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ABSTRACT
ObjectiveaaIt is unclear whether the decline in dopamine transporters (DAT) differs among idiopathic rapid eye movement sleep 
behavior disorder (iRBD) patients with different levels of olfactory impairment. This study aimed to characterize DAT changes in 
relation to nonmotor features in iRBD patients by olfactory loss.
MethodsaaThis prospective cohort study consisted of three age-matched groups: 30 polysomnography-confirmed iRBD patients, 
30 drug-naïve Parkinson’s disease patients, and 19 healthy controls without olfactory impairment. The iRBD group was divided 
into two groups based on olfactory testing results. Participants were evaluated for reported prodromal markers and then under-
went 18F-FP-CIT positron emission tomography and 3T MRI. Tracer uptakes were analyzed in the caudate, anterior and posteri-
or putamen, substantia nigra, and raphe nuclei.
ResultsaaOlfactory impairment was defined in 38.5% of iRBD patients. Mild parkinsonian signs and cognitive functions were 
not different between the two iRBD subgroups; however, additional prodromal features, constipation, and urinary and sexual 
dysfunctions were found in iRBD patients with olfactory impairment but not in those without. Tracer uptake showed significant 
group differences in all brain regions, except the raphe nuclei. The iRBD patients with olfactory impairment had uptake reduc-
tions in the anterior and posterior putamen, caudate, and substantia nigra (p < 0.016 in all, adjusted for age), which ranged from 
0.6 to 0.8 of age-normative values. In contrast, those without olfactory impairment had insignificant changes in all regions rang-
ing above 0.8.
ConclusionaaThere was a clear distinction in DAT loss and nonmotor profiles by olfactory status in iRBD. 

Key Wordsaa Idiopathic REM sleep behavior disorder; Olfaction; Parkinson’s disease; Dopamine transporters; Positron emission 
tomography.
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Prodromal Parkinson’s disease (PD) is defined in individuals 
exhibiting symptoms or signs of the disease but not meeting the 
diagnostic criteria for clinical PD. Such individuals may have al-
ready developed some degree of neurodegeneration, but it is 
generally unknown when and how neurodegeneration starts 
and progresses in prodromal PD. Many prodromal markers of 
PD have been identified, but among them, polysomnography-
confirmed idiopathic rapid eye movement sleep behavior dis-
order (iRBD) carries the highest likelihood of developing PD 
based on previous cohort study results.1,2 Olfactory dysfunction 
is another important prodromal sign linked to early disease 
transition in large cohort studies.3-8

With regards to monitoring neurodegeneration in prodromal 
PD, it has been reported that iRBD patients have a faster rate of 
decline in putaminal dopamine transporter (DAT) binding than 
that in normal aging.9 However, it is unclear when the putam-
inal DAT starts to decline at an increased rate because some iRBD 
patients have stable disease conditions for more than 20 years, 
whereas others develop neurodegenerative disease within 5 
years. Because the olfactory bulb is suggested to be an initial 
pathological site in PD and Lewy body diseases as well as in the 
staging of incidental Lewy body diseases, a Parkinson Associ-
ated Risk Syndrome study5 showed that selecting hyposmic in-
dividuals enriches the potential prodromal PD population, and 
combining hyposmia with male sex and constipation further in-
creases the probability of a DAT deficit. However, it is still un-
known whether DAT declines differ among iRBD patients with 
different levels of olfactory impairment or differences in other 
prodromal markers. Those previous DAT imaging studies used 
single photon emission computed tomography (SPECT).5,9 
SPECT is inferior to positron emission tomography (PET) re-
garding the resolution for quantitative assessment of DAT ex-
pression that may reveal early compensatory change10,11 and for 
investigating DAT inside the substantia nigra.12-14

This study primarily investigated DAT changes in the cau-
date nucleus, putamen, and substantia nigra in iRBD patients 
by analyzing N-(3-18F-fluoropropyl)-2-carbomethoxy-3-(4-io-
dophenyl) nortropane (18F-FP-CIT) PET data in the baseline. A 
secondary aim was to reveal whether neurodegeneration differs 
by olfactory status in iRBD patients. We constructed a prospec-
tive cohort with a 4-year follow-up plan consisting of three age-
matched groups: 1) healthy controls without reported prodro-
mal features as defined below; 2) iRBD patients without and 
with hyposmia; and 3) newly diagnosed drug-naïve PD patients 
with prolonged symptoms of probable RBD. Then, we prospec-
tively evaluated our cohort for reported prodromal markers and 
undertook correlative analysis of measurements obtained by 
18F-FP-CIT PET.

MATERIALS & METHODS

Study participants 
This study was approved by the Institutional Review Board of 

Boramae Medical Center (16-2013-101). All participants gave 
informed consent prior to participation in the study in accor-
dance with the Declaration of Helsinki. 

A cohort was consecutively constructed between September 
2013 and August 2015. The iRBD group consisted of patients 
aged 60 to 80 years old. The diagnosis of RBD was made accord-
ing to the International Classification of Sleep Disorders, 2nd 
edition, criteria by a sleep disorders specialist (H.W.N.) and con-
firmed by video polysomnography. The drug-naïve PD patients 
were consecutively recruited among those who were newly di-
agnosed during the study period in accordance with the UK 
PD brain bank criteria. All PD patients had a prolonged history 
of probable RBD with an RBD screening questionnaire score 
≥ 5.15,16 The healthy control group was recruited during the study 
period from those who visited the same hospitals for health 
check-ups. The PD and control groups were recruited to be 
matched for the ages of the iRBD group.

Exclusion criteria for all three groups included white matter 
changes greater than grade I small vessel disease, space-occupy-
ing lesions, structural lesions revealed on conventional brain 
MRI, history of nasal or sinus diseases, history of depression or 
other psychiatric illness, presence of other neurological diseas-
es, presence of dementia or symptoms of cognitive fluctuation 
and visual hallucination suggesting dementia with Lewy bod-
ies (DLB). For this, all subjects underwent a validated neuro-
psychological test battery (Seoul Neuropsychological Screening 
Battery; Human Brain Research & Consulting, Seoul, Korea)17 
during the screening period. We also excluded patients taking 
antipsychotics or antidepressants that affect the dopamine and 
serotonin systems due to the possibility of alterations in tracer 
uptake.

Clinical evaluations
Demographic data, information on RBD symptom duration, 

and age at disease onset were recorded. Olfactory function was 
evaluated by using the brief smell identification test (B-SIT)18,19 
and the buthanol threshold test (BTT).20,21 We defined olfacto-
ry impairment in our patients only if individuals consistently 
showed abnormal BTT (< 6) and more than a mild degree of 
impairment in B-SIT (scores < 6). Parkinsonian nonmotor and 
motor symptoms were assessed by using the Movement Disor-
ders Society Task Force-revised Unified PD Rating Scale (MDS-
UPDRS; evaluations performed by a certified movement spe-
cialist J.Y.L.) and the Non-Motor Symptoms Scale (NMSS).22 Mild 
parkinsonian motor symptoms were categorized into four do-
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mains based on the MDS-UPDRS part III: 1) rigidity (item 3.3), 
2) limb and body bradykinesia (items 3.4–3.8 and 3.14), 3) axi-
al symptoms (items 3.1, 3.2, and 3.9–3.13), and 4) rest tremor 
(items 3.17 and 3.18). General cognitive status was determined 
by using the Korean version of the Mini-Mental Status Examina-
tion and Geriatric Depression Scale-15, and cognitive functions 
were further evaluated using the digit span backward test, Ko-
rean color Word Stroop Test, Trail Making Test (TMT) A and 
B, Controlled Oral Word Association Test, Seoul Verbal Learn-
ing Test (SVLT), Rey Complex Figure Test (RCFT) copy, and Ko-
rean version of the Boston Naming Test. 

Image acquisition 
Before scanning, all subjects were confirmed to be in a drug-

naïve state both for dopaminergic and serotonergic drugs. Each 
participant underwent PET (Philips Gemini TF-64 PET/CT 
scanner, Philips Healthcare, Best, the Netherlands). After a bolus 
injection of 185 MBq of 18F-FP-CIT, subjects waited for 2 hours 
and then underwent 10 minute-emission scans. After routine 
corrections for physical effects, images were reconstructed by 
applying a 3D row-action maximum-likelihood algorithm for 
90 slices, each 2 mm thick, in a 128 × 128 matrix with corrections 
for attenuation and scatter.23 Each participant also underwent 
3T brain MRI (Philips Achieva, Philips Healthcare). The acqui-
sition parameters for the volumetric T1 images were as follows: 

repetition time/echo time = 9.9/4.6, flip angle of 8.0°, 1 mm slice 
thickness, image matrix of 224 × 224 × 180, and voxel size of 
0.98 × 0.98 × 1 mm3.

Analysis of 18F-FP-CIT uptakes 
In addition to basal ganglia structures, we included raphe nu-

clei as a reference for serotonin transporter uptake by consid-
ering that FP-CIT has cross-affinity to serotonin transporters. 
Anatomical boundaries for the bilateral caudate, putamen, and 
cerebellum (as a reference) were obtained automatically on T1-
weighted MR images by using the segmentation tool FIRST in-
tegrated in FSL version 5.0.2 (http://fsl.fmrib.ox.ac.uk/fsl/fslwi-
ki/first). The putamen for each hemisphere was divided into 
anterior and posterior halves along its longitudinal axis.24 For 
the substantia nigra and the dorsal and median raphe nuclei, cir-
cular-shaped, fixed-size regions of interest were set manually on 
PET-overlaid MR images by using ITK-SNAP software (version 
3.6.0-RC1; www.itksnap.org) (Figure 1). For raphe nuclei, we 
used the inferior colliculus as a landmark following the protocol 
reported previously.25,26 After identifying the anatomical loca-
tions, we placed the regions of interest on 1 mm-thickness trans-
verse slices centered on the maximal PET signals. The volume of 
interest was 46.3 mm3 for the subthalamic nucleus, 169.8 mm3 
for the substantia nigra, and 127.3 mm3 for each raphe nucleus. 
The specific uptake of 18F-FP-CIT in the target volume of inter-

A

B
Figure 1. Defining regions of interest for the substantia nigra and raphe nuclei. Circular-shaped regions of interest with a fixed size were set 
manually on 18F-FP-CIT PET images overlaid onto MR images on transverse slices (1 mm thickness) centered on the maximal PET signal in 
each region. (A) The substantia nigra (arrows) on four transverse slices with a radius of 4 voxels (169.8 mm3), and (B) the dorsal (arrow head) 
and median (arrow) raphe nuclei on three transverse slices with a radius of 4 voxels (127.3 mm3). A long arrow indicates the inferior colliculus.
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est was calculated as follows: specific uptake of 18F-FP-CIT = 
[(average count in target/average count in cerebellum) - 1].

Statistical analysis
Initial analysis included comparisons of clinical variables and 

tracer uptakes in each region among the PD, iRBD, and control 
groups. Subsequent analysis compared the two subgroups of 
iRBD patients with the control subjects. In the analysis of 18F-
FP-CIT uptake according to the iRBD subgroups, we used linear 
regression analysis with age as a cofactor after confirming the 
fulfilment of the normality assumption in our FP-CIT data dis-
tribution. For other analyses, we used ANOVA, nonparametric 
Kruskal-Wallis, and Mann-Whitney U tests for continuous vari-
ables and chi-square or Fisher’s exact tests for categorical vari-
ables. In the post hoc analysis of intergroup comparisons, the 
Bonferroni correction was applied for multiple comparisons. Fi-
nally, we conducted correlation analysis between the severity of 
nonmotor symptoms and regional 18F-FP-CIT uptake in the iRBD 
group by applying partial correlation analysis controlling for 
age. We used SPSS software (version 19.0; IBM Corp., Armonk, 
NY, USA) for all statistical analyses, and the significance level 
was set at 0.05 (two-tailed). 

RESULTS

Of the 33 eligible PD patients, 31 iRBD patients, and 20 con-
trols, 3 PD, 1 iRBD, and 1 control subjects were excluded from 
the study for the following reasons: structural abnormalities on 
MRI, failure of image acquisition, or refusal to scan. The base-

line characteristics of the cohorts are summarized in Table 1. 
There were no differences in age and sex distributions, general 
cognition status, or depression scores among the three groups.

Clinical assessments in three cohorts
Olfactory impairment was detected in 38.5% of iRBD pa-

tients and 50% of PD patients (Table 1). Because olfactory loss 
may be a risk factor for neurodegenerative diseases other than 
Lewy body diseases, we intentionally included only normal con-
trols without hyposmia during the screening period. Analysis 
of nonmotor symptom items in the MDS-UPDRS part I re-
vealed a significant group difference only in constipation (item 
1.11). The mean scores of item 1.11 showed a linearly increasing 
tendency from the control to PD groups (p = 0.027). A similar 
but insignificant trend was found in items indicating anxiety 
(item 1.4), apathy (item 1.5), orthostatic dizziness (item 1.12), 
and fatigue (item 1.13) (Figure 2A). When we compared non-
motor symptoms by NMSS domain, the Mood/cognition and 
Gastrointestinal tract domains showed trends of linearly in-
creasing scores from the control to PD groups (p = 0.043 and 
0.010, respectively). Similar but insignificant trends were ob-
served in the domains of sleep/fatigue, urinary, and sexual dys-
functions (Figure 2B). For the comparison of cognitive func-
tions, we used z-scores of each cognitive test reflecting age and 
educational years. There were significant differences in the TMT-
B and SVLT recognition scores (p = 0.041 and 0.019, respective-
ly) and a tendency of differences in the RCFT copy (p = 0.086), 
in which the PD and iRBD groups showed lower scores than 
the control group. When we defined impairment in each cogni-

Table 1. Baseline characteristics of the study cohorts

Characteristics Drug-naïve PD iRBD Healthy controls p-value*
Age, yrs 69.2 ± 7.0 70.5 ± 5.9 70.1 ± 4.8 0.703

Sex, F/M (n) 14/19 14/17 12/7 0.323†

Duration of RBD, yrs 4.8 ± 3.9 4.3 ± 3.0 - 0.717

Duration of PD, yrs 1.1 ± 0.5 - -

Hoehn & Yahr stage 1.6 ± 0.5 - -

K-MMSE score 27.1 ± 2.6 27.6 ± 2.1 28.1 ± 1.8 0.234

GDS-15 score 6.9 ± 3.6 6.0 ± 3.1 5.5 ± 3.8 0.346

MDS-UPDRS score

Part I 9.3 ± 7.2 7.1 ± 3.5 5.7 ± 3.8 0.081

Part II 8.6 ± 6.5 3.3 ± 3.3 2.6 ± 2.9 < 0.001§

Part III 25.0 ± 11.9 5.8 ± 4.9 0.7 ± 1.3 < 0.001§,ǁ

Hyposmia, % 50.0 38.5 0‡ 0.002†,ǁ,¶

NMSS score, total 41.5 ± 50.7 24.3 ± 20.1 19.5 ± 11.6 0.069

Data are shown as the mean ± standard deviation unless otherwise indicated. *comparison among the three groups by the ANOVA test unless other-
wise specified, †comparison among the three groups by the chi-square test, ‡only healthy subjects who were not confirmed to have hyposmia were in-
cluded in the control group in this cohort study (see details in the Materials and Methods section), §significant difference in post hoc comparisons be-
tween the PD and each of the two other groups (p < 0.016), ǁsignificant difference in post hoc comparison between the iRBD and control groups (p < 
0.016), ¶significant difference in post hoc comparison between the PD and control groups (p < 0.016). PD: Parkinson’s disease, iRBD: idiopathic rapid 
eye movement sleep behavior disorder, K-MMSE: Korean version of Mini-Mental Status Exam, GDS: Geriatric Depression Scale, MDS-UPDRS: Move-
ment Disorders Society Task Force-revised Unified PD Rating Scale, NMSS: Non-Motor Symptom Scale.
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tive test if the z-score was below 1.5 standard deviations (SD) of 
normative values, the PD and iRBD groups showed a higher 
frequency of impairments in the TMT-B and RCFT copy com-
pared to the control group (N, numbers of subjects with impair-
ment = 8, 9, and 0 for PD, RBD, and controls, p = 0.034, and n 
= 7, 14, and 3, p = 0.029, respectively). Details of the neuropsy-
chological test results are depicted in Supplementary Table 1 
(in the online-only Data Supplement).

18F-FP-CIT uptakes in three cohorts
There was a prominent decrease in the DAT density measured 

by 18F-FP-CIT uptake in the PD group compared to those in the 
iRBD and control groups in all regions, but uptake was indistin-
guishable in the raphe nuclei among the three groups and be-
tween any two groups. The mean 18F-FP-CIT uptake of the iRBD 
group was intermediate between those of the PD and control 
groups (Table 2). In the post hoc comparisons with controls, the 

Figure 2. Comparison of nonmotor symptoms among the PD, iRBD, and healthy control groups in the MDS-UPRS part I items (A) and in the 
NMSS domains (B). PD: drug-naïve, newly diagnosed Parkinson’s disease patients with probable rapid eye movement sleep behavior disorder, 
iRBD: idiopathic rapid eye movement sleep behavior disorder patients, HC: healthy controls, MDS-UPDRS: Movement Disorders Society Task 
Force-revised Unified PD Rating Scale; NMSS: Non-Motor Symptom Scale. The items of the MDS-UPDRS part 1 represent u1.1: cognitive im-
pairment, u1.2: hallucinations and psychosis, u1.3: depressed mood, u1.4: anxious mood, u1.5: apathy, u1.6: features of dopamine dysregula-
tion syndrome, u1.7: sleep problems, u1.8: daytime sleepiness, u1.9: pain and other sensations, u1.10: urinary problems, u1.11: constipation 
problems, u1.12: light headedness on standing, u1.13: fatigue. *indicates a significant group difference (p < 0.05).
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iRBD group had reduced 18F-FP-CIT uptake in the left posteri-
or putamen (p = 0.014) and the bilateral substantia nigra (p = 
0.008 and 0.005). 

Analysis in iRBD patients with and without olfactory 
impairment

Demographic and clinical features, including the duration of 
RBD, the MDS-UPDRS total, part 2 and 3 scores, total NMSS 
score, K-MMSE, and GDS scores of the two iRBD subgroups, 
were similar between the two iRBD subgroups (for all p > 0.05, 
Supplementary Table 2 in the online-only Data Supplement), 
but the iRBD patients with olfactory impairment tended to be 
male and to have a high MDS-UPRDS part I score (p = 0.058 
and 0.060, respectively) (Supplementary Table 2 in the online-

only Data Supplement).

Nonmotor, cognition, and parkinsonian symptoms
In the analysis of nonmotor symptoms, we found a significant 

difference only in constipation (i.e., item 1.11) of the MDS-UP-
DRS part I and in the gastrointestinal, urinary, and sexual symp-
tom domains of the NMSS. The scores of these nonmotor symp-
toms were high in the iRBD-olfactory impairment group, but 
the scores in the iRBD without olfactory impairment group were 
indifferent from those in the control group (Table 3). Cognitive 
test scores and mild parkinsonian sign scores were not signifi-
cantly different between the two iRBD subgroups (Supplemen-
tary Table 2 in the online-only Data Supplement). However, the 
TMT-B score tended to be lower (-2.03 ± 2.68 vs. -0.66 ± 1.34, 
p = 0.388), and the bradykinesia score tended to be higher in 
the olfactory impairment group than in the no impairment group 
(3.56 ± 2.64 vs. 2.88 ± 3.52, p = 0.162), but the difference was 
not statistically significant.

Dopamine transporter reductions 
When we analyzed the DAT PET data, the iRBD with olfac-

tory impairment group showed significant reductions in 18F-
FP-CIT uptake in the caudate nucleus, anterior and posterior 
putamen, and substantia nigra compared to the HC group (Fig-
ure 3). In contrast, the iRBD without olfactory impairment group 
showed no regions of significantly reduced 18F-FP-CIT uptake 
(Figure 3). Relative DAT reductions averaged for both hemi-
spheres in each iRBD subgroup in comparison to the HC and 
PD groups are depicted in Figure 4. DAT densities with refer-
ence to age-adjusted normative mean values were all above 0.8 
in iRBD patients without olfactory impairment, whereas those 
ranged from 0.6 to 0.8 in all regions in iRBD patients with im-
pairment (Figure 4). 

When we conducted correlation analysis in iRBD patients for 
DAT with nonmotor symptoms, a significant negative correla-
tion was detected between the constipation score and 18F-FP-
CIT uptakes in the bilateral anterior and posterior putamen and 

Table 2. Estimated 18F-FP-CIT uptakes in volumes of interest in study 
cohorts

Regions Drug-naïve 
PD iRBD Healthy 

controls p-value*

Caudate nucleus

Left 2.23 ± 0.93 3.46 ± 1.10 3.89 ± 0.78 < 0.001

Right 2.31 ± 0.85 3.40 ± 1.23 3.92 ± 0.85 < 0.001

Putamen, anterior

Left 2.67 ± 0.74 4.91 ± 1.30 5.56 ± 0.89 < 0.001

Right 2.77 ± 0.84 4.90 ± 1.35 5.65 ± 0.88 < 0.001

Putamen, posterior 

Left 1.57 ± 0.62 4.23 ± 1.36 4.99 ± 0.88 < 0.001†

Right 1.69 ± 0.56 4.24 ± 1.39 4.90 ± 0.86 < 0.001

Substantia nigra

Left 1.42 ± 0.28 1.84 ± 0.37 2.10 ± 0.31 < 0.001†

Right 1.40 ± 0.28 1.74 ± 0.38 2.02 ± 0.28 < 0.001†

Raphe nucleus

Dorsal 1.37 ± 0.44 1.36 ± 0.46 1.48 ± 0.40 0.625

Median 1.33 ± 0.42 1.27 ± 0.42 1.30 ± 0.35 0.853

Data are shown as the mean ± standard deviation. *comparison among 
the three groups of PD, iRBD, and controls by the ANOVA test, †significant 
difference between iRBD and control groups by post hoc analysis (p = 
0.008 and 0.005 for the left and right substantia nigra, and p = 0.014 for 
the left posterior putamen). PD: Parkinson’s disease, iRBD: idiopathic rap-
id eye movement sleep behavior disorder.

Table 3. Characteristic nonmotor symptoms that have significant group differences among the iRBD patients with and without olfactory im-
pairment and healthy controls

iRBD
Healthy controls p-value*

Olfactory impairment No olfactory impairment
MDS-UPDRS I.11 (constipation) 1.08 ± 0.64 0.08 ± 0.29 0.33 ± 0.62 < 0.001†,‡

NMSS domain 6 (gastrointestinal tract) 2.57 ± 2.03 0.25 ± 0.45 1.00 ± 2.27 0.002†,‡

NMSS domain 7 (urinary) 6.00 ± 5.73 3.75 ± 3.94 2.80 ± 1.90 0.021†,‡

NMSS domain 8 (sexual function) 3.00 ± 3.92 0.25 ± 1.00 0.00 ± 0.00 0.023†

Data are shown as the mean ± standard deviation. *comparison among the three groups by the Kruskal-Wallis test, †significant difference between the 
iRBD-olfactory impairment and control groups by the Mann-Whitney U test (p < 0.016), ‡significant difference between the two iRBD subgroups by the 
Mann-Whitney U test (p < 0.016). There was no significant difference between the iRBD-no olfactory impairment and control groups in any of the items 
and domains investigated. iRBD: idiopathic rapid eye movement sleep behavior disorder, MDS-UPDRS: Movement Disorders Society Task Force-re-
vised Unified Parkinson’s Disease Rating Scale, NMSS: Non-Motor Symptom Scale.
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substantia nigra (correlation coefficient ranged from -0.260 to 
-0.358, p < 0.05 for all, after controlling for age by partial corre-
lation analysis). For other nonmotor symptoms and cognitive 
function scores, there were no significant correlations with DAT 
uptakes.

DISCUSSION

The present study revealed features of DAT changes in rela-
tion to olfactory impairment and other prodromal features that 

were assessed systematically in our iRBD cohort. 
As shown in Figure 2, a trend of increasing severity from nor-

mal to disease conditions was observed in several nonmotor 
symptoms, including anxiety and apathy (or mood-cognition), 
constipation (gastrointestinal), some autonomic dysfunction 
(urinary, sexual, orthostatic dizziness), and fatigue. Although 
statistical significance was only detected in the gastrointestinal 
and mood-cognition symptoms, these nonmotor symptoms 
might be more disease-related than those without such trends. 
As reported in a large iRBD cohort,27 there was a close relation-
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Figure 3. Dopamine transporter uptake in each iRBD subgroup. 18F-FP-CIT uptakes in the caudate, anterior and posterior putamen, and the 
substantia nigra are depicted in healthy controls, iRBD-no olfactory impairment and iRBD-olfactory impairment groups, and PD group. Com-
parisons between the iRBD subgroups and the control group were adjusted for age. ns: no significant difference, iRBD: idiopathic rapid eye 
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ship between hyposmia and constipation in our cohort. The 
constipation symptom score increased from normal to disease 
conditions, and that score correlated with the DAT uptake re-
duction. Follow-up analysis of our cohort is needed to reveal the 
temporal relationship between the emergence of nonmotor and 
motor parkinsonian features and the DAT reduction in iRBD. 

By performing a quantitative assessment of DAT, we could 
clearly show the level of DAT reductions in the iRBD patients 
with olfactory impairment at 0.6–0.8 of age-adjusted normal 

values. There was also a distinctive pattern of DAT reduction in 
the putamen and caudate between the iRBD with olfactory im-
pairment and drug-naïve PD groups. In the PD group, the DAT 
reduction in the posterior putamen was large, whereas that in 
the caudate was relatively small. In contrast, the DAT reduc-
tions in both the posterior putamen and the caudate were sim-
ilar in the iRBD with olfactory impairment group. Therefore, it 
is suggested that neurodegeneration in iRBD patients with hy-
posmia may not be confined to a motor part of the basal gan-

[18
F]

FP
-C

IT
 u

pt
ak

es

8

6

4

2

0
Control

Putamen, posterior, left 

ns

iRBD-normo iRBD-hypo PD

†

[18
F]

FP
-C

IT
 u

pt
ak

es

3

2

1

0
Control

Substantia nigra, left

ns

iRBD-normo iRBD-hypo PD

†

[18
F]

FP
-C

IT
 u

pt
ak

es

3

2

1

0
Control

Substantia nigra, right

ns

iRBD-normo iRBD-hypo PD

†

[18
F]

FP
-C

IT
 u

pt
ak

es

8

6

4

2

0
Control

Putamen, posterior, right

ns

iRBD-normo iRBD-hypo PD

†

Figure 3. Dopamine transporter uptake in each iRBD subgroup. 18F-FP-CIT uptakes in the caudate, anterior and posterior putamen, and the 
substantia nigra are depicted in healthy controls, iRBD-no olfactory impairment and iRBD-olfactory impairment groups, and PD group. Com-
parisons between the iRBD subgroups and the control group were adjusted for age. ns: no significant difference, iRBD: idiopathic rapid eye 
movement sleep behavior disorder patients, PD: drug-naïve Parkinson’s disease patients. *If adjusted p < 0.05, †if adjusted p < 0.01.



Nonmotor and DAT Reduction by Olfactory Loss in iRBD
Lee JY, et al.

www.e-jmd.org  111

glia. Combining DAT data with a high frequency of autonomic 
dysfunction and with the fact that common parkinsonism ap-
pearing in iRBD patients is known to be postural instability gait 
disturbance (PIGD) type,28 it is necessary to follow-up with this 
cohort to confirm whether our hyposmic iRBD patients will even-
tually develop PIGD-type poor prognostic PD or DLB-type 
Lewy body disease.

We showed DAT reduction in the substantia nigra as well as 
in the striatum in our iRBD patients with olfactory impairment 
as well as in PD patients. The greatest statistical significance 
found in both substantia nigra might be affected by the variance 
difference in DAT data between the striatum and nigra. It is 
perceived that nigral neuronal loss starts at the distal axons,29 
and thus, greater variability in the striatum was expected. On 
the other hand, DAT regulation in the nigra in PD was shown 
in a pathological study, as there may be a shift into neurons that 
express a lower level of DAT.10 However, studies are needed to 
reveal nigral DAT regulation in early stage PD, and further stud-
ies using a specific DAT tracer should be undertaken to repli-
cate our findings.

Most of the 18F-FP-CIT uptake in raphe nuclei reflects sero-
tonin transporters in the serotonergic cell bodies.28 We includ-
ed raphe nuclei in this analysis as a reference region for seroto-
nergic binding because of the cross-affinity of FP-CIT to the 
serotonin transporter. Our study revealed that both raphe nu-
clei uptakes were not different among the groups. As in our study, 
preservation of the serotonergic system in early PD has been 
observed with tracers binding to serotonin transporters.30,31 How-
ever, compared to serotonin receptor imaging, serotonin trans-

porter uptake may not provide a robust correlation with seroto-
nergic function in the brain.32 Thus, serotonergic involvement 
in iRBD needs to be further investigated in studies that use trac-
ers binding to postsynaptic receptors.

Our data need to be interpreted with caution. First, we need 
to confirm the relationship between the nonmotor feature and 
regional neurodegenerative changes through a longitudinal fol-
low-up. Second, the manually driven regions of interest for the 
substantia nigra might have reduced the power of detecting neu-
rodegenerative changes because it had to be based on the axial 
MRI images, although the configurations of these structures are 
oblique. Third, the possibility that some of our iRBD patients 
will develop a neurodegenerative disease other than PD was not 
excluded. However, hyposmia is a specific premotor sign of Lewy 
body diseases rather than multiple system atrophy (MSA),33 and 
our iRBD patients without olfactory impairment did not have 
symptoms suggesting autonomic dysfunctions or neurological 
signs of MSA. 

This study demonstrated that hyposmia can predict the level 
of DAT reduction and the presence of prodromal nonmotor 
features in iRBD subjects. Longitudinal follow-up of our cohort 
would help to reveal whether neurodegeneration differs by hy-
posmia over time in iRBD and to elucidate the temporal rela-
tionship between the emergence of clinical features and DAT 
loss in iRBD.

Supplementary Materials
The online-only Data Supplement is available with this article at https://

doi.org/10.14802/jmd.18061.

Conflicts of Interest
The authors have no financial conflicts of interest.

Acknowledgments
We give our sincere and honest appreciation to our patients, volunteers, and 

caregivers for their enthusiastic participation in this study.
This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean government (MEST) (No. NRF-2014M3 
C7A1046042, 2016R1D1A1B03936159, and 2018R1C1B3008971).

ORCID iDs 
Jee-Young Lee https://orcid.org/0000-0002-9120-2075
Yu Kyeong Kim https://orcid.org/0000-0002-3282-822X

REFERENCES

1. Berg D, Postuma RB, Adler CH, Bloem BR, Chan P, Dubois B, et al. MDS 
research criteria for prodromal Parkinson’s disease. Mov Disord 2015;30: 
1600-1611.

2. Postuma RB, Gagnon JF, Bertrand JA, Genier Marchand D, Montplaisir 
JY. Parkinson risk in idiopathic REM sleep behavior disorder: preparing 
for neuroprotective trials. Neurology 2015;84:1104-1113.

3. Postuma RB, Gagnon JF, Vendette M, Montplaisir JY. Markers of neuro-
degeneration in idiopathic rapid eye movement sleep behaviour disorder 
and Parkinson’s disease. Brain 2009;132(Pt 12):3298-3307.

4. Mahlknecht P, Iranzo A, Högl B, Frauscher B, Müller C, Santamaría J, et 

R
el

at
iv

e 
D

AT
 re

du
ct

io
n

1.0

0.8

0.6

0.4

0.2

Substantia nigra
Caudate
Anterior putamen
Posterior putamen

Control iRBD-no iRBD-olfactory PD

Figure 4. Relative reduction of dopamine transporter (DAT) binding 
in iRBD patients. Relative reductions of DAT binding in each region 
were estimated with reference to an age-normative value of 18F-FP-
CIT uptakes of each region in healthy controls. Average values from 
both hemispheres are plotted. iRBD group: idiopathic rapid eye move-
ment sleep behavior disorder patients, PD group: drug-naïve, newly di-
agnosed Parkinson’s disease patients.



112

J Mov Disord  2019;12(2):103-112
JMD

al. Olfactory dysfunction predicts early transition to a Lewy body disease 
in idiopathic RBD. Neurology 2015;84:654-658.

5. Jennings D, Siderowf A, Stern M, Seibyl J, Eberly S, Oakes D, et al. Imag-
ing prodromal Parkinson disease: the Parkinson associated risk syndrome 
study. Neurology 2014;83:1739-1746.

6. Iranzo A, Serradell M, Vilaseca I, Valldeoriola F, Salamero M, Molina C, 
et al. Longitudinal assessment of olfactory function in idiopathic REM 
sleep behavior disorder. Parkinsonism Relat Disord 2013;19:600-604.

7. Postuma RB, Gagnon JF, Vendette M, Desjardins C, Montplaisir JY. Olfac-
tion and color vision identify impending neurodegeneration in rapid eye 
movement sleep behavior disorder. Ann Neurol 2011;69:811-818.

8. Postuma RB, Iranzo A, Hogl B, Arnulf I, Ferini-Strambi L, Manni R, et al. 
Risk factors for neurodegeneration in idiopathic rapid eye movement sleep 
behavior disorder: a multicenter study. Ann Neurol 2015;77:830-839.

9. Iranzo A, Valldeoriola F, Lomeña F, Molinuevo JL, Serradell M, Salamero 
M, et al. Serial dopamine transporter imaging of nigrostriatal function in 
patients with idiopathic rapid-eye-movement sleep behaviour disorder: a 
prospective study. Lancet Neurol 2011;10:797-805.

10. Joyce JN, Smutzer G, Whitty CJ, Myers A, Bannon MJ. Differential mod-
ification of dopamine transporter and tyrosine hydroxylase mRNAs in 
midbrain of subjects with Parkinson’s, Alzheimer’s with parkinsonism, and 
Alzheimer’s disease. Mov Disord 1997;12:885-897.

11. Whone AL, Moore RY, Piccini PP, Brooks DJ. Plasticity of the nigropalli-
dal pathway in Parkinson’s disease. Ann Neurol 2003;53:206-213.

12. Brown CA, Karimi MK, Tian L, Flores H, Su Y, Tabbal SD, et al. Valida-
tion of midbrain positron emission tomography measures for nigrostria-
tal neurons in macaques. Ann Neurol 2013;74:602-610.

13. Karimi M, Tian L, Brown CA, Flores HP, Loftin SK, Videen TO, et al. Val-
idation of nigrostriatal positron emission tomography measures: critical 
limits. Ann Neurol 2013;73:390-396.

14. Nirenberg MJ, Vaughan RA, Uhl GR, Kuhar MJ, Pickel VM. The dopa-
mine transporter is localized to dendritic and axonal plasma membranes 
of nigrostriatal dopaminergic neurons. J Neurosci 1996;16:436-447.

15. Lim JS, Shin SA, Lee JY, Nam H, Lee JY, Kim YK. Neural substrates of 
rapid eye movement sleep behavior disorder in Parkinson’s disease. Par-
kinsonism Relat Disord 2016;23:31-36.

16. Stiasny-Kolster K, Mayer G, Schäfer S, Möller JC, Heinzel-Gutenbrunner 
M, Oertel WH. The REM sleep behavior disorder screening questionnaire-
-a new diagnostic instrument. Mov Disord 2007;22:2386-2393.

17. Kim HJ, Im K, Kwon H, Lee JM, Kim C, Kim YJ, et al. Clinical effect of 
white matter network disruption related to amyloid and small vessel dis-
ease. Neurology 2015;85:63-70.

18. Lee JE, Cho KH, Ham JH, Song SK, Sohn YH, Lee PH. Olfactory perfor-
mance acts as a cognitive reserve in non-demented patients with Parkin-
son’s disease. Parkinsonism Relat Disord 2014;20:186-191.

19. Ross GW, Petrovitch H, Abbott RD, Tanner CM, Popper J, Masaki K, et 
al. Association of olfactory dysfunction with risk for future Parkinson’s 
disease. Ann Neurol 2008;63:167-173.

20. Yang KH, Kim IT, Park YM, Min YG. Measurement of olfactory thresh-
old in normal Korean adults with combined use of bounded CCCRC test 
and Step method. J Rhinol 1997;4:13-17.

21. Kim BG, Oh JH, Choi HN, Park SY. Simple assessment of olfaction in pa-
tients with chronic rhinosinusitis. Acta Otolaryngol 2015;135:258-263.

22. Chaudhuri KR, Martinez-Martin P, Brown RG, Sethi K, Stocchi F, Odin P, 
et al. The metric properties of a novel non-motor symptoms scale for Par-
kinson’s disease: results from an international pilot study. Mov Disord 2007; 
22:1901-1911.

23. Lee JY, Seo S, Lee JS, Kim HJ, Kim YK, Jeon BS. Putaminal serotonergic 
innervation: monitoring dyskinesia risk in Parkinson disease. Neurology 
2015;85:853-860.

24. Morrish PK, Sawle GV, Brooks DJ. Regional changes in [18F]dopa me-
tabolism in the striatum in Parkinson’s disease. Brain 1996;119(Pt 6):2097-
2103.

25. Son YD, Cho ZH, Choi EJ, Kim JH, Kim HK, Lee SY, et al. Individually 
differentiated serotonergic raphe nuclei measured with brain PET/MR 
imaging. Radiology 2014;272:541-548.

26. Son YD, Cho ZH, Kim HK, Choi EJ, Lee SY, Chi JG, et al. Glucose metab-
olism of the midline nuclei raphe in the brainstem observed by PET-MRI 
fusion imaging. Neuroimage 2012;59:1094-1097.

27. Aguirre-Mardones C, Iranzo A, Vilas D, Serradell M, Gaig C, Santamaría 
J, et al. Prevalence and timeline of nonmotor symptoms in idiopathic rap-
id eye movement sleep behavior disorder. J Neurol 2015;262:1568-1578.

28. Iranzo A, Santamaria J, Tolosa E. Idiopathic rapid eye movement sleep be-
haviour disorder: diagnosis, management, and the need for neuroprotec-
tive interventions. Lancet Neurol 2016;15:405-419.

29. Saari L, Kivinen K, Gardberg M, Joutsa J, Noponen T, Kaasinen V. Dopa-
mine transporter imaging does not predict the number of nigral neurons 
in Parkinson disease. Neurology 2017;88:1461-1467.

30. Politis M, Wu K, Loane C, Kiferle L, Molloy S, Brooks DJ, et al. Staging of 
serotonergic dysfunction in Parkinson’s disease: an in vivo 11C-DASB 
PET study. Neurobiol Dis 2010;40:216-221.

31. Albin RL, Koeppe RA, Bohnen NI, Wernette K, Kilbourn MA, Frey KA. 
Spared caudal brainstem SERT binding in early Parkinson’s disease. J 
Cereb Blood Flow Metab 2008;28:441-444.

32. Komorowski A, James GM, Philippe C, Gryglewski G, Bauer A, Hienert 
M, et al. Association of protein distribution and gene expression revealed 
by PET and post-mortem quantification in the serotonergic system of the 
human brain. Cereb Cortex 2017;27:117-130.

33. Jecmenica-Lukic M, Poewe W, Tolosa E, Wenning GK. Premotor signs and 
symptoms of multiple system atrophy. Lancet Neurol 2012;11:361-368.




