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Not alone…

• 2% risk of Parkinson’s (PD)


• About 1 million Americans have it


• About 2 million will have it by 2030


• $25 billion a year in the US alone



Nature

• Age and sex


• Familial factors


• Genetic factors



Age men more than women



Familial factors

• First degree relatives of PD 
cases have a 2-3x increased 
risk of PD 


• First degree relatives also have 
an increased risk of tremor, 
dementia, anxiety, depression


• These risks are greater for the 
first degree relatives of younger 
PD cases


• Segregation analyses suggest 
genetic causes



Causal gene variants: rare but big effects 
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Susceptibility variants common but small effects (1.2 x)
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Nurture

• Pesticides


• Head trauma


• Habits


• Occupation


• Childbearing


• Hormonal



Pesticides

• Pesticides exposure increases 
the risk of PD (2x)


• The risk is in men only


• Occupational and hobby 
exposures both carry risk


• The risk is greater for 
herbicides and insecticides 
than fungicides



If we accept that the association between head
trauma and PD is causal, it remains difficult to dem-
onstrate how one isolated head trauma could lead to
the later development of PD. Dementia pugilistica is
a neurodegenerative condition caused by repeated
head trauma that manifests with varying degrees of
parkinsonism, ataxia, spasticity, dysarthria, and
mental status changes.22,23 The severity of the syn-
drome correlates with the length of the boxing career
and the number of bouts.23,24 Dementia pugilistica
represents a model linking trauma to a neurodegen-
erative disease; however, none of our patients with
PD had repeated head trauma. We present three
possible mechanisms to explain the association be-
tween a single head trauma and the later develop-
ment of PD (figure).

First, an isolated head trauma may lower the total
number of nigral neurons, predisposing to the later
development of PD. Calne and Langston25 first sug-
gested that PD may be caused by an acute environ-
mental insult superimposed on the normal decline in
the number of dopaminergic neurons occurring with
aging (see the figure, A). We believe this hypothesis
is unlikely. Although early work suggested that head
trauma could result in nigral cell loss,26,27 more re-
cent work has shown that isolated midbrain damage
following head trauma is rare and highly correlated
with death.28 In addition, some investigators showed
that the regional pattern of neuronal loss is different
in PD compared to normal aging.29 Finally, studies
using fluorodopa PET suggested that the rate of de-
cline in striatal uptake is more rapid in PD than in
normal aging.30

Second, an isolated head trauma may disrupt the
blood–brain barrier,31,32 allowing the introduction of
a systemic agent into the CNS that triggers neurode-
generation. The agent may be an exogenous neurotoxin
capable of triggering the cascade of nigral degenera-
tion.1 Alternatively, there is some evidence that poly-
morphonuclear leukocytes may infiltrate the brain
tissue following a head trauma.33,34 This is consistent
with a possible immune-mediated neurodegeneration.35

In either case, the trauma-induced disruption of the
blood–brain barrier could cause a delayed neurodegen-
erative condition (see the figure, B).

Third, an isolated head trauma may trigger an
unrecognized acute-phase reactant that triggers the
cascade of neurodegeneration. This mechanism has
been proposed for AD, although the epidemiologic
evidence linking head trauma to AD remains contro-
versial.36,37 For AD, there is some evidence that the
synthesis of apoE, of !-amyloid precursor protein, or of
both proteins increases markedly in the brain after
injury.36-40 The increased levels of either one of these
two proteins may cause increased levels of !-amyloid
protein and thus the formation of plaques.39,40 By anal-
ogy, head trauma may trigger an acute-phase response
in PD, causing the overexpression of one or several
proteins. These proteins may then initiate a cascade of
events that eventually leads to the formation of Lewy
bodies or to cell death (see the figure, C). For example,
it has recently been hypothesized that PD is the result
of a complex disorder of the ubiquitin proteasome sys-
tem involved in protein degradation.41 Head trauma
could interfere with this system.

Genetic susceptibility may play a role in each one
of these three mechanisms. Patients who will later
develop PD may be genetically predisposed to re-
spond abnormally to a brain injury. Under this hy-
pothesis, head trauma may increase the risk of PD
only in those individuals who carry a specific poly-
morphism of a susceptibility gene. This hypothesis
refers to a model of gene–environment interaction
and has been proposed for AD. In one study, the risk
of AD was not increased for head-injured individuals
without APOE "4 allele, whereas the risk was in-
creased 10-fold in head-injured individuals with the
APOE "4 allele.39

Because our case-control study was population
based and included incident cases and historically
matched control subjects from the general popula-
tion, we were able to estimate not only the OR but
also the population attributable risk.16 Although the
OR was relatively high (4.3), suggesting a strong
association, the population attributable risk was rel-
atively small (5%). Thus, the proportion of incident
cases of PD that are possibly related to a head
trauma is only 5%. Severe head trauma is a rela-
tively rare event in the population.

Our case-control study nested within a cohort
(records-linkage system) has several strengths. It
was based on a series of incident PD cases and on
well-defined general population controls, thus avoid-
ing referral bias.12 In addition, we were able to avoid

Figure. Three hypotheses of the possible mechanisms link-
ing head trauma to PD. (A) Head trauma contributes to the
neuronal loss in the substantia nigra occurring normally
with aging. (B) Head trauma damages the blood–brain bar-
rier, allowing an exogenous toxin or the immune system to
damage the brain. (C) Head trauma causes the overexpres-
sion of one or several proteins that interfere with protein pro-
cessing, thus causing protein deposition and cell death.

May (2 of 2) 2003 NEUROLOGY 60 1613
 by DEMETRIUS MARAGANORE MD on October 20, 2010 www.neurology.orgDownloaded from 

Head trauma

• Head trauma increases risk (4x)


• Head trauma with hospitalization 
increases risk (8x)


• Head trauma with loss of 
consciousness increases risk (11x)


• Effect primarily in men



Smoking (habits)

• Smokers have a 50% lower 
risk of PD


• Non-smokers have double the 
risk of PD


• The more you smoke (pack-
years) the lower the risk of PD


• Extreme use (chewing, snuff) 
carries the lowest risk of PD 



Coffee (habits)

• Coffee drinkers have a 50% lower 
risk of PD


• Never drinkers have double the risk 


• More cups, lower risk 


• The reduced risk is primarily in men



Dose effect, age at onset



Alcohol (habits)

• Alcohol drinking does not 
reduce the risk of PD


• However, alcoholics have a 
50% lower risk


• Pattern: extreme use of 
smoking, coffee, and alcohol 
are all associated with a 
reduced risk of PD



TABLE 3. Cohort analyses for composite neuroticism score and risk of parkinsonism or Parkinson’s disease

Cohort or
stratum

Persons
at risk

Person-years
of follow-up

Parkinsonism Parkinson’s disease

Persons with
parkinsonism

Hazard ratio
(95% CI)a P

Persons with
Parkinson’s disease

Hazard ratio
(95% CI)a P

Overallb

Quartiles 1!3 5,131 138,677 160 1.00 (reference) ! 108 1.00 (reference) !
Quartile 4 1,691 42,521 67 1.45 (1.09!1.94) 0.01 48 1.54 (1.10!2.16)c 0.01

Mend

Quartiles 1!3 2,495 64,220 85 1.00 (reference) ! 49 1.00 (reference) !
Quartile 4 818 19,304 35 1.45 (0.98!2.15) 0.06 26 1.87 (1.16!3.00) 0.01

Womend

Quartiles 1!3 2,636 74,456 75 1.00 (reference) ! 59 1.00 (reference) !
Quartile 4 873 23,217 32 1.45 (0.96!2.20) 0.08 22 1.27 (0.78!2.07) 0.34

Ages 20!39 yr at testinge

Quartiles 1!3 1,469 50,231 24 1.00 (reference) ! 15 1.00 (reference) !
Quartile 4 478 15,672 13 1.82 (0.93!3.58) 0.08 10 2.27 (1.02!5.06) 0.04

Ages 40!49 yr at testinge

Quartiles 1!3 1,318 39,343 48 1.00 (reference) ! 36 1.00 (reference) !
Quartile 4 445 11,978 18 1.32 (0.77!2.27) 0.32 11 1.07 (0.54!2.10) 0.85

Ages 50!69 yr at testinge

Quartiles 1!3 2,344 49,102 88 1.00 (reference) ! 57 1.00 (reference) !
Quartile 4 768 14,872 36 1.42 (0.97!2.10) 0.07 27 1.64 (1.04!2.60) 0.03

aHR adjusted by age (used as the time scale) and sex.
bTrend analyses for PD. Using quartile 1 as reference, the HR was 0.96 for quartile 2 (95% CI 5 0.62!1.49; P 5 0.86), 0.71 for quartile 3

(95% CI 5 0.44!1.15; P 5 0.16), and 1.38 for quartile 4 (95% CI 5 0.91!2.08; P 5 0.13).
cWe performed a sensitivity analysis restricted to the 76 cases of PD who were diagnosed via in-person examination or medical record. The

HR for quartile 4 compared with quartiles 1!3 was 1.56 (95% CI 5 0.96!2.53; P 5 0.07). The 80 cases of PD documented exclusively via
direct or proxy interviews or via death certificates were included in analyses but censored as free of the outcome. Analyses including smoking
proneness in the model (quartile 4 vs. quartiles 1!3) yielded an HR of 1.54 (95% CI 5 1.10!2.17; P 5 0.01); analyses including smoking prone-
ness, alcohol use, and self-assessed general health yielded an HR of 1.53 (95% CI 5 1.08!2.18; P 5 0.02). The HR for non-PD types of parkin-
sonism grouped together was 1.28 (95% CI 5 0.76!2.16; P 5 0.36).

dThere was no significant interaction between the anxious trait and sex (P 5 0.25 for PD).
eThere was no significant interaction between the anxious trait and age at time of MMPI completion (P 5 0.34 for PD).

FIG. 2. Cumulative incidence of PD in men and women combined: comparison of subjects in the top quartile with subjects in quartiles 1!3 of
the anxious personality trait (HR 5 1.63; 95% CI 5 1.16!2.27; P 5 0.004) and of the composite neuroticism score (HR 5 1.54; 95% CI 5
1.10!2.16; P 5 0.01). The graphic display accounts for death as a competing risk.29

7ANXIOUS PERSONALITY AND PD

Movement Disorders, Vol. 00, No. 00, 2010Confounding?
reduced dopamine, reduced pleasure seeking

reduced dopamine, reduced reward

reduced dopamine, anxious and nervous state

reduce dopamine, Parkinsonism
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TABLE 1
Pearson’s correlation coefficients for the relation between baseline food intakes and factors representing dietary
patterns in the Health Professionals Follow-Up Study (1986) and the Nurses’ Health Study (1984)1

Men Women

Food Factor 1 (prudent) Factor 2 (Western) Factor 1 (prudent) Factor 2 (Western)

Other vegetables 0.75 — 0.67 —
Leafy vegetables 0.64 — 0.63 —
Yellow vegetables 0.63 — 0.60 —
Cruciferous vegetables 0.63 — 0.61 —
Legumes 0.61 — 0.55 —
Fruit 0.58 — 0.60 —
Tomatoes 0.56 — 0.45 —
Fish 0.51 — 0.50 —
Garlic 0.42 — 0.34 —
Poultry 0.36 — 0.43 —
Whole grains 0.35 — 0.41 —
Red meat — 0.62 — 0.56
Processed meats — 0.58 — 0.56
Refined grains — 0.49 — 0.58
Desserts and sweets — 0.47 — 0.44
French fries — 0.46 — 0.47
High-fat dairy products — 0.44 — 0.36
Eggs — 0.38 — —
High-sugar drinks — 0.39 — 0.34
Snacks — 0.37 — —
Condiments — 0.35 — 0.43
Margarine — 0.35 — 0.33
Potatoes — 0.34 — 0.42
Low-fat dairy — — 0.35 —
Olive oil — — 0.33
Mayonnaise — — — 0.31
Pizza — — — 0.35

1
Correlation coefficients <0.3 were omitted for simplicity.

Am J Clin Nutr. Author manuscript; available in PMC 2008 February 1.

Diet (habits) “prudent diet” reduces risk by 20%



Exercise (habits) Physical inactivity increases risk by 30% (men)

Few epidemiologic studies have examined the as-
sociation between physical activity and the risk of
developing PD.6-8 In a nested case-control study with
94 PD cases, moderate physical activity was found to
be associated with a nonsignificantly lower risk of
PD in men.6 However, in a small retrospective case-
control study (32 cases), the adult physical activity of
PD patients was not different from that of control

subjects up to the sixth decade of life.7 In another
retrospective study,8 significantly less physical exer-
cise was reported by young-onset PD cases (n ! 30)
than by controls or late-onset cases (n ! 60). The
inconsistency of these previous studies probably re-
sults from their inaccurate measurements of physi-
cal activity and potential recall bias, in addition to
small sample sizes. None of these studies used a
structured and validated questionnaire in assessing
physical activity. Potential recall bias, in the case of
PD, could be substantial because patients often expe-
rience cognitive decline and tend to gradually lose
exercise capacities prior to the diagnoses.

In contrast to these previous investigations, both
the HPFS and the NHS are large prospective cohorts
with long follow-up periods. The data were prospec-
tively collected, and lag analyses were conducted to
examine the potential effects of preclinical physical
decline on the results. We examined both baseline
physical activity and early-life strenuous activities at
different life spans in men and found similar results.
The inverse association between physical activity
and PD risk in men was further supported by our
analyses that men with PD were consistently less
physically active than men without PD up to 12
years prior to the diagnosis. In both cohorts, partici-
pants were asked detailed questions on different
leisure-time physical activities. The exposure assess-
ments have been previously validated and were pre-
dictive of future risks of coronary heart disease,16

stroke,17 diabetes,18 and cancer.19,20 Because of the
prospective design, any misclassification of exposure
variable would most likely be nondifferential and
therefore would cause an underestimation of the in-
verse association between physical activity and PD
risk in men.

The fact that both baseline and early-life exposure
analyses revealed inverse associations between vig-
orous or strenuous exercise and risk of developing
PD is consistent with the hypothesis that high level
of physical exercise may lower PD risk. In the rat
model of PD,5 forced exercise prior to 6-OHDA treat-
ment induced a significant increase of glial-derived
neurotrophic factor that has neuroprotective effects
for dopaminergic neurons.21 Physical exercise can
also promote secretion of brain-derived neurotrophic
factor and other growth factors in the CNS that in
turn may contribute to the survival and neuroplas-
ticity of dopaminergic neurons.5,22 Moreover, exercise
decreases the ratio between dopamine transporter
and vesicular monoamine transporter; a decrease in
this ratio may lower the susceptibility of dopaminer-
gic neurons to neurotoxins and reduce cytosolic dopa-
mine oxidation.4,23 Finally, physical exercise may
activate the dopaminergic system and increase dopa-
mine availability in the striatum.24,25 Any of these or
other mechanisms may be responsible for the benefi-
cial effects of forced exercise in animal experiments;
however, the relevance of these short-term animal
findings to possible neuroprotective effects of leisure

Figure 1. Average physical activity of Parkinson disease
(PD) cases as percentage of noncases at different time
points before and after the diagnosis in men, adjusting for
age, age squared, and smoking status for each time period.
The sample size at each time point ranges from 48 to 228.
The reference line represents the average values of individ-
uals without PD.

Figure 2. Average physical activity of Parkinson disease
(PD) cases as percentage of noncases at different time
points before and after the diagnosis in women, adjusting
for age, age squared, and smoking status for each time
period. The sample size at each time point ranges from 57
to 115. The reference line represents the average values of
individuals without PD.
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Few epidemiologic studies have examined the as-
sociation between physical activity and the risk of
developing PD.6-8 In a nested case-control study with
94 PD cases, moderate physical activity was found to
be associated with a nonsignificantly lower risk of
PD in men.6 However, in a small retrospective case-
control study (32 cases), the adult physical activity of
PD patients was not different from that of control

subjects up to the sixth decade of life.7 In another
retrospective study,8 significantly less physical exer-
cise was reported by young-onset PD cases (n ! 30)
than by controls or late-onset cases (n ! 60). The
inconsistency of these previous studies probably re-
sults from their inaccurate measurements of physi-
cal activity and potential recall bias, in addition to
small sample sizes. None of these studies used a
structured and validated questionnaire in assessing
physical activity. Potential recall bias, in the case of
PD, could be substantial because patients often expe-
rience cognitive decline and tend to gradually lose
exercise capacities prior to the diagnoses.

In contrast to these previous investigations, both
the HPFS and the NHS are large prospective cohorts
with long follow-up periods. The data were prospec-
tively collected, and lag analyses were conducted to
examine the potential effects of preclinical physical
decline on the results. We examined both baseline
physical activity and early-life strenuous activities at
different life spans in men and found similar results.
The inverse association between physical activity
and PD risk in men was further supported by our
analyses that men with PD were consistently less
physically active than men without PD up to 12
years prior to the diagnosis. In both cohorts, partici-
pants were asked detailed questions on different
leisure-time physical activities. The exposure assess-
ments have been previously validated and were pre-
dictive of future risks of coronary heart disease,16

stroke,17 diabetes,18 and cancer.19,20 Because of the
prospective design, any misclassification of exposure
variable would most likely be nondifferential and
therefore would cause an underestimation of the in-
verse association between physical activity and PD
risk in men.

The fact that both baseline and early-life exposure
analyses revealed inverse associations between vig-
orous or strenuous exercise and risk of developing
PD is consistent with the hypothesis that high level
of physical exercise may lower PD risk. In the rat
model of PD,5 forced exercise prior to 6-OHDA treat-
ment induced a significant increase of glial-derived
neurotrophic factor that has neuroprotective effects
for dopaminergic neurons.21 Physical exercise can
also promote secretion of brain-derived neurotrophic
factor and other growth factors in the CNS that in
turn may contribute to the survival and neuroplas-
ticity of dopaminergic neurons.5,22 Moreover, exercise
decreases the ratio between dopamine transporter
and vesicular monoamine transporter; a decrease in
this ratio may lower the susceptibility of dopaminer-
gic neurons to neurotoxins and reduce cytosolic dopa-
mine oxidation.4,23 Finally, physical exercise may
activate the dopaminergic system and increase dopa-
mine availability in the striatum.24,25 Any of these or
other mechanisms may be responsible for the benefi-
cial effects of forced exercise in animal experiments;
however, the relevance of these short-term animal
findings to possible neuroprotective effects of leisure

Figure 1. Average physical activity of Parkinson disease
(PD) cases as percentage of noncases at different time
points before and after the diagnosis in men, adjusting for
age, age squared, and smoking status for each time period.
The sample size at each time point ranges from 48 to 228.
The reference line represents the average values of individ-
uals without PD.

Figure 2. Average physical activity of Parkinson disease
(PD) cases as percentage of noncases at different time
points before and after the diagnosis in women, adjusting
for age, age squared, and smoking status for each time
period. The sample size at each time point ranges from 57
to 115. The reference line represents the average values of
individuals without PD.
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Occupation

• Higher education is associated with 
a 2-3x increased risk of PD


• Physicians carry an increased risk


• Physical jobs carry a reduced risk


• Ascertainment bias?


• Reverse causation?



Childbearing 

• Men who have children are at 
greater risk of PD


• More children, greater risk


• Reverse causation?



Hormonal

• Women who undergo ovariectomy 
are at increased risk of PD (2x)


• The risk is greater for bilateral 
ovariectomies (dose effect)


• The risk is greater for women who 
had surgery at younger ages


• Is estrogen neuroprotective?


• Does this explain why many risk 
factors for PD are not in women?



Unifying hypothesis

• Gene x Environment interactions


• We are born with factors that make 
us more likely (e.g., genes) or less 
likely (e.g., female sex) to get PD


• We are exposed to factors that 
make us more likely (e.g., head 
trauma) or less likely (e.g., exercise, 
diet) to get PD


• As we age the effects of genes and 
the environment add up, or multiply, 
causing brain cells to degenerate


• That is why we get PD

GxE



What to do now?

• Learn more about it


• Exercise


• Diet


• Get the best care


• Engage in research



Engage in research

• The DodoNA Project: DNA predictions 
to improve neurological health


• The Genetic Epidemiology of 
Parkinson’s Disease Consortium


• Imaging biomarkers of delayed 
sequelae in mild traumatic brain injury


• Intrinsic re-modeling of the fovea in PD


• Automated multiparametric quantitative 
MRI assessments in PD

http://www.northshore.org/neurological-institute/research-innovation/

Uncovering the secrets of molecular prophecy 
From Best Practices to Next Practices  

http://www.northshore.org/neurological-institute/research-innovation/
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