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connected 
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What Causes PD?



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

MZ:DZ Concordance Ratio 
(95% CI) & Heritability (h2)

MZ:DZ 
Hazard
Ratio 

(95% CI)
Pairwise Probandwise Pairwise Probandwise

Overa
ll

MZ 0.17 0.20 1.5 (0.8-3.0)

h2= 0.13
1.6 (0.9-3.0)

h2=0.16
1.38

(0.67-2.83)DZ 0.11 0.14

< 50
MZ 0.67 0.75 3.3 (0.9-13.0)

h2=0.61
3.75 (1.02-13.8)

h2=0.73
3.76

(0.68-20.7)DZ 0.20 0.20

>50
MZ 0.14 0.16 1.4 (0.7-3.1)

h2=0.11
1.4 (0.7-2.8)

h2=0.10
1.28

(0.57-2.91)DZ 0.10 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

5

Conclusion: Environment is an important 
contributor to the cause of PD

Tanner, et al, JAMA, 1999; Goldman et al, Ann Neurol, 2019



Parkinson’s Disease : A Complex 

Disorder

Genetics loads the gun 

Environment pulls the trigger 



Some Factors Associated with a Higher Risk 

of Parkinson’s Disease

Pesticides 

Head Injury 

Solvents

Male 
Gender 

♂

Age

Metals? 

Polychlorinated 

Biphenyls

Air Pollution



The global burden of Parkinson’s disease is expected to increase 

with increasing life expectancy worldwide 

Change in number of people with Parkinson’s disease in the world’s 

most populous nations from 2005 to 2030*

Source:  Dorsey et al, Neurology 2007;68:384-6

*Among individuals over 50 in the world’s ten most and Western Europe’s five most populous nations



The Economic Burden of PD in the U.S.A.  2017  - 2037 

Yang et al, 2020 

Excess Medical Costs Due to PD, 2017: 

$25,348 Billion  
Indirect Costs Due to PD, 2017: 

$26,509 Billion 

Total 

Economic 

Burden Of 

PD, 2017: 

$51.9 

Billion 

51.98

67.18
79.18
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Projected Increase in Total Economic Burden

2017-2037 

Projected  Economic Burden Of PD, 2037: 

$79.18 Billion 



Parkinson’s Disease at VA

• Estimated number receiving care with 
Parkinson’s Disease: 80,000* ~  110,000 in 
2017 & at least 130,000 Veterans or surviving 
spouses 

Estimates do not include veterans receiving 
care outside of VAHCS. 

*http:www.va.gov



Veterans with Parkinsonism
Taking an Exposure History

• Service history 

– Years/ages, branch, rank, occupation, locations,

– Combat?  POW? 

• Exposure assessment

– Jobs, tasks? Known exposures? Where? When? 
Duration? Route(s) of exposure? Precautions? 

– Symptoms? Treatments? 

• Traumatic Brain Injury

– How many? When? Where? Loss of consciousness? 
How long? Hospitalized? Signs/symptoms?

• Documentation? Witnessed? Others  exposed?



Parkinson’s disease:  

Agent Orange (qualifying service in Vietnam, 

Korea, other) + Parkinsonism 2021

Camp Lejeune residence (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. 



➔



• 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

Operation Ranch Hand:  

1962-1971

20 x 106 gallons Agent Orange

http://www.va.gov/
http://www.publichealth.va.gov/PUBLICHEALTH/exposures/agentorange/benefits.asp
http://www.publichealth.va.gov/PUBLICHEALTH/exposures/agentorange/treatment.asp


Agent Orange Exposure: Qualifying Military Service 



William M. (Mac) Thornberry National Defense Authorization Act 

for Fiscal Year 2021

SEC. 9109. ADDITIONAL DISEASES ASSOCIATED WITH EXPOSURE TO 

CERTAIN HERBICIDE AGENTS FOR WHICH THERE IS A PRESUMPTION 

OF SERVICE CONNECTION FOR VETERANS WHO SERVED IN THE 

REPUBLIC OF VIETNAM.

Section 1116(a)(2) of title 38, United States Code, is amended

by adding at the end the following new subparagraphs:

‘‘(I) Parkinsonism. ‘‘(J) Bladder cancer. ‘‘(K) Hypothyroidism.’’.

- Passed House and Senate with veto-proof majorities 12\11\2020.

- President Trump vetoed on 12\23\20.. 

- House & Senate voted to override veto 12\28 & 1\1\21, respectively.

- First and only veto override of Trump's presidency.

History: IOM 2016 report included the term “Parkinson’s-like 

symptoms”  under PD as presumptive disease associated with Agent 

Orange. OMB objected & VA leadership changed - did not go forward. 

https://en.wikipedia.org/wiki/United_States_House_of_Representatives
https://en.wikipedia.org/wiki/United_States_Senate
https://en.wikipedia.org/wiki/Trump_veto


➔



• 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 

http://www.ecfr.gov/cgi-bin/text-idx?SID=f0aa74b3307a3ad4b8794ead73ecfa75&node=se38.1.3_1310&rgn=div8


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 
→ 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

→ Increased Risk of PD with  head injury  

*McNemar’s 

→ 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



VA & DOD Definitions of TBI 

Severity
Mild Moderate Severe

Structural Imaging NL NL or ABNL NL or ABNL

Loss of 
consciousness

0 to 30 min 30 min – 24 hrs > 24 hrs

Alteration of 
consciousness

1 min – 24 hrs > 24 hrs > 24 Hrs

Posttraumatic
amnesia

< 24 hrs 24 hrs – 1 week > 1 week

GCS* 13 to 15 9 to 12 < 9

Glasgow Coma Scale (GCS): 

Eye opening: Nl = 4…No response = 1

Best verbal response: Oriented = 5…No response =1

Best motor response: Obeys commands for movement = 6… No response = 1



[18F]deoxyglucose PET Scan in Mild & Severe Head Injury

Bergsneider, et al. J Neurotrauma, 17(5), 2000.

Clinically defined head injury “severity” is 

poorly correlated with metabolic derangement

- Est. 90% of military head injuries are mild.

- Interval between mild head injury and PD can be 

decades.

Is there more to understand?   



➔



Camp Lejeune N.C. 

Sources of exposure: Drinking water,  

bathing, inhalation,  swimming, recreation 

History:

1953-1985 - Water contaminated with TCE              

& PCE (i.e., PERC) 

1980 – Contaminants discovered

1987- Wells closed

1989 - EPA Superfund

500,000 – 1 million exposed

Military: Marines, National Guard,  reservists

Civilian: Family members, employees

Exposure levels: 

Est. monthly median (max. mean) ug/L: 

PCE: 85  (158); TCE:  366 (783)

vs. US max. contaminant level:  5 ug/l

Dept. of Veterans Affairs 2017

• 30 or more days of service 

8/1/1953 to 12/31/1987

• Entitled to benefits 



Other Hazards Associated with PD but  No VA Presumption 

➔

➔

➔

➔



3 PD patients, small industry, all exposed to TCE 

65/134 coworkers responded to questionnaire

21 endorsed symptoms

14 with clinical signs of  parkinsonism on exam



PD & Occupational Solvent Exposure in 
99 Discordant Twin Pairs
Goldman, Tanner, Quinlan, et al, Ann Neurol 2012

Solvent
Odds Ratio 
Ever/Never

95% Confidence 
Interval

p-value

TCE 6.1 1.2-33 0.034

PERC 10.5 0.97-113 0.053

- NAS/NRC WWI Veteran Twins 

- Male twins discordant for PD

- NIH criteria by consensus of 2 movement disorder neurologists 

(CMT, GWR)

- Lifelong job task specific occupational history

- Exposure assigned by industrial hygienist unaware of  case 

status



➔



Head injury Paraquat Use Odds Ratio

No No 1.0 (ref)

Yes No 1.2

No Yes 1.8

Yes Yes 4.2

83 PD and 328 controls with complete data in FAME 

• Head injury in 19% 

• Paraquat used by 17%, all men

Head injury and paraquat use were synergistically associated with 

increased PD risk

Both  cause oxidative stress

Joint effects are synergistic in animal model (Hutson, 2011).

Head Injury, Paraquat Use and Risk of PD
Goldman et al 2012



Is Preventing PD Possible? 
Preliminary Results 

Primary 

Prevention: 

– Remove 

causative 

factors

– Disease 

process 

never 

initiated   0

1

2

3

4

5

PARAQUAT* PERMETHRIN*

Increased Risk of PD Was Not
Observed in Farmers Using Gloves 

During Pesticide Application  

GLOVES NO GLOVES

O
d
d
s

R
a

ti
o

1

Furlong, Tanner, Goldman, et al, 2015
1Adjusted for age, sex, state, smoking 
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PARKINSON’S 

DISEASE

PRODROMAL 

At diagnosis of Motor 

PD: 

• 50% neuron loss in the  

substantia nigra

•80% striatal dopamine 

deficit

PRECLINICAL 

PD Progression

Can we identify Veterans at risk & intervene? 

http://www.chemistry.emory.edu/justice/chem190j/images/fig20.02.gif
http://www.smm.org/heart/Images/heart.jpg
http://www.bbc.co.uk/health/images/300/sleep.jpg


VA Services



Good resource for 

patients & providers:  

Publichealth.va.gov







Benefits for Camp Lejeune Exposure 





Thank You 
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