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Abstract

Chronic alcohobbuse and dependence ediectmany of the neurotransmitters involved
in sleep-wake regulationPolysomnography (PSG) and electrophysiology (E&@useful
tools to measure indirectly how the brain is affectedcaby, recovers fropacute and chronic
alcohol usessfspecific EEG markesensitive tdhesechangsis the kcomplex(KC), a
characteristmof'stage 2 sleep, thougbthave a protective mechanism from external
perturbations of sleepn their manuscript in theurrentissue Willoughby et al foundhat
recently abstinent individuals (mean of 17 days of abstinemitie alcohol use disord¢AUD)
had lower KC amplitude and incidence compamgti sex and agenatched controls
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Moreover, the KC amplitude in AUD participants increased significantly fraselineto follow

up one month later, but did not change from month 1 to 3. Willoughby et al is one of only a few
studies to examine changes in sleep characteristics over time in recovering alcbhlics.
commentary reviews the recent workvigflloughby etal in the contexof related research and

discusssfuture targets for research.

I ntroduction

It is'Tmew well known that sleep disturbances are highly prevalent during alcohol abuse
anddependence. These sleep disturbapeesistwell into the period ofabstinencandmay be
associated.with.relapse, for review grewer (2015).Over at least the last four decades
(Wagman.,and.Allen, 1975)searchers havwmen exploring howithdrawalfrom alcohol
affectssleepby examiningelectrophysiological characteristics of #leepingorain
PolysomnographicallfPSG)definedsleep stage@nacroarchitecturegndspecific waveforms
(microarchitecture) from the sleep electroencephalodEdn®) providea windowinto the
neurochemical changes the brain induced by alcohol (Brower, 2015, Colrain et al., 2014,
Conroy et al.,"2010).

Thereportby Willoughby et al and colleagues (Willoughby et al., 2Gdbls to this
literature by examining majorcomponent of the event related potential (ERP) response in
sleepthe Ks=eomplex (KC) In their manuscriptPartial K -complex recovery following shert
term abstinenee in individuals with alcohol use disordiw@ authors find that recently abstinent
individuals (n=16) with alcohol use disorder (AUD) had lower KC amplitude and incidence
comparedvith sexand age-matched controls (n=13). Moreover, the KC amplitude in AUD
participants increased significantly frdmaselineto the follow up one month later, but did not
change from month 1 to 3. The age of the sample was in the eargndi0thie sexes were fairly
sfit betweeamalesandfemales This studyis one of only a few to examine changes in sleep
over time inwrecovering alcoholi¢See Table 1)

The significance of the K Complex
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While the exact function of the KC is still unknown, the KC represesitsgie delta
wave(a high amplitude wave) that is considered to have a protective mechanism feomalext
perturbations of sleep (Colrain, 2005, De Gennaro et al., 2000). The generation of a KC
typically requires a large number of healthy neurons to fire in synchramsrefbre, the

characteristies, of these waves may provide information about the state of laiein he

Understanding how delta sleep (also referred to as slow wave sleep or N3ssleep) i
affected by alcohdk importantbecause slow wave sleepthought to ben output measuref
the key regulating factor of sleepleephomeostasisSleep homeostasis (processatng with
the circadiansprocess (process C) make up thertajor regulatingprocessesf sleep(Borbély,
1982). Changes in the characteristics of KCs in sleep may provide valuable insighé iniay

the brain receers from alcohol use.
Using sensitive measures to assess changing physiology in sleep during early abstinence

It has been proposed that the incidence and the amplitude of specific components of the
KC, e.g. P2,/N550 and P90@resensitive markers of brain recovdrgm theeffects of
alcoholism.and.ageing (Colrain et al., 2009, Nicholas et al., 2008} is particularly true of
the N550 component of the KC, as it is thought to be related to “brain integrity” (Cdladin e
2009, Colrainwet al., 2010). In the current study, the amplitude of the N550 was lower than
controls at baseline and increased from baseline to the one month follow up. Atti®ugh
amplitude“did™not continue to increase between month 1 to 3, a previous study fouine that
N550 and P900Q amplitudes were higher after an additional 12 months of abst@einam et
al., 2012) Participants in thadtudyhadbeen abstinent between 54 and d8%s whereas the
participants.in the current study had only been abstineday§ This provides glimpse into

changessin-KC-activity at a time even eariietheabstinenceeriod than previously examined.

Other methodologielsave been used to evaluatgonomic nervous systefANS)
changesn sleep duringarlyrecovery from alcohol dependendeor example, cardiovascular
measurements such as heate variability(HRV) and high frequency power (HF), an index
reflecting cardia vagal modulation, provide information about autonomic nervous system
functioning duringearly abstinence. HRYV is important becauseHHV reactivity to alcohol

has been related to relapse in sgragents(Garland et al., 2012). In a one night
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polysomnogram study with concomitant HR\éasuresdeZambotti et al founthatANS
functioning {ncluding elevated heart ratew total HRV, and lowHF during the nightwas
disruptedn recentlyabstinent (mean 20 days) alcoholics (de Zamboitti et al., 20b4jollow
up study,deZambottiand colleagues evaluated HRV during slegihiae time pointshaseline,
2 month follew.up and 4 month follow up (deZambotti et al., 20T%ieir follow upstudy
showed thaHRY improved across four months, even in those with lemgy alcohol

dependence:

Anathernmethodology called a sleep delay protocol has beernaiasgdeshomeostatic
regulation insAUD participants. In this protocol, participasttsy awake three hours latean
their typical bedtimen the night of theiPSG. Slow wave activity (SWA) during the first part
of the night.isanalyzed to determine the responséhefhomeostatic sleep drit@the sleep
delay. Recently sober (at least 3 weeks into abstinéwdb)participantsshowed a lower
accumulation oBWA in the first part of the night and a slower dissipatdb®SWA acrassthe
night compared to healthy controls (Armitage et al., 2012) and tonagehedlepressed
participantgBrower et al., 2011). These protocols included a single night of study and it is not
yet known,whether repeat testing would show a more robrestfdnse to a sleep challeraye
second time point further into abstinence.

Do improvements in measures of sleep and autonomic functioning during early abstinence
indicate signs of recovery?

The current study concludes that impairments in KC generation in alcohol dependent
individuals_improve with abstinenc&Vhetherthe current findings refleetglobal sign of
“recovery.of sleepin early abstinence may be a larger question requiring additional research
In earlierwork;the authors cautioned againsirberpretation that these findings reflect
recovery of sleep (Colrain et al., 2012) given that individuals with AUD continue toiexper
sleg problems well into abstinenc#t. hasbeen estimated thapproximately one quarter of
AUD patients will have persistent insomnia despite continued abstinence (Brower, 2015) .
Future studies are poised to explore which nglaysiologicalor ANS markes distinguish the
AUD patients that continue to experience insomnia versus those that do not. For this,to occur
informationon subjective sleep complaingsd sleeschedules prior to thesting nightare

important adjunctive assessmen#s previous study found that AUD participants may not

This article is protected by copyright. All rights reserved



112
113
114

115

116
117
118
119
120
121
122
123
124
125
126
127
128

129

130
131
132
133
134

135
136
137
138
139
140

perceive the degree to which their sleep is objectively disturbed (Conroy et al., 2608)re
studies may reveal more information about the relationship between objective acthaibje

changes in sleep marly abstinence.
KC in recovery-and relapse

Risk of relapsés oftenhighlighted as one dahe major concerns for sleep disturbance in
early abstinencél he author®of the current studgote in the study limitationthat they were
unable to determine whether KC recovery predicted relapse@étbe totalcurrent sample,
n=3 (21%) relapsed to alcohol within the first month and n=5 (55%) relapsed between the 1
month and.3 month follow up sessionk.is interestingo note hat while the numbers aseall,
fewer individuals relapsed during the first month wK&hamplitude was improving and
incidence wasereasingcompared to the second month when neither the KC amplitude nor
incidencechanged Future studies anmight examine the relationship between KC incidences
over time and relapse. Greater retention of participants is ne&slslddown in Table 1,
participantretentionrate has beea challenge; no more than 15 participants have been studied
over one yearsMoreoveadditional information on male/ female rasitfollow upis neededin
summaryyadditional data on how many individuals return to drinkweg timemay expand this

line of research.
Summary and significance

In summary, Willoughbt alprovides further evidence of how highly sensitinarkers
of the effects,of alcohdiegin to recovein sleep particularly in the first month after drinking
cessationWhile thecurrentstudy did not show significant improvemdrgtween the inonth
and3 monthvisits, there is evidence to suggest continued recovery of KCs doesafiszurne

year of prolonged abstinence (Colrain et al., 2012).

One of the strengths of the study was the use of a unique method to evoke brain
characteristics at a time early in abstinenthis method, andespiratory occlusion&olrainet
al., 1999) to evoke KCs during sled&ayve been useaareviously Bellesi et al.2014,Colrain et
al., 1999, Colrain et al., 2018) assess sleep integrity following alcohol use as well as across
aging(Crowley et al., 2002)Whetherdeliveringthe bnesthrough earphond€olrain et al.,
2012, Colrain et al., 1999, Willoughby et al., 2015) vespeakergTasali et al., 2008%
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associated with different safety or efficgmpfiles maybe an areaf additional inquiry. Astudy
limitation was thepossible influence of other comorbidities present in the AUD sample;a85

the sample wassing other drugs of abuse. No information is known to date about how
substances of abuse affect KC incidence or amplitude nTdysbe an area for further research.
Finally, theaferementioned studies provide further insight intontleehanisms of sleep
regulationand recovery across early to prolonged abstinehbes may have treatment
implications'While anumber of randomized placebo-controlled trials have explored how various
medications affect PSG characteristicging abstinece (Brower, 2015), additional studies are
neededto'evaluate whethdreatmentgargeting sleep mechanismsght furtherhasten

biochemical recovery in the brain individuals with AUD.

In.conclusionfuture studies wilbenefit fromgreateparticipant recruitment and
retention aJlarger representation f@maleparticipantsexcluding participants who are using
substances other than alcohol, the addition of subjective sleep repodstam concomitant
habitualsleepwake patterns Considering sleep as a window itie brairs recovery from

chronic alcoholuse is a novel and rapidly expanding area with many opportunitieswtr.gr
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Table X Changes during sleep @arly abstinence in alcoholics; studies with multiple time points

Author, Sex® Age, years Length of Timesince Estimated Measure Duration Finding
year (F) (SD) alcohol last drink Lifetime of study
dependence, (days) Alcohal (months)
years (SD) M (SD) Consumption,
kg (SD)
Colrain et al B: 42 B: 27 52.1(7.2) 29.3(6.7) 165.3 (107.7) 1283 (814) Evoked KCs 12 KC
2012 12.Mo:15 12 Mo: 3 P200, N550 amplitude
P900 higher at 12
months
Zambotti et al B:15 B: 7 42.3(8.2) 16.4(9.0) 23.7 (6.2) 1532 (1323) HRV, HR, 4 Recovery in
2015 2 Mo: 13 TP, HFR,, HR, HF,and
4"Mo: 9 HF prop, HFpt TPfrom B
to 4 months.
Willoughby et al %B: 16 B: 7 416 (8.3) 15.4(8.73) 17.1(6.75) 1436 (1268) Evoked KCs 3 KC
2015 I'Mo: 14 P200, N550 amplitude
2'Mo: 9 P900 increased
fromBto 1
month; no
change 12
months.
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Legend: ® Number of femaleseportedat baseline availablenly. Abbeviations: Heart Rate Variability (HRV), heart rate (HR), total power (TP;
an index of total HR variability), higliequency power (HE an index of cardiac vagal modulation), HF proportion of total powep{HF

sympathevagal balance) and HF peak frequency;@Fndex of respiration rate).

This article is protected by copyright. All rights reserved



