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Odor Identification Test as an Indicator of
Idiopathic REM Sleep Behavior Disorder
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Abstract: Reduction of olfactory function in idiopathic rapid-
eye-movement (REM) sleep behavior disorder (iRBD) is of
the same magnitude as that found in patients with Parkinson’s
disease (PD) and dementia with Lewy bodies (DLB). We
assessed olfactory function using the Odor Stick Identification
Test for Japanese (OSIT-J) in 48 Japanese patients with
iRBD, 21 with PD, and 34 with obstructive sleep apnea syn-
drome (OSAS). Possible score of the OSIT-J ranges from O to
12. OSIT-J scores were 4.9 = 2.8 in patients with iRBD, 4.8
* 2.8 in patients with PD, and 9.9 = 1.4 in OSAS patients.
An OSIT-J score of 8.5 was associated with a sensitivity of

88.2 and 85.3%, respectively, and specificity of 83.3 and
85.7%, respectively, in differentiating iRBD or PD patients
from OSAS patients. Odor identification is impaired in Japa-
nese patients with iRBD and PD. The results suggest that
OSIT-J, which is a short and simple nonlexical olfactory iden-
tification test, can be useful as a clinical indicator for iRBD
with Lewy body formation and is appropriate in the Japanese
elderly population. © 2008 Movement Disorder Society
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Dream enactment behavior is a core feature of
rapid-eye-movement (REM) sleep behavior disorder.
Idiopathic RBD (iRBD) was suggested to be a mani-
festation of an evolving synucleinopathy, such as Par-
kinson’s disease (PD), dementia of Lewy bodies
(DLB), and multiple system atrophy (MSA)." Lewy
body pathology first affects the anterior olfactory nu-
cleus and lower brainstem nuclei, including the dorsal
motor nucleus (stage 1 according to Braak et al.),
before involving the upper brainstem areas such as the
locus ceruleus (stage 2) and substantia nigra (stage 3),
and ultimately the cerebral cortex.” “Top-down” and
“bottom-up” early stage symptoms have been observed
in Lewy body-related a-synucleinopathies such as PD
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and DLB. Indeed, they may be the same disorder, but
with different points of origin as noted by Langston.’
In addition, neuropathologically, Lewy bodies were
found in iRBD and distributed almost in the same
manner as in PD.! Therefore, in PD, DLB, and iRBD,
olfactory and autonomic dysfunctions are expected to
occur early and to precede motor and/or cognitive
manifestations.

Several simple methods have been developed to
evaluate the ability to identify a variety of smells. The
Brief University of Pennsylvania Smell Identification
Test (B-SIT)4_6 and Sniffin’s Sticks”® have been used
to detect olfactory disorders in iRBD. However, these
tests are not appropriate for Japanese without modifica-
tion because some smells are unfamiliar because of
cultural differences. In this study, we used the Odor
Stick Identification Test for Japanese (OSIT—J),Q*11
developed specifically for Japanese and with confirmed
efficacy, in patients with iRBD and PD. We investi-
gated the frequency of olfactory disorders in these con-
ditions and the utility of the OSIT-J as a supportive
tool for their diagnosis.
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TABLE 1. Patient demographics

iRBD (n = 48) PD (n = 21) OSAS (n = 34) P
Male/female 37/11 12/9 28/6 N/A
Age® (yr) 67.1 = 6.8 63.9 + 94 62.2 + 6.7 0.012
MMSE* 283 £ 1.8 28.0 £ 1.9 28.6 £ 1.9 0.4933
Mean duration of disease” (yr) 6.7 75 5.1 *£45 N/A 0.5503

Data presented are mean * SD, N/A = not applicable.

“One-way analysis of variance.
"Mann-Whitney U test.

iRBD, idiopathic REM sleep behavior disorder; PD, Parkinson’s disease; OSAS, obstructive sleep apnea syn-

drome; MMSE, mini mental state examination.

METHODS

Patients and Control Subjects

A total of 112 patients were enrolled in this study at
the sleep disorder clinic in our hospital between May
2007 and January 2008. Among these were 48 consec-
utive patients with polysomnography (PSG)-confirmed
iRBD (37 males, 11 females), 34 consecutive patients
with obstructive sleep apnea syndrome (OSAS) (28
males, 6 females; pretreatment, mean apnea hypopnea
index (AHI) = 50.0 = 24.2 events/hour; mean noctur-
nal O, saturation = 94.7 = 2.5%; mean BMI = 27.1
+ 4.1kg/m?), and 21 consecutive age-matched patients
with PD who were under treatment (12 males, 9
females) (Table 1). The OSAS group was diagnosed as
having OSAS without RBD or REM sleep without ato-
nia by PSG and began CPAP with good efficacy.

IRBD was defined according to the criteria in the
International Classification of Sleep Disorders second
edition (ICSD, 2nd ed.).12 Patient interviews focused
on motor events during sleep associated with dreaming
that may have included screaming, self-injuries, or
injuries to their bed partner; patients’ bed partners
were interviewed to confirm the latter.

Clinical diagnosis of PD'? was made by neurological
specialists according to established consensus criteria.
Also, all patients as assessed by a neurologist were with-
out progressive supranuclear palsy, MSA, corticobasal
degeneration, and other forms of atypical parkinsonism.
PD patients were evaluated using the Unified Parkin-
son’s Disease Rating Scale (UPDRS) and Hoehn and
Yahr (H&Y) stage for evaluation of disease severity.
Mean H&Y stage and UPDRS-III among PD patients
were 2.2 = 0.7 and 18.8 *= 8.8, respectively. With
regard to medications, 12 patients were taking levodopa
with decarboxylase inhibitor (L-dopa/DCI) and 17
patients were taking dopamine agonists with a mean
equivalent L-dopa dose of 310.3 + 219.0 mg/day."*

Cognitive function was evaluated by the Mini Men-
tal State Examination (MMSE), with a score of less
than 24 points indicative of dementia.'”> With regard to

iRBD and PD, the Folstein MMSE was performed and
its correlation with the OSIT-J score was examined.

Of the 112 patients, 9 were excluded from this
study; 5 OSAS patients because of nasal disease and 4
PD patients with a MMSE score of less than 24. All
included subjects were free from other conditions that
can affect olfactory function such as usage of certain
medications, nasal surgery, pulmonary disease, hormo-
nal disorders, perennial allergies, or abuse of drugs or
alcohol.

Data Collection and Analysis

Patients with iRBD underwent 1 night (8 hours) of
polysomnographic recording in our sleep laboratory.
PSG consisted of the use of a standard montage for
scoring sleep stages: left and right oculograms, chin
EMG, central (C3-A2, C4-Al) and occipital (O1-A2,
02-A1) EEG, and ECG. Sleep staging followed the
recommendations of Rechtschaffen and Kales.'® For
the iRBD group, REM sleep was scored without the
chin EMG criterion, thereby allowing for the mainte-
nance of muscle tone during REM sleep. Recordings
of oral and nasal airflow, thoracic and abdominal
movements, and oximetry were made to detect apnea
and hypopnea. Surface EMG recordings of the right
and left anterior tibialis muscles were made to quantify
leg movements. The scoring of arousal and periodic
limb movements followed published guidelines.'’
Assuming that olfactory abilities in PD patients are not
influenced by dopaminergic drugs, regular medications
were not withdrawn.'®

The OSIT-J (Daiich Yakuhin Sangyo Co. Ltd.,
Tokyo, Japan) is composed of 12 different odorants fa-
miliar to the Japanese population. Previously, the
OSIT-J had included 13 odorants,”™"' but the putrid
odor was eliminated, leaving only 12 odors to be man-
ufactured and supplied with the test. These odorants
are described as condensed milk, cooking gas, curry,
hinoki (Japanese cypress wood), India ink, Japanese or-
ange, menthol, perfume, roasted garlic, rose, socks
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smelling of sweat, and wood. Test odorants are micro-
encapsulated in a melamine resin and incorporated
within an odorless solid cream dispensed in a lipstick
container. The cream is applied in a circle 2 cm in di-
ameter to a 5.3 cm X 10.5 cm strip of paraffin paper.
The paper strip is folded in two and rubbed together to
release the odorant. Subjects open the folded paper in
front of both nostrils and sniff. For each odorant, sub-
jects are presented with a card showing four names of
odors and are asked to select the odor presented. If the
subject cannot choose one of the four, he or she must
then respond by selecting one of two alternative
answers: “detectable but not recognizable (unknown)”
or “no odor detected (not detected).” The total number
of correct answers for the 12 odorants presented,
expressed as a percentage, is the OSIT-J score. In addi-
tion, because it requires no deodorizing filter or device,
this test is feasible for use in outpatient clinics and at
the bedside and can be completed within about 10
minutes.

All study procedures were approved by the Ethics
Review Committee of Dokkyo Medical University.
Each subject provided informed consent.

Statistical Analysis

The difference in the OSIT-J score among the
iRBD, PD, and OSAS groups was evaluated by one-
way analysis of variance (ANOVA) followed by post
hoc Bonferroni correction. Spearman rank correlation
test was used to evaluate whether age, disease dura-
tion, or MMSE was correlated with the OSIT-J score
in patients with iRBD and whether age, disease dura-
tion, MMSE, UPDRS-III, or mean equivalent L-dopa
dose was correlated with the OSIT-J score in those
with PD. In the OSAS patients, we used the Spearman
rank correlation test to determine whether age or
MMSE was correlated with the OSIT-J score. Receiver
operating characteristic (ROC) analysis was used to
calculate the respective optimal cutoff values of the
OSIT-J score for patients with iRBD, PD, and OSAS.
All values are expressed as the mean * SD. A P-value
<0.05 was considered to be statistically significant.
Statistical analyses were performed with Statistical
Package for Social Science Software (Graphpad Prism,
San Diego, CA and SPSS II Windows Ver 11.0,
Japan).

RESULTS

The results of olfactory tests are presented in Fig-
ure 1. The total scores (accurate response rates) on the
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FIG. 1. Olfactory discrimination in patients with idiopathic REM
sleep behavior disorder (iRBD), Parkinson’s disease (PD), and ob-
structive sleep apnea syndrome (OSAS). Shown are scatter plots of
individual scores for the odor stick identification test for Japanese
(OSIT-J). Horizontal lines indicate mean levels.

OSIT-J were 49 = 2.8 (41.1 £ 24.0%) in those with
iRBD, 4.8 = 2.8 (39.7 = 23.1%) in those with PD,
and 99 = 14 (824 = 11.9%) in OSAS patients.
Scores were significantly lower in the iRBD (P <
0.001) and PD (P < 0.001) groups than in the OSAS
group.

The OSIT-J score had no correlation with age (r =
—0.204; P = 0.163), duration of illness (r = —0.275;
P = 0.058), or the MMSE score (r = —0.005; P =
0.969) in iRBD patients nor with duration of illness (r
= —0.098; P = 0.672), the MMSE score (r = 0.206;
P = 0.368), UPDRS-III (r = —0.033; P = 0.885), or
the mean equivalent L-dopa dose (r = —0.025; P =
0.911) in PD patients. No significant correlation was
found between the OSIT-J score and the MMSE score
(r = 0.266; P = 0.128) in OSAS patients. A signifi-
cant correlation between age and OSIT-J score was
observed in both PD (r = —0.705; P = 0.0004) and
OSAS patients (r = —0.555; P = 0.0006).

Next, the optimal cutoff value and sensitivity and
specificity of the OSIT-J score in iRBD and PD
patients were calculated. For differentiation of iRBD
patients from OSAS patients with the cutoff value at
8.5, sensitivity and specificity were 88.2 and 83.3%,
respectively, and positive and negative predictive val-
ues were 90.9 and 78.9%, respectively. For differentia-
tion of PD patients from OSAS patients with the cutoff
value at 8.5, sensitivity and specificity were 85.3 and
85.7%, respectively, and positive and negative predic-
tive values were 78.3 and 90.6%, respectively. In
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TABLE 2. Discriminant analysis for the odor identification test in iRBD and PD compared with OSAS
Positive Negative
Cutoff  Sensitivity ~ Specificity ~ predictive  predictive  Likelihood ROC AUC
value (%) (%) value (%)  value (%) ratio (95% CI) SE P-value
Compared with iRBD 8.5 88.2 83.3 90.9 78.9 5.28 0.932 (0.882-0.982)  0.026  <0.001
Compared with PD 8.5 85.3 85.7 78.3 90.6 5.96 0.935 (0.873-0.997)  0.031  <0.001

iRBD, idiopathic REM sleep behavior disorder; PD, Parkinson’s disease; ROC AUC, receiver operating characteristic area under curve; SE,

standard error.

addition, the likelihood and the area under the ROC
curve were calculated (Table 2). With regard to the 12
odorants, correct answers were given by fewer than
40% of patients with iRBD for rose, Japanese oranges,
condensed milk, cooking gas, wood, Japanese cypress
“hinoki,” and menthol (Table 3). Correct answers were
obtained at relatively at high rates in iRBD and PD
patients for curry, roasted garlic, and sweaty socks.
Rose was the best discriminator with a sensitivity of
70.8% and specificity of 82.4% in iRBD. India ink was
the best discriminator with a sensitivity of 81.0% and
specificity of 83.3% in PD (Table 3).

Figure 2 shows the odor identification rate for each
of the 12 odors in the OSIT-J among the OSAS sub-
jects.

DISCUSSION

Evaluation by the OSIT-J revealed that olfactory
dysfunction and a reduction in olfactory ability were

observed more frequently in Japanese patients with
iRBD and a Lewy body disease, such as PD, than in
OSAS patients. Besides, to differentiate iRBD and PD
from OSAS, the OSIT-J with a cutoff value of 8.5
yielded sensitivity of 88.2 and 85.3% and specificity of
83.3 and 85.7%, respectively. Therefore, a cutoff value
of 8 was considered useful for differentiating iRBD
and PD from OSAS. Another series showed that B-SIT
may discriminate iRBD patients from healthy controls
with a sensitivity of 61% and specificity of 83%.° The
mean score of OSIT-J (4.9 = 2.8) was much lower
than that of B-SIT (7.1 = 2.5) in iRBD patients and
sensitivity was higher (88.2 vs. 61.0%). This is likely
due to the presence of two additional answers in the
OSIT-J (unknown and not detected) instead of the
forced-choice paradigm of the B-SIT. If a forced-
choice test presents only the choice of the correct an-
swer without expressions of either “unknown” or “not
detected,” some subjects may not be able to select the
choice that best describes their feelings. In such cases,

TABLE 3. Odor item identification rates for iRBD and PD (%)

Correct
answer Wrong answer Unknown Not detected Sensitivity Specificity
iRBD PD iRBD PD iRBD PD iRBD PD iRBD PD iRBD PD

Sweet odor

Perfume 43.8 429 37.5 429 10.4 9.5 8.3 4.8 56.3 57.1 100.0 100.0

Rose 29.2 47.6 37.5 38.1 31.3 9.5 2.1 4.8 70.8 66.7 82.4 77.8

Japanese orange 37.5 19.0 39.6 76.2 16.7 0.0 6.3 4.8 62.5 81.0 67.6 66.7

Condensed milk 31.3 333 354 429 27.1 9.5 6.3 14.3 68.8 66.7 70.6 61.1
Spices

Curry 72.9 71.4 16.7 14.3 8.3 4.8 2.1 9.5 27.1 28.6 100.0 100.0

Roasted garlic 52.1 429 27.1 429 16.7 9.5 4.2 4.8 479 57.1 94.1 94.4
Rotten, excrea

Sweaty smelling socks 47.9 524 41.7 38.1 8.3 4.8 2.1 4.8 52.1 47.6 85.3 83.3
Gas, smoke

Cooking gas 39.6 333 375 524 18.8 4.8 4.2 9.5 60.4 66.7 82.4 73.5
Wood, grass, herb

India ink 41.7 19.0 16.7 28.6 25.0 23.8 16.7 28.6 58.3 81.0 88.2 83.3

Wood 31.3 333 27.1 23.8 229 14.3 18.8 28.6 68.8 66.7 529 472

Japanese cypress, “hinoki” 333 429 27.1 333 31.3 9.5 8.3 14.3 66.7 57.1 76.5 77.8

Menthol 333 429 229 28.6 35.4 23.8 8.3 4.8 66.7 57.1 88.2 91.7

Data were obtained from 48 Japanese iRBD and 21 PD patients.
Sensitivity refers to the proportion of iRBD and PD patients who had an

abnormal olfactory result.

Specificity refers to the proportion of OSAS subjects who had a normal olfactory result.

iRBD, idiopathic REM sleep behavior disorder; PD, Parkinson’s disease.
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FIG. 2. Odor identification rate for each item on the OSIT-J in sub-
jects with obstructive sleep apnea syndrome (n = 34). The odor
identification rate was greater than 80% for each item. However,
identification rates for four items, Japanese cypress, “hinoki”
(76.5%), condensed milk (70.6%), Japanese orange (67.6%), and
wood (59.5%), were reduced in subjects with OSAS.

the subject might choose an answer halfheartedly or
too quickly, and thus reducing the accuracy of the test
and the correlation between test results and subjective
symptoms.'® In the iRBD group, a rather large number
of patients had only slightly decreased scores. This
implies that olfactory dysfunction may appear prior to
or closely following the onset of RBD because there
was no relationship between the duration of iRBD and
OSIT-J scores. On the other hand, Stiasny-Kolster
et al.® reported that only 4 RBD patients in their series
were classified as having normosmia according to the
TDI score, but that 3 of the 4 had already presented
with an increased olfactory threshold. Hence, an
increased olfactory threshold is more sensitive than
odor identification to differentiate iRBD or PD patients
from OSAS patients.

The hypothesis was proposed that reduction of olfac-
tory function in iRBD is of the same magnitude as in
patients with Lewy body disease, including PD and
DLB by Postuma et al.,5 Fantini et al.,6 and Stiasny-
Kolster et al.* They noted a marked olfactory impair-
ment in an RBD group compared with controls; how-
ever, they did not directly compare RBD with PD or
DLB groups, but reviewed the literature to come to
their conclusion.”®® Olfactory testing may discriminate
PD patients from healthy controls with a sensitivity of
88% and specificity of 83%.'® The deficit in PD con-
trasts with previous reports of preserved or only mildly
reduced olfaction in patients with atypical parkinson-
ism such as tauopathies or MSA. Olfactory dys-
function, 1i.e., odor detection, discrimination, and

Movement Disorders, Vol. 24, No. 2, 2009

identification, is known to be a common sign in PD.
However, patients usually do not report this dysfunc-
tion spontaneously but it can be detected by special
olfactory tests. Interestingly, olfactory abnormalities
are reported in Alzheimer’s disease (AD), but anosmia
appears to be common in DLB but not in pure AD."
A Lewy body variant of AD had an increased preva-
lence of anosmia (65%) compared with “pure” AD
(23%; odds ratio = 6.3).%° These reports suggest that
Lewy body disease and neurodegenerative diseases
with an olfactory disorder share some common fea-
tures. Thus, olfactory testing may be an additive, help-
ful and a simple nonlexical diagnostic instrument to
support the discrimination of a Lewy body syndrome
such as PD or DLB from healthy subjects or atypical
parkinsonian syndrome such as tauopathies or MSA.*'%*
In humans, the primary olfactory area of the piriform
cortex and the amygdala/entorhinal area and the sec-
ondary olfactory area of the orbitofrontal cortex and
insular cortex were found to play a critical role.”*?
Lewy bodies and Lewy neurites are frequently found
in hippocampal structures, including the amygdala, in
PD??° and DLB.?’ In PD, the underlying mechanism
for this observation may involve a disrupted mesolim-
bic pathway,”® and involvement of the amygdala and
hippocampus is important®-® as well as the olfactory
bulbs.’’ As mentioned previously, the mesolimbic
pathway is important in the pathogenesis of RBD??
and is thought to be key to the pathogenesis of dis-
turbed olfactory sensation and RBD. On the other
hand, based on the kinds of odorants, strong smells of
curry and sweaty socks were more accurately identified
than other odorants by the iRBD and PD patients. It
was shown that an uncomfortable smell activated brain
areas unrelated to the olfactory tract in experiments on
smells,® which may explain the difference.

Marked olfactory dysfunction occurs in PD at the
earliest stage of the illness, affecting between 70 and
100% of patients and includes impairment in detection
threshold, identification, and discrimination. Olfactory
test scores correlate with the levels of dopamine trans-
porter within the striatum of the brain of patients with
early PD.** Conversely, 4 years from baseline, 7% of
individuals with idiopathic olfactory loss had newly
developed clinical PD symptoms, and, altogether, 13%
of patients presented with abnormalities of the motor
system relevant to PD.*> As the olfactory system is
impaired before the appearance of symptoms of motor
dysfunction, olfactory impairment may be detected not
only in very early stages of PD and overt RBD but
also in the “premotor phase” in PD and “before dream
enactment behavior” in RBD.



REDUCED ODOR IDENTIFICATION IN IDIOPATHIC RBD 273

This study has some limitations. First, OSAS patients
with a good response to CPAP therapy were selected as
the control group, and this control group was slightly
younger than the iRBD group. Second, the male-to-
female ratio was not matched between the iRBD and
OSAS groups. Olfactory functions are generally nega-
tively associated with age and deteriorate in the elderly.*’
Olfactory functions are better in females than in males.
In a study of B-SIT, the score was higher by one to two
points in females than in males in all age groups.’’ Com-
parison of different generations and genders in a larger
number of cases is warranted. Third, because PD patients
were not de novo cases, it was not possible to rule out the
potential influence of drug treatment on olfactory func-
tions. Fourth, the lack of PSG in PD patients may have
affected the results, because olfactory function might be
differently affected in PD patients with RBD compared
with PD patients without RBD.
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