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Early and accurate identification and management of veterans at risk for Parkinson
disease is an important priority area for the US Department of Veterans Affairs because
of the substantial impact on quality of life and disability-adjusted life years.
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680,000 in the US, including > 110,000

veterans (Caroline Tanner, MD, PhD, un-
published data).” In the next 10 years, this num-
ber is expected to double, in part because of the
aging of the US population.! Although the clas-
sic diagnostic criteria emphasize motor symp-
toms that include tremor, gait disturbance, and
paucity of movement, there is increasing recog-
nition that disease pathology begins decades
before the development of motor impairment.2

Pathologic studies confirm that by the onset
of motor symptoms, at least 30% of nigrostriatal
neurons are lost or dysfunctional.>® Similarly, the
Braak staging hypothesis posits initial deposition
of Lewy bodies in the olfactory bulb and the dor-
sal motor nucleus of the vagus nerve, followed
by prion-like spread through the brain stem into
the midbrain/substantia nigra, and finally into the
cortex (Figure 1).

The decades-long prodromal or preclinical
phase represents a unique opportunity for early
identification of those at highest risk for develop-
ing the motor symptoms of Parkinson disease.”
Accurate identification, ideally before the onset of
manifest motor disability, would not only improve
prognostic counseling of veterans and families,
but also could allow for early enroliment into tri-
als of potentially disease-modifying therapeutic
agents. Thus, early and accurate identification of
PD is an important goal of the care of veterans
with potential PD.

Parkinson disease (PD) affects about

PRODROMAL SYMPTOMS
Prodromal PD, as defined by the International
Parkinson Disease and Movement Disorders
Society (MDS), focuses on nonmotor symp-
toms that herald the onset of manifest motor
PD.2 The most commonly assessed nonmotor
features include olfaction, constipation, sleep
disturbance, and mood disorders.

Olfaction is impaired in > 90% of patients
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with motor PD at the time of diagnosis; by con-
trast, the prevalence of hyposmia in the gen-
eral population ranges from 20% to 50%, with
higher rates in older adults and in smokers.®
Thus, olfaction appears to be a relatively sensi-
tive, though nonspecific, prodromal feature. Im-
portantly, subjective report of hyposmia is poorly
reliable, so a number of different tests have been
developed for objective assessment of olfactory
dysfunction.'? The 12-item Brief Smell Identifica-
tion Test (B-SIT), derived from the longer Univer-
sity of Pennsylvania Smell Identification Test, is
a “scratch-and-sniff” forced multiple choice test
that can be self-administered by cooperative pa-
tients.”®>'* The B-SIT has been validated in mul-
tiple ethnic and cultural groups and shows high
discrimination between PD subjects and con-
trols.’®' Of note, olfactory impairment appears
to be associated with risk of cognitive decline in
PD, further emphasizing the need for accurate
assessment to guide prognosis.'®

Like hyposmia, constipation can be noted
long before the diagnosis of manifest motor
PD."” After adjustment for lifestyle factors, con-
stipated individuals have up to 4.5-fold increased
odds of developing PD, and those with consti-
pation suffer worsened disease outcomes and
health-related quality of life.'2° Some groups
have demonstrated alterations in gut microbi-
ota of those with prodromal PD, which suggests
local inflammatory processes and intestinal per-
meability may contribute to protein misfolding
and disease development.?’?? This also raises
the intriguing possibility that dietary alterations
may be neuroprotective or neurorestorative, al-
though this has yet to be tested in humans.?*24

Like constipation, mood changes can pre-
cede the appearance of manifest motor PD.?5:2¢
Case control studies suggest a higher risk of
developing PD among individuals who were
previously diagnosed with depression or anxi-
ety, particularly in the 1 to 2 years prior to PD



diagnosis.?’?° Both apathy and anxiety are as-
sociated with striatal dopamine dysfunction,
particularly in the right caudate nucleus, which
suggests that mood changes are directly re-
lated to disease pathology.303!

Of the prodromal features, rapid eye move-
ment sleep behavior disorder (RBD) is asso-
ciated with the highest risk of conversion to
motor PD.8 Up to 80% of older men with so-
called idiopathic RBD develop a parkinso-
nian syndrome within 20 years; risk is divided
about equally between idiopathic PD and de-
mentia with Lewy bodies (DLB).%2 Collateral his-
tory from a bed-partner is usually sufficient to
make the diagnosis, although, this is often con-
founded by the prevalence of nightmares in
those with posttraumatic stress disorder in the
veteran population.®? Thus, in suspected cases,
obtaining a polysomnogram can aid in distin-
guishing between idiopathic PC and DLB.33
Given the specificity of RBD as a marker of
synuclein deposition and the high risk of pro-
gression to a degenerative syndrome, accurate
diagnosis and counseling is imperative.

Each of the prodromal nonmotor features of
PD are at best moderately sensitive or specific in
isolation, but in concert, they can be used to de-
velop a Parkinson risk score. For instance, the
MDS prodromal criteria combine individual likeli-
hood ratios into Bayesian analysis to determine a
combined probability of PD, which can be further
stratified to probable or possible prodromal PD
(probability > 80%, > 50%, respectively).? These
criteria have been applied to several independent
cohorts and demonstrate high sensitivity and
specificity, especially over time.3*3% Applicability
in a veteran population has yet to be determined.

USE OF IMAGING IN DIAGNOSIS

Although clinical diagnostic criteria and prodro-
mal features can improve diagnostic accuracy,
it can be extremely challenging to distinguish
idiopathic PD from nondegenerative parkin-
sonism or atypical syndromes (see below).
Compared with the gold standard of patho-
logic assessment, the clinical diagnostic accu-
racy for PD ranges from 73% for nonexperts
to 80% for fellowship-trained movement dis-
orders specialists.®® Thus, objective biomark-
ers are sought to improve diagnostic accuracy
both for clinical care as well as for research
purposes, such as enroliment into clinical trials.

Multiple potential imaging biomarkers for
preclinical PD can aid in early diagnosis and

FIGURE 1
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help differentiate PD from related but distinct
disorders. While beyond the scope of this re-
view, these techniques have recently been
reviewed.” Of these, the most widely avail-
able and accurate is dopamine transporter
(DAT) imaging, which uses a radioiodinated li-
gand that binds to DAT on striatal dopami-
nergic terminals; binding is detected through
single photon emission computed tomography
(SPECT) scanning. Thus, a SPECT DaTscan
(GE Healthcare Bio-Sciences, Little Chalfont,
England) directly assesses the integrity of the
presynaptic nigrostriatal system and is well
correlated with severity of motor and nonmo-
tor parkinsonism.37:38

In individuals with suspected prodromal PD,
abnormal DaTscans are associated with faster
progression to manifest motor PD.*® However,
it should be noted that a number of medica-
tions, several of which are commonly utilized in
the veteran population, can affect the outcome
of a DaTscan.* Some of these medications only
mildly affect the outcome, so the physician in-
terpreting the scan should be made aware of
their use, while others need to be held for days
to weeks so as not to invalidate the DaTscan.
DaTscan also do not differentiate between
PD and atypical degenerative parkinsonisms
such as multiple system atrophy (MSA), DLB,
progressive supranuclear palsy (PSP), or
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corticobasal syndrome (CBS). Nevertheless,
these scans can be used to distinguish degen-
erative parkinsonisms from other conditions that
can be difficult to distinguish clinically from PD,
including essential tremor, normal pressure hy-
drocephalus, vascular parkinsonism, or drug-
induced parkinsonism (DIP).

DIP usually is caused by blockade of post-
synaptic dopamine receptors by antipsychotic
medications, which are prescribed to as many
as 1in 4 older veterans; antiemetic agents
such as metoclopramide are also potential of-
fenders if used chronically.*' The risk of DIP
appears to be associated with the D2 binding
affinity of the drug. Thus, of the newer atypical
antipsychotics, clozapine and quetiapine ap-
pear to have the lowest risk, while ziprasidone
and aripiprazole have the highest binding af-
finity and therefore the highest risk.*? In many
patients, parkinsonism persists even after dis-
continuation of the offending agent, suggest-
ing that in at least a subset of patients, DIP
may be an “unmasking” of latent PD rather
than a true adverse effect of the medication.
The prodromal features discussed above can
be used to distinguish isolated DIP from un-
masked latent PD.*® In a study we conducted
in veterans at the Michael J. Crescenz VA
Medical Center in Philadelphia, Pennsylvania,
hyposmia in particular was shown to be highly
predictive of an underlying dopaminergic defi-
cit with an odds ratio of 63.4

Other important considerations in the differ-
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ential diagnosis of PD are the atypical degener-
ative parkinsonian syndromes, formerly called
Parkinson plus syndromes. These may be further
divided into the synucleinopathies (MSA, DLB)
or the tauopathies (PSP, CBS), depending on the
predominant amyloidogenic protein. Early in the
disease, the atypical syndromes and idiopathic
PD may be clinically indistinguishable, although
the atypical syndromes tend to progress more
rapidly and often have a less robust response to
levodopa.

Radiologic and fluid biomarkers for the atyp-
ical syndromes are under active investigation;
at present the most accessible study is mag-
netic resonance imaging (MRI), which may show
characteristic features such as degeneration of
the pontocerebellar fibers in MSA or midbrain
atrophy in PSP.“54¢ By contrast, standard MRI
sequences in idiopathic PD are usually normal,
although high-resolution (7 tesla) imaging can
reveal loss of neuromelanin in the substantia
nigra.*” MRI also can be useful in the workup of
suspected normal pressure hydrocephalus or
vascular parkinsonism, which would show dis-
proportionate ventriculomegaly with transepen-
dymal flow, or white matter lesions in the basal
ganglia, respectively.

DATA-BASED IDENTIFICATION OF
PRECLINICAL PD

The integration of clinical motor or prodromal
features with biomarker data has led to the de-
velopment of several large-scale clinical and
administrative databases to identify PD. The
Parkinson Progression Markers Initiative initially
enrolled only de novo clinically identified people
with PD, but it expanded to include a prodromal
cohort who are being assessed for rates of con-
version to PD.*® Similarly, metabolic imaging can
be combined with prodromal symptoms, such
as hyposmia or RBD, to predict risk for pheno-
conversion into manifest motor PD.*°

The PREDICT-PD study synthesizes mood
symptoms, RBD, smell testing, genotyping,
and keyboard-tapping tasks to divide individu-
als into high-, middle-, and low-risk groups; in-
terim analysis at 3 years of follow-up (N = 842)
demonstrated a hazard ratio of 4.39 (95% Cl,
1.03-18.68) for the diagnosis of PD in the high-
risk group compared with the low-risk group.3°
Lastly, administrative claims data for prodromal
features, such as constipation, RBD, and mood
symptoms, is highly predictive of eventual PD
diagnosis.5" VA databases accessed through



the Corporate Data Warehouse are comple-
mentary sources of information to nonveteran-
specific Medicare databases; to our knowledge
there has not yet been a comprehensive search
of VA databases to identify veterans with
preclinical PD.

RISK FACTORS ASSOCIATED WITH
MILITARY SERVICE

A number of potential environmental risk fac-
tors may increase the risk of developing Par-
kinson disease for veterans. Perhaps the most
commonly recognized is pesticide exposure,
particularly given the presumptive service con-
nections established by the VA for Parkinson
disease and exposure to Agent Orange or con-
taminated water at Camp Lejeune.>>5 Both di-
oxin, the toxic ingredient in Agent Orange, and
the solvents trichloroethylene and perchloro-
ethylene, found in the water supply at Camp
Lejeune, interfere with mitochondrial function
leading to oxidative stress and apoptosis of ni-
grostriatal neurons.’*5% Other potential expo-
sures, which are not necessarily limited to the
veteran population, include rotenone, a phy-
tochemical used to kill fish in reservoirs, and
paraquat, an herbicide that may directly pro-
mote synuclein aggregation.*®5” Veterans who
have reported exposure to these or other en-
vironmental chemicals in civilian life should be
carefully assessed for the presence of motor
PD or prodromal features.

Traumatic brain injury (TBI) also may be a
risk factor for PD, which may be particularly rel-
evant for veterans who had served in Iraq or
Afghanistan. Retrospective claims data sug-
gest a strong association between PD and re-
cent TBI in the 5 to 10 years prior to motor PD
diagnosis.%®%° A recent assessment of com-
bat veterans with TBI found that even mild TBI
was associated with a 56% increased risk of
PD, while moderate-to-severe TBIl was asso-
ciated with an 83% higher risk of PD.%° The
pathologic mechanism for this link is unclear,
but post-TBI inflammatory processes may
lead to the formation of reactive oxygen spe-
cies and/or glutamatergic excitotoxicity, thus
leading to secondary injury in the nigros-
triatal pathway.®' As with prodromal symp-
toms, the risk of PD related to environmental
risk factors may be synergistic; repetitive TBI
may be more damaging than a single injury,
and a combination of TBI and pesticide ex-
posure markedly increases PD risk beyond
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the risk of TBI or the risk of pesticides alone.®
Recently, parkinsonism, including Parkinson
disease, was recognized as a service con-
nected condition for veterans with a service-
related moderate or severe TBI.%®

CONCLUSION
Because of the substantial impact on quality of
life and disability-adjusted life years, early and
accurate identification and management of vet-
erans at risk for PD is an important priority area
for the VA. The 10-year cost of PD-related ben-
efits through the VA was estimated at $3.5 bil-
lion in fiscal year 2010, and that number is likely
to rise in coming years, due to the aging popu-
lation as well as synergistic effects of indepen-
dent risk factors described above.®* In response,
the VA has created a network of specialty care
sites, known as Parkinson Disease Research,
Education, and Clinical Centers (PADRECCs) lo-
cated in Philadelphia, Pennsylvania; Richmond,
Virginia; Houston, Texas; West Los Angeles and
San Francisco, California; and Seattle, Washing-
ton/Portland, Oregon (www.parkinsons.va.gov).
The PADRECCs are supplemented by a Na-
tional VA PD Consortium network of VA phy-
sicians trained in PD management (Figure 2).
Studies, including one investigating care of
veterans with PD, have demonstrated that in-
volvement of specialty care services early
in the course of PD leads to improved patient
outcomes.®%¢ In addition to patient-facing re-
sources such as support groups and special-
ized physical/occupational/speech therapy,
PADRECCs and the consortium sites are na-
tional leaders in PD education and clinical trials
and provide high-quality, multidisciplinary care
for veterans with PD.¢” Thus, veterans with signif-
icant risk factors or prodromal symptoms of PD
should be referred into the PADRECC/Consor-
tium network in order to maximize their quality of
care and quality of life.
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