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Abstract

Objective—Olfactory dysfunction is the most common pre-motor symptom in Parkinson’s
disease, and smoking is known to be associated with lower risk of PD. This study tested the
hypothesis that smoking is associated with better olfaction in PD.

Methods—Smoking history was obtained from 76 PD subjects [22 with a history of smoking
(smokers), 54 who never smoked (non-smokers)], and 70 Controls (17 smokers, 53 non-smokers).
Olfaction was assessed using the 40-item University of Pennsylvania Smell Identification Test
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(UPSIT). The olfactory scores between groups and subgroups were compared using analysis of
covariance with adjustment for age, gender, and MAO-B inhibitor usage.

Results—Overall the olfactory score was lower in PD compared to Controls (olfactory scores:
21.54 vs. 33.45, p<0.0001). Among Controls, there was no significant difference in olfaction
between smokers and non-smokers (olfactory scores: 33.2 vs. 34.2, p=0.95). Among PD subjects,
however, smokers scored significantly better regarding olfaction compared to non-smokers
(olfactory scores: 24.4 vs. 19.9, p=0.02).

Conclusions—These data suggest that history of smoking is associated with better olfaction
among PD patients. The finding may be related to why smoking may be protective against PD.
Further studies are needed to confirm this finding and investigate the underlying mechanism(s).
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disorder marked pathologically
by loss of dopamine neurons in the substantia nigra of the basal ganglia. Although the
cardinal clinical signs are defined by motor disabilities, many non-motor symptoms such as
olfactory, gastrointestinal, and cognitive dysfunction are also recognized to be associated
with PD. Some of this non-motor dysfunction, such as hyposmia and constipation, may
develop during the prodromal stage of PD and precede PD diagnosis by years. As the
nasopharynx and Gl tract have direct contact with the environment, these areas can be the
port-of-entry for neurotoxicants.23 Thus, there is an emerging concept that pre-motor
symptoms represent intermediate phenotypes prior to overt PD, and may offer a vehicle to
understand the role of genetics and the environment in the early stages of PD development.*
As such, a detailed understanding of these non-motor features and associated environmental
factors may offer important clues.2

Olfactory dysfunction may affect 90% of early-stage PD cases,® and according to the Braak
hypothesis, a-synuclein-related pathology starts very early in the olfactory bulb.2® It has
been hypothesized that one of the initial events in PD pathogenesis is pathogenic access to
the brain through the nasopharynx, resulting in olfactory dysfunction.2 Although this is an
intriguing hypothesis, little is known regarding causative factors associated with olfactory
dysfunction in PD.

More than 60 epidemiological studies are consistent in reporting that smokers have a lower
risk for developing PD,1:6 although the mechanism(s) by which cigarette smoking may
confer a protective effect in PD is unknown. Past studies have focused on the potential
influence of smoking or nicotine on the motor and dopamine system. For example, nicotine
has been shown to stimulate dopamine release and up-regulate nicotinic receptors, inhibit
free radical damage to nigral cells through carbon monoxide, and protect against neuronal
damage by inhibiting monoamine oxidase B.” Yet clinical trials have failed to demonstrate
beneficial effects of nicotine alone.8:
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To our knowledge, the relationship between cigarette smoking and olfaction in subjects with
PD has not been explored, although it may help in understanding the relationship between
smoking and PD. For example, smoking may confer a neuroprotective effect non-selectively
from dopaminergic to non-dopaminergic neurons, including neurons responsible for
olfaction centrally. Another possibility is that smoke may act as a local irritant in the
nasopharynx, thereby affecting the olfactory system19:11 and its ability to transfer
environmental toxicants to the central nervous system. Thus, understanding if and how
smoking interacts with olfaction may contribute to the understanding of PD etiology.
Toward this goal, we conducted a case-control study to test the hypothesis that a past
smoking history would result in better olfaction compared to PD patients who had never
smoked.

Seventy six PD subjects [22 with a history of smoking (referred to as smokers) and 54 with
no history of smoking (referred to as non-smokers)] and 70 control subjects (17 smokers, 53
non-smokers) were recruited from a tertiary movement disorders clinic for an ongoing study
approved by the Institutional Review Board/Human Subjects Protection Office (IRB/HSPO)
of the Penn State Hershey Medical Center. Written informed consent in accordance with the
Declaration of Helsinki was obtained for each subject.

The diagnosis of PD was confirmed by a movement disorder specialist according to
published criteria.12 All subjects were negative for other major and acute neurological and
psychological disorders including: hypothyroidism; vitamin B1, or folate deficiency; and
kidney and liver disease. Duration of illness was defined as the number of years between the
date of disease diagnosis and study visit date. Levodopa equivalent daily dose (LEDD) was
calculated using published criteria.13 Unified Parkinson’s Disease Rating Scale section 111
motor scores (UPDRS-111) were obtained for each subject after withholding PD medications
overnight (>12 hours).1* Because some monoamine oxidase (MAO)-B inhibitors are
suggested to enhance olfaction,1> MAO-B inhibitor use was recorded for each subject and,
coded “yes” for current use, or “no” for no use.

Smoking history

Cigarette smoking data were obtained as part of a comprehensive demographic survey.
Subjects were considered to be smokers if they had smoked one cigarette per day for at least
six months. Smokers completed questions regarding the number of cigarettes smoked and
the duration of smoking. Pack years were calculated from the number of cigarette packs
smoked per day and the number of years smoked.1® Among control smokers, the mean
starting age was 16.3 years (S.D. £ 3.5). Three control subjects were current smokers. For
the remaining control smokers, the mean time elapsed between smoking cessation and data
collection was 26.2 years (S.D. + 13.0) and mean age at time of cessation was 35.8 year
(S.D. £ 11.5). Among PD smokers, the mean starting age was 18.7 years (S.D. £ 3.5). One
PD subject was a current smoker. For the remaining PD smokers, the mean time elapsed
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between smoking cessation and data collection was 32.6 years (S.D. £ 13.2), mean age at
time of cessation was 34.5 years (S.D. £ 12.9).

Neurobehavioral assessment

All subjects were screened for dementia using the Mini Mental Status Exam (MMSE). This
examination is a 30-point test that assesses orientation, memory, and the ability to follow
commands.1’ Using a cutoff score of 23, the MMSE has been demonstrated to have 98%
sensitivity and 77% specificity in detecting dementia among PD patients.18 To avoid a
potential biasing effect of cognitive function upon olfactory examination performance,
subjects were included in this study only if they had an MMSE score of = 24.

Assessments of olfactory function

Olfactory function was evaluated with the University of Pennsylvania Smell Identification
Test (UPSIT), a standardized forced-choice test comprised of four booklets containing ten
odorants each, with one odorant per page. The stimuli are embedded in “scratch and sniff”
microcapsules fixed and positioned on strips at the bottom of each page. A multiple-choice
question with four response alternatives for each item is located above each odorant strip.
Scores are calculated as the number of items correctly identified.1® Although normalized
UPSIT scores (adjusted for age and gender) are utilized frequently, those scales were
derived using broad population data. PD is known to affect olfactory function, and age-
related olfactory decline among PD subjects may not progress at the same rate as that of
typical individuals. The present study utilized raw UPSIT scores and adjusted statistically
for age and gender using general linear modeling.

Assessing other non-motor symptoms

All subjects completed a standardized neuropsychological battery. The Montreal Cognitive
Assessment (MoCA) was used to detect mild cognitive impairment (MCI),20 and has been
shown to have higher sensitivity for detecting PD-related cognitive deficits than the
MMSE.2! The Dementia Rating Scale-2 (DRS2) examines a broader range of cognitive
functions (attention, initiation and perseveration, conceptualization, construction, and
memory), and is used to detect other subtle cognitive impairments in PD.22 Symptoms of
constipation were extracted from UPDRS-I (““1.11 Over the past week have you had
constipation troubles that cause you difficulty moving your bowels? Patients could answer:
Normal: No constipation. Slight: | have been constipated. | use extra effort to move my
bowels. However, this problem does not disturb my activities or my being comfortable.
Mild: Constipation causes me to have some troubles doing things or being comfortable.
Moderate: Constipation causes me to have a lot of trouble doing things or being
comfortable. However, it does not stop me from doing anything. Severe: | usually need
physical help from someone else to empty my bowels.).”

Statistical analyses

Demographic and clinical parameters were compared between groups and subgroups using
two-sample t-tests with pooled variance (age, age at diagnosis), Fisher’s exact test (gender,
MAO-B inhibitor use), and one-way analysis of covariance (ANCOVA) with adjustment for
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age and gender (LEDD, UPDRS-III scores, duration of illness, MMSE scores). Relative risk
for PD according to history of previous smoking was determined using logistic regression
with adjustment for age and gender.

UPSIT scores were first compared between PD and control subjects using one-way
ANCOVA. The general linear model was used to obtain least-squares means of UPSIT
scores in each group, and included age, gender, history of smoking, and the interaction term
between PD diagnosis and previous smoking. Subgroup comparisons among controls were
adjusted for age and gender. Among PD patients, the appropriate model for subgroup
comparisons was selected by examining the dependency of UPSIT scores on disease-
specific covariates and interactions (i.e., duration of illness, age at diagnosis, LEDD, and
MAO-B inhibitor use and dose). The final ANCOVA model for PD subgroup comparisons
included age, gender, and MAO-B inhibitor use as covariates. Subgroup comparisons of
UPSIT scores according to smoking status were adjusted for multiple comparisons using
Bonferroni correction.

For correlation analysis, Spearman’s partial correlation coefficients were obtained after
correction for age, gender, and monoamine oxidase inhibitor usage, as appropriate. All
analyses were performed using SAS 9.3.

As shown in Table 1, the mean age of PD subjects was slightly higher than that of Controls
(p=0.08). Among PD cases, the average age of smokers was 4.8 years older than non-
smokers (p=0.02). Similarly, the age of PD onset in smokers was also significantly greater
than non-smokers (p=0.02). Among PD subjects, there were no significant differences by
smoking status regarding LEDD (p=0.36), UPDRS-III scores (p=0.84), duration of illness
(p=0.11), MMSE scores (p=0.74), or the proportion of subjects using MAQ inhibitors
(p=1.00) [rasagiline (p=0.44) or selegiline (p=0.60)] (Table 2).

UPSIT scores were significantly higher among Controls compared to PD subjects (33.5
[95% CI 32.1 — 34.8] vs. 21.5 [20.2 — 22.9], p<0.0001) (Figure 1). Among Controls, there
was no significant difference in UPSIT scores between smokers and non-smokers (33.2
[95% CI 30.7 — 35.7] vs. 34.2 [95% CI 32.9 — 35.6], p=0.95). Female controls scored
significantly higher than male controls (35.6 vs. 32.3, p=0.011). Among PD subjects, UPSIT
scores were negatively correlated with age (p=—0.45, p=0.0003), but showed only a negative
trend among control subjects (0=—0.20, p=0.098). There were no associations between
UPSIT scores and duration of illness (0=—0.083, p=0.48) or age at diagnosis (0=0.14,
p=0.25) among PD subjects. UPSIT scores were not correlated with pack years of smoking
among control (0=—0.26, p=0.36) or PD (p=-0.27, p=0.25) smokers. Time elapsed since
smoking cessation did not correlate with UPSIT scores among control smokers (0=0.0039,
p=0.89) or PD smokers (p=—0.23, p=0.33). The UPSIT score of rasagiline users did not
differ significantly from that of non-users in the overall PD group (p=0.29). Within the PD
non-smokers subgroup, however, UPSIT scores were 4.17 points lower (95% CI 0.71-7.62)
for rasagiline users than non-users (p=0.019), and the daily rasagiline dose correlated
negatively with UPSIT scores (0=—0.30, p=0.029). In the PD smokers subgroup, no
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associations between UPSIT scores and rasagiline use were found (p=0.43). Selegiline usage
and dosage were not associated with olfactory function in either PD subgroup.

According to above results, the final model for comparing UPSIT scores between PD
smokers and PD non-smokers included age, gender, and rasagiline usage as covariates. PD
smokers scored 4.50 (95% CI 1.17-7.83) points (22.6%) higher on the UPSIT compared to
PD non-smokers (24.4 vs. 19.9, p=0.018) (Figure 1). Time elapsed since smoking cessation
did not correlate with UPSIT scores among control smokers (0=0.0039, p=0.89) or PD
smokers (p=-0.23, p=0.36). Among PD smokers, neither pack-years nor duration of
smoking was correlated with UPSIT score.

Lastly, we explored the relationship between smoking and other non-motor symptoms. PD
smokers and non-smokers did not differ with regards to history of constipation (p=0.65) or
cognitive measurements (MoCA, DRS2, MMSE) (p=0.095, p=0.33, p=0.91, respectively).
In addition, no correlations between olfactory function and cognitive or motor
measurements were found.

Discussion

Few previous studies have examined the associations that might exist between smoking and
non-motor symptoms in PD. Alves et al.23 followed the progression of non-motor features,
including cognition and mood, for eight years in a group of Parkinson’s patients that
included smokers and non-smokers, but they did not assess olfaction. To our knowledge, the
current study is the first to investigate the effects of smoking on olfaction in PD, and
supports the hypothesis that smoking may protect against PD-related olfactory dysfunction.

Previous studies on smoking and olfaction in the general elderly population have generated
inconsistent results. Overall, those data have not shown an association, although several
studies have found a poorer sense of smell among smokers.19:11 In the current study, we did
not find a statistical difference in UPSIT scores between smokers and non-smokers among
controls. Conversely, among PD patients, UPSIT scores in smokers were significantly better
than in the non-smokers.

An inverse association with smoking is one of the most robust epidemiological findings in
PD.% It is unknown why this association occurs, but the potential neuroprotective effects of
smoking or nicotine on the nigrostriatal pathway are obvious candidates. In toxicant-induced
parkinsonian animal models, nicotine administration protects against nigrostriatal damage,24
yet in PD patients neither nicotine patches nor gum have shown benefit, and even worsened
motor function.8:9 Furthermore, there were no significant differences in motor

progression 23 or mortality 2526 between smokers and non-smokers in a longitudinal study.
These human experiments suggest that cigarette smoking may not have a major
neuroprotective effect in patients after PD diagnosis.?® Interestingly, a recent large
prospective analysis of smoking history found that the duration of smoking, not the smoking
intensity, was responsible for the lower PD risk among smokers.! In the current study, we
noted that PD smokers had a later age of onset compared to PD non-smokers. Together,
these data suggest that if the association of smoking and PD is biological, the mechanism
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may involve gradual changes taking place over many years prior to disease diagnosis, and is
unlikely to be reflected in many of the human studies given the short length of
pharmacological treatment after PD diagnosis.

Although research on the interaction between smoking and non-motor symptoms among PD
subjects may help to understand the relationship between smoking and premorbid PD, few
studies have done this. Weisskopf et al. 27 reported worse cognition among smokers,
whereas Alves et al. 23 found no association between smoking and measurements of
cognition and mood. To our knowledge, none of the previous studies included olfaction. In
the current study, we did not find any association between history of smoking and any of the
cognitive measurements among PD subjects. We, however, found significantly better UPSIT
scores in PD subjects with a history of smoking, despite those subjects being older in age,
compared to those of non-smokers.

Because olfactory and GI dysfunctions are among the earliest manifestations of PD, a “dual-
hit hypothesis” for PD etiology has been proposed.28:29 It is hypothesized that an
environmental neurotropic pathogen may enter the brain via a nasal and/or Gl route.2 Our
finding that PD smokers had a better sense of smell than PD non-smokers is intriguing in
this context. One possibility is that smoke may act as a local irritant in the nasopharynx, thus
attenuating the ability of olfactory terminals to transport environmental toxicants to the
olfactory bulb. Therefore, smoking may prevent one of the “hits” via the respiratory tract as
proposed by Hawkes et al.2 The GI measurements in our study, however, were limited, and
PD subjects with a history of smoking did not report significantly more GI symptoms.
Future studies with more detailed assessments of GI function are needed.

Although the interaction between smoke and the olfactory system at a peripheral level is a
very intriguing hypothesis, it is also possible that cigarette smoke may protect olfactory
structures within the brain. It has been proposed that smoking may protect against PD by
inhibiting MAO-B.30 Rasagiline, one of the MAO-B inhibitors that is approved to treat PD
motor symptoms, has been reported to protect PD-like olfactory loss in a mouse model,1>
but conflicting results have been found in PD patients.3132 In our study, selegiline-users
were similar in UPSIT scores to selegiline non-users in both PD smoker and non-smoker
groups. Interestingly, rasagiline-users showed a worse sense of smell in non-smokers. The
current study was not designed to study effects of MAO-B inhibition on olfaction, and the
negative association between rasagiline usage and olfaction may reflect prescriber bias (i.e.,
rasagiline is more expensive, and more likely to be used in subjects who are vulnerable to
selegiline-related side effects such as hallucinations and confusion). In our analyses, we
adjusted for use of MAO-B inhibitors. Future studies investigating MAO-B inhibitor effects
in olfaction should account for history of smoking as a confounding factor.

There are a number of limitations in our study. First, the sample size is relatively small and
larger studies with detailed assessment of smoking habits will allow for more solid answers
and exploration of possible mechanisms. A larger study will also help balance out the
differences of smoking history among groups. Second, we did not ask our subjects about a
history of head trauma, and it is possible that this could have been a confounding factor in
some subjects. Third, though the UPSIT is a widely used test for olfaction identification,
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future studies might benefit from a more comprehensive measurement of olfaction
modalities, such as olfactory threshold testing. Lastly, it has been proposed that there is a
neurobiological link between low sensation-seeking traits and the “parkinsonian
personality”. 33 Thus, it is possible that PD smokers are inherently different, biologically or
otherwise, from PD non-smokers. Future studies may benefit from the assessment of
personality traits to examine this issue further.

Despite these limitations, we found that smoking was associated with a better sense of smell
identification among PD patients. Further studies are needed to confirm this finding since
this may help elucidate the mechanisms of the protective effect that smoking confers against
PD.
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Figure 1.
UPSIT scores of control and PD smoking subgroups. PD smokers had significantly higher

UPSIT scores compared to PD non-smokers (p=0.02). Asterisks (*) denote raw means.
Double cross (1) denotes statistical significance.
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Clinical information on PD subgroups according to history of smoking

Table 2

History of Smoking Yes No P value
Number (F/M) 22 (8/14) 54 (20/34) 1.00
Age (y; mean£SD) 65.8+7.5 61.0+8.5 0.02
Duration of llIness (y; mean+SD) 4.445.2 5.245.7 0.11
Age at Diagnosis (y; meanSD) 61.4+7.8 55.9+ 7.6 0.02
LEDD (mg; mean+SD) 520+433 559+ 435 0.36
UPDRS-I11 (meanSD) 24.5%13.8 223148 0.84
MMSE (mean+SD) 29.1+11 29.2+¢1.1 0.74
MAOI (%, rasagiline/selegiline) 31.8% (9:7) | 31.5% (17:22) 1.00

Page 13

Abbreviations: LEDD: Levodopa equivalent daily dose; MAOI: Monoamine oxidase B inhibitors; MMSE: Mini Mental Status Examination;
UPDRS-I111: Unified Parkinson’s Disease Rating Scale section 111 motor scores; UPSIT: University of Pennsylvania Smell Identification Test
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