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Abstract

To test the association between impaired olfaction and other prodromal features of PD in the
Parkinson At-Risk Syndrome Study. The onset of olfactory dysfunction in PD typically precedes
motor features, suggesting that olfactory testing could be used as a screening test. A combined
strategy that uses other prodromal nonmotor features, along with olfactory testing, may be more
efficient than hyposmia alone for detecting the risk of PD. Individuals with no neurological
diagnosis completed a mail survey, including the 40-item University of Pennsylvania Smell
Identification Test, and questions on prodromal features of PD. The frequency of reported
nonmotor features was compared across individuals with and without hyposmia. A total of 4,999
subjects completed and returned the survey and smell test. Of these, 669 were at or below the 15th
percentile based on age and gender, indicating hyposmia. Hyposmics were significantly more
likely to endorse nonmotor features, including anxiety and depression, constipation, and rapid eye
movement sleep behavior disorder symptoms, and to report changes in motor function. Twenty-six
percent of subjects with combinations of four or more nonmotor features were hyposmic,
compared to 12% for those reporting three or fewer nonmotor features (P < 0.0001). Hyposmia is
associated with other nonmotor features of PD in undiagnosed individuals. Further assessment of
hyposmic subjects using more specific markers for degeneration, such as dopamine transporter
imaging, will evaluate whether combining hyposmia and other nonmotor features is useful in
assessing the risk of future neurodegeneration.
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PD has a prodromal phase during which physiological changes as well as nonmotor clinical
features are present.1=3 Clinical aspects of the premotor phase of PD include constipation,
daytime sleepiness, and rapid eye movement sleep behavior disorder (RBD), affective
symptoms, and impaired sense of smell.4

Of these prodromal features, olfactory loss may be particularly useful for early diagnosis or
even premotor identification of PD. Olfactory deficits are common in PD, affecting up to
85% of PD patients.> Hyposmia develops early in the disease course®’ and is largely
independent of motor and cognitive status and medication use.8-10 Several studies have
found olfactory deficits in asymptomatic relatives of PD patients,1112 some of whom have
subsequently developed clinically manifest PD. 13 In a population-based study of World War
|1 veterans, olfactory deficits predicted risk of subsequent PD. 14 Lesions in the olfactory
system are also some of the earliest pathological manifestations in PD.1°.16

The utility of olfactory testing could potentially be improved by combining it with other
prodromal PD features. Hyposmic individuals who also have other prodromal signs may be
at particularly high risk for PD and could be the best candidates for screening with a more
definitive test, such as dopamine transporter (DAT) imaging. In this analysis, we
hypothesized that prodromal nonmotor features would be more common among hyposmic
individuals and that such an association could be used to identify individuals at higher risk
for hyposmia, and thereby improve the efficiency of screening for individuals for PD.

Patients and Methods

Study Design

This study was conducted as part of the Parkinson At-Risk Syndrome (PARS) Study, a
multicenter study coordinated at the Institute for Neurodegenerative Disorders (New Haven,
CT) and conducted by 20 clinical centers in the United States (see Appendix). The purpose
of the PARS studly is to test a two-stage screening strategy for PD consisting of olfactory
testing followed by DAT imaging. All activities were approved by the Western Institutional
Review Board (IRB), the Department of Defense Research Review Board, and the relevant
IRBs at participating centers.

Research Participants

Study participants included individuals without a diagnosis of PD or other
neurodegenerative disorder. One group of participants was comprised of first-degree
relatives of patients with PD. The second group of subjects did not have a family history of
PD. These subjects were identified through purchased mailing lists using the following
criteria: nurses in Connecticut; veterans from Conncecticut, Boston, Philadelphia, and
Rhode Island; and home owners in Connecticut. Other participants were identified through
postings on the PARS website or other media (e.g., the National Parkinson Foundation
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website, PatientsLikeMe; blog.patientslikeme.com/tag/national-parkinsons-foundation/). To
be eligible for the study, participants had to be over 50 years of age (or within 10 years of
the age of onset of their affected relative for individuals with an affected family member),
not diagnosed with PD or other neurodegenerative condition, and free of other conditions
that could affect olfactory function (e.g., history of nasal trauma, sinusitis, or other local
olfactory problems).

Assessments

Potential subjects who returned interest forms received a study packet by mail. The packet
contained the following: (1) a written informed consent document; (2) a 40-item University
of Pennsylvania Smell Identification Test (UPSIT); and (3) a questionnaire with items
covering demographics, standard measures of nonmotor features of PD, risk factors for PD,
and screening questions for parkinsonian symptoms.

Odor identification was assessed using the UPSIT. 17 The UPSIT is a standardized, four-
alternative, forced-choice test comprised of four booklets containing 10 odorants apiece,
with one odorant per page. The UPSIT is packaged in envelopes and comes with easy-to-
follow instructions, making it suitable for home administration. The specific stimuli, basis
for their selection, and reliability and sensitivity of this test have been described in detail
previously.1718 Age- and gender-specific norms were calculated for this study based on the
entire baseline cohort. Overall, these norms were similar to those previously published for
the UPSIT.” For this study, hyposmia was defined as age- and gender-normed UPSIT scores
at or below the 15th percentile.

Constipation was assessed by a single self-report item on bowel movement frequency
adapted from the Honolulu Asian Aging Study (HAAS).19 Constipation was defined as one
bowel movement every other day or less. RBD was assessed using four separate items from
a published RBD questionnaire.2 The RBD questions probed (1) acting out dreams, (2)
excessive movement during sleep, and (3) violent movements during sleep, including
thrashing and hitting. There was also a single question that asked whether the subject had
been diagnosed with RBD.

Anxiety was measured using the State-Trait Anxiety Inventory (STAI), which contains items
on state (form A) and trait (form B) anxiety.2! The STAI has been used extensively in PD
research. A score of greater than 39 on either scale represents significant anxiety.2?
Depression was assessed by the Center for Epidemiological Studies Depression Scale (CES-
D).23 The CES-D consists of 20 items. A score of 16 or greater indicates significant
depression.24 Self-reported change in motor symptoms was captured using a nine-item
parkinsonism questionnaire.2526-28

Epidemiological risk factors previously associated with PD were assessed with single-item
questions. Caffeine consumption was defined as intake of all types of caffeine-containing
beverages (e.g., tea, coffee, cola, and Mellow Yellow). Smoking status was categorized as
current, former, and never smoked. In addition to these items, exposure to pesticides, heavy
metals, chemical solvents, and whether the subject had suffered a head injury were assayed
with single questions. Subjects were asked if they exercised regularly; women were asked if
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they had ovaries removed. Finally, there were questions on exposure to medications linked to
PD risk, including nonsteroidal anti-inflammatory drug (NSAID) medications, 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors (i.e., statins), hormone replacement therapy,
and laxatives.

Statistical Analysis

Results

Descriptive statistics, including means, medians, percentages, and standard deviations (SDs),
when appropriate, were calculated for the UPSIT, demographic variables, risk factors, and
questions on PD symptoms. To confirm the validity of parametric analyses, sample
distributions were visually inspected using histograms or scatter plots, and outlying values
were checked for accuracy.

Subjects completing and not completing the UPSIT were compared using chi-square tests or
ttests, as appropriate. Univariate associations between hyposmia and other prodromal
features of PD were tested using chi-square tests for dichotomous and categorical variables.
Cochran-Armitage tests for linear trend were used for ordered categorical variables (e.g.,
bowel movement frequency). Furthermore, #tests were used to test differences in mean
scores on continuous scales (e.g., the CES-D). Logistic regression was used to calculate
odds ratios (ORs) for association between hyposmia and other prodromal features. Multiple
logistic regression models were constructed to test for independent associations between
hyposmia and prodromal features.

All Pvalues reported are based on two-tailed statistical tests. All analyses were performed
using SAS software (version9.2; SAS Institute, Inc., Cary, NC).

Characteristics of Research Participants

A total of 10,139 subjects returned valid screening and background forms by the closing
date of February 26, 2010 (Fig. 1). Of these responses, 741 individuals were not eligible.
The reasons for ineligibility included age under 50 (n = 319), diagnosis of parkinsonism (n =
208), other neurological condition (n = 125), history of significant sinus condition (n = 72),
and other (n = 17). Of the eligible subjects, 4,999 of 9,398 (53%) completed and returned
the UPSIT. Younger subjects were more likely than older subjects to complete the UPSIT
(mean age, 64 versus 68; £< 0.0001). Females were more likely than males (60% versus
48%; P< 0.0001) and Caucasians more likely than non-Caucasians (64% versus 33%; P<
0.0001) to complete the UPSIT. Sixty-five percent of subjects having a family member with
PD returned the UPSIT, compared with 46% of those who did not (£ < 0.0001). Subjects
who reported that they thought they had a decreased sense of smell were less likely to return
the UPSIT than those who did not so report (51% versus 54%; P= 0.04). Demographic
characteristics of subjects completing the UPSIT are shown in Table 1, based on hyposmia
status. There are no significant differences in age or gender, because UPSIT percentile
scores are standardized for age and gender. However, older age (r2 = -0.33; £< 0.0001) and
male gender (male = 31.3 versus female = 33.8; £< 0.0001) were significantly associated
with lower unstandardized UPSIT scores.
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Overall UPSIT Performance

Among those who completed the UPSIT, 669 subjects were judged to be hyposmic based on
the norms developed for the study. The average raw UPSIT score was 34.1 (SD, 3.2) for
normosmics and 22.6 (SD, 6.4) for hyposmics.

Relationship Between Prodromal Features of PD and UPSIT Performance

There were significant associations between hyposmia and prodromal features of PD,
including constipation, RBD symptoms, depression/anxiety, and self-reported change in
motor function (Table 2). All RBD items were endorsed significantly more frequently by
hyposmics than normosmics. In addition, significantly more hyposmics reported having at
least one RBD symptom at least one time per month (34% versus 26%; 2= 0.0007). Not
surprisingly, self-reported loss of sense of smell was strongly associated with hyposmia, but
only 38% of hyposmics were aware of their deficit. All items on the screening questionnaire
of motor symptoms were endorsed more frequently by hyposmics, compared to normosmics
(Table 3). There was also a significant difference in the number of hyposmic subjects that
endorsed at least two motor symptoms, compared to normosmics (25% versus 17%; P <
0.0001).

Relationship Between PD Risk Factors and UPSIT Performance

Association

There was no significant association between any of the reported risk factors for PD and
hyposmia in our cohort, with the exception of a history of oophorectormy among women
(29% versus 22%; P = 0.009) and laxative use (7% verus 5%; P = 0.032; Supporting Table).
Negative findings included lack of association with cigarette smoking, for which there have
been strong and consistent inverse associations reported for PD.29 Previously, we had
reported an inverse association between hyposmia and caffeine consumption in first-degree
relatives in a smaller, separate cohort.3% When a similar analysis, with the total UPSIT score
as the outcome measure, was performed in the PARS cohort, results were again significant
(P=0.04), particularly among males (P = 0.02). However, the difference in mean adjusted
UPSIT score was small.

Between Hyposmia and Combinations of Prodromal Features

Clinical features that were significant in univariate analyses (e.g., constipation, depression,
anxiety, and self-reported motor symptoms) were entered into a multiple logistic regression
model (Table 4). Of these factors, depression had the highest odds of being associated with
hyposmia. Although there were significant associations between these prodromal features
and hyposmia, the overall predictive accuracy of the model containing all of these features
was low (c-statistic = 0.574). Adding a single question on whether the subject was aware of
olfactory loss increased the predictive power of the model substantially (c-statistic = 0.688);
individuals aware of their olfactory loss were also more likely to report other prodromal
features.

Because the sample of individuals with bed partners that responded to the RBD
questionnaire was a subset of the entire cohort (n = 3,613), a separate model was constructed
to assess the association between reported RBD symptoms (defined as having one of the
following at least once a month: moving while sleeping, acting out dreams, or thrashing
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violently while sleeping) and hyposmia. This model was adjusted only for age, gender, and
family history of PD. The OR for hyposmia for subjects with reported RBD was 1.46 (95%
confidence interval [CI] = 1.17, 1.83; A= 0.001). After additional adjustment for depression,
anxiety, constipation, and reported motor symptoms, there was still a significant association
between RBD symptoms and hyposmia (OR = 1.33, 95% CI = 1.05, 1.68; A= 0.019).

The proportion of subjects with combinations of prodromal features (e.g., depression,
anxiety, constipation, RBD symptoms, or motor symptoms) who also had hyposmia was
evaluated (Fig. 2). Subjects with increasing numbers of prodromal features were
substantially more likely to be hyposmic (P < 0.0001), particularly those with four or five
features. There were relatively small numbers of individuals in these categories (183 of
3,107 = 5.9%), and a small proportion of all hyposmics come from these groups (47 of 401
=11.7%).

Discussion

In this report, we detail the range of prodromal features of PD, including hyposmia, RBD
symptoms, anxiety and depression, constipation, and self-reported change in motor function
in approximately 5,000 individuals without a diagnosis of PD participating in the PARS
study. There were significant relationships between hyposmia and the number of prodromal
features of PD. In general, the magnitude of the associations was modest, but detectable,
given the size of the PARS cohort.

Although prodromal PD features were more common in hyposmic individuals, they were
also observed in normosmic individuals. More than half of hyposmics exhibited only one or
no prodromal PD features. Overall, these results suggest that hyposmic subjects are more
likely to manifest other nonmotor features of PD, but these features are not sufficient to
either guarantee or exclude the possibility that an individual may have significant olfactory
impairment. Individuals who had more than one prodromal feature were more likely to be
hyposmic, but a small proportion of the overall cohort had multiple prodromal features.

There were no associations between the frequency of hyposmia and environmental factors
that have been linked to PD. Previously, a number of environmental and lifestyle factors
have been associated with PD, including an inverse relationship with caffeine consumption3!
and cigarette smoking.2% We did replicate our previous finding of a difference in mean
adjusted UPSIT score for heavy, compared to low, caffeine drinkers. However, the effect was
small, and caffeine consumption was not useful in differentiating hyposmics from
normosmics based on the 15th percentile cutoff to define hyposmia.

Associations have also been reported with use of certain prescription drugs, such as NSAID
medications, cholesterol-lowering medications and estrogens,32-34 and exposure to
pesticides.3> These exposures were investigated by questionnaire and no relationships with
hyposmia were identified, except for laxative use. Likewise, there was no association
between hyposmia and vigorous exercise. It is not surprising that these associations were not
observed, because the vast majority of hyposmia results from causes other than incipient PD.
36 |n spite of the large sample size of this cohort, only very strong signals coming from the
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subset of hyposmics who are about to develop PD could be detected. It may be somewhat
surprising that hyposmia was not more common in individuals with a family history of PD.
However, most participants who were relatives of PD patients had only one affected family
member, and the risk of PD in this group may not have been substantial enough to be
detectable using hyposmia as a marker for PD.

Previous studies have examined the association between hyposmia and subsequent PD risk.
Patients with idiopathic RBD often have olfactory deficits.3” These same individuals have
approximately a 4% per year risk of developing PD.38 In the HAAS study of World War Il
veterans, hyposmic individuals were at substantially higher risk of PD within 4 years after
identification of the olfactory deficit.14 In another study, hyposmic relatives of PD patients
were at high risk for deficits on DAT imaging.3? In the same study, individuals who were
hyposmic and had abnormal imaging had very substantial risk of developing PD within 2
years.13 Normosmic individuals had a low risk of DAT deficit or clinical evidence of
neurodegeneration.

In the context of these previous studies, the current results have important clinical
implications. As has been demonstrated, olfactory testing could be used as the first part of a
two-step screening strategy to detect very early or premotor PD. The current results confirm
the relationship between hyposmia and other nonmotor features of PD, adding to the
evidence of a prodromal constellation of nonmotor features, including hyposmia, that
precede the diagnosis of PD. However, the results of this study demonstrate that most
hyposmics do not have nonmotor features of PD. Hyposmia is most often the result of
causes other than PD.36 Moreover, many people with normal olfactory function endorse
symptoms such as anxiety or depression. Still, prescreening for nonmotor features of PD
could cut down on the number of individuals who would need to be smell tested for the
purpose of identifying a research cohort of at-risk individuals. However, it is neither
sensitive nor specific enough to be used in any clinical screening or early diagnosis program.

Several limitations to this study should be noted. All assessments in this segment of the
PARS study were conducted by mail, and none of the subjects were examined. The study
relied on self-report for responses to the survey items and on in-home completion of the
olfactory testing. Because of this methodology, it is likely that there was some
misclassification of subjects, both in terms of risk factors and hyposmic status. It is less
likely that there was systematic bias, but rather that the study might have detected larger
effects if more precise measures of the various prodromal features had been undertaken.
However, the aim of the PARS Study is to test a large-scale screening strategy for PD. It
would not be possible or even desirable to directly examine or assess each of 5,000 PARS
participants, given the need to establish the feasibility of the PARS sequential biomarker
hypothesis. A subset of PARS subjects will have both DAT imaging and longitudinal clinical
follow-up. In the course of this follow-up, it may be possible to determine whether the
combination of hyposmia and other nonmotor signs helps predict which subjects are at risk
for abnormal imaging and clinical PD.
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Conclusion

The PARS Study demonstrates the feasibility of large-scale olfactory testing of a community
population with and without family members with PD. In the future, modalities such as heart
rate variability assessment* or transcranial ultrasound*! could be incorporated into
prescreening paradigms for PD to reduce the number of individuals who would require DAT
imaging. Future PD screening studies will likely rely on consortia to develop the resources
required to efficiently conduct these large studies. Despite these caveats and challenges, the
opportunity to potentially identify those at risk for PD prior to motor symptoms raises the
potential for the eventual prevention of PD and provides a rationale for studies to optimize
PD-screening paradigms.
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Refer to Web version on PubMed Central for supplementary material.
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Flow diagram of ascertainment of study cohort. Reasons for ineligibility are given in the

text.
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FIG. 2.
Proportion of individuals with hyposmia in subjects with combinations of prodromal

features. Prodromal features included the following: (1) having any RBD symptom at least
once a month; (2) endorsing two or more items on the PD symptom self-report
questionnaire; (3) having a CES-D score of greater than 15; (4) having a STAI-A or -B score
of >39; or (5) having bowel movement frequency of <1 per day. Individuals with higher
numbers of prodromal features, particularly four or five, are more likely to be hyposmic (P
<0.0001).
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TABLE 1.

Demographic Characteristics of the Study Cohort Comparing Hyposmic and Normosmic Subjects Who
Completed the UPSIT

Normosmics( N =4,330) Hyposmics(N =669) P Value

Age (Mean, SD) 63.9 (9.6) 64.5 (9.3) 0.13
Male gender (N, %) 2,200 (51) 355 (53) 0.28
White/Caucasian (N, %) 3,820 (98) 583 (96) 0.0138
PD in family (N, %) 0.55
None 2,393 (55) 378 (57)
1 1,760 (41) 265 (40)
>1 177 (4) 26 (4)
Current/former smoker (N, %) 2,272 (53) 359 (55) 0.57
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Frequency of Self-Reported Change in Motor Function for Normosmics and Hyposmics

TABLE 3.

Normosmics (%)(N =4,330) Hyposmics (%) (N=669) P Value
Trouble rising from chair 845 (20) 154 (23) 0.0372
Handwriting smaller 386 (9) 100 (15) <0.0001
\oice softer 256 (6) 66 (10) 0.0001
Balance poor 538 (13) 111 (17) 0.0024
Feet freeze 29 (1) 12 (2) 0.0027
Face less expressive 175 (4) 51 (8) <0.0001
Arms/legs shake 155 (4) 47 (7) <0.0001
Trouble with buttons 316 (7) 72 (11) 0.0019
Shuffle/take tiny steps 112 (3) 44 (7) <0.0001
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TABLE 4.

Odds of Hyposmia for Significantly Associated Variables

Unadjusted” Adjusted””

OR 9% CI OR 9% CI

Constipation 137 111 168 131 106 1.62
Depression 193 155 241 195 144 265
Anxiety 138 114 167 085 066 111

Motor symptoms  1.66 136 2.02 138 112 172

ORs and Cls are shown for factors significantly associated with hyposmia in univariate analysis. Constipation is defined as less than one bowel
movement per day. Depression is defined as a CES-D score of >15; anxiety is defined as a STAI A or B score of >39. Self-reported change in motor
symptoms is defined as two or more positive responses on the screening questionnaire.

Separate models, each adjusted for age, gender, and family member with PD.

HA
Combined model, adjusted for age, gender, and family member with PD.
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