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[Abstract] Objective To explore the relation between abnormal functional connectivity of
substantia nigra and impairment of movement and cognition in patients with rapid eye movement sleep
behavior disorder (RBD). Methods A total of 22 subjects, including 14 patients with RBD and 8 sex,
age, education-matched healthy controls, were enrolled in this study according to international diagnostic
criteria. Unified Parkinson’s Disease Rating Scale lll (UPDRS Ill) and Hoehn - Yahr Stage were used to
evaluate motor function. Digit Ordering Test- Attention (DOT - A), Symbol Digit Modalities Test (SDMT),
Stroop Color-Word Test (SCWT), Trail Making Test (TMT), Rey-Osterrieth Complex Figure Test (ROCFT),
Clock Drawing Test (CDT), Boston Naming Test (BNT) and Auditory Verbal Learning Test (AVLT) were
used to evaluate cognitive function. The functional connectivity from left and right substantia nigra to brain
region were examined. Results There were no statistical differences of UPDRSIIl and Hoehn-Yahr Stage
between 2 groups (P >0.05, for all). In comparison with control group, SDMT (P =0.001), ROCFT-copy (P =
0.013) and AVLT-N2 (P =0.032) were significantly lower, while TMT-B test was significantly higher (P =
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0.005) in RBD group. Compared with control group, the functional connectivity of right substantia nigra to
left precentral gyrus (P < 0.005) and right angular gyrus (P < 0.005) were all decreased in RBD group.
Conclusions The results suggest that cognitive impairment occurs earlier than movement disorders in
RBD, and there are abnormal functional connectivity from right substantia nigra to left precentral gyrus and

right angular gyrus, proving that abnormal functional connectivity is the base of behavior disorders in RBD.
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Table 1. Comparison of motor function and cognitive function between RBD group and control group
Control RBD Zort Control RBD Zort
Ttem (N=8) (N=14) value P value || Item (N=8) (N=14) value P value
UPDRSTI 0.00 0.00 36.000  0.063 || TMT-A test 73.88£19.80 86.79 +36.72 0915 0.371
[M (P55, P7s), score| (10.00, 0.00) (10.00, 3.75) (v+s, score)
Tremor 0.00 0.00 48.000 0274 || TMT-B training 34.50 58.00 45.000 0.485
( 0.00, 0.00) (10.00, 0.00) [M (P, Pss), score] (13025, 40.00)  ( 24.50, 60.00)
Rigidity 0.00 0.00 48.000 0274 || TMT-B test 110.50 208.00 15.000  0.005
( 0.00, 0.00) ( 0.00, 0.00) [M (Pas, Prs), score] (100.50, 126.00)  (178.00, 218.00)
Slow movement 0.00 0.00 36.000  0.063 ||ROCFT-copy 35.00 32.50 20.000 0.013
(10.00, 0.00) (10.00, 2.25) [M (P, Pss), score] (134.00, 36.00) ( 30.75, 34.00)
Posture gait 0.00 0.00 44.000 0.170 ||ROCFT-immediate recall 18.00 16.00 42.000 0.334
( 0.00, 0.00) ( 0.00, 1.00) [M (Pas, Prs), score] (16.00, 26.00) ( 12.75, 22.00)
Axis 0.00 0.00 44.000 0.170 [|CDT 3.00 3.00 54.500  0.864
(10.00, 0.00) (10.00, 1.25) [M (P, Pss), score] (3.00, 3.000 ( 3.00 3.00)
Limb 0.00 0.00 36.000 0.063 ||BNT 3.00 3.00 54.000 0.819
( 0.00, 0.00) ( 0.00, 2.25) [M (Pas, Prs), score] (3.00, 3.00) ( 3.00 3.00
Hoehn-Yahr 0.00 0.00 44.000  0.170 ||AVLT-N1 (x£s, score) 488+ 155 3.88+ 1.61 1444 0.164
[M (Pss, Ps), grade] ~ ( 0.00, 0.00)  ( 0.00, 0.50)
DOT-A 6.00 5.00 44500 0.864 || AVLT-N2 (v s, score) 7.00+ 131 543+ 1.65 2.302  0.032
[M (Pas, Ps), score] — ( 5.00, 6.00) (475, 6.25)
SDMT 34.00 22.50 8.000 0.001 ||AVLT-N3 9.00 6.00 29.000  0.059
[M (P, Prs), score]  (32.25, 36.75) (19.50, 28.00) [M (P, Pss), score] (625 975 ( 575 8.00)
SCWT-A 50.00 49.00 54.000 0.882 ||AVLT-N4 7.00 6.00 36.000 0.151
[M (P, Prs), score]  (48.00, 50.00) (49.00, 50.00) [M (Pas, Prs), score] (600, 875 ( 475 725
SCWT-B 49.50 49.50 49.000  0.608 || AVLT-N5 (x £, score) 6.75+ 1.28 6.07+ 2.59 0.690  0.498
[M (Pss, Ps), score]  (48.25,50.00)  (47.00, 50.00)
SCWT-C 45.50 46.00 52.000 0.783 ||AVLT-N6 7.00 6.00 45.000 0.435
[M (P, Prs), score]  (42.50, 48.50) (41.50, 47.75) [M (P, Pss), score] (- 6.00, 8.00) ( 6.00, 8.00)
TMT-A training 16.00 17.50 51.500  0.758
[M (Pss, Pr), score]  (13.50, 17.75) (11.37,29.00)

Two-independent-sample ¢ test for comparison of TMT-A test, AVLT-NI1, AVLT-N2 and AVLT-N5, and Mann-Whitney U test for comparison of
others. RBD,rapid eye movement sleep behavior disorder, PR X 20 A A WA 1T 47 [ 7% ; UPDRS, Unified Parkinson’s Disease Rating Scale, 4t —
A1 4 AR IFAN 1 2 s DOT-A, Digit Ordering Test-Attention , £ HF 7 M 55 2 14 52 J7 ¥ 43 ; SDMT, Symbol Digit Modalities Test, £+ 5 &7 2
%5 ; SCWT, Stroop Color-Word Test, Stroop & 1 Il 4 ; TMT, Trail Making Test, % £& Wl 5 ; ROCFT, Rey-Osterrieth Complex Figure Test, Rey-
Osterrieth & 24 B JE M % 5 CDT, Clock Drawing Test, i 1 ] 5 ; BNT, Boston Naming Test, Boston iy 4% il % ; AVLT, Auditory Verbal Learning

Test, W 5 3] 1 27 > 1) 56
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Figure 1

Functional connectivity of right substantia nigra to each brain region in RBD group and control gruop The functional
connectivity of right substantia nigra to left precentral gyrus was decreased in RBD group (blue areas indicate, Panel la). The
functional connectivity of right substantia nigra to right angular gyrus was decreased in RBD group (blue areas indicate, Panel 1b).
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Table 2. The abnormal functional connectivity of right
substantia nigra to brain region in RBD and control groups

MNI (mm)
Brain region Voxel ¢ value
X y z
Right substantia nigrato -3¢ 6 45 26  -4.899%
left precentral gyrus
Right substantia nigra to 51 =72 27 28 -6.692%

right angular gyrus

*P <0.005. MNI, Montreal Neurological Institute, i
IR 295 2 I 5 T

S IR SR AT, i R i — TR AT
A PRI BT TE JR ST Pk — 2B R

Z £ x Wt
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WFFE  prolactin(PRL)
Boston AT 4 M % Boston Naming Test(BNT)
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brain stem auditory-evoked potential(BAEP)
NAIRTAIM K2 BT medial prefrontal cortex(mPFC)
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European Cooperative Acute Stroke Study(ECASS)
VL2 R MEAR BT i F5 %X Pittsburgh Sleep Quality Index(PSQI)
B4 PR 1L 457 P71 ZE BURPE AR 26 Hh 8 /INE N Solitaire FR 3748
T 5 NEHA ST L BRI
Randomized Trial of Revascularization with Solitaire FR
Device versus Best Medical Therapy in the Treatment of
Acute Stroke due to Anterior Circulation Large Vessel

Occlusion Presenting within 8-Hours of Symptom Onset

(REVASCAT)
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serotonin and norepinephrine reuptake inhibitor(SNRI)
B HIIRE  mild cognitive impairment(MCI)
ANEEAMMPLE  human leukocyte antigen( HLA)
INHIAT HIF I cognitive behavioral treatment( CBT)
= T MR A A RT3 5

three-dimensional Ti-fast spoiled gradient-recalled

(3D-T\-FSPGR)
Stroop @I L Stroop Color-Word Test(SCWT)
WA S HE  nerve conduction velocity(NCV)
PN WA neuroendocrine tumors(NETSs)
22 7 58 A iR 5 ik

paraneoplastic neurological syndrome(PNS)
P TT R S E G EEALET  neuron-specific enolase(NSE)
HRKHZE  growth hormone(GH)
A KR B R

growth hormone-releasing hormone( GHRH)
A TAEHZ World Health Organization( WHO)
A field of view(FOV)
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Epworth F§ i 5% Epworth Sleepiness Scale(ESS)
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Digit Ordering Test-Attention(DOT-A)
REARRKIZF  sleep deprivation(SD)
e B 7 ¢ %87 451 < FE BX apnea hypopnea index(AHI)
HEE D IV R 2 £ 2 A
sleep apnea hypopnea syndrome(SAHS)
RE AT W 5265 sleep-disordered breathing(SDB)
MEAR ISR sleep latency(SL)
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sleep onset rapid eye movement period(SOREMP)
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sleep-related rhythmic movement disorder(RMD)
MEARZCE  sleep efficiency(SE)
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International Classification of Sleep Disorders Third
Edition(ICSD-3)

WA FEIE % Stanford Sleepiness Scale(SSS)
FBRIE R P S gradient echo sequence( GRE)

REFEE  body mass index(BMI)

T 56 1) i 2= 2 MBS Auditory Verbal Learning Test(AVLT)
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Unified Parkinson’s Disease Rating Scale(UPDRS)

a-RMZEN  a-synuclein(a-Syn)

Zfil % synaptophysin(Syn)

SP-BET A PF-Mluoro-2-deoxy-D-glucose(*F-FDG)
RGEHEABIRIAE  systemic lupus erythematosus(SLE)
IEME  cytokeratin(CK)

T AHI3Z K T cell receptor( TCR)

Y% fiber density(FD)

MHRIX region of interest(ROT)



