Supplementary Information
S1 Materials and methods
S1.1 MRI acquisition parameters
[bookmark: _GoBack]All MRI examinations were performed on a 3.0-T Philips Ingenia CX scanner using a 32-channel head coil. Participants were scanned in the supine, head-first position. The imaging protocol included 3D T1-weighted turbo field echo imaging, multi-echo gradient-echo imaging for QSM reconstruction, neuromelanin-sensitive MRI, and diffusion tensor imaging.
The 3D T1-weighted anatomical images were acquired using a sagittal 3D MPRAGE/TFE sequence with the following parameters: repetition time/echo time (TR/TE) = 6.9/3.6 ms, flip angle = 8°, TFE factor = 120, field of view (FOV) = 256 × 256 × 160 mm, voxel size = approximately 1.0 × 1.0 × 1.0 mm³, reconstruction matrix = 256, SENSE acceleration with reduction factors of 2 in the anterior–posterior direction and 2 in the right–left direction, relative signal-to-noise ratio (RelSNR) = 0.998, and acquisition time = 4 min 30 s.
The multi-echo gradient-echo sequence for QSM reconstruction was acquired in the transverse orientation with the following parameters: TR = 43 ms, first TE = 3.9 ms, echo spacing = 4.06 ms, number of echoes = 10, flip angle = 20°, FOV = 256 × 256 × 140 mm, acquisition matrix = 256 × 254, acquired voxel size = 1.00 × 1.01 × 2.00 mm³, reconstructed voxel size = 1.00 × 1.00 × 2.00 mm³, number of slices = 70, slice gap = 0 mm, NSA = 1, and acquisition time = 6 min 25 s. No fat suppression, water suppression, or magnetization transfer contrast was applied.
The neuromelanin-sensitive MRI sequence was acquired using a 3D T1-weighted fast field echo sequence in the transverse orientation. The acquisition parameters were as follows: TR = 72 ms, first TE = 7.5 ms, echo spacing = 8.0 ms, number of echoes = 6, flip angle = 30°, FOV = 220 × 220 × 40 mm, acquisition matrix = 328 × 314, acquired voxel size = 0.67 × 0.70 × 2.00 mm³, reconstructed voxel size = 0.66 × 0.66 × 2.00 mm³, number of slices = 20, slice gap = 0 mm, NSA = 2, SENSE acceleration with reduction factor = 2 in the right–left direction, RelSNR = 1.000, and acquisition time = 7 min 40 s. No fat suppression was applied.
Diffusion tensor imaging was acquired in the transverse orientation with the following parameters: TR/TE = 2726/76 ms, flip angle = 90°, FOV = 224 × 224 × 132 mm, acquired voxel size = 2.00 × 2.00 × 2.00 mm³, reconstructed voxel size = 2.00 × 2.00 × 2.00 mm³, number of slices = 66, slice thickness = 2 mm, slice gap = 0 mm, reconstruction matrix = 112, SENSE acceleration with reduction factor = 1.3 in the anterior–posterior direction, multiband SENSE factor = 3, and acquisition time = 5 min 59 s. Diffusion weighting included two b values, 0 and 1000 s/mm², with one average for each b value. The directional resolution was set to an optimal 128-direction scheme. Fat suppression was performed using spectral presaturation with inversion recovery.

