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METHODS

Quantitative analyses of 18F-FP-CIT PET
18F-FP-CIT PET was performed using a Discovery 600 (GE Healthcare, Milwaukee, WI, USA) device, which acquires images with 

a three-dimensional resolution of 2.3-mm full-width at half-maximum. After a 6-hour fast, the patients were intravenously inject-
ed with 5 mCi (185 MBq) of 18F-FP-CIT. Ninety minutes after the injection, PET images were acquired for 20 minutes in three-di-
mensional mode at a power of 120 kVp and a current of 200 mA.1 

Image processing was performed using MATLAB (The MathWorks, Inc, Natick, MA, USA) software for statistical parametric 
mapping (SPM) 8 (https://www.fil.ion.ucl.ac.uk/spm/) and ITK-SNAP (http://www.itksnap.org). All reconstructed 18F-FP-CIT im-
ages were normalized to the 18F-FP-CIT template, which was made using the 18F-FP-CIT PET images and T1-weighted MR images 
of 40 healthy controls, as described previously.2 Briefly, all of the healthy controls from which the 18F-FP-CIT template was derived 
had no previous history of neurologic or psychiatric illness. They showed normal cognitive function on all neuropsychological tests, 
and exhibited normal findings on neurologic examination, structural MRI, and 18F-FP-CIT PET. The volumes of interest (VOI) 
for the bilateral posterior putamen and one occipital VOI were drawn on the 18F-FP-CIT template.3 Dopamine transporter (DAT) 
availability in the posterior putamen was estimated using the specific/nonspecific binding ratio as a surrogate, which was defined 
as follows: (mean standardized uptake value of the posterior putamen VOIs – mean standardized uptake value of the occipital 
VOI) / (mean standardized uptake value of the occipital VOI).

Neuropsychological assessment
The Seoul Neuropsychological Screening Battery covers five cognitive domains consisting of 14 scorable tests4: attention (for-

ward/backward digit span task); language and related functions (the Korean version of the Boston Naming Test); visuospatial 
function (the Rey Complex Figure Test [RCFT] copy), verbal and visual memory (immediate recall/delayed recall/recognition test 
using the Seoul Verbal Learning Test for verbal memory; immediate recall/delayed recall/recognition test using the RCFT for vi-
sual memory); and frontal/executive function (the Controlled Oral Word Association Test [COWAT] animal, COWAT supermar-
ket, COWAT phonemic, and the Stroop color reading test).

Diffusion tensor imaging data acquisition
MRI scans were acquired using a 3.0 T scanner (Achieva; Philips Medical Systema, Best, The Netherlands) with a 32-channel re-

ceiver array head coil as described in our previous work.5-10 The high-resolution axial T1-weighted MRI data were obtained using a 
3D T1-TFE sequence with the following parameters: 224 × 224 axial acquisition matrix; 256 × 256 reconstructed matrix with 170 
slices; voxel size, 0.859 × 0.859 × 1 mm3; field of view, 220 mm; echo time, 4.6 msec; repetition time, 9.8 msec; flip angle, 8°. The 
diffusion-weighted MRI data were acquired using a single-shot echo-planar acquisition with the following parameters: 45 non-col-
linear, non-coplanar diffusion-encoded gradient directions; 128 × 128 acquisition matrix with 70 slices; voxel size, 1.75 × 1.75 × 2 
mm3; field of view, 220 mm; b-factor, 600 s/mm2; echo time, 70 msec; repetition time, 7.663 sec; flip angle, 90°.

Mediation analysis
We performed a mediation analysis to evaluate whether white matter changes in the left fornix mediated the association between 

striatal dopamine deficits and parkinsonian motor symptoms (i.e., motor reserve). The natural logarithm of DAT availability in the 
posterior putamen and fractional anisotropy values of the left fornix were entered as a predictor and mediator, respectively, in the 
mediation analysis for Unified Parkinson’s Disease Rating Scale Part III scores. Age, sex, and disease duration were entered as co-
variates. We used a bootstrapping method with 1,000 resamples to derive the 95% confidence intervals and standard errors using 
the “lavaan” package for the R program. The statistical analysis was performed using R software package (version 4.1.1; http://
www.r-project.org).

References

1. Chung SJ, Kim HR, Jung JH, Lee PH, Jeong Y, Sohn YH. Identifying the functional brain network of motor reserve in early Parkinson’s disease. Mov Dis-
ord 2020;35:577-586.

2. Sun FT, Schriber RA, Greenia JM, He J, Gitcho A, Jagust WJ. Automated template-based PET region of interest analyses in the aging brain. Neuroimage 
2007;34:608-617.

3. Oh M, Kim JS, Kim JY, Shin KH, Park SH, Kim HO, et al. Subregional patterns of preferential striatal dopamine transporter loss differ in Parkinson dis-
ease, progressive supranuclear palsy, and multiple-system atrophy. J Nucl Med 2012;53:399-406.

4. Kang Y, Jang SM, Na DL. Seoul Neuropsychological Screening Battery (SNSB-II). 2nd ed. Seoul: Human Brain Research & Consulting Co., 2012.
5. Chung SJ, Bae YJ, Jun S, Yoo HS, Kim SW, Lee YH, et al. Dysautonomia is associated with structural and functional alterations in Parkinson disease. Neu-

rology 2019;92:e1456-e1467.
6. Chung SJ, Park YH, Yun HJ, Kwon H, Yoo HS, Sohn YH, et al. Clinical relevance of amnestic versus non-amnestic mild cognitive impairment subtyping in 

Parkinson’s disease. Eur J Neurol 2019;26:766-773.
7. Chung SJ, Choi YH, Kwon H, Park YH, Yun HJ, Yoo HS, et al. Sleep disturbance may alter white matter and resting state functional connectivities in Par-

kinson’s disease. Sleep 2017;40:zsx009.
8. Chung SJ, Jeon S, Yoo HS, Lee YH, Yun M, Lee SK, et al. Neural correlates of cognitive performance in Alzheimer’s disease-and Lewy bodies-related cogni-

tive impairment. J Alzheimers Dis 2020;73:873-885.
9. Chung SJ, Kwon H, Lee DK, Hong JY, Sunwoo MK, Sohn YH, et al. Neuroanatomical heterogeneity of essential tremor according to propranolol response. 

PLoS One 2013;8:e84054.
10. Chung SJ, Park YH, Yoo HS, Lee YH, Ye BS, Sohn YH, et al. Mild cognitive impairment reverters have a favorable cognitive prognosis and cortical integrity 

in Parkinson’s disease. Neurobiol Aging 2019;78:168-177.


