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Background: In clinical practice, assessment of the striatal accumulation in 123I-
ioflupane single photon emission computed tomography (SPECT) is commonly
performed calculating the specific binding ratio (SBR) for the whole striatum. On the
other hand, visual assessment of striatal accumulation in the SPECT was recently
established. However, correlations of visual assessment with motor and cognitive
functions in Parkinson’s disease (PD) have rarely been examined. Differences in the
usefulness of these assessments at clinics are uncertain.

Objective: We performed this study to compare correlations of cognitive and motor
functions in drug-naive PD between the SBR and visual assessment using 123I-ioflupane
SPECT.

Methods: Cognitive and motor assessments and 123I-ioflupane SPECT were performed
in 47 drug-naïve PD patients with Mini-mental State Examination scores of ≥25.
Cognitive function was assessed using the total score and 6 subscores of the Montreal
Cognitive Assessment (MoCA) and 10 separate subtests of the Neurobehavioral
Cognitive Status Examination (COGNISTAT). Motor function was assessed using the
Hoehn and Yahr scale and Unified Parkinson’s Disease Rating Scale. Accumulation
of 123I-ioflupane was determined by visual assessment based on five grades: 1,
burst striatum; 2, egg-shaped; 3, mixed type; 4, eagle wing; 5, normal striatum; and
by calculating SBR averaged for the bilateral striatum using the DaTView computer
software commonly used in clinical practice. Each SPECT assessment was compared
with each subscore for cognitive and motor assessments.

Results: Spearman correlation analysis showed SBR was significantly correlated with
the MoCA subscores of visuospatial function and attention, and with COGNISTAT
subtests of attention. Visual assessment showed significant negative correlation with the
Hoehn and Yahr scale. Mean score of postural instability in patients with visual grade of
1 was significantly higher than those in patients with visual grades of 2 and 3.
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Conclusion: Clinical symptoms reflected by 123I-ioflupane SPECT differ between the
SBR and visual assessment. SBR reflects some cognitive functions, whereas a visual
assessment grade of 1, which signifies decreased uptake of 123I-Ioflupane in the
caudate nucleus, reflects postural instability. Thus, the caudate nucleus may play
an important role in posture maintenance. Our results suggest that performing both
assessments is of value.

Keywords: Parkinson’s disease, 123I-ioflupane SPECT, visual assessment, specific binding ratio, cognitive
function, postural instability

INTRODUCTION
123I-ioflupane single photon emission-computed tomography
(SPECT) can detect the presynaptic dopamine transporter and
has been introduced in clinical practice for differential diagnosis
of Parkinson’s Disease (PD) and related disorders. Quantitative
assessment of imaging, such as the ratio of specific-to-nonspecific
uptake for the caudate nucleus and putamen, was used in
previous research using the 123I-ioflupane SPECT. On the other
hand, PD patients often show cognitive impairment. Among
the cognitive domains, frontal lobe functions such as executive
function are shown to correlate with uptake in the caudate (Nobili
et al., 2010; Pellecchia et al., 2015) and putamen (Pellecchia
et al., 2015) on 123I-ioflupane SPECT. However, assessment of
the SPECT is performed by calculating the specific binding ratio
(SBR) for the whole striatum using software such as DaTView
(AZE Corp., Tokyo, Japan) in most clinics. This method was
introduced by Tossici-Bolt et al. (2006). Analysis using this
method is reported to be less dependent of partial volume
effects, which would improve the consistency in quantitative
measurements among different imaging devices. The multicenter
database of healthy control for the SBR calculated by this method
has been established in Japan (Matsuda et al., 2018). On the
other hand, visual assessment using 123I-ioflupane SPECT has
also recently been established (Eggers et al., 2011; Kahraman
et al., 2012a,b). This classification is based on shape of lesions
with uptake of 123I-ioflupane in parts of the striatum. Visual
assessment is useful for distinguishing the motor subtype of PD
(Eggers et al., 2011) and for differentiating PD from atypical
parkinsonism (Kahraman et al., 2012b). However, the association
of visual assessment with motor and cognitive functions has
rarely been examined. Here, we compared association for some
cognitive and motor functions between SBR for the whole
striatum and visual assessment using 123I-Ioflupane SPECT.

MATERIALS AND METHODS

Subjects
The subjects were 48 drug-naïve PD patients recruited from
outpatient and inpatient groups diagnosed at Showa University
Hospital and Showa University East Hospital, Tokyo, Japan.
The diagnosis of PD was made using the United Kingdom
Parkinson’s Disease Society Brain Bank criteria (Gibb and
Lees, 1988). Patients were first diagnosed by clinical history
and neurological findings before medication. Data of clinical

and radiological assessments for this study were obtained
within 2 months before medication. Then motor symptoms
of all patients improved taking dopaminergic medication later,
which confirmed the diagnosis of PD. MRI findings of all
participants presented no abnormal intensity area nor focal
atrophy suggesting parkinsonism other than PD. To exclude
patients with apparent dementia, only those with a Mini-
Mental State Examination (MMSE) score ≥25 were included.
No subject had evidence of core clinical features of dementia
with Lewy bodies (DLBs), such as fluctuating cognition with
pronounced variations in attention and alertness, and recurrent
visual hallucinations that are typically well formed and detailed.
None were taking anti-Parkinsonian drugs, anti-dementia drugs,
such as acetylcholinesterase inhibitors or N-methyl-D-aspartic
acid (NMDA) receptor antagonists, or any drug that might
influence striatum binding of 123I-ioflupane. No subjects had
a disease other than PD that affected motor and cognitive
functions. The Ethics Committee of Showa University School of
medicine approved this study, and it was performed according
to the Declaration of Helsinki. Written informed consent was
obtained from all subjects.

Assessment of Cognitive and Motor
Functions
Cognitive function was assessed with the Montreal Cognitive
Assessment (MoCA) and the Neurobehavioral Cognitive Status
Examination (COGNISTAT). These neuropsychological tests
were performed by examiners who were blinded to the patient’s
motor assessment and radiological findings. We have shown
that the MoCA and COGNISTAT detect cognitive impairment
in PD patients sensitively, and are useful for detection of
subtle cognitive impairment in PD without apparent dementia
(Murakami et al., 2013). The MoCA was performed using
the total score and 6 subscores as shown in Table 1. This
categorization is the “domains-based subscore” presented in
the original MoCA proposal (Nasreddine et al., 2005). One
patient had a MoCA total score of 11, which signifies apparent
dementia. Therefore, we excluded this case from the study. The
other 47 patients were included in the study. The COGNISTAT
has 10 separate cognitive examination subtests: orientation,
attention, language-comprehension, language-repetition,
language-naming, construction, memory, calculation, similarity,
and judgment (Kiernan et al., 1987). Each subtest assesses
different cognitive domains. In the Japanese version of the
COGNISTAT, the raw score of each subtest is converted to a
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TABLE 1 | Test items inclueded in the six MoCA subtests and motor subscores.

Battery Subtest Included items

MoCA Visuospatial function Copy cube, draw clock

Attention Digit span, vigilance, serial 7s

Language Naming of three animals, sentence repetition

Executive function Trail making, verbal fluency, abstraction

Memory Delayed recall of five words

Orientation Orientation

UPDRS Tremor Items 16, 20, and 21

Rigidity Item 22

Akinesia Items 23–26 and 31

Gait Items 13–15 and 29

Postural instability Items 27, 28, and 30

MoCA, montreal cognitive assessment; UPDRS, unified Parkinson’s diesase rating
scale.

standard score, in which average scores in normal controls are
set to 10 and standard deviations (SDs) in healthy controls are
set to 1 (Matsuda et al., 2003). For cognitive assessment using
the COGNISTAT, we used the standardized score of each subtest.
In one case, raw score of attention subtest was too low and the
standardized score for this case was not available. Therefore,
we excluded this case for analysis using COGNISTAT attention
subtest.

The Unified Parkinson’s Disease Rating Scale (UPDRS)
(Movement Disorder Society Task Force on Rating Scales for
Parkinson’s Disease, 2003) was used for assessment of motor
function. This scale was assessed using the total score for Part III
(motor score) and subscores for tremor, rigidity, akinesia, gait,
and postural instability as shown in Table 1. All raw data for this
study are included in the Supplementary Table S1.

Imaging
123I-Ioflupane SPECT was performed using a standard protocol
before medication with dopaminergic drugs. A dose of 167 MBq
of 123I-ioflupane was injected intravenously at 10:20 to 10:30 a.m.
Scanning was performed 3 h after the injection using a triple
head gamma camera (GCA-9300R, Toshiba Medical Systems,
Tochigi, Japan) equipped with low energy-high resolution fan-
beam collimators (system resolution at 13.2 cm = 9.6 mm).
A total of 128 projections for each detector were acquired on a
128 × 128 matrix (1.7 mm pixel size) over a circular 360 orbit.
A 20% window centered at 159 KeV was used. The radius of
rotation was 13.2 cm for a total acquisition time of 28 min.
Image reconstruction was performed by filtered back projection
using a Butterworth pre-filter (cut-off 0.76 cycles/cm, order 8).
Attenuation and scatter corrections were not performed in image
reconstruction. DaTView software (AZE Corp., Tokyo, Japan)
that is commonly used in clinical practice was used to calculate
SBR. The region of interest (ROI) was set manually at the bilateral
putamen and caudate using template of standard shape as shown
by Tossici-Bolt et al. (2006). The dimension of the template is
approximately 61 mm × 48 mm and ensures the inclusion of all
striatal counts. This technique is shown to be reproducible and
sensitive (Tossici-Bolt et al., 2006). The entire cerebrum except

the ROI was used as the reference region with non-specific tracer
binding. The SBR was calculated as follows:

SBR = [specific binding (caudate and putamen) − nonspecific
binding]/nonspecific binding.

The average of the right and left SBR was used for analysis. In
one case, SBR presented negative value of −0.60. Striatal uptake
of 123I-ioflupane in this case almost disappeared and the effect on
SBR of regions with no uptake such as ventricles included in the
ROI was relatively strong. Therefore, this SBR does not correctly
reflect accumulation in the striatum and we excluded this case for
analysis using SBR.

Visual assessment was performed using grades of 1–5, based
on the shape of the lesion with 123I-ioflupane uptake on imaging
as explained in Figure 1. Assessments of 123I-ioflupane were
performed separately by two neurologists who were blinded to
clinical symptoms. The assessments for 5 of 48 patients differed
between the neurologists. Then they discussed with a third
neurologist and the grade was determined.

Statistical Analysis
Specific binding ratio and visual assessment of 123I-Ioflupane
SPECT were compared with each subscore of the UPDRS,
MoCA, and COGNISTAT. A Kolmogorov–Smirnov test showed
that the visual assessment grades and subscores of all motor
and cognitive assessments were non-normally distributed, and
correlations between each assessment of 123I-ioflupane SPECT

FIGURE 1 | Examples of visual assessment using 123I-Ioflupane SPECT.
Grade 1 (burst striatum): severe bilateral reduction with almost no uptake in
both putamen and caudate nuclei or little uptake in the hemi-caudate nucleus
with no uptake in the ipsilateral caudate nucleus. Striatal uptake of the same
grade as background was judged as no uptake. Grade 2 (egg shaped type):
bilateral reduction of tracer uptake with no uptake in putamen on either side
and normal or almost normal uptake in caudate nuclei, resulting in an oval.
Grade 3 (mixed type): normal or almost normal tracer uptake in bilateral
caudate nuclei with asymmetrical tracer uptake in putamen. Grade 4 (eagle
wing): normal bilateral uptake in caudate and almost normal and symmetrical
uptake with a discrete reduction in one or both putamina, usually in lateral
parts of the putamina and creating the shape of a wing. Grade 5 (normal
striatum): symmetric tracer uptake bilaterally in putamen and caudate nuclei.
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TABLE 2 | Patient background.

Male: Female 17:30

Age (years) 68.8 ± 12.8

Duration from symptom onset
(years)

1.4 ± 1.2

Education (years) 13.4 ± 2.7

Hoehn and Yahr scale 2.3 ± 0.9

(I: 10, II: 17, III: 18, IV: 1, V: 1
cases)

UPDRS part III (motor score) 17.1 ± 9.9

Onset symptom Tremor: 21 cases

Rigidity and/or akinesia: 26
cases

Visual assessment of SPECT 1: 8, 2: 15, 3: 22, 4: 2, 5: 0
cases

UPDRS, unified Parkinson’s disease rating scale; SPECT, single photon emission
computed tomography.

and each motor and cognitive assessment were then calculated
using Spearman correlation analysis. To examine the influence of
patient background factors, such as age, education, and duration
from symptom onset, we performed multiple regression analyses
using each cognitive assessment score showing significant
correlation with SBR as the dependent variable and patient
background factors as independent variables. Mean scores
for motor and cognitive assessments that showed significant
correlation with visual assessment were compared among visual
grades using one-way analysis of variance (ANOVA, Tukey’s
method for multiple comparison). No case had a visual grade of
5, and therefore this analysis was performed using subject groups
with visual grades of 1–4. The level of significance was p < 0.05
(two-tailed probability).

RESULTS

The background of the patients is shown in Table 2. The visual
grades using 123I-ioflupane SPECT were 1, 2, 3, 4 and 5 in 8,
15, 22, 2 and 0 subjects, respectively. The visual grades were

FIGURE 2 | Distribution of each motor assessment score in each visual
assessment grade. (A) Distribution of visual assessment grades and SBR in
123 I-Ioflupane SPECT. (B) Mean and standard deviation of SBR in each visual
assessment grade.

significantly positively correlated with SBR in 123I-ioflupane
SPECT (r = 0.692, p < 0.0001; Figure 2A). Visual grade of
one patient whose SBR was excluded from analysis was 1. SBRs
(mean ± SD) were 0.98 ± 0.77, 1.57 ± 0.85, 2.94 ± 1.01,
and 3.24 ± 0.42 for subjects with visual grades of 1, 2, 3, and
4, respectively, with significant differences (one-way ANOVA)
in mean SBR between grades 1 and 3 (p < 0.0001), 2 and 3
(p< 0.001), and 1 and 4 (p< 0.05) (Figure 2B). However, subjects
with SBR ≤ 2.06 had visual grades of 1, 2, and 3, and patients with
SBR ≤ 3.70 had visual grade of 2 and 3 (Figure 2A).

Spearman correlation coefficients for both SBR and visual
assessments using 123I-ioflupane SPECT with each subscore for
motor and cognitive assessments are shown in Table 3. Among
cognitive assessments, SBR showed significant correlations with
MoCA subscores for visuospatial function and attention and
COGNISTAT subtest of attention (Table 3 and Figure 3).
In multiple regression analyses, SBR was not independently
correlated with any cognitive assessment (Table 4). There were

TABLE 3 | Spearman correlation coefficients for relationships of SBR and visual
assessment with motor and cognitive assessments.

Assessment of
123I-ioflupane SPECT

SBR Visual assessment

Battery Subtest r r

MoCA Total score 0.247 0.042

Visuospatial function 0.304∗
−0.083

Attention 0.292∗ 0.322∗

Language 0.275 0.231

Executive function 0.195 0.206

Memory 0.091 −0.094

Orientation 0.023 −0.009

COGNISTAT Orientation 0.013 0.015

Attention 0.336∗ 0.321∗

Language-
comprehension

−0.038 −0.080

Language-repetition −0.001 −0.038

Language-naming 0.021 0.046

Construction 0.224 0.062

Memory 0.112 −0.107

Calculation −0.040 0.014

Similarity 0.158 −0.007

Judgment 0.030 0.149

UPDRS Part III 0.010 −0.150

Tremor −0.189 −0.209

Rigidity −0.020 −0.152

Akinesia 0.205 0.061

Gait 0.096 −0.083

Postural instability −0.121 NA

Hoehn and Yahr scale −0.232 −0.311∗

SPECT, single photon emission computed tomography; SBR, specific binding ratio;
MoCA, Montreal Cognitive Assessment; COGNISTAT, Neurobehavioral Cognitive
Status Examination; UPDRS, Unified Parkinson’s Disease Rating Scale; NA, not
available due to distribution of assessment scores. ∗p < 0.05.
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FIGURE 3 | Distribution of SBR and scores for cognitive assessments with
significant Spearman correlation coefficients. Distribution of SBR of
123 I-Ioflupane SPECT with MoCA subscore of (A) visuospatial function and
(B) attention, and (C) COGNISTAT attention subtest.

independent correlations of education with MoCA visuospatial
function subdomain; and duration from symptom onset with
MoCA visuospatial function subtest (Table 4). Spearman
correlation analysis showed that visual assessment correlated
with MoCA and COGNISTAT subtests for attention (Table 3).

However, mean scores for both subtests of attention showed no
significant difference among visual grades (Figures 4A,B).

For motor assessments, the visual assessment grade
significantly correlated with Hoehn and Yahr scale (Table 3
and Figure 4C), whereas there was no significant correlation
between SBR and any motor assessment score (Table 3). Postural
instability scores (mean ± SD) were 5.88 ± 3.91, 1.80 ± 1.15,
1.41 ± 1.53, and 3.50 ± 0.71 for subjects with visual grades of 1, 2,
3, and 4, respectively, with significantly lower scores for grades 2
and 3 compared with grade 1 (both p < 0.001, one-way ANOVA)
(Figure 4D). There was no significant difference in postural
instability score between visual grades 2 and 3 (Figure 4D).
Based on the distribution of these scores, calculating correlation
coefficient between visual assessment and postural instability was
inappropriate. Therefore, we did not perform this.

The Hoehn and Yahr scale scores (mean ± SD) were
3.13 ± 1.13, 2.27 ± 0.59, 1.91 ± 0.81, and 3.00 ± 0.00 for subjects
with visual grades of 1, 2, 3, and 4, respectively, with significantly
lower scores in patients with a visual grade of 3 compared with
those with a grade of 1 (p < 0.01, one-way ANOVA) and a
tendency for a difference in scores between grades of 1 and 2
(p = 0.07) (Figure 4E).

DISCUSSION

Some previous studies have shown that uptake of 123I-ioflupane
in the caudate nucleus and/or putamen is significantly correlated
with frontal/executive function in de novo PD patients (Nobili
et al., 2010; Pellecchia et al., 2015). In our study, MoCA
subscore of attention and the COGNISTAT subscore of attention
were correlated with SBR. Performance of these subtests
requires frontal/executive function such as attention and working
memory. Therefore, our results agree with previous reports and
suggest a link between the frontal lobe and striatum.

Age-related loss of the dopamine transporter and dopamine
D2 receptor in the putamen and caudate has been shown
(Ishibashi et al., 2009). SBR declines in an age-dependent manner
(Matsuda et al., 2018) and age-related cognitive deficits are
mediated by reduced dopamine transporter binding in the
caudate and putamen (Erixon-Lindroth et al., 2005). These

TABLE 4 | Multiple regression analysis for cognitive assessments that had significant Spearman correlation coefficients with SBR.

Independent variables

SBR Age Education Duration from symptom onset

Battery Subtest T-value T-value T-value T-value

(p-value) (p-value) (p-value) (p-value)

MoCA Visuospatial function 1.93 −1.10 2.35 2.95

(0.061) (0.276) (0.023∗) (0.005∗∗)

Attention 0.47 −1.83 1.68 0.66

(0.644) (0.074) (0.101) (0.515)

COGNISTAT Attention 1.35 −0.97 −0.03 1.24

(0.186) (0.337) (0.974) (0.223)

SBR, specific binding ratio; MoCA, Montreal Cognitive Assessment; COGNISTAT, Neurobehavioral Cognitive Status Examination. ∗p < 0.05, ∗∗p < 0.01.
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FIGURE 4 | Distribution of cognitive and motor assessment scores for each
visual assessment grade. (A) Mean and standard deviation of MoCA subscore
of attention in each visual grade. (B) Mean and standard deviation of
COGNISTAT subscore of attention in each visual grade. (C) Distribution of
Hoehn and Yahr scale and visual grade. (D) Mean and standard deviation of
postural instability score in each visual grade. (E) Mean and standard
deviation of Hoehn and Yahr scale in each visual grade.

findings suggest that cognitive deterioration in PD is mediated
by age-dependent deterioration in the striatum. However, our
results using multiple regression analysis showed that education
and disease duration, but not age, contribute to visuospatial
function assessed by MoCA visuospatial function subtest. Many
factors other than age are involved in cognitive deterioration.
Therefore, our results showing SBR seemingly correlated with
cognitive performance in drug-naïve PD signify SBR reflects
some factors that affect cognitive impairment in PD. In
clinical practice, SBR can be a reliable marker of cognitive
function in drug-naïve PD patients without dementia. On the

other hand, Spearman correlation analysis showed that MoCA
and COGNISTAT subtests for attention correlate with visual
assessment. However, the mean score for both subtests showed no
significant difference among visual grades. Therefore, we believe
that visual assessment does not reflect cognitive function.

In our study drug-naïve PD patients showed the mean
score for postural instability for visual assessment grade 1 was
significantly worse than that for grades 2 and 3 as shown
in Figure 4D. There was no significant difference in postural
instability score between visual grades 2 and 3. Visual grade
3 indicates uptake in the bilateral caudate nuclei and partial
putamen, grade 2 shows uptake in only bilateral caudate nuclei,
and grade 1 indicates no uptake in the striatum or little uptake
in the hemicaudate nucleus. Therefore, our results suggest that
patients with bilateral uptake in the caudate nuclei have better
postural stability, suggesting the bilateral dopaminergic caudate
nuclei plays an important role in posture maintenance. This
is supported by a study by Rosenberg-Katz et al. showing
that PD patients with fall had a lower volume in the caudate
nuclei, but not in the putamen, compared with PD patients
without fall and healthy controls (Rosenberg-Katz et al., 2015).
PD patients with postural instability and gait disturbance also
have decreased caudate activity (Zhang et al., 2016). The
physiological mechanism of human upright posture is a product
of a complex dynamic system that relies on integration of
input from multimodal sensory sources, such as the visual,
vestibular, and somatosensory systems, and higher cognitive
function for assessment of postural stability (Slobounov et al.,
2006). The caudate nucleus has functional networks with some
areas in the cerebral cortex related to some cognitive functions
(Zhang et al., 2016). Therefore, the caudate nucleus plays an
important role in posture maintenance. Yoon and Lee (2014)
examined the effect of balance and gait training on recovery
of motor function in PD mouse models and showed both
training improved motor function and increased expression
of tyrosine hydroxylase, a marker of dopaminergic activity, in
the striatum. This suggests that striatal function commanding
posture and gait is dopaminergic. Therefore, our results support
the physiological role of dopaminergic caudate nucleus for
maintenancing posture.

In our subjects, the Hoehn and Yahr scale showed a significant
correlation with the visual assessment grade and the mean score
on this scale differed significantly between visual grades 1 and
3 and tended to differ between grades 1 and 2 as shown in
Figure 4E. Therefore, in clinical practice, the visual assessment
grade has a potential to be a marker of clinical stage on the Hoehn
and Yahr scale.

Mean scores of postural instability and Hoehn and Yahr scale
in patients with visual grade of 4 were higher than those in
patients with visual grades of 2 and 3. This is because only two
patients were included in the group of visual grade of 4. Our
results should be ascertained by future studies using another
cohort.

There are previous studies assessing striatal accumulation of
123I-ioflupane in the caudate nucleus and putamen, respectively
(Nobili et al., 2010; Pellecchia et al., 2015). In clinical practice,
SBR for the whole striatum, calculated by a commercially
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available computer software, such as DaTView, is commonly
used in many clinics. Recently, a multicenter database of
healthy control for the SBR calculated by this method has
been established in Japan (Matsuda et al., 2018) and assessment
of the imaging tends to depend on the SBR. However, our
present study showed that SBR and visual assessment reflect
different aspects of clinical symptoms in drug naïve PD patients.
SBR overlapped among visul assessment grades as shown in
Figure 2A. Subjects with SBR ≤ 2.06 had visual grades of 1,
2, and 3, and patients with SBR ≤ 3.70 had visual grades of
2 and 3. Our results show that visual assessment distinguished
different aspects of PD patients with overlapped SBR. Therefore,
performance of both assessments is recommended in clinical
practice. Further studies in other cohorts are expected to be
performed.
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