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A B S T R A C T   

We review the epidemiologic literature on potential protective and risk factors in Parkinson’s Disease (PD). Prior 
research identified numerous possible protective and risk factors. Potential protective factors include tobacco 
abuse, physical activity, urate levels, NSAID use, calcium channel blocker use, statin use, and use of some α1- 
adrenergic antagonists. Some potential protective factors could be products of reverse causation, including 
increased serum urate, tobacco abuse, and coffee-tea-caffeine consumption. Potential risk factors include trau
matic brain injury, pesticide exposure, organic solvent exposure, lead exposure, air pollution, Type 2 Diabetes, 
some dairy products, cardiovascular disease, and some infections including Hepatitis C, H. pylori, and COVID-19. 
Potential non-environmental risk factors include bipolar disorder, essential tremor, bullous pemphigoid, and 
inflammatory bowel disease. There is an inverse relationship with PD and risk of most cancers. Though many 
potential protective and risk factors for PD were identified, research has not yet led to unique, rigorous pre
vention trials or successful disease-modifying interventions. While efforts to reduce exposure to some industrial 
toxicants are well justified, PD incidence might be most effectively reduced by mitigation of risks, such as Type 2 
Diabetes, air pollution, traumatic brain injury, or physical inactivity, that are general public health intervention 
targets.   

1. Introduction 

Identification and evaluation of potential protective and risk factors 
for disease, particularly environmental risk factors, is a historically 
fruitful endeavor. Identification of environmental protective and risk 
factors can provide clues to disease pathogenesis and routes to disease 
prevention or mitigation. The successes of tobacco control efforts in 
reducing cardiovascular disease prevalence, and cancer incidence and 
mortality, are notable examples. There is a substantial literature 
focusing on potential environmental protective and risk factors in Par
kinson disease (PD). Numerous recent studies expanded the range of 
potential protective and risk factors for PD. 

This narrative review focuses on providing an updated summary of 
most recent studies of potential protective and risk factors for PD. We 
used a hybrid search approach, relying on older reviews to summarize 
older literature, and performing PubMed searches using terms such as 
“risk”, “hazard”, and “protection.” In addition, we conducted a thorough 
search and screening of relevant manuscripts cited in identified articles. 
Through these searches, we identified greater than 400 relevant peer- 

reviewed articles on different aspects of PD epidemiology. We 
excluded articles characterized by non-peer-reviewed sources, opinion 
pieces, non-English language, and low-quality studies. Those most 
pertinent to this aspect of PD epidemiology are discussed and cited. 
When reviewing epidemiological topics, we considered the scientific 
rigor of studies by assessing the study types, methodological quality, 
confounding variables, as well as internal and external validity. 

We discuss potentially protective environmental factors, potentially 
hazardous environmental factors, some non-environmental factors, and 
conclude with a critical discussion of PD protective/risk factor 
epidemiology. 

2. Potentially protective environmental factors (Table 1; 
Table 3) 

Cigarette Smoking-Tobacco Use: A frequently reproduced finding in PD 
epidemiology is an association between cigarette smoking-tobacco use 
and reduced risk of PD with odds ratios around 0.4–0.6 (reviewed by 
Ascherio and Schwarzschild) [1–7]. The major interpretative 
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possibilities are that tobacco products exert neuroprotective effects or 
that this is a case of reverse causation with a feature of PD-prone in
dividuals reducing tobacco use risk. 

Nicotine reduces neurodegeneration in toxin PD models and dietary 
nicotine consumption may reduce PD risk [8,9]. Other tobacco con
stituents may have neuroprotective effects. There is also a plausible case 
for reverse causation. The reinforcing effects of nicotine are mediated 
partly by inappropriately enhanced dopaminergic neurotransmission 
and PD prone individuals may have intrinsic differences in nigrostriatal 
dopaminergic signaling rendering them less susceptible to nicotine [10]. 
Consistent with this hypothesis, PD patients may find it easier to quit 
smoking [10,11] and second-hand smoking exposure may not reduce PD 
risk [12]. Twin study analyses are consistent with a neuroprotective 
effect [13,14], as are Mendelian randomization studies [15–18]. While 
not definitive, the recent NIC-PD randomized control trial showed 
transdermal nicotine patches did not alter PD progression of early dis
ease [19]. The balance of the evidence favors a neuroprotective effect of 
tobacco, but reverse causation remains a plausible alternative. 

Coffee-Tea-Caffeine: Another well-established association is a poten
tial protective effect of coffee-tea-caffeine consumption. A comprehen
sive review by Chen and Schwarzschild [20] highlights the diminished 
PD risk associated with coffee-tea-caffeine consumption with estimated 
odds ratios ~0.70 [3,21–24]. Studies assessing decaffeinated products 
identify caffeine as the relevant actor [20]. The association between 
caffeine and reduced PD risk is attenuated in women. A major mediator 
of caffeine effects is adenosine receptor blockade [25]. Caffeine exhibits 
neuroprotective effects in PD models mediated by A2a subtype receptors 
– expressed at uniquely high levels by striatal neurons and modulating 
dopaminergic signal transduction – that also mediate the reinforcing 
effects of caffeine [20]. Adenosine receptors also influence multiple 
processes relevant to neuroprotection, including synaptic plasticity, 
synapse formation, and inflammation. It is intriguing that two apparent 
protective factors produce significant physiologic effects through mod
ulation of striatal dopaminergic neurotransmission – signal trans
duction. This convergence increases the likelihood that the 
well-established risk reduction associations with tobacco and caffeine 
exposures are cases of reverse causation. 

Physical Activity: The concept that physical activity potentially re
duces PD risk is consistent with the clinical impression that PD patients 
pursuing regular physical exercise exhibit slower progression [26,27]. 
Prospective studies indicate an inverse relationship between physical 
activity intensity and PD risk [28–33]. Leisurely or lighter levels of ex
ercise did not show association with PD, while moderate to strenuous 
physical activity is associated with an odds ratio of ~0.65. Reverse 
causation is a possibility, as prodromal individuals may find it harder to 
pursue moderate to vigorous exercise [28–31,33]. The inverse rela
tionship between PD risk and physical activity may hold for physical 
activity earlier in life, perhaps decades earlier. Reduced PD risk asso
ciated with early life physical activity argues against but does not 
exclude reverse causation. 

Urate: Several studies suggested that plasma urate levels are 
inversely related to PD risk [34–38]. Urate may be an intracellular 
antioxidant. The strongest data suggested protective effects of higher 
plasma urate levels in men but not in women [35–38]. The evidence 
supporting an inverse relationship between urate levels and PD risk 
includes various meta-analyses and case-control studies with a reason
able level of rigor. A meta-analysis describes an ~33 % risk reduction 
associated with higher serum urate [34]. Gout is a natural experiment 
with conflicting reports of diminished and increased PD risk associated 
with gout [39–43]. A Mendelian randomization study argues against 
serum urate as a PD protective factor [44]. The Phase III Safety of Urate 
Elevation in PD trial (SURE-PD3) used oral inosine to raise serum urate 
levels in early PD as a disease-modifying approach and was negative 
[45]. A recent critical review also makes a strong case for reverse 
causation and urate being a potential biomarker for PD progression 
[46]. 

Medications: Pharmacoepidemiologic studies suggest that some 
medications potentially reduce PD risk (Table 1). Non-steroidal anti- 
inflammatory drug (NSAID) use potentially reduces PD risk (Table 1) 
with meta-analyses suggesting PD risk around 0.8–0.9, though one 
recent meta-analysis concluded that there are no demonstrable effects of 
NSAIDs [47]. Other anti-inflammatory agents, including immunosup
pressants, are suggested to reduce PD risk [48]. 

Calcium channel blockers (CCBs) may reduce PD risk (Table 1) with 
studies implicating the dihydropyridine (DHP) subclass of CCBs. 
Rigorous preclinical experiments supported a role for DHP-CCB sensitive 
calcium channels in dopaminergic neuron degeneration [49,50]. The 
CCB isradipine was trialed as a disease-modifying treatment (Safety, 
Tolerability and Efficacy evaluation of Dynacirc® in PD; STEADY-PD) 
[51] with negative results. There are concerns that the isradipine 
dosing schedule did not produce adequate inhibition of target DHP-CCBs 
and some controversy about trial outcome interpretations [52–54]. 

The effects of β-adrenoreceptor antagonists (beta blockers; BB) on PD 
risk is controversial. β2-adrenoreceptor activation modulated α-synu
clein expression in a cellular model and complementary pharmacoepi
demiologic analysis suggested that β-adrenoreceptor agonist (BA) use 
reduced PD risk while BB use exacerbated PD risk [55]. Subsequent 
pharmacoepidemiologic studies return conflicting results (Table 3). 
Hopfner et al. suggested that an apparent protective effect of BAs could 
be explained by BA prescriptions in smokers [56]. 

Conflicting data are reported for HMG-CoA reductase inhibitors 
(statins) [57]. Some prospective data and meta-analyses results are 
consistent with prior statin use possibly reducing PD risk by ~20 % [58, 
59]. In meta-analysis, this association persisted after adjustments for 

Table 1 
Potential protective factors.  

Protective Factor Reported Odds Ratio Comment 

Smoking-Tobacco 
Abuse [2,3,5,7,214] 

~0.4–0.6 Highly reproducible meta- 
analyses showing either 
neuroprotective effect or 
reverse causation. 

Coffee-Tea-Caffeine 
[21–23,25] 

~0.7–0.75 Neuroprotective effect 
plausible - Possible reverse 
causation. 

Physical Activity 
[28–32] 

~0.65 Neuroprotective effect with 
strong clinical impression - 
Requires further study of 
possible mechanisms. 

Serum Urate [34,215] ~0.6–0.9 Biologically plausible - 
Negative major clinical trial, 
negative mendelian 
randomization study. 

Medications  Associations mainly based on 
pharmacoepidemiologic 
studies prone to confounders. 
- Strongest support for CCBs 
but negative major clinical 
trial. 

CCBs [216–222] CCB~ 0.7–0.9 
NSAIDs [47,223–229] NSAIDs~ 0.8–0.9 
Ibuprofen [47, 

223–225,227–229] 
Ibuprofeñ 0.6–0.7 

Immunosuppressives 
[47,48,226] 

Immunosuppressives~ 
0.4–0.6 

ARBs [230] ARBs~ 0.6 
β-agonist [55,56] β-agonist~ 0.6–0.8 
Full truncal vagotomy 

[70,71] 
~0.6–0.9 Controversial – Consistent 

with some preclinical model 
data - Requires further study 
related to potential gut 
α-synuclein seeding of CNS. 

Hyperlipidemia  Pathogenic significance 
unclear - Possible prodromal 
markers - Require further 
study. 

Serum cholesterol 
[151–156,158, 
231–234] 

~0.85 

LDL [151–156, 
231–236] 

~0.6–0.9 

Triglycerides 
[151–156,231–236] 

~0.6–0.7 

CCB = Calcium Channel Blocker; NSAID = Non-Steroidal Anti-Inflammatory 
Drug; LDL – Low Density Lipoprotein. 
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age, sex, and smoking. A protective association was found for long-term 
use and for lipophilic statins, but not hydrophilic statins. Longitudinal 
data from the E3N cohort study of French women supports this 
conclusion [60]. Bykov et al. suggested that assessing statin effects on 
PD risk may be confounded by the effects of hyperlipidemia on PD risk 
(see Potential Environmental Risk Factors: Cardiovascular Risk Fac
tors below) [59]. A phase II efficacy trial of simvastatin as a 
disease-modifying therapy is negative [61,62]. 

Some α1-adrenergic antagonists, terazosin (TZ) and related com
pounds, may reduce PD risk. The proposed mechanism is increasing 
glycolysis via activation of phosphoglycerate kinase 1 [63]. In preclin
ical models, TZ reduced or slowed neuronal loss and a pharmacoepi
demiologic study suggested that TZ and related agents reduced PD 
incidence. These pharmacoepidemiologic findings were reproduced in 
some, but not all, subsequent studies (Table 3). 

Vagotomy and Appendectomy: Assessments of the effects of prior va
gotomy and appendectomy on PD risk were inspired by Braak’s sug
gestion that α-synucleinopathy begins in the gut/enteric nervous system 
and spreads centripetally to the CNS [64–67]. α-Synucleinopathy rodent 
model experiments are consistent with this hypothesis [68,69]. Results 
of retrospective analyses of large administrative datasets return con
flicting results. Full truncal vagotomy may reduce PD risk, with reports 
of unchanged risk with selective vagotomy [70,71]. The impact of ap
pendectomy on PD risk is unclear with studies suggesting increased, 
decreased, or no risk change after surgery [72–77]. 

3. Potential Environmental Risk Factors (Table 2, Table 3) 

Traumatic Brain Injury (TBI): In a 2013 meta-analysis, Jafari et al. 
concluded that TBI was potentially associated with increased risk of PD 
with a risk ratio ~1.6 [78]. Marras et al. concluded that available data 
do not support an association between mild TBI and PD risk [79]. 
Reverse causation is a consideration for association between TBI and PD 
risk as the long prodromal phase with sub-clinical motor deficits could 
increase fall risk. Using the Swedish National Patient Register, Fang 
et al. found an association between hospitalizations for head injury and 
PD incidence with this association largely explained by recent head in
juries [80]. Gardner et al. assessed the relationship between PD risk and 
TBI with a non-TBI traumatic injury control group [81]. TBI was more 
strongly associated with subsequent PD diagnosis than non-TBI trau
matic injuries and with a dose-response relationship between TBI 
severity and PD risk. On the other hand, a thorough interview based case 
control study found no evidence of increased PD risk associated with TBI 
[82] and a recent nested case-control study from the Rochester Epide
miology Project (Olmsted County, Minnesota, USA) found no associa
tion between TBI occurrence, severity, or temporality, and risk of any 
α-synucleinopathy [83]. In a case-control study excluding injuries 
occurring less than 10 years prior to PD diagnosis, Taylor et al. found 
evidence of TBI increasing PD risk with temporal variation. Earlier 
injury was associated with the greatest increases in PD risk [84]. Using 
the USA Veteran’s Health Administration (VHA) – the Comprehensive 
TBI Evaluation – dataset recording TBI incurred by veterans of the US 
invasion and occupation of Iraq [85], Gardner et al. describe increased 
PD risk in service people experiencing TBI with a risk ratio of ~1.7 and a 
dose-response relationship. Lee et al. assessed interaction between 
exposure to the herbicide paraquat, TBI history, and PD risk [86]. TBI 
with loss of consciousness >5 min and paraquat exposure had a syner
gistic effect with odds ratio ~3.0. 

There is considerable interest in the effects of multiple, sub- 
concussive brain impacts associated with contact sports. Analyses of 
Scots professional soccer players suggests that this type of repetitive 
brain trauma is associated with increased PD risk [87–89]. This result 
was not reproduced in a study of Swedish professional soccer players. 
These well-done analyses are retrospective in nature and could not take 
some relevant confounders into account. A cross-sectional and 
self-selected analysis of American football players is consistent with 

Table 2 
Potential risk factors.  

Risk Factor Reported 
Odds Ratio 

Comment 

Pesticides-Herbicides- 
Fungicides [6,91, 
93–100,209,210] 

~1.4–1.6 Significant cumulative exposure 
data - Supported by some preclinical 
model data – Strongest case for 
pesticides. 

Solvents [87,93,103, 
105–107] 

~1.4 Particular concern about chlorinated 
hydrocarbons - Supported by some 
preclinical model data. 

Traumatic Brain Injury 
[78–88,211] 

~1.4–1.7 Controversial - Possible reverse 
causation and recall bias. 

Heavy Metals 
Lead [95,109,111] 

~1.6 Data best supports lead association 
amongst heavy metals. 

Cardiovascular Disease 
Risk Factors [145,146, 
148] 

~1.2–1.65 Risk ratios vary with specific 
cardiovascular risk factor. 

IBD [198,200–205] ~1.4 Requires further study to rule out 
surveillance bias. 

H. pylori [162–164] ~1.5–1.9 Eradication of H. pylori did not affect 
risk - Requires further study. 

Type 2 Diabetes [141–144] ~1.2–1.4 Accelerates disease progression and 
exacerbates clinical features. 

Air Pollution [119–123] ~1.1–1.2 Mechanistically plausible – Very 
widespread exposures. 

Hepatitis C [126,127,212, 
213] 

~1.2–1.5 Treatment appears to reduce risk. 

Influenza infection [131, 
132] 

~1.5–1.7 Requires further study. 

Dairy Products 
Milk [168–170,172,173] 

~1.3–1.6 Various meta-analyses show milk as 
a risk – Potential confounders - 
Further study required. 

IBD – Inflammatory Bowel Disease. 

Table 3 
Particularly contentious protective/risk factors.  

Factor Reported Odds 
Ratio 

Comment 

Medications  For Statins, negative phase II trial and 
possible confounding by 
hyperlipidemia. Conflicting results for 
other medications. 

Statins [58,59,61] Statins~ 
0.7–1.2 

β-blockers [56, 
237–239] 

β-blockers~ 
0.7–1.0 

α1-adrenergic 
antagonists [63, 
240] 

α − 1 = blank 

Terazosin [240–242] Terazosiñ 
0.46–1.0 

Selective vagotomy 
[70,71] 

~1.1–1.2 Controversial – Consistent with some 
preclinical model data - Requires 
further study related to potential gut 
α-synuclein seeding of CNS 

Appendectomy 
[72–77] 

~1.0 Controversial – Consistent with some 
preclinical model data - Requires 
further study related to potential gut 
α-synuclein seeding of CNS 

Heavy Metals  Non-lead metals have unclear 
associations – Manganese not likely. Copper [110,112] ~1.1–1.6 

Manganese [110,112, 
116,117,243] 

~1.1–1.2 

Hyperlipidemia 
HDL [151–156, 
231–236]  

Pathogenic significance unclear - 
Possible prodromal markers - Require 
further study. 

Viral Infections [134]  Study heterogeneity, requires further 
study. 

Dairy Products  Milk established as risk but further 
study required for other dairy products. Cheese [168,170,171] – 

Yogurt [170,171] ~0.75–1.2 
Butter [170] ~0.5–1.1 

HDL – High Density Lipoprotein. 
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repetitive head injury possibly increasing PD risk [90]. It’s uncertain if 
these associations generalize to recreational/casual exposure. 

A causal link between TBI and PD risk is biologically plausible with 
two primary causation models. First, TBI could result in non-specific 
brain injuries lowering the threshold for clinical expression of PD 
associated α-synucleinopathy. Second, TBI could exacerbate, or even 
initiate, pathologic cascades, such as neuroinflammation, underlying 
PD. 

Pesticides-Herbicides-Fungicides: The concept that environmental 
toxicants contribute to PD pathogenesis came to the forefront following 
the discovery of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 
induced parkinsonism. MPTP has structural similarities to the herbicide 
paraquat, though MPTP and paraquat have different cellular toxicity 
mechanisms. The natural product mitochondrial complex I inhibitor 
rotenone, a pesticide, insecticide, and piscicide, is also used as a PD 
model. 

A pioneering Canadian study described PD prevalence as highest in 
regions of Quebec with high pesticide use [91]. Several meta-analyses 
report the overall conclusion that pesticide-herbicide exposure is a sig
nificant risk factor for PD [4,6,92–95]. The case for pesticide exposures 
appears the strongest with odds ratios around 1.4–1.8. Some suggested 
that the association between pesticide-herbicide exposure is actually 
weaker because of publication bias [4], but higher quality studies return 
higher odds ratios [94,95]. Ritz and colleagues used unique exposure 
data in California and concluded pesticides, herbicides, and fungicides 
are significant risk factors for PD [96–98]. Their results directly impli
cate paraquat, as did prior work in the Agricultural Health Study [99]. 
With Cancer Prevention II Nutrition Cohort data, Ascherio et al. esti
mated an odds ratio of ~1.7 [100]. It is likely that 
pesticide-herbicide-fungicide exposure is a risk factor for PD. The case 
for pesticide exposure seems the strongest, and data linking paraquat 
exposure to PD risk is strong. 

Organic Solvents: One meta-analysis described organic solvent expo
sure as a potentially significant risk factor with an odds ratio of ~1.4 
[94]. The halogenated hydrocarbons trichloroethylene (TCE) and 
perchloroethylene are the strongest candidates. TCE is/was a widely 
used degreasing agent and is a widespread environmental pollutant 
[101,102]. Several studies implicate TCE exposure in PD, though most 
studies involve relatively small subject numbers [103–105]. A recent 
large case-control study using Finnish medical administrative and 
occupational data is consistent with halogenated hydrocarbon exposure 
as a PD risk factor [106], as is a recent cohort study of United States 
Marine Corps and Navy personnel with temporally remote exposures to 
TCE and other organic compounds [107]. In a study examining twins 
discordant for PD [105], exposure to TCE, and possibly other organic 
solvents, was associated with increased PD risk. Experimental evidence 
supports a connection between TCE exposure and substantia nigra 
degeneration [104,108]. TCE exposure upregulates Leucine-Rich Repeat 
Kinase 2 (LRRK2) kinase activity, a likely mechanism of neuro
degeneration in LRRK2 mutant PD [108]. Dorsey et al. provide a thor
ough review suggesting TCE as a potential PD risk factor and 
highlighting the need for further studies [101]. 

Heavy Metals: A meta-analysis by Gunnarsson and Bodin with strict 
study selection criteria indicates that occupational lead exposures 
potentially increase PD risk with an odds ratio of ~1.5 [95]. This was 
further supported by a high-quality case-control study showing cumu
lative exposure to lead is associated with increased risk of PD [109]. 
These authors concluded that associations with other heavy metal ex
posures are unsubstantiated [110–113]. Manganese (Mn) exposures 
deserve separate discussion. Mn exposure is the cause of a complex 
neurologic syndrome [114,115]. Manganism was characterized as 
exhibiting additional clinical features distinguishing it from PD. Racette 
and colleagues suggested that lower-level Mn exposures produce a 
syndrome more resembling PD [115,116]. Positron emission tomogra
phy studies of nigrostriatal dopaminergic projections in Mn-exposed 
workers do not describe PD-like deficits [117]. In the only autopsy 

report on Manganism from the modern era, Yamada et al. described a 
normal substantia nigra in the studied case [118]. It is unlikely that Mn 
exposure is a significant risk factor for PD. 

Air Pollution: Recent studies suggest that air pollution is a risk factor 
for PD [119–122]. Air pollution exposures are complex due to the 
presence of several potentially relevant constituents. Different studies 
report associations with different air pollution constituents (summarized 
in Murata et al.; meta-analysis of Hu et al.) with the overall conclusion 
that air pollution is a potential PD risk factor [123,124]. The odds ratios 
are on the order of 1.1–1.2, but the ubiquity and chronicity of air 
pollution exposure places very large populations at risk. Much of best 
data assessing associations between air pollution and PD risk comes 
from high SDI nations with relatively good air pollution control. Air 
pollution could be a more influential risk factor in regions with worse air 
pollution. 

Hepatitis C: Hepatitis C (HepC) is a brain penetrant flavivirus, 
infecting microglia [125]. HepC is a prevalent chronic infection, 
affecting tens of millions globally and with hundreds of thousands of 
new infections annually. Association between HepC infection and PD 
risk was identified originally in a Taiwanese dataset and subsequently 
replicated in studies from other nations with an odds ratio of ~1.35 
[126,127]. Consistent with a causal relationship between HepC infec
tion and PD risk, recent analyses suggest that curative treatment of HepC 
reduces PD risk [126,127]. 

Viral Infections: The 20th century experience with Post-Encephalitic 
Parkinsonism (PEP) raises the possibility that PD could be a delayed 
sequel of viral or other acute infections. Initiation of neurodegeneration 
by neurotropic viral infections or secondary to neuroinflammatory 
processes triggered by viral or other infections are plausible models of 
pathogenesis. An alternative model is infection causing acute, subclin
ical loss of dopaminergic nigrostriatal neurons with clinical manifesta
tions occurring years later as the gradual, normal age-related decline in 
nigrostriatal dopaminergic neurons passes a threshold for manifest PD. 

Donald Calne revived the concept that PD follows infection [128]. 
Weak cross-sectional serologic studies are consistent with associations 
between influenza A and HSV-1 infections and subsequent PD (reviewed 
by Limphaibool et al. and Olsen et al.) [129,130]. A recent retrospective 
case-control study using the Danish National Patient Registry addressed 
whether antecedent influenza infection is associated with delayed onset 
of PD [131]. Influenza diagnosis more than 10 years prior to PD diag
nosis was associated with increased PD risk (odds ratio ~1.7). Different 
but positive results were reported recently using Finnish and British 
Biobank data [132]. Antecedent history of infection — pneumonia, viral 
hepatitis, influenza, viral infection with skin and mucosal lesions — was 
associated with incident PD. These associations were significant 0–1 
years and 1–5 years after infection exposures. Systemic inflammation 
secondary to infection might accelerate disease progression of in
dividuals in the prodromal phases of PD. 

Herpes Simplex Virus 1 and 2 (HSV-1, HSV-2), and Varicella-Zoster 
(HVZ), are common human neurotropic viruses. Several epidemiologic 
studies examined the relationship between antecedent HSV/HVZ 
infection and risk of PD with conflicting results (discussed by Camacho- 
Soto et al.) [133]. Using administrative data, Camacho-Soto et al. found 
that diagnosis of antecedent HSV/HVZ infection or treatment with 
anti-herpetic agents was possibly associated with mildly reduced risk of 
PD (odds ratio ~0.9). Meta-analysis of cohort and case-control studies 
examining the relationship between antecedent infections and PD risk 
reveals considerable study heterogeneity [134]. 

A current question is whether COVID-19 infection increases PD risk. 
Zarifkar et al. examined data for approximately half the population of 
Denmark, focusing on outpatients with documented COVID infections 
[135]. Compared with controls, a history of COVID-19 increased risk for 
subsequent diagnoses of PD (odds ratio ~2.6). There was increased risk 
when compared to outpatients with histories of other respiratory tract 
infections. De Havenon et al. used a large de-identified dataset (TriNetX) 
to quantify incident diagnoses of several chronic neurologic disorders 

N. Grotewold and R.L. Albin                                                                                                                                                                                                                 

Case ID: 220300429
Control No.: 26064959



Parkinsonism and Related Disorders 125 (2024) 107026

5

(migraine, epilepsy, neuropathies, movement disorders, stroke, and 
dementia) in the year following in-patient hospitalization for COVID-19. 
Relative to a propensity matched control group hospitalized for influ
enza, there was reduced incidence of these diagnoses [136]. Taquet et al. 
aggregated several datasets and assessed the post-COVID-19 outcomes 
of approximately 1.2 million patients over a 2-year follow-up period 
[137]. There was no evidence of increased PD risk. On the other hand, 
Xu et al. describe increased Parkinsonism risk at 1 year post COVID-19 
infection in a large US Department of Veterans Affairs dataset with an 
odds ratio of ~1.5 [138]. Careful, longitudinal follow-up of COVID-19 
infected individuals is needed. 

Type 2 Diabetes Mellitus: Whether Type 2 Diabetes Mellitus (T2DM) is 
a risk factor for PD was controversial with studies suggesting increased 
risk of PD and others suggesting diminished PD risk [139]. A possible 
explanation for this discrepancy is that studies suggesting reduced risk 
of PD were case-control studies susceptible to differential mortality ef
fects. Recent analyses indicate that T2DM is a potential PD risk factor, a 
conclusion supported by Mendelian randomization data, with an odds 
ratio of 1.2–1.4 [139–141]. One possibility is that T2DM exacerbates the 
pathogenic mechanisms underlying PD. Another possibility is exacer
bation of clinical features by superimposition of additional but inde
pendent T2DM-associated pathologies, lowering the threshold for 
clinical expression of α-synucleinopathy. This model is consistent with 
the observation that co-morbid T2DM is associated with more severe PD 
clinical features [139,140,142–144]. 

Cardiovascular Disease Risk Factors: Kummer et al. performed an 
analysis of US Medicare administrative data to address the potential role 
of cardiovascular disease risk factors, identifying several as possibly 
increasing risk of PD incidence with odds ratios in the range of 1.2–1.65 
[145]. Obstructive sleep apnea had the highest risk ratio, followed by 
prior stroke and congestive heart failure. While limited by use of 
administrative data, this well-done study included both positive control 
and negative control analyses. White matter disease (WMD), conven
tionally associated with vascular injury, may be a risk factor for PD 
[146]. Long term follow-up of the RUN DMC (Radbourd University 
Nijmegen Diffusion Tensor and Magnetic Resonance Cohort) indicates 
that small vessel disease severity and progression increases risk of 
developing vascular Parkinsonism and possibly PD [147]. Cardiovas
cular disease risk factor load is associated with more severe PD and 
treatment-refractory clinical features [148]. Mediterranean-like diets, 
widely accepted to reduce cardiovascular disease risk, may decrease PD 
risk [149,150]. 

While inconsistent and possibly affected by sex differences, studies 
suggest that elevated serum cholesterol, serum low density lipoprotein 
(LDL) cholesterol, triglycerides, and High density lipoprotein (HDL) 
cholesterol levels, and levels of the HDL constituent ApoA1 are poten
tially associated with lower PD risk [151–156]. Park et al. suggested that 
metabolic syndrome might be a risk factor for PD [157]. Using data from 
the Health, Aging, and Body Composition study, Wang et al. found that 
blood cholesterol levels began to decline during the prodromal phase of 
PD, suggesting that some blood lipid abnormalities are prodromal 
markers rather than risk factors [158]. 

Helicobacter pylori infection: Older clinical observations suggested 
that PD was often preceded by peptic ulcer disease [159,160]. In United 
Kingdom Biobank data, Jacobs et al. found suggestive evidence that 
peptic ulcer disease is a possible risk factor for PD [161]. A meta-analysis 
concluded that H. pylori infection possibly increased PD risk with an 
odds ratio of ~1.6 [162]. Danish National Patient Registry data suggests 
that prescription of H. pylori eradication therapy and/or proton pump 
inhibitors greater than 5 years prior to PD diagnosis was associated with 
increased PD risk [163]. In the Taiwan National Insurance Research 
Database, H. pylori infected patients were more likely to develop PD 
(odds ratio ~2.3) [164]. Given the long prodrome of PD and the 
occurrence of intestinal α-synucleinopathy, reverse causation is possible 
explanation. Abnormalities of GI function secondary to PD could in
crease risk of H. pylori infection. 

Dairy Products: Regular consumption of some dairy products may be 
associated with increased PD risk (odds ratio ~1.4) [165–172]. The 
available evidence implicates bovine milk consumption but not cheese, 
yogurt, or butter consumption. Vitamin D and calcium are not impli
cated. In a post-mortem study, Abbot et al. found that mid-life milk 
consumption was inversely related to substantia nigra neuronal density 
[173]. A recent Mendelian randomization study is consistent with 
higher dairy intake as a risk for PD [174]. Abbot et al. suggested milk 
contamination by pesticide residues as an explanation for this associa
tion. Low dairy intake might be a proxy for Mediterranean-type diets, 
which may lower PD risk. 

4. Potential non-environmental/Emerging risk factors 

Bipolar Disorder: It is well-known that depression and anxiety are 
non-specific prodromal features of PD. However, recent studies suggest 
that bipolar disorder (BD) is a potential risk factor for PD [175–180]. A 
meta-analysis suggests odds ratios of 3.2–3.4 [175]. BD treatments are 
potential confounders as some BD patients receive dopamine antagonist 
agents but studies adjusting for this confounder report significant PD 
risk odds ratios. A mainstay of BD maintenance therapy is lithium, a rare 
cause of drug induced Parkinsonism. It is plausible that development of 
Parkinsonism is a consequence of chronic lithium use. The most 
intriguing possibility is a connection between the underlying neurobi
ology of BD and PD. Major psychiatric disorders, including BD, are likely 
to be the result of abnormal brain development. It is plausible that 
abnormal brain development predisposes a subset of BD patients to 
nigrostriatal degeneration. 

Essential Tremor: A long-standing question is whether Essential 
Tremor (ET) is a risk factor for PD. These are common problems and 
some individuals will be unlucky enough to have both disorders. There 
are suggestions that ET increases risk of PD [181,182]. Some studies, 
mainly case control studies, describe odds ratios on the order of 4–5. 
There are uncertainties regarding subject classification and design of 
these studies [181]. Longitudinal data from a prospectively followed ET 
subject cohort is consistent with ET as a risk factor for PD incidence 
[183]. This self-selected cohort, however, is relatively small and un
representative [184]. There are also uncertainties about potential 
pathogenetic links between ET and PD. The most convincing clinico
pathologic data indicates cerebellar pathologies in ET [185]. A link 
between ET and PD is plausible but unproven. 

Bullous Pemphigoid: Forsti et al. summarized data suggesting that the 
autoimmune disease Bullous Pemphigoid (BP) is potentially associated 
with PD [186]. BP target proteins are apparently expressed in brain 
[187]. These studies may have multiple confounders. There are analo
gous reported associations with other neurologic diseases, raising the 
possibility of surveillance bias. This group also reported that CNS-active 
drugs, including dopamine antagonists, may increase risk of BP [180]. 

Cancer: In various retrospective and prospective case-control studies, 
cancer is associated with lower subsequent PD incidence, results not 
attributable to lower tobacco abuse or differential survival [188,189]. A 
reciprocal clinical impression is that cancer risk, with the exception of 
melanoma risk, is lower in PD. A recent comprehensive meta-analysis by 
Zhang et al. indicated an inverse association between PD and cancer 
frequency [190]. Zhang et al. also commented that individuals with 
cancer had a lower frequency of PD. A recent genome wide association 
study (GWAS) based analysis suggests genetic correlation between PD 
and melanoma risk (see below) as well as prostate and breast cancer risk 
but reduced association with ovarian cancer risk [191]. A plausible 
general model is that cancer predisposition is driven by processes 
enhancing cell proliferation with PD cell death driven by opponent 
processes reducing cell survival. This general concept is supported by 
reports that polyglutamine repeat neurodegenerative disorders may 
exhibit lower cancer rates [192,193]. 

Conversely, PD is associated with increased risk of melanoma [194, 
195]. MC1R (melanocortin 1 receptor) gene polymorphisms are 
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associated with increased melanoma risk, and some may be risk factors 
for PD [196]. Diaz-Ortiz et al. recently described an association between 
GPNMB (glycoprotein nonmetastatic melanoma protein B) poly
morphisms and increased PD risk [197]. The function of this 
melanoma-associated protein is unknown. Diaz-Ortiz et al. presented 
evidence that increased GPNMB activity alters α− synuclein intracellular 
trafficking in a potentially pathogenic manner. 

Inflammatory Bowel Disease (IBD): A specific potential link between 
IBD and PD risk is the discovery that LRRK2 polymorphisms, including 
some increasing LRRK2 kinase activity, are associated with increased 
IBD risk [198,199]. Several studies, primarily using administrative da
tabases, report IBD is associated with increased risk of incident PD with 
a meta-analysis describing a risk ratio of ~1.4 [198,200–203]. One 
study reported normalization of incident PD risk in IBD patients treated 
with anti-Tumor Necrosis Factor (TNF) therapy, not replicated in sub
sequent studies [198,204,205]. A recent Mendelian randomization 
study did not find any association between IBD and PD risk and another 
Mendelian randomization study based on polymorphisms modulating 
TNF activity did not find an association between these polymorphisms 
and PD risk [206,207]. Despite plausible mechanistic and intriguing 
genetic connections between IBD and PD risk, this relationship remains 
cloudy. One of the groups reporting increased risk of PD in IBD point to 
the pitfall of surveillance bias in these studies [203]. 

Epilepsy and Anti-Convulsants: Some data suggest that epilepsy is 
associated with increased risk of PD (reviewed in Belete et al.). An 
analysis based on United Kingdom Biobank data suggests that this as
sociation may be partially mediated by anti-convulsant exposure [208]. 

5. Conclusions 

The extensive epidemiologic literature on protective and risk factors 
in PD identified many plausible associations (Tables 1–3). The best 
validated of these associations are the inverse relationships between 
tobacco abuse and coffee/tea/caffeine intake, and PD incidence. As with 
many epidemiologic observations, verifying causation can be chal
lenging. Associations with several apparently protective or risk factors 
may be products of reverse causation. A potential example of reverse 
causation is the most strongly replicated protective association, the in
verse relationship between tobacco abuse and PD incidence. Similar 
concerns about reverse causation, to varying degrees, arise for associa
tions between PD incidence and coffee/tea/caffeine intake, TBI, serum 
urate levels, H. pylori infection, and physical exercise. These potential 
cases of reverse causation may identify features of the pre-clinical and 
prodromal phases of PD. As mentioned above, the association with TBI 
could result from prodromal motor impairments. Relative resistance to 
the reinforcing effects of nicotine or caffeine could be features of the pre- 
clinical phase of PD. 

Another complicating factor in interpreting this literature is the 
possibility that risk and protective factors may have different mecha
nisms affecting PD incidence. There are two broad alternatives – mod
ulation of primary pathologies driving PD pathogenesis or parallel brain 
injury. In the first case, the identified risk or protective factor accelerates 
or retards the primary process driving neurodegeneration, whether 
propagation of pathogenic α-Synuclein species, mitochondrial dysfunc
tion, lysosomal dysfunction, or other primary actors in PD pathogenesis. 
A potential example is TCE induction of increased LRRK2 kinase activity 
– a pathogenic mechanism implicated by the effects of PD-related LRRK2 
mutations. In the second case, risk or protective factors facilitate or 
retard accumulation of other brain pathologies that lower the threshold 
for clinical expression of primary pathogenic processes causing PD. 
Potential examples of facilitating risk factors would be cardiovascular 
disease risk factors, T2DM, TBI, or inflammatory processes such as HepC 
infection. Combined effects are also plausible. Physical activity might 
mitigate PD risk by reducing the likelihood and disease burden of T2DM 
or cardiovascular disease. Physical activity might also directly modulate 
primary PD pathogenesis by stimulating CNS production of relevant 

neurotrophic factors. 
PD-prone individuals, perhaps due to higher loading of genetic risk 

factors, might be particularly susceptible to facilitating risk factors 
during the long prodromal phase of PD. An individual in the prodromal 
phase experiencing a superimposed pathologic process, such as TBI or a 
burst of inflammation secondary to some infectious process, might 
experience an acceleration of their clinical disease course via either 
acceleration of primary pathogenic process or via parallel brain injury 
without any actual change in the burden of PD-specific pathologies, 
resulting in earlier onset of overt parkinsonism. In some cases, this might 
result in the emergence of PD in individuals who would otherwise die 
from competing causes of mortality prior to onset of parkinsonism. The 
scenario of superimposed brain injury during the prodromal phase of PD 
might be especially relevant to sequelae of COVID-19 infections. The 
potential role of infectious processes as hazard factors for PD suggests 
the possibility of something like the epidemic of post-encephalitic 
parkinsonism following World War I. Careful longitudinal follow-up of 
COVID-19 victims, particularly middle-aged to older individuals who 
might be in the prodromal phase of PD, is well justified. Maintaining a 
critical stance about potential heterogeneity of risk and protective factor 
mechanisms is important when considering epidemiologic associations 
as clues to pathogenic mechanisms. 

Epidemiologic research is an important avenue for uncovering in
sights to pathogenesis. In PD research, pharmacoepidemiologic studies 
have been particularly important in suggesting clues to pathogenesis 
and selection of agents for disease modification clinical trials. This 
rational approach is certainly useful for hypothesis generation but has 
not yielded any successes. In the case of CCBs, epidemiologic data was 
complemented by excellent work in preclinical PD models. The outcome 
of the pivotal STEADY-PD trial was disappointing and accompanied by 
controversy. Results of a phase II trial of simvastatin were reported 
recently and are similarly negative. Analogous to the CCB experience, 
there is strong preclinical model work consistent with the concept that 
TZ might be a disease-modifying agent, but whether this agent will be 
successful remains to be seen. The present strategy of trialing potentially 
disease-modifying agents identified by pharmacoepidemiologic studies 
in PD populations is rational but has problematic features. As shown by 
the controversies accompanying interpretation of numerous trials, 
designing disease modifying trials for PD is challenging. A negative trial 
outcome is not dispositive. As frequently argued for Alzheimer disease, 
evaluating agents in subjects with manifest PD may be a particularly 
disadvantageous approach to demonstrating disease-modifying effects. 
Intervention trials during the prodromal phase of PD might have a better 
chance of identifying disease-modifying effects and providing more 
definitive evidence about pathogenic mechanisms. 

In contrast to cardiovascular disease, cancer, and stroke, PD epide
miology research has had relatively little impact on PD prevalence or 
care. To date, there are no identified distinctive risk factors whose 
exposure reduction would likely reduce PD incidence. Indeed, the best 
confirmed apparently protective association, tobacco abuse, is an 
exposure that should be eliminated from our societies. The specific 
impact of the identification of several potentially modifiable risk factor 
associations is reduced because they point to interventions that should 
be pursued regardless of whether or not they impact PD incidence. In
terventions in this category include encouraging reducing TBI incidence, 
T2DM incidence, air pollution control, and increasing HepC prevention/ 
treatment. Successful efforts to reduce these exposures may produce 
significant benefits for PD incidence. The case for eliminating or 
reducing exposure to some industrial toxicants, such as paraquat or 
halogenated hydrocarbons, is strong. Given the difficulty of studying 
these associations, the available data supports causal relationships be
tween these exposures and PD incidence. A significant question is the 
magnitude of these effects. Whether they are major contributors to PD 
incidence-prevalence is an open question. In a rational policy-decision 
analysis framework, however, we have little to lose and might have 
much to gain by banning paraquat, other pesticides, and reducing 
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halogenated hydrocarbon exposures. 
For similar reasons, encouraging physical activity across the lifespan 

is a logical policy choice. Designing and implementing intervention 
studies to evaluate the potential neuroprotective capacity of physical 
activity in reducing PD incidence seems very challenging. Given the 
numerous health benefits of regular physical activity, policies to 
incentivize regular physical activity should be implemented regardless 
of any potential effects on PD incidence, but such policies may have co- 
benefits for PD incidence. 

An obstacle to a clearer understanding of the role of potential risk 
and protective factors in PD is the pathologic and clinical heterogeneity 
of PD. As conventionally defined, PD is a broad syndrome, but more 
recent developments in biomarker research and genetics now allow 
rational fractionation of PD populations. Study of biomarker defined 
sub-populations may clarify the nature of PD risk and protective factors. 
Studies using biomarkers to define prodromal and even preclinical 
phases of PD might be particularly fruitful and substantial, longitudinal 
studies are well justified. Similarly, increased understanding of genetic 
factors driving PD risk provides some opportunity to fractionate PD sub- 
populations and to evaluate potential gene-environment interactions. 
Studies focused on PD sub-populations may be particularly useful in 
clarifying the role of risk/protective factors in PD pathogenesis. The 
possibility that some risk factors modify PD risk by lowering the 
threshold for clinical expression of primary pathogenic processes versus 
modulating the effects of primary pathogenic processes and potential 
interactions should also be evaluated. 
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