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ABSTRACT

Objectives: The purpose of this study is to evaluate the relative risk of abnormal dopamine trans-
porter (DAT) imaging for subjects with and without hyposmia and the feasibility of acquiring a
large, community-based, 2-tiered biomarker assessment strategy to detect prodromal Parkinson
disease (PD).

Methods: In this observational study, individuals without a diagnosis of PD, recruited through 16
movement disorder clinics, underwent tier 1 assessments (olfactory testing, questionnaires). Tier
2 assessments (neurologic examination, DAT imaging, and other biomarker assessments)
were completed by 303 subjects. The main outcome of the study is to compare age-expected
[123I]b-CIT striatal binding ratio in hyposmic and normosmic subjects.

Results: Tier 1 assessments were mailed to 9,398 eligible subjects and returned by 4,999; 669
were hyposmic. Three hundred three subjects (203 hyposmic, 100 normosmic) completed base-
line evaluations. DAT deficit was present in 11% of hyposmic subjects compared with 1% of nor-
mosmic subjects. Multiple logistic regression demonstrates hyposmia (odds ratio [OR] 12.4; 95%
confidence interval [CI] 1.6, 96.1), male sex (OR 5.5; 95% CI 1.7, 17.2), and constipation
(OR 4.3; 95% CI 1.6, 11.6) as factors predictive of DAT deficit. Combining multiple factors
(hyposmia, male sex, and constipation) increased the percentage of subjects with a DAT deficit
to .40%.

Conclusion: Subjects with DAT deficit who do not meet criteria for a diagnosis of PD can be iden-
tified by olfactory testing. Sequential biomarker assessment may identify those at risk of PD. Se-
lecting hyposmic individuals enriches the population for DAT deficit, and combining hyposmia
with other potential risk factors (male sex, constipation) increases the percentage of subjects with
a DAT deficit compatible with prodromal PD. Neurology® 2014;83:1739–1746

GLOSSARY
CI5 confidence interval;DAT5 dopamine transporter; [123I]b-CIT5 iodine-123 labeled 2b-carbomethoxy-3b-(4-iodophenyl)
tropane; OR 5 odds ratio; PARS 5 Parkinson Associated Risk Syndrome; PD 5 Parkinson disease; RBD 5 REM behavior
disorder; SRS 5 Symptom Rating Scale; UPDRS 5 Unified Parkinson’s Disease Rating Scale; UPSIT 5 University of
Pennsylvania Smell Identification Test.

The prodromal stage of Parkinson disease (PD) occurs several years in advance of typical motor
symptoms and involves nigral dopamine degeneration and likely brainstem and olfactory bulb
pathology. Detecting loss of dopaminergic integrity during the prodromal period offers the pos-
sibility to test potential disease-modifying therapies in the earliest stages of disease.

Studies have highlighted the pathologic, clinical, and imaging manifestations of prodromal
PD. Braak has proposed that prodromal neuropathologic changes in PD may begin in extranig-
ral structures, including the olfactory bulb or brainstem nuclei.1–4 Early nonmotor symptoms
may precede motor symptoms and allow identification of individuals with early neurodegener-
ation.5–7 Imaging studies have demonstrated a 40% to 60% loss of dopaminergic neuronal
integrity at PD motor symptom threshold.8,9 Studies in unaffected subjects with PD mutations,
hyposmia, and a first-degree relative with PD or REM behavior disorder (RBD) demonstrate
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abnormal dopaminergic imaging in advance of
motor symptoms.10–16 Ponsen et al.17 explored
sequential biomarker assessment of olfaction
and dopamine transporter (DAT) imaging in
PD relatives, identifying a small at-risk cohort.
In the Parkinson Associated Risk Syndrome
(PARS) Study, this approach was expanded
to allow larger-scale testing using an at-home
test of olfaction to enrich the population for
DAT imaging.

Our previous report18 demonstrates that hy-
posmic subjects were significantly more likely
to endorse nonmotor features (anxiety, depres-
sion, constipation, and RBD symptoms). This
report describes the risk of DAT deficit for
subjects with and without hyposmia and the
feasibility of utilizing a large, community-
based, sequential biomarker assessment strategy
to detect prodromal PD.

METHODS PARS is an ongoing large-scale observational study

evaluating a 2-tiered strategy to identify individuals at risk of PD.

The study is coordinated at the Institute for Neurodegenerative

Disorders (New Haven, CT).

Standard protocol approvals, registrations, and patient
consents. This study received approval by Western Institutional

Review Board, the Human Research Protection Office at the US

Army Medical Research Material and Command, and the local

institutional review boards at participating centers (see list of

coinvestigators on the Neurology® Web site at Neurology.org).

The Clinicaltrials.gov registry number is NCT00387075.

Study population. Individuals were recruited by 16 movement

disorder clinics through methods previously described.18 Specifi-

cally, patients with PD from participating movement disorder

clinics were asked to recruit first-degree relatives who

completed a demographic form and brief questionnaire to

determine eligibility. The remainder of the recruitment

included mailings locally to clinics and posting on the PARS

Web site or other media. Eligibility criteria included no

diagnosis of PD or other neurodegenerative disorder, age older

than 50 years (or within 10 years of onset of an affected PD

relative), and no known reason for abnormal olfaction (e.g.,

nasal trauma, sinus infection, sinus surgery). Subjects were

informed that they would not receive olfactory or imaging data

in this study.

Tier 1 assessments: Olfactory screening and self-report
questionnaires. Eligible subjects were mailed an informed

consent form, a self-administered assessment of nonmotor

and subtle motor symptoms, and a 40-item University of

Pennsylvania Smell Identification Test (UPSIT).18–20 UPSIT

raw scores were calculated based on the number of correct

identifications. Cohort-specific norms were developed based

on the first 2,200 subjects enrolled. Subjects scoring #15th

percentile based on age and sex were identified as hyposmic

and those in the .15th percentile were considered

normosmic. A bowel movement frequency questionnaire

adapted from the Honolulu Asian Aging Study was used to

assess constipation.21 Using this questionnaire, constipation

was defined as less than one bowel movement per day. The

PD Symptom Rating Scale (SRS)20 was used to assess subtle

motor symptoms (e.g., changes in handwriting, gait, ability to

get out of a chair). Endorsing 2 or more items on the PD

symptom self-report questionnaire was considered positive.

RBD was assessed by the RBD questionnaire developed by

Comella,22 and scoring was described previously.18 The RBD

questionnaire was completed by a bed partner, and subjects

experiencing any symptom more than once per month were

considered to have RBD.

Tier 2 assessments: Clinical and imaging evaluations. All
hyposmic subjects were invited to participate in the clinical

imaging cohort. Normosmic subjects were matched with con-

senting hyposmic subjects by age (within 5 years) and sex to

create a 2:1 ratio of hyposmic/normosmic subjects. All subjects

in the clinical imaging cohort provided informed consent and

underwent baseline clinical evaluations at the movement disor-

der clinics. Diagnostic questionnaires were completed by in-

vestigators unaware of olfactory status and DAT imaging

data. Prodromal PD was defined operationally as the presence

of one motor feature (bradykinesia, rigidity, or resting tremor)

and one PD nonmotor symptom or the presence of 2 PD

nonmotor symptoms (depression, anxiety, cognitive dysfunc-

tion, olfactory deficit, excessive sweating, orthostasis, constipa-

tion, urinary frequency, or incontinence). Site investigators

assigned a best current diagnosis for each subject as no neuro-

logic disease, PD, or parkinsonian syndrome (progressive

supranuclear palsy, multiple system atrophy, striatonigral

degeneration, corticobasal degeneration, and diffuse Lewy

body disease). The parkinsonian syndromes are expected to

have DAT loss and may be clinically indistinguishable from

PD at an early stage.

DAT imaging using [123I]b-CIT SPECT was performed at a

single imaging center (Institute for Neurodegenerative Disorders)

using previously described methods.23 At the imaging visit, sub-

jects also underwent a battery of clinical tests including a video-

taped Unified Parkinson’s Disease Rating Scale (UPDRS)

examination, cognitive and autonomic assessments for heart rate

variability, and collection of blood and CSF for future research

analyses.

Imaging outcome measure. Analysis of the SPECT images

included evaluation of the striatal binding ratio using a standard-

ized region-of-interest analysis method previously described.24

DAT striatal binding declines with age25 and therefore the

imaging outcome was adjusted by determining the percent of

age-expected [123I]b-CIT binding in the lowest putamen

compared with a previously acquired database of 99 healthy

subjects.25,26 Baseline scans were categorized as DAT deficit

(#65% age-expected lowest putamen [123I]b-CIT binding),

indeterminate (65%–80% age-expected lowest putamen

[123I]b-CIT binding), or no DAT deficit (.80% age-expected

lowest putamen [123I]b-CIT binding).25,26 Nuclear medicine

experts completed the image analysis masked to all clinical

information.

Statistical analyses. Descriptive statistics including means,

SDs, medians, and percentages when appropriate were calculated

for the UPSIT, demographic variables, risk factors, imaging, and

questions on PD symptoms. Chi-square tests, Cochran-Armitage

trend tests, Fisher exact test, and t tests were used to compare

groups. Multiple logistic regression was used to evaluate factors in

prespecified primary models to predict DAT deficit scan status,

and adjusted odds ratios (ORs) were calculated by including

additional prodromal features in the primary models.
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All p values reported were based on 2-tailed statistical tests. All
analyses were performed using SAS, version 9.2 (SAS Institute,

Inc., Cary, NC).

RESULTS Demographic information was provided by
10,139 individuals. Subsequently, 741 were found to be
ineligible because of a diagnosis of PD or other neuro-
logic condition (333), age (319), previous sinus surgery
or other sinus condition (72), or other medical con-
cerns.17 Eligible individuals (n 5 9,398) were mailed
UPSITs and questionnaires, and 4,999 completed and
returned these assessments (figure 1). Six hundred sixty-
nine of these subjects were categorized as hyposmic, and
203 (30%) consented for participation in clinical and
imaging evaluations. One hundred normosmic subjects
were matched to the hyposmic subjects for age and sex
and consented for tier 2 assessments.

Subject characteristics. Participating hyposmic subjects
(n 5 203) were more likely than nonparticipating
hyposmic subjects (n 5 466) to report a decreased
sense of smell (94/202, 47% vs 162/466, 35%) but
did not differ by sex (106/203, 52% male vs
249/466, 53% male), age (64.7 6 8.3 vs 64.4 6

9.8), smoking status (90/198, 45% never smoked
vs 208/459, 45% never smoked), or having one or
more first-degree relatives with PD (95/203, 47% vs
196/466, 42%) Participating normosmic subjects
(n 5 100) did not differ from nonparticipating
normosmic subjects (n 5 4,230): self-identified
decreased sense of smell (10/100, 10% vs
402/4,215, 10%), sex (44/100, 44% male vs
2,156/4,230, 51% male), age (62.9, 10.3 vs 63.9,
9.5), smoking status (52/100, 52% never smoked vs
1,927/4,151, 46% never smoked), and having one or

Figure 1 PARS Study flowchart

Flowchart illustrating the overall design of the PARS Study. PARS 5 Parkinson Associated Risk Syndrome; UPSIT 5 Uni-
versity of Pennsylvania Smell Identification Test.
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more first-degree relatives with PD (51/100, 51% vs
1,886/4,230, 45%).

Participants in the tier 2 assessments (table 1) had
no significant differences between normosmic and
hyposmic subjects regarding age, sex, having a family
member with PD, or smoking status. Hyposmic sub-
jects endorsed a decrease in their sense of smell more
frequently than normosmic subjects (94/203, 47% vs
10/100, 10%; p , 0.0001). On clinical evaluation,
the mean scores for the UPDRS and its subscales were

not significantly different between the 2 groups
(mean UPDRS score for hyposmic subjects was 3.4
and normosmic subjects 2.6; p 5 0.11). None of the
participants (hyposmic or normosmic) were given a
diagnosis of PD by the clinical investigators at base-
line evaluation. No neurologic diagnosis was assigned
in 77% of hyposmic subjects compared with 88% of
normosmic subjects. A diagnosis of prodromal PD
was assigned in a higher percentage of hyposmic sub-
jects (14%) than normosmic subjects (7%).

[123I]b-CIT SPECT imaging data. DAT deficit (lowest
putamen DAT binding #65% of age-expected) was
found in 11% (23/203) of hyposmic subjects
compared with 1% (1/100) of normosmic subjects,
and significantly more hyposmic subjects were
classified in the indeterminate range (65%–80% of
age-expected binding) compared with normosmic
subjects (17% vs 7%, p value for trend ,0.0001)
(table 2). The mean [123I]b-CIT striatal binding ratio
was significantly lower for hyposmic compared with
normosmic subjects (p 5 0.0033). Similar findings
were demonstrated in the mean caudate and putamen.

Factors predicting DAT deficit in hyposmic subjects.

Proportions of hyposmic subjects with a DAT defi-
cit based on a combination of prodromal factors are
provided in figure 2. Among hyposmic males, those
with constipation have the highest rate of DAT def-
icit (43%), followed by subtle motor symptoms
(endorsing $2 items on the SRS) at 33%, family
history of PD 25%, and RBD 24%. Hyposmic fe-
males with RBD had the highest proportion with
DAT deficit (11%), followed by those older than
65 years (10%).

ORs (95% confidence intervals [CIs]) for factors
influencing risk for a DAT deficit of either #65%
or #80% age-expected lowest putamen binding are
shown in table 3. Of the factors in the primary mod-
els, hyposmia had the highest odds of being associated
with a DAT deficit. In a combined logistic regression
analysis to predict DAT deficit (#65% of age-
expected lowest putamen DAT binding), hyposmia
(OR 12.4; 95% CI 1.6, 96.1), male sex (OR 5.5;
95% CI 1.7, 17.2), and constipation (OR 4.3; 95%
CI 1.6, 11.6) were significant predictors, but the CIs
are wide because only one normosmic subject showed
DAT deficit of #65%. Using the same regression
model to predict DAT deficit #80% of age-
expected lowest putamen DAT binding, hyposmia
and male sex were the only significant predictors.
Age, family history of PD, and subjective report of
subtle motor symptoms (endorsing $2 items on the
SRS) were not predictive of a DAT deficit.

Bed partners completed the RBD questionnaire
for only 196 of 301 subjects. In this subset, RBD
was not a significant predictor of DAT deficit in

Table 1 Baseline characteristics for tier 2 (clinical imaging) participants

Normosmic
subjects (n 5 100)

Hyposmic
subjects (n 5 203) p Value

Demographics

Age, y, mean (SD) 62.9 (10.3) 64.7 (8.3) 0.14a

Male, n (%) 44 (44) 106 (52) 0.18a

‡1 family member with PD, n (%) 51 (51) 95 (47) 0.49

Smoking history, current or past,
n (%)

48 (48) 108 (55) 0.29

Clinical features

Decreased smell by subject
report,b n (%)

10 (10) 94 (47) ,0.0001

Decreased bowel movement
frequency,c n (%)

19 (19) 47 (23) 0.39

RBD,d n (%) 24/62 (39) 57/134 (43) 0.61

UPDRS total,e mean (SD) 2.6 (3.8) 3.4 (4.2) 0.11

UPDRS motor,e mean (SD) 1.3 (2.2) 1.8 (2.7) 0.10

Subtle motor symptoms,f n (%) 21 (21) 44 (22) 0.88

Clinical diagnosis, n (%)

No neurologic diagnosis 88 (88) 157 (77)

PD 0 (0) 0 (0)

Essential tremor 2 (2) 7 (3) 0.20g

Prodromal PDh 7 (7) 29 (14)

Other neurologic diagnosis 3i (3) 10j (5)

Abbreviations: PD 5 Parkinson disease; RBD 5 REM behavior disorder; UPDRS 5 Unified
Parkinson’s Disease Rating Scale.
a Subjects in the 2 groups were matched by age and sex.
bDecreased smell by report: subjects answered question regarding their perceived sense of
smell before completing the University of Pennsylvania Smell Identification Test.
cDecreased bowel movement frequency: ,1 bowel movement/d based on bowel movement
frequency questionnaire.
dRBD: $1 symptom/mo based on the RBD questionnaire.
eUPDRS total and motor scores: Obtained at the movement disorders clinical sites by
investigators masked to olfactory and imaging data.
f Subtle motor symptoms: endorsing $2 subtle motor symptoms on the Symptom Rating
Scale.
g Fisher exact test comparing the distributions of diagnoses in the 2 groups.
h Prodromal PD: defined operationally as one motor feature (bradykinesia, rigidity, or resting
tremor) and one PD nonmotor symptom or the presence of 2 nonmotor symptoms
(depression, anxiety, cognitive dysfunction, olfactory deficit, excessive sweating, ortho-
stasis, constipation, and urinary urgency or frequency).
i Other neurologic diagnoses for normosmic subjects included peripheral neuropathy (n 5 3),
chorea of unknown etiology (n 5 2), multifactorial gait disorder (n 5 1), Charcot-Marie-Tooth
syndrome (n5 1), poststroke syndrome (n5 1), and postsurgical pontocerebellar deficits (n5 1).
j Other neurologic diagnoses for hyposmic subjects included mild poststroke syndrome (n5 1),
traumatic peripheral nerve injuries (n 5 1), and action tremor, not typical for essential tremor
(n 5 1).
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either the simple or combined models, and the ORs
and significance levels for the other variables were
similar to those in table 3 (data not shown).

DISCUSSION PARS Study baseline data demon-
strate that large-scale, at-home olfactory testing can
be utilized to identify a cohort of subjects with

hyposmia, but not fulfilling clinical motor criteria for
a diagnosis of PD, to enrich for detecting DAT deficit.

Among hyposmic subjects, 11% of the cohort
demonstrated DAT deficit (#65% of age-expected
lowest putamen binding) compared with 1% among
normosmic subjects, suggesting that hyposmia en-
riches for DAT deficit by about 10-fold. In prior large
clinical trials of newly diagnosed PD, such as PRE-
CEPT or ELLDOPA, the cutoff of #65% of age-
expected [123I]b-CIT binding in the lowest putamen
has reliably identified subjects with PD.27 Therefore,
PARS subjects with#65% DAT binding in the low-
est putamen for age are expected to be at high risk of
developing manifest PD.28 The PARS cohort contin-
ues to be followed longitudinally to determine the
timeline for development of possible PD motor signs
and other nonmotor features.

A key goal of PARS is to examine the feasibility of
identifying a large cohort of at-risk PD subjects that
could ultimately be utilized to test therapies with
potential to delay or prevent PD onset. This study
utilized an inverse pyramid approach, contacting
many potential subjects expecting that at subsequent
study stages, only a percentage of subjects would con-
tinue participation. Using this strategy, PARS began
with 10,139 enquiries to identify 24 subjects with
DAT deficit (only 0.24% of the original cohort).
Despite these small numbers, PARS data have suc-
cessfully demonstrated the proof of concept that the
study design and prescreening assessments are highly
feasible, inexpensive, and scalable. Undiagnosed sub-
jects were willing to provide consent and complete
PARS tier 1 questionnaires and UPSITs. Hyposmia
enriched the cohort for DAT deficit by about 10-
fold. While only a modest percentage of hyposmic
subjects manifested severe DAT deficit, the data sug-
gest a method to increase the percentage of DAT def-
icit tier 2 subjects. For example, while 11% of
subjects identified by hyposmia alone result in DAT
deficit, the percentage of subjects with DAT deficit
climbs to .40% when combining factors that
increase risk, such as hyposmia, sex, and constipation
(figure 2). While these data suggest that combining
biomarkers in tier 1 increases the enrichment for
DAT deficit, it does so at the potential cost of gen-
eralizability. In addition, the result of combining tier
1 biomarkers is that increased sample size may be
required for subjects entering the PARS inverse pyr-
amid at the study start to identify the same number of
DAT deficit subjects as hyposmia alone. For example,
the number of subjects with both hyposmia and con-
stipation completing tier 2 screening (DAT imaging)
is 47 compared with 203 for hyposmia alone, and
accounts for only 50% of the DAT deficit subjects.
Therefore, twice as many subjects would be required
to complete tier 1 screening for the combined

Table 2 Comparison of [123I]b-CIT striatal binding ratios for hyposmic and
normosmic subjects

Normosmic
subjects
(n 5 100)

Hyposmic
subjects
(n 5 203) p Value

Trend
p value

Age-expected lowest putamen DAT
binding,a n (%)

No DAT deficit >80% 92 (92) 146 (72)

Indeterminate 65%–80% 7 (7) 34 (17) 0.0076 ,0.0001

DAT deficit £65% 1 (1) 23 (11) 0.0008

Striatal binding ratios,b mean (SD)

Mean caudate 6.91 (1.39) 6.51 (1.45) 0.0226

Mean putamen 4.92 (0.88) 4.47 (1.09) 0.0002

Mean striatum 5.91 (1.12) 5.49 (1.24) 0.0033

Abbreviation: DAT 5 dopamine transporter.
a Age-expected lowest putamen density compared with existing healthy subject database.
bRatio of striatal/occipital binding.

Figure 2 Factors influencing the risk of DAT deficit

Factors influencing the risk of DAT deficit (#65% age-expected DAT binding in lowest puta-
men); family hx of PD 5 one or more first-degree relatives with PD; constipation #1 bowel
movement/d; subtle motor sx 5 endorsing $2 symptoms on the PD Symptom Rating Scale;
RBD 5 endorsing any symptom more than once per month. DAT 5 dopamine transporter;
PD 5 Parkinson disease; RBD 5 REM behavior disorder.
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biomarker strategy to detect the same number with a
DAT deficit as hyposmia alone. The PARS pyramid
has been designed to scale up the numbers of contacts
at the top of the pyramid to increase the DAT deficit
sample in tier 2.

PARS data further demonstrate almost a 2.5-fold
increase in hyposmic compared with normosmic sub-
jects with lowest putamen DAT binding between
65% and 80% of age-expected binding. In prior clin-
ical trials of newly diagnosed PD, subjects with these
scans have been defined as indeterminate because it is
unclear whether they will ultimately develop a diag-
nosis of PD.9,29,30 In PARS, we expect that some of
these subjects will demonstrate progressive loss of
DAT binding on follow-up imaging.28 Longitudinal
assessment of the subjects with indeterminate scans
will be particularly informative in refining the DAT
imaging cutoff used to define risk of motor PD.

Several limitations of this study need to be
acknowledged. Hyposmia was defined in PARS based
on PARS data collected using the self-administered
UPSIT at home, allowing the possibility that UPSITs
may have not been completed independently. How-
ever, PARS age and sex normative data closely resemble

data obtained as an operator administered test.31,32 In
addition, we empirically chose the cutoff of #15% as
severe hyposmia. This UPSIT cutoff effectively sepa-
rated individuals with and without DAT deficit, but
could be refined as additional longitudinal data
become available. It should also be noted that the
recruitment strategies used in this study led to approx-
imately 50% of the PARS subjects having a first-degree
relative with PD, a factor that has potential to influence
the generalizability of our results.

PARS baseline data are consistent with similar
studies examining biomarker strategies to define PD
risk. The Honolulu Asian Aging Study demonstrates
that subjects with constipation and/or hyposmia are
more likely to develop PD and manifest incidental
Lewy body pathology.21,33 In a recent study, 17 of
43 subjects diagnosed with RBD had abnormal
DAT imaging and 6 of 17 developed PD within 2
to 3 years.5 While RBD was not found to predict for
DAT deficit in PARS, this may be explained by the
limited reliability of the RBD rating scale used. To
our knowledge, this scale has not been validated with
polysomnogram. The prevalence of RBD in PARS
(39% for normosmic and 43% for hyposmic subjects)

Table 3 ORs (95%CI) frommultiple logistic regressionmodels to predict DAT deficit at the level of £65%and £80%of age-expected binding

No. with
factor

No. (%) with DAT
deficit £65%

Simple
models ORa

Combined model
ORb (95% CI)

No. (%) with DAT
deficit £80%

Simple
models ORa

Combined model
ORb (95% CI)

Age

>65 y 125 14 (11) 1.4 (0.5, 3.6) 29 (23) 0.8 (0.4, 1.5)

£65 y 178 10 (6) 36 (20)

Sex

Male 150 19 (13) 5.5 (1.7, 17.2)c 42 (28) 2.5 (1.3, 4.7)c

Female 153 5 (3) 23 (15)

Smell status
(UPSIT)

Hyposmic 203 23 (11) 12.4 (1.6, 96.1)c 57 (28) 4.4 (1.9, 9.7)c

Normosmic 100 1 (1) 8 (8)

Family member
with PD

‡1 146 13 (9) 2.0 (0.8, 5.1) 30 (21) 1.1 (0.6, 2.0)

None 157 11 (7) 35 (22)

Constipation

<1 BM/d 66 12 (18) 5.0 (1.9, 12.7)c 4.3 (1.6, 11.6)c 20 (30) 2.1 (1.1, 4.0)c 1.9 (1.0, 3.8)

‡1 BM/d 235 12 (5) 43 (18)

Motor symptoms

SRS ‡2 items 65 9 (14) 2.5 (1.0, 6.4) 1.7 (0.6, 4.7) 20 (31) 2.0 (1.1, 3.9)c 1.6 (0.8, 3.2)

SRS <2 items 237 15 (6) 45 (19)

Abbreviations: BM 5 bowel movement; CI 5 confidence interval; DAT 5 dopamine transporter; OR 5 odds ratio; PD 5 Parkinson disease; SRS 5 Symptom
Rating Scale; UPSIT 5 University of Pennsylvania Smell Identification Test.
a Simple models: 2 separate models each adjusted for age, sex, smell status, and family member with PD.
bCombined model: single model including all factors in the table.
c Significant ORs (p , 0.05).
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is higher than other population-based studies,34 sug-
gesting that the scale used was sensitive, but lacked
specificity. PARS baseline data from the large tier
1 cohort similarly shows that hyposmic subjects were
significantly more likely than normosmic subjects to
endorse clinical markers of PD risk including consti-
pation, RBD symptoms, and subtle changes in motor
function.18 PARS subjects with hyposmia and DAT
deficit in the tier 2 cohort were even more likely than
hyposmic subjects without DAT deficit to manifest
constipation, RBD, early motor symptoms, and fam-
ily history of PD consistent with premotor PD.While
these exploratory findings need to be confirmed in a
larger DAT deficit sample, they provide further evi-
dence that DAT deficit subjects are likely to progress
to manifest PD.

In the absence of clear diagnostic criteria for pro-
dromal PD, we operationally defined prodromal PD
as described in the methods for the purpose of this
study. Given that we could not predict who would
develop manifest PD, information regarding risk status
was not provided to participants. Even in future stud-
ies, careful consideration would need to be given to
providing this information given the lack of availability
of disease-modifying therapies. We anticipated there
would likely be several subjects rated as “prodromal
PD,” based on our definition, who would never
develop manifest PD. While PARS subjects with
hyposmia and DAT deficit were more likely to endorse
nonmotor and subtle motor signs on the SRS ques-
tionnaire, the SRS lacks specificity for a diagnosis of
PD and the endorsed symptoms were not considered
diagnostic of PD by the clinical investigators examin-
ing these subjects at baseline. The investigators did not
assign a diagnosis of PD to any study subject at base-
line. While motor signs reported in this study may
represent early manifestations of PD not meeting diag-
nostic criteria, these signs were generally nonspecific
and frequently reported in older subjects.35

PARS baseline data demonstrate that subjects with
significant DAT loss, but not fulfilling clinical motor
criteria for PD, can be identified based on an at-
home test of olfaction. These subjects also manifest sub-
tle motor and nonmotor symptoms consistent with,
but not diagnostic of, early PD. Longitudinal evalua-
tion of PARS subjects is crucial both to validate the
PARS biomarker strategy and elucidate the progression
of prodromal PD. PARS olfaction and imaging baseline
data provide a critical proof of concept demonstrating
that a sequential biomarker approach is a blueprint to
assess PD before onset of manifest disease.
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It’s Time to Plan for ICD-10, and the AAN Can Help
All health care providers are required to transition to ICD-10 on October 1, 2015. Claims for serv-
ices performed on or after this date with an ICD-9 code will not be processed and payments will be
delayed. The AAN provides information and resources to help you make this a smooth transition,
and has partnered with Complete Practice Resources to provide you with an affordable online pro-
ject management tool to help walk you through each phase of the necessary preparation to ensure
you’re ready. Learn more at AAN.com/view/ICD10 and start your transition today!
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