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Abstract.
Background: Numerous systematic reviews (SRs) and meta-analyses on non-genetic risk factors for Parkinson’s disease
(PD) development have been published with inconsistent conclusions.
Objective: This overview of SRs aimed to summarize evidence on non-genetic factors for the development of PD from the
published SRs, and explore the reasons behind the conflicting results.
Methods: Three international databases were searched for SRs with meta-analyses summarized evidence on non-genetic
factors for PD development. The Assessing the Methodological Quality of Systematic Reviews 2 tool was used to appraise
the methodological quality of included SRs. Pooled effect estimations were extracted from each meta-analysis.
Results: Forty-six SRs covered six categories, and more than 80 factors were included in this overview. Thirty-nine SRs
(84.7%) were judged to be of critically low methodological quality. Evidence from prospective studies showed that physical
activity, smoking, coffee, caffeine, tea, fat intake, ibuprofen use, calcium channel blocker use, statin use, thiazolidinediones,
and high serum urate levels significantly reduced the risk of PD, while dairy intake, diabetes, hormone replacement therapy,
depression, mood disorder, bipolar disorder, and aspirin use significantly increased the risk of PD. Differences in study
designs (e.g., cohort studies, case-control studies) accounted for the conflicting results among included SRs.
Conclusion: Modifiable lifestyle factors such as physical activity and tea and coffee drinking may reduce the risk of PD,
which may offer PD prevention strategies and hypotheses for future research. However, the designs of primary studies on PD
risk factors and related SRs need to be improved and harmonized.
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INTRODUCTION

Parkinson’s disease (PD) is a complex neurode-
generative disorder with classical motor features, in-
cluding bradykinesia, muscular rigidity, rest tremor,
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and postural and gait impairment [1]. The loss of
dopaminergic neurons within the substantia nigra
pars compacta (SNpc) and widespread intracellular
protein (�-synuclein) accumulation are the crucial
pathological features of PD [2]. PD is the second most
common neurodegenerative disease [3]. Based on the
latest report from the Global Burden of Disease, the
number of PD patients worldwide increased from
2.5 million in 1990 to 6.1 million in 2016 [4]. The
age-standardized prevalence of PD by region varied
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from 30 to 40 per 100,000 individuals in sub-Saharan
Africa to 170 to 180 per 100,000 in high-income
North America [4]. Globally, PD caused 211,296
deaths and 3.2 million disability-adjusted life-years
in 2016, which was 2.5 times and 2.6 times higher
than in 1990, respectively [4]. Furthermore, all motor
and non-motor symptoms (e.g., olfactory dysfunc-
tion, cognitive impairment, psychiatric symptoms,
sleep disorders, autonomic dysfunction, pain, and
fatigue [1]) significantly affect the quality of life of
patients with PD [5, 6].

Although the exact cause of PD remains unknown,
it is well recognized that both genetic and non-genetic
factors contribute to its development [7, 8]. As the
majority of PD cases are sporadic and genetic factors
can only explain to a small degree the risk of sporadic
PD [9, 10], research on non-genetic factors involved
in PD development is vital. Furthermore, the clinical
diagnosis of PD is preceded by a prodromal phase
of PD that can span several years or even decades
[10]. Non-genetic factors may trigger PD pathogen-
esis and alter its progression during this phase [11].
Accordingly, identifying potentially modifiable non-
genetic factors and establishing accurate predictive
values of risk factors will contribute to PD prevention
and improve PD prediction approaches [12].

Numerous systematic reviews (SRs) and meta-
analyses on non-genetic risk factors for PD
development have been published [13–20], with sev-
eral inconsistent results. For example, one SR found
that diabetes decreased the risk of PD [21], while
another did not confirm this association [22]. The
reasons underlying this inconsistency may be due to
the heterogeneity in samples (e.g., population-based,
clinical cohorts), methods (e.g., design of the origi-
nal study), or the methodological quality of the SRs.
An overview of the SRs may elucidate the reasons
behind the inconsistent findings.

In the present study, we conducted an overview of
SRs to: 1) summarize the evidence on non-genetic
factors contributing to the development of PD, 2)
assess the methodological quality of the published
SRs, and 3) explore the reasons behind the conflicting
results reported.

METHODS

Search strategy and eligibility criteria

This overview of SRs has been registered on
PROSPERO (CRD42020189790). An SR on non-
genetic risk factors for PD was included if it met all

of the following criteria: 1) at least one risk factor for
PD development had been investigated; 2) the study
design of included primary studies was clearly stated;
3) at least one meta-analysis had been conducted to
quantitatively synthesize the association between the
risk factor and PD development.

An SR was excluded if it 1) focused on genetic
factors involved in PD development; 2) included ani-
mal studies; or 3) was a commentary, editorial, letter,
reply, protocol, or withdrawn article. When more
than one SR with meta-analysis focused on the same
factor, we compared the results to determine the con-
sistency of qualitative conclusions. If the results were
consistent, for example, if all indicated it was a pro-
tective factor for PD development, we retained the
SR that included the largest number of original stud-
ies. Otherwise, all versions were kept to allow us to
explore the reasons behind the inconsistency.

A comprehensive literature search was conducted
using Medline, Embase, and PsycINFO through the
Ovid platform from January 2011 to June 2020 with-
out language restrictions. Specialized search filters
were used to identify SRs [23–25], and we manually
checked the reference lists of the included SRs for
any others that may have been missed. The detailed
search strategies are described in the Supplementary
Material.

Literature selection, data extraction, and
methodological quality assessment

Two review authors independently screened all
of the citations for potentially eligible articles and
extracted information from each included SR. Any
conflicts were resolved through discussion, by refer-
ring to the original publication, or by consulting a
third senior author.

The following information was extracted from
each included SR: characteristics of the SR, including
the first author’s name, year of publication, and the
number of included studies and participants; charac-
teristics of the original studies included in SRs, such
as study design, the studied risk factor, methods used
for exposure assessment, diagnostic criteria for PD,
follow-up duration of cohort studies, and risk of bias;
details on participants’ characteristics, including age,
sex, and region; pooled effect estimation for each risk
factor with the corresponding 95% confidence inter-
val (CI), and results from subgroup meta-analyses.

The methodological quality of the included SRs
was appraised using the Assessing the Methodologi-
cal Quality of Systematic Reviews 2 (AMSTAR-2)
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tool [26], which is a validated tool for critical
appraisal of SRs. AMSTAR-2 contains 16 items,
seven of which are critical [26]. The overall qual-
ity (high, moderate, low, or critically low) of each
SR was generated based on the ratings from critical
and non-critical items. Two trained review authors
completed the methodological quality assessment
independently, with disagreements resolved by con-
sensus or arbitration by a third senior investigator.
Details of the AMSTAR-2 are presented in the Sup-
plementary Material.

Data synthesis

Associations between risk factors and PD develop-
ment were synthesized and reviewed based on each
risk factor. To measure the association between a fac-
tor and PD development across primary studies, we
used the pooled relative risk (RR), odds ratio (OR),
or hazard ratio (HR) for dichotomous outcomes and
the weighted mean difference (WMD) or standard
mean difference (SMD) for continuous outcomes,
accompanied by their respective 95% CIs. The pooled
effect estimations were extracted from each meta-
analysis, as well as the results from each subgroup
meta-analysis. I2 values were extracted to measure
heterogeneity. I2 values of < 25%, 25%–50%, and
> 50% indicated of the presence of low, moderate,
and high heterogeneity, respectively [27].

Ethics approval and consent to participate

Neither specific patient consent nor ethics com-
mittee approval was required because we used
published articles that were obtained from open-
access databases.

RESULTS

Study selection

Our literature search identified 1,416 records, of
which 46 SRs [13–22, 28–63] were eligible and
included in this overview. Details of the literature
search and selection are presented in Fig. 1.

Characteristics of included systematic reviews

The 46 SRs were published between 2011 and
2020, and all were published in English. The char-
acteristics of these SRs are shown in Table 1.

The number of primary studies included in the SRs
ranged from 5 to 202. Nine SRs (19.6%) included
only case-control studies, three (6.5%) included
only cohort studies, and the remaining 34 (73.9%)
included more than one of the following study
designs: cohort study, case-control study, nested case-
control study, cross-sectional study, and randomized
controlled trial (RCT). Cross-sectional studies were
included in four (11.8%) of the 34 SRs. Twenty-
six SRs assessed the risk of bias of the included
studies, and 22 (84.6%) of them provided the pro-
portion of studies with a low risk of bias, which
ranged from 0.0% to 100.0%. The median follow-
up duration of cohort studies ranged from 3.0 to
18.1 years. Twenty-four SRs (52.2%) involved a
literature search in or after 2015, with the most
recent search conducted in October 2019. A wide
range of risk factors were categorized as habits,
exposure to toxic environmental agents, dietary fac-
tors, medical history, comorbid diseases, drugs, and
biomarkers.

Participant characteristics

The mean age of the included participants ranged
from 44.8 to 87.8 years, and the proportion of
men ranged from 0.0% to 100.0%. Of the 38 SRs
that reported regions of participants, 34 (89.5%)
included European, 37 (97.4%) included American,
28 (73.7%) Asian, 2 (5.3%) and 1 (2.6%) included
Oceanian and African populations, respectively. The
number of PD patients in the included SRs ranged
from 388 to 292,275. Among the 29 SRs that reported
methods for PD identification, 11 (37.9%) used the
UK Parkinson’s Disease Society Brain Bank clinical
diagnostic criteria; the remaining used more than one
method, such as physician-confirmed diagnosis and
hospital records (Table 1). It is worth noting that 17
SRs (37.0%) did not provide information related to
the PD diagnosis criteria.

Methodological quality of included systematic
reviews

Overall, none of the included SRs were judged to
be of high or moderate quality with the AMSTAR-2.
Seven SRs (15.2%) were judged to be of low method-
ological quality, while the remaining 39 (84.8%) were
judged to be of critically low quality. Details regard-
ing the methodological quality of the included SRs
are shown in Fig. 2. The included SRs had relatively
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Fig. 1. PRISMA flowchart: the screening and selection process. Note: PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

better performance on two out of the seven critical
items, with more than 60% of the SRs rated pos-
itive for the following: used appropriate methods
for statistical combination of the results (34 SRs,
73.9%), carried out an adequate investigation of pub-
lication bias (small study bias) and discussed its likely
impact on the results of the SRs (30 SRs, 65.2%).
The included SRs generally had poor performance
for the remaining five critical items, with less than

30% of SRs rated positive for the following: only 2
(4.3%) provided a list of excluded studies, justified
the exclusions, and used a satisfactory technique to
assess the risk of bias in individual studies included
in the review; 4 (8.7%) registered a protocol and used
a comprehensive literature search strategy, and 11
(23.9%) accounted for the risk of bias of individual
studies when interpreting or discussing the results of
the review.
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Table 1
Main characteristics of included systematic reviews with meta-analysis on risk factors for the development of Parkinson’s disease

Author, Year Studies, n Study Median Region of the Age No. of male No. of PD Diagnostic Risk factors No. (%) of
(participants, n) design of follow up participants range (%) patients criteria for studiedc studies with low

included duration (years) PDb risk of bias
studies (years)a

Gao et al. 2011 [28] 6 (NR) Co, NCC NR Europe, America NR NR 2779 3, 5 Drugs No assessment
Mortimer et al.

2012 [29]
13 (NR) CC, Co NR Europe NR NR 3660 3, 4 Environmental agents No assessment

Noyce et al. 2012
[22]

202 (5266250) CC, Co 12.5 Europe, America,
Asia, Oceania

Mean: 51.5–78.1 9 (28.1)–47351 (100.0) 109062 1, 3 Habits, medical history
and comorbid
diseases, drugs,
environmental agents

No assessment

Gudala et al. 2013
[30]

8 (246112) CC, Co 18.1 Europe, America,
Asia

25.0–93.0 NR 5488 3 Biomarkers 3 (37.5)

Jafari et al. 2013
[31]

22 (97372) CC, Co, NCC NR NR NR NR 18344 1, 3, 5, 6, 7 Medical history 13 (59.1)

Pezzoli et al. 2013
[32]

104 (NR) CC, Co NR NR NR NR NR 3, 5 Environmental agents NR

Shen et al. 2013
[33]

6 (33185) Co, NCC 15.5 Europe, America 30.0–78.0 NR 578 3, 4, 5 Biomarkers, comorbid
diseases

NR

Shen et al. 2013
[34]

6 (2493) CC NA Europe, America,
Asia

NR 1379 (55.3)d 1217 1 Biomarkers No assessment

Chen et al. 2014
[35]

7 (5686796) CC, Co NR Europe, America NR NR 2857 NR Biomarkers No assessment

Jiang et al. 2014
[36]

5 (304193) Co 12.0 Europe, America NR NR 1083 NR Dietary factors No assessment

Lu et al. 2014 [21] 14 (105974) CC NA Europe, America,
Asia

Mean: 58.1–73.0 NR 21395 1, 3, 4, 7 Comorbid diseases 6 (42.9)

Qi et al. 2014 [37] 28 (1739383) CC, Co, NCC NR Europe, America,
Asia

NR NR 5143 NR Habits No assessment

Takeda et al. 2014
[38]

13 (130274) CC, Co, CS NR NR NR NR NR NR Dietary factors NR

Wang et al. 2014
[39]

14 (513343) CC, Co NR Europe, America NR NR 2944 NR Drugs 10 (71.4)

(Continued)



924
Y.C

hen
etal./N

on-G
enetic

Factors
for

Parkinson’s
D

isease

Table 1
(Continued)

Author, Year Studies, n Study Median Region of the Age No. of male No. of PD Diagnostic Risk factors No. (%) of
(participants, n) design of follow up participants range (%) patients criteria for studiedc studies with low

included duration (years) PDb risk of bias
studies (years)a

Zhang et al. 2014
[40]

32 (677550) CC, Co NR Europe, America,
Asia

NR NR 10409 3 Habits 11 (34.4)

Adams et al. 2015
[49]

9 (741593) CC, Co 15.0 NR Mean: 54.9–75.0 0 (0.0)–33901 (100.0) 11242 1 Comorbid diseases 8 (88.9)

Cheng et al. 2015
[41]

5 (126507) CC, Co 16 America, Asia Mean: 67.0–71.0 NR (37.3–63.0) 1467 3 Dietary factors 5 (100.0)

Huss et al. 2015
[42]

11 (NR) CC, Co NR Europe, America NR NR 63096 3, 4 Environmental agents No assessment

Lang et al. 2015
[43]

5 (456441) CC, Co 8.0 Europe, America 30.0–89.0 NR 6709 3, 5 Drugs 2 (40.0)

Palin et al. 2015
[44]

14 (11662) CC NR Europe, America,
Asia

NR NR 4483 1, 3, 5 Environmental agents No assessment

Shen et al. 2015
[45]

7 (26941) CC, Co, CS NR America, Asia Mean: 64.0–71.2 NR 5690 NR Habits, Biomarkers No assessment

Ungprasert et al.
2015 [46]

5 (9325833) CC, Co 8.0 Europe, America,
Asia

Mean: 68.7–75.0 NR (51.7–60.1) 235299 1, 2, 3 Comorbid diseases 2 (40.0)

Wang et al. 2015
[47]

14 (839890) CC, Co NR NR 20.0–87.0 NR 9254 NR Dietary factors No assessment

Wang et al. 2015
[48]

10 (430854) Co, NCC 16.4 Europe, America,
Asia

20.0–86.0 NR 2706 NR Biomarkers No assessment

Gao et al. 2016 [51] 7 (175261) Co, NCC NR NR NR NR 388 3, 5, 7 Biomarkers No assessment
Sheng et al. 2016

[52]
11 (2787249) CC, Co 8.5 Europe, America,

Asia
NR NR 18316 NR Drugs, biomarkers 9 (81.8)

Bai et al. 2016 [50] 11 (3513209) CC, Co 9.5 Europe, America,
Asia

NR NR 21011 3, 4, 5, 6 Drugs 7 (63.6)

Bykov et al. 2017
[53]

10 (NR) CC, Co 8.5 Europe, America,
Asia

NR NR NR 3, 4, 5 Drugs No assessment

Hughes et al. 2017
[54]

7 (477422) Co NR Europe, America,
Asia

NR 4733 (34.8)–51529 (100.0) 2207 3, 5 Dietary factors No assessment
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Author, Year
Studies, n Study Median

Region of the
Age No. of male No. of PD Diagnostic

Risk factors
No. (%) of

(participants, n) design of follow up
participants

range (%) patients criteria for
studiedc

studies with low

included duration (years) PDb risk of bias
studies (years)a

Lv et al. 2017 [55] 11 (354238) CC, Co NR Europe, America,
Asia

NR NR 2457 NR Medical history, drugs 5 (45.5)

Milani et al. 2017
[56]

53 (NR) CC NA Europe, America,
Asia

Mean: 77.4–87.8 NR (20.0–61.3) NR 3 Comorbid diseases No assessment

Mostile et al. 2017
[57]

23 (3491) CC NA Europe, America,
Asia

Mean: 53.7–71.1 30 (40.5)–30 (76.9)e 1526 1 Biomarkers No assessment

Fang et al. 2018
[58]

8 (544336) Co, NCC 12.0 Europe, America 30.0–71.0 NR 2192 NR Habits 7 (87.5)

Jin et al. 2018 [59] 17 (3890) CC NA Europe, America,
Asia, Africa

Mean: 44.8–67.0 NR (40.0–92.3) 1203 NR Biomarkers No assessment

Luo et al. 2018 [60] 20 (5600) CC, Co, CS 3.0 NR Mean: 61.4–72.1 NR 2866 NR Biomarkers 9 (45.0)
Wang et al. 2018

[61]
11 (475615) CC, Co NR Europe, America,

Asia, Oceania
27.0–88.0 NR NR 3, 4 Comorbid diseases 7 (63.6)

Jiang et al. 2019
[62]

12 (1726) CC NA Europe, America,
Asia

Mean: 56.9–79.0 NR (33.1–77.5) 933 NR Biomarkers No assessment

Jiménez et al. 2019
[13]

31 (627493) CC, Co NR Europe, America,
Asia

NR NR 11202 NR Habits No assessment

Kasdagli et al. 2019
[14]

15 (1559645) CC, Co 11.0 America NR NR 261392 3 Environmental agents NR

Qiu et al. 2019 [63] 23 (4598) CC NA Europe, America,
Asia

Mean: 63.6–73.2 NR 2646 1, 2, 3 Biomarkers 10 (43.5)

Qu et al. 2019 [15] 9 (778571) CC, Co Range: Europe, America,
Asia

20.0–86.0 NR 5751 1 Dietary factors 9 (100.0)
2.0–14.0

Zhou et al. 2019
[16]

7 (1086) CC NA Europe, America,
Asia

Mean: 62.0–76.3 NR (40.0–78.2) 448 NR Medical history 6 (85.7)

Zhou et al. 2019
[17]

8 (2418) CC, Co, RCT NR America, Asia,
Africa

Mean: 64.0–72.5 NR (35.0–68.8) 1333 NR Environmental agents,
biomarkers

7 (87.5)

Zhu et al. 2019 [18] 5 (347556) Co 10.0 Europe, America,
Asia

NR NR 2644 3, 4 Drugs 0 (0.0)

Faustino et al. 2020
[19]

7 (5796007) Co, CS 10.5 Europe, America,
Asia

Median: 47.0–54.5 NR NR 3, 4, 5 Medical history and
comorbid diseases

5 (71.4)

Wang et al. 2020
[20]

23 (NR) CC, Co NR NR NR NR NR 1, 3, 4, 5 Personal medical
history of infection

23 (100.0)

CC, case -control study; Co, cohort study; CS, cross-sectional study; NA, not applicable; NCC, nested case-control study; NR, not reported; RCT, randomized controlled trial. aMedian follow
up duration is only applicable to the included cohort studies. b1 = UK Parkinson’s Disease Society Brain Bank clinical diagnostic criteria; 2 = Clinical Diagnosis Standard proposed by China;
3 = Physician-confirmed diagnosis or hospital records or from database; 4 = International classification of disease code or other code, primary care or death certificates; 5 = Questionnaires or
self-reported; 6 = Direct interview; 7 = Diagnosed according to cardinal signs of Parkinson’s Disease. cDetailed description could be found in Table 2 and Supplementary Table 1. dTotal number
and total proportion of male. eThe denominators are 74 and 39 respectively.
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Table 2
Summary results of included systematic reviews with meta-analysis which included only prospective studya

Author, Year Risk factor No. of studies Pooled results I2 p
(No. of PD cases) (95% CI) (%) (heterogeneity)

Habits
Fang et al. 2018 [58] Total physical activity (highest vs.

lowest category)
8 (2192) RR: 0.79 (0.68, 0.91) 0.0 NR

Dietary factors
Jiang et al. 2014 [36] Dairy food (highest vs. lowest level

of intake)
5 (1083) RR: 1.40 (1.20, 1.63) 8.2 0.37

Hughes et al. 2017 [54] Milk (highest vs. lowest level of
intake)

4 (1725) HR: 1.56 (1.30, 1.88) 0.0 0.50

Drugs
Gao et al. 2011 [28] Ibuprofen (use vs. no use) 5 (2168) RR: 0.73 (0.63, 0.85) NR < 0.01
Gao et al. 2011 [28] Aspirin (use vs. no use) 6 (2779) RR: 1.12 (1.01, 1.23) NR < 0.01
Gao et al. 2011 [28] Other NSAIDsb (use vs. no use) 4 (1962) RR: 1.00 (0.86, 1.16) NR 1.00
Gao et al. 2011 [28] Acetaminophen (use vs. no use) 4 (1962) RR: 1.06 (0.94, 1.19) NR 0.37
Zhu et al. 2019 [18] TZDs (TZDs vs. non-TZD

treatments)
5 (2644) OR: 0.70 (0.51, 0.96) 86.0 < 0.01

Biomarkers
Shen et al. 2013 [33] Serum urate (high vs. low level) 6 (578) RR: 0.68 (0.50, 0.91) 42.1 0.10
Wang et al. 2015 [48] BMI (per 5 kg/m2 increase) 10 (2706) RR: 1.00 (0.89, 1.12) 64.5 < 0.01
Gao et al. 2016 [51] Plasma/serum urate level in male

(highest vs. lowest quartiles)
5 (202) RR: 0.63 (0.42, 0.95) NR 0.22

Gao et al. 2016 [51] Plasma/serum urate level in woman
(highest vs. lowest quartiles)

4 (186) RR: 0.89 (0.57, 1.40) NR 0.52

BMI, body mass index; CI, confidence interval.; HR, hazard ratio; NR, not reported; NSAIDs, nonsteroidal anti-inflammatory drugs; OR,
odds ratio; PD, Parkinson’s disease; RR, relative risk; TZDs, thiazolidinediones. aProspective study including cohort study and nested
case-control study. bNonaspirin NSAIDs.

Non-genetic factors involved in PD development

Risk factors for PD were grouped into six cate-
gories: habits, environmental agents, dietary factors,
medical history and comorbid diseases, drugs, and
biomarkers. Evidence from prospective studies (e.g.,
cohort, nested case-control) are presented in Table 2,
while evidence from study designs that included
non-prospective studies (such as case-control studies,
cross-sectional studies, or a combination of designs)
are presented in Supplementary Table 1. The sub-
group meta-analysis results of each included SR are
presented in Supplementary Table 2. Detailed infor-
mation on the methods used for exposure assessments
in each meta-analysis is presented in Supplementary
Table 3.

Habits

Six SRs explored the association between habits
and PD development, including physical activity;
smoking; coffee, caffeine, tea, and alcohol consump-
tion; and outdoor work [13, 22, 37, 40, 45, 58].

Pooled results based on eight cohort and nested
case-control studies showed that physical activity sig-
nificantly lowered the risk of PD [58] (pooled RR:

0.79, 95% CI: 0.68 to 0.91, I2 = 0.0%) (Table 2). Gen-
der, intensity of physical activity, sample size, and
study quality were factors that affected this negative
association. The negative associations were main-
tained in men (pooled RR: 0.68, 95% CI: 0.56 to 0.82,
I2 = 0.0%, 5 cohort and nested case-control studies),
moderate to vigorous physical activity (pooled RR:
0.71, 95% CI: 0.58 to 0.87, I2 = 30.7%, 7 cohort and
nested case-control studies), studies with a sample
size > 5000 (pooled RR: 0.74, 95% CI: 0.61 to 0.90,
I2 = 0.0%, 4 cohort and nested case-control stud-
ies), and studies with poorer methodological quality
(Newcastle-Ottawa scale [NOS] score ≤ 8) (pooled
RR: 0.77, 95% CI: 0.64 to 0.92, I2 = 0.0%, 5 cohort
and nested case-control studies). No significant asso-
ciations were observed in women (pooled RR: 0.91,
95% CI: 0.72 to 1.14, I2 = 0.0%, 4 cohort and
nested case-control studies), light physical activity
(pooled RR: 0.86, 95% CI: 0.60 to 1.23, I2 = 37.5%,
3 cohort and nested case-control studies), studies
with a sample size ≤ 5000 (pooled RR: 0.87, 95%
CI: 0.68 to 1.11, I2 = 0.0%, 4 cohort and nested
case-control studies), or studies with better method-
ological quality (NOS score > 8) (pooled RR: 0.86,
95% CI: 0.61 to 1.20, I2 = 31.1%, 3 cohort and nested
case-control studies). No significant differences were
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Fig. 2. The methodological quality of the 46 included systematic reviews based on AMSTAR-2 tool.
Note: AMSTAR-2 tool: Assessing the Methodological Quality of Systematic Reviews 2 tool.
Item 1: Did the research questions and inclusion criteria for the review include the components of PICO?
Item 2: Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review
and did the report justify any significant deviations from the protocol?
Item 3: Did the review authors explain their selection of the study designs for inclusion in the review?
Item 4: Did the review authors use a comprehensive literature search strategy?
Item 5: Did the review authors perform study selection in duplicate?
Item 6: Did the review authors perform data extraction in duplicate?
Item 7: Did the review authors provide a list of excluded studies and justify the exclusions?
Item 8: Did the review authors describe the included studies in adequate detail?
Item 9: Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in
the review?
Item 10: Did the review authors report on the sources of funding for the studies included in the review?
Item 11: If meta-analysis was performed did the review authors use appropriate methods for statistical combination of results?
Item 12: If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of
the meta-analysis or other evidence synthesis?
Item 13: Did the review authors account for RoB in individual studies when interpreting/discussing the results of the review?
Item 14: Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the
review?
Item 15: If they performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study
bias) and discuss its likely impact on the results of the review?
Item 16: Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the
review?

found among studies from different locations or
with different follow-up durations (Supplementary
Table 2).

Meta-analyses from case-control and cohort stud-
ies consistently showed that smoking (ever vs. never)
(pooled RR: 0.64, 95% CI: 0.60 to 0.69, I2 = 49.6%,
67 case-control and cohort studies), coffee (pooled
RR: 0.67, 95% CI: 0.58 to 0.76, I2 = 42.9%, 19 case-
control and cohort studies), and caffeine (pooled RR:
0.55, 95% CI: 0.43 to 0.71, I2 = 53.0%, 7 case-control,
cohort and nested case-control studies) significantly
reduced the risk of PD [22, 37] (Supplementary
Tables 1 and 2). Tea drinking was negatively asso-
ciated with PD development (pooled RR: 0.64, 95%
CI: 0.50 to 0.82, I2 = 16.2%, 4 cohort and nested

case-control studies) (Supplementary Table 2). Sub-
group analyses showed that the negative association
was maintained in men (pooled RR: 0.64, 95% CI:
0.43 to 0.95, I2 = 0.0%, no information about number
of studies) and Asian populations (pooled RR: 0.60,
95% CI: 0.45 to 0.79, I2 = 38.1%, 2 cohort and case-
control studies) but not in women (pooled RR: 0.68,
95% CI: 0.44 to 1.06, I2 = 29.7%, no information
about number of studies) or American populations
(pooled RR: 0.85, 95% CI: 0.68 to 1.07, I2 = 47.1%, 4
cohort, case-control and nested case-control studies)
[37] (Supplementary Table 2).

Although pooled results from case-control stud-
ies showed that alcohol consumption (pooled RR:
0.72, 95% CI: 0.61 to 0.86, I2 = 50.5%, 17 matched
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case-control studies) significantly reduced the risk of
PD development, this was not confirmed by evidence
from prospective studies (pooled RR: 0.86, 95% CI:
0.75 to 1.00, I2 = 14.5%, 8 cohort studies) [13, 40]
(Supplementary Table 2). Two case-control studies
showed that outdoor work decreased the risk of PD
development (pooled RR: 0.72, 95% CI: 0.63 to 0.81,
I2 = 0.0%) (Supplementary Table 1), but no related
evidence from cohort studies was identified [45].

Environmental agents

Six SRs explored the association between PD
development and environmental agents, including
pesticides, solvents, farming, well-water drinking,
rural living, air pollution, extremely low frequency
magnetic fields (ELF-MF), welding, manganese,
hydrocarbon, and sunlight exposure [14, 17, 29, 32,
42, 44].

Combined results from case-control and cohort
studies showed that pesticides (pooled OR: 1.76, 95%
CI: 1.56 to 2.04, I2 = 67.3%, 51 case-control and
cohort studies), herbicides (pooled OR: 1.33, 95% CI:
1.08 to 1.65, I2 = 55.0%, 19 case-control and cohort
studies), insecticides (pooled OR: 1.53, 95% CI: 1.12
to 2.08, I2 = 78.8%, 18 case-control and cohort stud-
ies), solvents (pooled OR: 1.35, 95% CI: 1.09 to
1.67, I2 = 35.5%, 16 case-control and cohort stud-
ies), and farming (pooled OR: 1.30, 95% CI: 1.14
to 1.49, I2 = 43.2%, 24 case-control and cohort stud-
ies) were positively associated with PD development
[32], while welding negatively associated with PD
development (pooled RR: 0.86, 95% CI: 0.80 to 0.92,
I2 = 0.0%, 9 case-control and cohort studies) [29]
(Supplementary Table 1). No significant associations
were observed between PD development and air pol-
lution (PM2.5, PM2.5–10, PM10, NO2, NOx, CO, O3),
ELF-MF, or manganese (Supplementary Table 1) [14,
29, 42] based on combined results from case-control
and cohort studies.

On the other hand, evidence from case-control
studies indicated that paraquat (pooled OR: 2.19,
95% CI: 1.48 to 3.26, I2 = 51.1%, 7 case-control
studies), well-water drinking (pooled OR: 1.34, 95%
CI: 1.16 to 1.55, I2 = 66.4%, 37 case-control stud-
ies), rural living (pooled OR: 1.32, 95% CI: 1.15 to
1.51, I2 = 75.2%, 30 case-control studies), and hydro-
carbon (pooled OR: 1.36, 95% CI: 1.13 to 1.63,
I2 = 29.0%, 14 case-control studies) were positively
associated with PD development, while sunlight
exposure (≥15 min/week) (pooled OR: 0.02, 95%
CI: 0.00 to 0.10, I2 = 78.8%, 3 case-control studies)

was negatively associated with PD development [17,
32, 44] (Supplementary Table 1). No cohort studies
covered the aforementioned factors.

Dietary factors

Six SRs explored the association between dietary
factors and PD development, including dairy food,
vitamin A and carotenoids, iron, zinc, copper, protein,
carbohydrates, cholesterol, and energy intake [15, 36,
38, 41, 47, 54].

One SR showed that milk intake increased the risk
of PD development (pooled HR: 1.56, 95% CI: 1.30
to 1.88, I2 = 0.0%, 4 cohort studies) [54] (Table 2),
which is consistent with the results of a study that
included a subgroup of milk intake based on dairy
food (pooled RR for milk intake: 1.45, 95% CI: 1.23
to 1.73, I2 = 16.1%, 5 cohort studies) [36] (Supple-
mentary Table 2).

Pooled evidence from cohort studies showed that
fat intake significantly reduced the risk of PD
(pooled RR: 0.80, 95% CI: 0.68 to 0.95, I2 = 3.0%,
6 cohort studies) [47] (Supplementary Table 2),
which was in conflict with the results from case-
control studies (pooled RR: 1.06, 95% CI: 0.75 to
1.52, I2 = 46.7%, 7 case-control studies). Conflict-
ing results were found between a cohort study (RR:
0.78, 95% CI: 0.56 to 1.09, 1 cohort study) and
several case-control studies (pooled OR: 1.85, 95%
CI: 1.19 to 2.87, I2 = 27.0%, 3 case-control stud-
ies) regarding the association between lutein and PD
development [38] (Supplementary Table 1). Pooled
results showed that carbohydrates (pooled RR: 1.24,
95% CI: 1.05 to 1.48, I2 = 0.0%, 8 case-control
and cohort studies) and energy intake (pooled RR:
1.39, 95% CI: 1.01 to 1.92, I2 =83.8%, 8 case-
control and cohort studies) were positively associated
with PD development [47]. No significant associa-
tions were observed between PD development and
vitamin A, �-carotene, �-carotene, �-cryptoxanthin,
lycopene, protein, cholesterol intake, iron, zinc, and
copper based on combined results from case-control
and cohort studies [38, 41, 47] (Supplementary
Table 1).

Medical history and comorbid diseases

Eleven SRs explored the associations between PD
development and medical history and comorbid dis-
ease, including head trauma, family history of PD
or tremor, mood disorder, diabetes, cancer, hyperten-
sion, gastric ulcer, general anesthetic, oophorectomy,
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gout, constipation, reproductive factors, bullous
pemphigoid, depression, bipolar disorder, and Toxo-
plasma gondii, bacterial, viral, and fungal infections
[16, 19–22, 31, 46, 49, 55, 56, 61].

Pooled results showed that depression (pooled OR:
1.92, 95% CI: 1.66 to 2.22, I2 = 0.0%, 6 cohort stud-
ies), mood disorder (pooled RR: 1.79, 95% CI: 1.72
to 1.87, I2 = 0.0%, 2 cohort studies), bipolar disorder
(pooled OR: 3.12, 95% CI: 1.66 to 5.88, I2 = 95.0%,
no information about the number of studies), and con-
stipation (pooled RR: 2.36, 95% CI: 2.00 to 2.80, I2

not reported, 4 cohort studies) were positively asso-
ciated with PD development [19, 22, 49, 61], while
no significant associations were found between PD
development and oophorectomy, gout, age at menar-
che, age at menopause, parity, or type of menopause
[22, 46, 55] (Supplementary Tables 1 and 2).

Results from a meta-analysis showed that diabetes
significantly increased the risk of PD (pooled RR:
1.31, 95% CI: 1.10 to 1.57, I2 = 34.7%, 4 cohort
studies), while no significant association was found
between hypertension and PD (pooled RR: 0.98, 95%
CI: 0.82 to 1.17, I2 = 76.5%, 2 cohort studies) [21,
22] (Supplementary Table 2). Results from meta-
analyses suggested that the following nine factors
were positively associated with PD [20, 22, 31, 56]:
family history of PD (pooled RR: 4.45, 95% CI:
3.39 to 5.83, I2 = 57.3%, 19 case-control studies),
family history of tremor (pooled RR: 2.74, 95% CI:
2.10 to 3.57, I2 = 0.0%, 10 case-control studies), bul-
lous pemphigoid (pooled OR: 3.06, 95% CI: 1.97 to
4.77, I2 = 0.0%, 10 case-control studies), helicobac-
ter pylori (pooled OR: 1.65, 95% CI: 1.43 to 1.92,
I2 = 0.7%, 9 case-control and cohort studies), hep-
atitis C virus (pooled OR: 1.20, 95% CI: 1.01 to
1.41, I2 = 79.0%, 7 case-control and cohort studies),
Malassezia (pooled OR: 1.69, 95% CI: 1.37 to 2.10,
I2 = 0.0%, 2 case-control and cohort studies), pneu-
monia infection (pooled OR: 1.60, 95% CI: 1.02
to 2.49, I2 = 17.5%, 2 case-control and cohort stud-
ies) and head trauma (pooled OR: 1.57, 95% CI:
1.35 to 1.83, I2 = 61.0%, 22 case-control, cohort and
nested case-control studies). Nonetheless, no signif-
icant associations were observed between PD and
cancer, gastric ulcer, general anesthetic, fertile lifes-
pan, latent or acute infection of T. gondii, influenza
virus, herpes virus, hepatitis B, measles, scarlet fever,
mumps, chicken pox, pertussis, or German measles
[16, 20, 22, 55] (Supplementary Table 1). Although
results from cohort studies, case-control studies, and
cross-sectional studies were pooled in a single meta-
analysis for some of the aforementioned factors, no

subgroup analysis based on study design was con-
ducted.

Drugs

Eight SRs explored the association between
PD development and drugs, including nons-
teroidal anti-inflammatory drugs (NSAIDs), thiazo-
lidinediones (TZDs), oral contraceptives, calcium
channel blockers, hormone replacement therapy
(HRT), acetaminophen/paracetamol, beta-blockers,
and statin use [18, 22, 28, 39, 43, 50, 53, 55].

Evidence showed that aspirin intake increased the
risk of PD (pooled RR: 1.12, 95% CI: 1.01 to 1.23,
I2 not reported, 6 cohort and nested case-control
studies), while ibuprofen intake decreased the risk
of PD (pooled RR: 0.73, 95% CI: 0.63 to 0.85, I2

not reported, 5 cohort and nested case-control stud-
ies) [28] (Table 2). On the other hand, no significant
association was found between PD and the remain-
ing NSAIDs [22, 28] (Table 2 and Supplementary
Table 2). Cohort studies also showed that TZDs
decreased the risk of PD (pooled OR, 0.70; 95%
CI, 0.51 to 0.96; I2 = 86.0%; 5 cohort studies) [18]
(Table 2).

Meta-analysis showed that calcium channel block-
ers (pooled RR: 0.74, 95% CI: 0.64 to 0.85,
I2 = 42.6%, 3 cohort studies) and statin use (pooled
RR: 0.82, 95% CI: 0.68 to 0.99, I2 = 55.5%, 6 cohort
studies) were negatively associated with PD devel-
opment [43, 50, 53], while HRT (pooled RR: 1.24,
95% CI: 1.10 to 1.41, I2 = 0.0%, 4 cohort studies)
and beta blockers (pooled RR: 1.28, 95% CI: 1.19 to
1.39, I2 = 0.0%, 3 case-control studies) increased the
risk of PD [22, 39]. No significant associations were
observed between PD development and oral contra-
ceptives (pooled RR: 1.00, 95% CI: 0.79 to 1.28,
I2 = 61.8%, 7 case-control and cohort studies) [55]
or long-term statin use (pooled RR: 0.77, 95% CI:
0.56 to 1.07, I2 = 64.2%, 4 case-control and cohort
studies) [50] (Supplementary Tables 1 and 2).

Biomarkers

Thirteen SRs explored the association between
PD development and biomarkers, including
plasma/serum urate, body mass index (BMI), serum
vitamin D, serum cholesterol, serum uric acid, low-
density lipoprotein cholesterol (LDL-C), serum iron,
circulating magnesium levels, serum brain-derived
neurotrophic factor (BDNF), and C-reactive protein
(CRP) [30, 33–35, 45, 48, 51, 52, 57, 59, 60, 62, 63].
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Pooled results revealed that a high serum urate
level was negatively associated with PD development
(pooled RR: 0.68, 95% CI: 0.50 to 0.91, I2 = 42.1%, 6
cohort and nested case-control studies) [33] (Table 2),
and subgroup analysis showed this negative associ-
ation was only observed in men (pooled RR: 0.60,
95% CI: 0.40 to 0.90, I2 = 50.6%, 4 cohort and nested
case-control studies) [33], which is consistent with
other SR (pooled RR in male: 0.63, 95% CI: 0.42 to
0.95, I2 not reported, 5 cohort and nested case-control
studies) [51] (Table 2 and Supplementary Table 2).
No significant associations were found between PD
development and BMI or serum cholesterol [30, 48]
(Table 2 and Supplementary Table 1 and 2).

Meta-analyses showed that deficiency and insuf-
ficiency of vitamin D were positively associated
with PD development (deficiency and insufficiency,
pooled OR: 1.50, 95% CI: 1.31 to 1.71, I2 = 55.9%,
6 case-control, cohort, and cross-sectional stud-
ies; deficiency, pooled OR: 2.08, 95% CI: 1.35 to
3.19, I2 = 84.7%, 10 case-control, cohort, and cross-
sectional studies; insufficiency, pooled OR: 1.73,
95% CI: 1.48 to 2.03, I2 = 31.0%, 6 case-control,
cohort, and cross-sectional studies) [45, 60]; no sub-
group analysis based on study design was conducted
(Supplementary Table 1). Pooled results of case-
control studies showed that PD patients had lower
levels of serum uric acid, serum BDNF, and serum
iron and higher circulating Mg and CRP levels [34,
59, 62, 63]. No significant association between LDL-
C and PD development was found (pooled RR: 0.58,
95% CI: 0.31 to 1.07, I2 = 71.0%, 3 case-control and
cohort studies) [52] (Supplementary Table 1).

DISCUSSION

This overview of SRs comprehensively summa-
rized non-genetic factors involved in the development
of PD, covering six categories and more than 80 fac-
tors. Statistically significant associations were found
between PD development and 50 factors, but only 19
of these were supported by evidence from prospective
studies. Eleven factors, including physical activity;
smoking, coffee, caffeine, tea, and fat intake; ibupro-
fen; calcium channel blocker use; statin use; TZD;
and high serum urate levels were negatively asso-
ciated with PD development, while the remaining
eight factors, including dairy food, milk, diabetes,
HRT, depression, mood disorder, bipolar disorder,
and aspirin use were positively associated with PD
development. No reliable conclusions could be drawn

regarding the association between 31 factors and PD
development, as they were only supported by evi-
dence from case-control studies or the combination
of case-control studies, cohort studies, and cross-
sectional studies.

It is generally acknowledged that a healthy lifestyle
can prevent chronic disease and prolong the life
expectancy of individuals with chronic diseases [64,
65]. Physical activity also showed a beneficial effect
in reducing the risk of PD development in the gen-
eral population, which is consistent with the findings
reported in a previous publication [66]. Furthermore,
results from this overview suggest a negative associ-
ation between PD and moderate to vigorous physical
activity; this indicates recommendations of physical
activity for preventing PD should emphasize its inten-
sity as well. Although the benefits of physical activity
were only observed among men in our results, we
do not suggest excluding women from the targeted
population due to the general health benefits of phys-
ical activity. Coffee and tea drinking may not only
reduce the risk of PD, but also reduce the risk of
other diseases such as metabolic diseases, cardiovas-
cular diseases, and cancer [67, 68]. Promotion of the
health benefits of coffee and tea consumption should
be considered for the general population. However,
due to the lack of details regarding the types of tea
in the included SR [37], we were not able to explore
this further.

Consistent evidence has suggested that smoking
significantly reduces the risk of PD development.
So far, no scientific consensus has been reached on
whether the association between smoking and PD is
a causal relationship. One hypothesis is that patients
with PD were able to quit smoking more easily
than controls [69], which may cause the observed
reverse association. Other researchers believe there
is a true causal link between smoking and PD [70].
Experimental evidence indicated nicotine, a major
component of tobacco smoke, had beneficial effects
in animal models of PD [71, 72], suggesting nicotine
may have therapeutic potential for PD. It is well rec-
ognized that smoking is a risk factor for many other
diseases such as chronic noncommunicable diseases
and cancer [73–75]; therefore, its protective effect
for PD development does not impact public health
strategies for reducing smoking among populations.

Our findings suggest that individuals with depres-
sion, mood disorders, or constipation are at
significantly increased risk for subsequent PD.
Currently, there are two explanations for these asso-
ciations. One is that these factors are prodromal
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symptoms of PD, and the other is that these fac-
tors are independent risk factors for PD [49, 61].
However, no consensus has been reached regarding
these two explanations, which may also be subject
to change over time. On the other hand, these two
explanations indicate different preventive and clini-
cal implications. Hence, future research is warranted
to clarify these issues. Regardless of the explanation,
identifying individuals with a history of depression,
mood disorder, or constipation will help the diagno-
sis of prodromal PD [12, 76]. Patients with bipolar
disorders also have a significantly increased risk
of developing PD compared with the general pop-
ulation, long-term lithium use may be a possible
explanation for this. However, the reasons underlying
this association require further clarification [19].

Due to the possibility of genetic and/or envi-
ronmental confounding, it is difficult to determine
causality from observational studies, even with a
cohort study design. The association observed may
be a combination of both environmental and genetic
factors. Thus, studies that use genetically informed
approaches, such as twin studies that control for
genetic factors, may better emphasize the effects of
non-genetic factors on PD [77]. Mendelian random-
ization studies may also be considered to determine
the causal relationship between exposure and PD
[78, 79].

There were several limitations to this study. First,
various study designs, including cohort studies,
nested case-control studies, case-control studies, and
even cross-sectional studies, have been adopted to
investigate the risk factors involved in PD devel-
opment. Based on the evidence pyramid [80], a
cross-sectional study is a suboptimal choice for eti-
ological research questions. Nevertheless, due to its
retrospective nature, case-control studies are gener-
ally more likely to be effected by various biases (e.g.,
recall bias and selection bias due to hospital-based
sampling of cases and controls) than cohort stud-
ies [81]. Therefore, in this overview, we emphasized
the evidence from cohort studies, especially when
conflicting conclusions arose between cohort studies
and case-control studies. The longitudinal nature of
cohort studies empowers the cause and effect infer-
ence to some extent. However, because of the long
prodromal period of PD, symptoms before the diag-
nosis may affect exposure (i.e., reduced physical
activity, smoking, or coffee intake) [82]. Therefore,
even with a cohort study design, we cannot com-
pletely rule out the fact that the observed association
may be a reverse causal association. Accordingly,

for sensitivity analysis and to avoid reverse causal-
ity, some cohort studies removed cases in which PD
occurred in the first several years. However, there
is currently no standard time interval for conduct-
ing such a sensitive analysis [83, 84]. Another major
threat to the interval validity of observational studies
is confounding, which may lead to biased estimation
of the observed association if it is not well controlled.
For example, the association between �-adrenergic
receptor drugs and PD may be an indirect effect
of smoking [85]. A cautious consideration of key
methodological issues during study design is sug-
gested for future studies on the risk factors for PD.

Second, among the 34 SRs that included more
than one type of study design, 33 (97.1%) combined
results from different study designs, and 17 (50.0%)
did not conduct subgroup analysis based on study
design. Moreover, most studies did not investigate
many important factors that might explain the het-
erogeneity observed in the meta-analyses, such as
gender, region, risk of bias of the included studies,
sample size, and duration of exposure. The meth-
ods used for exposure assessment varied among the
included primary studies; 18 (39.1%) adopted indi-
rect measurement methods, such as questionnaire or
self-report, but some did not provide details regard-
ing the exposure measurements. Similar drawbacks
were observed regarding the diagnostic criteria for
PD among the included SRs. It is worth noting that
OR instead of RR was used in some meta-analyses
that pooled results from cohort studies. OR is gen-
erally considered a suboptimal index for measuring
effect, as it might exaggerate effect size and is not
easily interpreted [86]. All of the abovementioned
issues limited our interpretation and the generaliz-
ability of the results generated from the included
SRs. Future SRs should conduct subgroup analy-
sis to explore sources of heterogeneity, especially
considering variability in study design; they should
provide details regarding exposure measurement and
diagnostic criteria for PD and use RR for effect mea-
surements in cohort studies. The studies we included
mainly covered Europe, America, and Asia, while
few studies covered Africa and Oceania. In addi-
tion, few included SRs reported ethnic information,
so some populations may not have been covered. This
limited the generalizability of our research results.

Third, the methodological quality of the included
SRs was generally unsatisfactory. Based on the
results shown in Fig. 2, authors of future SRs should
provide an a priori protocol by registering within
PROSPERO [87], reduce potential publication bias
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by conducting a comprehensive literature search,
increase transparency by providing lists of included
and excluded studies, and consider the scientific rigor
by using a satisfactory technique to assess the risk of
bias of included studies.

Finally, the present overview only included SRs
from within the last 10 years; therefore, this overview
may not cover all non-genetic factors related to the
development of PD. Furthermore, as stated in the
criteria, some risk factors for prodromal PD (e.g.,
substantia nigra hyperechogenicity), which is beyond
the scope of the present study, were not included
in our overview [12]. However, we believe that
most of the up-to-date evidence has been covered
by this overview. Since the reporting guidelines for
overviews of SRs are still under development [70],
we conducted this overview based on the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [88].

CONCLUSION

This overview summarizes the non-genetic factors
related to the development of PD. Modifiable lifestyle
factors such as physical activity and tea and coffee
consumption may reduce the risk of PD development.
Promotion of the health benefits of physical activity
and coffee and tea consumption should be considered
for the general population. The methodological qual-
ity of future SRs strongly requires improvement, and
international standards such as Conducting System-
atic Reviews and Meta-Analyses of Observational
Studies of Etiology (COSMOS-E), should be adhered
to when conducting SRs [89, 90].
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