ALCOHOL ADMINISTRATION AND SLEEP

Does Timing of Alcohol Administration Affect Sleep?
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Study Objectives: To explore the time of day effects of alcohol on sleep, we examined sleep following alcohol administered at four times of day
and three homeostatic loads during a 20-hr forced desynchrony (FD) protocol.

Participants: Twenty-six healthy young adults (21-25 yrs) were studied.

Design: Participants were dosed at 4 clock times: 0400 (n = 6; 2 females), 1600 (n = 7; 4 females), 1000 (n = 6; 1 female) or 2200 (n = 7; 2 females).
Participants slept 2300 to 0800 for at least 12 nights before the in-lab FD study. Double blind placebo and alcohol (vodka tonic targeting 0.059%
concentration) beverages were each administered three times during FD at different homeostatic loads: low (4.25 or 2.24 hrs awake), medium
(8.25 or 6.25 hrs awake), high (12.25 or 10.25 hrs awake) in the 0400 and 1600 or 1000 and 2200 groups, respectively. Sleep was staged and
subjected to spectral analysis.

Measurements and Results: Breath Alcohol Concentration (BrAC) confirmed targeted maximal levels. At bedtime, BrAC was 0 in the low and me-
dium homeostatic load conditions; however, at high homeostatic load, BrAC was still measurable. Spectral characteristics of sleep were unaffected
with alcohol at any time of day. Few alcohol related changes were seen for sleep stages; however, with alcohol given at 0400 at a high homeostatic
load there was an increase in wake.

Conclusions: These data lend support to the idea that alcohol may be disruptive to sleep; however, our findings are inconsistent with the idea that

a low dose of alcohol is a useful sleep aid when attempting to sleep at an adverse circadian phase.
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AN ASSOCIATION BETWEEN SLEEP AND ALCOHOL
HAS BEEN RECOGNIZED FOR CENTURIES AND STUD-
IED SCIENTIFICALLY SINCE THE 1930S.' ACONSISTENT
anecdotal belief regarding the association between alcohol and
sleep is that alcohol facilitates sleep; as such, alcohol is com-
monly used as a sleep aid.? Contradicting this belief are data
that show chronic alcohol use and abuse disrupt sleep and that
sleep remains disrupted in abstinent alcoholics.® Several factors
complicate our understanding of alcohol’s effects on sleep. First,
few studies have controlled participants’ prior sleep; most stud-
ies that have examined alcohol’s effects on sleep have done so
under “normal” or “usual” sleep schedules without specification
or verification. Second, the literature includes a mixture of al-
cohol doses, times of administration relative to sleep, and times
of day of administration. These issues cloud rather than clarify
our understanding of the association between alcohol and sleep.

Some inconsistencies exist among previous findings of alco-
hol’s effects on subsequent nighttime sleep, even given similar,
single alcohol doses. For example, Yules and colleagues* exam-
ined the effects of a single high dose of alcohol (1 g/kg) given
4 h before bedtime on 3 consecutive nights in 4 healthy males
and found no differences for minutes of wake, latency of sleep
onset, or NREM sleep compared to control nights, but did find
a reduction in REM sleep for the first 2 alcohol nights (though
these observed differences were not tested statistically due to the
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small sample size). Another study examining a single high dose
of alcohol (dose = 0.9 g/kg) in 7 healthy males on 3 consecu-
tive nights® reported increased wakefulness in the second half of
the night with alcohol on nights 2 and 3 compared to placebo,
and faster sleep onset latency and increased sleep stage 1 in the
first half of the night when data from all alcohol nights were
examined together for alcohol compared to placebo.’ Van Reen
and colleagues® examined the sleep stage variables in 7 women
(mean age = 23.5 y) following alcohol administration (dose =
0.49 g/kg) ending 60 min before bedtime compared to placebo.
NREM stage 4 showed an increase in the first 2 h of sleep, and
REM was reduced across the entire sleep episode with alcohol
compared to placebo. The one consistent finding from these 3
studies is that REM sleep was reduced on the alcohol night.
Other studies similarly have shown a decrease in REM sleep
with low and moderate alcohol doses,>” though not all concur.?
Findings regarding the effects of a single dose of alcohol on sub-
sequent sleep latency and NREM sleep are less consistent.

A greater interval for alcohol administration relative to noc-
turnal sleep was examined by Landolt and colleagues, who ex-
amined the effects of alcohol (0.55 g/kg) on the sleep of 10
healthy men (mean age = 61.6 y) when alcohol was given 6 h
before bedtime, at which point breath alcohol was not detect-
able.” Thus, any effects of alcohol on sleep were considered
“residual” rather than direct. Not only was interval to bedtime
longer than in other studies, but the alcohol was given earlier
in the day, presumably at a lower homeostatic load (i.e., less
pressure to sleep). Observed residual effects of alcohol on sleep
included reduced sleep efficiency and total sleep time for the
second half of the sleep episode, along with twice as much total
wake and reduced NREM sleep stage 1 compared to placebo.
REM sleep also showed a residual effect with an overall reduc-
tion with alcohol compared to placebo. The extent of these ef-
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fects is surprising, given that alcohol levels were undetectable
at bedtime, thus raising the question of whether the observed
effects were due to time of alcohol administration relative to
how long the participants were awake or to circadian phase at
the time of administration or bedtime.

In summary, the effects of alcohol on sleep stage variables
differ as a function of dose and timing relative to bedtime. With
alcohol given close to nocturnal sleep time, studies find a re-
duction of sleep onset latency>’ and reduced REM sleep.*>” In
addition, an alcohol-related increase of stage 4 sleep early in
the sleep episode was also reported,*® although several studies
failed to confirm these findings. Also of note is that the effects
of alcohol on sleep appear to linger beyond the time alcohol is
metabolized, and these residual effects occurred with alcohol
given in the late afternoon.’

The studies described above leave open a number of is-
sues that complicate our understanding of alcohol’s effects on
sleep. One such issue is the timing of alcohol administration
relative to circadian phase and sleep/wake. The issue of how
the timing of alcohol affects sleep may be relevant for indi-
viduals in judging the relative safety of drinking for waking
activities or the effects on sleep. The impact of a relatively
low dose of alcohol on performance, for example, is notable
when alcohol is given at the start of the “biological night”
and with a high homeostatic load.'® Whether alcohol timing
may disrupt or enhance a shift workers day sleep is unknown.
We apply the 2-process model of sleep/wake regulation to ex-
amine these issues. According to this model, sleep and sleep
stage distribution are controlled by 2 biological systems: a
sleep-dependent homeostatic process and a sleep-independent
circadian process.''? The homeostatic drive to sleep rises
during waking and is dissipated by sleep. On the other hand,
gating of sleep and waking are also influenced by an internal
daily biological oscillation. This model is at the core of the
experimental design described in this paper and provides a
framework for interpreting our results.

We use the method of forced desynchrony (FD) to isolate
alcohol’s effects on sleep as a function of these 2 processes."
FD provides access to the independent contributions of the ho-
meostatic and circadian processes because the timing of sleep
and wake vary across circadian phases due to the imposition
of a non-24-h day length. A common FD method uses either a
20- or 28-h day length. Conditions under which the FD protocol
is performed are controlled to maximize the separation of the
homeostatic and circadian processes by timing light exposure,
activity levels, and meal size.

No previous studies have systematically varied homeostatic
load and/or the time of day to investigate the effects of alco-
hol on sleep and the sleep EEG; however, data from one study
that examined effects of morning or afternoon alcohol (dose =
0.5 g/kg) on sleep onset latency indicated that time of day of
consumption had differential effects on sleep onset latency.'*
Whether such differential effects may carry over to other as-
pects of sleep and/or the sleep EEG is not known and is a major
gap in this line of research.

The goal of the present study, therefore, was to examine the
effects on sleep stages and spectral characteristics of sleep EEG
of a moderate dose of alcohol compared to placebo given at 4
different circadian phases and at 3 different homeostatic loads
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using a 20-h forced desynchrony protocol. We hypothesized
that the homeostatic and circadian processes would interact to
influence the effects of alcohol on subsequent sleep. Based on
previous literature, one would expect to find increased slow
wave sleep (SWS) and decreased sleep onset latency (SOL)
with alcohol administered at a high homeostatic load and at the
start of the circadian night (i.e., 22:00). In addition, our analy-
ses were designed to explore direct and residual effects of alco-
hol as a function of circadian phase.

METHODS

Participants

Healthy young adult volunteers were recruited using flyers
posted in local businesses and colleges, as well as radio and
newspaper advertisements. Potential participants were screened
initially with brief telephone questions regarding current or past
medical/psychiatric conditions, drinking practices, and sleep
habits. Our goal was to recruit a sample of healthy young par-
ticipants free from conditions and/or substances known to af-
fect sleep and/or response to alcohol. Inclusion was based on a
report of consuming alcoholic beverages on > 2 occasions per
month and > 2 drinks per occasion, but averaging no more than
14 drinks per week. Family history of alcohol abuse or depen-
dence was screened with a Family History Screen'’; the Diag-
nostic and Statistical Manual-fourth edition (DSM-IV) criteria
using a computer-driven structured interview with the alcohol
abuse/dependence modules from the Diagnostic Interview
Schedule (DIS) was used to identify personal history of alcohol
abuse or dependence. Volunteers classified with past or current
alcohol abuse/dependence and participants with a positive pa-
rental history of alcohol abuse/dependence were excluded from
the study to reduce variability in our sample.

Positive findings on paper and pencil self-report inven-
tories, including the Revised Symptom Checklist-90 (SCL-
90-R)'¢ and Beck Depression Inventory-I1 (BDI-II)'7 excluded
individuals with current major depression or a personal his-
tory of psychopathology (e.g., schizophrenia, bipolar disor-
der). Self-reports on telephone interviews and questionnaires
were also used to exclude individuals with chronic medical
conditions (e.g., diabetes, cancer), neurological disorders, or
a family history of psychopathology. Positive blood tests were
used to exclude pregnant women and individuals with abnor-
mal liver function. Further, volunteers with a known sensitiv-
ity to alcohol or who were taking medications or drugs that
affect the sleep/wake cycle or who smoked were excluded.
Additional exclusionary criteria were reports of irregular
sleep patterns, travel beyond 3 time zones within 3 months
before the scheduled in-lab nights, excessive daytime sleepi-
ness (manifested by > 2 naps per week), and/or a personal or
family history of narcolepsy.

Twenty-six healthy young adults aged 21 to 26 years par-
ticipated in this study. Alcohol was administered centered at 4
different circadian phases based on clock times (04:00, 16:00,
10:00, and 22:00) each participants’ group defined by the time:
04:00 (n = 6; 2 females), 16:00 (n = 7; 4 females), 10:00 (n =
6; 1 female), or 22:00 (n = 7; 2 females). Assignment to these
alcohol administration groups (04:00, 16:00, 10:00, or 22:00)
was determined based on the study schedule when each partici-
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pant enrolled in the study. These clock times were selected to
provide maximum temporal dispersion of alcohol administra-
tion (all times 6 h apart) and because previous studies show that
alcohol ingested in the morning ~09:00) increases sedation,'*
whereas alcohol taken in the late afternoon (~17:00) can affect
sleep parameters.” The Lifespan Institutional Review Board for
the Protection of Human Subjects approved the protocol for this
study, and informed consent was obtained from all participants.
Participants received monetary compensation.

PROCEDURES

At-Home Protocol

All participants slept on a fixed 9-h (23:00-08:00) stabili-
zation sleep schedule for > 12 nights at home before coming
into the laboratory. Adherence to the schedule was confirmed
by actigraphy, sleep diary, and evening and morning phone
calls to the lab’s timed-stamped answering machine; compli-
ance was examined after one week and on the first in-lab study
day. Participants were asked to abstain entirely from alcohol,
medications, drugs, and caffeine within 12 h before bedtime
for the entire study. Urine toxicology was performed one week
before the in-lab study and at the study start to confirm that par-
ticipants were drug free. Breath alcohol concentration (BrAC)
levels were obtained using a hand-held breath analyzer (Alco-
Sensor IV; Intoximeters, In, St. Louis, MO) when participants
arrived at the laboratory to begin the study. In addition, all fe-
male participants took a home pregnancy test on the first in-lab
night to confirm that they were not pregnant.

Participants stayed in the lab continuously for 13 consecutive
nights and the intervening 12 days, beginning with an adaptation
night. The 9-h (23:00-08:00) adaptation night was used to screen
for sleep disordered breathing and periodic limb movements and
to allow participants to adapt to sleeping in the laboratory. Par-
ticipants arrived approximately 5 h before scheduled bedtime on
the first in-lab night for orientation to the laboratory procedures
and to be prepared for sleep recordings as described below.

Forced Desynchrony Schedule

A 20-h forced desynchrony (FD) schedule began immedi-
ately upon waking after adaptation night and continued for
12 cycles (Figure 1), with two-thirds (13h 20m) of each cycle
awake and one-third (6h 40m) scheduled for sleep. Thus, par-
ticipants were awakened at 08:00 on FDI, stayed awake until
scheduled bedtime at 21:20, awakened to begin FD2 at 04:00,
and so forth, precessing 4 h each “day” in real time. Participants
were not told the time of day while in the laboratory to mini-
mize expectancies based on knowledge of time. By completing
12 cycles on a 20-h day length, participants completed 2 full
cycles in which the timing of the sleep/wake schedule on FD
days 1-6 was repeated on FD days 7-12.

Small meals of equal caloric content were provided at 2-h
intervals to limit the influence of meals on measures of interest
(including alcohol metabolism). Caloric content of meals was
calculated for each individual based upon daily calorie require-
ments adjusted for height, weight, and sex. Water was provided
ad /libitum throughout the protocol. The light level (incandes-
cent) in the laboratory was < 15 lux during the waking parts
of the protocol and < 1 lux during scheduled hours of sleep to
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minimize masking effects of light on circadian rhythms and to
avoid suppressing melatonin production.

Alcohol Administration Protocol

Participants were not told they would receive a placebo bever-
age but that they would receive either a low or moderate dose
of alcohol to control for alcohol expectancies. Participants also
rinsed their mouths with mouthwash (Dawn Mist, Donovan Lab-
oratories, Tampa, FL) before they began drinking to mask the
taste of the beverage. The alcohol beverage (“moderate dose™)
was vodka (Smirnoff 80 proof) mixed with chilled tonic water in
a 1:4 ratio, with a wedge of lime placed in the drink. The placebo
beverage (“low dose™) was a chilled tonic and lime drink of the
same volume with 3 drops of vodka floated on the surface just
before serving. The moderate dose of alcohol was calculated tak-
ing into account body weight and sex (men = 0.54 g/kg, women
= 0.49 g/kg) and was formulated to achieve a breath alcohol con-
centration of 0.05g%. The dose of alcohol used in this protocol is
considered a moderate dose equivalent to 2 or 3 standard drinks.
Beverage administration was double blind; the staff person who
prepared the drinks did not interact with participants and did not
disclose beverage content to staff members administering the
drinks. This individual also read the BrAC from the breathalyzer
devices; participants were not told their levels.

During the beverage administration and for approximately
4.5 h or until bedtime, participants sat in individual rooms in
bed with their back at a 70-degree angle, had limited social in-
teraction, and were monitored with polysomnography (PSG)
and video. Beverages were distributed equally into 3 glasses
given at 10-min intervals with instructions to complete each
glass by the end of the 10 minutes. BrAC was measured at ap-
proximately 30-min intervals in the hours following beverage
administration for 4 h 35 min or until bedtime.

Alcohol and placebo administrations across the 12 FD cycles
were counterbalanced within subjects (randomly assigned) such
that the protocol time of drinking—in terms of length of time
awake—was the same for drinks administered 6 cycles apart
(see Figure 1). In other words, the alcohol or placebo bever-
age was administered at the same clock time within each group
(04:00, 10:00, 16:00, 22:00); however, as sleep/wake timing oc-
curred 4 h earlier on each cycle of the FD, the length of time
relative to waking differed by 4 h on iterative days. For exam-
ple, when an individual in the 10:00 administration group was
given alcohol on FD1, the drink was centered 2.25 h after rise
time (i.e., given at a time with low homeostatic load), and the
same individual was administered placebo on FD7 also centered
2.25 h after scheduled rise time (also low homeostatic load). As
Figure 1 shows, the medium and high homeostatic load (HL)
days for the 10:00 group occurred on FD days 2 and 8 and FD
days 3 and 9, respectively. Because the protocol was designed to
attain maximum temporal dispersion of alcohol administration
(6 h), the timing of beverage administration relative to sched-
uled sleep was unbalanced across groups. The drinking window
ended 4.5 h, 8.5 hours, and 12.5 hours after scheduled rise time
for the 04:00 and 16:00 administration groups and at 2.5 h, 6.5 h,
and 10.5 h after scheduled rise time for the 10:00 and 22:00
administration groups. Thus, the 04:00 and 16:00 groups were
examined separately from the 10:00 and 22:00 groups, and re-
sults will be presented separately throughout.
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I = 1000 placebo or alcohol adminstration

B = 2200 placebo or alcohol adminstration

same for drinks administered 6 cycles apart.

Figure 1—A schematic of the 12 forced desynchrony (FD) cycles demonstrating that “protocol time” of drinking—in terms of length of time awake-was the

Polysomnographic (PSG) Recordings and Analysis

Sleep was continuously recorded by PSG in the laborato-
ry during the 13 scheduled sleep episodes (adaptation night
and FD cycles 1-12) and monitored by a trained technician.
PSG included central and occipital referential electroen-
cephalogram (EEG) derivations (C3/A2 and C4/A1 and O1/
A2 and O2/Al), along with right and left electrooculogram
(EOQG), electromyogram (EMG; mentalis, submentalis), and
electrocardiogram (ECG). EEG electrode placements were
measured using the international 10-20 system.'® Respira-
tion (oral/nasal thermocouple) and leg EMG were recorded
only on the adaptation night to screen for sleep disordered
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breathing or periodic limb movement disorder; none was
detected.

The PSG data acquisition equipment changed over the
course of the study; thus, 2 systems were used to record
sleep. For the first 9 participants, EEG signals were filtered
with Grass Model 8 amplifiers (high-pass EEG filter, 0.3 Hz;
low-pass EEG filter, 35 Hz; notch filter 60 Hz) and recorded
on the Albert Grass Heritage System (GAMMA (Astromed,
Grass, West Warwick, RI). EEG signals were digitized on-
line (12 bit AD converter; Butterworth filter, —12 dB/octave;
low-pass filter, —6dB at 35 Hz; time constant 1.0 second; col-
lected and stored at a resolution of 128 Hz for the EEG). The
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GAMMA PSG digital records were saved as European Data
Format (EDF) files. The TWin system (Astromed, Grass, West
Warwick, RI) was used for the digital PSG recording on 17
participants; signals were collected unfiltered with TWin AS40
bedside amplifiers, and signals were filtered off-line (high-pass
EEG filter 0.3 Hz; low-pass filter 35 Hz; notch filter 60 Hz).
These signals were collected digitally with a sampling resolu-
tion of 400 Hz. In order to verify that the EEG signals obtained
from the 2 systems were comparable, a calibration signal was
input into both systems simultaneously and the output was re-
corded. Fast Fourier transform (FFT) of the output revealed
that the EEG signals from the 2 systems were in good agree-
ment from 1 to 16 Hz, but small discrepancies emerged at high
frequencies. Therefore, frequencies > 16 Hz are not included
in the spectral analyses described below.

Sleep stages were scored (blind to alcohol condition) visually
from digital records off-line in 30-sec epochs using C3/A2, EOG,
and EMG tracings according to the criteria of Rechtschaffen and
Kales." Inter-scorer reliability was 90%; intra-scorer reliability
was 91%. The following variables were analyzed for this report:
total sleep time (TST; minutes of sleep scored within the sched-
uled sleep episode), sleep onset latency (SOL; minutes from
lights out to the first of 3 consecutive epochs of sleep), wake
after sleep onset (WASO; minutes of wake after falling asleep
and before final arousal), total minutes of wake for the entire
sleep episode (includes SOL, WASO, and any wake after the fi-
nal arousal), number of awakenings (number of transitions from
sleep to wake), sleep efficiency percent ([TST/(TST+WASO)] x
100), minutes of NREM stages 1, 2, and slow wave sleep (SWS:
stages 3 + 4), and minutes of REM sleep.

EEG spectral analysis was performed after affected portions
of the 30-sec epochs containing EEG artifacts (e.g., eye blinks,
eye movements, movement artifacts, or signal noise) were ex-
cluded by careful visual inspection of the EEG signals. The deri-
vation C3/A2 was subjected to spectral analysis off-line using an
FFT routine (TMEC, Vitascore, Holland). The FFT routine was
applied to artifact-free portions of 30-sec epochs (tapering win-
dow, moving averages of 4-sec epochs) of sleep. Thus, the mean
spectra for each artifact-free portion of each epoch were used for
each 30-sec epoch. This analysis resulted in a frequency resolu-
tion of 0.25 Hz. Power spectral data (uV?) for 0.25 Hz bins were
then averaged within 30-sec epochs into 1-Hz bins from 1 to 16
Hz. The lowest 0.25 Hz frequency bins (0.25 and 0.5 Hz) were
excluded from the initial 1-Hz bin analysis because of possible
contamination by slow-frequency artifact. Power spectral data
were aligned with sleep stage data, and EEG power spectra were
computed separately across sleep for NREM and REM sleep.

Circadian Phase

Saliva samples (2 mL) were collected during FD waking
episodes at 30-min intervals for determination of melatonin.
Samples were frozen within 4 h of collection and subsequent-
ly subjected to radioimmunoassay. Dim light melatonin onset
(DLMO) phase was assessed for all participants by linear inter-
polation between rising values, crossing a threshold value of 4
pg/mL. Melatonin data for 2 individuals could not be used due
to low melatonin levels. The intrinsic circadian period for each
participant was estimated using dim light melatonin onset, and
period was computed by linear regression from these data.
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Statistical Analyses

Sleep stage variables

One striking feature of the FD protocol is that large and pre-
dictable effects are seen for many sleep stage variables due to
the scheduled time for sleep occurring across circadian phases.
This feature of the protocol design means that sleep variables
differ as a function of FD “night,” since the circadian phase at
which sleep is scheduled changes by about 4 h each FD cycle.
This phenomenon has been well characterized® and affects
virtually all sleep stage variables, though the effect is mini-
mal for SWS. Thus, to examine alcohol’s effects on sleep vs.
placebo and across groups, correction factors were derived to
minimize this protocol effect.

The first step in the sleep stage analyses, therefore, was to
obtain correction values to account for effects attributable to
circadian phase of each FD cycle. The sleep data for variables
from each FD night were aggregated across participants given
placebo or no beverage during the preceding wake episode. The
statistical package SPSS (Chicago, IL) was used to compute
the mean values across these participants (n = 18 to 21) for all-
night sleep stage variables separately for each FD day (1-12)
(see supplemental tables for descriptive statistics). These values
served as normalized averages and were fitted with a 5th or-
der polynomial using Excel (Microsoft Office 2006) to compute
predicted mean sleep variables for each FD day (see supplemen-
tal figures). The 5th order polynomial fits were good to excellent
for all variables, ranging from r*> = 0.58 (number of awakenings)
to r> = 0.89 (minutes of REM sleep). Predicted mean values for
each FD day were subtracted from each individual’s alcohol
and placebo condition values for the corresponding FD day, and
these deviations from the predicted mean values as the variables
included in the analyses. This normalization process was neces-
sary for analyses comparing effects of alcohol between groups.

Sleep variable deviation scores were assessed with multivari-
ate analysis of variance (MANOVA). The between-group factor
was alcohol administration Group (04:00 vs. 16:00 and 10:00 vs.
22:00), and within-group factors were homeostatic load at time
of alcohol intake (i.e., length of time awake low, medium, high,
4 h,8 h, or 12 h after scheduled rise time for the 04:00 and 16:00
groups; 2 h, 6 h, or 10 h after scheduled rise time for the 10:00
and 22:00 groups); and Condition (alcohol, placebo). Sources of
variance assessed included main effects of Group, homeostatic
load (HL), and Condition, as well as all interaction terms.

Analysis of Spectral EEG

EEG spectral power is also influenced by circadian phase.?
In addition, spectral EEG shows pronounced individual differ-
ences in the morphology and amplitude of the EEG spectrum?!
compared to sleep stages, limiting options for analyzing these
data to within-subject comparisons. Therefore, separate analy-
ses of spectra were performed within each administration group
(04:00, 10:00, 16:00, and 22:00) and for each HL condition
(low, medium, high) to compare alcohol and placebo nights.
Bootstrap analyses (with 5,000 iterations) were used to com-
pute statistical significance of the effects of alcohol on EEG
spectral data. The application of the bootstrap method to sleep
EEG data has previously been described.”? Group differences
were not assessed.
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RESULTS

Breath Alcohol Levels

Breath alcohol concentration (BrAC) taken upon arrival
to the sleep lab confirmed a BrAC of 0 for all participants;
as expected, all BrAC readings from the placebo nights were
also 0. The peak BrAC levels averaged for all alcohol admin-
istration occasions within the 4 alcohol administration groups
(04:00,16:00, 10:00, and 22:00) were 0.048%, 0.052%, 0.051%,
and 0.044g%, respectively. These peak BrAC values were close
to the targeted values and did not differ significantly among
alcohol administration groups.

By contrast, the level of BrAC at bedtime showed important
differences as a function of the timing of alcohol administration
(group), as illustrated in Figure 2: BrAC values at bedtime for
the medium and low homeostatic loads were uniformly 0 g%.
For the high homeostatic loads, however, BrAC levels were al-
ways above 0 g%. The pre-bedtime BrACs for each alcohol
administration group in the high HL condition were examined
with student #-test (2-tailed significance level P < 0.05). As ex-
pected BrAC values at bedtime were higher for the 04:00 and
16:00 administration groups compared to the 10:00 and 22:00
administration groups due to the different intervals of alcohol
administration to bedtime.
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Circadian Phase and Period

The circadian period calculations showed that alcohol was
administered at distinct circadian phases for the alcohol admin-
istration groups being compared. Thus, the circadian phases
at the time alcohol was administered for the 04:00 and 16:00
groups never overlapped, and nor for the 10:00 and 22:00 ad-
ministration groups. Table 1 presents the initial melatonin onset
phase, period, and amount of phase shift between alcohol and
placebo administration for all

One of the few main effects of alcohol/placebo condition also
involved a wake-related variable: Wake deviation in the 04:00
and 16:00 groups was significantly greater for the alcohol con-
dition than the placebo condition (Figure 3A). Wake deviation
also manifested significant Group x Condition, HL x Condition,
and Group x Condition x HL interactions. These significant in-
teractions were examined with rANOVA within the 04:00 and
16:00 group, showing an interaction (condition x HL) for the

participants.
Table 1—Circadian phase, period, and phase shift

Sleep stage variables 04:00 16:00

04:00 and 16:00 groups Initial DLMO Phase Shift Initial DLMO Phase Shift
(Table ?):.AS described above, Participants  phase Period (hours)  Participants  phase Period (hours)
the deviations from mean val- 6002 20.82 24.0 00 3002 20.69 245 25
ues predicted by the polynomial 6019 2155 2428 14 3005 268 2424 12
curve fits were used for statisti- 6010 2345 248 14 4018 2008 2382 09
‘S’j‘; aenilﬁziliosr '“‘Slia‘t’lfs ‘:i}::ZISIseiep 6011 21,64 24.21 105 4021 21.33 23.99 0.05
niﬁgcance was s'et At P < 0.00% 6015 22.9 24.06 0.3 5023 22.94 2414 0.7

. . . 6005* 5025 20.48 23.96 -0.2
using a Bonferroni correction
factor for multiple comparisons. 6023 2061 2420 10

The analyses of the 04:00 6025°
and 16:00 groups sleep stages 22:00
showed main effects of condi- Initial DLMO Phase Shift Initial DLMO Phase Shift
tion and interactions that may Participants  phase Period (hours) Participants  phase Period (hours)
point to time of day effects. One 4007 22.51 24.22 1.1 4012 20.8 2410 05
effect unrelated to the alcohol/ 4009 22.7 24.65 3.25 4016 214 24.35 1.75
placebo condition was that SOL 4017 22.04 24.91 455 4011 21.93 24.15 0.75
deviation showed a significant 5007 21.07 24.03 0.15 4005 22,62 24.38 1.9
main_ effect of HL, such that 5012 2161 24.24 12 5002 19.71 23.87 -0.65
when beverage was adminis- 5015 19.72 23.91 -0.45 5017 21.07 2411 0.55
tered 8.25 h after scheduled rise 6024 2145 23.95 0.25
time, participants took signifi-
cantly longer to fall asleep com- | ;12 ian period (h) and phase change (h) from first beverage FD cycle to final beverage FD cycle. *Participants
pared to beverage administration | whose melatonin levels were too low to measure phase.
12.25 h or 4.25 h after rise time.

A
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— 80
£
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Y B
o
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Figure 3—Sleep stage differences: Mean (SE) minutes of (A) wake and (B) stage 2, for alcohol and placebo conditions at each homeostatic load (high,
medium, low) for groups 04:00 (solid lines with circles) and 16:00 (dashed lines with triangles). Open symbols indicate placebo condition and solid circles

o
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Table 2—Mean (SD) of deviations from polynomial curve fit values for alcohol administration groups 04:00 and 16:00

Homeostatic Load & Condition

Stage 2 deviation was the
only NREM sleep variable

Time of that showed statistically sig-
Sleep Alcohol High High Medium  Medium Low Low nificant effects. A main effect
Variable (Group)  Placebo  Alcohol  Placebo  Alcohol  Placebo  Alcohol of alcohol/placebo condition
SoL' 04:00 0(5) -1 (4) 2(4) 8 (14) 4(9) 3(9) was found for stage 2 devia-
(minutes) 16:00 -6 (9) -10(7) 11(24) 4@ -1 -10(7) tion, which was lower for the
WASO 04:00 -5 (41) 6 (44) -7 (52) -7 (50) 8 (69) 4 (61) alcohol condition than the
(minutes) 16:00  -27 (63) 8(84)  -3(22) -10(22)  -8(12)  -3(24) placebo condition (Figure
Wake? 04:00 (100 64(18)  -1(14)  38(12)  13(73) 7 (69) 3B). Stage 2 deviation also
(minutes) 16:00 6(13)  -8(16)  16(5) 368  -19(8)  -13(26) showed a Group x Condition
Numberof 0400  -1(1) 4@  4(1) A1) 3B  -1(9) :‘.“d HL > Condition interac-
Awakenings ~ 16:00 0(1) 1(2) 1(2) 2(5) 1(10) 1(10) ton. .
Neither main effects nor
‘I’EA;ﬁfSI.eep 04500 2 (?) 1 (;11) g( 3) g(;4) 3 (18) l (;8) interactions of alcohol/place-
ciency 16:00 8(16) (1) 2(8) ©) 5(1) (6) bo condition were found for
Stage 1 04:00 -11(9) -7(7) -4(13) -3(9) -7(12) -8(10) REM sleep deviation.
(minutes) 16:00 0(11) 0(14) 4(14) -4 (13) -2 (10) -9(9) In summary when alcohol
Stage 2° 04:00 3(7)  -38(10) 39  -15(6) 2(41)  -2(46) was administered at 04:00
(minutes) 16:00 10 (13) 2 (10) -4 (6) -10 (10) 1(25) -3(22) (around the circadian trough)
SWs 04:00 18) 1025 919  6(19  3(24  10(9) at thle hifh“t HfL that tt)he pro;
(minvtes) 1600 2(17)  -5(10)  5(19)  2(25  9(20)  6(25) tocol allowed for (about
REM 0400  8(24)  -4(26) 8(4)  -10(26)  6(26)  -6(23) h awake), alcohol increased
X : ) ) ) ) . minutes of wake compared to
t : -
(minutes) 16:00 14.(20) 5(21)  -12(10) 1(11)  10(23)  20(20) placebo administered at a cir-
ian ti 1 t
'SOL, Main effect of HL: F, ,, = 3.97, P = 0.003. gi‘dlsgsen(rizOg? degrecs o
2Wake, Main effect of Condition: F,,, =51.31, P <0.001; Interaction of Group x Condition: F, ,, = 19.87, P = 0.001; p . ) 2'2'
Interaction of Condtion  HL: F, , = 8.62, P = 0.002; Interaction of Group x Contion x HL: F, ,, = 11.13, P < 0.001. 10:00 and 22:00 groups
3Stage 2, Main effect of Condition: F, ;= 59.48, P <0.001; Interaction of Group x Condition: F1 . =16.2,P=0.002; (Taple 3)3. No main ?ffe?ts
Interaction of HL x Condition: F, ,, = =7.73, P =0.003; Interaction of Group x Condition x HL: F,,, =555 P=0.011. or interactions were signifi-

cant for any NREM or REM

Table 3—Mean (SD) of deviations from polynomial curve fit values for alcohol administration groups 10:00 and 22:00

Homeostatic Load & Condition

sleep stage variables (devia-
tion from the mean) for the
10:00 and 22:00 groups. One

Time of wake-related variable showed
Sleep Alcohol High High Medium  Medium Low Low a significant effect of Group:
Variable (Group)  Placebo  Alcohol  Placebo  Alcohol  Placebo  Alcohol number of awakenings de-
Wake 10:00 -1(5) -2 (5) 10 (20) 7(24) 4(8) 1(27) viation. The 10:00 group had
(minutes) 22:00 -4 (5) -7 (6) 2(4) 3(4) 0(3) 1(4) significantly fewer awaken-
Stage 1 10:00 -1(3) 1(4) -1(3) 0 (4) 1(5) 1(4) ings deviation compared to
(minutes) 22:00 -1(2) -1(2) 1(2) 1(1) 1(3) 0(2) the 22:00 group. Although
Stage 2 1000  -5(6) 39 209 56 A0 50 other wake-related variables
(minutes) 22:00 3(6) 3(7) 2(6) 2(4) 3(4) 3(3) did not show SIgmﬁcEnt main
ffects of G -
SWS 10:00 66 29 89  -316)  3(8) 1(17) feciicnz o mruol‘t‘&;”czgpi;z_
inut : - -4 (10 0(8
(minutes) 22:00 10 6 16 2(7) 4(10 ) sons, we note that the 10:00
REM 10:00 1(7) 0(5 1) 0(3) 0(0) 2(3) alcohol administration group
(minutes) 22:00 0(2) 0(2) 5(2) 4(3) -2(4) 5(2)

showed wide variability and

04:00 group; however, the interaction (condition x HL) dropped
out for the 16:00 group, indicating 04:00 group was driving the
interaction in the MANOVA. A series of post hoc #-tests was
performed within the 04:00 group. These post hoc tests showed
that wake deviation in the medium (m = -1, SD = 1.2) and low
(m=-7, SD = 69) HL conditions did not differ from the placebo
average (m = -1.7, SD = 40.3); however, wake deviation was
significantly greater when alcohol was given at the high homeo-
static load (m = 59.5, SD = 17.4).
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high amounts of wakefulness,
which may have influenced
the findings, especially given the relatively small sample size.

All-Night Spectral EEG

At a setat 0.05, we found no statistically significant differences
in the NREM and REM spectra between the alcohol and placebo
condition for any Group (04:00, 16:00, 10:00, or 22:00) at any HL.
condition (low, medium, high). To illustrate, NREM and REM av-
erage spectra for the 04:00 group are plotted in Figure 4. Although
this group exhibited a significant effect of alcohol on sleep stage
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Figure 4—Spectral EEG power on a log scale for the 04:00 alcohol group for low, medium, and high homeostatic load conditions for NREM and REM sleep.
Placebo conditions are in solid lines and alcohol conditions are in dashed lines. There were no statistically significant differences between the alcohol and

variables, the alcohol and placebo spectra are virtually overlap-
ping. Similar overlapping spectra were found for the other groups.

DISCUSSION

The present study examined the effects of a moderate dose
of alcohol compared to placebo given at four different circa-
dian phases and at three different homeostatic loads on sleep
stage and spectral EEG characteristics using a 20-hour forced
desynchrony protocol. We hypothesized that the homeostatic
and circadian processes would interact to influence the effects

SLEEP, Vol. 34, No. 2, 2011

of alcohol on subsequent sleep. The findings of this study did
not support our hypothesis, which was based on previous lit-
erature that reported increased SWS and decreased SOL with
alcohol administered at a high homeostatic load at the start of
the circadian night (i.e., 22:00). On the other hand, we found
that when alcohol was administered at 04:00 with the high-
est homeostatic load, alcohol increased minutes of wake, and
there was a trend for reduced minutes of stage 2 sleep com-
pared to alcohol administered at 16:00; the 10:00 and 22:00
alcohol administration timing groups did not show any differ-
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ential effects of homeostatic load or circadian phase on sleep
stage variables.

Findings in the present study of increased wake following
alcohol compared to placebo are consistent with one study
that examined the effects of two doses (0.5 and 0.75 g%) of
alcohol (compared to placebo) given 1 hour before bedtime,*
and also showed a higher percent of wake after sleep onset
with alcohol (dose-dependent increase) compared to placebo.
Our findings that minutes of wake increased with alcohol
consumed at 04:00 (targeting circadian trough) and closest to
bedtime (high HL) extends the previous literature by demon-
strating an interaction of the homeostatic and circadian sys-
tems on alcohol’s impact on subsequent sleep. We found a
similar trend for homeostatic and circadian interaction effect
on NREM stage 2 sleep, such that stage 2 sleep decreased in
the groups given alcohol at the circadian trough and highest
homeostatic load. This trend may have occurred as a response
to increased wake, rather than as a direct effect of alcohol on
stage 2 sleep per se.

Our finding that REM sleep (04:00 group) was decreased in
the medium HL condition compared to low or high HL condi-
tions indicates possible residual effects of alcohol on sleep that
lingered beyond the time that alcohol was metabolized, consis-
tent with previous findings.’ It is unclear, however, why there
were residual effects on REM only, and not NREM or wake
variables.

With regards to the spectral analysis results, we did not find
power differences in any frequency bins with alcohol com-
pared to placebo. Few previous studies have looked at the
effects of moderate doses of alcohol on the sleep EEG. The
three studies that have examined the effects of alcohol on the
spectral EEG*¢ have reported minimal changes in the sleep
EEG with alcohol compared to placebo. Many methodological
differences exist across these studies, and the inconsistent find-
ings were difficult to interpret. In addition, controls for homeo-
static load and circadian phase were not as explicit as in the
current study. We know that cognitive tasks show a combined
effect of inadequate sleep and alcohol intake, and this effect
is more than additive.?* Therefore, if alcohol and inadequate
sleep have a similar (more than additive) effect on sleep, this
may help to explain the inconsistent findings in the previous
literature in studies where sleep was not assessed prior to in-
lab examination.

Our attempts to vary homeostatic load and circadian phase
systematically have provided findings largely inconsistent with
the notion of differential effects of time of day of alcohol con-
sumption on sleep. Thus, with homeostatic load and circadian
phase taken into account, a moderate dose of alcohol did not
produce major changes to sleep architecture.

The current study has several limitations that complicate in-
terpretation. In the first place, a small sample size limits power
to detect subtle changes in sleep architecture with alcohol. In
addition, the alcohol dose was moderate and BrAC was low at
bedtime even in the condition with highest homeostatic load.
Further, this study only included healthy young adults, which
limits generalization to patient populations (e.g., alcoholics or
patients with sleep disorders). A final limitation is that the 20-h
FD limited the homeostatic load even below the normal waking
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day. Thus, our “high” homeostatic load condition is only “high”
relative to our other conditions.

In summary, our findings lend support to the idea that alco-
hol may disrupt sleep. We note that our findings—regardless
of administration phase or length of time awake (up to 12 h)
at dosing—do not support the notion that a moderate alcohol
dose is a useful sleep aid, since sleep stage parameters asso-
ciated with improved sleep (increased SWS, decreased SOL,
etc.) did not occur. On the other hand, modest changes may
have been missed due to our small sample size. Our strongest
finding was that alcohol disrupts sleep when taken before a
sleep episode that starts at the phase of peak circadian sleep
propensity, i.e., the 04:00 group. Sleep onset is rapid at this
phase without alcohol, and sleep pressure wanes as circadian
dependent alerting increases.? If alcohol’s disruptive capacity
is strongest taken before sleep at this phase, alcohol use may
be a pitfall for night shift workers or individuals with jet lag
who drink to improve “day sleep.” Our data indicate that alco-
hol consumption near one’s circadian trough and when one has
been awake for at least 13.33 hours (i.e., relatively high ho-
meostatic load) is the worst time to consume alcohol in regards
to disrupting sleep.
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Supplemental Data Tables

Figures 1.1-1.10 show the polynomial curve fits to the mean all-night sleep stage
variables (for sleep episodes on which either no beverage or placebo beverage was
administered). The R* values for these fits are also presented for each variable.

Figure 1.1
All-night mean minutes of total sleep time (TST)
across FD days (1-12)
5 - 30 .
o p ,W A 4
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Figure 1.2
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Figure 1.3

All-night mean minutes to Sleep Onset (SOL)
across FD days (1-12)
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Figure 1.5

Mean Minutes of Wake After
Sleep Onset (WASO)
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Figure 1.6
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Figure 1.7

All-night mean minutes of Stage 1 sleep
across FD days (1-12)
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Figure 1.8
All-night mean minutes of Stage 2 sleep
across FD days (1-12)
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Figure 1.9

All-night mean minutes of Slow Wave Sleep (SWS)
across FD days (1-12)
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Figure 1.10
All-night mean minutes of Rapid Eye Movement sleep (REM)
across FD days (1-12)
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Supplemental Data Tables

Descriptive statistics for all-night sleep stage variables (for sleep episodes on which
either no beverage or placebo beverage was administered) computed separately for each
FD day (1-12). A list of the variables presented in Tables 1.1-1.12 and the translation to
the variables analyzed in this paper are presented below.

Variables Listed in Tables Variable Name Used in Text
SleepEfficiency Sleep Efficiency
$.0.mins Sleep Onset Latency (SOL)
TotalSleepTimeTSTmins Total Sleep Time (TST)
stage1mins Minutes of Stage 1 Sleep
Stage2min Minutes of Stage 2 Sleep
Stage3mins Minutes of Stage 3 Sleep
Stage4mins Minutes of Stage 4 Sleep
REMmins Minutes of REM Sleep
Wakemins Minutes of Wake
Numawak Number of Awakenings
WASO Wake After Sleep Onset (WASO)
SWS Minutes of Slow Wave Sleep (SWS)

Table 1.1. Descriptive Statistics for FD1

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD1 19 82.06 97.63 91.8821 3.51409
S.0.minsFD1 19 5.00 35.00 18.7632 8.51856
TotalSleepTimeTSTminsFD1 19 327.00 390.50 364.1579 15.72247
stage1minsFD1 19 10.50 59.00 33.2632 13.59061
Stage2minsFD1 19 148.50 240.50 196.5526 26.72228
Stage3minsFD1 19 12.00 41.50 25.1316 9.29582
Stage4minsFD1 19 22.50 76.00 48.5526 15.57143
REMminsFD1 19 43.50 89.00 61.3421 14.08708
WakeminsFD1 19 9.00 71.50 31.0526 14.51904
numawakFD1 19 2.00 25.00 13.2105 6.23234
WASOFD1 19 1.00 39.50 13.0263 10.44759
SWSFD1 19 51.00 107.00 73.6842 15.17967
Valid N (listwise) 19
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Table 1.2. Descriptive Statistics for FD2

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD2 21 32.25 99.13 79.6519 20.32543
S.0.minsFD2 21 1.50 37.50 12.2857 8.91007
TotalSleepTimeTSTminsFD2 21 129.00 396.50 317.7143 81.18491
stage1minsFD2 21 6.50 59.50 32.8095 14.77200
Stage2minsFD2 21 45.50 239.50 159.3095 50.94224
Stage3minsFD2 21 4.00 43.00 22.2857 11.25008
Stage4minsFD2 21 24.50 77.50 46.9048 15.34733
REMminsFD2 21 19.00 96.00 57.0952 24.37397
WakeminsFD2 21 3.50 264.50 80.1429 80.12539
numawakFD2 21 1.00 40.00 15.7143 8.49201
WASOFD2 21 1.00 257.50 68.5476 81.95683
SWSFD2 21 33.50 101.00 69.1905 19.25713
Valid N (listwise) 21

Table 1.3. Descriptive Statistics for FD3

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SPDurationMinutesFD3 21 399.00 401.00 399.9762 48673
SleepEfficiencyFD3 21 48.75 97.75 75.0671 13.67051
S.0.minsFD3 21 50 13.00 6.0952 4.29424
TotalSleepTimeTSTminsFD3 21 194.50 391.00 299.8571 54.68641
stage1minsFD3 21 10.00 62.50 29.8095 14.21749
Stage2minsFD3 21 73.50 217.00 138.3571 35.26299
Stage3minsFD3 21 6.50 31.00 19.8571 7.38265
Stage4minsFD3 21 29.50 93.50 56.5952 16.94301
REMminsFD3 21 23.00 110.00 55.6190 23.18561
WakeminsFD3 21 3.50 204.00 98.9048 55.11502
numawakFD3 21 4.00 27.00 13.2381 6.04901
WASOFD3 21 2.50 194.50 93.1905 54.78309
SWSFD3 21 51.00 121.00 76.4524 17.35216
Valid N (listwise) 21
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Table 1.4. Descriptive Statistics for FD4

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD4 20 65.50 98.50 87.1860 9.54523
S.0.minsFD4 20 50 7.50 3.4750 2.41419
TotalSleepTimeTSTminsFD4 20 257.00 393.50 347.9250 38.49480
stage1minsFD4 20 17.50 73.00 35.8250 14.62179
Stage2minsFD4 20 93.00 217.00 153.1250 36.60273
Stage3minsFD4 20 8.00 42.00 20.3250 8.97551
Stage4minsFD4 20 27.50 81.50 58.4500 13.89898
REMminsFD4 20 61.00 117.50 80.8000 16.96777
WakeminsFD4 20 6.00 137.50 50.4000 38.07769
numawakFD4 20 6.00 27.00 14.7000 6.24163
WASOFD4 20 4.00 134.00 47.5250 37.79393
SWSFD4 20 54.00 99.00 78.7750 13.67525
Valid N (listwise) 20

Table 1.5. Descriptive Statistics for FD5S

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD5 19 75.88 97.50 89.8084 6.40642
$.0.minsFD5 19 .00 10.50 2.8421 2.61434
TotalSleepTimeTSTminsFD5 19 303.50 390.50 359.4211 25.82541
stage1minsFD5 19 14.50 72.50 37.0000 13.06713
Stage2minsFD5 19 97.00 198.00 152.4211 29.30504
Stage3minsFD5 19 13.50 41.50 24.4737 8.19802
Stage4minsFD5 19 14.50 90.50 51.4737 20.84565
REMinbedFDS 19 12.63 31.00 23.5105 5.48320
WakeminsFDS 19 8.00 96.50 38.6579 26.90005
numawakFD5 19 5.00 38.00 14.2105 8.39033
WASOFD5 19 3.00 94.50 35.8684 26.65252
SWSFD5 19 37.00 113.00 75.9474 17.98448
Valid N (listwise) 19
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Table 1.6. Descriptive Statistics for FD6

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD6 19 73.10 98.75 91.9763 7.98593
S$.0.minsFD6 19 1.50 53.00 12.3421 14.35856
TotalSleepTimeTSTminsFD6 19 293.00 395.50 367.4211 31.77580
stage1minsFD6 19 15.00 101.50 36.4737 18.91463
Stage2minsFD6 19 114.00 218.50 164.0263 28.42899
Stage3minsFD6 19 12.00 57.00 23.8947 10.05896
Stage4minsFD6 19 18.50 100.50 55.1579 21.85435
REMminsFD6 19 51.50 147.50 88.4211 20.84817
WakeminsFD6 19 4.50 102.50 30.8158 31.11592
numawakFD6 19 4.00 20.00 10.8947 5.11962
WASOFD6 19 2.50 99.50 19.0526 28.62395
SWSFD6 19 38.00 117.50 79.0526 18.64276
Valid N (listwise) 19

Table 1.7. Descriptive Statistics for FD7

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD7 19 73.28 97.38 90.2305 5.09122
S$.0.minsFD7 19 4.50 78.50 26.7632 17.55655
TotalSleepTimeTSTminsFD7 19 293.50 389.50 360.1842 19.98903
stage1minsFD7 19 9.00 48.00 29.8684 13.03504
Stage2minsFD7 19 140.50 216.50 186.0526 22.07556
Stage3minsFD7 19 8.50 50.50 25.8158 10.69555
Stage4minsFD7 19 17.50 77.50 48.8947 19.20979
REMminsFD7 19 42.00 103.50 70.3947 19.02745
WakeminsFD7 19 10.00 107.00 37.9211 20.81617
numawakFD7 19 4.00 27.00 12.3684 6.99373
WASOFD7 19 4.00 38.00 12.0000 9.01080
SWSFD7 19 47.50 102.50 74.7105 14.39456
Valid N (listwise) 19
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Table 1.8. Descriptive Statistics for FD8

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD8 18 43.80 96.13 77.3572 14.98704
S.0.minsFD8 18 4.00 78.50 20.0556 21.19093
TotalSleepTimeTSTminsFD8 18 175.00 384.50 309.0278 60.45768
stage1minsFD8 18 17.50 46.00 29.5000 8.39292
Stage2minsFD8 18 77.00 221.00 157.1667 43.65170
Stage3minsFD8 18 9.50 35.50 20.6111 6.65219
Stage4minsFD8 18 21.50 72.00 42.6944 14.44171
REMminsFD8 18 19.50 123.00 59.4722 24.02234
WakeminsFD8 18 15.50 224.50 90.1111 59.82046
numawakFD8 18 4.00 27.00 14.2778 7.01935
WASOFD8 18 2.50 188.50 70.4722 61.58960
SWSFD8 18 37.00 99.00 63.3056 15.93935
Valid N (listwise) 18

Table 1.9. Descriptive Statistics for FD9

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD9 19 30.63 96.75 75.2100 20.48256
S.0.minsFD9 19 50 31.00 6.4737 6.87482
TotalSleepTimeTSTminsFD9 19 121.00 387.50 300.8158 82.13154
stage1minsFD9 19 11.50 57.50 31.7368 14.90001
Stage2minsFD9 19 28.00 201.00 134.7895 47.71132
Stage3minsFD9 19 4.50 36.00 17.2105 7.39428
Stage4minsFD9 19 22.50 86.50 52.5263 19.25233
REMminsFD9 19 6.00 116.00 64.7895 27.81852
WakeminsFD9 19 12.50 277.50 98.6053 82.24465
numawakFD9 19 5.00 25.00 14.8421 5.52030
WASOFD9 19 10.00 267.00 92.3684 79.43985
SWSFD9 19 34.00 104.00 69.7368 20.48602
Valid N (listwise) 19
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Table 1.10. Descriptive Statistics for FD10

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD10 19 60.05 97.75 83.9742 12.47988
S.0.minsFD10 19 .00 16.00 2.8947 3.69902
TotalSleepTimeTSTminsFD1

19 240.50 391.00 335.4737 50.09587
stage1minsFD10 19 13.00 101.50 34.7895 20.98698
Stage2minsFD10 19 90.00 200.00 138.5263 34.01530
Stage3minsFD10 19 5.00 34.50 19.0000 7.68838
Stage4minsFD10 19 35.00 105.00 62.4474 19.02695
REMminsFD10 19 50.50 116.00 80.8684 23.40990
WakeminsFD10 19 6.00 160.00 62.9474 50.14144
numawakFD10 19 2.00 35.00 15.2105 7.55409
WASOFD10 19 1.00 155.00 60.2105 49.47595
SWSFD10 19 50.50 121.00 81.4474 19.35910
Valid N (listwise) 19

Table 1.11. Descriptive Statistics for FD11

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD11 20 59.50 99.38 88.3615 10.24612
S.0.minsFD11 20 .00 10.00 3.2500 2.67788
TotalSleepTimeTSTminsFD11

20 238.00 397.50 353.3000 40.94264
stage1minsFD11 20 10.50 82.50 35.0500 16.99837
Stage2minsFD11 20 86.00 22250 149.2500 34.07055
Stage3minsFD11 20 6.50 43.50 24.9250 10.51224
Stage4minsFD11 20 26.00 89.00 52.8750 16.83970
REMminsFD11 20 50.50 137.50 91.4250 24.12973
WakeminsFD11 20 2.50 162.00 451750 41.77864
numawakFD11 20 2.00 47.00 15.2000 10.90919
WASOFD11 20 1.50 161.00 42.1500 42.03761
SWSFD11 20 43.00 112.50 77.8000 16.68627
Valid N (listwise) 20
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Table 1.12. Descriptive Statistics for FD12

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

SleepEfficiencyFD12 19 35.79 98.88 87.5084 15.20414
S.0.minsFD12 19 50 158.50 23.8947 38.73076
TotalSleepTimeTSTminsFD12

19 141.00 396.50 349.4211 62.22903
stage1minsFD12 19 9.00 62.00 29.9737 12.24458
Stage2minsFD12 19 49.00 226.00 166.7105 45.03064
Stage3minsFD12 19 11.00 34.00 20.2105 6.95085
Stage4minsFD12 19 13.50 85.00 51.1842 19.38729
REMminsFD12 19 37.50 141.00 82.1316 25.75895
WakeminsFD12 19 3.00 256.00 49.3684 60.58439
numawakFD12 19 1.00 36.00 13.4737 9.60537
WASOFD12 19 50 182.00 26.2632 41.38450
SWSFD12 19 24.50 104.00 71.3947 19.31147
Valid N (listwise) 19
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