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AbVWUacW

BXiOdiQg RQ SUeYiRXV ZRUN OiQNiQg chaQgeV iQ Whe eOecWUReQceShaORgUaP (EEG) VSecWUaO VORSe WR aURXVaO
OeYeO, LeQdQeU eW aO. (2021) UeSRUWed WhaW ZaNe, QRQ UaSid e\e PRYePeQW (NREM) VOeeS aQd UaSid e\e
PRYePeQW (REM) VOeeS e[hibiW SURgUeVViYeO\ VWeeSeU 30-45 H] VORSeV, iQWeUSUeWed iQ WeUPV Rf
iQcUeaViQg cRUWicaO iQhibiWiRQ. HeUe Ze VRXghW WR UeSOicaWe LeQdQeU eW aO.¶V VcaOS EEG fiQdiQgV (baVed RQ
20 iQdiYidXaOV) iQ a OaUgeU VaPSOe Rf 11,630 iQdiYidXaOV fURP PXOWiSOe cRhRUWV iQ Whe NaWiRQaO SOeeS
ReVeaUch ReVRXUce (NSRR). IQ a fiQaO aQaO\Wic VaPSOe Rf N = 10,255 diVWiQcW UecRUdiQgV, WheUe ZaV
XQaPbigXRXV VWaWiVWicaO VXSSRUW fRU Whe h\SRWheViV WhaW, ZiWhiQ iQdiYidXaOV, Whe PeaQ VSecWUaO VORSe
gURZV VWeeSeU gRiQg fURP ZaNe WR NREM WR REM VOeeS. We fRXQd WhaW Whe chRice Rf PaVWRid
UefeUeQciQg VchePe PRdXOaWed Whe e[WeQW WR Zhich eOecWURP\RgeQic RU eOecWURcaUdiRgUaShic aUWifacWV
ZeUe OiNeO\ WR biaV 30-45 H] VORSe eVWiPaWeV, aV ZeOO aV RWheU VRXUceV Rf WechQicaO, deYice-VSecific biaV.
NRQeWheOeVV, ZiWhiQ iQdiYidXaOV, VORSe eVWiPaWeV ZeUe UeOaWiYeO\ VWabOe RYeU WiPe. BRWh cURVV-VecWiRQaOO\
aQd ORQgiWXdiQaO, VORSeV WeQded WR becRPe VhaOORZeU ZiWh iQcUeaViQg age, SaUWicXOaUO\ fRU REM VOeeS;
PaOeV WeQded WR VhRZ fOaWWeU VORSeV WhaQ fePaOeV acURVV aOO VWaWeV. AOWhRXgh cRQceSWXaOO\ diVWiQcW,
VSecWUaO VORSe did QRW SUedicW VOeeS VWaWe VXbVWaQWiaOO\ beWWeU WhaQ RWheU VXPPaUieV Rf Whe high
fUeTXeQc\ EEG SRZeU VSecWUXP (>20 H], iQ WhiV cRQWe[W) iQcOXdiQg beWa baQd SRZeU, hRZeYeU. FiQaOO\,
WR PRUe fXOO\ deVcUibe VRXUceV Rf YaUiaWiRQ iQ Whe VSecWUaO VORSe aQd iWV UeOaWiRQVhiS WR RWheU VOeeS
SaUaPeWeUV, Ze TXaQWified VWaWe-deSeQdeQW diffeUeQceV iQ Whe YaUiaQceV (bRWh ZiWhiQ aQd beWZeeQ
iQdiYidXaOV) Rf VSecWUaO VORSe, SRZeU aQd iQWeUhePiVSheUic cRheUeQce, aV ZeOO aV WheiU cRYaUiaQceV. IQ
cRQWUaVW WR Whe cRPPRQ cRQceSWiRQ Rf Whe REM EEG aV UeOaWiYeO\ ZaNe-OiNe (i.e. µSaUadR[icaO¶ VOeeS),
REM aQd ZaNe ZeUe Whe PRVW diYeUgeQW VWaWeV fRU PXOWiSOe PeWUicV, ZiWh NREM e[hibiWiQg iQWeUPediaWe
SURfiOeV. UQdeU a ViPSOified PRdeOOiQg fUaPeZRUN, chaQgeV iQ VSecWUaO VORSe cRXOd QRW, b\ WhePVeOYeV,
fXOO\ accRXQW fRU Whe RbVeUYed diffeUeQceV beWZeeQ VWaWeV, if aVVXPiQg a VWUicW SRZeU OaZ PRdeO.
AOWhRXgh Whe VSecWUaO VORSe iV aQ aSSeaOiQg, WheRUeWicaOO\ iQVSiUed SaUaPeWeUi]aWiRQ Rf Whe VOeeS EEG,
heUe Ze XQdeUVcRUe VRPe SUacWicaO cRQVideUaWiRQV WhaW VhRXOd be bRUQe iQ PiQd ZheQ aSSO\iQg iW iQ
diYeUVe daWaVeWV. FXWXUe ZRUN ZiOO be Qeeded WR fXOO\ chaUacWeUi]e VWaWe-deSeQdeQW chaQgeV iQ Whe
aSeUiRdic SRUWiRQV Rf Whe EEG SRZeU VSecWUa, Zhich aSSeaU WR be cRQViVWeQW ZiWh, aObeiW QRW fXOO\
e[SOaiQed b\, chaQgeV iQ Whe VSecWUaO VORSe.
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IQWURdXcWiRQ

BXiOdiQg RQ SUiRU ZRUN1±5, LeQdQeU eW aO. (Uef 6) UeceQWO\ UeSRUWed aQ eOecWURSh\ViRORgicaO PaUNeU Rf

aURXVaO OeYeO iQ hXPaQV: Whe 1/I VSecWUaO VORSe Rf Whe eOecWUReQceShaORgUaP (EEG) eVWiPaWed iQ Whe

UaQge Rf 30 WR 45 H]. WheQ caOcXOaWed VR aV WR aYRid fUeTXeQcieV ZiWh VWURQg RVciOOaWRU\ cRPSRQeQWV

(VXch aV VSiQdOe acWiYiW\ dXUiQg N2 VOeeS), Whe OiQeaU VORSe Rf Whe ORg-ORg SRZeU VSecWUXP (Whe VR-caOOed

µVSecWUaO QRiVe¶ e[SRQeQW) caQ be iQWeUSUeWed aV aQ iQde[ Rf Whe aSeUiRdic, VcaOe-fUee cRPSRQeQW WhaW

UefOecWV aggUegaWed QeXUaO d\QaPicV7. UQdeU WhiV PRdeO, PRUe V\QchURQi]ed acWiYiW\ UeVXOWV iQ VWeeSeU

(PRUe QegaWiYe) 1/I VORSeV 7±10. FXUWheUPRUe, iW haV beeQ VXggeVWed WhaW Whe VSecWUaO VORSe PighW UefOecW

Whe UaWiR Rf QeXUaO e[ciWaWiRQ aQd iQhibiWiRQ (E/I baOaQce)2,11,12. LeQdQeU eW aO. fRXQd VigQificaQWO\ VWeeSeU

VORSeV (cRQViVWeQW ZiWh gUeaWeU cRUWicaO iQhibiWiRQ) iQ REM cRPSaUed WR NREM VOeeS, aQd iQ NREM

VOeeS cRPSaUed WR ZaNe, cRQcOXdiQg WhaW Whe VSecWUaO VORSe UeSUeVeQWV a biRPaUNeU Rf hXPaQ aURXVaO,

WhaW PighW haYe aSSOicaWiRQV iQ iQWUaRSeUaWiYe QeXURPRQiWRUiQg RU aXWRPaWic VOeeS VWage cOaVVificaWiRQ,

fRU e[aPSOe.

HeUe, Ze iQiWiaOO\ VRXghW WR UeSOicaWe LeQdQeU eW aO.¶V cRUe UeVXOW cRQceUQiQg VcaOS EEG VSecWUaO VORSe

aQd VOeeS VWaWe, OeYeUagiQg a cROOecWiRQ Rf RYeU 15,000 ZhROe-QighW SRO\VRPQRgUaPV (PSGV) fURP Whe

NaWiRQaO SOeeS ReVeaUch ReVRXUce (NSRR). WheUeaV LeQdQeU eW aO.¶V aQaO\VeV ZeUe UeVWUicWed WR a VPaOO

VaPSOe (N = 20 fRU Whe SUiPaU\ VcaOS VOeeS EEG daWaVeW) aObeiW RQe cRPSOePeQWed ZiWh addiWiRQaO

iPagiQg aQd iQWUacUaQiaO EEG UecRUdiQgV, RXU aQaO\VeV Rf PXOWiSOe, diYeUVe cRhRUWV ZeUe iQWeQded WR

SURYide high VWaWiVWicaO SRZeU, URbXVWQeVV aQd geQeUaOi]abiOiW\ acURVV SRSXOaWiRQV, aObeiW baVed RQ RQO\

WZR ceQWUaO VcaOS EEG chaQQeOV aYaiOabOe acURVV aOO VWXdieV. (LeQdQeU eW aO. UeSRUWed bURad effecWV

acURVV Whe VcaOS iQcOXdiQg ceQWUaO ViWeV, aQd VRXUce ORcaOi]aWiRQ iV QRW a fRcXV Rf WhiV UeSRUW.) TR addUeVV

iWV SRWeQWiaO UROe iQ aXWRPaWed VOeeS VWagiQg, Ze aOVR aVNed ZheWheU Whe VSecWUaO VORSe SUedicWed VOeeS

VWaWe (eSRch b\ eSRch) ZiWh gUeaWeU accXUac\ WhaQ WUadiWiRQaO (e.g. baQd SRZeU) PeWUicV.

LeQdQeU eW aO. ePSOR\ed YaUiRXV checNV fRU SRWeQWiaO PeWhRdRORgicaO cRQfRXQdV, iQcOXdiQg UefeUeQciQg

VchePe aQd aQaO\Wic aSSURach. AOWhRXgh Whe\ did QRW ORRN aW cRQWUaOaWeUaO PaVWRid UefeUeQciQg (i.e. iQ

Whe SUeVeQW cRQWe[W, C4-M1 aQd C3-M2), VORSe eVWiPaWeV ZeUe bURadO\ cRQViVWeQW acURVV Whe diffeUeQW

UefeUeQciQg VchePeV cRQVideUed (OiQNed PaVWRid, aYeUage, LaSOaciaQ aQd biSROaU). We iQiWiaOO\ adRSWed

cRQWUaOaWeUaO PaVWRid UefeUeQciQg, Zhich iV UecRPPeQded fRU cOiQicaO VWXdieV b\ Whe APeUicaQ AcadeP\

Rf SOeeS MediciQe (AASM); fXUWheU, Whe SHHS daWaVeW (WRWaO N = 8,444 QighWV RQ 5,793 iQdiYidXaOV) ZaV

UecRUded ZiWh cRQWUaOaWeUaO UefeUeQceV haUdZiUed aQd VR cRXOd QRW be Ue-UefeUeQced RffOiQe. LeQdQeU eW

aO. bUiefO\ cRQVideUed SRWeQWiaO cRQfRXQdiQg dXe WR PXVcOe acWiYiW\: cRQWUROOiQg fRU Whe VSecWUaO VORSe

deUiYed fURP Whe chiQ EMG, Whe\ UeSRUWed WhaW WhiV did QRW aOWeU UeVXOWV. NRQeWheOeVV, WhaW Whe

eOecWURP\RgUaP (EMG) iV 1) Rf RUdeUV Rf PagQiWXde higheU aPSOiWXde WhaQ Whe EEG, 2) e[hibiWV a bURad
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fUeTXeQc\ VSecWUXP WhaW RYeUOaSV Whe EEG VSecWUXP, SaUWicXOaUO\ aW higheU (>30 H]) fUeTXeQcieV 13 aQd

3) YaUieV PaUNedO\ beWZeeQ ZaNe, NREM aQd REM 14, cROOecWiYeO\ PaNe WhiV a VeUiRXV cRQceUQ WhaW

VhRXOd aOZa\V be addUeVVed. IQ SaUWicXOaU, aV PaVWRid eOecWURdeV aUe VeQViWiYe WR QecN PXVcOe EMG aQd

caUdiac acWiYiW\ (Yia bORRd fORZ iQ Whe caURWid aUWeUieV), heUe Ze cRQVideUed SRVVibOe iQdicaWRUV Rf

cRQfRXQdiQg dXe WR QRQ-QeXUaO VRXUceV, ZiWh aWWeQWiRQ WR Whe chRice Rf PaVWRid UefeUeQciQg VchePe.

Be\RQd RXU SUiPaU\ UeSOicaWiRQ aWWePSW ± WR URbXVWO\ eVWabOiVh PeaQ VORSe diffeUeQceV beWZeeQ VWaWeV ±

iQ RUdeU WR PRUe fXOO\ chaUacWeUi]e VSecWUaO VORSe diVWUibXWiRQV Ze eYaOXaWed iWV YaUiabiOiW\ aV a fXQcWiRQ

Rf VOeeS VWaWe, aV ZeOO aV VWaWe-VSecific cRYaUiaWiRQ beWZeeQ VSecWUaO VORSe, SRZeU aQd cRheUeQce. UViQg

PRdeO-baVed ViPXOaWiRQ, Ze cRQVideUed ZheWheU chaQgeV iQ Whe VSecWUaO VORSe aORQe (aVVXPiQg a VWUicW

SRZeU OaZ PRdeO) cRXOd accRXQW fRU WheVe RWheU chaUacWeUiVWicV.

FiQaOO\, aV ZeOO aV ZiWhiQ-iQdiYidXaO, beWZeeQ-VWaWe SheQRPeQa, Ze iQYeVWigaWed beWZeeQ-iQdiYidXaO,

ZiWhiQ-VWaWe chaQgeV iQ Whe VSecWUaO VORSe. PUeYiRXV UeSRUWV haYe VXggeVWed WhaW Whe VSecWUaO VORSe

YaUieV beWZeeQ iQdiYidXaOV iQ V\VWePaWic aQd Sh\ViRORgicaOO\ UeOeYaQW Za\V, fRU e[aPSOe, fOaWWeQiQg ZiWh

age 15±20. AV NSRR cRhRUWV iQcOXded PaOeV aQd fePaOeV fURP a5 WR a97 \eaUV Rf age (aQd a VaPSOe Rf

iQdiYidXaOV ZiWh a UeSeaWed VOeeS VWXd\, SeUfRUPed \eaUV OaWeU), Ze aOVR WeVWed ZheWheU Whe VSecWUaO

VORSe VhRZed age-UeOaWed fOaWWeQiQg aQd Ve[ diffeUeQceV, aQd ZheWheU WheVe effecWV YaUied b\ VOeeS VWaWe.
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ReVXOWV

We aQaO\]ed 15,709 ZhROe-QighW SRO\VRPQRgUaPV (PSGV) RQ 11,630 iQdiYidXaOV (TabOe 1), 4,079 Rf

ZhRP had a VecRQd PSG, fURP Whe NaWiRQaO SOeeS ReVeaUch ReVRXUce (NSRR). ThiV iV Whe VaPe VaPSOe

(cRPSUiViQg WeQ cRhRUWV fURP Vi[ diVWiQcW VWXdieV) aV SUeYiRXVO\ deVcUibed iQ a VWXd\ Rf VOeeS VSiQdOe

acWiYiW\ 21. ThUee cRhRUWV ZeUe SediaWUic, Vi[ ZeUe Rf PiddOe- WR OaWe-adXOWhRRd, aQd RQe ZaV a

faPiO\-baVed VWXd\ ZiWh a Zide age UaQge. OWheU WhaQ CHAT, aOO cRhRUWV ZeUe RbVeUYaWiRQaO aQd QRW

XQdeUgRiQg VOeeS RU RWheU iQWeUYeQWiRQV.

7DEOH 1: CRKRUW FKDUDFWHULVWLFV. All data are aYailable Yia the National Sleep Research ResoXrce (http://sleepdata.org).

CHAT(FU), SHHS2 and MrOS2 cohorts contained repeated PSGs performed on sXbsets of CHAT(BL), SHHS1 and MrOS1.

AfWeU VWUiQgeQW e[cOXViRQV aQd TXaOiW\ cRQWUROV (QC, Vee MeWhRdV & TabOe S1), Whe fiQaO aQaO\Wic

VaPSOe cRPSUiVed 10,255 QighWV RQ 7,312 iQdiYidXaOV. MRVW SUiPaU\ aQaO\VeV ZeUe baVed RQ Whe fiUVW

UecRUdiQg fURP each iQdiYidXaO, SRROiQg CHAT baVeOiQe aQd QRQ-UaQdRPi]ed VaPSOeV, \ieOdiQg Vi[

iQdeSeQdeQW cRhRUWV. CRhRUWV cRQWaiQiQg UeSeaWed UecRUdiQgV (CHAT fROORZ-XS, SHHS2 aQd MUOS2)

ZeUe XVed iQ Whe ORQgiWXdiQaO aQaO\VeV, SaiUed ZiWh WheiU UeVSecWiYe baVeOiQe cRhRUW. AOO aQaO\VeV XVed

RXU RSeQ VRXUce LXQa SacNage (hWWS://]]].bZh.haUYaUd.edX/OXQa/), ZiWh Whe PaiQ VcUiSW XVed SUeVeQWed

beORZ, SXSSOePeQWaU\ IQfRUPaWiRQ, SecWiRQ 3.

IQiWiaO aQaO\VeV Rf VSecWUaO SRZeU aQd VORSe VWUaWified b\ VOeeS VWaWe

PUiPaU\ aQaO\VeV ZeUe baVed RQ a WhUee-OeYeO cOaVVificaWiRQ: ZaNe, N2 VOeeS aQd REM VOeeS. AV PRUe

iQdiYidXaOV had a VXfficieQW dXUaWiRQ Rf N2 VOeeS fROORZiQg e[WeQViYe QC (aW OeaVW 10 eSRchV), cRPSaUed

WR N1 RU N3 (TabOe S1), Ze fRcXVVed VSecificaOO\ RQ N2 VOeeS fRU aOO SUiPaU\ NREM aQaO\VeV. (AV
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UeVXOWV fRU N1 aQd N3 ZeUe bURadO\ eTXiYaOeQW WR WhRVe fRU N2, FigXUeV aQd TabOeV RQO\ VhRZ N2 UeVXOWV

bXW UefeU WR iW aV µNREM VOeeS¶ geQeUicaOO\.) We fiUVW eVWiPaWed each VWXd\¶V PeaQ ORg-VcaOed EEG SRZeU

VSecWUa (C4-M1) dXUiQg ZaNe, NREM aQd REM (FigXUe 1a). PeUhaSV PRVW QRWabO\, bRWh SHHS VWXdieV

(bOXe OiQeV) VhRZed diYeUgeQW, VXSUaOiQeaU PeaQ VSecWUa acURVV aOO VWaWeV, eVSeciaOO\ >30 H]. OQ fXUWheU

iQYeVWigaWiRQ, Ze ideQWified a VeW Rf WechQicaO iVVXeV VSecific WR Whe SHHS WhaW iPSacWed Whe high

fUeTXeQc\ EEG (FigXUe S1 & SXSSOePeQWaU\ IQfRUPaWiRQ SecWiRQ 1). Be\RQd WhiV aQd aV

e[SecWed, ZaNe SRZeU VSecWUa e[hibiWed chaUacWeUiVWic a8 H] aOSha SeaNV acURVV aOO cRhRUWV, ZheUeaV N2

VSecWUa e[hibiWed chaUacWeUiVWic VigPa-baQd SeaNV. The chiOdhRRd CHAT VaPSOeV (gUeeQ OiQeV) had

PRUe SURQRXQced VSiQdOe SeaNV aW VORZeU fUeTXeQcieV (e.g. 11 H]) aQd, acURVV aOO VWaWeV, higheU SRZeU aW

ORZeU fUeTXeQcieV.

EYideQW iQ Whe UaZ SRZeU VSecWUa, aOO cRhRUWV RWheU WhaQ Whe SHHS VhRZed VWeeSeU 30-45 H] VORSeV iQ

NREM aQd REM WhaQ ZaNe. FigXUe 1b VhRZV eVWiPaWed VWaWe-VSecific VORSeV fRU Whe Vi[ baVeOiQe

cRhRUWV. BUiefO\, giYeQ a SRZeU VSecWUXP PSD(I) a 1/I 𝛼, Whe VSecWUaO e[SRQeQW 𝛽 = -𝛼 ZaV eVWiPaWed aV

Whe OiQeaU VORSe Rf Whe ORg-ORg UegUeVViRQ Rf SRZeU RQ fUeTXeQc\ (Vee MeWhRdV). AOO WhUee SaiUZiVe

ZiWhiQ-iQdiYidXaO diffeUeQceV beWZeeQ ZaNe, NREM aQd REM VORSeV ZeUe highO\ VigQificaQW (S < 10-15

PaWched-SaiU W-WeVWV) aQd ViPiOaU UeVXOWV ZeUe RbWaiQed fRU C3-M2 (FigXUe S2, TabOe S2).

AV iPSOied b\ Whe VSecWUa iQ FigXUe 1a, VORSeV ZeUe PaUNedO\ VWeeSeU iQ SHHS cRPSaUed WR RWheU

cRhRUWV (QRWe Whe diffeUeQW \-a[iV VcaOiQg). FXUWheUPRUe, PRVW eYideQWO\ dXUiQg ZaNe, Whe SHHS

VhRZed a biPRdaO diVWUibXWiRQ Rf VORSeV (aOVR addUeVVed iQ SXSSOePeQWaU\ IQfRUPaWiRQ SecWiRQ

1).  GiYeQ WheVe WechQicaO iVVXeV, Ze eOecWed WR e[cOXde SHHS fURP RXU SUiPaU\ aQaO\VeV.
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FLJXUH 1. 6SHFWUDO SRZHU DQG VORSHV EDVHG RQ FRQWUDODWHUDO PDVWRLG (CM) UHIHUHQFLQJ. For the channel C4-M1
(contralateral mastoid referencing), D) mean log poZer spectra (5-46 H]) b\ sleep state (Zake, NREM and REM) and cohort.
Dashed Yertical lines at 8 and 13 H] indicate t\pical modes of oscillator\ actiYit\ dXring Zake (alpha rh\thms) and N2
(spindles); dashed lines at 30 and 45 H] indicate the interYal Zithin Zhich the spectral slope Zas estimated. E) Estimated
spectral slopes for the set of independent first-ZaYe indiYidXals (CHAT baseline and non-randomi]ed samples pooled). Gra\
lines connect the three YalXes for each indiYidXal. Note the different scaling of the \-a[is for SHHS1 YersXs the fiYe other
datasets.  Green, blXe and red indicate Zake, NREM and REM respectiYel\. See 7DEOH 61 for sample si]e details.

PRWeQWiaO QRQ-QeXUaO cRQfRXQdeUV Rf Whe VSecWUaO VORSe

The VSecWUaO VORSe iQ Whe gaPPa UaQge caQ be affecWed b\ PXVcOe acWiYiW\ aV Whe VcaOS EEG iV iQeYiWabO\

VeQViWiYe WR fURQWaOiV (SeaN fUeTXeQc\ beWZeeQ 20-30 H]) aQd WePSRUaOiV (40-80 H]) 13,22 aV ZeOO aV

e[WUaRcXOaU PXVcOeV (30-120 H] ZiWh SeaN aW 64 H]) e[ecXWiQg Vaccadic e\e PRYePeQWV 23,24. IQ a

SUeYiRXV VWXd\ cRPSaUiQg UeVWiQg VWaWe EEG ZiWh aQd ZiWhRXW SaUaO\ViV iQdXced b\ cRPSOeWe

QeXURPXVcXOaU bORcNade, SRZeU abRYe 20 H] ZaV aWWeQXaWed 10- WR 200-fROd XQdeU SaUaO\ViV,

VXggeVWiQg WhaW PRVW VcaOS EEG abRYe 20 H] iV Rf EMG RUigiQ25. IW aOVR haV beeQ UeSRUWed WhaW dXUiQg
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ZaNe, UeVWiQg VWaWe EEG UecRUdiQgV cRQWaPiQaWed b\ PXVcOe acWiYiW\ e[SUeVVed fOaWWeU VORSeV WhaQ EEG

ZiWh QR EMG iQWeUfeUeQce 26. NeiWheU aUe iQWUacUaQiaO UecRUdiQgV QeceVVaUiO\ cRPSOeWeO\ fUee Rf PXVcOe

acWiYiW\ iQWeUfeUeQce 27±30. TheUe aUe ZeOO-NQRZQ diffeUeQceV iQ PXVcOe WRQe aQd RcXOaU PRYePeQWV

beWZeeQ ZaNe, NREM aQd REM VOeeS; PXVcOe aWRQia W\SicaO WR REM VOeeS ZaV UeSRUWed WR affecW

fURQWaOiV PXVcOe WR Whe VaPe e[WeQW aV VXbPeQWaO PXVcOe ± a VWaQdaUd ViWe Rf PSG EMG UecRUdiQg 31 bXW

WheUe iV aOVR eYideQce Rf iQcUeaVed faciaO PXVcOe cRQWUacWiRQV dXe WR OiPbic acWiYaWiRQ dXUiQg REM 32.

IQ Whe fiYe cRhRUWV e[cOXdiQg SHHS (CHAT, CCSHS, CFS, MUOS aQd SOF) Ze WheUefRUe iQYeVWigaWed

SRVVibOe VRXUceV Rf biaV aQd/RU QRiVe, fiUVW eVWiPaWiQg VWaWe-VSecific VORSeV fURP 30-45 H] chiQ EMG

VSecWUa. BUiefO\, Ze RbVeUYed PXOWiSOe, SRWeQWiaOO\ QRQ-WUiYiaO OiQNageV beWZeeQ VWaWe-deSeQdeQW

diffeUeQceV iQ EEG aQd EMG VORSeV: 1) ViPiOaU ZaNe > NREM > REM PeaQ diffeUeQceV (TabOe S3) aQd

age-UeOaWed fOaWWeQiQg (FigXUe S3), 2) SRViWiYe cRUUeOaWiRQV iQ EEG aQd EMG VORSeV ZiWhiQ VWaWe (TabOe

S4), 3) PeaQ diffeUeQceV iQ EMG-EEG cRheUeQce (WaNeQ WR iQde[ SRWeQWiaO cRQWaPiQaWiRQ) beWZeeQ

VWaWeV, SUiPaUiO\ REM > NREM > ZaNe (FigXUe S4a), 4) VigQificaQW aVVRciaWiRQV beWZeeQ EMG-EEG

cRheUeQce aQd EEG VORSe (FigXUe S4b) aQd 5) PRdeVW bXW VigQificaQW aVVRciaWiRQV ZiWh BMI fRU bRWh

EEG aQd EMG NREM VORSeV (TabOe S5, FigXUe S5). IQ Whe CFS, Ze addiWiRQaOO\ eVWiPaWed 30-45 H]

VORSeV fURP Whe ECG, fiQdiQg OaUgeO\ ViPiOaU SaWWeUQV ZiWh UeVSecW WR EEG VORSeV aV fRU Whe EMG

(FigXUeV S6 & S7).  See SXSSOePeQWaU\ IQfRUPaWiRQ SecWiRQ 2 fRU deWaiOV.

SiPiOaU WR LeQdQeU eW aO., cRQdiWiRQiQg RQ EMG VORSe ZaV QRW VXfficieQW WR fXOO\ e[SOaiQ Whe RbVeUYed,

ZiWhiQ-iQdiYidXaO VWaWe-deSeQdeQW diffeUeQceV iQ EEG VORSe ± aOWhRXgh Ze QRWe WhaW SeaNV iQ LeQdQeU¶V

EMG SRZeU VSecWUa aW e[acWO\ 20 aQd 40 H] VXggeVW WhaW WheiU EMG VORSe eVWiPaWeV ZeUe WhePVeOYeV

VXbjecW WR biaV/QRiVe (Vee LeQdQeU eW aO. FigXUe 2, VXSSOePeQW 2). NRQeWheOeVV, VRXUceV Rf

beWZeeQ-iQdiYidXaO, ZiWhiQ-VWaWe YaUiaWiRQ (iQcOXdiQg QRiVe aQd biaV) Pa\ be TXaQWiWaWiYeO\ aQd

TXaOiWaWiYeO\ diffeUeQW fURP Whe VRXUceV Rf ZiWhiQ-iQdiYidXaO, beWZeeQ-VWaWe YaUiaWiRQ, PeaQiQg WhaW

QRQ-QeXUaO cRQfRXQdV cRXOd VWiOO biaV (eiWheU aWWeQXaWiQg, RU VSXUiRXVO\ iQdXciQg) iQdiYidXaO diffeUeQceV

iQ Whe VSecWUaO VORSe.

LeQdQeU eW aO. cRQVideUed aOWeUQaWe UefeUeQciQg VchePeV iQcOXdiQg biSROaU/ORcaO UefeUeQciQg: iQ RXU

OiPiWed PRQWage cRQWe[W, WhiV cRUUeVSRQded WR RQO\ Whe biSROaU C3-C4 deUiYaWiRQ. AV a cRQWURO, Ze aOVR

cRQVideUed Whe ³cURVV-PaVWRid´ deUiYaWiRQ M1-M2: aOWhRXgh PaVWRid eOecWURdeV aUe QRW WUXO\

iQdeSeQdeQW Rf QeXUaO acWiYiW\, Ze e[SecWed aQ\ VigQaWXUeV Rf cRUWicaO aURXVaO WR be gUeaWO\ aWWeQXaWed,

cRPSaUed WR Whe deUiYaWiRQV iQYROYiQg a ceQWUaO VcaOS eOecWURde. HRZeYeU, M1-M2 VORSeV RfWeQ had

gUeaWeU effecW Vi]eV WhaQ C3-C4 VORSeV ZiWh UeVSecW WR VWaWe diffeUeQceV (TabOe S2) aQd, ZiWhiQ VWaWe,

ZeUe YeU\ highO\ cRUUeOaWed ZiWh EMG VORSeV (TabOe S4) aQd BMI (TabOe S5, FigXUe S5). GiYeQ Whe

SRWeQWiaO UROe Rf PaVWRidV iQWURdXciQg QRQ-QeXUaO VRXUceV WhaW PighW biaV VORSe eVWiPaWeV, Ze
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aOWeUQaWiYeO\ cRQVideUed a OiQNed (i.e. aYeUaged) PaVWRid (LM) UefeUeQciQg VchePe. AOWhRXgh

LM-deUiYed VORSeV ZeUe cRUUeOaWed highO\ ZiWh cRQWUaOaWeUaO (CM) VORSeV (e.g. fRU C3 U = 0.93, 0.88 aQd

0.90 fRU ZaNe, NREM aQd REM UeVSecWiYeO\) aQd e[hibiWed cRPSaUabOe VWaWe-UeOaWed diffeUeQceV

(TabOe S8), LM UefeUeQciQg (aV RUigiQaOO\ ePSOR\ed b\ LeQdQeU eW aO.) dUaPaWicaOO\ UedXced Whe abRYe

PeQWiRQed PaUNeUV Rf SRWeQWiaO EMG/ECG-dUiYeQ biaV iQ EEG VSecWUaO VORSeV, e.g. aV iQde[ed b\ 1)

EEG aQd EMG/ECG cRheUeQce (FigXUe S6), 2) cRUUeOaWiRQ beWZeeQ EEG aQd EMG/ECG VSecWUaO

VORSeV (TabOe S7), aQd 3) OiNeO\ VSXUiRXV aVVRciaWiRQV ZiWh BMI (TabOe S6, FigXUe S5). See

SXSSOePeQWaO IQfRUPaWiRQ, SecWiRQ 2 fRU PRUe deWaiOV.

LiQNed PaVWRid aQaO\VeV Rf Whe VSecWUaO VORSe b\ VOeeS VWaWe

GiYeQ cRQceUQV RYeU a) WechQicaO facWRUV iQ Whe SHHS aQd b) diffeUeQceV beWZeeQ LM- aQd CM-deUiYed

VORSeV, Ze baVed RXU SUiPaU\ aQaO\VeV Rf Whe EEG VSecWUaO VORSe RQ LM UefeUeQciQg, ZiWh Whe SHHS

daWaVeW UePRYed. We Ue-UaQ aOO RXWOieU e[cOXViRQV RQ WhiV QeZ daWaVeW, \ieOdiQg a fiQaO QC+ daWaVeW Rf N

= 4,459 UecRUdiQgV fURP N = 3,543 diVWiQcW iQdiYidXaOV, Rf ZhRP N = 690 (SUiPaUiO\ iQ MUOS) had a

VecRQd PSG.

We RbVeUYed XQaPbigXRXV VXSSRUW fRU VWaWiVWicaOO\ diffeUeQW VORSe PeaQV, QaPeO\ ZaNe > NREM >

REM (FigXUe 2, FigXUe S8 & TabOe S8). AYeUagiQg RYeU cRhRUW PeaQV, RYeUaOO 𝛽 = -1.11, -2.58 aQd

-3.3 fRU ZaNe, NREM aQd REM UeVSecWiYeO\. (N1 aQd N3 e[hibiWed ViPiOaU VORSeV WR N2 (-2.58), aObeiW

W\SicaOO\ PaUgiQaOO\ OeVV VWeeS, PeaQ 𝛽 = -2.4 aQd -2.34 UeVSecWiYeO\, TabOe S8).
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FLJXUH 2. 6SHFWUDO SRZHU EDVHG RQ OLQNHG PDVWRLG UHIHUHQFLQJ, H[FOXGLQJ 6HH6. a) Plots as for FLJXUH 1E, bXt based on
the LM referencing scheme (all state differences, matched pair t-test p < 10-15). b) Pearson correlation coefficients in slope
betZeen the three sleep states considered (all p < 10-5). Green, blXe and red indicate Zake, NREM and REM respectiYel\.

DeVSiWe PeaQ diffeUeQceV, VORSeV ZeUe VigQificaQWO\ cRUUeOaWed acURVV VWaWeV (TabOe S9), VXggeVWiQg

V\VWePaWic aQd VWaWe-iQdeSeQdeQW facWRUV iQfOXeQced VORSe, RWheU WhaQ aURXVaO OeYeO SeU Ve. TR a fiUVW

aSSUR[iPaWiRQ, N1, N2 aQd N3 VORSeV cRUUeOaWed Ua0.7; fRU REM aQd NREM, Ua0.5-0.7; fRU ZaNe aQd

VOeeS, Ua0.2-0.5. AV QRWed, giYeQ Whe bURad ViPiOaUiW\ Rf N1, N2 aQd N3 VORSeV, aOO NREM aQaO\VeV

beORZ XVed N2 VOeeS RQO\, WR eQVXUe gUeaWeU hRPRgeQeiW\ iQ NREM VOeeS acURVV iQdiYidXaOV.

WiWhiQ-iQdiYidXaO eSRch-OeYeO diVcUiPiQaWiRQ Rf VOeeS VWaWe baVed RQ Whe VSecWUaO VORSe

LeQdQeU eW aO. eYaOXaWed Whe e[WeQW WR Zhich Whe EEG VSecWUaO VORSe cRXOd be XVed WR cOaVVif\ eSRchV aV

ZaNe, REM RU NREM (N3). IQ cRPSaUiVRQ WR VORZ RVciOOaWiRQ (SO) SRZeU, Whe VSecWUaO VORSe eQhaQced

diVcUiPiQaWiRQ Rf ZaNe YeUVXV REM, aQd ZaV cRPSaUabOe fRU ZaNe YeUVXV NREM. HeUe, Ze adRSWed a

ViPiOaU OiQeaU diVcUiPiQaQW aQaO\ViV (LDA) aSSURach WR cOaVVif\ eSRch-OeYeO daWa iQ Whe CFS cRhRUW

(chRVeQ becaXVe iW cRQWaiQed Whe PRVW diYeUVe age UaQge).

GiYeQ VWaWe defiQiWiRQV aQd VcRUiQg UXOeV, iW iV QRW cOeaU Zh\ RQe ZRXOd e[SecW SO SRZeU WR be a

SaUWicXOaUO\ VWURQg SUedicWRU Rf ZaNe YeUVXV REM, hRZeYeU. We WheUefRUe fRcXVed RQ ZhaW Ze

cRQVideUed a PRUe UeOeYaQW cRPSaUiVRQ (fRU Whe TXeVWiRQ Rf diVcUiPiQaWiQg REM fURP ZaNe): diffeUeQW
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SaUaPeWeUi]aWiRQV Rf Whe higheU fUeTXeQc\ EEG, QaPeO\ beWa (15-30 H]) aQd gaPPa (30-45 H]) baQd

SRZeU, aV eiWheU aQ abVROXWe RU UeOaWiYe (ZiWh UeVSecW WR WRWaO 0.5-50 H] SRZeU) PeWUic.

UViQg LDA WR diVcUiPiQaWe ZaNe aQd REM iQ Whe CFS cRhRUW, Whe VSecWUaO VORSe did QRW SeUfRUP

diffeUeQWO\ cRPSaUed WR beWa SRZeU (S = 0.78, ZiWh aQ aYeUage accXUac\ Rf 87.5% YeUVXV 87.3% fRU Whe

VORSe, FigXUe 3) aQd SeUfRUPed RQO\ PaUgiQaOO\ beWWeU WhaQ gaPPa SRZeU (S = 0.048, ZiWh 86.7%). IQ

cRQWUaVW, ZhiOe Whe VSecWUaO VORSe SeUfRUPed beWWeU WhaQ beWa SRZeU fRU cOaVVif\iQg REM YeUVXV NREM

(S = 10-15, 73.7% YeUVXV 66.8%), iW ZaV ZRUVe fRU cOaVVif\iQg ZaNe YeUVXV NREM (S < 10-43, 75.6% YeUVXV

87.2%). AOWhRXgh higheU fUeTXeQc\ EEG acWiYiW\ Pa\ ± aV RWheUV haYe VXggeVWed33 ± be aQ iQfRUPaWiYe

(aQd RfWeQ RYeUORRNed) feaWXUe fRU diVWiQgXiVhiQg REM fURP ZaNe, SRWeQWiaOO\ dUiYeQ b\ Whe EMG

cRQWeQW Rf Whe high fUeTXeQc\ EEG, Ze did QRW fiQd eYideQce WhaW Whe VSecWUaO VORSe SeU Ve iV aQ RSWiPaO

SaUaPeWeUi]aWiRQ fRU WhiV SaUWicXOaU gRaO. IQdeed, heUe beWa RU gaPPa baQd SRZeU aORQe SeUfRUPed

ViPiOaUO\ (eTXiYaOeQW UeVXOWV ZeUe RbVeUYed fRU UeOaWiYe SRZeU).

FLJXUH 3. 6WDWH FODVVLILFDWLRQ XVLQJ LDA EDVHG RQ VSHFWUDO VORSH RU EHWD EDQG SRZHU. Three bar plots illXstrate mean
accXracies across indiYidXals of W Ys R, W Ys N2 and R Ys N2 classification and dots represent indiYidXal accXracies (orange
± spectral slope as a predictor and pXrple beta poZer as a predictor). P-YalXes aboYe the bars indicate Zhether there Zas a
significant difference betZeen accXracies prodXced b\ LDA based on spectral slope Ys beta poZer. Dashed gre\ line
illXstrated chance leYel performance. See MHWKRGV for details.

VaUiabiOiW\ iQ VSecWUaO VORSe b\ VOeeS VWaWe

IQ addiWiRQ WR beWZeeQ-VWaWe diffeUeQceV iQ PeaQV, Ze aOVR chaUacWeUi]ed VWaWe-deSeQdeQW diffeUeQceV iQ

Whe YaUiabiOiW\ Rf VSecWUaO SRZeU aQd VORSe, cRQVideUiQg bRWh ZiWhiQ-iQdiYidXaO (eSRch-WR-eSRch) aQd

beWZeeQ-iQdiYidXaO (SeUVRQ-WR-SeUVRQ diffeUeQceV iQ PeaQV) VRXUceV Rf YaUiaWiRQ. AQaORgRXV WR FigXUe

1, bXW baVed RQ LM-UefeUeQciQg aQd e[cOXdiQg SHHS, FigXUe 4 VhRZV PeaQ SRZeU VSecWUa (WRS URZ)
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bXW aOVR Whe YaUiabiOiW\ (VWaQdaUd deYiaWiRQ XQiWV, SD) iQ SRZeU, SaUWiWiRQed iQWR ZiWhiQ-iQdiYidXaO aQd

beWZeeQ-iQdiYidXaO cRPSRQeQWV (PiddOe aQd ORZeU URZV UeVSecWiYeO\). AcURVV aOO cRhRUWV WheUe ZaV

cRQViVWeQWO\ gUeaWeU YaUiabiOiW\ iQ ZaNiQg VSecWUaO SRZeU aW higheU fUeTXeQcieV, e.g. >20 H], iQcUeaViQg

XS WR 45 H], cRQViVWeQW fRU bRWh eVWiPaWeV Rf YaUiabiOiW\. TheUe ZaV aOVR a WeQdeQc\ fRU gUeaWeU

YaUiabiOiW\ aW Whe SRiQWV Rf caQRQicaO RVciOOaWRU\ acWiYiW\ fRU ZaNe (i.e. a8 H]) aQd NR (i.e. a13 H]). IQ

cRQWUaVW, YaUiabiOiW\ iQ REM SRZeU VSecWUa ZaV aSSUR[iPaWeO\ XQifRUP acURVV WhiV fUeTXeQc\ UaQge.

(FigXUe S9 VhRZV WheVe daWa SORWWed VeSaUaWeO\ fRU each cRhRUW.)

FLJXUH 4. MHDQV, ZLWKLQ- DQG EHWZHHQ-SHUVRQ YDULDELOLW\ LQ VWDWH-VSHFLILF VSHFWUDO SRZHU. All anal\ses based on the
LM-referenced dataset, Zith the SHHS stXdies e[clXded. Within-indiYidXal Yariabilit\ Zas based on the standard deYiation
(SD) of epoch-to-epoch differences, calcXlated for each indiYidXal separatel\ and then aYeraged oYer all indiYidXals in each
cohort. In contrast, betZeen-indiYidXal Yariabilit\ Zas the SD based on differences betZeen indiYidXals¶ mean poZer,
calcXlated once for each cohort. See FLJXUH 69 for these data plotted indiYidXall\ for each cohort.

We Qe[W cRQVideUed Whe cRPSRQeQWV Rf YaUiabiOiW\ iQ Whe VSecWUaO VORSe (FigXUe 5). BecaXVe Whe QXPbeU

Rf eSRchV RbVeUYed fRU a giYeQ iQdiYidXaO/VWaWe Pa\ iQfOXeQce Whe YaUiaQce/eUURU iQ eVWiPaWed VORSeV

(Zhich ZiOO iQfOXeQce beWZeeQ-iQdiYidXaO YaUiabiOiW\ iQ PeaQ VORSeV), Ze SORWWed Whe PeaQ QXPbeU Rf

eSRchV fRU each VWaWe (FigXUe 5, WRS URZ). AV e[SecWed, iQdiYidXaOV W\SicaOO\ had PRUe NREM eSRchV;

WheUe ZaV aOVR a WeQdeQc\ fRU ROdeU cRhRUWV WR haYe UeOaWiYeO\ PRUe ZaNe WhaQ REM eSRchV. IQ geQeUaO,
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beWZeeQ-iQdiYidXaO YaUiabiOiW\ iQ VORSe (FigXUe 5, VecRQd URZ) ZaV ViPiOaU acURVV VWaWeV, ZiWh SeUhaSV

Whe e[ceSWiRQ Rf gUeaWeU YaUiaQce fRU REM iQ Whe ROdeU cRhRUWV (SRWeQWiaOO\ UefOecWiQg WheiU UedXced REM

dXUaWiRQ). WiWh UeVSecW WR ZiWhiQ-iQdiYidXaO YaUiabiOiW\ (FigXUe 5, WhiUd URZ), WheUe ZaV a cOeaU SaWWeUQ

Rf gUeaWeU eSRch-WR-eSRch YaUiabiOiW\ iQ VORSeV dXUiQg ZaNe cRPSaUed WR REM, ZiWh iQWeUPediaWe OeYeOV

RbVeUYed fRU NREM, Zhich Pa\ UefOecW gUeaWeU heWeURgeQeiW\ aQd QRiVe iQ Whe ZaNiQg daWa.

We aOVR cRQVideUed Whe cRUUeOaWiRQ beWZeeQ aQ iQdiYidXaO¶V PeaQ VORSe aQd Whe cRUUeVSRQdiQg

eSRch-WR-eSRch YaUiabiOiW\ iQ VORSe (fRU WhaW VaPe iQdiYidXaO). If, fRU a giYeQ VWaWe/iQdiYidXaO,

eSRch-OeYeO eVWiPaWeV Rf VORSe fROORZed a ViQgOe QRUPaO diVWUibXWiRQ, RQe ZRXOd QRW e[SecW aQ\

VigQificaQW cRUUeOaWiRQ beWZeeQ PeaQ aQd YaUiaQce. FigXUe 5 (bRWWRP URZ) VhRZV Whe PeaQ/YaUiaQce

cRUUeOaWiRQV, aYeUaged RYeU iQdiYidXaOV, VeSaUaWeO\ b\ VOeeS VWaWe aQd cRhRUW. CRUUeOaWiRQV ZeUe W\SicaOO\

VigQificaQWO\ diffeUeQW fURP 0.0, aQd fROORZed a diVWiQcW SaWWeUQ acURVV cRhRUWV: ZaNe aQd REM VORSeV

e[hibiWed QegaWiYe PeaQ/YaUiaQce cRUUeOaWiRQV, ZheUeaV NREM VORSeV e[hibiWed SRViWiYe cRUUeOaWiRQV.

IQ RWheU ZRUdV, fRU REM aQd ZaNe, iQdiYidXaOV ZiWh PRUe eSRch-WR-eSRch YaUiabiOiW\ iQ VORSe WeQded WR

haYe VWeeSeU (PRUe QegaWiYe) VORSeV, RQ aYeUage. The RSSRViWe ZaV WUXe fRU NREM: iQdiYidXaOV ZiWh

gUeaWeU YaUiabiOiW\ WeQded WR haYe fOaWWeU VORSeV. TheVe UeVXOWV VXggeVW WhaW ORRNiQg RQO\ aW a ViQgOe YaOXe

Rf Whe VSecWUaO VORSe (i.e. fRU RQe iQdiYidXaO, aQ eVWiPaWe baVed RQ aOO eSRchV) ZiOO PiVV RWheU fRUPV Rf

VWaWe-deSeQdeQW diVWUibXWiRQaO diffeUeQceV iQ VORSe d\QaPicV.
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FLJXUH 5. ESRFK FRXQWV, YDULDELOLW\ LQ VSHFWUDO SRZHU (ZLWKLQ- DQG EHWZHHQ-LQGLYLGXDO) DQG FRUUHODWLRQV EHWZHHQ PHDQ
VORSH DQG ZLWKLQ-LQGLYLGXDO VORSH 6D. All anal\ses based on the LM-referencing; all epoch coXnts refer to the nXmber of
epochs passing the stringent QC procedXres. Green, blXe and red indicate Zake, NREM and REM respectiYel\. See MHWKRGV
for details.

ReOaWiRQVhiSV beWZeeQ Whe 30-45 H] VSecWUaO VORSe aQd SRZeU

The VSecWUaO VORSe ZaV QRW iQdeSeQdeQW Rf abVROXWe (RU UeOaWiYe) SRZeU acURVV Whe VSecWUXP.

CRQViVWeQWO\ acURVV aOO cRhRUWV, Ze fRXQd WhaW VORSe-SRZeU cRUUeOaWiRQV VhRZed TXaOiWaWiYeO\ diffeUeQW

SaWWeUQV beWZeeQ ZaNe, NREM aQd REM, hRZeYeU. FigXUe 6 (WRS URZ) VhRZV VWaWe-VSecific

cRUUeOaWiRQV beWZeeQ VSecWUaO VORSe (baVed RQ Whe 30-45H] iQWeUYaO) aQd SRZeU acURVV a bURadeU

VSecWUXP (10-46 H] iQ 0.25 H] biQV; aOVR Vee FigXUe S10). FRU e[aPSOe, cRQVideUiQg SRZeU aW 30 H]

Ze RbVeUYed highO\ VigQificaQW (S < 10-10) QegaWiYe cRUUeOaWiRQV dXUiQg REM, bXW SRViWiYe cRUUeOaWiRQV

dXUiQg ZaNe. TR YiVXaOi]e VORSe/SRZeU UeOaWiRQVhiSV PRUe diUecWO\, FigXUe 6 (ORZeU WhUee URZV) aOVR
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VhRZV ORg-VcaOed abVROXWe SRZeU VWUaWified b\ a PediaQ VSOiW RQ VSecWUaO VORSe. DaVhed (YeUVXV VROid)

OiQeV UeSUeVeQW PeaQ SRZeU fRU iQdiYidXaOV ZiWh VWeeSeU (YeUVXV VhaOORZeU) VORSeV. DXUiQg ZaNe

(FigXUe 6, VecRQd URZ), VWeeSeU VORSeV UeVXOWed fURP gUeaWeU diYeUgeQce iQ SRZeU aW higheU fUeTXeQcieV

(e.g. WRZaUdV 45 H]). IQ cRQWUaVW, dXUiQg REM (FigXUe 6, bRWWRP URZ) VWeeSeU VORSeV UeVXOWed fURP

gUeaWeU diYeUgeQce aW ORZeU fUeTXeQcieV (10-30 H]), Zhich ZaV aWWeQXaWed aW higheU fUeTXeQcieV, i.e. XS

WR 45 H]. DXUiQg NREM Ze RbVeUYed aQ iQWeUPediaWe SURfiOe (FigXUe 6, WhiUd URZ). The OaUgeU

diffeUeQceV iQ ZaNe higheU fUeTXeQc\ SRZeU echRed Whe iQcUeaVed YaUiaQce iQ SRZeU aQd VORSe (FigXUeV

4 & 5). ThaW iV, iQdiYidXaO diffeUeQceV iQ ZaNiQg SRZeU aQd VORSe ZeUe dUiYeQ b\ facWRUV WhaW

SaUWicXOaUO\ iQfOXeQced gaPPa baQd SRZeU, ZheUeaV WhiV ZaV QRW Whe caVe dXUiQg REM.

FLJXUH 6. 5HODWLRQVKLSV EHWZHHQ VSHFWUDO VORSHV DQG VSHFWUDO SRZHU. Top roZ shoZs Peason correlation coefficients
betZeen indiYidXals¶ mean spectral poZer and mean spectral slope, conditional on sleep state and cohort. The loZer three
roZs shoZ mean poZer stratified b\ a median split on spectral poZer: means for the groXp of indiYidXals Zith steeper slopes
are represented b\ dashed (YersXs solid) lines. All anal\ses Zere based on the LM-referenced dataset. Green, blXe and red
indicate Zake, NREM and REM respectiYel\.

MRdeOOiQg VWaWe-deSeQdeQW chaQgeV iQ Whe EEG SRZeU VSecWUXP

We adRSWed a ViPSOified, PRdeO-baVed aSSURach WR deWeUPiQe ZheWheU, b\ WhePVeOYeV, chaQgeV iQ Whe

VSecWUaO VORSe (aVVXPiQg a VWUicW SRZeU OaZ PRdeO) ZeUe VXfficieQW WR accRXQW fRU Whe

(TXaOiWaWiYeO\-diffeUeQW) VORSe/SRZeU UeOaWiRQVhiSV deSicWed abRYe, heUe fRcXVViQg RQ VSecWUaO

SRZeU/VORSe UeOaWiRQVhiSV (SUiPaUiO\ FigXUe 6). We diUecWO\ ViPXOaWed SRZeU VSecWUa fRU N = 5,000
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iQdiYidXaOV, iQiWiaOO\ iQ Whe fRUP PSD(I) = A/I 𝛼 + e, ZheUe A aQd 𝛼 ZeUe QRUPaOO\-diVWUibXWed UaQdRP

YaUiabOeV UeSUeVeQWiQg Whe VSecWUaO iQWeUceSW aQd e[SRQeQW (VORSe 𝛽 = -𝛼 ) UeVSecWiYeO\ (Vee MeWhRdV).

LRRVeO\ fROORZiQg RWheUV (e.g. UefV. 10,11,34), Ze WheQ e[WeQded Whe PRdeO iQ VeYeUaO Za\V; VchePaWicaOO\

deSicWed iQ FigXUe 7, WheVe (QRQ-PXWXaOO\ e[cOXViYe) SaUaPeWeUi]aWiRQV ZeUe aV fROORZV: 1) aOORZiQg

VSecWUaO VORSe aQd iQWeUceSW WR be cRUUeOaWed (SRViWiYeO\ RU QegaWiYeO\), 2) iQcOXdiQg a fOaW VSecWUaO

cRPSRQeQW C, VXch WhaW PSD(I) = A/I 𝛼 + C, 3) aOORZiQg aQ aOWeUQaWe ceQWeU Rf URWaWiRQ IU VXch WhaW ORg

PSD(I) = ORg A + 𝛼 ORg( I / IU ), aQd/RU 4) aOORZiQg fRU Whe VORSe WR YaU\ acURVV Whe SRZeU VSecWUXP. The

OaWWeU ZaV iPSOePeQWed b\ PRdeOOiQg WZR iQdeSeQdeQW VORSeV (𝛼 aQd 𝛼*) aORQg ZiWh a

fUeTXeQc\-deSeQdeQW VigPRidaO ZeighW fXQcWiRQ Z(I) (Vee Whe fiUVW cROXPQ Rf FigXUe S11), VXch WhaW Whe

VSecWUXP ZaV iQ Whe fRUP ORg PSD(I) = ORg A + Z(I) 𝛼 ORg( I / IU ) + (1-Z(I)) 𝛼* ORg( I / IU ). AOWhRXgh Whe

VecRQd VORSe 𝛼* cRXOd iQ SUiQciSOe be SaUaPeWeUi]ed diffeUeQWO\ fURP 𝛼 (i.e. iQ WeUPV 𝜇, 𝜎, IU aQd

cRUUeOaWiRQ ZiWh Whe iQWeUceSW, iQ RUdeU WR PRdeO a µNQee¶ iQ Whe PeaQ VSecWUaO VORSe), heUe WheVe ZeUe

fi[ed WR Whe VaPe YaOXeV fRU 𝛼. The UeOeYaQW SRiQW iV ViPSO\ WhaW, XQdeU WheVe µWaSeUed¶ PRdeOV, chaQgeV

iQ 𝛼 ZiOO WeQd WR iQfOXeQce Whe VORSe RQO\ aW higheU fUeTXeQcieV (e.g. >30 H]) bXW QRW aW ORZeU fUeTXeQcieV

(e.g. <20 H]), aV PRdeOOed b\ Z(I).

We iQiWiaOO\ VeW SRSXOaWiRQ VORSe SaUaPeWeUV 𝛼 a N(𝜇, 𝜎2) WR 𝜇 = 1, 2.5 aQd 3 WR UefOecW W\SicaO RbVeUYed

PeaQV fRU ZaNe, NREM aQd REM UeVSecWiYeO\. IQ Whe ViPXOaWed SRZeU VSecWUa, Ze fROORZed Whe

aQaO\ViV SURcedXUeV aV abRYe, eVWiPaWiQg VWaWe-deSeQdeQW YaUiabiOiW\ iQ SRZeU, Whe PeaQ VORSe, Whe

cRUUeOaWiRQ beWZeeQ VORSe aQd SRZeU, aQd PeaQ SRZeU VWUaWified b\ a PediaQ VSOiW RQ VORSe (FigXUe 8

& FigXUe S11a). GiYeQ Whe cRQViVWeQc\ acURVV VWXdieV eYideQW iQ FigXUe 6, heUe Ze UeSURdXce RQO\ Whe

CFS UeVXOWV iQ FigXUe 8 (fiUVW cROXPQ), WR UefOecW Whe ePSiUicaO, RbVeUYed YaOXeV fRU Ne\ VWaWiVWicV,

fRcXVViQg RQ Whe VWaWe-deSeQdeQW VORSe-SRZeU cRUUeOaWiRQ aQd VORSe-VWUaWified PeaQ SRZeU.

OXU iQiWiaO PRdeO ± WhaW aVVXPed a VWUicW SRZeU OaZ iPSO\iQg a URWaWiRQ Rf Whe VORSe aURXQd 1 H] aV a

fXQcWiRQ Rf 𝛼 (FigXUe 8, VecRQd cROXPQ, aQd FigXUe S11a) ± ZaV XQabOe WR UecaSiWXOaWe Whe

TXaOiWaWiYeO\ diffeUeQW SaWWeUQV Rf VORSe-SRZeU cRUUeOaWiRQ Ze RbVeUYed acURVV VWaWeV. NaPeO\, VORSe aQd

SRZeU ZeUe aOZa\V SRViWiYeO\ cRUUeOaWed, PeaQiQg WhaW iQdiYidXaOV ZiWh VWeeSeU VORSeV WeQded WR haYe

ORZeU SRZeU aW aOO fUeTXeQcieV abRYe 1 H]. IQ a UeYiVed PRdeO, Ze RbVeUYed WZR aOWeUaWiRQV WhaW ZeUe

VXfficieQW WR accRXQW fRU Whe PajRU, VWaWe-VSecific SaWWeUQ Rf UeVXOWV (FigXUe 8, WhiUd cROXPQ): chaQgiQg

Whe ceQWeU Rf URWaWiRQ (IU) aQd aOORZiQg fRU a fUeTXeQc\-deSeQdeQW WaSeUiQg Rf Whe iQfOXeQce Whe 𝛼
SaUaPeWeU RQ Whe VSecWUaO VORSe, Yia a QRQ-XQifRUP Z(I). SSecificaOO\, Ze VeW IU WR 10, 35 aQd 45 H] fRU

ZaNe, NREM aQd REM UeVSecWiYeO\. ChaQgiQg Whe ceQWeU Rf URWaWiRQ aOORZed fRU Whe TXaOiWaWiYeO\

diffeUeQW VORSe-SRZeU UeOaWiRQVhiSV RbVeUYed acURVV VWaWeV. HRZeYeU, b\ iWVeOf, chaQgiQg RQO\ IU \ieOded

VORSe-SRZeU cRUUeOaWiRQV WhaW gUeZ YeU\ QegaWiYe aW ORZeU fUeTXeQcieV fRU NREM aQd REM. TR achieYe

Whe aWWeQXaWed cRUUeOaWiRQV Ze RbVeUYed (i.e. WUeQdiQg bacN WRZaUdV U = 0 b\ a10 H]), iW ZaV VXfficieQW WR
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aVVXPe Z(I) fXQcWiRQV aV VhRZQ iQ Whe fiUVW cROXPQ Rf FigXUe S11b, iPSO\iQg WhaW iQfOXeQceV RQ Whe

VORSe aW WheVe ORZeU fUeTXeQcieV ZeUe iQdeSeQdeQW Rf facWRUV iPSacWiQg Whe 30-45 H] VORSe.

FLJXUH 7. MRGHO SDUDPHWHUV. These cartoons illXstrate the parameteri]ations of the aperiodic component of the poZer
spectrXm Ze considered in the simXlations. In each case, the green term indicates the aspect of the model that Zas Yaried,
and the corresponding plots shoZ the impact of poZer spectra (in linear-linear and log-log coordinates, left and right figXres
respectiYel\). For illXstratiYe pXrposes onl\, the fiYe lines (from blXe to red) shoZ the e[pected poZer spectrXm for fiYe
different parameter YalXes (e.g. Į = 1, 1.5, 2, 2.5 and 3). PoZer absolXte YalXes/Xnits (\-a[es) are arbitrar\ and so not shoZn:
these figXres are intended onl\ to shoZ some of the qXalitatiYe patterns of differences that can arise dXe to Yariation in a giYen
model parameter. The Z(f) fXnction Zas similar to those depicted in FLJXUH 611E, Zith a 50% YalXe at 25 H] in this e[ample
(loZer roZ). Be\ond these factors, the model also alloZed slope and intercept to be correlated, and specified a stochastic
error term (smoothed Zith respect to freqXenc\).  See the te[t and MHWKRGV for details.
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FLJXUH 8. OEVHUYHG GDWD, LQLWLDO DQG UHYLVHG PRGHO VLPXODWLRQ-EDVHG SUHGLFWLRQV. The left colXmn of plots reprodXces the
obserYed resXlts from the CFS cohort, for state-dependent slope-poZer correlations (top roZ) and mean poZer stratified b\ a
median-split on slope (loZer three roZs). Green, blXe and red indicate Zake, NREM and REM respectiYel\. Based on N =
5,000 simXlated spectra, the middle and right colXmns shoZ the eqXiYalent simXlation-based resXlts, from a) the original
model parameteri]ation (µYariable slope model¶), assXming a strict poZer laZ model Zith mean Į = 1, 2.5 and 3 for Zake,
NREM and REM respectiYel\ (and SDs of 0.5, 0.5 and 0.75, appro[imatel\ folloZing the obserYed betZeen-indiYidXal
estimates from FLJXUH 5), and b) a reYised model (µYariable slope model Zith alternate centers of rotation and tapering¶), Zith
similar popXlation parameters for slope means and Yariances bXt alloZing different centers of rotation (fr = 10, 35 and 45 H]
for Zake, NREM and REM respectiYel\) and setting Z(f) sXch that Yariation in Į had less inflXence on the slope at loZer
freqXencies (see FLJXUH 611E). Whereas the initial model (simpl\ Yar\ing mean spectral slope b\ state) coXld not recapitXlate
the obserYed resXlts, the reYised model coXld.  See te[t and MHWKRGV for fXrther details.

FXOO\ e[SORUiQg WheVe SaUaPeWeUi]aWiRQV iV be\RQd Whe VcRSe Rf WhiV UeSRUW aQd RWheU PRdificaWiRQV Rf

Whe baVic PRdeO Pa\ \ieOd SUedicWiRQV WhaW aUe eTXaOO\ cRQViVWeQW ZiWh RXU RbVeUYaWiRQV. TheVe aQaO\VeV

ZeUe iQWeQded RQO\ WR SURYide TXaOiWaWiYe iQVighWV UaWheU WhaQ TXaQWiWaWiYe fiWV WR Whe daWa; WheVe PRdeOV
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aOVR did QRW cRQVideU ZiWhiQ-iQdiYidXaO SaWWeUQV Rf YaUiabiOiW\ aV dRcXPeQWed abRYe, SaUaPeWeUi]iQg

RQO\ Whe PeaQ VORSe aQd VSecWUa fRU each iQdiYidXaO. FXUWheU, WheVe PRdeOV RQO\ cRQVideUed Whe

aSeUiRdic cRPSRQeQW Rf Whe SRZeU VSecWUXP. IQ UeaO daWa, RVciOOaWRU\ acWiYiW\ dXUiQg ZaNe aQd NREM

ZiOO iPSacW RbVeUYed VORSe-SRZeU cRUUeOaWiRQV aW ORZeU fUeTXeQcieV (e.g. iQ FigXUe S10, Whe chiOdhRRd

cRhRUWV VhRZV diSV iQ abVROXWe VORSe-SRZeU cRUUeOaWiRQV QeaU aOSha aQd VigPa fUeTXeQcieV fRU ZaNe aQd

NREM UeVSecWiYeO\, SUeVXPabO\ UefOecWiQg iQdiYidXaO diffeUeQceV iQ aOSha/VSiQdOe Uh\WhPV QRW VWURQgO\

UeOaWed WR Whe VSecWUaO VORSe). NRQeWheOeVV, WheVe aQaO\VeV VWURQgO\ VXggeVW WhaW YaUiaWiRQ iQ Whe VSecWUaO

VORSe iV QRW, b\ iWVeOf, VXfficieQW WR accRXQW fRU Whe SaWWeUQV Rf UeVXOWV Ze RbVeUYed.

ReOaWiRQVhiSV beWZeeQ Whe 30-45 H] VSecWUaO VORSe aQd cRheUeQce

GiYeQ SUeYiRXV UeSRUWV Rf UedXced gaPPa cRheUeQce dXUiQg REM35, aV aQ e[SORUaWRU\ aQaO\ViV iQ Whe

CFS cRhRUW, Ze eVWiPaWed iQWeU-hePiVSheUic PagQiWXde VTXaUed cRheUeQce (beWZeeQ C3 aQd C4 XViQg

LM UefeUeQciQg). AbVROXWe cRheUeQce YaOXeV ZeUe geQeUaOO\ high (UefOecWiQg Whe cRPPRQ UefeUeQce) bXW

fRU beWa aQd gaPPa fUeTXeQcieV Ze RbVeUYed VigQificaQWO\ ORZeU cRheUeQce dXUiQg REM cRPSaUed WR

ZaNe, ZiWh NREM VhRZiQg aQ iQWeUPediaWe SaWWeUQ (FigXUe 9a). WheUeaV Whe VSecWUaO VORSe caQ be

iQWeUSUeWed WR UefOecW Whe degUee Rf ORcaO V\QchURQRXV QeXUaO acWiYiW\, cRheUeQce UefOecWV ORQg-UaQge

fXQcWiRQaO cRQQecWiYiW\ (aV ZeOO aV VSXUiRXV cRQQecWiYiW\ dXe WR YROXPe cRQdXcWiRQ). CRheUeQce YaOXeV

ZeUe QRW iQdeSeQdeQW Rf VSecWUaO SRZeU (heUe aYeUaged acURVV C3-LM aQd C4-LM), aOWhRXgh Ze

RbVeUYed TXaOiWaWiYeO\ diffeUeQW UeOaWiRQVhiSV beWZeeQ VWaWeV (FigXUe 9b). NREM e[hibiWed a SeaN iQ

SRZeU/cRheUeQce cRUUeOaWiRQ iQ Whe VigPa UaQge (SUeVXPabO\ dUiYeQ b\ VSiQdOe acWiYiW\), bXW aOVR

iQcUeaVed cRheUeQce/SRZeU cRUUeOaWiRQ abRYe 30 H]. IQ cRQWUaVW, dXUiQg REM VOeeS WheUe ZaV aQ

iQfOecWiRQ SRiQW aW 30 H], afWeU Zhich iQdiYidXaO diffeUeQceV iQ cRheUeQce aQd SRZeU decRXSOed. FigXUe

9c UeSURdXceV Whe VORSe/SRZeU cRUUeOaWiRQ fRU CFS (aV VhRZQ iQ FigXUe 6, bXW heUe baVed RQ Whe VORSe

aQd SRZeU aYeUaged RYeU Whe WZR ceQWUaO chaQQeOV). FiQaOO\, FigXUe 9d VhRZV Whe cRUUeOaWiRQV beWZeeQ

aYeUage VORSe (30-45 H]) aQd cRheUeQce: aV fRU VORSe aQd SRZeU, WheUe ZeUe TXaOiWaWiYeO\ diffeUeQW

SaWWeUQV beWZeeQ aOO WhUee VWaWeV. DXUiQg REM, iQdiYidXaOV ZiWh VWeeSeU VORSeV WeQded WR VhRZ higheU

C3-C4 cRheUeQce, SaUWicXOaUO\ aURXQd 30 H]. IQ cRQWUaVW, dXUiQg NREM, iQdiYidXaOV ZiWh VWeeSeU

VORSeV WeQded WR VhRZ ORZeU cRheUeQce aW higheU (>20 H]) fUeTXeQcieV, ZheUeaV fRU ZaNe, iQdiYidXaOV

ZiWh VWeeSeU VORSeV WeQded WR VhRZ ORZeU cRheUeQce aW VORZeU (<20 H]) fUeTXeQcieV.
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FLJXUH 9. VWDWH-VSHFLILF UHODWLRQVKLSV EHWZHHQ LQWHU-KHPLVSKHULF FRKHUHQFH, SRZHU DQG VSHFWUDO VORSH. Anal\ses
based on CFS data onl\, all anal\ses based on the LM-referenced dataset. Green, blXe and red indicate Zake, NREM and
REM respectiYel\. Coherence Zas estimated Xsing magnitXde sqXared coherence, see MHWKRGV for details.

FXOO\ XQSacNiQg WheVe cRheUeQce UeVXOWV iV be\RQd Whe VcRSe Rf WhiV UeSRUW (aQd ZRXOd iQ aQ\ caVe be

beWWeU e[ecXWed iQ Whe cRQWe[W Rf VWXdieV ZiWh higheU eOecWURde deQViW\). NRQeWheOeVV, Ze SRiQW WR WheVe

UeVXOWV ± aORQgVide Whe SUiRU UeVXOWV fRU Whe VSecWUaO SRZeU ± WR XQdeUVcRUe Whe W\SeV Rf TXaOiWaWiYe

VWaWe-deSeQdeQW diffeUeQceV iQ PeaVXUeV UeOaWed WR Whe VSecWUaO VORSe, Zhich aSSeaU WR e[WeQd be\RQd

ViPSO\ diffeUeQceV iQ PeaQV.

DePRgUaShic VRXUceV Rf YaUiaWiRQ iQ VWaWe-VSecific VSecWUaO VORSe

FiQaOO\, Ze cRQVideUed hRZ Whe VSecWUaO VORSe YaUied ZiWh age aQd Ve[, aQd ZheWheU WhRVe effecWV YaUied

beWZeeQ ZaNe, NREM aQd REM. FiUVW, Ze OeYeUaged Whe UeSeaWed PSGV fURP Whe MUOS cRhRUW Rf ROdeU

PeQ (a5 \eaUV beWZeeQ YiViWV) WR eVWiPaWe WeVW-UeWeVW UeOiabiOiW\ aV ZeOO aV age-UeOaWed chaQgeV iQ a

ORQgiWXdiQaO/ZiWhiQ-iQdiYidXaO cRQWe[W. SSecWUaO VORSeV VhRZed PRdeUaWe WR high WeVW-UeWeVW

cRUUeOaWiRQV (FigXUe 10, TabOe S10). FRU e[aPSOe, fRU C4-LM, Whe WeVW-UeWeVW U = 0.51, 0.63 aQd 0.75

fRU ZaNe, NREM aQd REM UeVSecWiYeO\ (aOO S < 10-15, TabOe S10). We fXUWheU RbVeUYed VigQificaQW

fOaWWeQiQg Rf VORSeV RYeU WiPe, aObeiW RQO\ fRU NREM aQd REM, ZiWh diffeUeQceV Rf 0.00, 0.32 aQd 0.57

fRU ZaNe, NREM aQd REM UeVSecWiYeO\ (PaWched SaiUV W-WeVW S = 0.98 fRU ZaNe, aQd S < 10-15 fRU NREM

aQd REM).  SiPiOaU SaWWeUQV heOd iQ MUOS fRU C3-LM (TabOe S10).
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FLJXUH 10. 5HSHDWHG VSHFWUDO VORSH DVVHVVPHQW LQ WKH MUO6 FRKRUWV (ZDYHV 1 DQG 2). All anal\ses Zere based on the
LM-referenced dataset. N = 610 indiYidXals had QC+ recordings for all states in both MrOS1 and MrOS2. Visits Zere t\picall\
a5 \ears apart (mean ages of 76.4 and 81.1 for ZaYe 1 and 2 respectiYel\). Green, blXe and red indicate Zake, NREM and
REM respectiYel\.

FXUWheUPRUe, aOO SaiUZiVe beWZeeQ-VWaWe diffeUeQceV iQ VORSe (i.e. R-W, R-NR aQd NR-W) had ViPiOaUO\

high WeVW-UeWeVW cRUUeOaWiRQV (e.g. U = 0.67 fRU R-NR, TabOe S10). IQ abVROXWe WeUPV, Whe PagQiWXde Rf

VWaWe diffeUeQceV gUeZ VPaOOeU RYeU WiPe (aOO S < 10-15), PeaQiQg WhaW VWaWeV ZiWh iQiWiaOO\ VWeeSeU VORSeV

VhRZed gUeaWeU age-UeOaWed decOiQe (i.e. REM > NREM > ZaNe). AV QRWed, MUOS iV aQ eOdeUO\ cRhRUW

(PeaQ ageV ZeUe 76.4 aQd 81.1 \eaUV iQ ZaYeV 1 aQd 2 UeVSecWiYeO\). PRWeQWiaOO\ dXe WR eiWheU iQcUeaVed

QRiVe iQ eVWiPaWed VORSeV dXUiQg ZaNe, RU a fRUP Rf fORRU/ceiOiQg effecW iQ age-UeOaWed chaQge, Ze did

QRW RbVeUYe VigQificaQW fOaWWeQiQg Rf Whe ZaNe VORSe iQ WhiV cRhRUW. IQ cRQWUaVW, hRZeYeU, REM VORSeV

VhRZed Whe gUeaWeVW age-UeOaWed fOaWWeQiQg, SRWeQWiaOO\ VXggeVWiQg WhaW Whe VOeeS-baVed VSecWUaO VORSe iV a

PRUe VeQViWiYe PeaVXUe Rf agiQg iQ WhiV SRSXOaWiRQ.

FigXUe S12 (aQd TabOe S10) VhRZV Whe cRPSaUabOe UeVXOWV fRU Whe ORQgiWXdiQaO cRPSRQeQW Rf Whe

CHAT cRhRUW. AOWhRXgh, dXe WR Whe e[WeQded WASO iQcOXViRQ cUiWeUiRQ, Whe SRUWiRQ Rf CHAT SaVViQg

QC iQ bRWh ZaYeV ZaV UeOaWiYeO\ VPaOO (N = 80 SaiUV), Ze VWiOO RbVeUYed VigQificaQW WeVW-UeWeVW

cRUUeOaWiRQV, bXW RQO\ dXUiQg VOeeS (fRU C4-LM, U = 0.08, 0.71 aQd 0.79 fRU ZaNe, NREM aQd REM

UeVSecWiYeO\, ZiWh S = 0.46 fRU ZaNe aQd S < 10-10 fRU bRWh VOeeS VWaWeV). CHAT PSGV ZeUe RQO\

VeSaUaWed b\ a6 PRQWhV RQ aYeUage, aQd VR PeaQ diffeUeQceV Pa\ QRW QeceVVaUiO\ be iQWeUSUeWabOe.

WiWh WhaW Vaid, a 6 PRQWh iQWeUYaO dXUiQg chiOdhRRd UeSUeVeQWV a gUeaWeU deYeORSPeQWaO ZiQdRZ, aQd
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SUeYiRXVO\ Ze did fiQd VigQificaQW ZiWhiQ-iQdiYidXaO diffeUeQceV iQ VSiQdOe acWiYiW\ iQ CHAT cRQViVWeQW

ZiWh bURadeU cURVV-VecWiRQaO WUeQdV VeeQ iQ OaUgeU daWaVeWV 21. IQ Whe SUeVeQW ORQgiWXdiQaO CHAT

aQaO\ViV, Ze RbVeUYed QRPiQaOO\ VigQificaQW (S<0.01) age-UeOaWed chaQge, bXW RQO\ fRU a PRdeVW

fOaWWeQiQg Rf REM VORSeV (TabOe S10).

We aOVR eYaOXaWed age-UeOaWed chaQgeV iQ Whe VSecWUaO VORSe cURVV-VecWiRQaOO\, VeSaUaWeO\ fRU each cRhRUW

(WaNiQg RQO\ Whe fiUVW UecRUdiQg fRU iQdiYidXaOV ZiWh a UeSeaWed PSG). ReVXOWV bURadO\ SRiQWed WR

age-UeOaWed fOaWWeQiQg Rf VORSeV acURVV, aQd SaUWicXOaUO\ fRU REM, aOWhRXgh WheUe ZaV VRPe degUee Rf

aPbigXiW\ aQd SRWeQWiaOO\ iQcRQViVWeQc\ acURVV VWXdieV. BRWh CHAT cRhRUWV (SUe-SXbeUWaO chiOdUeQ,

a6-10 \eaUV) cURVV-VecWiRQaOO\ VhRZed VWURQg age-UeOaWed fOaWWeQiQg fRU NREM aQd REM VORSeV, ZiWh a

ZeaNeU fOaWWeQiQg Rf Whe ZaNe VORSeV (TabOe S11). CURVV-VecWiRQaOO\, MUOS VhRZed a fOaWWeQiQg RQO\ Rf

Whe REM VORSe (TabOe S11); WhiV VWURQgeU REM effecW ZaV cRQViVWeQW ZiWh Whe ORQgiWXdiQaO MUOS

aQaO\ViV abRYe (TabOe S10). IQ cRQWUaVW, Whe VPaOOeU SOF cRhRUW Rf ZRPeQ Rf YeU\ adYaQced age (75 -

95 \eaUV) did QRW VhRZ aQ\ age-UeOaWed chaQgeV (TabOe S11), ZheUeaV Whe CFS cRhRUW (Zhich haV Whe

bURadeVW age UaQge, fURP 7 - 89 \eaUV) VhRZed aQ iQcRQViVWeQW SaWWeUQ, ZiWh a fOaWWeQiQg Rf NREM VORSe

(b = 0.005 VORSe XQiWV SeU \eaU, S = 0.006), bXW a VWeeSeQiQg Rf REM VORSe (b = -0.01, S = 10-4) aQd QR

chaQge iQ ZaNe VORSe (S = 0.68). SecRQdaU\ aQaO\VeV SRiQWed WR SRVVibOe QRQ-OiQeaU age-UeOaWed chaQge

fRU REM VORSeV iQ CFS (e.g. S = 5î10-6 fRU a VecRQd RUdeU, RUWhRgRQaO SRO\QRPiaO age WeUP, iQ a

UegUeVViRQ Rf REM VORSe cRQWUROOiQg fRU Ve[, BMI, Uace aQd AHI/AI). FXOOeU e[SORUaWiRQ Rf SRVVibOe

QRQ-OiQeaU age-UeOaWed WUeQdV (iQcRUSRUaWiQg SRWeQWiaO cRhRUW-VSecific effecWV aOVR, giYeQ WhaW WheVe

NSRR cRhRUWV dR QRW RYeUOaS gUeaWO\ iQ age UaQgeV) iV be\RQd Whe VcRSe Rf Whe cXUUeQW PaQXVcUiSW.

FiQaOO\, Ze RbVeUYed cRQViVWeQW Ve[ diffeUeQceV iQ VSecWUaO VORSeV, ZheUeb\ PaOeV WeQded WR haYe fOaWWeU

VORSeV WhaQ fePaOeV (TabOe S6, FigXUe S5). IQ Whe SUiPaU\ aQaO\VeV, Ze SRROed MUOS (aOO PaOeV) aQd

SOF (aOO fePaOeV) aV a ViQgOe cRhRUW WR faciOiWaWe Whe aQaO\VeV Rf Ve[ diffeUeQceV ZhiOVW cRQWUROOiQg fRU

cRhRUW effecWV aV beVW aV SRVVibOe. IQ Whe cRPbiQed aQaO\ViV (CHAT, CCSHS, CFS aQd MUOS+SOF,

cRQWUROOiQg fRU age, Uace, cRhRUW aQd BMI) PaOe VORSeV diffeUed (i.e. ZeUe OeVV VWeeS) b\ 0.18, 0.34 aQd

0.32 XQiWV fRU ZaNe, NREM aQd REM (S = 3î10-8 fRU ZaNe, aQd S < 10-15 fRU NREM aQd REM, TabOe

S6). AV iOOXVWUaWed iQ FigXUe S5, Ve[ diffeUeQceV ZeUe VWaWiVWicaOO\ VWURQgeU fRU Whe fiQaO LM-UefeUeQced

aQaO\ViV cRPSaUed WR Whe RUigiQaO CM-UefeUeQced aQaO\ViV), aOWhRXgh Ve[ diffeUeQceV ZeUe RbVeUYed

cRQViVWeQWO\ acURVV aOO chaQQeO deUiYaWiRQV, aOO cRhRUWV aQd aOO VWaWeV (TabOeV S5 & S6).
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DiVcXVViRQ

UViQg a diYeUVe cROOecWiRQ Rf cRhRUWV fURP Whe NaWiRQaO SOeeS ReVeaUch ReVRXUce, Ze UeSOicaWed LeQdQeU

eW aO.¶V UeSRUW Rf SURgUeVViYeO\ VWeeSeU VSecWUaO VORSeV (gRiQg fURP ZaNe, WR NREM, WR REM VOeeS), baVed

RQ Whe 30-45 H] EEG. We fXUWheU SRiQWed WR VeYeUaO WechQicaO iVVXeV WhaW had Whe SRWeQWiaO WR iPSacW

eVWiPaWiRQ Rf Whe VSecWUaO VORSe, ZiWh a fRcXV RQ SRWeQWiaO EMG aQd ECG cRQWaPiQaWiRQ, aQd Whe chRice

Rf PaVWRid UefeUeQciQg VchePe. BaVed RQ WhRXVaQdV Rf diYeUVe VWXdieV acURVV PXOWiSOe VeWWiQgV aQd ZiWh

diffeUeQW eTXiSPeQW, RXU cRUe UeVXOWV ± Whe TXaOiWaWiYe SaWWeUQ Rf ZiWhiQ-iQdiYidXaO beWZeeQ-VWaWe

diffeUeQceV iQ aYeUage VORSe ± aSSeaUed WR be URbXVW WR WheVe facWRUV.

The 30-45 H] VSecWUaO VORSe iV aQ aSSeaOiQg PeWUic: aV ZeOO aV beiQg eaV\ WR cRPSXWe, iW e[SOiciWO\

fRcXVeV RQ WZR cRPSRQeQWV Rf Whe VOeeS EEG WhaW, hiVWRUicaOO\, haYe RfWeQ beeQ igQRUed: Whe aSeUiRdic

cRPSRQeQW, aQd ³high´ fUeTXeQc\ acWiYiW\ (iQ RXU cRQWe[W Rf a W\SicaO PSG, heUe PeaQiQg >30 H]). WiWh

UegaUd WR Whe OaWWeU SRiQW, fROORZiQg AASM gXideOiQeV fRU VWagiQg, PaQ\ aQaO\VeV Rf Whe VOeeS EEG begiQ

b\ baQdSaVV fiOWeUiQg iQ Whe 0.3 WR 35 H] fUeTXeQc\ UaQge. ThiV iV RfWeQ ZaUUaQWed: Whe PRVW eaViO\

UecRgQiVabOe (aQd RVciOOaWRU\) feaWXUeV Rf Whe VOeeS EEG aUe <20 H], aQd iW iV ZeOO dRcXPeQWed WhaW Whe

ORZeU aPSOiWXde, higheU fUeTXeQc\ EEG iV PRUe VXVceSWibOe WR aUWifacW 22,36. NRQeWheOeVV, aV RWheUV haYe

QRWed, eYeQ if ± RU SUeciVeO\ becaXVe ± Whe high fUeTXeQc\ EEG cRQWaiQV PXVcOe iQfRUPaWiRQ, iW Pa\ VWiOO

be iQfRUPaWiYe fRU VWagiQg, aQd SaUWicXOaUO\ fRU diVcUiPiQaWiQg ZaNe YeUVXV REM. WhiOe RXU VWXd\ dReV

QRW diUecWO\ addUeVV Whe TXeVWiRQ aV WR ZheWheU iQcOXdiQg high fUeTXeQc\ EEG iPSURYed aXWRPaWed

VWagiQg iQ RXU cRhRUWV, Ze did QRW fiQd aQ\ eYideQce WR VXggeVW WhaW Whe VSecWUaO VORSe SeU Ve ZaV aQ

RSWiPaO SaUaPeWeUi]aWiRQ fRU VWaWe diVcUiPiQaWiRQ, cRPSaUed WR RWheU ViPSOe VXPPaUieV VXch aV baQd

SRZeU. ThaW iV, Whe VSecWUaO VORSe Pa\ UePaiQ a cRQceSWXaOO\ diVWiQcW aQd SRZeUfXO biRPaUNeU WR be

XVed iQ RWheU cRQWe[WV, iQcOXdiQg ZiWhiQ-VWaWe, beWZeeQ-iQdiYidXaO aQaO\ViV, bXW iWV cRPSaUaWiYe XWiOiW\

fRU VOeeS VWagiQg haV QRW, iQ RXU RSiQiRQ, beeQ SURYeQ \eW.

AOWhRXgh LeQdQeU eW aO. dePRQVWUaWed WhaW VORSeV cRXOd be UeOiabO\ eVWiPaWed ZiWh diffeUeQW UefeUeQciQg

VchePeV, RXU VWXd\ VXggeVWed WhaW cRQWUaOaWeUaO PaVWRid UefeUeQciQg ZaV PRUe OiNeO\ WR be SURQe WR biaV

aQd/RU QRiVe fURP QRQ-QeXUaO VRXUceV. AdRSWiQg a OiQNed PaVWRid UefeUeQciQg VchePe aSSeaUed WR

OaUgeO\ (bXW QRW cRPSOeWeO\) PiWigaWe WheVe biaVeV, fRU e[aPSOe, aV iQde[ed b\ VSecWUaO cRheUeQce

beWZeeQ EEG aQd EMG/ECG, RU cRUUeOaWiRQ beWZeeQ VSecWUaO VORSeV deUiYed fURP WheVe diffeUeQW

PRdaOiWieV. DeSeQdeQcieV beWZeeQ EEG, EMG aQd ECG cRXOd aUiVe dXe WR Sh\ViRORgicaOO\-dUiYeQ

aUWifacW: fRU e[aPSOe, Whe SRWeQWiaO fRU PXVcOe aUWifacW beiQg SicNed XS iQ Whe high-fUeTXeQc\ (heUe >30

H]) EEG. AOWeUQaWiYeO\, VRXUceV Rf QRiVe VhaUed acURVV VeQVRUV (e.g. eOecWUicaO QRiVe, PRYePeQW) cRXOd

Oead WR cRRUdiQaWed chaQgeV iQ (PiV-)eVWiPaWed VORSeV. Be\RQd WheVe facWRUV, hRZeYeU, iW UePaiQV a

SRVVibiOiW\ WhaW QRQ-VSXUiRXV, Sh\ViRORgicaO OiQNageV Oead WR SaUWiaOO\ cRRUdiQaWed VORSeV. TheUe aUe ZeOO

chaUacWeUi]ed diffeUeQceV beWZeeQ VWaWeV iQ QeXUaO, caUdiac aQd PXVcOe acWiYiW\, aQd VR VWaWe-deSeQdeQW
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chaQgeV iQ cRUWicaO aURXVaO cRXOd dUiYe aQd/RU cR-RccXU ZiWh RWheU ceQWUaO aQd SeUiSheUaO QeUYRXV

V\VWeP chaQgeV.

IPSRUWaQWO\, Whe VRXUceV Rf YaUiaWiRQ (eiWheU Sh\ViRORgicaO RU aUWefacWXaO) WhaW dUiYe iQdiYidXaO

diffeUeQceV iQ VSecWUaO VORSeV Pa\ diffeU (bRWh TXaQWiWaWiYeO\ aQd TXaOiWaWiYeO\) fURP WhRVe WhaW geQeUaWe

ZiWhiQ-iQdiYidXaO diffeUeQceV. ThaW iV, eYeQ if chaQgeV iQ VORSe aUe UeOiabOe iQdicaWRUV Rf chaQgeV iQ

aURXVaO OeYeOV ZiWhiQ iQdiYidXaOV, eVWiPaWed VORSeV aUe QRW QeceVVaUiO\ XQbiaVed biRPaUNeUV Rf

iQdiYidXaO diffeUeQceV iQ Whe VaPe SheQRPeQa. FRU e[aPSOe, if bRd\ PaVV iQde[ had a V\VWePaWic biaV

RQ Whe VORSe (e.g. Yia diffeUeQWiaO caUdiac/PXVcOe cRQWaPiQaWiRQ Rf Whe EEG), WhiV cRXOd Oead WR VSXUiRXV

iQWeUSUeWaWiRQV Rf OiQNageV beWZeeQ cRUWicaO aURXVaO aQd BMI, eYeQ if VORSe ZeUe aQ XQbiaVed PaUNeU Rf

cRUWicaO aURXVaO OeYeO ZiWhiQ-iQdiYidXaO. IQ WhiV VSiUiW, Ze WheUefRUe VRXghW a beWWeU XQdeUVWaQdiQg Rf Whe

VRXUceV Rf YaUiabiOiW\ iQ WhiV PeWUic, WR UeaOiVe iWV SRWeQWiaO aV a biRPaUNeU iQ UeVeaUch RU cOiQicaO

cRQWe[WV, eVSeciaOO\ WhRVe iQYROYiQg cRPSaUiVRQV beWZeeQ gURXSV, VXch aV QeXURSV\chiaWUic SaWieQW

SRSXOaWiRQV.

We aOVR diVcRYeUed VeYeUaO iVVXeV ZiWh Whe EEG daWa iQ Whe SHHS daWaVeWV, iQcOXdiQg chaQQeO aQd

deYice-VSecific diffeUeQceV. OWheU VWXdieV WhaW XVe SHHS daWa ± cROOecWed XViQg YeU\ eaUO\ SRUWabOe EEG

PRQiWRUiQg deYiceV ± VhRXOd be aZaUe Rf WheVe effecWV (Zhich Ze ZiOO dRcXPeQW Yia Whe NSRR ZebViWe,

iQcOXdiQg Whe deYice IDV aVVRciaWed ZiWh diffeUeQceV iQ Whe VSecWUaO VORSeV). WhiOe WheVe iVVXeV YeU\

diUecWO\ iPSacW aQaO\VeV baVed RQ Whe VSecWUaO VORSe, RWheU fRUPV Rf aQaO\ViV WhaW iPSOiciWO\ XVe high

fUeTXeQc\ iQfRUPaWiRQ (e.g. aSSO\iQg PachiQe OeaUQiQg WR Whe UaZ WiPe VeUieV) cRXOd SUeVXPabO\ be

VXVceSWibOe WR QRiVe aQd/RU biaV fRU WheVe VaPe UeaVRQV. We haYe dRcXPeQWed WheVe iVVXeV iQ Whe

aWWached SXSSOePeQWaU\ IQfRUPaWiRQ, SecWiRQ 1.

AV ZeOO aV UeSOicaWiQg Whe diffeUeQceV iQ Whe PeaQV, Ze UeSRUWed QRYeO diffeUeQceV iQ RWheU aVSecWV Rf Whe

VWaWe-VSecific VORSe diVWUibXWiRQV, iQcOXdiQg iWV YaUiabiOiW\ (bRWh beWZeeQ aQd ZiWhiQ iQdiYidXaOV) aQd

cRYaUiaWiRQ ZiWh VSecWUaO SRZeU aQd cRheUeQce. IW iV QRWeZRUWh\ WhaW, deVSiWe Whe cRPPRQ

chaUacWeUi]aWiRQ Rf REM aV µSaUadR[icaO¶ VOeeS (i.e. bUaiQ µacWiYe/ZaNe-OiNe¶ bXW PXVcOeV

µiQacWiYe/aVOeeS¶), Ze fRXQd WhaW REM aQd ZaNe RfWeQ VhRZed Whe PRVW diYeUgeQW EEG PeWUicV, ZiWh

NREM VOeeS beiQg aQ iQWeUPediaWe. SSecificaOO\, aV ZeOO aV Whe PeaQ VSecWUaO VORSe, Ze RbVeUYed WhiV

SaWWeUQ fRU 1) ZiWhiQ-iQdiYidXaO VORSe YaUiabiOiW\, 2) fUeTXeQc\-deSeQdeQW cRYaUiaWiRQ beWZeeQ VSecWUaO

SRZeU aQd VORSe, aQd 3) iQWeU-hePiVSheUic gaPPa cRheUeQce. WiWh UeVSecW WR Whe UeOaWiRQVhiSV

beWZeeQ VORSe aQd SRZeU, Whe RbVeUYed VWaWe-deSeQdeQW effecWV cRXOd QRW be accRXQWed fRU b\ RQO\ a

chaQge iQ Whe VSecWUaO VORSe, XQdeU a VWUicW SRZeU OaZ PRdeO. UViQg a ViPSOified PRdeO WR SURYide

TXaOiWaWiYe iQVighW, Whe VWaWe-VSecific SRZeU-VORSe cRUUeOaWiRQV Ze RbVeUYed ZeUe cRQViVWeQW ZiWh 1)

chaQgeV iQ Whe ceQWeU Rf URWaWiRQ Rf Whe VORSe aQd 2) a UeVWUicWed iQfOXeQce aW ORZeU fUeTXeQcieV Rf Whe
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facWRUV WhaW deWeUPiQed 30-45 H] VORSeV. BaVed RQ a cXUVRU\ iQiWiaO eYaOXaWiRQ, aOWeUiQg Whe PeaQ

aQd/RU YaUiaQce Rf Whe VSecWUaO iQWeUceSW, iWV cRUUeOaWiRQ ZiWh Whe VSecWUaO VORSe, aQd/RU Whe SUeVeQce Rf a

fOaW VSecWUaO cRPSRQeQW 11 ZeUe QRW VXfficieQW WR accRXQW fRU RXU RbVeUYaWiRQV, aOWhRXgh PRUe ZRUN WR

TXaQWiWaWiYeO\ PRdeO RXU daWa (iQcOXdiQg aQ\ iQdiYidXaO diffeUeQceV, e.g. ZiWh UeVSecW WR age aQd Ve[)

Pa\ be ZaUUaQWed.

FiQaOO\, Ze cRQVideUed iQdiYidXaO diffeUeQceV iQ VWaWe-VSecific VSecWUaO VORSeV, iQ SaUWicXOaU WeVW-UeWeVW

VWabiOiW\ aQd age-UeOaWed chaQge. IQ ORQgiWXdiQaO aQaO\VeV baVed RQ a VXbVeW Rf iQdiYidXaOV ZiWh a

UeSeaWed SRO\VRPQRgUaP (W\SicaOO\ a5 \eaUV OaWeU), Ze RbVeUYed PRdeUaWe WR high VWabiOiW\ Rf VSecWUaO

VORSeV, SaUWicXOaUO\ dXUiQg VOeeS. ThiV iV cRQViVWeQW ZiWh a SUiRU UeSRUW RQ a VPaOOeU VaPSOe ZheUe

iQWUa-VXbjecW UeOiabiOiW\ Rf VSecWUaO VORSe (2-25 H]) ZaV PeaVXUed RQ WZR VeSaUaWe UeVWiQg VWaWe

UecRUdiQgV SeUfRUPed RQ Whe VaPe da\ 37. We aOVR RbVeUYed VWaWiVWicaOO\ VigQificaQW age-UeOaWed

UedXcWiRQ (fOaWWeQiQg) Rf VORSeV dXUiQg VOeeS. IQ cURVV-VecWiRQaO aQaO\VeV, Ze RbVeUYed bURadO\

cRQViVWeQW age-UeOaWed effecWV iQ PRVW bXW QRW aOO cRhRUWV, SeUhaSV VXggeVWiQg XQaccRXQWed fRU

beWZeeQ-cRhRUW VRXUceV Rf YaUiabiOiW\, RU QRQOiQeaU age-UeOaWed effecWV iQ Whe CFS, Whe cRhRUW ZiWh Whe

ZideVW age UaQge. FOaWWeU VORSeV (2-24 H]) iQ ROdeU adXOWV iQ cURVV-VecWiRQaO VaPSOeV ZeUe SUeYiRXVO\

UeSRUWed baVed RQ ZaNe UecRUdiQgV dXUiQg WaVN SeUfRUPaQce 19,20, aQd ViPiOaU effecWV Rf age-UeOaWed

fOaWWeQiQg ZeUe RbVeUYed iQ chiOdUeQ (a8 \R) ZhRVe VORSeV ZeUe VWeeSeU dXUiQg UeVW WhaQ iQ adXOWV 38.

OXU UeVXOWV, hRZeYeU, VXggeVWed WhaW VORSeV dXUiQg REM aSSeaU WR be SaUWicXOaUO\ VeQViWiYe WR

age-UeOaWed chaQge. FXUWheU, Whe diffeUeQceV iQ VORSe beWZeeQ NREM aQd REM (RU ZaNe aQd REM)

VhRZed VigQificaQW WeVW-UeWeVW aQd age-UeOaWed chaQgeV. FXWXUe ZRUN PighW iQYeVWigaWe SRWeQWiaO

OiQNageV beWZeeQ REM VSecWUaO VORSeV aQd biRORgicaO agiQg, iQcOXdiQg Whe ePeUgeQce Rf

V\QXcOeiQRSaWhieV iQcOXdiQg PaUNiQVRQ¶V diVeaVe, WhaW aUe RfWeQ SUeceded b\ chaQgeV iQ REM VOeeS.

AOWhRXgh OaUge, WhiV VWXd\ iV QRW ZiWhRXW OiPiWaWiRQV. PeUhaSV PRVW RbYiRXVO\, aQaO\VeV ZeUe UeVWUicWed

WR a YeU\ OiPiWed PRQWage: WZR ceQWUaO chaQQeOV (aOWhRXgh LeQdQeU eW aO. QRWed WhaW VWaWe-UeOaWed

chaQgeV iQ Whe 1/I VORSe ZeUe bURadO\ UefOecWed acURVV Whe VcaOS). A VecRQd caYeaW iV WhaW, aOWhRXgh

LeQdQeU eW aO. aOVR iQcOXded ZaNe eSRchV afWeU VOeeS RQVeW iQ WheiU fiQaO aQaO\VeV, RXU VWXdieV ± PaQ\ Rf

Zhich ZeUe cRQdXcWed iQ SaUWiciSaQWV¶ RZQ hRPeV ± did QRW V\VWePaWicaOO\ iQcOXde aQ\ µTXieW UeVW¶

SeUiRdV SUiRU WR VOeeS, aQd ZaNe SeUiRdV ZeUe RfWeQ QRiV\, eVSeciaOO\ aW Whe VWaUWV aQd eQdV Rf

UecRUdiQgV. We WheUefRUe iPSRVed a UeOaWiYeO\ VWUicW eSRch-ZiVe fiOWeUiQg VchePe: aV VXch, aOWhRXgh RXU

UeVXOWV geQeUaOO\ VhRZ a high degUee Rf cRQViVWeQc\, fiQdiQgV WhaW SRiQW WR aWWeQXaWed effecWV dXUiQg

ZaNe (QaPeO\ WeVW-UeWeVW UeOiabiOiW\ aQd age-UeOaWed fOaWWeQiQg) VhRXOd be iQWeUSUeWed ZiWh WhiV caYeaW iQ

PiQd. FiQaOO\, Whe feZ iQVWaQceV Rf iQcRQViVWeQc\ beWZeeQ VWXdieV (i.e. age-UeOaWed WUeQdV iQ Whe CFS

cRhRUW, Zhich had a YeU\ bURad age UaQge aQd ZaV eQUiched fRU iQdiYidXaOV ZiWh VOeeS aSQea) PighW
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SRiQW WR facWRUV WhaW UeTXiUe diffeUeQW aSSURacheV (e.g. XVe Rf QRQOiQeaU PRdeOOiQg RU PRUe VWUiQgeQW

QC).

OYeUaOO, aV VeeQ iQ RWheU aUeaV Rf eOecWURSh\ViRORgicaO UeVeaUch, WheRUeWicaOO\-iQVSiUed aOWeUQaWiYe

SaUaPeWeUi]aWiRQV Rf Whe VOeeS EEG haYe PXch SURPiVe, aOWhRXgh beWWeU chaUacWeUi]iQg Whe VRXUceV Rf

YaUiaWiRQ iQ WheVe PeaVXUeV ± ZheWheU fURP aUWifacW, fURP VWaWe-UeOaWed chaQgeV iQ aURXVaO, RU fURP

dePRgUaShicaOO\ aQd PedicaOO\ UeOeYaQW diffeUeQceV iQ Sh\ViRORg\ ± UePaiQV aQ iPSRUWaQW chaOOeQge.

DaWa aQd cRde aYaiOabiOiW\

EEG VigQaO aQaO\ViV ZaV SeUfRUPed ZiWh LXQa (Y0.26), aQ RSeQ VRXUce C/C++ SacNage fRU Whe aQaO\ViV

Rf VOeeS VigQaO daWa (hWWS://]]].bZh.haUYaUd.edX/OXQa/) deYeORSed b\ S.M.P; aOO PSG daWa aUe aYaiOabOe

Yia Whe NaWiRQaO SOeeS ReVeaUch ReVRXUce (hWWS://VOeeSdaWa.RUg). The LXQa VcUiSWV XVed fRU Whe SUiPaU\

aQaO\VeV aUe giYeQ iQ SXSSOePeQWaU\ IQfRUPaWiRQ SecWiRQ 3.
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MeWhRdV

PRO\VRPQRgUaSh\ daWa

AOO SRO\VRPQRgUaSh\ (PSG) daWa ZeUe aV SUeYiRXVO\ UeSRUWed 21. BUiefO\, Ze cRPbiQed PSG aQd

dePRgUaShic daWa RQ 11,630 iQdiYidXaOV aged 4 WR 97 \eaUV fURP Whe NaWiRQaO SOeeS ReVeaUch ReVRXUce

(NSRR). AOO daWa ZeUe cROOecWed aV SaUW Rf UeVeaUch SURWRcROV WhaW ZeUe aSSURYed b\ ORcaO iQVWiWXWiRQaO

UeYieZ bRaUdV; ZUiWWeQ, iQfRUPed cRQVeQW ZaV RbWaiQed fURP each iQdiYidXaO befRUe SaUWiciSaWiRQ. The

PajRUiW\ Rf iQdiYidXaOV ZeUe fURP cRPPXQiW\-baVed VaPSOeV, aOWhRXgh WZR VWXdieV UecUXiWed

SaUWiciSaQWV fRU VOeeS aSQRea. A VXbVeW (N = 4,079) had a VecRQd SRO\VRPQRgUaP, W\SicaOO\

adPiQiVWeUed 5 RU 6 \eaUV afWeU Whe fiUVW. We acceVVed EXURSeaQ DaWa FRUPaW (EDF) fiOeV aQd

aQQRWaWiRQ fiOeV (iQdicaWiQg PaQXaOO\ VcRUed VOeeS VWaWeV iQ 30 VecRQd eSRchV aV ZeOO aV aURXVaOV aQd

UeVSiUaWRU\ eYeQWV). AOO VWXdieV XVed APeUicaQ AcadeP\ Rf SOeeS MediciQe (AASM) VWagiQg

cRQYeQWiRQV, e[ceSW Whe SHHS, Zhich XVed R&K: heUe NREM3 aQd NREM4 ZeUe cROOaSVed WR a ViQgOe

N3 VWaWe, fRU cRQViVWeQc\ ZiWh Whe RWheU VWXdieV.

CRhRUWV RUdeUed b\ aYeUage age aUe aV fROORZV: CHAT (chiOdUeQ), CCSHS (adROeVceQWV), CFS (Zide

UaQge, bXW SUedRPiQaQWO\ adROeVceQWV aQd PiddOe-aged adXOWV), SHHS (PiddOe-aged adXOWV), MUOS

(eOdeUO\ PaOeV) aQd SOF (eOdeUO\ fePaOeV). We geQeUaOO\ VWUaWified aQaO\VeV b\ VWXd\ WR cRQWURO fRU

SRVVibOe WechQicaO aQd PeaVXUePeQW diffeUeQceV aV ZeOO aV Whe effecWV Rf ageiQg. The CHAT baVeOiQe

cRhRUW cRQWaiQed chiOdUeQ ZiWh aQ aSQea h\SRSQea iQde[ Rf 2 WR 30, UaQdRPi]ed WR RQe Rf WZR WUiaO

aUPV; Whe CHAT QRQ-UaQdRPi]ed gURXS cRQWaiQed chiOdUeQ VcUeeQed fRU Whe WUiaO bXW QRW UaQdRPi]ed,

eiWheU dXe WR XQZiOOiQgQeVV RU aSQea h\SRSQea iQdiceV WhaW did QRW PeeW iQcOXViRQ cUiWeUia. The CHAT

fROORZ-XS cRhRUW ZaV cROOecWed 6-7 PRQWhV SRVW iQWeUYeQWiRQ ZiWh adeQRWRQViOOecWRP\ RU ZaWchfXO

ZaiWiQg.

AOO EEG aQaO\VeV ZeUe baVed RQ WZR ceQWUaO eOecWURdeV, iQiWiaOO\ Ue-UefeUeQced WR Whe cRQWUaOaWeUaO

PaVWRid (C3-M2 aQd C4-M1). FRU VSecific aQaO\VeV, Ze aOWeUQaWiYeO\ Ue-UefeUeQced WR Whe aYeUage

PaVWRid ([M1+M2]/2) deQRWed heUe aV C3-LM aQd C4-LM (fRU ³OiQNed PaVWRid´); Ze aOVR deUiYed WZR

biSROaU chaQQeOV: C3-C4 aQd M1-M2. The chiQ EMG chaQQeO ZaV deUiYed fURP OefW aQd UighW

VXbPeQWaOiV eOecWURdeV; Whe ECG chaQQeO ZaV deUiYed fURP OefW aQd UighW aUP eOecWURdeV. AOO

Sh\ViRORgicaO VigQaOV (EEG, EMG aQd ECG) ZeUe UeVaPSOed WR 128 H].

ESRch-OeYeO aUWifacW UePRYaO

MaQ\ UecRUdiQgV cRQWaiQed e[WeQded SeUiRdV Rf gURVV aUWifacW aW Whe begiQQiQg aQd eQdV, W\SicaOO\

VcRUed aV µZaNe¶. AOWhRXgh PRVW NSRR VWXdieV did QRW haYe e[SOiciW µOighWV RQ/Rff¶ aQQRWaWiRQV, WheVe
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OeadiQg/WUaiOiQg ZaNe SeUiRdV W\SicaOO\ iQcOXded µOighWV RQ¶ SeUiRdV, i.e. ZiWh Whe SaUWiciSaQW QRW iQ bed.

TR aOOeYiaWe WhiV iVVXe Rf e[ceVViYe aUWifacW dXUiQg ZaNe, Ze UePRYed aOO OeadiQg/WUaiOiQg ZaNe eSRchV,

PeaQiQg WhaW aOO µZaNe¶ daWa UeSRUWed beORZ RccXUUed dXUiQg Whe VOeeS SeUiRd (i.e. afWeU VOeeS RQVeW aQd

befRUe Whe fiQaO VOeeS eSRch). We fXUWheU UePRYed aQ\ eSRch cRQWaiQiQg a PaQXaOO\ aQQRWaWed aURXVaO,

aSQRea RU h\SRSQea. AOO VXbVeTXeQW aQaO\VeV ZeUe VWaWe-deSeQdeQW; Ze RQO\ VeOecWed eSRchV Rf a giYeQ

VWaWe if Whe\ ZeUe fOaQNed b\ aW OeaVW RQe RWheU ViPiOaU eSRch RQ bRWh VideV, WR e[cOXde

WUaQViWiRQaO/XQVWabOe SeUiRdV Rf VOeeS. Of QRWe, WheVe cUiWeUia PeaQW WhaW a QRQ-WUiYiaO SURSRUWiRQ Rf Whe

RYeUaOO VaPSOe ZaV e[cOXded, aQd iQ SaUWicXOaU Whe VWXdieV Rf \RXQgeU iQdiYidXaOV (becaXVe Rf WheiU

UeOaWiYeO\ ORZ UaWe Rf e[WeQded WASO).

We Qe[W aSSOied eSRch-ZiVe QRUPaOi]aWiRQ WR each chaQQeO, VXbWUacWiQg iWV PediaQ YaOXe. EEG

chaQQeOV ZeUe fXUWheU high-SaVV fiOWeUed aW 2 H] XViQg a ]eUR-ShaVe KaiVeU ZiQdRZ FIR (WUaQViWiRQ

baQdZidWh 2H], UiSSOe 0.01). SeSaUaWeO\ fRU each VWage (N1, N2, N3, R RU W), Ze UePRYed eSRchV fRU

Zhich eiWheU C3-M2 RU C4-M1 had a) a fOaW VigQaO VSaQQiQg PRUe WhaQ 10% Rf Whe eSRch, b) a cOiSSed

VigQaO VSaQQiQg PRUe WhaQ 10% Rf Whe eSRch, c) PRUe WhaQ 10% Rf Whe eSRch e[ceediQg 100 ǋV, d) PRUe

WhaQ 1% Rf Whe eSRch e[ceediQg 250 ǋV, RU e) a Pa[iPXP abVROXWe aPSOiWXde OeVV WhaQ 5 ǋV. BaVed RQ

EEG aQd chiQ EMG chaQQeOV, Ze fXUWheU UePRYed eSRchV WhaW ZeUe VWaWiVWicaO RXWOieUV (+/- 3 VWaQdaUd

deYiaWiRQ (SD) XQiWV fURP Whe PeaQ) fRU aW OeaVW RQe Rf WhRVe chaQQeOV fRU RQe RU PRUe HjRUWh SaUaPeWeU

(acWiYiW\, PRbiOiW\, cRPSOe[iW\) 39, b\ cRPSaUiQg WhaW eSRch WR Whe PeaQ acURVV aOO eSRchV Rf WhaW VWage

aQd chaQQeO. HjRUWh-baVed VWaWiVWicaO RXWOieU UePRYaO ZaV SeUfRUPed WZice. FiQaOO\, Ze UePRYed

eSRchV WhaW ZeUe fOaQNed b\ PXOWiSOe aOUead\-PaVNed eSRchV (ZheUe Whe PaVNiQg Pa\ haYe beeQ dXe WR

aQ\ Rf Whe abRYe UeaVRQV). SSecificaOO\, Ze UeTXiUed WhaW aW OeaVW 3 Rf 5 fOaQNiQg eSRchV SaVVed QC,

eiWheU fRU Whe 5 SUecediQg RU Whe 5 fROORZiQg; Ze fXUWheU UeTXiUed WhaW UeWaiQed eSRchV ZeUe iPPediaWeO\

fOaQNed b\ aW OeaVW RQe RWheU QC-SaVViQg eSRchV.

CROOecWiYeO\, WhiV SURcedXUe ZaV iQWeQWiRQaOO\ cRQVeUYaWiYe, ZeighiQg VSecificiW\ RYeU VeQViWiYiW\ ZiWh

UeVSecW WR VeOecWiQg cOeaQ aQd hRPRgeQeRXV eSRchV fRU Whe fiQaO aQaO\Wic VaPSOeV. BecaXVe Ze ZaQWed

WR VeOecW a ViQgOe VeW Rf cUiWeUia WR be aSSOied acURVV aOO VWXdieV aQd VWageV, WhiV PeaQV WhaW VWXdieV had a

QRQ-WUiYiaO SURSRUWiRQ Rf eSRchV UePRYed (eVSeciaOO\ fRU \RXQgeU iQdiYidXaOV ZhR did QRW PeeW Whe

WASO cUiWeUiRQ). FXWXUe aQaO\VeV Rf WheVe daWaVeWV fRcXVVed RQO\ RQ Whe VSecWUaO VORSe dXUiQg VOeeS

cRXOd Rf cRXUVe achieYe OaUgeU VaPSOe Vi]eV b\ igQRUiQg Whe e[WeQW Rf ZaNe iQ each VWXd\.

SSecWUaO SRZeU aQaO\ViV

We XVed Whe WeOch PeWhRd WR eVWiPaWe SRZeU VSecWUa SeU eSRch, XViQg a 4-VecRQd VegPeQWV each ZiWh

50% (2-VecRQd) RYeUOaS, aSSO\iQg a TXNe\ (cRViQe-WaSeUed) ZiQdRZ ZiWh ɑ=0.5, \ieOdiQg a VSecWUaO

UeVROXWiRQ Rf 0.25 H]. We aOVR eVWiPaWed VSecWUaO baQd SRZeU XViQg Whe fROORZiQg defiQiWiRQV: VORZ (0.5
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- 1 H]), deOWa (1 - 4 H]), WheWa (4-8 H]), aOSha (8 - 11H]), VigPa (11-15 H]), beWa (15-30 H]) aQd gaPPa

(fRU WhiV aQaO\ViV, defiQed aV 30-45 H] WR PaWch Whe iQWeUYaO iQ Zhich Whe VSecWUaO VORSe ZaV eVWiPaWed).

IQ VeQViWiYiW\ aQaO\VeV, Ze cRPSaUed VSecWUaO VORSeV eVWiPaWed fURP Whe WeOch VSecWUa WR WhRVe baVed RQ

PXOWiWaSeU aQaO\ViV; heUe Ze aSSOied 29 WaSeUV aQd VeW Whe WiPe haOf baQdZidWh SURdXcW WR 15 WR achieYe

a fUeTXeQc\ UeVROXWiRQ Rf 1 H] fRU a 30 VecRQd eSRch. The UeVXOWiQg VSecWUaO VORSeV cRUUeOaWed U > 0.99

aQd VR Ze baVed aOO fiQaO aQaO\VeV RQ Whe WeOch PeWhRd.

AV aUWifacWV (e.g. cRUUeVSRQdiQg WR eOecWUicaO OiQe QRiVe aW 60 H] aQd VXb haUPRQicV) caQ Oead WR VhaUS

SeaNV iQ SRZeU VSecWUa Zhich Pa\ biaV Whe eVWiPaWiRQ Rf VSecWUaO VORSeV, Ze TXaQWified Whe e[WeQW Rf

VSecWUaO ³SeaNedQeVV´ ZiWhiQ Whe 30-45 H] iQWeUYaO. SSecificaOO\, Ze deWUeQded ORg-WUaQVfRUPed SRZeU

VSecWUa (aVVXPiQg a OiQeaU [-a[iV fUeTXeQc\ VcaOe) aQd aSSOied a PediaQ fiOWeU (XViQg aQ 11 SRiQW = 2.5

H] ZiQdRZ) WR VPRRWh Whe deWUeQded VSecWUa. LabeOOiQg Whe deWUeQded VSecWUa D aQd Whe deWUeQded aQd

VPRRWhed VSecWUa S, Ze TXaQWified SeaNedQeVV aV Whe NXUWRViV Rf Whe D - S diffeUeQce VSecWUa. PRZeU

VSecWUa ZiWh VWURQg SeaNV ZiOO VhRZ PRUe OeSWRNXUWic (ORQg WaiOed) diVWUibXWiRQV.

AV ZeOO aV VXPPaUi]iQg PeaQ SRZeU SeU iQdiYidXaO/chaQQeO/VWage b\ aYeUagiQg RYeU aOO eSRchV, Ze

eVWiPaWed Whe VWaQdaUd deYiaWiRQV Rf eSRch-OeYeO PeWUicV, WR faciOiWaWe Whe aQaO\VeV Rf ZiWhiQ-iQdiYidXaO

YaUiabiOiW\ iQ VSecWUaO SRZeU.

SSecWUaO VORSe eVWiPaWiRQ

FROORZiQg LeQdQeU eW aO., WR eVWiPaWe Whe VSecWUaO VORSe Ze e[WUacWed Whe abVROXWe SRZeU fURP 30 WR 45

H] (heUe 61 YaOXeV) aQd fiW ORg-ORg OiQeaU UegUeVViRQ PRdeOV, Zhich Whe\ VhRZed WR be aSSURSUiaWe fRU

WhiV iQWeUYaO Rf Whe EEG VSecWUXP, beiQg fUee Rf VWURQg RVciOOaWRU\ acWiYiW\. TR UedXce Whe iPSacW Rf OiQe

QRiVe aQd RWheU aUWifacWV WhaW PighW iQdXce VhaUS VSecWUaO SeaNV, Ze UePRYed RXWOieU daWa SRiQWV (i.e.

SaUWicXOaU fUeTXeQc\/SRZeU SaiUV): VSecificaOO\, SUiRU WR UXQQiQg Whe PaiQ UegUeVViRQ, Ze fiW aQ iQiWiaO

PRdeO aQd UePRYed SRiQWV WhaW had UeVidXaOV gUeaWeU WhaQ 2 SD XQiWV fURP Whe PeaQ. AOVR, becaXVe Ze

eVWiPaWed VORSe RQO\ RYeU a UeOaWiYeO\ UeVWUicWed iQWeUYaO (30-45 H]), Ze did QRW cRQVideU Whe SRWeQWiaO

iVVXe WhaW caQ aUiVe ZiWh diffeUeQW UeSUeVeQWaWiRQV Rf ORZeU YeUVXV higheU fUeTXeQcieV dXe WR Whe

ORg-VcaOiQg Rf OiQeaUO\ XQifRUP fUeTXeQcieV. FRU e[aPSOe, WheUe iV RQO\ a 1.45-fROd diffeUeQce iQ Whe

ORg-VcaOe iQWeUYaOV fURP 30 WR 31 H] cRPSaUed WR 44 WR 45 H]; iQ cRQWUaVW, WheUe iV >20-fROd diffeUeQce

beWZeeQ 30 WR 31 H] aQd 1 WR 2 H] iQWeUYaOV, iPSO\iQg WhaW if Ze had ORRNed aW a bURadeU fUeTXeQc\

UaQge, WhiV iVVXe ZRXOd be PRUe aSSaUeQW.

PRZeU VSecWUa ZeUe eVWiPaWed iQdiYidXaOO\ fRU each eSRch. TR deUiYe Whe VSecWUaO VORSe, Ze aYeUaged

ORg-VcaOed VSecWUa, aQd WheQ caOcXOaWed a ViQgOe VORSe eVWiPaWe. AV a VeQViWiYiW\ aQaO\ViV, Ze aOVR

caOcXOaWed WZR RWheU eVWiPaWeV: i) aYeUagiQg XQWUaQVfRUPed VSecWUa, WheQ WaNiQg Whe ORg aQd eVWiPaWiQg
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Whe VORSe; aOWeUQaWiYeO\, ii) aYeUagiQg VORSeV caOcXOaWed SeU eSRch RQ Whe ORg-WUaQVfRUPed VSecWUa. ThaW

iV, Whe WhUee aSSURacheV caQ be OabeOOed: VORSe(PeaQ(ORJ(X))), VORSe(ORJ(PeaQ(X))) aQd

PeaQ(VORSe(ORJ(X))) UeVSecWiYeO\, ZheUe X aUe Whe eSRch-OeYeO SRZeU VSecWUa. AQ adYaQWage Rf Whe WhiUd

aSSURach iV WhaW iW aOVR SURYideV a cRQYeQieQW eVWiPaWe Rf Whe YaUiabiOiW\ iQ VORSe acURVV eSRchV. We

e[SecW TXaOiWaWiYeO\ ViPiOaU UeVXOWV fURP aOO aSSURacheV, aOWhRXgh Whe VecRQd aSSURach Pa\ be PRUe

VeQViWiYe WR RXWOieU eSRchV QRW RWheUZiVe fiOWeUed RXW. WRUN RQ Whe UeVWiQg VWaWe e\eV RSeQ/cORVed aOSha

Uh\WhP diffeUeQceV VXggeVWed WhaW ORg-WUaQVfRUPiQg SRZeU aW Whe eSRch OeYeO SUiRU WR aYeUagiQg ZaV

RSWiPaO iQ WhaW cRQWe[W 40. BaVed RQ aQ iQiWiaO aQaO\ViV iQ Whe CFS cRhRUW, aOO WhUee PeWUicV ZeUe

effecWiYeO\ eTXiYaOeQW, bRWh iQ WeUPV Rf cRUUeOaWiRQ ZiWh each RWheU (U > 0.95) aQd Whe PagQiWXde Rf WeVWV

Rf PeaQ diffeUeQceV beWZeeQ VWageV (daWa QRW VhRZQ). The RQe e[ceSWiRQ ZaV WhaW VORSe(ORJ(PeaQ(X)))

ZaV OeVV cRUUeOaWed ZiWh Whe RWheU WZR PeWUicV dXUiQg ZaNe (heUe U a0.7), Zhich SUeVXPabO\ UefOecWV a

gUeaWeU VeQViWiYiW\ WR QRiV\/RXWOieU eSRchV WhaW RccXU PRUe RfWeQ dXUiQg ZaNe. AV QRWed, RXU fiQaO

aQaO\VeV ZeUe baVed RQ VORSe(PeaQ(ORJ(X))), aOWhRXgh Ze dR QRW e[SecW aQ\ VXbVWaQWiYe diffeUeQceV iQ

UeVXOWV if WheVe aOWeUQaWiYeV ZeUe XVed.

IQdiYidXaO-OeYeO RXWOieU UejecWiRQ

AfWeU RbWaiQiQg VWage-VSecific VORSe aQd VSecWUaO SRZeU eVWiPaWeV fRU aOO iQdiYidXaOV, Ze UePRYed

iQdiYidXaOV fURP aOO SUiPaU\ aQaO\VeV if Whe\ eiWheU 1) did QRW haYe a VXfficieQW dXUaWiRQ Rf eSRchV fRU Ne\

VWageV, RU 2) had e[ceVViYe RXWOieUV fRU Ne\ PeWUicV. SSecificaOO\, Ze UeTXiUed aW OeaVW 5 PiQXWeV (10

eSRchV) Rf QRPiQaOO\ aUWifacW-fUee daWa fRU W, N2 aQd R (aV Ne\ aQaO\VeV ZeUe baVed RQ WheVe VWageV, aQd

VRPe iQdiYidXaOV had UeOaWiYeO\ VhRUW N1 aQd/RU N3 dXUaWiRQV). We WheQ UePRYed iQdiYidXaOV ZhR ZeUe

RXWOieUV (4 SD XQiWV) fRU aQ\ Rf Whe fROORZiQg PeWUicV (aSSOied VeTXeQWiaOO\ VXch WhaW OaWWeU fiOWeUV RQO\

cRQVideU Whe VeW Rf cXUUeQWO\ Rf iQcOXded iQdiYidXaOV): gaPPa baQd SRZeU fRU C4-M1 RU C3-M2 fRU W,

N2 RU R; gaPPa baQd SRZeU fRU a PaVWRid-PaVWRid deUiYaWiRQ M1-M2 fRU W, N2 RU R; Whe NXUWRViV

(VSecWUaO SeaNedQeVV) PeaVXUe fRU C4-M1, C3-M2 RU M1-M2 fRU W, N2 RU R; Whe PeaQ aQd SD Rf Whe

VSecWUaO VORSe eVWiPaWeV fRU C4-M1 RU C3-M2 fRU W, N2 RU R; fRU C4-M1 RU C3-M2, Whe diffeUeQce iQ

VSecWUaO VORSe beWZeeQ R aQd N2, beWZeeQ R aQd W RU beWZeeQ N2 aQd W; fiQaOO\, Whe PeaQ aQd SD Rf

Whe EMG VSecWUaO VORSe. FRU Whe VecRQd URXQd Rf aQaO\VeV baVed RQ OiQNed PaVWRid chaQQeOV, Whe

C3-LM aQd C4-LM ZeUe addiWiRQaOO\ iQcOXded iQ Whe abRYe e[cOXViRQV, aV ZeOO aV C3-M2 aQd C4-M1.

OXU SUiPaU\ aQaO\VeV aUe SUeVeQWed ZiWh WheVe UeOaWiYeO\ VWUiQgeQW iQdiYidXaO-OeYeO RXWOieU UejecWiRQ

cUiWeUia; hRZeYeU, aOO Ne\ UeVXOWV ZeUe TXaOiWaWiYeO\ ViPiOaU if OeVV VWUiQgeQW (RU if QR) RXWOieU UejecWiRQ

SURcedXUeV ZeUe aSSOied iQVWead (daWa QRW VhRZQ).
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SWaWe cOaVVificaWiRQ

TR cOaVVif\ iQdiYidXaO eSRchV iQ Whe CFS daWaVeW baVed RQ Whe VSecWUaO VORSe (RU RWheU PeWUic), Ze XVed

OiQeaU diVcUiPiQaQW aQaO\ViV (LDA, aV iPSOePeQWed iQ ³MASS´ R OibUaU\) WRgeWheU ZiWh OeaYe-RQe-RXW

cURVV YaOidaWiRQ. COaVVificaWiRQ ZaV SeUfRUPed iQ a SaiUZiVe faVhiRQ fRU W YV R, W YV N2 aQd R YV N2.

AccXUac\ ZaV cRPSXWed aV Whe PeaVXUe Rf cOaVVifieU SeUfRUPaQce. IQdiYidXaOV ZiWh OeVV WhaQ 20 eSRchV

fRU aQ\ Rf Whe VWaWeV ZeUe e[cOXded fURP WhiV aQaO\ViV, UeVXOWiQg iQ a fiQaO VaPSOe Rf 311 iQdiYidXaOV.

FROORZiQg LeQdQeU eW aO., WR eQVXUe WhaW Whe chaQce OeYeO eTXaWed WR 50% accXUac\, Ze UaQdRPO\

dRZQVaPSOed RQe VWaWe WR eQVXUe Whe VaPe QXPbeU Rf eSRchV fRU bRWh VWaWeV. TR UedXce YaUiabiOiW\, Ze

UeSeaWed Whe SUeYiRXV VWeS 50 WiPeV, aYeUagiQg WR RbWaiQ Whe fiQaO accXUac\ SeU iQdiYidXaO. WiWhiQ

iQdiYidXaO, VSecWUaO VORSeV aQd ORg-VcaOed SRZeU eVWiPaWeV ZeUe ]-VcRUed SUiRU WR LDA. MaWched SaiU

W-WeVWV ZeUe XVed WR cRPSaUe accXUacieV baVed RQ VSecWUaO VORSeV YeUVXV baQd SRZeU.

1/I PRdeO-baVed SaUaPeWeUi]aWiRQ Rf iQdiYidXaO diffeUeQceV iQ SRZeU VSecWUa

We diUecWO\ ViPXOaWed SRZeU VSecWUa fRU N = 5,000 iQdiYidXaOV, iQiWiaOO\ iQ Whe fRUP PSD(I) = A/I 𝛼 + e,

ZheUe A aQd 𝛼 ZeUe UaQdRP YaUiabOeV fRU Whe VSecWUaO iQWeUceSW aQd e[SRQeQW (VORSe 𝛽 = -𝛼 )

UeVSecWiYeO\. FROORZiQg RWheUV 10,11, Ze aOVR e[WeQded Whe baVic SRZeU OaZ eTXaWiRQ PRdeO iQ WhUee Za\V.

FiUVW, ZheUeaV a VWUicW SRZeU OaZ iPSOieV Whe VORSe URWaWeV aURXQd 1 H] (i.e. ORg(1) = 0), Ze aOORZed aQ

aOWeUQaWe SRiQW Rf URWaWiRQ, IU WR be VSecified, VXch WhaW ORg PSD(I) = ORg A + 𝛼 ORg( I / IU ) + e. SecRQd,

fROORZiQg Uef. 11 Ze aOORZed fRU aQ addiWiRQaO µfOaW¶ VSecWUXP C, aV a ViQgOe, fi[ed WeUP added WR aOO SRiQWV

Rf Whe VSecWUXP, VXch WhaW ORg PSD(I) = ORg( e[S( ORg A + 𝛼 ORg( I / IU ) + e ) + C ). ThiUd, Ze aOORZed Whe

PagQiWXde Rf Whe iQfOXeQce Rf 𝛼 WR YaU\ acURVV Whe SRZeU VSecWUXP, b\ ZeighWiQg iWV cRQWUibXWiRQ b\ a

fUeTXeQc\-deSeQdeQW VigPRid ZeighW fXQcWiRQ, Z(I) = 1 / ( 1 + e[S( -( I - ZI ) / ZV ) ), PeaQiQg WhaW aW

fUeTXeQc\ ZI Whe iPSacW Rf Whe VORSe defiQed b\ Whe UaQdRP YaUiabOe 𝛼 iV 50% Rf iWV fXOO YaOXe; iW UiVeV WR

100% aW higheU fUeTXeQcieV, aQd aW ORZeU fUeTXeQcieV, faOOV WR WRZaUdV 0%. The VcaOiQg facWRU ZV

deWeUPiQed Whe VhaUSQeVV Rf WUaQViWiRQ. AQ iQdeSeQdeQW UaQdRP YaUiabOe 𝛼* ZaV defiQed ViPiOaUO\ WR 𝛼
aQd aSSOied ZiWh ZeighW 1-Z(I). IQ WhiV Za\, aOWhRXgh Whe RYeUaOO, PaUgiQaO SURSeUWieV Rf Whe VSecWUa

ZeUe bURadO\ ViPiOaU, WhiV SaUaPeWeUi]aWiRQ aOORZed fRU YaUiaWiRQ iQ Whe VORSe iQ RQe fUeTXeQc\ UaQge

(e.g. >20 H]) WR be iQdeSeQdeQW Rf YaUiaWiRQ iQ Whe VORSe aW ORZeU fUeTXeQcieV.

AfWeU geQeUaWiQg a VaPSOe Rf N = 5,000 iQdeSeQdeQW VSecWUa (0.5 WR 50 H] iQ 0.5 H] iQcUePeQWV) XQdeU

a SaUWicXOaU VeW Rf SaUaPeWeU YaOXeV, Ze XVed ORg-ORg OiQeaU UegUeVViRQ WR eVWiPaWe Whe UeaOi]ed VSecWUaO

VORSe iQ Whe 30 - 45 H] fUeTXeQc\ UaQge, fRU each iQdiYidXaO VSecWUXP. IQ RUdeU WR UeSOicaWe Whe UeVXOWV

VhRZQ iQ FigXUe 6, Ze WheQ caOcXOaWed Whe PeaUVRQ cRUUeOaWiRQ cRefficieQW beWZeeQ Whe VORSe aQd SRZeU

YaOXe (fRU SRZeU fURP 0.5 WR 50 H]) acURVV aOO VSecWUa; baVed RQ a PediaQ-VSOiW Rf Whe eVWiPaWed VSecWUaO

VORSe, Ze aOVR SORWWed Whe PeaQ SRZeU VSecWUa fRU iQdiYidXaOV ZiWh µVWeeS¶ YeUVXV µVhaOORZ¶ VORSeV.
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SXSSOePeQWaU\ IQfRUPaWiRQ

SRXUceV RI YaULaWLRQ LQ WKe VSecWUaO VORSe RI WKe VOeeS EEG
KR]hePiaNR N, M\ORQaV D, PaQ JQ, PUeUaX MJ, RedOiQe S & PXUceOO SM

SecWiRQ 1: TechQicaO facWRUV iQ Whe SHHS daWaVeWV

SecWiRQ 2: MaVWRid UefeUeQciQg aQd SRWeQWiaO VRXUceV Rf QRQ-QeXUaO biaV iQ Whe VSecWUaO VORSe

SecWiRQ 3: LXQa VcUiSW XVed iQ Whe SUiPaU\ VSecWUaO VORSe aQaO\VeV

SecWiRQ 4: SXSSOePeQWaU\ FigXUeV aQd TabOeV
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SecWiRQ 1: TechQicaO facWRUV iQ Whe SHHS daWaVeWV

CRPSaUed WR RWheU cRhRUWV Whe SHHS e[hibiWed PaUNed diffeUeQceV iQ PeaQ SRZeU VSecWUa, aV ZeOO aV a

biPRdaO diVWUibXWiRQ Rf C4-M1 VSecWUaO VORSe, SUeVXPabO\ UefOecWiQg WechQicaO iVVXeV ZiWh Whe

UecRUdiQgV. IQdeed, SHHS ZaYe 1 daWa cROOecWiRQ RccXUUed 1995-1998 (ZaYe 2 2001-2003) aQd UeOied

RQ aQ eaUO\ geQeUaWiRQ Rf aPSOifieUV - CRPSXPedicV P-VeUieV SOeeS MRQiWRUiQg deYiceV - WhaW ZeUe PRUe

SURQe WR aUWifacW; fRU e[aPSOe, CRPSXPedicV QRWed SRWeQWiaO iVVXeV ZiWh aPSOifieU gURXQdiQg. The

P-VeUieV ZaV QRW a WUXO\ digiWaO V\VWeP aQd, iQVWead Rf beiQg cROOecWed agaiQVW a cRPPRQ UefeUeQce, EEG

iQSXWV ZeUe haUdZiUed iQWR Whe aPSOifieU iQWeUface aQd OabeOOed EEG (C4-M1) aQd EEG2 (C3-M2), aQd

VR cRXOd QRW be Ue-UefeUeQced RffOiQe. PURSUieWaU\ aOgRUiWhPV ZeUe aSSOied WR VigQaOV iQ a PaQQeU WhaW

ZaV QRW UeadiO\ WUaQVSaUeQW WR SHHS VWXd\ VWaff. AOWhRXgh Whe SHHS aUe deVcUibed iQ Whe NSRR aV

haYiQg RQO\ a high-SaVV haUdZaUe fiOWeU VeW aW 0.15 H], Whe SRZeU VSecWUa iQ FigXUe 1a VXggeVW WheVe

deYiceV had a QRQ-XQifRUP fUeTXeQc\ UeVSRQVe RYeU WhiV UaQge, OeadiQg WR Whe VXSUaOiQeaU VSecWUaO VORSe

RQ Whe ORg-ORg VcaOe acURVV Whe 30 - 45 H] UaQge (ZiWh a µNQee¶ aURXQd 30 H]). The eVWiPaWeV Rf VSecWUaO

VORSe ZeUe highO\ deYiaQW fRU bRWh SHHS ZaYeV: fRU e[aPSOe, fRU C4-M1, Whe PeaQ ZaNe 𝛽 YaOXeV ZeUe

-8.1 aQd -7.6 fRU ZaYe 1 aQd 2 UeVSecWiYeO\, iQ cRQWUaVW WR YaOXeV cORVe WR -1.0 fRU aOO RWheU cRhRUWV (aV

e[SecWed fRU ZaNe 41).

We aOVR RbVeUYed a VecRQd W\Se Rf diffeUeQce ZiWhiQ Whe SHHS: aOWhRXgh VWiOO diVcUeSaQW cRPSaUed WR

RWheU cRhRUWV, eVWiPaWed VORSeV fRU C3-M2 ZeUe QRW aV VWeeS aV fRU C4-M1 (ZaNe 𝛽 = -5.5 aQd -5.5 fRU

ZaYe 1 aQd 2 UeVSecWiYeO\, FigXUe S1a). FXUWheUPRUe, Whe biPRdaOiW\ iQ VSecWUaO VORSe QRWed fRU C4-M1

ZaV QRW SUeVeQW fRU C3-M2 (FigXUe S1a). IQ SHHS1, aSSUR[iPaWeO\ 50 UecRUdiQg XQiWV ZeUe XVed, each

fRU a100 SaUWiciSaQWV; afWeU UefXUbiVhPeQW, Whe VaPe Sh\VicaO deYiceV ZeUe XVed iQ Whe VPaOOeU SHHS2.

We fRXQd WhaW deYice ID had a PaUNed iPSacW RQ Whe VSecWUaO VORSe fRU C4-M1 bXW QRW C3-M2,

accRXQWiQg fRU Whe biPRdaO VSecWUaO VORSe diVWUibXWiRQ (FigXUe S1b). MRVW iQdiYidXaOV ZRXOd QRW haYe

had Whe VaPe Sh\VicaO XQiW acURVV bRWh VWXdieV: Ze QRWed iW ZaV Whe VaPe XQiWV (UaWheU WhaQ Whe VaPe

iQdiYidXaOV) ZhR ZeUe RXWOieUV iQ each ZaYe (FigXUe S1b).

TheVe UeVXOWV VXggeVW WhaW 1) WechQicaO facWRUV (SUeVXPabO\ UeOaWed WR deYice fUeTXeQc\ UeVSRQVe

chaUacWeUiVWicV, RU VXbVeTXeQW ORZ-SaVV fiOWeUiQg) iPSacWed SHHS UecRUdiQgV iQ a PaQQeU WhaW gUeaWO\

biaVed Whe 30-45 H] VSecWUaO VORSe, aOWhRXgh 2) Whe effecW diffeUed beWZeeQ (haUdZiUed) C4-M1 aQd

C3-M2 chaQQeOV, aQd 3) a fXUWheU Oa\eU Rf deYice-WR-deYice YaUiabiOiW\ VSecificaOO\ iPSacWed C4-M1 fRU

a6-7 Rf Whe a50 deYiceV XVed. AV ZeOO aV Whe 30-45 H] VSecWUaO VORSe, WheVe WechQicaO facWRUV cRXOd

SRWeQWiaOO\ biaV aQ\ aQaO\VeV WhaW (iPSOiciWO\ RU e[SOiciWO\) UeO\ RQ Whe high (>30 H]) fUeTXeQc\ cRQWeQW

Rf Whe SHHS EEG, e.g. PachiQe OeaUQiQg RQ UaZ EEG WiPe VeUieV fRU aXWRPaWic VWagiQg. FRU WheVe

UeaVRQV, aV ZeOO aV Whe iQabiOiW\ WR Ue-UefeUeQce WR OiQNed PaVWRidV, Ze e[cOXded Whe SHHS fURP Whe

PajRUiW\ Rf Whe aQaO\VeV.
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NRQeWheOeVV, aOWhRXgh QRW a fRcXV heUe, Ze QRWe WhaW Whe SHHS Pa\ VWiOO SURYide XVabOe daWa fRU ceUWaiQ

W\SeV Rf VSecWUaO VORSe aQaO\ViV if RQe aVVXPeV WhaW aQ\ WechQicaO diffeUeQceV ZeUe cRQVWaQW WhURXghRXW

Whe UecRUdiQg. IQaVPXch aV fiOWeUiQg UedXced SRZeU b\ a fUeTXeQc\-deSeQdeQW cRQVWaQW PXOWiSOicaWiYe

facWRU, UeOaWiYe diffeUeQceV iQ ORg-VcaOed VORSeV Pa\ be e[SecWed WR be SUeVeUYed. FRU e[aPSOe, Whe REM

- N2 UeOaWLYe VORSe diVWUibXWiRQ ZaV XQiPRdaO aQd bURadO\ ViPiOaU acURVV chaQQeOV aQd SHHS ZaYeV,

aQd aOVR iQ cRPSaUiVRQ WR RWheU cRhRUWV. FXUWheUPRUe, PRWiYaWed b\ Whe SUiRU ZRUN RQ aQeVWheVia, Ze

h\SRWheVi]ed WhaW beQ]Rdia]eSiQe XVe (VedaWiYeV WhaW ORZeU bUaiQ acWiYiW\) PighW be aVVRciaWed ZiWh

VWeeSeU (PRUe QegaWiYe) VORSeV. IQdeed, Whe 181 iQdiYidXaOV iQ SHHS1 ZhR UeSRUWed UegXOaU

beQ]Rdia]eSiQe XVe had VigQificaQWO\ VWeeSeU C3-M2 VORSeV, ZiWh ViPiOaU effecWV acURVV ZaNe (b = -0.25,

S = 1✕10-5), NREM (b = -0.30, S = 2✕10-7) aQd REM (b = -0.33, S = 2✕10-4), cRQWUROOiQg fRU age, Ve[,

BMI, Uace, AHI aQd aURXVaO iQde[.
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SecWiRQ 2: MaVWRid UefeUeQciQg aQd SRWeQWiaO VRXUceV Rf QRQ-QeXUaO biaV

iQ Whe VSecWUaO VORSe

IQ Whe fiYe cRhRUWV e[cOXdiQg SHHS (CHAT, CCSHS, CFS, MUOS aQd SOF) Ze iQYeVWigaWed SRVVibOe

VRXUceV Rf biaV aQd/RU QRiVe, fiUVW eVWiPaWiQg VWaWe-VSecific VORSeV fRU Whe 30-45 H] chiQ EMG VSecWUa.

AcURVV aOO VWaWeV, aOWhRXgh EMG VORSeV ZeUe fOaWWeU WhaQ EEG VORSeV, Whe\ e[hibiWed Whe VaPe W >

NREM > REM SaWWeUQ (PeaQV Rf -0.21, -0.53 aQd -0.82 UeVSecWiYeO\, aOO S < 10-15; aOVR Vee TabOe S3)

aQd ZeUe OeVV VWeeS iQ ROdeU cRhRUWV (FigXUe S3). WiWhiQ VOeeS VWaWe, EMG VORSeV ZeUe SRViWiYeO\

cRUUeOaWed ZiWh EEG VORSeV: fRU e[aPSOe, cRQWUROOiQg fRU age, Ve[, Uace aQd BMI Whe VWaQdaUdi]ed

cRefficieQWV fURP a UegUeVViRQ Rf C3-M2 VORSe RQ EMG VORSe ZeUe b = 0.04, 0.08 aQd 0.07 (SD XQiWV) fRU

ZaNe, NREM aQd REM UeVSecWiYeO\ (aOO S < 10-15, Vee TabOe S4). TaNiQg VSecWUaO cRheUeQce aV aQ iQde[

Rf SRWeQWiaO EMG-EEG cURVV-WaON, Ze RbVeUYed a VWaWe-deSeQdeQW ZaNe < NREM < REM SaWWeUQ fRU

beWa baQd cRheUeQce acURVV aOO cRhRUWV (FigXUe S4a), aQd EMG-EEG beWa baQd cRheUeQce ZaV

QegaWiYeO\ cRUUeOaWed ZiWh Whe EEG VSecWUaO VORSe dXUiQg VOeeS (FigXUe S4b), PeaQiQg WhaW SeRSOe ZiWh

higheU cURVV-WaON beWZeeQ EMG aQd EEG WeQded WR haYe VWeeSeU EEG VORSeV.

AV aVSecWV Rf bRd\ W\Se (e.g. degUee Rf e[ceVV faW) caQ iPSacW EMG VeQViWiYiW\ aQd Pa\ PRdXOaWe Whe

e[WeQW Rf QRQ-QeXUaO aUWifacW iQ Whe EEG 42, Ze aVNed ZheWheU bRd\ PaVV iQde[ (BMI) ZaV aVVRciaWed

ZiWh VSecWUaO VORSe, Zhich PighW iQdicaWe Whe iQfOXeQce Rf QRQ-QeXUaO VRXUceV. EMG aQd EEG VORSeV

bRWh VhRZed PRdeVW bXW VigQificaQW aVVRciaWiRQV ZiWh BMI dXUiQg NREM VOeeS, b = -0.01 SeU BMI XQiW

(S = 0.004) fRU C3-M2 VORSe, aQd b = -0.02 (S = 4î10-11) fRU EMG VORSe; ViPiOaU aVVRciaWiRQV ZeUe aOVR

RbVeUYed iQ Whe SHHS daWaVeW (TabOe S5, FigXUe S5).

We RbVeUYed ViPiOaU beWZeeQ-VWaWe SaWWeUQV Rf PeaQ VSecWUaO VORSeV (ZaNe > NREM > REM) fRU C3-C4

aV fRU C3-M2 aQd C4-M1, bXW aOVR fRU M1-M2. Of QRWe, Whe cURVV-PaVWRid chaQQeO RfWeQ VhRZed

cRPSaUabOe effecW Vi]eV (aQd cRUUeVSRQdiQg ZiWhiQ-iQdiYidXaO W-VWaWiVWicV) aV fRU Whe RUigiQaO

cRQWUaOaWeUaO PaVWRidV, aQd RfWeQ gUeaWeU effecW Vi]eV WhaQ fRU C3-C4 (TabOe S2). M1-M2 VORSeV ZeUe

aOVR PRUe highO\ cRUUeOaWed ZiWh EMG VORSeV (TabOe S4) aQd VhRZed SaUWicXOaUO\ VWURQg cRUUeOaWiRQV

ZiWh BMI (TabOe S5, FigXUe S5).

IQ Whe CFS cRhRUW, Ze addiWiRQaOO\ eVWiPaWed 30-45 H] VSecWUaO VORSeV fRU Whe ECG, fiQdiQg WhaW ZaNe

VORSeV ZeUe OeVV VWeeS cRPSaUed WR NREM aQd REM VORSeV (PaWched SaiUV W-WeVW S < 10-15, ZiWh PeaQV

Rf -4, -5.1 aQd -5.2 fRU ZaNe, NREM aQd REM UeVSecWiYeO\). ECG VORSeV ZeUe VigQificaQWO\ cRUUeOaWed

ZiWh EEG VORSeV, e.g. fRU C3-M1 U = 0.15, 0.20 aQd 0.18 fRU ZaNe, NREM aQd REM (S = 0.002, 4î10-5
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aQd 2î10-5); WheVe ECG-EEG VORSe aVVRciaWiRQV SeUViVWed ZheQ addiWiRQaOO\ cRQWUROOiQg fRU age, Ve[,

Uace, BMI, AHI aQd AI (daWa QRW VhRZQ).

IQ Whe CFS cRhRUW, Ze eVWiPaWed VWaWe-VSecific PagQiWXde VTXaUed cRheUeQce beWZeeQ aOO EEG

deUiYaWiRQV aQd eiWheU Whe EMG RU ECG (FigXUe S6). PaUWicXOaUO\ dXUiQg VOeeS, WheUe ZaV high

cRheUeQce beWZeeQ EMG/ECG aQd M1-M2, e.g. RYeU 0.4 fRU EMG, aQd RYeU 0.6 fRU ECG, ZiWh SeaNV iQ

Whe VigPa/beWa baQd, bXW e[WeQdiQg iQWR gaPPa fUeTXeQcieV. MaOeV WeQded WR VhRZ higheU

EEG-EMG/ECG cRheUeQce WhaQ fePaOeV. WheUeaV Whe C3-C4 did QRW VhRZ VWURQg cRheUeQce ZiWh

EMG/ECG chaQQeOV, bRWh cRQWUaOaWeUaO PaVWRid chaQQeOV (C3-M2 aQd C4-M1) VhRZed UeOaWiYeO\ high

cRheUeQceV (XS WR a0.4), SUeVXPabO\ UefOecWiQg Whe e[WeQW WR Zhich EMG/ECG aUWifacW ZaV SicNed XS aW

Whe PaVWRidV.

GiYeQ Whe SRWeQWiaO UROe Rf PaVWRidV iQWURdXciQg QRQ-QeXUaO VRXUceV WhaW PighW biaV VORSe eVWiPaWeV, Ze

aOWeUQaWiYeO\ cRQVideUed a OiQNed (i.e. aYeUaged) PaVWRid UefeUeQciQg VchePe. AV QRWed, ZheUeaV

LeQdQeU eW aO. RUigiQaOO\ XVed OiQNed PaVWRid (LM) UefeUeQciQg, Ze adRSWed a cRQWUaOaWeUaO PaVWRid

(CM) VchePe VR aV WR be abOe WR iQcOXde SHHS daWa. ThaW iV, iQVWead Rf C3-M2 aQd C4-M1 Ze XVed

C3-(M1+M2)/2 aQd C4-(M1+M2)/2, deQRWed heUe aV C3-LM aQd C4-LM. LM-deUiYed VORSeV ZeUe

cRUUeOaWed highO\ ZiWh CM-deUiYed VORSeV (e.g. fRU C3 U = 0.93, 0.88 aQd 0.90 fRU ZaNe, NREM aQd

REM UeVSecWiYeO\). AcURVV VWaWeV, LM VORSeV ZeUe, RQ aYeUage, VOighWO\ OeVV VWeeS (diffeUeQce Rf a0.05

ORg SRZeU/ORg H]) bXW Whe PagQiWXdeV Rf VWaWe-deSeQdeQW diffeUeQceV ZeUe ViPiOaU beWZeeQ LM- aQd

CM-deUiYed VORSeV.

FigXUe S6 VhRZV WhaW C3-LM aQd C4-LM e[hibiWed RQO\ YeU\ ORZ EMG/ECG cRheUeQceV (<0.1). UViQg

OiQNed PaVWRidV eOiPiQaWed Whe aVVRciaWiRQV beWZeeQ NREM VORSe aQd BMI SUeYiRXVO\ RbVeUYed fRU

cRQWUaOaWeUaO PaVWRidV, C3-C4 aQd M1-M2 (FigXUe S5, TabOe S6). AOWhRXgh VWiOO VWaWiVWicaOO\

VigQificaQW, cRUUeOaWiRQV beWZeeQ EEG aQd EMG VORSeV ZeUe UedXced (WR OeVV WhaQ haOf Whe effecW Vi]e

dXUiQg VOeeS) ZheQ baVed RQ OiQNed PaVWRidV (TabOe S7), aQd EEG-ECG VORSe cRUUeOaWiRQV ZeUe

eOiPiQaWed (aOO S > 0.05). WiWh UegaUd WR caUdiac acWiYiW\ aW PaVWRid chaQQeOV dXe WR WheiU SUR[iPiW\ WR

Whe caURWid aUWeUieV, ECG SRWeQWiaOV RQ Whe VcaOS haYe RSSRViWe SROaUiWieV iQ Whe OefW aQd UighW

hePiVSheUeV aQd aUe VOighWO\ aV\PPeWUic dXe WR heaUW SRViWiRQ, ZiWh higheU aPSOiWXde RQ Whe OefW43. AV

iOOXVWUaWed iQ FigXUe S7, LM UefeUeQciQg WaNeV adYaQWage Rf WhiV WR effecWiYeO\ caQceO RXW PXch Rf Whe

caUdiac acWiYiW\ VeeQ aW each PaVWRid (cRQYeUVeO\, Whe cURVV-PaVWRid M1-M2 deUiYaWiRQ e[aceUbaWeV iW).
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SecWiRQ 3: LXQa VcUiSW XVed iQ Whe SUiPaU\ VSecWUaO VORSe aQaO\VeV

PUiPaU\ LXQa cRPPaQd fiOe : cmd.t[t

% trim leading/trailing Zake epoch
MASK trim=W

% remove epochs Z/ manual arousals or respirator\ events
MASK mask-if=arousal,arousal/RERA,arousal/spontaneous,arousal/e[ternal
MASK mask-if=apnea,apnea/obstructive,apnea/central,apnea/mi[ed,h\popnea

% select desired stage, ensuring selected epochs are flanked b\ at least 1 similar
MASK flanked=$^stage`,1

% restructure the EDF given the above conditions
RE

% ensure that Ze have all four necessar\ signals
CONTAINS sig=M1 skip
CONTAINS sig=M2 skip
CONTAINS sig=C3 skip
CONTAINS sig=C4 skip

% generate primar\ signals (Zith an\ re-sampling, changes in units, etc)
CANONICAL file=files/cs.groups

% also generate linked mastoids
% nb. in future, the CANONICAL command Zill be able to specif\ average references
%     but here Ze have to do it manuall\
REFERENCE sig=C3 ref=M1,M2 neZ=C3LM
REFERENCE sig=C4 ref=M1,M2 neZ=C4LM
RESAMPLE sig=C3LM,C4LM sr=128
uV sig=C3LM,C4LM

% remove an\ large DC offsets
ROBUST-NORM sig=csC3,csC4,C3LM,C4LM,csEMG,C3C4,M1M2 epoch center=T scale=F

% appl\ a 2 H] high pass filter
FILTER sig=csC3,csC4,C3LM,C4LM highpass=2 tZ=2 ripple=0.01

% generate statistics for QC (e.g. means, SD, Hjorth parameters, etc)
STATS sig=csC3,csC4

% epoch-level filtering: 1) fi[ed criteria
CHEP-MASK sig=csC3,csC4,C3LM,C4LM  flat=0.1 clipped=0.1
CHEP-MASK sig=csC3,csC4,C3LM,C4LM  ma[=100,0.2
CHEP-MASK sig=csC3,csC4,C3LM,C4LM  ma[=250,0.01
CHEP-MASK sig=csC3,csC4,C3LM,C4LM  min-ma[=5
CHEP epochs sig=csC3,csC4,C3LM,C4LM
RE

% epoch-level filtering: 2) statistical outliers
CHEP-MASK sig=csC3,csC4,C3LM,C4LM,csEMG ep-th=5,3,3
CHEP epochs sig=csC3,csC4,C3LM,C4LM,csEMG
MASK regional=3,5
RE

% Generate PSD (Welch b\ default)
PSD sig=csC3,csC4,C3LM,C4LM,csEMG,C3C4,M1M2

spectrum min=0.5 ma[=64
sd median dB
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% Specificall\ get slope from high portion of the spectra
% (use TAG to disambiguate from the prior PSD output)
TAG SPEC/HIGH

PSD sig=csC3,csC4,C3LM,C4LM,C3C4,M1M2,csEMG
spectrum dB
min=30 ma[=45
sd median
slope=30,45 slope-th=2
peaks peaks-frq=30,45

% Additional metrics: EMG coherence
COH sig1=csC3,csC4,C3LM,C4LM,C3C4,M1M2 sig2=csEMG dB

CaQRQicaO VigQaO defiQiWiRQV : files/cs.groups

.    csC4    EEG    .     128    uV

.    csC4    C4    M1,A1  128    uV

.    csC4    C4    .      128    uV

.    csC3    EEG2    .    128    uV

.    csC3    C3    M2,A2  128    uV

.    csC3    C3    .      128    uV

.    csEMG    Lchin    Rchin    128    uV

.    csEMG    EMG    .          128    uV

.    csECG    ECG2    ECG1      128    uV

% this is onl\ valid Zhere C3 and C4 have the same reference (i.e. not SHHS)
.    C3C4    C3       C4       128    uV
.    M1M2    M1,A1    M2,A2    128    uV

IQYRkiQg LXQa

e.g. fRU N2 VOeeS if s.lst ZaV Whe µVaPSOe OiVW¶ (IDV, EDF fiOe aQd aQQRWaWiRQ fiOe ORcaWiRQV fRU RQe RU

PRUe iQdiYidXaOV):

luna s.lst -o out/n2.db gamma=30-45 stage=N2 < cmd.t[t

(Qb. iQ SUacWice, jRbV ZeUe SaUaOOeOi]ed)

See hWWS://]]].bZh.haUYaUd.edX/OXQa/ fRU deWaiOV RQ LXQa cRPPaQd V\QWa[.
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SecWiRQ 4: SXSSOePeQWaU\ FigXUeV aQd TabOeV

FLJXUH 61. 6SHFWUDO VORSHV LQ 6HH6. a) Histograms of W spectral slopes for C3-M2 and C4-M1, for both ZaYe 1 and 2,
Zhich indicate a bimodal distribXtion for C4-M1 onl\. b) Mean spectral slopes (separatel\ for C3-M2 and C4-M1 in ZaYe 1 and
2) stratified b\ the ID of the ph\sical recording deYice (headbo[). The same Xnits and IDs Zere preserYed across ZaYes 1 and
2 (albeit Zith feZer indiYidXals/deYices Xsed, as Zell as a handfXl of neZ deYices introdXced for ZaYe 2). The deYices that
Zere oXtliers for C4-M1 in ZaYe 2 Zere also oXtliers in ZaYe 1.
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FLJXUH 62. EEG VSHFWUDO VORSHV (CM-UHIHUHQFHG GDWDVHW). See legend for FLJXUH 1 for details: similar methods Zere
applied to generate these plots, bXt here listed for both central channels, and separatel\ for all ten samples. Green, blXe and
red indicate Zake, NREM and REM respectiYel\.
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FLJXUH 63. 6SHFWUDO VORSH RI WKH EMG. a) DistribXtions of EMG 30-45 H] spectral slopes, stratified b\ state and cohort. b)
The mean EMG slopes (identical to those in panel a.) plotted differentl\, to emphasi]e the age-related flattening. Green, blXe
and red indicate Zake, NREM and REM respectiYel\.  Also see 7DEOH 63.
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FLJXUH 64. EEG-EMG FRKHUHQFH DQG EEG VSHFWUDO VORSHV. a) For beta and gamma bands, median EEG-EMG coherence
stratified b\ state and cohort. All anal\ses Xsed CM-referencing. b) Correlations betZeen EEG slope and EEG-EMG
coherence, b\ state and cohort. ParticXlarl\ dXring NREM, indiYidXals Zith higher EEG-EMG crosstalk (i.e. coherence) tended
to haYe steeper slopes. Green, blXe and red indicate Zake, NREM and REM respectiYel\.
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FLJXUH 65. 6XPPDU\ RI VH[ & BMI DVVRFLDWLRQV ZLWK WKH EEG VSHFWUDO VORSH. ResXlts indicate the signed -log10 p-YalXe
(as an inde[ of relatiYe effect si]e) from regressions of slope on se[, BMI and other coYariates (see MHWKRGV). Onl\
associations Zith p<0.01 are shoZn. Green, blXe and red indicate Zake, NREM and REM respectiYel\. Also see 7DEOHV 65 &
66.
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FLJXUH 66. CRKHUHQFH EHWZHHQ EEG DQG EMG/ECG LQ WKH CF6 FRKRUW. BlXe/red lines indicate mean coherence for
males/females. Note that the Xse of linked mastoid referencing appeared to redXce EMG/ECG contamination, as inde[ed b\
spectral coherence Zith the EEG.
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FLJXUH 67. CKRLFH RI UHIHUHQFH DQG ECG DUWLIDFWV. The Xpper plot illXstrates 10s of N2 from M1-Fp], M2-Fp], M1-M2 (the
µcross-mastoid¶) and (M1+M2)/2 (linked mastoid) for a sXbject from CFS Zith e[treme cardiac interference in C3-M2. Fp] Zas
the recording reference electrode. Both M1 and M2 time series are seYerel\ affected b\ ECG artifacts. DXe to the opposite
polarit\, hoZeYer, the linked mastoid (M1+M2)/2 signal almost fXll\ eliminates this issXe. The bottom plot shoZs the C3
channel Zith different referencing (the recording reference Fp], M2 and (M1+M2)/2) dXring the same period. Note hoZ the
contralateral mastoid reference introdXced cardiac artifacts into the C3 channel; hoZeYer, if C3 in fact contained strong cardiac
artifacts prior re-referencing, Xsing the contralateral mastoid ZoXld haYe helped to cancel it oXt. The Yertical black bar on the
left corresponds to 100 XV.
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FLJXUH 68. EEG VSHFWUDO VORSH IRU C4-LM. See legend of FLJXUH 2 for details: this plot proYides the same anal\sis bXt for
C4-LM instead of C3-LM.  Green, blXe and red indicate Zake, NREM and REM respectiYel\. Also see 7DEOH 68.
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FLJXUH 69. 6SHFWUDO SRZHU PHDQV DQG YDULDELOLW\, E\ VOHHS VWDWH DQG FRKRUW. See legend of FigXre 4 for details: here,
figXres are plotted separatel\ b\ cohort rather than sXper-imposed (as in FLJXUH 4). Green, blXe and red indicate Zake, NREM
and REM respectiYel\.
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FLJXUH 610. CRUUHODWLRQV EHWZHHQ EEG VSHFWUDO VORSH DQG SRZHU. All anal\ses based on the LM-referenced dataset.
These FigXres proYide similar information as FigXre 6 (top roZ) in the main te[t: here, all non-SHHS cohorts are plotted,
resXlts for both LM-referenced central channels are giYen; also, the [-a[is e[tends < 10 H] Zhereas FLJXUH 6 e[clXded that
portion of the poZer spectrXm. Green, blXe and red indicate Zake, NREM and REM respectiYel\.
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FLJXUH 611. 6LPXODWHG SRZHU VSHFWUD ZLWK HVWLPDWHG SRZHU, VSHFWUDO VORSHV, DQG WKHLU FRUUHODWLRQV. Based on N =
5,000 simXlated spectra, deriYed statistics (colXmns 2 to 6) for D) the original model parameteri]ation, assXming a strict poZer
laZ model Zith mean Į = 1, 2.5 and 3 for Zake, NREM and REM respectiYel\ (and SDs of 0.5, 0.5 and 0.75, appro[imatel\
folloZing the obserYed betZeen-indiYidXal estimates from FLJXUH 5), and E) a reYised model, Zith similar popXlation
parameters for slope means and Yariances bXt alloZing different centers of rotation (fr = 10, 35 and 45 H] for Zake, NREM
and REM respectiYel\) and setting Z(f) sXch that Yariation in Į had less inflXence on the slope at loZer freqXencies. Green,
blXe and red indicate Zake, NREM and REM respectiYel\.  See MHWKRGV for details.

D)

E)
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FLJXUH 612. LRQJLWXGLQDO DQDO\VHV RI WKH CHA7 FRKRUW. Based on the LM-referenced dataset, scatter-plots shoZ the EEG
spectral slope for baseline and folloZ-Xp CHAT (childhood) stXdies (N = 80 pairs post QC, a6 months interYal) stratified b\
sleep state and channel (C3-LM and C4-LM). Green, blXe and red indicate Zake, NREM and REM respectiYel\. See 7DEOH
611 for statistical resXlts.
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7DEOH 61. PUH-4C DQG SRVW-4C VDPSOH VL]HV DQG GXUDWLRQV RI VOHHS VWDWH E\ FRKRUW. For each cohort, the aYerage
dXration of each state, folloZing the initial roXnd of QC (based on remoYing indiYidXals ZithoXt sXfficient dXration (at least 10
minXtes) after performing YarioXs epoch-leYel e[clXsions (QC1), e.g. onl\ retaining epochs flanked b\ similarl\ staged epochs,
rejecting epochs Zith annotated aroXsals or respirator\ eYents, as Zell as signal oXtliers, etc. The second roXnd of QC (QC2)
e[clXded indiYidXals based Xpon statistical properties of the deriYed metrics (e.g. poZer, slope). See MHWKRGV for details.
These procedXres Zere collectiYel\ designed to be stringent: that the\ remoYed large proportions of some cohorts for the final
anal\sis more reflects the choices of QC rather than inherent issXes Zith the data (i.e. man\ childhood recordings Zere
remoYed dXe to loZ rates of WASO, as Ze e[clXded leading and trailing Zake epochs from all recordings, bXt reqXired all
stXdies to haYe sXfficient dXration of Zake as Zell as sleep epochs). No SHHS indiYidXals Zere retained in the linked mastoid
dataset, as it Zas not possible to re-reference the hardZired contralateral mastoid channels; also see 6XSSOHPHQWDU\
IQIRUPDWLRQ, 6HFWLRQ 1 for other technical issXes encoXntered in the SHHS cohorts.
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7DEOH 62. MHDQ EEG VORSHV VWUDWLILHG E\ VWDWH DQG GLIIHUHQFHV EHWZHHQ VORSHV: CM-UHIHUHQFHG GDWDVHW. See the
MHWKRGV for details on the calcXlation of spectral slopes.
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7DEOH 63. MHDQ EMG VORSHV E\ VWDWH DQG FRKRUW. See MHWKRGV for details on the calcXlation of EMG spectral slopes. Also
see FLJXUH 63.
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7DEOH 64. AVVRFLDWLRQV EHWZHHQ EEG DQG EMG VSHFWUDO VORSHV LQ WKH CM-UHIHUHQFHG GDWDVHW. Standardi]ed regression
coefficients and associated p-YalXes from a regression of EEG slope on EMG controlling for age (Xp to 5th-order pol\nomials),
se[, cohort, race, BMI, AHI and AI.  All anal\ses Zere performed in the CM-referenced dataset.
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7DEOH 65. EEG VSHFWUDO VORSH DVVRFLDWLRQV ZLWK VH[ DQG BMI LQ WKH CM-UHIHUHQFHG GDWDVHW. Coefficients and p-YalXes
from linear regression models of slope on se[ and BMI, additionall\ controlling for age (and higher-order terms), race and
cohort.  Also see FLJXUH 65.
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7DEOH 66. EEG VSHFWUDO VORSH DVVRFLDWLRQV ZLWK VH[ DQG BMI LQ WKH LM-UHIHUHQFHG GDWDVHW. Coefficients and p-YalXes
from linear regression models of slope on se[ and BMI, additionall\ controlling for age (and higher-order terms), race and
cohort.   The SHHS Zas e[clXded from all LM-reference anal\ses.
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7DEOH 67. AVVRFLDWLRQV EHWZHHQ EEG DQG EMG VORSHV LQ WKH LM-UHIHUHQFHG GDWDVHW. Correlation coefficients and
p-YalXes for associations betZeen EEG and EMG slopes in the LM-referenced dataset. EqXiYalent resXlts are also reported
for the CM-deriYed EEG slopes (in this same dataset). EEG-EMG correlations are attenXated comparing LM-deriYed to
CM-deriYed estimates (albeit still significantl\ larger than ]ero). Similar resXlts Zere obtained Zhen controlling for age, se[,
cohort and other coYariates (see legend for 7DEOH 64 for details; note: 7DEOH 64 shoZs standardi]ed regression coefficients
from the adjXsted model, and so the CM resXlts are not directl\ comparable to the correlation coefficient presented here).
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7DEOH 68. MHDQ EEG VORSHV DQG VWDWH GLIIHUHQFHV LQ WKH LM-UHIHUHQFHG GDWDVHW. Comparable state-specific slope means,
and tests of state differences as shoZn in 7DEOH 62 (for the CM-dataset/channels), bXt here for the LM-deriYed slopes.
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7DEOH 69. CURVV-VWDWH FRUUHODWLRQV LQ EEG VSHFWUDO VORSHV. All statistics based on the LM-reference datasets (slopes for
C3-LM and C4-LM). Correlations stratified b\ cohort, Zith oXtliers (+/- 3 SD Xnits) remoYed. All correlations are significantl\
greater than 0 (p < 10-10).
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7DEOH 610. 7HVW-UHWHVW FRUUHODWLRQV DQG PHDQ GLIIHUHQFHV LQ WKH EEG VSHFWUDO VORSH (MUO6 DQG CHA7). Also see FLJXUH
10 (MrOS) and FLJXUH 612 (CHAT) for plots of test-retest EEG slope distribXtions.
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7DEOH 611. CURVV-VHFWLRQDO DQDO\VLV RI DJH-UHODWHG IODWWHQLQJ RI WKH VSHFWUDO VORSH. All statistics are based on the
LM-reference datasets, Xsing a mXltiple linear regression model of EEG slope (here aYerage of C3-LM and C4-LM) on age
(linear) plXs coYariates, performed Zithin cohort. CCSHS Zas e[clXded as there Zas effectiYel\ no Yariation in age (most
participants Zere either 17 or 18 \ears of age). Similar patterns of resXlts Zere obtained for anal\ses of each indiYidXal
LM-referenced channel.
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