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Lack of association between dopamine transporter loss and non-motor
symptoms in patients with Parkinson’s disease: a detailed PET analysis
of 12 striatal subregions
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Abstract

Introduction Patients with Parkinson’s disease (PD) present a variety of non-motor symptoms. However, it remains unclear
whether dopamine depletion is related to non-motor symptoms, and which non-motor symptoms are significantly dependent
on dopaminergic deficit.

Methods Forty-one patients with PD who underwent positron emission tomography imaging of dopamine transporters
(DATs) were recruited for this study. The striatum was divided into 12 subregions, and DAT activity, as striatal dopaminergic
concentration, was calculated in each subregion. In addition to measuring motor symptoms using the Unified Parkinson’s
Disease Rating Scale-part III (UPDRS-III), various non-motor symptoms were assessed using the Montreal cognitive assess-
ment, frontal assessment battery, Beck depression inventory (BDI), Beck anxiety inventory, PD sleep scale (PDSS), PD
fatigue scale, and non-motor symptoms scale (NMSS) for PD.

Results For simple linear regression analyses, dopaminergic depletion in all striatal subregions was negatively correlated with the
UPDRS-III score. The most relevant non-motor symptom assessment related to dopaminergic loss in the 12 subregions was
NMSS, followed by BDI and PDSS. However, following multiple linear regression analyses, dopaminergic depletion in the 12
striatal subregions was not related with any of the non-motor symptoms. Conversely, dopaminergic deficit in the right anterior
and posterior putamen was associated with the UPDRS-III score.

Conclusions Striatal dopaminergic depletion was not significantly correlated with any of the various non-motor symptoms in
PD. Our findings suggest that non-dopaminergic systems are significantly implicated in the pathogenesis of non-motor
symptoms in patients with PD.
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Introduction the loss of dopaminergic neurons in the pars compacta of

substantia nigra with decreased dopamine release in the stria-
The pathologic hallmark of Parkinson’s disease (PD) is char-  tum, resulting in motor symptoms including tremor, rigidity,
acterized by progressive neurodegeneration which includes  and bradykinesia. Abnormal accumulation of misfolded «-
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synuclein—Lewy bodies and Lewy neurites—further leads to
progressive neuronal loss in both central and peripheral ner-
vous systems with neuronal selectivity. Recently, Goedert
et al. suggested that Lewy pathology begins in the enteric
nervous system and/or the olfactory bulb, with subsequent
propagations of Lewy pathology occurring in the lower brain
stem, the upper brain stem, and cerebral cortex [1].
Parkinsonian motor symptoms start to develop after signifi-
cant dopaminergic reduction (at least 40~50%) in the striatum
[2, 3]. Dopamine transporter (DAT) imaging with positron
emission tomography (PET) using a radiotracer such as '°F-
radiolabeled N-(3-fluoropropyl)-23-carboxymethoxy-3 (3-(4-
iodophenyl) nortropane ('*F-FP-CIT) can be used to assess
the dopaminergic degeneration of the striatum [4]. The char-
acteristic finding detected by DAT imaging is dopaminergic
reduction in the posterior putamen, which is known to be
involved in basal ganglia circuits of parkinsonian motor
symptoms. Furthermore, recent studies have shown signifi-
cant negative correlations between striatal dopaminergic up-
take on DAT imaging and the severity of motor symptoms in
patients with PD [3, 5].

Patients with PD present with various non-motor features.
Some non-motor symptoms including REM sleep behavior
disorder (RBD), constipation, depression, or hyposmia, which
may occur even in the premotor stage of PD [6, 7]. As PD
progresses, non-motor features such as pain, fatigue, ortho-
static hypotension, urinary difficulty, psychiatric symptom,
or dementia may be present in varying degrees of severity
[7, 8]. Unlike motor symptoms, it remains controversial
whether non-motor symptoms are linked to dopaminergic def-
icits of the striatum. Since non-motor symptoms in PD are
diverse and connected with each other, a comprehensive anal-
ysis is required for exploring the detailed relationships be-
tween the level of striatal dopamine depletion and the severity
of various non-motor symptoms.

Accordingly, we aimed to investigate correlations between
non-motor symptoms and striatal dopaminergic deficits mea-
sured by '®F-FP-CIT PET. In this study, various scales for
different non-motor symptoms including depression, anxiety,
fatigue, sleep quality, global cognition, and frontal executive
function were assessed. Furthermore, the striatum was divided
into 12 subregions to uncover which areas of the striatum
correlate with non-motor symptoms.

Methods

Patient selection and clinical assessment of motor
and non-motor symptoms

A total of 151 patients with parkinsonism visited and registered

in the hospital between 2013 and 2016. We consecutively
reviewed PD patients who underwent both brain magnetic
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resonance imaging (MRI) and '*F-FP-CIT PET in our hospital.
PD was diagnosed according to not only the UK Brain Bank
Criteria [8, 9], but also the typical pattern of dopaminergic
depletion on the DAT scans with '*F-FP-CIT [10]. Since this
study was designed as a retrospective analysis to investigate
correlations between striatal dopamine depletion and non-
motor symptoms, we applied more strict criteria to include
appropriate patients in the scope of the study. We excluded
patients based on the following: (1) any evidence of consider-
able brain damage including cerebral ischemia, stroke, or
encephalomalacia by reviewing brain MRI of each patient;
(2) equivocal findings of "*F-FP-CIT PET to rule out the pos-
sibility of secondary parkinsonism or scans without evidence
of dopamine deficit; (3) any serious medical illness including
renal insufficiency, hepatic failure, infection, or cancer; (4) any
previous history of neuropsychological medication for depres-
sion, anxiety, insomnia, or dementia to exclude a potential
possibility of medication effect for non-motor symptoms; (5)
below 20-point score on the Korean version of Mini-Mental
State Examination (K-MMSE) indicating moderate to severe
dementia; (6) a possibility of uncertain diagnosis with poor
levodopa responsiveness or any atypical feature during the
follow-ups in our hospital; and (7) any patient with insufficient
or inappropriate data in their medical records. Following
screening, 41 patients with PD were enrolled in the study.
This study was approved by the hospital’s institutional review
board (IRB) committee (IRB no. 2017-07-020).

Parkinsonian motor symptoms were evaluated with the
Unified Parkinson’s Disease Rating Scale (UPDRS) part 111
and the Hoehn and Yahr (H&Y) stage. In addition, levodopa
equivalent daily dose (LEDD) was calculated for each subject.
Cognitive function was assessed using the Korean version of
the Montreal cognitive assessment (MoCA-K) as a parameter
of global cognition [11], and the frontal assessment battery
(FAB) was used to assess frontal executive function [12].
Other non-motor symptoms were investigated using the
Beck depression inventory (BDI) [13], the Beck anxiety in-
ventory (BAI) [14], the Parkinson’s disease sleep scale
(PDSS) [15], the Parkinson fatigue scale (PFS) [16], and the
non-motor symptoms scale (NMSS) [17].

PET image acquisition and quantitative analysis
of striatal subregions

DAT scans using '*F-FP-CIT were completed using a PET/
computed tomography (CT) scanner (Biograph Duo, Siemens
Healthcare, Erlangen, Germany), which provides an in-plane
spatial resolution of 2.0-mm full width at half maximum from
the center of the field of view. Prior to PET/CT scanning, all
subjects discontinued all medications for at least 12 h. Image
acquisition was obtained 2 h after intravenous injection of
185 MBq of 'F-FP-CIT. CT images were acquired using a
continuous spiral technique on a two-slice helical CT with
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110 KV and 50 mA adjusted to body weight (section width,
2.0 mm). Emission scans were then obtained for 10 min.
Attenuation-corrected PET images with a voxel size of 1.3 x
1.3 x 3.4 mm were reconstructed using 2D ordered-subsets
expectation maximization algorithms.

Image processing was performed using SPM8 (Wellcome
Department of Imaging Neuroscience, Institute of Neurology,
UCL, London, UK) and Matlab 2013a for Windows (Math
Works, Natick, MA, USA) and MRIcro version 1.37 (Chris
Rorden, Columbia, SC, USA). Quantitative analyses were
based on volumes of interest (VOIs), as previously described
[10]. To remove inter-subject anatomical variability, individ-
ual PET images were spatially normalized to the Montreal
Neurology Institute (MNI) template space using a standard
18F-FP-CIT PET template. The 18F-FP-CIT PET template
was constructed using the T1-weighted MRI and 18F-FP-
CIT PET images of 13 normal controls [18].

Twelve VOIs of bilateral striatal subregions were drawn
including right/left-sided anterior caudate nucleus (AC), pos-
terior caudate nucleus (PC), anterior putamen (AP), posterior
putamen (PP), ventral putamen (VP), and ventral striatum
(VS), in addition to one occipital VOI as a reference.
Regions were drawn on a co-registered spatially normalized
single T1 MR and 18F-FP-CIT PET template as done in pre-
vious studies [10, 18]. The VOI for the VS was defined on the
basis of previously defined criteria [19]. The AP-PC boundary
point and AP-PP boundary point were the anterior commis-
sure coronal planes. The PP-VP boundary point was the
anterior—posterior commissure transaxial plane. The outer
boundaries of the striatal subregions were visually determined
based on increased activity of the striatum, which can distin-
guish these subregions from extrastriatal structures. These
VOIs were then automatically applied directly to the spatially
normalized individual PET images with manual adjustment by
our in-house editing software to ensure registration accuracy.
We evaluated dopaminergic degeneration by measuring DAT
activity concentration in each VOI. The DAT activity was
calculated by the non-displaceable binding potential (BPyp),
which was defined as (mean standardized uptake value (SUV)
of the striatal subregion VOI—mean SUV of the occipital
VOI)/mean SUV of the occipital VOI.

Statistics

Simple linear regression analysis was used for simple correla-
tion between BPyp of striatal subregions and each parameter
including demographics, motor, and non-motor symptoms.
Next, multiple linear regression analysis was performed to
determine which specific parameter might be independently
associated with dopaminergic depletion of striatum. SPSS
20.0 (IBM Corporation, Armonk, NY, USA) for Windows
was used for statistical analysis. P < 0.05 was set for statistical
significance.

Results

Baseline demographics and clinical characteristics
in patients with Parkinson’s disease

Baseline characteristics and motor/non-motor severities of the par-
ticipants are displayed in Table 1. Mean age of 41 patients with PD
was 67.5 years and 53.7% of patients were male. Mean disease
duration was 2.3 years. Mean scores of the various non-motor
symptoms were as follows: MoCA-K, 21.3; FAB, 14.0; BDI,
12.9; BAI 14.4; PDSS, 100.2; PFS, 41.2; and NMSS, 50.0.

Simple linear regression analysis of dopamine
deficiency in patients with Parkinson’s disease

In Supplementary Table 1, a simple linear regression assay was
performed between dopaminergic depletion of 12 striatal subre-
gions and demographics or motor symptoms. Age was signifi-
cantly associated with all striatal subregions, with the exception
of the right anterior putamen. Education level was not correlated
with any striatal subregions, and disease duration was associated
only with the left anterior caudate nucleus. Conversely, both the
UPDRS-III and LEDD showed significant relationships with all
striatal subregions.

Table 1 Participant characteristics
Patients with Parkinson’s
disease (n=41)
Male, n (%) 22 (53.7)
Age (yr) 67.5+7.7
Disease duration (yr) 23425
Level of education (yr) 10.5+5.3
K-MMSE 25.6+2.6
UPDRS-III score (motor) 22.8+12.5
Hoehn and Yahr stage 1.7+£0.6
LEDD (mg) 258.6+277.1
Assessment tests for non-motor symptom
MoCA-K (global cognitive function) 21.3+438
FAB (frontal lobe function) 14.0+3.2
BDI (depression) 12.7+£9.0
BAI (anxiety) 14.4+102
PDSS (sleep) 100.2+31.5
PFS (fatigue) 41.2+18.2
NMSS (global non-motor symptoms) 50.0+£29.0

Data represent mean + SD

K-MMES, Korean version of Mini-Mental State Examination; UPDRS-
111, Unified Parkinson’s Disease Rating Scale-part 3; LEDD, levodopa
equivalent daily dose; MoCA-K, Korean version of Montreal cognitive
assessment; FAB, frontal assessment battery; BDI, Beck depression in-
ventory; BAI, Beck anxiety inventory; PDSS, Parkinson’s disease sleep
scale; PFS, Parkinson’s disease fatigue scale; NMSS, non-motor symp-
toms scale for Parkinson’s disease
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In Supplementary Table 2, a simple linear regression test was
conducted between dopaminergic depletion of 12 striatal subre-
gions and various non-motor symptoms. MoCA-K did not show
any association with striatal subregions. FAB revealed a correla-
tion only with the right posterior caudate nucleus (6=0.311, P=
0.049). BDI was significantly correlated to the bilateral posterior
caudate nucleus (right 5=—0.343, P=0.028; left 5=—0.410,
P=0.008), the left anterior putamen (5=-0.382, P=0.014),
the bilateral posterior putamen (right G=—10.346, P =0.027; left
B=-0.413, P=0.007), and the bilateral ventral putamen (right

=-0.332, P=0.034; left 5=-0.431, P=0.005). BAI was
significantly associated with the left posterior putamen (3=—
0.348, P=0.026) and the left ventral putamen (3=—0.336, P=
0.032). PDSS showed significant correlations with the left AC
(8=0.316, P=0.044), bilateral PC (right 3=0.418, P=0.007;
left 5=0.398, P=0.010), and bilateral PP (right 5=0.348, P=
0.026; left 5=0.318, P=0.014). PFS did not reveal any associ-
ation with any striatal subregions. NMSS was negatively corre-
lated with left AC (6=—0.336, P=0.032), bilateral PC (right
B=-0.357, P=0.022; left 5=—0.450, P=0.003), bilateral AP
(right 5=—0.360, P=0.021; left 3=—0.428, P=0.005), bilat-
eral PP (right 5=-0.418, P=0.006; left 5=—0.427, P=
0.005), bilateral VP (right 3=—0.407, P=0.008; left 3=—
0.451, P=0.003), and left VS (8=—0.363, P=0.020).

Multiple linear regression analysis of dopamine
depletion in patients with Parkinson’s disease

After simple linear regression analysis, multiple linear regres-
sion analyses were conducted with significant factors for each
striatal subregion (Table 2). We found that UPDRS-III was sig-
nificantly related with dopaminergic degeneration in the right
AP and PP. However, no non-motor symptoms were correlated
with dopaminergic depletion of the 12 striatal subregions.

Discussion

For assessment of cerebral alterations in patients with brain
disorders, researchers have used various imaging tools includ-
ing diffusion-weighted imaging and magnetic resonance spec-
troscopy. Diffusion-weighted imaging with ADC values indi-
cating the random movement of water molecules demon-
strates cytotoxicity-related brain abnormality [20, 21], where-
as magnetic resonance spectroscopy reveals metabolic chang-
es [22]. Conversely, FP-CIT PET scans enable us to measure
the amount of presynaptic striatonigral dopaminergic neurons.
Therefore, the FP-CIT PET method is more directly associat-
ed with understanding the pathophysiology of PD.

A recent meta-analysis demonstrated that the loss of
putaminal dopamine negatively correlates with the severity
of motor symptoms in PD [2]. Similarly, our data also revealed
that dopaminergic depletion in the AP and PP of the right
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striatum negatively correlated to the total motor symptoms
of PD. However, we did not conduct further analysis on de-
tailed motor features such as subtype or subscore, as this study
was designed to focus on non-motor symptoms.

We investigated to explore whether striatal dopaminergic
uptake using '""F-FP-CIT PET is significantly related with
non-motor symptoms of patients with PD. Since PET has
higher sensitivity and resolution than single photon emission
computed tomography (SPECT), we divided the striatum into
12 subregions on PET images. Moreover, we assessed many
non-motor symptoms including depression, anxiety, global
cognitive function, frontal executive function, depression,
anxiety, sleep, fatigue, and global non-motor symptom, as
described in the methods. To the best of our knowledge, this
study was performed with the most segmentalized subdivi-
sions of the striatum as well as the most numerous non-
motor symptoms. Accordingly, we could thoroughly investi-
gate detailed associations between non-motor symptoms and
striatal dopaminergic deficits in patients with PD.

Previous work has investigated the association between non-
motor symptoms and dopamine depletion using DAT scans.
Mild cognitive impairment in PD has shown to be associated
with significant reduction of striatal dopamine [23, 24], and
global cognitive function with MoCA being negatively corre-
lated to striatal depletion [25]. In addition, among several cog-
nitive domains, frontal executive dysfunction was significantly
related to striatal dopaminergic depletion [25-27]. Further, sev-
eral studies have found depression and/or anxiety to be signif-
icantly associated with the dopaminergic depletion of the stria-
tum in patients with PD [28-33]. When investigating apathy
and dopamine depletion however, two different research groups
found opposite results regarding their association [34, 35].
Yousaf et al. showed daytime sleepiness was related to dopa-
mine depletion of the caudate nucleus [36]. However, the pre-
vious studies showing a positive result between dopamine de-
pletion and non-motor symptoms focused only on a few of non-
motor features, thereby leading to limitations in the interpreta-
tion and generalizability of these findings. Our results failed to
provide strong evidence for a correlation between dopaminer-
gic depletion and various non-motor symptoms in PD. Such a
difference between our data and other studies might be associ-
ated in part with methods, as described in the previous para-
graph. Furthermore, to obtain more exact and accurate results,
we applied strict and rigorous statistics. Although simple corre-
lation analysis revealed some significant correlations between
dopaminergic depletion and non-motor symptoms including
depression and sleep quality along with motor symptoms, mul-
tiple linear regression analysis showed no significant associa-
tion of dopaminergic depletion with various non-motor symp-
toms in patients with PD. In line with our findings, a recent
study demonstrated that striatal dopamine depletion was not
related to non-motor burden of NMSS in the early stages of
PD [37]. Taken together, it may indicate that non-dopaminergic
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Table 2  Multiple linear regression analysis on dopamine depletion in relation to non-motor symptoms among patients with Parkinson’s disease

Region of interest Variable B t value [95% CI] P value
Left anterior caudate nucleus Age —0.034 —1.913 [-0.070, 0.002] 0.064
Disease duration -0.039 —0.798 [ 0.139, 0.060] 0.430
UPDRS-III -0.015 —1.369 [-0.038, 0.007] 0.180
LEDD 0.000 —0.506 [-0.001, 0.001] 0.616
PDSS 0.002 0.541 [-0.007, 0.012] 0.592
NMSS 0.002 0.375 [-0.010. 0.014] 0.710
Right posterior caudate nucleus Age -0.018 —1.368 [ 0.046, 0.009] 0.180
UPDRS-1II —0.006 —0.742 [-0.022, 0.010] 0.463
LEDD 0.000 —0.626 [-0.001, 0.001] 0.536
FAB 0.010 0.313 [-0.057, 0.077] 0.757
BDI —0.011 —0.940 [-0.035, 0.013] 0.354
PDSS 0.004 1.207 [-0.003, 0.011] 0.236
NMSS 0.003 0.588 [-0.006, 0.012] 0.560
Left posterior caudate nucleus Age —0.022 —2.112 [-0.044, — 0.001] 0.042
UPDRS-III —0.004 —0.629 [ 0.018, 0.009] 0.534
LEDD —3.426x107° —0.102 [-0.001, 0.001] 0919
BDI —0.011 —1.185 [~ 0.031, 0.008] 0.244
PDSS 0.003 1.155 [ 0.002, 0.009] 0.256
NMSS 0.000 —0.030 [-0.008, 0.007]. 0.976
Right anterior putamen UPDRS-III —0.025 —2.342 [-0.046, — 0.003] 0.025
LEDD 0.000 —0.637 [-0.001, 0.001] 0.528
NMSS —0.004 —0.714 [~ 0.014, 0.007] 0.480
Left anterior putamen Age -0.027 —1.385[-0.067, 0.013] 0.175
UPDRS-III —-0.017 —1.452 [-0.042, 0.007] 0.155
LEDD 0.000 —0.256 [-0.001, 0.001] 0.799
BDI —-0.019 —1.059 [-0.055, 0.017] 0.297
NMSS —0.002 —0.324 [-0.016, 0.012] 0.748
Right posterior putamen Age —0.012 —0.825 [-0.041, 0.017] 0.416
UPDRS-III -0.019 —2.041 [-0.037, 0.000] 0.049
LEDD 0.000 —0.543 [-0.001, 0.001] 0.590
BDI —0.008 —0.624 [-0.035, 0.018] 0.537
PDSS 0.001 0.370 [ 0.006, 0.009] 0.714
NMSS —0.001 —0.213 [~ 0.011, 0.009] 0.833
Left posterior putamen Age —0.016 —1.052 [-0.048, 0.015] 0.301
UPDRS-III -0.014 —1.467 [-0.034, 0.006] 0.152
LEDD 0.000 —0.240 [-0.001, 0.001] 0.812
BDI -0.014 —0.788 [~ 0.052, 0.023] 0.436
BAI —0.004 —0.240 [ 0.036, 0.028] 0.812
PDSS 0.001 0.305 [-0.007, 0.009] 0.762
NMSS —0.001 —0.142 [-0.012, 0.011] 0.888
Right ventral putamen Age —0.018 —1.590 [-0.042, 0.005] 0.121
UPDRS-IIT -0.014 —1.902 [-0.029, 0.001] 0.066
LEDD 0.000 —0.498 [-0.001, 0.01] 0.622
BDI —0.006 —0.622 [-0.028, 0.015] 0.539
PDSS 0.001 0.443 [-0.005, 0.007] 0.660
NMSS 0.000 0.086 [—0.008, 0.009] 0.932
Left ventral putamen Age -0.019 —1.600 [—0.043, 0.005] 0.119
UPDRS-III —0.010 —1.312 [~ 0.025, 0.005] 0.199
LEDD 0.000 —0.442 [-0.001, 0.001] 0.661
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Table 2 (continued)

Region of interest Variable B t value [95% CI]| P value
BDI -0.014 —1.022 [-0.043, 0.014] 0314
BAI 0.000 0.039 [-0.024, 0.025] 0.969
PDSS 0.002 0.647 [—0.004, 0.008] 0.522
NMSS 0.000 0.039 [—0.009, 0.009] 0.969

Left ventral striatum Age -0.022 —1.816 [-0.047, 0.003] 0.078
UPDRS-III —-0.011 —1.435 [ 0.026, 0.004] 0.160
LEDD 0.000 —0.470 [-0.001, 0.001] 0.641
NMSS —0.001 —0.245 [-0.009, 0.007] 0.808

FAB, frontal assessment battery; BDI, Beck depression inventory; BAI, Beck anxiety inventory; PDSS, Parkinson’s disease sleep scale; NMSS, non-motor

symptoms scale for Parkinson’s disease

dysfunctions including serotonergic degeneration provide
greater contributions to non-motor symptoms in PD, compared
with dopaminergic dysfunction. There is some evidence that
serotonergic deficit is involved in the pathogenesis of apathy,
fatigue, depression, and anxiety from the previous studies of
patients with PD [38—40].

This study has some limitations. First, we enrolled PD pa-
tients taking dopaminergic medications. Such dopaminergic
drugs do not influence dopamine depletion of FP-CIT PET.
However, we could not exclude a possibility of the effect of
dopaminergic medication on various non-motor symptoms
evaluated in the current study. To minimize the effect of med-
ication on non-motor symptoms, we excluded those who took
any previous neuropsychiatric medicines including anti-depres-
sants, anti-anxiolytics, and anti-dementia drug. Second, we did
not assess precise measurements of apathy and pain which are
not uncommon in patients with PD, although apathy and pain
could be calculated as a subscore of NMSS (data not shown).
Lastly, this study utilized a retrospective design and the sample
size was relatively small. Accordingly, a prospective study with
a larger sample size is required to confirm our findings.

In conclusion, our results showed a lack of evidence
supporting associations between striatal dopaminergic depletion
and non-motor symptoms in patients with PD. This highlighted
that non-dopaminergic dysfunctions might play a larger role in
non-motor symptoms in PD than dopaminergic deficits. Non-
dopaminergic dysfunction may be crucial not only in understand-
ing the pathophysiology of non-motor symptoms of PD, but also
in treating various non-motor symptoms in patients with PD.
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