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IT IS NOW well-known that sleep disturbances are highly
prevalent during alcohol abuse and dependence. These

sleep disturbances persist well into the period of abstinence
and may be associated with relapse (for review, see Brower,
2015). Over at least the last 4 decades (Wagman and Allen,
1975), researchers have been exploring how withdrawal from
alcohol affects sleep by examining electrophysiological char-
acteristics of the sleeping brain. Polysomnographically
(PSG) defined sleep stages (macroarchitecture) and specific
waveforms (microarchitecture) from the sleep electroen-
cephalogram provide a window into the neurochemical
changes of the brain induced by alcohol (Brower, 2015; Col-
rain et al., 2014; Conroy et al., 2010).

The report by Willoughby and colleagues (2015) adds to
this literature by examining a major component of the event
related potential response in sleep, the K-complex (KC). In
their manuscript, “Partial K-complex recovery following
short-term abstinence in individuals with alcohol use disor-
der” the authors find that recently abstinent individuals
(n = 16) with alcohol use disorder (AUD) had lower KC
amplitude and incidence compared with gender-and age-
matched controls (n = 13) (Willoughby et al., 2015). More-
over, the KC amplitude in AUD participants increased sig-
nificantly from baseline to the follow-up 1 month later, but
did not change frommonth 1 to 3. The age of the sample was
in the early 40s, and the genders were fairly split between
males and females. This study is one of only a few to examine
changes in sleep over time in recovering alcoholics (see
Table 1).

THE SIGNIFICANCEOF THE K-COMPLEX

While the exact function of the KC is still unknown, the
KC represents a single delta wave (a high amplitude wave)
that is considered to have a protective mechanism from
external 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 synchrony.
Therefore, the characteristics of these waves may provide
information about the state of brain health.

Understanding how delta sleep (also referred to as slow
wave sleep or N3 sleep) is affected by alcohol is important
because slow wave sleep is thought to be an output measure
of the key regulating factor of sleep, sleep homeostasis. Sleep
homeostasis (process S) along with the circadian process
(process C) make up the 2 major regulating processes of sleep
(Borb�ely, 1982). Changes in the characteristics of KCs in
sleep may provide valuable insight into the way the brain
recovers 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, for example P2, N550,
and P900, are sensitive markers of brain recovery from the
effects of alcoholism and aging (Colrain et al., 2009; Nicho-
las et al., 2002). This is particularly true of the N550 compo-
nent of the KC, as it is thought to be related to “brain
integrity” (Colrain et al., 2009, 2010). In the current study,
the amplitude of the N550 was lower than controls at base-
line and increased from baseline to the 1 month follow-up.
Although the amplitude did not continue to increase between
month 1 to 3, a previous study found that the N550 and
P900 amplitudes were higher after an additional 12 months
of abstinence (Colrain et al., 2012). Participants in that study
had been abstinent between 54 and 405 days, whereas the
participants in the current study had only been abstinent
17 days. This provides a glimpse into changes in KC activity
at a time even earlier in the abstinence period than previously
examined.

Other methodologies have been used to evaluate auto-
nomic nervous system (ANS) changes in sleep during early
recovery from alcohol dependence. For example, cardiovas-
cular measurements such as heart rate variability (HRV) and
high frequency power (HF), an index reflecting cardiac vagal
modulation, provide information about ANS functioning
during early abstinence. HRV is important because HF-
HRV reactivity to alcohol has been related to relapse in some
patients (Garland et al., 2012). In a 1 night polysomnogram
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study with concomitant HRV measures, de Zambotti and
colleagues (2014) found that ANS functioning (including
elevated heart rate, low total HRV, and low HF during the
night) was disrupted in recently abstinent (mean 20 days)
alcoholics. In follow-up study, de Zambotti and colleagues
(2015) evaluated HRV during sleep at 3 time points: baseline,
2 month follow-up, and 4 month follow-up. Their follow-up
study showed that HRV improved across 4 months, even in
those with long-term alcohol dependence.

Another methodology called a sleep delay protocol has
been used to assess homeostatic regulation in AUD partici-
pants. In this protocol, participants stay awake 3 hours later
than their typical bedtime on the night of their PSG. Slow
wave activity (SWA) during the first part of the night is ana-
lyzed to determine the response of the homeostatic sleep
drive to the sleep delay. Recently sober (at least 3 weeks into
abstinence) AUD participants showed a lower accumulation
of SWA in the first part of the night and a slower dissipation
of SWA across the night compared to healthy controls
(Armitage et al., 2012) and to age-matched depressed partici-
pants (Brower et al., 2011). These protocols included a single
night of study and it is not yet known whether repeat testing
would show a more robust S response to a sleep challenge at
a second time point further into abstinence.

DO IMPROVEMENTS INMEASURES OF SLEEP AND
AUTONOMIC FUNCTIONING DURING EARLY

ABSTINENCE INDICATE SIGNSOF RECOVERY?

The current study concludes that impairments in KC gen-
eration in alcohol dependent individuals improve with absti-
nence. Whether the current findings reflect a global sign of
“recovery of sleep” in early abstinence may be a larger ques-
tion requiring additional research. In earlier work, the
authors cautioned against the interpretation that these find-
ings reflect recovery of sleep (Colrain et al., 2012) given that
individuals with AUD continue to experience sleep problems
well into abstinence. It has been estimated that approxi-
mately one-quarter of AUD patients will have persistent
insomnia despite continued abstinence (Brower, 2015).
Future studies are poised to explore which neurophysiologi-
cal or ANS markers distinguish the AUD patients that con-
tinue to experience insomnia versus those that do not. For
this to occur, information on subjective sleep complaints and
sleep schedules prior to the testing night are important
adjunctive assessments. A previous study found that AUD
participants may not perceive the degree to which their sleep
is objectively disturbed (Conroy et al., 2006). Future studies
may reveal more information about the relationship between
objective and subjective changes in sleep in early abstinence.

KC IN RECOVERY AND RELAPSE

Risk of relapse is often highlighted as one of the major
concerns for sleep disturbance in early abstinence. The
authors of the current study note in the study limitations that
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they were unable to determine whether KC recovery pre-
dicted relapse rate (Willoughby et al., 2015). Of the total cur-
rent sample, n = 3 (21%) relapsed to alcohol within the first
month and n = 5 (55%) relapsed between the 1 and 3 month
follow-up sessions. It is interesting to note that while the
numbers are small, fewer individuals relapsed during the first
month when KC amplitude was improving and incidence
was increasing compared to the second month when neither
the KC amplitude nor incidence changed. Future studies
might examine the relationship between KC incidences over
time and relapse. Greater retention of participants is needed.
As shown in Table 1, participant retention rate has been a
challenge; no more than 15 participants have been studied
over 1 year. Moreover, additional information on male/fe-
male ratio at follow-up is needed. In summary, additional
data on how many individuals return to drinking over time
may expand this line of research.

SUMMARY AND SIGNIFICANCE

In summary, Willoughby and colleagues (2015) provide
further evidence of how highly sensitive markers of the
effects of alcohol begin to recover in sleep, particularly in the
first month after drinking cessation. While the current study
did not show significant improvement between the 1 and
3 month visits, there is evidence to suggest that continued
recovery of KCs does occur after 1 year of prolonged absti-
nence (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 absti-
nence. This method, and respiratory occlusions (Colrain
et al., 1999) to evoke KCs during sleep, have been used pre-
viously (Bellesi et al., 2014; Colrain et al., 1999, 2012) to
assess sleep integrity following alcohol use as well as across
aging (Crowley et al., 2002). Whether delivering the tones
through earphones (Colrain et al., 1999, 2012; Willoughby
et al., 2015) versus speakers (Tasali et al., 2008) is associated
with different safety or efficacy profiles may be an area of
additional inquiry. A study limitation was the possible influ-
ence of other comorbidities present in the AUD sample;
35% of the sample was using other drugs of abuse. No infor-
mation is known to date about how substances of abuse
affect KC incidence or amplitude. This may be an area for
further research. Finally, the aforementioned studies provide
further insight into the mechanisms of sleep regulation and
recovery across early to prolonged abstinence. This may have
treatment implications. While a number of randomized pla-
cebo-controlled trials have explored how various medica-
tions affect PSG characteristics during abstinence (Brower,
2015), additional studies are needed to evaluate whether
treatments targeting sleep mechanisms might further hasten
biochemical recovery in the brain in individuals with AUD.

In conclusion, future studies will benefit from greater par-
ticipant recruitment and retention, a larger representation of
female participants, excluding participants who are using
substances other than alcohol, the addition of subjective

sleep reports, and data on concomitant habitual sleep-wake
patterns. Considering sleep as a window into the brain’s
recovery from chronic alcohol use is a novel and rapidly
expanding area with many opportunities for growth.
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