. The titles and abstracts of the resulting articles

were examined to exclude irrelevant studies. The full texts

of the remaining articles were read to extract information

on the topic of interest. Bibliographies and citation sections

of retrieved articles were also reviewed for additional

pertinent studies.

Inclusion and exclusion criteria

The studies considered in this meta-analysis were all

observational (case–control or cohort) studies that evalu-

ated exposure to statins and risk of PD. Any discrepancies

between authors on inclusion of a study were resolved by

joint evaluation of the manuscript. Articles were excluded

if they were reviews, letters to the editor without original

data, editorials, and or case reports. When there were

multiple publications from the same population, only data

from the most recent report were included in the meta-

analysis and the remaining were excluded [20].

Data extraction

Two authors independently reviewed the primary studies to

assess the appropriateness for inclusion in the present

meta-analysis and data were extracted. The following

information was obtained from each study: (1) first author’s

last name, year of publication, and country of the popula-

tion studied, (2) study design, (3) number of subjects and

number of PD cases, (4) effect estimates and 95 % confi-

dence intervals (CIs), (5) assessment of statin usage, (6) PD

assessment, (7) control for confounding factors by match-

ing or adjustments, if applicable. We extracted the effect

estimates that reflected the greatest degree of control for

potential confounders.

Quality assessment

The quality of each study was assessed independently by

two authors by using the Newcastle-Ottawa Scale (NOS)

[21]. The NOS consists of three parameters of quality:

selection, comparability, and outcome (cohort studies) or

exposure (case–control studies). The NOS assigns a max-

imum of four points for selection, two points for compa-

rability, and three points for exposure/outcome. Therefore,

nine points reflects the highest quality, seven to eight

points reflects medium quality, and greater than or equal to

six points reflects low quality. Any discrepancies were

addressed by a joint revaluation of the original article with

the third author.

Data synthesis and analysis

Because the risk of PD is low, the relative risk (RR) in

prospective cohort studies mathematically approximates

the odds ratio [22], therefore permitting the combination

of cohort and case–control studies. Publication bias was

assessed using Begg and Mazumdar adjusted-rank cor-

relation test and Egger regression asymmetry test [23,

24]. To assess the heterogeneity among studies, we used

the Cochran Q and I2 statistics: for the Q statistic, a

p value \0.10 was considered statistically significant for

heterogeneity; while for I2, a value [50 % is considered

a measure of heterogeneity [25]. The primary measure

was combined RR of PD from individual studies calcu-

lated using the random-effects model (DerSimonian and

Laird method), which accounts for heterogeneity among

studies. Tests for interaction using summary estimates

were performed using the method described by Altman

and Bland [26]. All analyses were performed using

STATA version 11.0 (StataCorp, College Station, TX).

All statistical tests were two-sided and p \ 0.05 was

considered statistically significant, except as otherwise

specified.

The primary outcome in this meta-analysis was reported

as RR with 95 % CI of developing PD in statin users. To

assess any link between (1) long-term statin use and risk of

PD and (2) individual statin use and risk of PD, we used the

available data from studies that reported RR estimates for

these particular associations.

Subgroup analyses were performed according to (1)

study design (case–control and cohort), (2) adjustment for

age, (3) adjustment for smoking, and (4) quality of studies

to examine the impact of these factors on the association.

To evaluate the stability of our results, we also performed a

one-way sensitivity analysis. The scope of this analysis was

to evaluate the influence of individual studies by estimating

the average RR in the absence of each study. The present

work was performed as per the guidelines proposed by the
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meta-analysis of Observational Studies in Epidemiology

group [27].

Results

Search results

A total of 43 articles were identified during the initial

search (Fig. 1). After reviewing the titles and abstracts of

these articles, 31 were found to be ineligible as they were

reviews, clinical trials, case reports, letters, and others that

did not met the inclusion criteria. After reviewing the

reference list of the remaining 12 articles, one more article

was considered. After detailed evaluation of the remaining

13 full-text articles, five were excluded for reasons as

described in Fig. 1.

Study characteristics

Eight relevant studies were identified, consisting of five

case–control and three cohort studies involving a total of

1,472,938 subjects including 15,102 PD cases. Participants

were followed-up for 2–14 years and the studies have been

published between 2007 and 2012.

Five case–control studies [9, 12–15] were published

between 2007 and 2010. These studies included 43,526

participants, followed-up for 2–11 years, reporting a total

of 1,008 statin users among 10,760 PD cases and 3,610

statin users among 32,766 controls. Of the five, three

studies reported a negative association between statin use

and risk of total PD [9, 14, 15]. Statin use was ascertained

by review of medical records in four studies [9, 12, 13, 15]

and by self-report in one study [14]. Of them, two studies

[9, 14] were conducted in North America, two [12, 15] in

Europe, and one [13] in South America.

Three cohort studies [10, 11, 16] of statin use and risk of

PD were published between 2007 and 2012. These inclu-

ded 1,429,412 participants who were followed-up for

2–14 years, reporting a total of 2,828 incident PD cases

among 8,540,006 statin users. Two studies reported a

negative association between statin use and risk of total PD

[10, 16]. Statin use was ascertained by review of medical

records in one study [10], using database in one study [11],

and self-reported in one study [14]. All of these cohort

studies were conducted in North America.

In a total of eight studies, six [10–14, 16] were popu-

lation-based and two [9, 15] were hospital-based studies.

All studies evaluated exposure to statins and the risk of PD.

Four studies [9, 10, 14, 16] were controlled for potential

8 articles included in the meta-analysis

12 full text articles retrieved for detailed 

evaluation

1 full text article added after reviewing 

reference list of retrieved articles

5 articles excluded

-4 exposure was not statin use

-1 study reported on similar population

31 articles excluded

-21 review articles

-3 clinical trials

-2 case reports

-2 letters

-2 not relevant based on title reading

-1 not relevant based on abstract

43 articles identified from PubMed and 

reviewed

Fig. 1 Flowchart representing

the selection process
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confounding factors like age and smoking and only one

study [9] was controlled for low-density lipoprotein cho-

lesterol (LDL-C) by matching or adjustment. The charac-

teristics of the selected studies are presented in Table 1.

Further, three studies [14–16] reported RR estimates on

the association between long-term statin use and risk of PD

(Table 2), and three studies [11, 12, 14] presented an

examination of individual statin use in relation to risk of

PD (Table 3).

Quality assessment results

According to the NOS, we found that one [12] study to be

of high quality, five [9, 10, 14–16] of medium quality, and

two [11, 13] of low quality.

Main analysis

Publication bias was observed among studies using p value of

the Begg’s (p = 0.03) and Egger’s (p = 0.01) tests and also

the funnel plot did not have an expected funnel shape (Fig. 2).

Because of significant heterogeneity (pheterogeneity = 0.009,

I2 = 63 %) was observed, a random-effects model was

chosen over a fixed-effects model. A combined analysis of

eight studies found statin use to be associated with significant

reduction in the risk of PD (RR 0.77, 95 % CI 0.64–0.92,

p = 0.005). Both the multivariable adjusted RR estimates

with 95 % CIs of each study and combined RR are shown in

Fig. 3.

Subgroup and sensitivity analyses

We found a significant inverse association between statin

use and risk of PD among case–control studies (RR 0.77,

95 % CI 0.62–0.96, p = 0.02) as well as cohort studies

(RR 0.74, 95 % CI 0.57–0.97, p = 0.02) as presented in

Table 4. The combined RR of the studies that were able to

control for age and smoking depicted a significant inverse

association (RR 0.61, 95 % CI 0.42–0.86, p = 0.005 and

RR 0.60, 95 % CI 0.42–0.87, p = 0.007, respectively) than

studies that were not adjusted (RR 0.93, 95 % CI

0.83–1.05, p = 0.23 and RR 0.92, 95 % CI 0.82–1.02,

p = 0.10, respectively). Subgroup of studies having med-

ium quality presented significant inverse association (RR

Table 1 Studies included in the meta-analysis

Author (country)a Study period

(years)

Study

population

PD

cases

Description

of statin used
Definition

of statin use

Number of

variables

adjustede

Quality

rating

(NOS)

Huang et al. [9] (USA)b 2 (2002–2004) 236 124 A Medical records 1–3, 21 7

de Lau et al. [10] (USA)c 14 (1990–2004) 10,275 1,008 A Medical records 1–3 8

Wolozin et al. [11] (USA)c 2 (2003–2005) 1,290,071 2,690 B Database 7, 11, 14 6

Becker et al. [12] (UK)b 11 (1994–2005) 7,274 3,637 B Medical records 3, 8, 12, 13, 15 9

Samii et al. [13] (Columbia)b 6 (1997–2003) 23,780 4,756 B Medical records 2, 22 6

Wahner et al. [14] (California)b 6 (2001–2007) 654 312 A Self-reported 1–6 7

Ritz et al. [15] (Denmark)b 5 (2001–2006) 11,582 1,931 A Medical records 1, 2, 7, 9 8

Gao et al. [16] (USA)c 12 (1994–2006) 1,290,066 644 A Self-reported 1, 3, 8, 10, 16–20 7

PD Parkinson’s disease, NOS Newcastle-Ottawa Scale, NR not reported
a Country of study conducted
b Case–control studies
c Cohort studies
d A, ever use of statins versus never use of statins; B, current use of statins versus no current use of statins
e 1, age; 2, sex; 3, smoking; 4, race; 5, education; 6, country; 7, Charlson index; 8, body mass index; 9, chronic obstructive pulmonary disease;

10, cardiovascular diseases; 11, dementia; 12, co-morbidities; 13, use of fibrates; 14, use of neuroleptics medication; 15, use of hypertension

drugs; 16, use of ibuprofen; 17, use of caffeine; 18, use of lactose; 19, use of alcohol; 20, physical activity; 21, low-density lipoprotein

cholesterol; 22, use of antipsychotics

Table 2 Studies evaluating the association between long-term statin

use and risk of Parkinson’s disease

Study RR 95 % CI Total PD

cases

Definition of ‘‘long-

term’’ statin usec

Wahner et al.

[14]a
0.37 0.18–0.78 11 C5 years

Ritz et al. [15]a 1.06 0.77–1.48 45 [5 years

Gao et al. [16]b 0.7 0.53–0.93 NR C6 years

RR relative risk, CI confidence interval, PD Parkinson’s disease,

NR not reported
a Case–control studies
b Cohort studies
c Definition of long-term statin use was taken from original research

articles
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0.60, 95 % CI 0.42–0.86, p = 0.005) than studies having

low quality (RR 0.93, 95 % CI 0.81–1.07, p = 0.35)

(Table 4). Tests for interaction were found to be non-sig-

nificant for subgroups of study design (pinteraction = 0.82)

and significant for subgroups of age and smoking adjust-

ments (pinteraction = 0.03, for both).

To test the robustness of our findings, we also carried

out a sensitivity analysis. To do this, the overall effect size

was calculated by removing one study at a time. This

analysis showed no significant variation in combined RR

on excluding either outlier (very low sample size study) de

Lau et al. [10] (RR 0.78, 95 % CI 0.65–0.96) or any of the

other studies (RR was between 0.71 and 0.84), confirming

the stability of the present results.

Results for long-term statin use

Long-term statin use (mostly C5 years of use) did not

significantly affect the risk of PD (RR 0.72, 95 % CI

0.45–1.13, p = 0.15). However, there was high evidence of

heterogeneity among these studies (pheterogeneity = 0.02,

I2 = 75 %) (Table 4). The multivariable-adjusted RR

estimates with 95 % CIs of each study and combined RR

are shown in Fig. 4.

Results for individual statin use

We found that among individual statins, only atorvastatin,

lovastatin, and simvastatin decreased the risk of PD non-

significantly (RR 0.72, 95 % CI 0.45–1.13, p = 0.15; RR

0.61, 95 % CI 0.16–2.35, p = 0.47 and RR 0.60, 95 % CI

0.35–1.03, p = 0.06, respectively) while pravastatin

showed significant increased risk of PD (RR 2.22, 95 % CI

1.06–4.66, p = 0.03) (Table 4).

Discussion

In the past decade, the role of statins in the development of

PD has been increasingly understood. With the present

combined analysis of currently available eight observa-

tional studies, a 23 % reduction in PD risk among statin
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0.2 

0.0 
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rr
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Relative risk (logarithmic scale)

Fig. 2 Funnel plot (publication bias assessment plot) does not have

the expected funnel shape representing the publication bias in the

study. Relative risks are displayed on a logarithmic scale. Circles
represent studies included in the meta-analysis

0.01 0.1 0.2 0.5 1 2

Combined estimate (n = 8) 0.77 (0.64, 0.92)

0.74 (0.54, 1.00)

0.89 (0.75, 1.04)

0.45 (0.29, 0.71)

0.94 (0.82, 1.09)

0.92 (0.73, 1.16)

0.85 (0.42, 1.29)

0.33 (0.08, 1.35)

0.37 (0.19, 0.72)Huang et al., 2007

de Lau et al., 2007

Wolozin et al., 2007

Becker et al., 2008

Samii et al., 2008

Wahner et al., 2008

Ritz et al., 2010

Gao et al., 2012

Study, Year RR (95% CI)

Relative risk (95% confidence interval)

Fig. 3 Combined estimate of relative risk and 95 % confidence

intervals of Parkinson’s disease associated with statin use based on

eight studies (five case–control and three cohort) involving 1,472,938

participants including 15,102 PD cases. Squares indicate RR in each

study. The square size is proportional to the weight of the

corresponding study in the meta-analysis; the length of horizontal
lines represents the 95 % CI. The unshaded diamond indicates the

combined RR and 95 % CI (random-effects model)

Table 3 Studies evaluating the association between individual statin

use and risk of Parkinson’s disease

Study RR 95 % CI PD cases

Atorvastatin

Wolozin et al. [11]b 0.99 0.86–1.14 224

Wahner et al. [14]a 0.39 0.21–0.71 NR

Becker et al. [12]a 0.88 0.5–1.54 31

Lovastatin

Wolozin et al. [11]b 1.09 0.98–1.22 350

Wahner et al. [14]a 0.27 0.09–0.87 NR

Pravastatin

Wahner et al. [14]a 1.78 0.43–7.42 NR

Becker et al. [12]a 2.41 1.01–5.72 19

Simvastatin

Wolozin et al. [11]b 0.5 0.49–0.55 2116

Wahner et al. [14]a 0.38 0.16–0.91 NR

Becker et al. [12]a 1.01 0.65–1.57 53

RR relative risk, CI confidence interval, PD Parkinson’s disease,

NR not reported
a Case–control studies
b Cohort studies
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users as compared to non-users was observed and this

association remained stable even after the sensitivity

analysis.

The cause of neuronal death in PD remains largely

unknown, but several mechanisms such as inflammation

[28] or oxidative stress [29] are thought to play a major role

in the pathogenesis of this disorder. In this context, statins

may play a beneficial role because they attenuate neuro-

inflammatory processes by inhibiting the expression of

inflammatory mediators such as interleukin-6, tumor

necrosis factor-a, and C-reactive protein [30], and protect

cells against reactive oxygen species [31].

The present finding regarding decreased relative risk of

PD among statin users is also supported by in vitro studies.

In mice, simvastatin was reported to prevent striatal cells

from dopamine depletion in a dose-dependent manner [8].

In another study, fluvastatin demonstrated antioxidant

properties in the extra-cellular space of the rat striatum

[32].

The decreased risk of PD in long-term statin users was

found here to be non-significant. This is likely to be

associated with varying patterns of statin use in the dif-

ferent study populations. In all the cases, drug use can be

irregular, with months of non-use between periods of use

[11, 12, 14]. Hence, cumulative amount of statin defined

daily doses (DDDs) could be small despite its long dura-

tion. Conversely, other studies took into account the use of

statins at high doses, which resulted in high cumulative

amount of DDDs. From this point of view, it should be

noted that the decreasing trend in PD relative risk has been

found to be stronger for cumulative amount of statin use

than for duration of its use [33]. Also, the varying defini-

tion of ‘‘long-term use’’ could have led to non-significant

results. Moreover, the data on long-term statin use is

available only in three studies among total eight studies.

On the other hand, analysis of those reports which

specifically examined individual statin use in relation to PD

(n = 3) suggested a non-significant protective association

Table 4 Overall effect estimates for Parkinson’s disease and statin use according to study characteristics

No. of

studies

Pooled estimate Tests of heterogeneity Pinteraction Tests of publication bias

RR (95 % CI) p value Q value (df) p value I2 (%) Begg’s P Egger’s P

All studies 8 0.77 (0.64–0.92) 0.005b 18.87 (7) 0.009 63 0.03 0.01

Study design

Case–control 5 0.77 (0.62–0.96) 0.02b 16.08 (4) 0.002 75 0.82 0.08 0.01

Cohort 3 0.74 (0.57–0.97)a 0.02b 1.49 (2) 0.48d 0 – –

Age

Adjusted 5 0.61 (0.42–0.86) 0.005b 14.64 (4) 0.006 73 0.03e 0.23 0.03

Not adjusted 3 0.93 (0.83–1.05)a 0.23 0.13 (2) 0.94d 0 – –

Smoking

Adjusted 5 0.60 (0.42–0.87) 0.007b 13.54 (4) 0.009 71 0.03e 0.23 0.07

Not adjusted 3 0.92 (0.82–1.02)a 0.10 0.31 (2) 0.85d 0 – –

Quality of studies (NOS)

High quality 1 0.92 (0.73–1.16) – – – – – –

Medium quality 5 0.60 (0.42-0.86) 0.005b 14.63 (4) 0.005 73 0.23f 0.05

Low quality 2 0.93 (0.81–1.07)a 0.35 7.5 (1) 0.78d – – –

Results for long-term statin use 3 0.72 (0.45–1.13) 0.15 7.93 (2) 0.02 75 – –

Results for individual statin

Atorvastatin 3 0.72 (0.45–1.13) 0.15 7.93 (2) 0.02 75 – –

Lovastatin 2 0.61 (0.16–2.35) 0.47 5.76 (1) 0.02 – – –

Pravastatin 2 2.22 (1.06–4.66)a 0.03c 0.13 (1) 0.72d – – –

Simvastatin 3 0.60 (0.35–1.03) 0.06 10.01 (2) 0.007 80 – –

RR relative risk, CI confidence interval, df degree of freedom, NOS Newcastle-Ottawa Scale
a Relative risk from fixed-effects model due to no heterogeneity among the studies (remaining estimates from random-effects model)
b p value representing significant inverse association between statin use and Parkinson’s disease
c p value representing significant direct association between statin use and risk of Parkinson’s disease
d Statistically significant for homogeneity
e Test of interaction was statistically significant
f Statistically significant for no publication bias
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with atorvastatin, lovastatin, and simvastatin. Combined

analysis of data from two studies involving pravastatin

users found them to be 1.2 times more prone to incidence

of PD than non-users. This may be due to the lipophilic

character of atorvastatin, lovastatin, and simvastatin,

whereas pravastatin and rosuvastatin are more hydrophilic

[34]. Owing to their lipophilic structure, atorvastatin, lov-

astatin, simvastatin, and fluvastatin act as most powerful

anti-inflammatory drugs on neurons due to their ability to

penetrate more deeply into the phospholipid bilayer of cell

membranes, and also have a higher affinity to the HMG-

CoA reductase [35].

In the subgroup analyses, stratification by study design

did not substantially affect the results. The potential con-

founding variables in detecting PD are age, smoking, and

serum cholesterol levels [16]. Subgroup analysis of studies

that were able to control for age [9, 10, 14–16] and

smoking [9, 10, 12, 14, 16] were performed, and these

revealed more robust inverse association as compared to

the studies which are not adjusted. This represents the

possible influence of age and smoking on the final com-

bined effect estimate. Only one study [9], adjusted LDL-C,

forbade us to perform a subgroup analysis on this con-

founding variable. An additional subgroup analysis of

medium-quality studies showed a greater inverse associa-

tion as compared to low-quality studies and this represents

the influence of quality of studies on the final effect

estimate.

The strength of the present analysis lies in inclusion of

eight observational studies reporting data of more than 1.4

million participants, including 15,102 PD cases. However,

our meta-analysis has several limitations. First, we did not

search for unpublished studies for original data. Secondly,

the included studies were different in terms of study design,

confounder adjustments, and definitions of drug exposure

and long-term statin use. Finally, our analysis was

restricted to articles in the English language, which may

have somewhat biased the results.

In conclusion, our results suggest a decreased relative

risk of PD in statin users as identified by a combined meta-

analysis of eight observational studies. The results support

the hypothesis that cholesterol lowering with statins is

beneficial for PD prevention. More RCTs and observa-

tional studies are needed to confirm this association with

underlying biological mechanisms in the future. Larger

studies involving more patients exposed to statins on a

long-term basis may yield more information to answer the

question of whether statins actually alter the PD risk to a

material degree.
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