
Veterans & Parkinson’s

The program will begin shortly.
A few notes before we start:

• All attendees will be muted and off camera.
• Share a comment by using the chat box.
• Submit a question by using the Q&A feature. 

• More resources for Veterans:
• www.Parkinson.org/Veterans

Environmental Exposures 

Environmental Exposures in 
Veterans with Parkinson’s 



Our Mission

The Parkinson’s Foundation                                  
makes life better for people with 
Parkinson’s disease by improving 
care and advancing research 
toward a cure. In everything we 
do, we build on the energy, 
experience and passion of our 
global Parkinson’s community.

We have everything you need to
live better with Parkinson’s.
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Our Goals
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Improve care for everyone       
with Parkinson’s

Advance research toward         
a cure

Empower and educate our   
global community

To help our global community 
live better with Parkinson’s, 

we pursue three goals::



PD Health @ Home 

Weekly programming that 
includes:

§ Mindfulness Mondays 
§ Wellness Wednesdays
§ Fitness Fridays
§ Expert Briefings 
§ EP Salud en Casa 

www.Parkinson.org/Veterans
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Thank you
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Environmental Exposures in 
Veterans with Parkinson’s 



Caroline M. Tanner, MD, PhD, FAAN

• Professor of Neurology
• Vice Chair for Clinical 

Research
• Dept of Neurology at the 

Weill Institute of 
Neurosciences 

• University of California 
• San Francisco, CA
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Patrick W. Welch, PhD

• Retired U.S. Marine Corps 
• Infantry Squad Leader in Vietnam 
• Founder of The Center for 

Veterans and Veteran Family 
Services at Daemen College 

• Parkinson’s Foundation 
Ambassador
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Caroline M Tanner, MD PhD
Weill Institute for Neurosciences, 
Department of Neurology 

Environmental Exposures, 
Military Service &  
Parkinson's Disease

December 14, 2023
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What Causes Parkinson's Disease? 



Twins:  Mother Nature's Controlled Study
•MZ twins share ~100% of genes

•DZ twins share ~50% of genes

Hypothesis:  If Parkinson’s disease is 
primarily a genetic disorder, then 
concordance in MZ twins should be > 
than in DZ twins.

Results: 
Twins aged 72-82: 
MZ & DZ concordance similar;
 Except in young onset MZ > DZ  

Twenty year followup:
11 living, 97% valid NDI matches Tanner, et al, JAMA, 1999; 

Goldman et al, Ann Neurol, 2019

NAS/NRC WWII
VETERAN TWINS 
ROSTER
31,848 TWINS BORN 
1917 - 1927

PD dx 
age in 
twin-1

Zygosity

Concordance

Overall MZ 0.20
DZ 0.14

< 50
MZ 0.75
DZ 0.20

>50 MZ 0.16
DZ 0.11

• U.S. National Death Index (NDI) through 12/31/2015 
• ICD codes – underlying & all causes of death 

Concordance for Parkinson’s Disease in Twins: a 20-year Update
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Tanner, et al, JAMA, 1999; Goldman et al, Ann Neurol, 2019

à Looking across the lifespan: 
Identical twins (MZ, monozygotic): 
20% PD in both twins 

Fraternal twins (DZ, dizygotic):
14% PD in both twins 

Conclusion: Environment is an 
important contributor to the 

cause of PD



Genes • Autosomal Dominant. ~ 5% PD
PARK-SNCA, PARK-LRRK2, 
PARK-VPS35

• Autosomal Recessive < 5% PD
PARK-Parkin, PARK-PINK1, 
PARK-DJ1, PARK-DNAJC6

• Complex phenotypes < 1% PD
§ Glucocerebrosidase  5 – 8 % 

PD 

Poewe et al,2017; Obeso et al, 2017;  Nalls et al, 2019

• Mendelian < 20 - 30 % PD 
• Penetrance reduced: 

Other genes & 
environmental factors

GWAS: Many variants à 

small  contributions to risk  

What Causes Parkinson's Disease?  

Risk 

Parkinson.org



Genes • Autosomal Dominant. ~ 5% PD
PARK-SNCA, PARK-LRRK2,PARK-VPS35
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• Complex phenotypes < 1% PD
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• Mendelian < 20 - 30 % PD 
• Penetrance reduced: 

Other genes & environmental factors

GWAS: Many variants à small  contributions to risk  

What Causes Parkinson's Disease?  

Environment 
• Pesticides 
Paraquat, rotenone, 2,4-D, organochlorines, organophosphates
• Solvents
PERC, TCE, CCl4 
• Head Injury (Traumatic Brain Injury/TBI)
• Air Pollution
• Others 

Risk 

Risk 
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Pesticides



Pesticides & PD

§ Pesticide use associated with PD in >50 studies worldwide 

van der Mark et al.

344 VOLUME 120 | NUMBER 3 | March 2012 t Environmental Health Perspectives

occupational exposures combined. !e sRR 
for exposure to fungicides did not indicate 
an association with PD (overall sRR = 0.99; 
95% CI: 0.71, 1.40; Figure 2C), in con-
trast with positive sRRs for exposure to her-
bicides (overall sRR = 1.40; 95% CI: 1.08, 
1.81; Figure 2A) and insecticides (overall 
sRR = 1.50; 95% CI: 1.07, 2.11; Figure 2B).

Funnel plots of effect estimates for expo-
sure to pesticides and pesticide subcategories 
were suggestive of small study effects, with a 
tendency for smaller studies to report higher 
relative risks compared with larger studies 
(Figure 3), with Egger’s test p-values of 0.057, 
0.338, 0.208, and 0.680 for pesticide, herbi-
cide, insecticide, and fungicide effect estimates, 
respectively.

Figure 4 presents subgroup sRR estimates 
for those factors a priori hypothesized to be 
related to the observed heterogeneity in study 

results. !e only study characteristic that was 
suggestive of contributing to heterogeneity 
was the exposure assessment method, with the 
lowest summary estimates observed for self-
reported exposures (n = 36) and highest sRR 
for studies with exposures estimated based 
on reported job titles (n = 3). However, these 
differences were not statistically significant 
(p = 0.30). !ere was no evidence for a differ-
ence in summary estimates by adjustment of 
results for potential confounders, type of con-
trol population source, geographical area, or 
by study design. We also investigated whether 
adjustment for smoking had an effect on the 
summary risk estimate. Almost identical results 
were found for studies that did or did not cor-
rect for smoking (data not shown). Similar 
analyses for the subcategories herbicides and 
insecticides rendered similar results as for all 
pesticides (data not shown).

Discussion
Our systematic review indicated that PD is 
related to pesticide exposure with an sRR of 
1.62 (95% CI: 1.40, 1.88). However, there 
was substantial heterogeneity among individ-
ual study estimates (I2 = 63.7%). Summary 
estimates also indicated positive associations of 
PD with herbicides and insecticides, but not 
with fungicides. We systematically investigated 
several factors that could explain heterogene-
ity in study results, but none appeared to be 
related to the observed heterogeneity, with the 
possible exception of the method of exposure 
assessment. Studies that based their exposure 
assessment on job titles reported somewhat 
higher risk estimates than studies that used 
self-reported exposures, but the difference 
did not reach statistical significance, in part 
because of low numbers of studies relying on 
job title and expert judgment.

Including persons who were non-
occupationally exposed to pesticides together 
with those occupationally exposed resulted in a 
very similar sRR. Given that occupational pes-
ticide applications are in general more frequent 
and on larger areas than are non occupational 
exposures, one would have anticipated higher 
RRs for studies focusing only on occupational 
exposures. On the other hand, use of protec-
tive equipment during non occupational appli-
cations may be less. The fact that summary 
results were similar for both types of studies 
could indicate that non occupational and occu-
pational pesticide exposures carry similar risks, 
or that most of the exposures in the combined 
studies were occupational. In the three studies 
that exclusively reported on non occupational 
pesticide exposures, only a small increase in 
relative risk was observed (sRR = 1.18; 95% 
CI: 0.86, 1.63), suggesting that risks associ-
ated with non occupational pesticide exposures 
are lower than from occupational exposures. 
Nevertheless, non occupational pesticide expo-
sure cannot be ruled out as a risk factor for 
PD based on these analyses.

Studies used different methods for expo-
sure assessment and assignment. Most studies 
(36 of 39) were based on self-reported expo-
sure to pesticides, defined as ever versus never 
use or as regular versus non regular use. No 
difference in sRR was seen between these two 
definitions of self-reported exposure, although 
it could have been expected that using a more 
stringent definition of exposure would have 
resulted in stronger associations. Studies that 
used reported job titles and expert judgment, 
and/or that used a job-exposure matrix to 
estimate exposures, resulted in a higher sRR 
compared with studies using self-reported 
pesticide exposures. !is difference cannot be 
explained by recall bias, because in that case, 
higher risk ratios would have been expected 
for studies relying on self-reported exposures. 
A more likely explanation is that subjects are 

Figure 1. Forest plot for study-specific RRs and sRRs (95% CIs) of PD associated with the use of pesticides. 
The studies are ordered by publication year and stratified by studies that did or did not include non-
occupational exposure in the exposed group. Studies were pooled with the random effects method. The 
size of the squares reflects the statistical weight of the study in the meta-analyses.
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Exposure RR (95% CI)

Van der Mark et al, EHP, 2012

§ BUT:  Specific compounds rarely studied

Pesticide Functional
Class

PD Risk 
(OR)

95%CI p-value

Rotenone Insecticide,
piscicide

2.8 1.4-5.8 0.005

Paraquat Herbicide 2.5 1.3-4.7 0.004

Biological plausibility:  

BOTH pesticides produce a selective 
animal model of parkinsonism

PD in the Agricultural Health Study 
Tanner, Kamel et al, EHP, 2011



SEARCH Study: 
Case Control Study of Occupational Risk Factors 

Tanner et al, Arch Neurol, 2009

• 519 PD cases, 511 controls in 8 MD centers
• Lifelong, job-task-based occupational histories; other risk factors

2,4-D

Pesticide Functional
Class

PD Risk 
(OR)

95%CI

Paraquat Herbicide 2.8 0.8-9.7
2,4-D Herbicide 2.6 1.03-6.5

Parkinson Foundation 12 14 2023

Agent Orange 

Operation Ranch Hand: 1962-1971

Other military service 

2,4-D

2,4,5-T 2,3,7,8 tetrachlorodibenzodioxin



• 2009: Agent Orange Linked to Parkinson's Disease 
established service-connection: 

• Certain Vietnam Veterans may be eligible for: 
disability compensation and health care benefits. 

Agent Orange & Parkinson’s 
Disease Risk 

2,4-D 2,4,5-T
2,3,7,8 tetrachlorodibenzodioxin (DDT)

Operation Ranch Hand:  
  1962-1971
   20 x 106 gallons Agent Orange

Other Pesticide Exposures in Service Members
Examples: 
Pesticides used in the Gulf War to prevent leshmania, malaria, 
etc.:
• Uniform impregnation:  

Carbamates, organochlorines (e.g., Lindane)
Pyrethroids (permethrin)

• Personal repellents

DEET
• Tents, camps 

Organophosphate pesticides (malathion, chlorpyrifos)
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Chlorinated Solvents 

Study 1: Gash et al, 2008
•Small Kentucky industrial plant with 30 employees 

• PD in 3 co-workers
•  Mild parkinsonian signs/symptoms in 14 others

• All exposed to open vapor-degreasing vat containing trichloroethylene (TCE)

Trichloroethylene (TCE)

Compound Odds ratio 95% C.I. p-value
TCE 6.1 1.2-33 0.034
PCE 10.5 0.97-113 0.053

Study 2: Goldman et al, 2011
• 99 male twin pairs discordant for PD
• PD diagnosis validated by experts 
• Lifelong job-task-specific occupational history
• Exposure assigned by industrial hygienist unaware of case status



Oral TCE causes selective dose-related degeneration of 
dopaminergic neurons in rat substantia nigra

Liu, et al, J Neurochem 2010 

pathology, including that in the dorsal motor nucleus of the
glossopharyngeal and vagus nerves, the coeruleus–subcoer-
uleus complex and so on (Braak et al. 2003). TH immuno-
histochemistry in the locus coeruleus was performed to
visualize for noradrenergic neurons; and the cell counting
showed there was no significant difference in the number of
TH-positive cells in 1000 mg/kg TCE-treated animals as
compared with control subjects (p > 0.05, see Fig. S2).
Hematoxylin and eosin stain also did not reveal obvious loss
of neurons in the dorsal motor nucleus of the vagus nerve in
TCE treatment.

To investigate whether systemic treatment of TCE to
animals can cause non-dopaminergic neuronal or myelin
damage in the central nervous system, we did immunostain-
ing of ChAT for cholinergic neurons and DARPP-32 for
GABAergic neurons in the striatum, Giemsa staining for
Purkinje cells in the cerebellum, and Luxol fast blue staining
for myelin distribution in the brainstem of rats at 6 weeks
after 1000 mg/kg TCE treatment. Our data showed both
ChAT and DARPP-32 immunostaining appeared normal with

undamaged neurons and their processes in the striatum
(Fig. 2a). The total number of cholinergic neurons was
55 067 ± 8414 in vehicle-treated group and 51 467 ± 6382
in TCE-treated group, and GABAergic neurons was
3 211 200 ± 255 513 in vehicle-treated group and
3 082 133 ± 147 588 in TCE-treated group. There was no
statistically significant difference in the number of choliner-
gic or GABAergic neurons in TCE-treated animals when
compared with vehicle treatment (p > 0.05). Thus, TCE
selectively induced dopaminergic neuronal loss in the
nigrostriatal system. In addition, Purkinje cells, a class of
GABAergic neurons, are located in cerebellar cortex. They
send inhibitory projections to the deep cerebellar nuclei, and
constitute the sole output of all motor integration in the
cerebellar cortex. As our behavioral study indicated there
was impairment of coordination and balance in TCE-treated
animals, we performed Giemsa staining to determine whether
Purkinje cells were injured in our experiment. Giemsa
staining showed an intact monolayer of Purkinje cells aligned
in the cerebellum of both TCE and vehicle-treated animals

(a)

(b) (c)

Fig. 1 TCE-induced dopaminergic neuron

degeneration in a dose-dependent manner.

(a) Representative TH immunostaining in

the substantia nigra of 6-week TCE (200,

500 and 1000 mg/kg) and vehicle-treated

rats. Scale bar = 500 lm. (b) Unbiased

stereological cell counting showed a signif-

icant reduction in the total number of TH-

positive neurons in the substantia nigra of

500 and 1000 mg/kg TCE-treated rats as

compared with vehicle treatment. *p < 0.05,

**p < 0.01 vs. vehicle, n = 6 per group. (c)

Silver staining revealed degenerating neu-

rons with metallic silver deposits (arrow)

and the surrounding of glia-like cells

(arrowheads) in the substantia nigra after 6-

week 1000 mg/kg TCE treatment. Scale

bar = 50 lm.

Journal Compilation ! 2009 International Society for Neurochemistry, J. Neurochem. (2010) 112, 773–783
! 2009 The Authors
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Camp Lejeune Water Supplies 



Camp Lejeune, N.C. History
1953-1985 - Water contaminated with TCE & PCE 
(i.e., PERC) 
1980 - Contaminants discovered;1987 - Wells 
closed

500,000 – 1,000,000 military & civilians exposed 

Exposure levels: 
Est. monthly median (max. mean) ug/L: PCE: 
85  (158); TCE:  366 (783)
à TCE in water more than 70 times 
greater than US EPA maximum 
contaminant level:  5 ug/l

4  Expert Panel 2009—ATSDR’s Water Modeling Activities at USMC Base Camp Lejeune, NC
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Figure 1.  Location of U.S. Marine Corps Base, Camp Lejeune, North Carolina 
[modifed from Maslia et al. 2007].
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Historical water-supply areas of 
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Figure 1. Location of U.S. Marine Corps Base, Camp Lejeune, North Carolina 
[modified from Maslia et al. 2007].Agency for Toxic Substances and 
Disease Registry (ATSDR) 2014: 
-Less than 6% of cohort had died
- Excess mortality in Lejeune 
only servicemembers Goldman et al, 2023

PD in 
Marine Base 

Camp 
Lejeune: 

Parkinson's 
Disease in 

ATSDR 
Exposure 

Cohort

• ATSDR cohort 
(n=400,000):  Marines at 
Camp Lejeune 1975-1985 
vs. Camp Pendleton

• Residential TCE and PCE 
exposures estimated for 
all Lejeune Marines 
(peak, cumulative)

• Linkage with:

• VA CDW

• CMS (Medicare)

• NDI (cause of death)

• Manual chart review of 
2,000 with a PD code



Parkinson's Disease 
&  Camp Lejeune, 
N.C. 

4  Expert Panel 2009—ATSDR’s Water Modeling Activities at USMC Base Camp Lejeune, NC

1.0 Introduction

Dixon

Piney Green

Holly
Ridge

U.S. Marine
Corps Base

Camp
Lejeune

ONSLOW COUNTY

NORTH CAROLINA

0 1 2 3 4

5 6 MILES0 1 2 3 4

5 6 KILOMETERS

210

New

River

Atlantic Ocean

17

53

24

172

50

Jacksonville

Sneads
Ferry

Verona

Wilmington
70 miles

Area of map in Figure 2

EXPLANATION

Other areas of Camp Lejeune Military Reservation

Base from Camp Lejeune GIS Office, June 2003

Hadnot Point

New River Air Station

Rifle Range

Courthouse Bay

Onslow Beach

Montford Point

Tarawa Terrace

Holcomb Boulevard

Figure 1.  Location of U.S. Marine Corps Base, Camp Lejeune, North Carolina 
[modifed from Maslia et al. 2007].

N

Historical water-supply areas of 
    Camp Lejeune Military Reservation

Figure 1. Location of U.S. Marine Corps Base, Camp Lejeune, North Carolina 
[modified from Maslia et al. 2007].Agency for Toxic Substances and 

Disease Registry (ATSDR) 2014: 
-Less than 6% of cohort had died
- Excess mortality in Lejeune only 
servicemembers 

Veterans Administration and Medicare databases
Followup through 2021 
Results: 
à PD 70% more common in Lejeune vs 
Pendleton 
Population: Lejeune 84,824 Pendleton 73,298         
95% men 
Mean Age: Lejeune  59.6 Pendleton 59.8
PD cases: Lejeune 279  Pendleton 171
Crude PD prevalence: 0.33% Lejeune   0.21% 
Pendleton.
 Mean age at PD onset: 
54.7 Lejeune.    53.2 Pendleton 
OR for PD in Lejeune: 
OR 1.70, 95%CI 1.39-2.07, p<0.0001 

Goldman et al, 2023

Parkinson's Disease 
&  Camp Lejeune, 
N.C. 
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Disease Registry (ATSDR) 2014: 
-Less than 6% of cohort had died
- Excess mortality in Lejeune only 
servicemembers 

Goldman et al, 2023

Dept. of Veterans Affairs 2017
• 30 or more days of service 

8/1/1953 to 12/31/1987
• Entitled to benefits 



Dayton, OH

Tucson, AZMinneapolis, MN

Mountain View, CABrooklyn, NY

• Used as a solvent in multiple industries since 
1920's 

• Millions of pounds used annually in US
• Multiple past uses including anesthesia, 

coffee decaffeination, dry cleaning 
• Environmentally persistent
• Present in ~ 33% of US water supplies
• Not monitored 
• Volatile organic compound – 

subsurface "plumes" evaporate & 
concentrate in homes, offices 

Trichloroethylene (TCE) – 
Why Does It Matter? 

Vapor Intrusion of TCE in a building adjacent to a dry cleaner

Evaluated :
- 79/82 attorneys in a 
law office  in the 
building 
- 75 comparison 
attorneys not 
working in this 
building

à PD, MSA or TCE-associated cancers were found in 25% of attorneys working 
near to a contaminated site but 7% of comparison attorney group 

*Kidney, non-Hodgkins lymphoma, prostate, multiple myeloma 

*IPMDS 2023



Summary:  TCE & Parkinson's 
Disease
§ Occupational & residential exposure to TCE is 

associated with an increased risk of Parkinson's 
disease

§ Residential exposure to TCE is also associated 
with an increased risk of prodromal PD

§ People with PD and prior residential exposure to 
TCE experience more rapid progression to 
disease milestones with poor prognosis  - falls, 
fractures & psychosis 

Toxicants Associated with PD Risk:
Mechanistic & Structural Similarity

PA54CH08-Goldman ARI 14 December 2013 16:26
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Figure 1
Mechanism of MPTP toxicity. Abbreviations: ATP, adenosine triphosphate; BBB, blood-brain barrier; MAO-B, monoamine oxidase B;
MPP+, 1-methyl-4-phenylpyridinium; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; OCT3, organic cation transporter 3;
ROS, reactive oxygen species.

be ascribed exclusively to genetic factors, suggesting a multifactorial etiology with an important
environmental contribution.

The Environmental Hypothesis
Environmental causes of PD, such as infection, had previously been proposed, but although they
can produce some of the cardinal parkinsonian features, the clinical and pathological characteristics
resulting from these exposures differ considerably from typical PD (17). In 1982, intravenous drug
users in San Jose, California, began presenting to local emergency rooms with acute parkinsonism.
They manifested the classic signs and symptoms of advanced PD and dramatically improved after
treatment with L-dopa, the standard PD therapeutic medication. Langston and colleagues (18)
identified the toxic agent as 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) (Figures 1
and 2), which had formed during synthesis of a meperidine analog. Intravenous administration of
MPTP to squirrel monkeys recapitulated the clinical observations seen in humans and caused spe-
cific destruction of nigral dopaminergic neurons (19). This observation reinvigorated environmen-
tal etiologic hypotheses of PD and launched a search for agents with similar toxicological profiles.

DISEASE MECHANISMS
Multiple related processes are implicated in PD pathogenesis, including mitochondrial dys-
function, oxidative and nitrative stress, microglial activation and inflammation, proteasomal
impairment, aggregation of α-synuclein protein, and impaired autophagy. These mechanisms
clearly overlap, and regardless of which ones are the primary inciting processes in a given
individual, each contributes to the particular neurodegeneration of PD. Although noradrenergic,
cholinergic, and other systems are affected, the specific vulnerability of SNpc dopaminergic
neurons likely results from their high metabolic demands; pacemaking-related calcium influx;
dopamine oxidation, which generates hydrogen peroxide and highly reactive oxygen radicals; and
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Traumatic Brain Injury 

OR 95% CI p-value*
Overall 3.0 1.14-9.2 0.023
MZ 3.3 0.86-19 0.092
DZ 2.7 0.64-16 0.23

Head Injury and PD Risk in WWII Veteran Twins
Goldman, Tanner et al, Annals of Neurology 2006

Subjects: 93 discordant pairs with complete information à               
   26 pairs with at least one head injury

Results: 14.7% with head injury; 7.8% hospitalized
      Head injury 37.4 yrs (mean) before PD onset

*McNemar’s 

à PD risk further increased with > 1 head injury: 
1 injury: OR 2.6 (1.07,6.5; p = 0.035)
2 injuries: OR 5.1 (0.54, 48; p = 0.16)  
Test for trend 0.042
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Parkinson’s Disease : A Complex Disorder

Genetics loads the gun 

Environment pulls the trigger 



• December, 2013: 38 CFR 3.310(d) was amended to 

establish an association between TBI and certain illnesses:  

In the absence of clear evidence to the contrary, Parkinsonism, 

including Parkinson’s disease, following moderate or severe 

TBI is held to be a secondary result of TBI.

Traumatic Brain Injury (TBI) & 
Parkinsonism 
2ary Service Connection 

Parkinson Foundation 12 14 2023

Air Pollution 
Other Exposures 



Fine Particulate Matter and Parkinson Disease
Risk Among Medicare Beneficiaries

Air Pollution and the Risk of Parkinson’s Disease A 
Review
Hiromi Murata, PhD*, Lisa M. Barnhill, PhD*, Jeff M. 
Bronstein, MD, PhD+

Incidence  adjusted to 2010 US census 

Is the 
geographical 
variation in PD 
incidence due to 
differences in 
environment ? 

npj Parkinsons Disease 2022
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Military Burn Pits & Particulate Matter  Exposure

§ ~ 3.5 million US military exposed to burn pits, sand storms 
during combat deployments in last 30 years

§ Burn pits contain many types of waste, organic and chemical

§ Particulate matter & volatile aromatic compounds result

§ PACT Act of 2022 provides health benefits for some illnesses, 
not including Parkinson's disease

§ VA has established burn pit registry

Parkinson Foundation 12 14 2023

Research In Progress



The Millenium Cohort: DoD, NHRC
To 2068

201,619 enrolled
• Highly diverse
• All service branches
• 30% female
• 30% non-White

Questionnaires every 3-5 years:
• Exposures
• Experiences
• Lifestyle
• Health

MilCo Exposure Examples

Substance/threat Likely exposed group Exposure route Exposure 
duration

Burn pits Deployed lower ranks respiratory daily in deployment
Oil well smoke Vicinity burning oil fields respiratory months

Petroleum products Fuel handlers, 
mechanics

respiratory, 
dermal 8h workday

Substance/threat Likely exposed grp Exposure route Exposure 
duration

Solvents/TCE Armorers respiratory, 
dermal 8h workday

Jet fuel dust 
suppression

All deployed forces in 
tents respiratory daily in deployment

Particulates, combustion products:

Solvents, fuels:



MilCo Exposure Examples: Pesticides

Substance/threat Likely exposed grp Exposure route Exposure 
duration

Permethrin All troops >2005 dermal chronic
Chlorpyrifos, 
malathion

All deployed forces in 
tents respiratory daily in deployment

• Unique exposure routes and combinations
• Chronic/repetitive dosing

MilCo Exposure Examples: Unique, biologically 
plausible exposures

Substance/threat Likely exposed grp Exposure route Exposure 
duration

Pyridostigmine 
bromide All deployed forces oral ingestion daily in deployment

Low level sarin Vicinity of Khamisiyah respiratory <1 day twice
Depleted uranium 
embedded fragments friendly fire injuries subdermal chronic

Combat stress All deployed forces Combat stress All deployed forces



Parkinson’s disease:  
Agent Orange (qualifying service in Vietnam, Korea, other) + 

Parkinsonism 2021
Camp Lejeune residence 1953-1987 (Cl solvents in H2O) 

Traumatic brain injury (2ary)

Parkinson’s Disease – Presumptive Relationship 
to Qualifying Military Service 

Presumptive diseases: Certain diseases assumed by VA 

to be  related to a Veteran’s qualifying military service. 



Hope for the Future

Genes • Autosomal Dominant. ~ 5% PD
PARK-SNCA, PARK-LRRK2, PARK-VPS35

• Autosomal Recessive < 5% PD
PARK-Parkin, PARK-PINK1, PARK-DJ1,
PARK-DNAJC6

• Complex phenotypes < 1% PD
§ Glucocerebrosidase  5 – 8 % PD 

Poewe et al,2017; Obeso et al, 2017;  Nalls et al, 2019

• Mendelian < 20 - 30 % PD 
• Penetrance reduced: 

Other genes & environmental factors

GWAS: Many variants à small  contributions to risk  

What Causes Parkinson's Disease?  

Environment 
• Pesticides 
Paraquat, rotenone, 
organochlorines, organophosphates
• Solvents
PERC, TCE, CCl4 
• Head Injury
• Air Pollution
• Others 

Risk 

• Physical Activity
• Healthy\Mediterranean 
Diet
• Coffee & Tea Intake

• Tobacco Use 

• Other

Risk 

Risk 



Precision Medicine
-Personalized treatment – right person, right time
-Incorporates genetic, environmental, lifestyle  
characteristics

Requirements: 
- Risk stratification
- Early detection of pathophysiologic processes
- Intervention that targets specific molecular 

pathophysiology in an individual

Chahine et al, 2023

Genetic Risks

Exposure Risks

Behavioral Risks 

Biological vs Clinical Diagnosis of  Parkinson's 
Disease1ary

2ary
3ary 



Next Steps 

P2P Clinical Trial: 
-In planning stages 
-PPMI Participants, Not PD 
-Biologically-defined Risk
-Interventions to delay onset of 
motor or cognitive PD  

Tanya Simuni, Christopher Coffey, Andrew Siderowf, Caroline Tanner, Sohini Chowdhury, Catherine 
Kopil, Todd Sherer, Michael Brumm, Karl Kieburtz, Kimberly Fabrizio, Ben Saville, Cora Allen-
Savietta, Barbara Wendelberger, Amy Crawford and Ken Marek on behalf of the PPMI Investigators 

Hope for the Future - Agents in Active PD Drug Trials

McFarthing K. et al, 
J Parkinsons Dis 
2023

63 Disease 
Modifying 
Therapy (DMT)
Trials: 
 25 
Phase I
 32 
Phase II
   6 
Phase III
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