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Olfaction and incident Parkinson disease

in US white and black older adults

ABSTRACT

Objective: To investigate olfaction in relation to incident Parkinson disease (PD) in US white and
black older adults.

Methods: The study included 1,510 white (mean age 75.6 years) and 952 black (75.4 years) par-
ticipants of the Health, Aging, and Body Composition study. We evaluated the olfaction of study
participants with the Brief Smell Identification Test (BSIT) in 1999-2000. We retrospectively
adjudicated PD cases identified through August 31, 2012, using multiple data sources. We used
multivariable Cox models to estimate hazard ratios (HRs) and 95% confidence intervals (Cls).

Results: During an average of 9.8 years of follow-up, we identified a total of 42 incident PD cases,
including 30 white and 12 black participants. Overall, poor sense of smell, as indicated by a lower
BSIT score, was associated with higher risk of PD. Compared with the highest tertile of BSIT (t3),
the HR was 1.3 (95% CI| 0.5-3.6) for the second tertile (t2) and 4.8 (95% CI| 2.0-11.2) for the
lowest tertile (t1) (pyreng < 0.00001). Further analyses revealed significant associations for inci-
dent PD in both the first 5 years of follow-up (HR1 /2 +13 4.2, 95% CI 1.7-10.8) and thereafter
(HRt1/ito+131 4.1, 95% Cl 1.7-9.8). This association appeared to be stronger in white (HR1 /2113
4.9, 95% Cl 2.3-10.5) than in black participants (HR1 /21131 2.5, 95% Cl 0.8-8.1), and in men
(HRt1 /24131 5.4, 95% Cl 2.3-12.9) than in women (HR 24131 2.9, 95% Cl 1.1-7.8).

Conclusions: Poor olfaction predicts PD in short and intermediate terms; the possibility of stron-
ger associations among men and white participants warrants further investigation. Neurology®
2017;89:1441-1447

GLOSSARY

BSIT = Brief Smell Identification Test; Cl = confidence interval; HAAS = Honolulu-Asia Aging Study; Health ABC = Health,
Aging, and Body Composition; HR = hazard ratio; ICD-9-CM = International Classification of Diseases-9-Clinical Modifi-
cation; PD = Parkinson disease; PRIPS = Prospective Evaluation of Risk Factors for Idiopathic Parkinson's Syndrome.

Prospective studies clearly demonstrated that olfactory impairment is associated with a higher
risk for Parkinson disease (PD).'* However, these studies were almost exclusively conducted
in white'= or Asian populations. Little is known about olfaction and PD among black patients.
Such an investigation, however, would be intriguing, because black patients are more likely to
have poor sense of smell than white patients,’ yet they may be less likely to have PD.%” Equally
interesting is a potential sex difference in the sense of smell observed in cross-sectional studies.®
In addition, few studies have examined the temporal relationship. For example, the Honolulu-
Asia Aging Study (HAAS) suggests that poor sense of smell only predicts short-term PD
diagnosis within 4 years.* We therefore evaluated the sense of smell in relation to incident
PD among 1,510 white and 952 black participants of the Health, Aging, and Body Compo-
sition (Health ABC) study overall, and by race, sex, and the length of follow-up.
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METHODS Study population. The Health ABC is a pro-
spective study designed to investigate if changes in body compo-
sition act as a common pathway by which multiple diseases affect
morbidity, disability, and mortality in community-dwelling older
adults.” Details of the study were published previously.” Briefly,
in 1997-1998, the study enrolled 3,075 well-functioning
community-dwelling individuals (48.4% men and 41.6% black
participants) aged 70-79 years in the metropolitan areas of
Pittsburgh, Pennsylvania, and Memphis, Tennessee. The cohort
followed study participants with annual clinical or home visits
through year 6 and then in years 8, 10, 11, and 16. Interviewers
called study participants to update contact and health status every
6 months between enrollment and year 15 and then quarterly
through year 17. The cohort evaluated the sense of smell of 2,544
study participants at the year 3 clinical examination in 1999—
2000 (hereafter referred as baseline) with the 12-item Brief Smell
Identification Test (BSIT; Sensonics, Haddon Heights, NJ).'
After excluding 49 participants without a valid BSIT score, 19
prevalent PD cases diagnosed before or in the baseline year, and
14 participants who were censored in the baseline year, the cur-
rent analyses included 2,462 participants (1,510 white and 952
black participants). We followed eligible participants from base-
line until the date of PD diagnosis, death, last contact, or August
31, 2012, whichever came first.

Standard protocol approvals, registrations, and patient
consents. The Health ABC Study protocol was approved by the
institutional review boards at the University of Pittsburgh, the
University of Tennessee, and the University of California—San
Francisco. All participants signed informed consent at

enrollment.

PD ascertainment. We identified potential PD cases from mul-
tiple data sources. At the clinical visits of years 1, 2, 3, and 5, the
study asked participants to show all medications that they used in
the last 2 weeks and, for each medication, to report the name,
dose, and frequency of use, reason for use, and year of first use.
In years 8, 10, and 11, the study asked participants to report med-
ication use in the last 30 days, including name, current use, fre-
quency of use, and duration of use (years 8 and 10). The study
also queried about physician diagnosis of PD at enrollment and
in a substudy at year 13. In addition, the study conducted com-
prehensive hospitalization and death surveillance. For each hospi-
talization, up to 20 diagnoses were summarized on the discharge
form according to the ICD-9-CM. This discharge summary,
along with records of medical history and physical examinations,
was subsequently reviewed by a local event adjudicator, and
diseases presented at the hospitalization were adjudicated. For
each death event, the cohort conducted an exit interview with
a knowledgeable proxy who provided information on physical
functioning of the study participant while alive and details of the
event. These data, together with other relevant information such
as recent hospitalizations, were centrally reviewed by a team of
experts and the underlying cause of death was adjudicated by
consensus. At the time of the present study, hospitalization and
death surveillances were complete through August 2012.

Based on these follow-up data, we conducted a retrospective
case adjudication in 2015. We first identified potential PD cases
that met at least one of the following: (1) use of antiparkinsonian
medications (carbidopa/levodopa, dopamine agonists, monoamine
oxidase B inhibitors, amantadine, or anticholinergic drugs) at any
of the medication surveys; (2) self-reported PD diagnosis; (3)
local adjudication of PD as the cause of hospitalization or
ICD-9 code of PD (332.0) on the discharge form; and (4) PD

as the centrally adjudicated cause of death or reported on the
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proxy interview following death. From these sources, we identi-
fied a total of 156 potential PD cases. For each potential patient,
we prepared a spreadsheet that included the aforementioned data
as well as complete sets of medication and hospitalization data
that were collected during the follow-up. Two experienced move-
ment disorder specialists (X.H. and S.].) independently reviewed
these data and comprehensively considered the number of sources
that indicated a PD diagnosis, internal consistency, and evidence
against PD diagnosis. Examples of internal consistency include re-
porting PD medications in multiple years, reporting PD as the
reason for taking the medication, or local adjudication of PD as
the reason for multple hospitalizations. Examples of contradic-
tory evidence include neuroleptic use before PD medication, re-
porting restless leg syndrome as the reason for taking PD
medication, or use of dementia medication or hospitalization
with dementia prior to or at first evidence of PD. We defined
PD cases as (1) 2 independent sources of PD identification with-
out any contradictory evidence (n = 58) or (2) only 1 source of
PD identification with clear internal consistency and no evidence
against PD (n = 13). As hospitalization and death became the
only sources to identify potential PD cases after the last medica-
tion survey, we also included potential cases whose only source of
information was from adjudicated hospitalization (n = 7) or
death (n = 3) after the last available medication survey. We
finally adjudicated a total of 81 potential PD cases. We further
defined the year of diagnosis as the first year that PD medication
(n = 48) or diagnosis (n = 1) was reported. If PD was first
identified by hospitalization (n = 29) or death (n = 3), we
defined year of diagnosis as the middle point of first identification
and the previous year of medical survey without reports of PD
medication use. After excluding 19 prevalent cases (i.e., diagnosed
before or in year 3) and 20 cases without BSIT scores, we had 42

incident PD cases for the current analysis.

The Brief Smell Identification Test. The BSIT is a short ver-
sion of the 40-item Pennsylvania Smell Identification Test and
has been widely used in clinical and epidemiologic studies.*"!
The test asks participants to scratch and smell 12 daily odorants,
one at a time, and to identify the correct odorant from 4 possible
answers in a multiple choice format. One point was given for each
correct answer with a total score ranging from 0 to 12 with
a higher score indicating a better sense of smell.'® We excluded 49
participants with >3 missing items from the analyses and pro-
rated for other incompletes (93 with 1, 29 with 2, and 10 with 3
missing) according to their actual score based on completed
items. For example, if a participant completed 10 items and 9
were correct, the total prorated BSIT score would be 10.8. The
BSIT also includes a question about history of head injury
defined as “hit in the head hard enough to make you faint.”

Assessment of covariates. The study also collected information
on demographics (i.e., age, sex, race, and education), lifestyle (i.e.,
smoking and coffee drinking), and general health status via struc-
tured face-to-face interviews as part of its clinical visits. With the
exception of coffee consumption, which was asked at year 2 as
part of a food frequency questionnaire, other covariates corre-

sponded to the same year of the sense of smell test.

Statistical analysis. We first conducted analyses with all partic-
ipants and then separately by race, sex, and length of follow-up
(the first 5 years and thereafter). In the primary analysis, we
categorized the sense of smell into tertiles, with the highest tertile
(3, better olfaction) as reference. We used multivariable Cox
models to estimate hazard ratios (HRs) and 95% confidence in-
tervals (Cls) with age as the time scale and left-truncation on age

at year 3, first adjusting for race and sex when appropriate and



Table 1

Baseline population characteristics according to the Brief Smell

Identification Test (BSIT) score (n = 2,462)

BSIT score range

No.

Age, y, mean + SD?

Men, %°

Black, %*

Study site, %"
Memphis
Pittsburgh

Education, %?
Below high school
High school
Post high school
Missing

Smoking status, %°
Never
Past
Current
Missing

Coffee, cups/d, %
None

<1

22

General health, %*

Excellent/very good

Good

Fair/poor

Missing
Head injury, %

No

Yes

Missing

BSIT score tertiles (olfaction)

Tertile 3 (better) Tertile 2 (good) Tertile 1 (poor)

11-12 9-10 0-8
835 863 764
751 £ 26 756 £ 29 761+ 29
38.2 48.3 59.0
31.0 38.7 47.0
44.4 49.7 522
55.6 50.3 47.8
14.9 21.3 31.9
33.9 34.9 29.7
51.3 43.5 38.0
0.0 0.3 0.4
49.6 431 416
45.5 49.0 47.5
4.9 7.6 10.7
0.0 0.2 0.1
21.7 247 27.0
14.1 12.5 12.4
26.1 23.9 27.5
38.1 38.9 331
50.3 44.5 39.7
34.6 40.0 37.3
151 15.4 22.9
0.0 0.1 01
91.6 90.2 88.5
8.3 9.7 11.4
0.1 0.1 01

The p values were obtained from x? test except for age, for which analysis of variance was used.
2p < 0.001.
bp < 0.01.

then additionally for other potential confounders. We also tested
statistical interactions of the sense of smell with sex or race on PD
risk by including a 2-way cross-product term in regression
models. In all stratified analyses, we combined the highest 2
tertiles (t2+¢3) of BSIT score as the reference due to sample size
considerations. We conducted power analyses using PS-Power
and Sample Size Calculation (biostat.mc.vanderbilt.edu/wiki/
Main/PowerSampleSize). With our sample sizes, we had ade-
quate statistical power (B = 80%) to detect a HR /2 +3) =2.8
in white participants, =5.1 in black participants, =3.0 in men,

and =4.0 in women.

To further explore the temporal relationship of poor sense of
smell with incident PD, we conducted 2 additional analyses: (1)
with incident cases, a series of lagged analyses by excluding the
first years of follow-up with 1-year increment until year 6; (2)
cross-sectional analyses with prevalent PD cases (n = 19) diag-
nosed before or at year 3 using logistic regression models. We
conducted all statistical analyses with SAS version 9.3 (SAS Sys-
tems Inc., Cary, NC) and a 2-sided a of 0.05.

RESULTS During an average of 9.8 years of follow-
up, we identified 42 incident PD cases, including 30
white and 12 black participants. The incidence of PD
per 100,000 person-years was 174 overall, 197 in
white participants, 135 in black participants, 235 in
men, and 122 in women.

Compared with participants in the highest tertile of
BSIT score (t3, better olfaction), those in the lowest
tertile (t1, poor olfaction) were older and were more
likely to be male, black, current smokers, and from
the Memphis site (table 1). Further, they were less
likely to report post high school education or optimal
health status. Participants with poor sense of smell also
tended to report less coffee drinking and a history of
head injury, although the differences were not statisti-
cally significant. Table e-1 at Neurology.org shows
associations of these covariates with incident PD.
The statistical power of these analyses was limited.

As expected, poor olfaction predicted a higher risk
of PD (figure and table 2). The associations did not
materially change after further adjustment for study
site, education, smoking, coffee drinking, general
health status, and history of head injury.

Poor sense of smell was clearly associated with
higher PD risk in white participants (table 3); a similar
association was suggested for black participants but it
was not statistically significant. Differential associa-
tions were also suggested for sex, with an apparently
stronger association in men. The interaction term for
sex or race with BSIT score was not statistically sig-
nificant, possibly due to small sample size. In the
analysis stratified by the length of follow-up, we
found significant associations for both the first 5 years
of follow-up and afterwards.

In the series of lagged analyses that excluded the
first years of follow-up (table 4), the association re-
mained at similar strength (HRj/(2+3), range 4.1-
5.0) for the first 6 years of follow-up and then the HR
decreased to 2.9. The corresponding odds ratio for
association with prevalent cases was 7.6. Therefore,
the strongest association was found with prevalent
cases followed by cases diagnosed in the 6 years fol-
lowing the BSIT test. Data indicated moderate asso-
ciation beyond 6 years, but the risk estimate was less
stable due to smaller sample size.

DISCUSSION In this study, we found that a single
evaluation of the sense of smell was associated with
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Figure Cumulative incidence of Parkinson
disease (PD) by tertiles of the Brief Smell
Identification Test (BSIT) score
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PD risk beyond the first several years of follow-up.
The association was attenuated with longer follow-
up, however. Further, our data indicate that the
association may be stronger in white participants and
in men.

Although the Braak hypothesis is somewhat contro-
versial,">" it implies that olfactory impairment is among
the early symptoms in prodromal PD. Consistently,
clinical studies have identified poor sense of smell as
the most sensitive nonmotor symptom in differentiating
patients with newly diagnosed PD from controls.®'*
Further, prospective follow-up of individuals with unex-
plained olfactory dysfunction showed much higher than
expected PD conversion rate.>® In addition, a case-
control study in Germany found that 38.7% of patients
with PD reported olfactory dysfunction on average
11.2 &= 11.1 years prior to PD diagnosis."

A few population-based prospective studies also
examined olfactory dysfunction in relation to PD risk.

The HAAS followed 2,267 Japanese American men

in Honolulu, Hawaii, for 8 years and identified

35 PD cases.* The study reported that men in the
lowest quartile of the sense of smell score were about
5.2 (95% CI 1.5-25.6) times more likely to receive
a PD diagnosis than those in the highest 2 quartiles in
the first 4 years after olfaction assessment (n = 19
cases).* However, the authors did not identify a higher
risk for the second 4 years of follow-up (n = 16 cases,
corresponding HR 0.3, 95% CI 0-2.7).* Recently,
several cohort studies have been initiated in the
United States and Europe to specifically examine
sense of smell and other markers as predictors of
future PD in the general population.”'®'” For exam-
ple, the Prospective Evaluation of Risk Factors
for Idiopathic Parkinson’s Syndrome (PRIPS) study
(n = 1,847)'® reported preliminary findings for the
first 3 years and for years 3-5 of follow-up. In each
follow-up period, 10 patients with PD were identified
and 6 (60%) had reduced sense of smell at baseline, as
compared to 28.8% among individuals free of PD.'®
Based on this and other evidence, olfactory dysfunc-
tion was recently proposed as part of the criteria for
prodromal PD." However, its potential usefulness as
a screening tool for prodromal or undiagnosed PD in
the general population awaits further investigations, in
part because of the low PD incidence, the lack of spec-
ificity of olfactory dysfunction to PD, and the lack of
understanding of temporal relationship of olfactory
dysfunction with PD.* Future research on the patho-
genesis of olfactory dysfunction in the context of PD
development and its manifestation pattern in combi-
nation with other key prodromal symptoms, bio-
markers, or risk factors may help evaluate its potential
to screen for prodromal PD in high-risk populations.
Compared with previous population-based pro-
spective studies, the current study has longer follow-
up and showed that poor olfaction was associated
with PD beyond the first several years of follow-up,
although the association was somewhat attenuated.
Another important strength of the current study is
the inclusion of both white and black participants.
Data on PD in black participants are limited, but evi-
dence indicates possibly lower PD incidence than in

[ Table 2 Tertiles of the Brief Smell Identification Test score and the risk for Parkinson disease ]

Hazard ratios (95% confidence intervals)

Person-years No. of cases Model 12 Model 2°
Tertile 3 8,752 7 1.0 (Ref.) 1.0 (Ref)
Tertile 2 8,596 9 1.3 (0.5-3.6) 1.4 (0.5-3.8)
Tertile 1 6,772 26 4.8 (2.0-11.2) 51 (2.1-11.9)
p for trend 0.00001 0.00001

2Model 1: age is the time scale, adjusting for sex and race.

®Model 2: further adjusted for study site, education, smoking, caffeine intake, general health status, and history of

head injury.
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Table 3

Tertiles2 + 3
Tertile 1

p for interaction

Tertiles 2 + 3
Tertile 1

p for interaction

Tertiles 2 + 3

Tertile 1

Tertiles of the Brief Smell Identification Test score and risk for Parkinson disease by race, sex, and length of follow-up

White

Person-years No. of cases
11,498 11

3,714 19

Men

HR (95% CI)?
1.0 (Ref)

4.9 (2.3-10.5)

Black

Person-years No. of cases
5,850 5

3,058 7

Women

HR (95% CI)?
1.0 (Ref)
2.5(0.8-8.1)

0.3

Person-years No. of cases
7,198 7

3,850 19

First 5 years of follow-up

HR (95% CI)?
1.0 (Ref)
5.4 (2.3-12.9)

Person-years No. of cases
10,150 9

2,922 7

After the first 5 years of follow-up

HR (95% CI)?
1.0 (Ref)
29 (1.1-7.8)

0.4

Person-years No. of cases
8,386 7

3,635 13

HR (95% CI)®
1.0 (Ref)

42(1.7-10.8)

Person-years No. of cases
8,962 9

3,137 13

HR (95% CI)?
1.0 (Ref)
41 (1.7-9.8)

Abbreviations: Cl = confidence interval; HR = hazard ratio.
2Based on Cox regression model with age as the time scale, adjusting for sex or race.

white participants.®” Notably, data also suggest that
older black participants are more likely to have poor
sense of smell than white participants.® If both obser-
vations are true, one may speculate that a poor sense
of smell may not be as strong a predictor for PD in
black as in white patients. Data from the current
study seem to support this possibility. Reasons for
this potential racial difference are unclear. One pos-
sibility is that, compared to white participants, the
etiology of olfactory dysfunction in black participants
is more diverse and complex, and that PD-related
pathology is a relatively minor contributor. Alterna-
tively, one may argue that the BSIT test performs

better in white than in black older adults. Although
BSIT was designed to be used across different cul-
tures,'® we could not exclude this possibility.
Investigations into a potential sex difference in the
relationship between olfaction and PD are equally
interesting. Sex differences have been documented

2122 35 well as clin-

for PD incidence® and risk factors,
ical presentation.?*** Further, many studies found
that men had poorer olfaction than women, and this
is true for both patients with PD® and the general
elderly population.>* The HAAS included men on-
ly* and the PRIPS had only 21 cases, which precluded

sex-specific analyses.'® In the current study, poor

Table 4

Prevalent cases®

Incident cases®

Tertiles of the Brief Smell Identification Test score in relation to prevalent and incident Parkinson disease with lag analyses ]

All cases

1-Year lag

2-Year lag

No. of cases

OR (95% CI) No. of cases HR (95% CI)

No. of cases

HR (95% CI) No. of cases HR (95% CI)

Tertiles 2 + 3 5 1.0 (Ref) 16 1.0 (Ref) 16 1.0 (Ref) 12 1.0 (Ref)
Tertile 1 14 7.6 (2.7-21.5) 26 41 (2.2-7.7) 26 4.2 (2.2-7.9) 24 5.0 (2.5-10.2)

Incident cases®

3-Year lag 4-Year lag 5-Year lag 6-Year lag

No. of cases HR (95% ClI) No. of cases HR (95% CI) No. of cases HR (95% ClI) No. of cases HR (95% CI)
Tertiles 2 + 3 10 1.0 (Ref) 10 1.0 (Ref) 9 1.0 (Ref) 7 1.0 (Ref)
Tertile 1 17 4.4 (2.0-9.7) 15 4.1 (1.8-9.3) 13 4.2 (1.7-9.9) 7 2.9 (1.0-8.4)

Abbreviations: Cl = confidence interval; HR = hazard ratio; OR = odds ratio.

2 Analysis of prevalent cases using logistic regression adjusting for age, sex, and race.

b Analysis of incident cases using Cox regression model with age as the time scale, adjusting for sex and race; lagged analyses were conducted by excluding
the first years of follow-up with 1-year increment up to 6 years.
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olfaction was statistically associated with higher PD
risk in both men and women. However, the strength
of the association was twice as strong in men, indi-
cating that poor sense of smell may be a better pre-
dictor of PD in men than in women.

The study has several notable limitations. First,
although the cohort’s data collection was prospective,
PD case adjudication was performed retrospectively at
the end of the follow-up. As PD may take years to be
diagnosed, without active and systematic case ascer-
tainment, we might have inadvertently missed some
cases and adjudication errors were also possible. Sec-
ond, despite our due diligence in estimating the date
of first evidence for a PD diagnosis, this information
remained imprecise. In particular, some of the prev-
alent cases at baseline might have been mistakenly
adjudicated as incident cases in the first several years
of follow-up. For these reasons, interpretation of our
results on the temporal relationship requires caution.
Future studies with active case confirmation and
more accurate documentation of date of PD diagnosis
are needed. Third, the sense of smell is more than
smell identification and olfactory dysfunction could
be due to many reasons other than neurodegeneration
(e.g., chronic rhinosinusitis).”® The current study on-
ly tested smell identification and did not evaluate
other potential causes for olfactory dysfunction.
Fourth, the loss of the sense of smell in prodromal
PD may be gradual over many years; however, avail-
able studies, including ours, measured the sense of
smell only at one time point. Future studies with
repeated measurements over a longer period may help
better characterize the temporal relationship of olfactory
dysfunction with PD. Fifth, by design, the study
participants were relatively healthy and 70 years or older
at enrollment, therefore the results may not be readily
generalizable to younger populations. Finally, the num-
bers of PD cases were small, particularly for stratified
analyses in women and black participants as well as for
the lagged analyses. Therefore, cautious interpretations
of these results are needed. Future studies should
confirm our findings and investigate potential applica-
tions to clinical and etiologic research of PD.
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