Supplementary Table 1. Search strategies for electronic information sources
	Database
	Syntax (December 10, 2021)

	PubMed

(TI, AB,

MeSH tag)
	#1. “REM sleep behavior disorder”[MeSH Terms] OR ((“rapid eye movement*”[tiab] OR “rapid-eye-movement*”[tiab] OR “rapid-eye movement*”[tiab] OR REM[tiab]) AND (“behavior disorder*”[tiab] OR “behaviour disorder*”[tiab] OR parasomnia*[tiab])) OR RBD[tiab] OR RSBD[tiab]
#2. “polysomnography”[MeSH Terms] OR “electromyography”[MeSH Terms] OR polysomnogra*[tiab] OR somnogra*[tiab] OR PSG[tiab] OR “sleep monitoring*”[tiab] OR electromyogra*[tiab] OR EMG[tiab] OR (muscle*[tiab] AND activit*[tiab])23
#3. (quantitative[tiab] AND analys*[tiab]) OR quantif*[tiab]
#4. ((“rapid eye movement*”[tiab] OR “rapid-eye-movement*”[tiab] OR “rapid-eye movement*”[tiab] OR REM[tiab] OR sleep[tiab]) AND atonia*[tiab]) OR RWA[tiab] OR RSWA[tiab] OR “atonia index”[tiab]
#5. (electromyograph*[tiab] OR EMG[tiab] OR muscle*[tiab]) AND activit*[tiab]
#6. (“rapid eye movement*”[tiab] OR “rapid-eye-movement*”[tiab] OR “rapid-eye movement*”[tiab] OR REM[tiab]) AND (tonic[tiab] OR phasic[tiab]) AND activit*[tiab]
#7. #1 AND (#2 OR #3) AND (#4 OR #5 OR #6)

	EMBASE

(TI, AB)
	The search mentioned above: All search terms in the TI, AB, MeSH tags

	Web of Science

(TI, AB)
	The search mentioned above: All search terms in the TI, TS

	Cochrane

(TI, AB, KW)
	The search mentioned above: All search terms in the TI, AB, KW, MeSH tags

	SCOPUS

(TI, AB, KW)
	The search mentioned above: All search terms in the TI, AB, KW, MeSH tags


Abbreviations: REM, rapid eye movement, TI, title; AB, abstract; MeSH, Medical Subject Headings; TS, Topic (searches for topic terms in the following fields within a record: Title, Abstract, Author Keywords and Keywords Plus®); KW, keyword.

Supplementary Table 2. Reasons for elimination of the 20 articles removed from the 34 full-text articles remaining after the initial screening process.
	Reference
	Reason for exclusion

	Arnaldi 2016



[1] ADDIN EN.CITE 
	Same patients as an included study



[2] ADDIN EN.CITE 

	Arnulf 2005[3]
	No specification of the presence or absence of RBD in PD

	Bugalho 2021[4]
	No specification of the presence or absence of RBD in PD or DLB

	Chahine 2014[5]
	Evaluation of RBD mainly by history

	Consens 2005[6]
	Evaluation of both iRBD and secondary RBD

	Dijkstra 2021[7]
	Evaluation of PSG performed before the PD diagnosis

	Fernández 2017[8]
	Comparison within RWA between baseline RWA and those who developed difference α-synucleinopathy during follow-up

	Ferri 2014[9]
	Same patients as an included study[10]

	Figorilli 2020[11]
	No specification of the presence or absence of RBD in PD

	Frauscher 2014[12]
	Evaluation of both iRBD and secondary RBD

	Fujishiro 2019[13]
	Inclusion of patients with late-onset psychiatric disease only

	Gagnon 2002[14]
	No specification of the presence or absence of RBD in PD or MSA

	Haridi 2017[15]
	Evaluation of both iRBD and secondary RBD

	Mayer 2008[16]
	New RWA quantification method, iRBD not specified

	McCarter 2017[17]
	Same controls as an included study [18]

	McCarter 2020[19]
	No evaluation of synucleinopathy phenotypes

	Nomura 2011[20]
	No specification of the presence or absence of RBD in PD or MSA

	Nomura 2012[21]
	No specification of the presence or absence of RBD in PD

	Sasai 2020[22]
	Comparison of a non-RBD group with a clinical suspicion of RBD

	Sixel 2009[23]
	No specification of the presence or absence of RBD in PD


Abbreviation: PD, Parkinson’s disease; RBD, REM sleep behavior disorder; REM, rapid eye movement; DLB, Dementia with Lewy bodies; iRBD, isolated RBD; PSG, polysomnography; wt, with; wo, without; RWA, REM sleep without atonia; MSA, multiple system atrophy.
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Supplementary Table 3. Heterogeneity test results, I2 and heterogeneity estimate for the overall mean difference of RWA%-T
	
	No. of studies
	P value
	I2
	τ2

	iRBD vs. Controls
	5
	<0.0001
	94.60%
	272.92

	PDwoRBD vs. Controls
	3
	0.0082
	79.20%
	2.56

	PDwtRBD vs. Controls
	4
	<0.0001
	88.20%
	371.76

	PDwtRBD vs. PDwoRBD
	5
	<0.0001
	95.10%
	241.61

	PDwtRBD vs. iRBD
	5
	<0.0001
	88.10%
	462.42


Abbreviations: RWA%-T, RWA evaluated by tonic chin activity during REM sleep; REM, rapid eye movement; RWA, REM sleep without atonia; iRBD, isolated RBD; RBD, REM sleep behavioral disorder; PDwtRBD, Parkinson’s disease with RBD; PDwoRBD, Parkinson’s disease without RBD.
Supplementary Table 4. Heterogeneity test results, I2 and heterogeneity estimate; overall mean difference of RWA%-P
	
	No. of studies
	P value
	I2
	τ2

	iRBD vs. Controls
	5
	0.0118
	69.00%
	30.57

	PDwoRBD vs. Controls
	3
	0.0002
	88.10%
	30.07

	PDwtRBD vs. Controls
	4
	<0.0001
	90.90%
	92.79

	PDwtRBD vs. PDwoRBD
	5
	<0.0001
	88.7%
	35.32

	PDwtRBD vs. iRBD
	6
	0.0024
	72.90%
	82.23


Abbreviations: RWA%-P, RWA evaluated by phasic chin activity during REM sleep; REM, rapid eye movement; RWA, REM sleep without atonia; iRBD, isolated RBD; RBD, REM sleep behavioral disorder; PDwtRBD, Parkinson’s disease with RBD; PDwoRBD, Parkinson’s disease without RBD.

Supplementary Table 5. Rank probabilities by SUCRA for severity of REM atonia loss
	Phenotypes
	RWA%-T
	RWA%-P

	MSAwtRBD
	1.000
	0.742

	PDwtRBD
	0.709
	0.543

	DLBwtRBD
	0.465
	0.639

	PDwoRBD
	0.168
	0.209

	iRBD
	0.621
	0.855

	Controls
	0.038
	0.012


Abbreviations: SUCRA, surface under the cumulative ranking curve; REM, rapid eye movement; RWA, REM sleep without atonia; iRBD, isolated REM sleep behavior disorder; PDwtRBD, Parkinson’s disease with RBD; PDwoRBD, Parkinson’s disease without RBD; MSAwtRBD, multiple system atrophy with RBD; DLBwtRBD, dementia with Lewy bodies with RBD; RWA%-T, RWA evaluated by tonic chin activity in REM sleep; RWA%-P, RWA evaluated by phasic chin activity in REM sleep.
Supplementary Table 6. Quality assessment of the included case–control studies using the Newcastle–Ottawa Scale
	Study
	Selection
	Exposure
	Total

	
	Definition of cases
	Representativeness of cases
	Selection of controls
	Definition of controls
	Comparability
	Ascertainment of exposure
	Same methods of ascertainment for cases and controls
	

	Arnaldi 2016 [1]
	*
	
	*
	*
	*
	*
	*
	6

	Bugalho 2019 [2]
	*
	*
	
	*
	*
	*
	*
	6

	Figorilli 2017 [3]
	*
	*
	
	*
	**
	*
	*
	7

	Frauscher 2008 [4]
	*
	*
	
	*
	
	*
	*
	5

	Frauscher 2012 [5]
	*
	*
	
	*
	**
	*
	*
	7

	Garcia 2002 [6]
	*
	*
	*
	*
	*
	*
	*
	7

	Gong 2014 [7]
	*
	*
	
	*
	**
	*
	*
	7

	Gossard 2021 [8]
	*
	
	
	*
	**
	*
	*
	6

	Iranzo 2005 [9]
	*
	*
	
	*
	
	*
	*
	5

	Lee 2014 [10]
	*
	*
	
	*
	**
	*
	*
	7

	McCarter 2014 [11]
	*
	*
	
	*
	**
	*
	*
	7

	McCarter 2015 [12]
	*
	*
	
	*
	**
	*
	*
	7

	Montplaisir 2010 [13]
	*
	*
	*
	*
	**
	*
	*
	8

	Shen 2017 [14]
	*
	*
	
	*
	*
	*
	*
	6

	Wang 2017 [15]
	*
	*
	
	*
	**
	*
	*
	7


References
1.
Arnaldi, D., et al., Does postural rigidity decrease during REM sleep without atonia in Parkinson disease? J Clin Sleep Med, 2016. 12(6): p. 839-847.

2.
Bugalho, P., et al., Polysomnographic data in Dementia with Lewy Bodies: correlation with clinical symptoms and comparison with other α-synucleinopathies. Sleep Med, 2019. 55: p. 62-68.

3.
Figorilli, M., et al., Comparison between automatic and visual scorings of REM sleep without atonia for the diagnosis of REM sleep behavior disorder in Parkinson disease. Sleep, 2017. 40(2): p. zsw060.

4.
Frauscher, B., et al., Quantification of electromyographic activity during REM sleep in multiple muscles in REM sleep behavior disorder. Sleep, 2008. 31(5): p. 724-731.

5.
Frauscher, B., et al., Normative EMG values during REM sleep for the diagnosis of REM sleep behavior disorder. Sleep, 2012. 35(6): p. 835-847.

6.
Garcia‐Borreguero, D., et al., Decreased phasic EMG activity during rapid eye movement sleep in treatment‐naive Parkinson's disease: effects of treatment with levodopa and progression of illness. Mov Disord, 2002. 17(5): p. 934-941.

7.
Gong, Y., et al., Clinical manifestations of Parkinson disease and the onset of rapid eye movement sleep behavior disorder. Sleep Med, 2014. 15(6): p. 647-653.

8.
Gossard, T.R., et al., Quantitative REM Sleep without Atonia in Parkinson's Disease and Essential Tremor. Mov Disord Clin Pract, 2021. 8(1): p. 37-43.

9.
Iranzo, A., et al., Characteristics of idiopathic REM sleep behavior disorder and that associated with MSA and PD. Neurology, 2005. 65(2): p. 247-252.

10.
Lee, S.-A., et al., Quantitative EMG criteria for diagnosing idiopathic REM sleep behavior disorder. Sleep Breath, 2015. 19(2): p. 685-691.

11.
McCarter, S.J., et al., Diagnostic thresholds for quantitative REM sleep phasic burst duration, phasic and tonic muscle activity, and REM atonia index in REM sleep behavior disorder with and without comorbid obstructive sleep apnea. Sleep, 2014. 37(10): p. 1649-1662.

12.
McCarter, S.J., et al., Antidepressants increase REM sleep muscle tone in patients with and without REM sleep behavior disorder. Sleep, 2015. 38(6): p. 907-917.

13.
Montplaisir, J., et al., Polysomnographic diagnosis of idiopathic REM sleep behavior disorder. Mov Disord, 2010. 25(13): p. 2044-2051.

14.
Shen, Y., et al., Two polysomnographic features of REM sleep behavior disorder: Clinical variations insight for Parkinson's disease. Parkinsonism & related disorders, 2017. 44: p. 66-72.

15.
Wan, X., et al., Estimating the sample mean and standard deviation from the sample size, median, range and/or interquartile range. BMC Med Res Methodol, 2014. 14: p. 135.



Supplementary Table 7. Certainty of evidence for the pooled estimates in RWA%-T assessed by the Grading of Recommendations, Assessment, Development and Evaluations framework.
	Certainty assessment
	Certainty

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	

	iRBD vs. Controls

	5
	observational studies
	seriousa
	very serious
High heterogeneity according to I2 (94.6%) and P value (<0.0001) in direct comparisons
	not serious
	very serious
MD 31.40, 95% CI 16.24 to 46.55
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	iRBD vs. PDwtRBD

	4
	observational studies
	seriousa
	very serious
High heterogeneity according to I2 (88.1%) and P value (<0.0001) in direct comparisons
	not serious
	very serious
MD 6.17, 95% CI -14.00 to 26.32
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwoRBD vs. Controls

	3
	observational studies
	seriousa
	serious
High heterogeneity according to I2 (79.2%) and P value (0.0082) in direct comparisons
	not serious
	not serious
MD 0.92, 95% CI -1.16 to 3.00
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwoRBD vs. PDwtRBD

	4
	observational studies
	seriousa
	very serious
High heterogeneity according to I2 (95.1%) and P value (<0.0001) in direct comparisons
	not serious
	very serious
MD 23.47, 95% CI 9.34 to 37.60
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwtRBD vs. Controls

	4
	observational studies
	seriousa
	very serious
High heterogeneity according to I2 (88.2%) and P value (<0.0001) in direct comparisons
	not serious
	very serious
MD 33.81, 95% CI 13.91 to 53.72
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwtRBD vs. MSAwtRBD

	2
	observational studies
	seriousa
	not serious
	not serious
	serious
MD 32.28, 95% CI 21.05 to 43.50
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	iRBD vs. DLBwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	iRBD vs. MSAwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwoRBD vs. MSAwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwtRBD vs. DLBwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	


Explanations: a. Risk of bias in patient selection

Abbreviations: RWA, REM sleep without atonia; RWA%-T, RWA percentage during REM sleep evaluated by tonic chin activity; iRBD, isolated REM sleep behavior disorder; PDwtRBD, Parkinson’s disease with RBD; PDwoRBD, Parkinson’s disease without RBD; MSAwtRBD, multiple system atrophy with RBD, DLBwtRBD, dementia with Lewy bodies with RBD.

Supplementary Table 8. Certainty of evidence for the pooled estimates of RWA%-P assessed by the Grading of Recommendations, Assessment, Development and Evaluations framework.

	Certainty assessment
	Certainty

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	

	iRBD vs. Control

	5
	observational studies
	seriousa
	serious
High heterogeneity according to I2 (69.0%) and P value (0.0118) in direct comparisons
	not serious
	serious
MD 25.24, 95% CI 19.31 to 31.17
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	iRBD vs. PDwtRBD

	4
	observational studies
	seriousa
	serious
High heterogeneity according to I2 (72.9%) and P value (0.0024) in direct comparisons
	not serious
	serious
MD 6.16, 95% CI -2.60 to 14.93
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwoRBD vs. Controls

	3
	observational studies
	seriousa
	very serious
High heterogeneity according to I2 (88.1%) and P value (0.0002) in direct comparisons
	not serious
	not serious
MD 1.78, 95% CI -4.79 to 8.34
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwoRBD vs. PDwtRBD

	4
	observational studies
	seriousa
	very serious
High heterogeneity according to I2 (88.7%) and P value (<0.0001) in direct comparisons
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect


	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwtRBD vs. Controls

	4
	observational studies
	seriousa
	very serious
High heterogeneity according to I2 (90.9%) and P value (<0.0001) in direct comparisons
	not serious
	serious
MD 24.42, 95% CI 14.37 to 34.48
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwtRBD vs. MSAwtRBD

	2
	observational studies
	seriousa
	not serious
	not serious
	serious
MD 6.06, 95% CI -0.18 to 12.30
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	iRBD vs. PDwoRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	iRBD vs. DLBwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect


	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	iRBD vs. MSAwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwoRBD vs. MSAwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	

	PDwtRBD vs. DLBwtRBD

	1
	observational studies
	very seriousa
	not serious
	not serious
	not serious
	all plausible residual confounding would reduce the demonstrated effect
	⨁◯◯◯
Very low

	
	
	
	
	
	
	
	


Explanations: a. Risk of bias in patient selection

Abbreviations: REM, rapid eye movement; RWA, REM sleep without atonia; RWA%-P, RWA percentage during REM sleep evaluated by phasic chin activity; iRBD, isolated REM sleep behavior disorder; PDwtRBD, Parkinson’s disease with RBD; PDwoRBD, Parkinson’s disease without RBD; MSAwtRBD, multiple system atrophy with RBD, DLBwtRBD, dementia with Lewy bodies with RBD.
Supplementary Figure 1. Rank probabilities of RWA%-T and RWA%-P among phenotypes in the α-synucleinopathy spectrum 
Regarding the rank probabilities obtained from the network meta-analyses, the probabilities of RWA%-T were more than 50% in all rankings, and the ordering was distinct (A). On the other hand, the probabilities of RWA%-P were lower than 50% from ranks 1 to 4, and the orders were ambiguous (B).
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Supplementary Figure 2. Node-splitting forest plots for the RWA%-T network

The inconsistency test utilizing the network node-splitting model in all comparisons revealed no significant disagreement between direct and indirect comparisons. The null hypothesis of consistency can be rejected when p<0.05.
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Abbreviations: RWA%-T, RWA percentage during REM sleep evaluated by tonic chin activity; RWA, REM sleep without atonia; REM, rapid eye movement; RBD, REM sleep behavior disorder, iRBD, isolated RBD; PDwoRBD, Parkinson’s disease with RBD; PDwtRBD, Parkinson’s disease with RBD; MSAwtRBD, multiple system atrophy with RBD

Supplementary Figure 3. Node-splitting forest plots for the RWA%-P network

The inconsistency test employing the network node-splitting model indicated no significant discrepancy between direct and indirect comparisons in any of the pairs except one. The pair of PDwtRBD and PDwoRBD was the only pair showing inconsistency (p=0.036). The null hypothesis of consistency can be rejected when p<0.05.
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-15.58 (-24.60, -6.629)
-19.21 (-27.66, -10.66)

-6.480 (-14.20, 1.773)
-3.693 (-19.54, 12.51)
-5.498 (-12.37, 1.684)

-11.02 (-28.55, 7.694)
-24.19 (-42.31, -6.408)
-17.81 (-29.76, -5.455)

9.926 (3.688, 16.05)
23.67 (12.77, 34.51)
13.73 (6.883, 20.73)
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Abbreviation: RWA%-P percentage during REM sleep evaluated by phasic chin activity
