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Background: Positron emission tomography (PET) using the tracer 18F-fluorodeoxyglucose (18F-FDG) 
and [18F] 9-fluoropropyl-(+)-dihydrotetrabenazine (18F-FP-DTBZ) is widely utilized to measure metabolic 
activity and dopaminergic integrity in neurodegenerative diseases such as Parkinson’s disease (PD). Previous 
studies employing 18F-FDG PET have primarily focused on motor or non-motor symptoms, rather than 
the severity of PD. This study aimed to measure the glucose metabolism of 18F-FDG and the dopaminergic 
function of 18F-FP-DTBZ across various Hoehn-Yahr (H&Y) stages, analyzing the correlation between 
metabolic activity, dopaminergic function, and H&Y stages to monitor the severity of PD.
Methods: The cross-sectional study recruited 78 PD patients in 3 groups of H&Y stages I, II, and III–V 
and 18 healthy control (HC) participants to undergo 18F-FDG and 18F-FP-DTBZ PET scans. Differences 
in cerebral metabolism and dopaminergic function between groups were evaluated using Student’s t-test and 
Mann-Whitney U test. Moreover, Pearson correlation analysis was used to explore the association between 
cerebral metabolism, dopaminergic function, and H&Y stages in all patients. 
Results: Patients with PD exhibited significant hypometabolic activity in the frontal cortex and relative 
hypermetabolic activity in the putamen, globus pallidus, thalamus, and cerebellum when compared to HC 
individuals (P<0.05). Further imaging-clinical correlation research depicted the negative correlation between 
the metabolic activity in the frontal and putamen regions with H&Y stage. Furthermore, the 18F-FP-DTBZ 
binding reductions were 18.6%, 46.6%, and 56.9% for the caudate, anterior putamen, and posterior putamen 
at H&Y stages I; 36.0%, 56.9%, and 65.9% at H&Y stages II; and 41.2%, 61.9%, and 68.5% at H&Y 
stages III–V, respectively. The 18F-FP-DTBZ binding of caudate, anterior putamen, and posterior putamen 
exhibited significantly negative correlations to H&Y stage. 
Conclusions: In PD, 18F-FDG and 18F-FP-DTBZ PET imaging represent potential biomarkers for 
tracking metabolic activity and dopaminergic degeneration, offering valuable insights into estimating the 
severity of disease.
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Introduction 

Parkinson’s disease (PD) is an age-related neurodegenerative 
disorder caused by the progressive loss of dopaminergic 
neurons in the substantia nigra pars compacta (1,2). 
Neuronal degeneration typically precedes symptom onset in 
PD by several years, with about 75% of pigmented neurons 
lost by the time clinical manifestations occur (3). Although 
the presence of Lewy bodies in the brainstem or cortex 
serves as a confirmatory sign of PD, the invasiveness and 
impracticality of this diagnostic method pose challenges (4). 
Currently, the diagnosis and assessment of disease severity 
depend heavily on clinical examination and patient follow-
up. Various neuroimaging techniques have been developed 
and implemented in clinical settings to offer more 
dependable biomarkers for evaluating fundamental features 
in PD (5-8).

Positron emission tomography (PET) is an in vivo 
imaging modality capable of noninvasively monitoring 
brain pathophysiological  act iv i t ies  in  a  range of 
neurological and psychiatric conditions (7). In recent 
decades, numerous presynaptic dopaminergic imaging 
methods have concentrated on evaluating nigrostriatal 
dopaminergic dysfunction using various dopaminergic 
radiotracers. As per the updated Movement Disorder 
Society (MDS) clinical diagnostic criteria for PD (9), 
normal presynaptic vesicular monoamine transporter type 
2 (VMAT2) neuroimaging serves as an exclusion to rule 
out PD. However, VMAT2 imaging has limited utility in 
distinguishing PD from other atypical parkinsonism due 
to its lack of specificity (10,11). Additionally, PD involves 
brain dysfunction beyond dopaminergic deficits. In such 
scenarios, 18F-fluorodeoxyglucose (18F-FDG) PET has been 
specifically developed to identify and quantify metabolic 
abnormalities in PD at the systemic level (12). Both 
metabolic and dopaminergic imaging have a long-standing 
tradition in the study of PD (13-15).

The assessment of the severity in dopaminergic and 
metabolic imaging has been investigated in a limited 
number of studies (16,17). In addition, these studies 
did not directly combine assessment of dopaminergic 
and metabolic imaging with the severity of the disease 
(18,19). In this study, we aimed to measure the glucose 
metabolism of 18F-FDG and dopaminergic function of [18F] 
9-fluoropropyl-(+)-dihydrotetrabenazine (18F-FP-DTBZ) 
across various Hoehn-Yahr (H&Y) stages, analyzing the 
correlation between metabolic activity, dopaminergic 
function, and H&Y stage to identify the severity of disease. 

We present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-2047/rc).

Methods

Participants 

A total of 78 patients (48 males and 30 females; mean 
age 57.8±11.7 years) diagnosed with PD by two senior 
movement disorder specialists following the MDS-
PD criteria (20) and who underwent 18F-FP-DTBZ and 
18F-FDG PET scans at Xuanwu Hospital, Capital Medical 
University were enrolled in the study between January 2022 
and June 2023. The patients were divided into three groups 
according to the H&Y stage: stage I (n=14, 9 males and 5 
females, mean age 60.5±13.5 years), stage II (n=44, 26 males 
and 18 females, mean age 56.6±12.4 years), and stages III–
V (n=20, 13 males and 7 females, mean age 58.5±8.3 years). 
Additionally, the healthy control (HC) group (10 males 
and 8 females, mean age 62.5±9.39 years) was included, 
matching in age, sex, and height with the PD group. The 
HC participants in our study were recruited during routine 
health examinations and reported no history of drug abuse, 
neurological disorders, or psychiatric conditions. This 
retrospective study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and received 
approval from the Medical Research Ethics Committee 
of Xuanwu Hospital, Capital Medical University (No. 
[2023]044). The requirement for individual consent for this 
retrospective analysis was waived.

Study design

Before the examination, PD patients were instructed to 
discontinue antiparkinsonian medications for at least  
12 hours and fast for a minimum of 6 hours, ensuring that 
their fasting blood glucose levels were below 7.0 mmol/L.  
Clinical assessment of each patient utilized the Unified 
Parkinson’s Disease Rating Scale (UPDRS) and H&Y stage, 
categorizing patients into distinct stages based on the H&Y 
stage. Following the clinical evaluation, all participants 
underwent 18F-FDG PET imaging and subsequently 
18F-FP-DTBZ PET the next day, maintaining the same 
timeframe for both scans. Then, we aimed to measure the 
glucose metabolism of 18F-FDG and dopaminergic function 
of 18F-FP-DTBZ across various H&Y stages, analyzing 
the correlations between metabolic activity, dopaminergic 
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function, and H&Y stages to identify regions associated 
with the severity of disease.

PET imaging acquisition

All participants underwent examination with a hybrid 3.0-T  
PET/MR scanner  (uPMR790,  Shanghai ,  China) . 
For 18F-FDG PET imaging, scans were conducted 45– 
55 minutes post-injection (150–200 MBq) and approximately  
90 minutes following intravenous injection of 18F-FP-
DTBZ (222 MBq). Parameters: three-dimensional (3D) 
T1-weighted imaging (T1WI) with a repetition time (TR) 
of 7.9 ms, echo time (TE) of 2.8 ms, matrix size of 256×256, 
and voxel dimensions of 1.0 mm × 1.0 mm × 1.0 mm; for 
PET, ordered subset expectation maximization (OSEM) and 
time-of-flight (TOF) were employed for reconstruction, 
with a data acquisition time window of 10 minutes, matrix 
size of 128×128, slice thickness of 2.44 mm, 4 iterations, 20 
effective subsets, and a full width at half maximum (FWHM) 
of 3.0 mm. All patients were situated in a serene, softly 
illuminated room for relaxation.

Data analysis

The United Imaging MM BrainAnalysis software (United 
Imaging, Shanghai, China) was used to analyze 18F-FDG 
PET images. Intelligent segmentation based on 3D T1WI 
was performed, dividing the brain into 106 regions. The 
segmentation results were then mapped to the 18F-FDG 
PET images to extract the mean standard uptake value 
(SUVmean) for each brain region (21). 

Two nuclear medicine physicians with over 5 years 
of experience analyzed the 18F-FP-DTBZ PET images 
collaboratively, using a blinded approach. In cases of 
disagreement, a third nuclear medicine physician with 
10 years of experience made the final assessment. They 
manually delineated the regions of interest (ROIs) for the 
caudate nucleus, anterior putamen, and posterior putamen 
on the layers displayed clearly in the 18F-FP-DTBZ PET/
MRI, measuring the SUVmean. The occipital lobe on 
the same side was used as the background to calculate the 
standard uptake value ratio (SUVR) for the ROIs (22,23). 

Statistical analysis

Differences in continuous variables [age, age at onset, 
disease duration, total UPDRS score, UPDRS III score, 
education, Mini-Mental State Examination (MMSE) and 

Montreal Cognitive Assessment (MoCA) scores] between 
groups were evaluated using Student’s t-test and Mann-
Whitney U test (2-tailed). Qualitative data were expressed 
as frequency (percentage) and analyzed using the ꭓ2 
test. For comparisons of the FDG uptake and DTBZ 
binding between the PD patients and HC participants, 
an independent samples t-test or Mann-Whitney U test 
was performed. One-way analysis of variance (ANOVA) 
and Kruskal-Wallis rank-sum test (with post hoc pairwise 
comparisons adjusted using the Bonferroni method) were 
used to compare the differences in the various H&Y stages 
(stage I, stage II, and stages III–V) in the caudate and 
putamen of PD patients. Pearson correlation or Spearman 
rank correlation analysis was used to evaluate the correlation 
between FDG uptake and DTBZ binding and various H&Y 
stages.

Results

Clinical and demographic characteristics

A total of 78 patients diagnosed with PD participated in 
the study (H&Y stage I 14 patients, stage II 44 patients, 
and stages III–V 20 patients), comprising 48 men and 30 
women. Their mean age was 57.8±11.7 years, with an 
average disease duration of 2.97±2.54 years (Table 1). There 
were no significant differences in the demographic data 
between the PD and HC groups, including gender (P=0.644) 
and age (P=0.112). In the mild PD group (H&Y stage 
I), the total UPDRS scores and UPDRS III scores were 
significantly lower compared to the moderate and advanced 
PD groups (H&Y stage II and H&Y stages III–V) (P<0.005). 
Moreover, the education levels in the H&Y stage I were 
significantly higher than those in the H&Y stages III–V 
groups (P=0.017). Additionally, the disease duration in the 
H&Y stage I group was lower than that of the H&Y stages 
III–V group. No significant differences were observed in 
the age at onset, MMSE score, and MoCA score among the 
H&Y stage I, H&Y stage II, and H&Y stages III–V groups 
(Table 1).

18F-FDG PET results and statistical analysis

As shown in Figure 1 and Table 2, patients with PD exhibited 
significant hypometabolic activity in the frontal cortex 
when compared to age-matched HC individuals (P<0.05). 
In contrast, relative hypermetabolic activity was observed 
in the bilateral putamen, globus pallidus, thalamus, and 
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Table 1 Demographic and clinical characteristics of all participants

Clinical features HC PD H&Y stage I H&Y stage II H&Y stages III–V P value 

Participants 18 78 14 44 20

Sex (male/female) 10/8 48/30 9/5 26/18 13/7 0.644a

Age (years) 62.5±9.39 57.8±11.7 60.5±13.5 56.6±12.4 58.5±8.3 0.112a

Age at onset (years) 55.4±12.3 59.9±13.5 54.1±13.2 55.3±8.6 0.177 b; 0.242c; 0.738d

Disease duration (years) 2.97±2.54 2.24±1.99 2.95±2.75 3.53±2.35 0.220b; 0.089c; 0.169d

Total UPDRS score 48.3±21.5 37.8±14.9 41.1±13.4 78.5±15.8 0.559b; 0.003c*; 0.002d*

UPDRS III 27.87±15.3 17.83±10.2 25.29±10.6 44.1±18.3 0.043b*; <0.001c*; <0.001d*

Education (years) 12.10±3.56 13.71±2.56 12.5±3.22 9.88±4.22 0.365b; 0.017c*; 0.086d

MMSE score 27.26±3.3 27.00±3.8 27.80±2.5 26.00±4.5 0.395b; 0.544c; 0.062d

MoCA score 23.44±4.8 22.25±6.4 24.2±3.9 22.4±5.6 0.201b; 0.948c; 0.184d

Data are presented as n or mean ± standard deviation. *, statistically significant differences (P<0.05). a, comparison among HC and all PD 
patients. b, comparison among H&Y stage I and H&Y stage II groups. c, comparison among H&Y stage I and H&Y stages III–V groups. d, 
comparison among H&Y stage II and H&Y stages III–V groups. HC, healthy control; H&Y stage, Hoehn-Yahr stage; MMSE, Mini-Mental 
State Examination; MoCA, Montreal Cognitive Assessment; PD, Parkinson’s disease; UPDRS III, the third part of unified Parkinson’s 
disease rating scale.

cerebellum in PD patients (P<0.05).
The study aimed to examine the relationship between 

glucose metabolism and H&Y stages. Figure 2 depicts 
the negative correlation between the metabolic activity in 
the frontal (r=−0.227, P=0.046) and putamen (r=−0.244, 
P=0.031) regions with H&Y stage. In contrast, no 
significant correlation was observed in parietal, globus 
pallidus, thalamus, and cerebellum regions.

18F-FP-DTBZ PET results and statistical analysis

Significant differences in VMAT2 binding were observed 
in the caudate and putamen of PD patients at various 
H&Y stages (F=4.479, P=0.015). In a cohort of 14 patients 
with mild PD (H&Y stage I), 18F-FP-DTBZ binding was 
significantly reduced to 18.6% in the caudate, 46.6% in the 
anterior putamen, and 56.9% in the posterior putamen, 
compared to HC participants. Among 44 patients with 
PD at H&Y stage II, striatal 18F-FP-DTBZ binding 
demonstrated a significant decrease to 36.0%, 56.9%, 
and 65.9% respectively, in the corresponding subregions 
compared to the HC group. Furthermore, in a group of 
20 patients with moderate and advanced PD (H&Y stages 
III–V), 18F-FP-DTBZ binding was notably reduced to 
41.2% in the caudate, 61.9% in the anterior putamen, and 
68.5% in the posterior putamen compared to the normal 
mean. Post hoc analysis revealed that patients with PD 

exhibited significantly reduced DTBZ binding compared 
to HC participants (Bonferroni corrected: P<0.05). The 
most pronounced reduction in 18F-FP-DTBZ uptake was 
observed in the posterior putamen, followed by the anterior 
putamen and the caudate across various H&Y stages. 
The DTBZ binding in the caudate at H&Y stage I was 
significantly higher than that in H&Y stage II (t=2.46, v=56, 
P=0.013) and in the III–V groups (t=3.12, v=32, P=0.003). 
In H&Y stages III–V, the 18F-FP-DTBZ binding in anterior 
and posterior putamen was significantly reduced compared 
to that in H&Y stage I (anterior putamen: Z=−2.644, 
P=0.002; posterior putamen: Z=−2.486, P=0.003) and stage 
II (anterior putamen: Z=−2.869, P=0.018). Furthermore, 
the posterior putamen DTBZ binding in H&Y stage II 
was significantly reduced compared to that in H&Y stage I 
(t=2.507, v=56, P=0.015) (Figure 3, Table 3).

Furthermore, the investigation was extended to explore 
the correlation between dopaminergic function in striatal 
regions and H&Y stages. VMAT2 binding levels in the 
caudate (r=−0.577, P<0.001), anterior putamen (r=−0.645, 
P<0.001), and posterior putamen (r=−0.698, P<0.001) 
were measured, revealing a negative correlation with H&Y 
stages, as illustrated in Figure 4.

Discussion

PET using 18F-FDG and 18F-FP-DTBZ has been 
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Figure 1 The 18F-FDG and 18F-FP-DTBZ PET/MR imaging in PD patients at various H&Y stages compared to healthy controls. (A,B) 
HC group individual, man, 72 years. (A) 18F-FDG PET demonstrates a symmetrical distribution pattern across the entire cerebral cortex 
and nigrostriatal regions, showing no noticeable areas of increased or decreased radioactive uptake. (B) 18F-FP-DTBZ PET reveals a 
symmetrical distribution pattern, with the highest uptake in the striatal regions and moderate uptake in the substantia nigra. (C,D) The 
PD patient at H&Y stage I, woman, 74 years. (C) 18F-FDG PET exhibited metabolic increase in the putamen. (D) 18F-FP-DTBZ PET 
presents a noticeable asymmetric decline in activity in the nigrostriatum, with the greatest loss observed in the posterior putamen. (E,F) 
The PD patient at H&Y stage II, male, 75 years. (E) 18F-FDG PET imaging showed metabolic reduction in the frontal cortex. (F) 18F-FP-
DTBZ PET reveals a significant noticeable symmetric decline in putamen. (G,H) The PD patient at H&Y stages III–V, man, 73 years. (G) 
18F-FDG PET imaging showed metabolic reduction in the frontal cortex. (H) 18F-FP-DTBZ PET reveals a significant noticeable symmetric 
decline in nigrostriatum. 18F-FDG, 18F-fluorodeoxyglucose; 18F-FP-DTBZ, [18F] 9-fluoropropyl-(+)-dihydrotetrabenazine; HC, healthy 
control; H&Y stage, Hoehn-Yahr stage; PD, Parkinson’s disease; PET/MR, positron emission tomography/magnetic resonance.
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Anterior 
putamen

Posterior 
putamen

C

D

E

F

G

H

A

B

Table 2 The SUVmean of 18F-FDG PET imaging in PD patients and HC individuals

Region HC SUVmean PD SUVmean H&Y stage I H&Y stage II H&Y stages III–V P value

Frontal cortex 7.96±1.7 6.84±2.4 7.37±2.8 7.01±2.5 6.10±2.0 0.027*

Parietal cortex 7.84±1.8 6.86±2.2 7.12±2.7 6.75±2.2 6.91±2.0 0.050

Temporal cortex 6.66±1.5 6.28±2.0 6.32±2.3 6.22±2.1 6.38±1.8 0.335

Globus pallidus 5.01±0.9 6.16±1.7 6.02±2.4 6.24±1.5 6.09±1.6 0.005*

Putamen 6.66±0.7 8.41±2.9 8.83±4.9 8.56±2.5 7.79±1.8 0.012*

Thalamus 6.06±0.8 7.03±2.1 6.91±2.8 7.01±2.1 7.20±1.8 0.002*

Cerebellum 5.30±0.8 6.21±1.8 6.10±2.1 6.27±1.9 6.16±1.6 0.038*

P value indicates the comparison among HC and all PD patients. Data are presented as mean ± standard deviation. *, statistically 
significant differences (P<0.05). 18F-FDG, 18F-fluorodeoxyglucose; HC, healthy control; H&Y stage, Hoehn-Yahr stage; PET, positron 
emission tomography; PD, Parkinson’s disease; SUVmean, the mean standardized uptake value.
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Figure 2 The correlation between the metabolic activity and H&Y stages. In the frontal (A), the metabolic activity decreased as H&Y 
stages increased (r=−0.227, P=0.046). Similarly, putamen metabolic activity (B) showed a decrease with increasing H&Y stages (r=−0.244, 
P=0.031). However, there was no observed correlation in the parietal (C), globus pallidus (D), thalamus (E), and cerebellum (F). FDG, 
fluorodeoxyglucose; H&Y stage, Hoehn-Yahr stage.
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established as a valuable imaging biomarker for measuring 
metabolic activity and dopaminergic integrity. This study 
investigated the metabolic activity and dopaminergic 
function in PD patients across various H&Y stages. Our 
findings revealed a negative correlation between the 
metabolic activity in the putamen and frontal cortex, as well 
as the dopaminergic function in the striatal regions, with 
the disease severity in PD patients.

The glucose metabolism patterns of patients with 
PD have been investigated. Eidelberg’s research group 
previously analyzed the presentation of PD-related pattern 
(PDRP) and observed hypermetabolic activity in the 
pallido-thalamic and pontine regions, while activity in the 
supplementary motor area, parietal association areas, and 
regions of the premotor cortex decreased (24). The elevated 
metabolic activity in PDRP regions such as the putamen 
and thalamus showed a direct correlation with standardized 
motor assessments of patients (25-28). In PD patients, 

the PD-related cognitive pattern was linked to memory 
and executive function. This pattern was characterized by 
decreased metabolism in the medial frontal and parietal 
areas, along with a relatively hypermetabolic activity in the 
cerebellar vermis (29,30).

In this study, we found that patients with PD exhibited 
significant hypometabolic activity in the frontal cortex, 
along with relative hypermetabolic activity in the putamen, 
globus pallidus, thalamus, and cerebellum when compared to 
age-matched HCs. This finding is consistent with previous 
reports (31). Interestingly, we found a negative relationship 
between the H&Y stage and glucose metabolism in the 
frontal cortex and putamen. Specifically, higher H&Y 
stages were associated with lower metabolic rates in the 
following regions: frontal: r=−0.227, P=0.046; putamen: 
r=−0.244, P=0.031. The frontal cortex receives input from 
the anterior cingulate area, which is a significant site of 
dopaminergic innervation within the cerebral cortex (32).  
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Figure 3 Comparative analysis of 18F-FP-DTBZ uptake within the striatum regions in HC individuals and PD patients. The caudate 
18F-FP-DTBZ binding in the H&Y stage I were significantly higher than those in the H&Y stages II (t=2.46, P=0.013) and III–V groups 
(t=3.12, P=0.003). The anterior putamen and posterior putamen 18F-FP-DTBZ binding in H&Y stages III–V were significantly reduce than 
those in the H&Y stages I (anterior putamen: Z=−2.644, P=0.002; posterior putamen: Z=−2.486, P=0.003) and II groups (anterior putamen: 
Z=−2.869, P=0.018), and the posterior putamen 18F-FP-DTBZ binding in H&Y stage II were significantly reduce than those in the H&Y 
stages I (t=2.507, P=0.015). *, statistically significant differences (P<0.05). 18F-FP-DTBZ, [18F] 9-fluoropropyl-(+)-dihydrotetrabenazine; 
HC, healthy control; H&Y stage, Hoehn-Yahr stage; PD, Parkinson’s disease.
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Table 3 18F-FP-DTBZ PET imaging analysis in PD at various H&Y stages

Region
HC 

SUVRmean 

H&Y stage I H&Y stage II H&Y stages III–V
P value 

SUVRmean Decline SUVRmean Decline SUVRmean Decline

Caudate 4.30±0.24 3.50±0.27 18.6% 2.75±0.81 36.0% 2.53±1.39 41.2% <0.001a*; 0.013b*; 0.003c*; 0.219d

Anterior putamen 5.17±0.33 2.76±0.23 46.6% 2.23±0.08 56.9% 1.97±0.12 61.9% <0.001a*; 0.058b; 0.002c*; 0.018d*

Posterior putamen 4.92±0.26 2.12±0.21 56.9% 1.68±0.06 65.9% 1.55±0.12 68.5% <0.001a*; 0.068b; 0.003c*; 0.028d*

Data are presented as % or mean ± standard deviation. *, statistically significant differences (P<0.05). a, comparison among HC and all 
PD patients. b, comparison among H&Y stage I and H&Y stage II groups. c, comparison among H&Y stage I and H&Y stages III–V groups. 
d, comparison among H&Y stage II and H&Y stages III–V groups. 18F-FP-DTBZ, [18F] 9-fluoropropyl-(+)-dihydrotetrabenazine; HC, healthy 
control; H&Y stage, Hoehn-Yahr stage; PET, positron emission tomography; PD, Parkinson’s disease; SUVR, standardized uptake value ratio.

Prior research has demonstrated a link between cognitive 
decline, behavioral abnormalities, and impaired function 
in the prefrontal cortex and striatum (33,34). Following 
deep brain stimulation of the subthalamic nucleus, a linear 
relationship has been reported between the 18F-FDG uptake 
in the frontal lobe and cognitive outcomes, suggesting 
a potential interaction between the striatum and frontal 
cortex (35,36). 

Consistent with numerous existing 18F-FDG PET 
studies, we also observed decreased FDG uptake in the 
putamen as the H&Y stages advanced. Neurodegeneration 
of the substantia nigra can lead to abnormal activity in the 
striatal loop, further exacerbating to the core symptoms 
of PD (37). A previous functional connectivity (FC) study 
identified decreased connectivity between the putamen and 

midbrain regions, including the substantia nigra (38). A 
similar result was observed in the current study, indicating 
that decreased FC between the anterior putamen and the 
substantia nigra is associated with more severe behavioral 
impairments. This finding demonstrates that reduced 
connectivity between the putamen and substantia nigra is a 
reproducible in vivo feature indicative of impairment in the 
nigrostriatal pathway (39). There is a significant interaction 
effect between iron deposition and nigral-putamen 
connectivity on putamen FDG uptake, indicating that this 
joint effect is not substantially influenced by the spatial 
distribution of FC in the putamen (40). Similar research has 
reported that caudate glucose metabolism decreased as H-Y 
stages increased (r=−0.441, P=0.004). In our investigation, 
both the putamen and frontal cortex exhibited correlations 
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Figure 4 The relationship between the dopaminergic function in striatal regions and H&Y stages. In the caudate (A), the VMAT2 binding 
levels decreased as H&Y stages increased (r=−0.577, P<0.001). In the anterior putamen (B), the VMAT2 binding levels decreased as H&Y 
stages increased (r=−0.645, P<0.001). Similarly, in the posterior putamen (C), the VMAT2 binding levels decreased as H&Y stages increased 
(r=−0.698, P<0.001). H&Y stage, Hoehn-Yahr stage; VMAT2, vesicular monoamine transporter 2.
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with disease severity, suggesting a potential association 
between cortical and subcortical alterations during the 
progression of PD.

Biomarkers  that  enable  the ear ly  detect ion of 
pathological changes prior to the manifestation of clinical 
symptoms are essential for the advancement of disease 
modification and treatment planning (41). The activity of 
presynaptic nigrostriatal neurons can be assessed through 
imaging of aromatic amino acid decarboxylase, dopamine 
transporter, and VMAT2. VMAT2 is a specific presynaptic 
protein that facilitates the transport of monoamines from 
the cytosol to the storage vesicles of monoaminergic nerve 
terminals. The density of VMAT2 is linearly correlated 
with the integrity of dopamine neurons in the substantia 
nigra (42). In the early stages of PD, AADC, which 
regulates dopamine synthesis, is upregulated, whereas 
DAT, which mediates the reuptake of synaptic dopamine, 
is downregulated. The availability of VMAT2 is relatively 
unaffected by this compensatory mechanism. Therefore, 
PET radioligands targeting VMAT2 have been proposed as 
superior biomarkers for quantifying presynaptic dopamine 
neurons (43).

Previous imaging investigations on the dopamine systems 
have linked the loss of dopamine innervations, assessed 
through various radiotracers such as 99mTc-labeled tropane 
derivatives, 18F-fluorodopa, 11C-DTBZ, and 18F-FP-DTBZ, 
with clinical severity, especially motor scores of UPDRS 
(23,44-48). In the current study, 18F-FP-DTBZ PET 
imaging reveals a gradual reduction in nigrostriatal binding 

as the disease advances. VMAT2 integrity was significantly 
compromised in the posterior putamen, followed by the 
anterior putamen and caudate among all patients with PD. 
This finding was consistent with postmortem evidence 
indicating severe apoptosis of dopaminergic neurons in the 
lateral ventral tier of the substantia nigra projecting to the 
putamen. Degeneration of dopaminergic pathways has been 
shown to be more pronounced in the axonal terminals of 
the striatum than in the cell bodies of the substantia nigra 
(23,49-51).

Moreover, the striatal SUVRs were correlated with 
disease severity, showing the highest decline in 18F-FP-
DTBZ binding for advanced PD and the lowest for mild PD. 
These findings align with postmortem investigations, which 
highlight the most significant reduction in dopaminergic 
innervations occurring in the posterior putamen during 
more advanced stages of PD (52,53). This consistent 
pattern was also observed in a prior study using 11C-DTBZ 
in patients with PD in early and moderate stages (54).  
These results suggest that the level of SUVR in striatal 
regions can offer supplementary insights into the assessment 
of motor symptom severity in individuals with PD.

This study has several limitations. First, the merging of 
datasets in the analysis of stages III–V increased the sample 
size and statistical power, but also introduced heterogeneity 
among different cohorts. Second, the analysis of FDG 
uptake using the SUVmean may lead to inaccurate estimates 
of glucose metabolism. Finally, participants were included 
based on clinical rather than pathological diagnoses.
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Conclusions 

The uptake of FDG in the putamen and frontal cortex, and 
the uptake of 18F-FP-DTBZ in striatal regions, demonstrate 
a strong correlation with the clinical severity of PD. 
Therefore, 18F-FDG and 18F-FP-DTBZ PET imaging 
represent potential biomarkers for tracking metabolic 
activity and dopaminergic degeneration, offering valuable 
insights into estimating the severity of PD.
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