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iv.
Abstract
The Effects of Exogenously Administered Melatonin (MT)
on Sleep Maintenance Insomnia (SMI)
By
Paul D’ Ambrosio
Advisor: Arthur J. Spielman, Ph.D.

Two studies were conducted to clinically evaluate sleep maintenance insomnia
(SMI). The first study was conducted to assess the efficacy of a new therapeutic strategy
for SMI. SMI, characterized by poor sleep in the later half of the night, afflicts many
mid-life and elderly adults. It has been suggested that this type of insomnia may in part
reflect a phase advance in circadian rhythms (Lacks, et al., 1996). The goal of the first
study was to assess whether exogenously administered daily physiological doses (0.3
mg.) of MT in the morning would induce an endogenous melatonin onset delay as a
treatment for SMI. The study compared the effects of double-blind administration of MT
(0.3 mg.) to placebo (PB) ingested in the morning at waketime in two groups of
participants experiencing SMI. Outcome measures were: 1) Phase shift in endogenous
salivary MT onset time (assessed via salivary DLMO); 2) PSG measures; 3) Subjective
assessments of sleepiness; and 4) An insomnia scale.

In the second study, wrist actigraphy (ACT) was recorded simultaneously with
polysomnography (PSG) to obtain 51 recordings from 15 subjects. Although overall ACT
correlated well with PSG, we examined and scrutinized the reliability of epoch-by-epoch
comparison. The main objective of the second study was to assess the accuracy of ACT

sleep recording in SMI subjects, identify discordance by epoch-by-epoch comparisons
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between ACT and PSG and develop correction factors based on baseline (BL) nights of
PSG recordings that can be implemented to subsequent ACT recordings to improve ACT

validity.
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 2.

Abstract
Study Objectives: The present study was conducted to assess the efficacy of
exogenously administered daily doses of melatonin (0.3 mg.) in the morning for the
treatment of sleep maintenance insomnia (SMI).
Design: A factorial design with one between group factor (melatonin (MT) vs. placebo
(PB) treatments) and one repeated measure factor (baseline (BL) vs. end-of-treatment
(ET) assessments) was utilized to assess the effects of MT on SMI. After a preliminary
screening phase, prospective subjects were simultaneously recorded with actigraphy
(ACT) and polysomnography (PSG) on two successive nights for BL assessments. At the
end of one month of ingesting either 0.3 mg of MT or PB upon awakening in the morning
(double-blind), subjects returned to the lab for ET assessments. ET assessments consisted
of two successive nights of ACT and PSG recordings, with subjects still taking their
assigned treatment. In addition, salivary dim-light melatonin onset (DLMO) and dim-
light melatonin offset (DLMOff) were collected the evening prior to and the morning
after BL and ET assessments. Subjective assessments (Stanford Sleepiness Scale [SSS]
and an Insomnia Scale) were also collected the evening prior to and the morning after BL
and ET assessments.
Setting: Standard nocturnal PSGs were recorded at either the City College of New York
Sleep Disorders Center or at the subject's home using an ambulatory polygraph system.
Participants: Seventeen participants, men (z = 8) and women (» = 9) ranging in age from
38 to 82 (mean age = 59.3, £SD = 12.3), completed the study. Fourteen subjects

participated in all 4 PSG recordings (2 BL and 2 ET) and three subjects were recorded 3
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 3.

times (two participated in 1 BL night and 2 ET nights and one participated in 2 BL nights
and 1 ET night).

Measurements and Results: ANOVAs were performed on: 1) Endogenous salivary
DLMO; 2) PSG measures of sleep; 3) Subjective assessments of sleepiness; and 4) An
insomnia scale.

Following treatment, there was no significant difference between the salivary
DLMO in MT subjects (mean phase shift = 28.2 minute delay) and PB subjects (mean
phase shift = 1.1 minute advance, F[1,15]=.49, p=.49).

While there were no differences in sleep continuity measures (total sleep time,
sleep efficiency and wake time), a significant interaction was present in sleep
architecture. The results indicated a decrease in REM sleep in the first third of the night
in MT subjects (BL mean=18.0 minutes, ET mean=12.8 minutes), while there was an
increase in REM sleep in the first third of the night in PB subjects (BL mean=12.3, ET
mean=16.2, F[1,15]=6.18, p<.05) following the treatment.

A significant interaction was present on an insomnia questionnaire item in which
PB subjects were “experiencing brief awakenings during the night”” more often at BL (PB
mean = 80.3) and less often at ET (PB mean=61.5). While the opposite was present with
MT subjects (BL MT mean = 54.9, ET MT mean=65.2, F[1,15]=5.31, p<.05).
Conclusion: Exogenous MT in the morning did not produce a significant phase delay in
salivary DLMO in SMI. Failure to phase shift may be in part due to introducing
exogenous MT based on waketime and not DLMO time. Results do not illustrate
changes in PSG sleep continuity variables in subjects who were phase advanced,

however, following treatment, MT subjects redistributed REM sleep to later parts of the
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 4.

night, while subjects in the PB group demonstrated more REM sleep in earlier parts of
the night. Future studies will require acquiring endogenous salivary DLMO levels as a
circadian rhythm marker to determine the appropriate timing of MT administration.
Key words: Sleep maintenance insomnia, circadian rhythms, dim-light melatonin onset,

melatonin.
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 5.

Introduction

Sleep Maintenance Insomnia (SMI), characterized by frequent and/or extended
nocturnal awakenings or premature awakenings in the morning (Morin and Kwentus,
1988), is often difficult to treat. Although pharmacological and behavioral approaches
(Bootzin and Perlis, 1992) can be successful in addressing this form of insomnia, safer
and more convenient alternative treatment modalities are needed. It has been proposed
that a phase advance in circadian rhythms may contribute to awakenings in the later part
of the sleep period because the rising body temperature rhythm promotes wakefulness
(Lack, 1996; Sack, 1998). This notion is supported by the findings in one study where
the core body temperature of SMI patients is phase advanced compared to controls (Lack,
1996). The general approach to the treatment of circadian sleep disorders is to
resynchronize the circadian pacemaker with the desired sleep/wake schedule by shifting
the phase of the circadian rhythm. Phase shifts can be produced by time cues such as
bright light and exogenous doses of melatonin (MT; Czeisler, 1989; Lewy, 1998; Sack,
1998). The timing of the exposure to the time cues and the size and direction of the phase
shift induced in the rhythm can be plotted as a phase response curve (PRC; see
Pittendrigh, 1976). In order to address the phase advance purported to be contributing to
SMI, bright light exposure would need to be scheduled in the late subjective day or early
subjective night (Czeisler, 1995). In a study with SMIs, Campbell et al. (1993)
demonstrated that evening exposure to 2 hours of bright light increased total sleep time in
elderly insomniacs. However, this demonstration study did not evaluate the continued

efficacy of evening bright light. A daily 2-hour light treatment regimen is time-
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 6.

consuming and inconvenient, thus, an alternative form of treatment would be more
desirable.

The PRC for MT describes and shows that exogenous MT of 0.5mgs.
administered at specific times of the 24 hour day is capable of shifting circadian rhythms
(Lewy et al., 1992). A phase delay, in endogenous circadian rhythm, is seen if exogenous
MT is ingested in the early subjective morning, no later than 5 hours after habitual wake-
up time, with the optimal phase delay occurring if MT is ingested just after sleep offset.
This time of day corresponds to 07:00 (Lewy, 1998). The demonstrated phase delay shift
provides the rationale for MT ingestion in the morning to treat SMI in the present
proposal, since SMI is hypothesized to be characterized by an advance in endogenous
circadian rhythm (Lacks et al., 1996). The present study assumes that in general, patients
with SMI have an endogenous circadian phase that is advanced with respect to their
habitual bedtime. The study aims to produce a phase delay in the sleep/wake cycle by the
administration of MT in the morning in order to reset the phase relationship between their
endogenous circadian rhythm and habitual bedtime. The resetting of the sleep/wake
phase relationship is expected to produce important objective and subjective
improvements in SMI.

Available over the counter as a sleeping aid, MT has shown promise for several
types of sleep disturbances, including insomnia. It has been used in doses (0.1 to 0.3
mg.) that produce blood levels in the physiological range and doses (1 to 10 mg. and
higher) that produce super physiological levels (Lewy et al., 1992). Evening
administration of MT to patients with delayed sleep phase syndrome advanced sleep

onset and wake times towards conventional times (Dahlitz, 1991). Other findings suggest
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 7.

that MT has considerable therapeutic potential in many situations of disturbances of
circadian rhythms such as jet lag, shift work, insomnia, blindness, and replacement
therapy in the elderly (Cupp, 1997). Unlike benzodiazepines, which can become less
effective as tolerance develops, MT does not lose its effectiveness over time (Reiter,
1995). In fact, MT can become a more effective treatment with chronic use. Haimov et
al. (1995) gave 26 elderly insomniacs, 2 mg. doses of MT, for a 2-month period. At the
end of the treatment, participants fell asleep at their desired time even more so than they
did after one week of treatment. In addition, MT has a minute number of the negative
side effects associated with traditional sleep medications such as benzodiazepines and
anti-histamines (Reiter, 1995). These results are very appealing in treating the elderly,
since their insomnia is often chronic.

Various experiments have been conducted to assess MT’s safety profile on body
temperature, sleepiness, mood and performance (Anton-Tay et al., 1971; Cramer et al.,
1974; Lieberman et al., 1984; Deacon, 1994; Hughes et al., 1994). Exogenously
administered MT doses that produce physiological levels of MT, have minimal effects on
body temperature and behavior (e.g. sleepiness, mood, performance etc.; Van den Heuvel
et al., 1998), while exogenously administered MT doses well above physiological levels
have clinically significant effects on body temperature and behavior (Van den Heuvel et
al., 1998; Dollins, 1993). Pharmacokinetic data indicate that a single near physiological
dose of MT (0.5 mg.) has a half-life between 30 and 45 minutes, and is completely
eliminated from circulation within S hours (Lewy et al., 1992; Sack, 1998).

The goal of the study was to assess whether exogenously administered daily

physiological doses (0.3 mg.) of MT in the moming would induce an endogenous
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 8.

melatonin onset delay as a treatment for SMI. The study compared the effects of double-
blind administration of MT (0.3 mg.) to placebo {PB) ingested in the morning at
waketime in two groups of participants experiencing SMI. Salivary dim-light MT onset
(DLMO) was measured to assess the phase shift in endogenous MT onset time. PSG
recordings and subjective ratings for sleepiness and insomnia symptoms were also
conducted tc evaluate the treatment effects.
Methods

Participants

Twenty-one sleep maintenance insomniacs were recruited from the 5 Boroughs of
New York by flyers and public announcements. Four subjects either discontinued or
were excluded during the study, thus, 17 subjects completed the study. They included
men (n = 8) and women (n = 9) ranging in age from 38 to 82 {overall mean age = 59.3,
[+SD] =+12.3; MT mean age=57.7+12.3; PB mean age=61.1+14.2, t=-.54, p=.60). They
were screened and cleared of all other major sleep, medical, neurologic, and psychiatric
disorders. Female subjects with a history of clinically significant premenstrual syndrome
were excluded since the endogenous MT rhythm has been shown to vary at different
stages of the menstrual cycle (MclIntyre, 1987). The following inclusion criteria were
met: Subjects were at least 35 years old with cognitive functioning indicated by a score >
23 on the Mini-Mental State Examination; subjects had an insomnia complaint of > 1
year, wake after sleep onset longer than 30 minutes at least three nights per week; non-
shift worker and no travel across time zones during the study or during the month prior to
the study; not currently pregnant and willing to avoid getting pregnant during the study;

not currently using psychotropic or hypnotic medications and willing to refrain from
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 9.

using these medications during the course of the study; limit caffeine consumption to one
or less coffee serving or equivalent per day before noon; limit alcohol intake to 7 drinks
per week and < 2 drinks on any one night; and no napping. If a subject did not meet the
final 3 inclusion criteria, they were given the opportunity to comply with these specific
restrictions and were re-evaluated three weeks later. Prospective subjects were contacted
by phone, prior to the first laboratory appointment, to assure that all criteria were met.
The experimental protocol was approved by the Institutional Review Board at the
City College of New York and by the Institutional Review Board at New York
Methodist Hospital. Informed consent was obtained from each subject, and all
written documentation was retained.
Procedure

Pre-Experimental Weeks

The study consisted of 3 pre-experimental weeks and 4 experimental weeks.
During the pre-experimental weeks, subjects wore an ACT and filled out sleep logs to
assist in confirming reported bedtime and waketime (time they woke up it the morning).
They came to the lab once a week for a briefing about the study and to have their
sleep/wake schedules, as depicted on the sleep logs, examined. A sleep/wake schedule
was designated for each subject according to his or her reported habitual bedtime and
waketime. Subjects were allowed to determine their own bedtime and waketime with the
understanding that these times were going to be consistent throughout the study. During
the 3 pre-experimental weeks, subjects slept at home and followed the designated
sleep/wake schedule in an effort to stai)ilize their sleep/wake rhythm. If they could not

abide by their bedtime and waketime, they were instructed to document the deviations on
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 10.

the sleep log. Throughout the study, subjects were required to keep a daily sleep
log, wear their ACT and to continue to abide by all inclusion criteria. Subjects
with bedtime or waketime deviations greater than one hour, more than once a week,
were not included in the study.

Experimental Weeks

Subjects first came to the lab for a screening PSG to rule out primary sleep
pathologies. All subjects arrived at the lab 5 hours prior to habitual bedtime and were
kept awake one and one-half hours past their habitual bedtime. Four individuals were
excluded from the study since their screening PSGs showed excess amounts of periodic
limb movements with arousals of > 15/hour and/or sleep disordered breathing with an
apnea plus hypopnea index of > 15/hour. Eligible subjects returned to the lab
approximately 5 days later for 2 baseline (BL) PSG assessments. After the 2 BL PSGs,
subjects were randomly assigned to either a MT group or a PB group. The MT pill
contained 0.3 mg of MT with lactose filler. The PB pill contained lactose only. The first
dose of the treatment (either MT or PB) was ingested following BL assessments.

For the next month subjects ingested either 0.3 mg of MT or PB, double-blind, at
their designated dose-time and were instructed to avoid bright light for at least two hours
after MT or PB ingestion. Dose-time was defined as a time no earlier than their
scheduled waketime, or up to one hour after their scheduled waketime if the subject slept
late. If a subject woke up more than 1 hour after the scheduled waketime, he/she was
instructed not to take a pill that day. This flexible designated dose-time was designed to
allow participants to sleep late, which is a sign of improved sleep function. In addition,

the criteria is a conservative constraint since the human MT Phase Response Curve
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 11.

(PRC) has phase-delay capability during the subjective early morning hours (between 4
hours prior to habitual waketime and 5 hours after habitual waketime; Lewy et al., 1992).

Two end of treatment (ET) PSG assessments were collected approximately four
weeks after BL assessments. During BL and ET assessments, subjects arrived at the lab 2
hours prior to their habitual bedtime and went to bed at their habitual bedtime. All
subjects left two hours after their habitual waketime. Wrist ACT was recorded
simultaneously with PSG for all the experimental nights. In addition, the Stanford
Sleepiness Scale (SSS) was collected the evening prior and moming after BL and ET
assessments while one insomnia scale was completed at BL and one completed at ET (see
Figure 1). Following the study, all participants who still complained of SMI, were
offered one month of free MT treatment.

Measurements

Salivary Dim-Light MT Onset (DLMO). The salivary DLMO test was conducted

to determine endogenous MT phase position. Saliva was collected the evening prior to
the screening PSG and the evening after ET PSG assessments. Subjects arrived at the
sleep lab, which was illuminated at 50 lux or less, about five hours before their regular
bedtime. They remained awake and inclined in order to avoid the effect of changing
posture on MT level (MclIntyre, 1987). They rinsed their mouths out with water ten
minutes prior to the collection of the saliva samples and provided saliva (2 ml.) into a
disposable plastic tube every 30 minutes starting from four and one-half hours prior to the
participants’ habitual bedtime and ending at one and one-half hours past their habitual
bedtime. Saliva samples were centrifuged, stored at -20° C and later delivered to New

York Presbyterian Hospital, Westchester Division, Biochemical Lab (White Plains, New
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Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 12.

York) where all radioimmunoassays were performed following the procedures provided
by American Laboratory Products Co. (Windham, NH). Samples were analyzed in
duplicate. The amount of MT contained in each sample was measured by the Buhlmann
Direct Saliva MT radioimmunoassay (RIA) kit which measures MT by a double-antibody
RIA based on the Kennaway G280 anti-MT antibody (Vaughan, 1993). Undiluted human
saliva samples and reconstituted standards and controls were incubated with the anti-MT
antibody and '"®I-MT. 'I-MT competes with MT present in samples, standards, and
controls. After 20 hours of incubation, solid-phase second antibody was added in the
mixture in order to precipitate the antibody bound fraction. After aspiration of the
unbound fraction, the antibody bound fraction of '*’I-MT is counted.

Salivary DLMO was calculated as the first interpolated point above 4.0 pg/ml of
MT that continued above the threshold level in later samples. The threshold criterion has
been validated in previous studies (Carskadon, 1996a; Carskadon, 1996b).

Nocturnal Polysomnogram (PSG). The screening PSG was conducted on subjects

at the City College Sleep Discorders Center (CCNY - SDC). The standard recording
montage is as follows: four EEG channels (C3/C4 and O1/02, ref 10-20), two horizontal
eye movement channels (left and right outer canthus), and one bipolar chin muscle
channel. EEG and eye movement placements were referenced to linked mastoids (Al +
A2). In addition to the standard electrode recording montage, there were sensors to
measure respiratory effort (thoraco-abdominal strain gauges), respiratory airflow (nasal
and oral thermistors) and oxygen saturation of the blood (finger pulse oximeter, [Ohmeda
Co.]). In addition, bipolar electrodes were applied on the skin above the middle of the

anterior tibialis muscle to record periodic limb movements. All electrophysiological
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parameters were recorded using silver chloride disk electrodes filled with electrode gel or
cream and affixed to the skin with either tape or cream-soaked gauze utilized in EEG
placement. The international ten - twenty system was utilized for EEG electrode
placement.

The BL and ET standard montage PSG recordings were collected at either the
City College Sleep Disorders Center or at the participant's home on an ambulatory sleep-
data acquisition computer system (H20 [Home-to-Office], Telefactor). If a subject chose
to be studied at home, a technician went to the subject’s home, prepared the subject,
activated the ambulatory computer system, left the home and returned the following
morning to retrieve the data. Subjects who chose to have recordings at the City College
Sleep Disorders Center, slept in a sound attenuated room and PSG data was obtained
(Model 7D, Grass Co.). PSGs were scored according to standard criteria of
Rechtschaffen and Kales (1968). All subjects completed their screening PSG at the
CCNY-SDC (total number of screening PSGs=17). Twelve subjects completed both BL
and both ET assessments at the CCNY-SDC. Two BL PSGs were unscoreable due to
technical difficulties (total number of CCNY-SDC PSGs=46). Four subjects completed
both BL and both ET assessments via the ambulatory system. One ET PSG was
unscoreable due to technical difficulties (total number of H20 PSGs=15). One subject
completed both BL assessments via the ambulatory system and both ET assessments at
the CCNY-SDC (number of PSGs=4).

Subjective Rating Scales. The Stanford Sleepiness Scale (SSS; Hoddes, 1973) is

a 7-point subjective rating scale where each increment on the scale describes an

increasing level of sleepiness (see Appendix 1). The SSS was collected every 30 minutes
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the evening prior to and moming after BL and ET assessments. A modified procedure,
which required subjects to sit quietly in a dark room with their eyes closed for one
minute before each SSS rating, was implemented to eliminate the masking effects of
behavioral arousal on subjective sleepiness. In addition to the SSS, subjects
completed one modified insomnia scale (Spielman et al., 1987) at BL and one modified
insomnia scale at ET. The insomnia scale (see Appendix 2) required subjects to rate their
sleeping difficulties on 11 insomnia-related descriptions by placing a vertical mark along
a 100 mm. horizontal line with the extreme left and right poles labeled “very little” and
“very much”, respectively.
Results

The mean (SD) “lights out” time for all PSGs was at 22:43 (+ 43.0 min.) for MT
subjects and 23:06 (+ 39.0 min.) for PB subjects. The mean “lights on” time for all PSGs
was 05:57 (+ 58.0 min.) for MT subjects and 06:38 (+ 64.0 min.) for PB subjects. In
addition, the mean pill ingestion time, at ET assessments, was 06:11 (+ 62.0 min.) for MT
subjects and 06:50 (+ 65.0 min.) for PB subjects. There were no significant differences in
“lights out”, “lights on” or pill “ingestion time” between the MT group and the PB group.

At BL, the mean (SD) salivary DLMO was at 21:55 (+ 83.0 min) for MT subjects,
48 minutes prior to mean habitual bedtime, and 21:34 (+ 126 min) for PB subjects, 92
minutes prior to mean habitual bedtime. At ET, salivary DLMO was at 22:23 (+ 101.0
min) for MT subjects, 20 (+ 96.3) minutes prior to mean habitual bedtime, and 21:32 (+
84 min.) for PB subjects, 94 minutes prior to mean habitual bedtime. From BL to ET,
MT subjects had a mean 28.2 minute salivary DLMO delay, while PB subjects had a

mean 1.1 minute salivary DLMO advance.
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Salivary DLMO

Table 1 illustrates the mean (+SD) salivary DLMO prior to treatment, following
treatment and its respective phase shift. From BL to ET, the MT subjects had a mean
28.2 minute salivary DLMO delay, while the PB subjects had a mean 1.1 minute salivary
DLMO advance. A 2 (Group: MT vs. PB) x 2 (Session: BL vs. ET) repeated measure
ANOVA revealed neither main effects (Group: F[1, 15]=2.38, p=.14; Session:
F[1,15]=.42, p=.53) nor interaction (F[1,15]=.49, p=.49).

The curves for BL and ET salivary MT levels are presented in Figure 2 and 3 for
MT and PB subjects, respectively. Two MT subjects at BL, 4 MT subjects at ET, 2 PB
subjects at BL and 1 PB subjects at ET never achieved the recognized DLMO threshold
(4.0 pg/ml, Carskadon, 1996a; Carskadon, 1996b), therefore, their DLMO was identified
as their last sample time collected at 0.5 hours past their habitual bedtime. In addition, 1
MT subject at ET and 1 PB subject at BL were above the recognized DLMO threshold
beginning with their first sample collected at 4 hours before habitual bedtime, therefore,
their DLMO was identified as their first sample time. Figure 4 presents salivary DLMO
times for MT and PB subjects at BL and ET.

Since no significant difference in phase shift was present when comparing groups
(MT vs. PB), a post-hoc analysis was conducted to determine if a specific ingestion time
for MT could produce and optimize a phase shift. The MT and PB salivary DLMO phase
changes from BL to ET, in relation to the timing of treatment administration, are
presented in Figure 5. Six out of 7 subjects ingesting their respective pill less than 8.5
hours after salivary DLMO induced a phase advance, while 8 out of 10 subjects ingesting

their respective pill greater than 8.5 hours after salivary DLMO induced a phase delay. A
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2 (Ingestion time: less than 8.5 hrs. after salivary DLMO vs. greater than 8.5 hrs. after
salivary DLMO) x 2 (Session: BL vs. ET) repeated measure ANOVA revealed an
ingestion time main effect (F[1,15]=5.37, p<.05) and an interaction between ingestion
time and session (F[1,7]=14.08, p<.05). A post-hoc t-test analysis with Bonferonni
correction showed that, after treatment, no significant shift in salivary DLMO was present
in subjects who ingested their respective pill less than 8.5 hrs. after salivary DLMO
(t[7]=2.04, p=.09). However, a significant delay in salivary DLMO was present in
subjects who ingested their respective pill greater than 8.5 hrs. after salivary DLMO
(t[10]=-3.42, p<.025). The pattern occurred in both MT and PB group.

Polysomnography

PSG sleep variables were analyzed with 2 (Group: MT vs. PB) x 2 (Session: BL
vs. ET) repeated measure ANOV As and post-hoc analyses performed were t-tests with a
Bonferonni correction. Comparing the MT group (n=9) with the PB group (n=8), there
were group main effects in mean percent of slow wave sleep (SWS) (mean MT=6.6
[+7.9] vs. PB=16.6 [+9.5], F[1,15]=6.96, p<.05), SWS latency (mean MT=33.3 [+24.1]
minutes vs. PB=14.1 [+8.9] minutes, F[1,15]=8.08, p<.05) and SWS present during the
second-third of the night (mean MT=5.6 [+7.4] minutes vs. PB=15.5 [+10.7] minutes,
F[1,15]=7.37, p<.05). All other comparisons were not significant.

One significant interaction, REM sleep during the first third of the night, was
present (F[1, 15]=6.18, p<.05). Prior to treatment, the mean REM sleep during the first

third of the night was 17.9 (+13.9) minutes for MT subjects and 12.3 (+8.0) minutes for
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PB subjects. Following treatment, the mean REM sleep during the first third of the night
was 12.8 (+9.8) minutes for MT subjects and 16.2 (+9.9) minutes for PB subjects.

Interaction effects for mean percent of stage 3 sleep (F[1,15]=3.25, p=.09) and
REM sleep present during the third-third of the night (F[1,15]=4.02, p=.06) approached
significance. Prior to treatment, the mean percent of stage 3 sleep was 4.3 (+4.1) for MT
subjects and 9.3 (+5.2) for PB subjects. Following treatment, the mean percent of stage 3
sleep was 5.9 (+5.5) for MT subjects and 7.7 (+3.0) for PB subjects.

Prior to treatment, the mean REM sleep in the third-third of the night was 30.8
(£13.2) minutes for MT subjects and 31.7 (+9.9) minutes for PB subjects. Following
treatment, the mean REM sleep in the third-third of the night was 34.9 (+17.2) minutes
for MT subjects and 24.5 (+10.3) minutes for PB subjects. Post-hoc analysis showed no
significant difference in MT subjects (t[9]=-0.82, p=.43), however, a significant decrease
was revealed in PB subjects (t[8]=3.62, p<.025). The means and standard deviations are
provided in Appendix 3. REM distribution during the night of MT (n=9) and PB (n=8)
subjects is presented in Figure 6.

One of our hypotheses suggests that a circadian phase delay would improve PSG
variables in SMI. Two (Salivary DLMO: advance vs. delay) x 2 (Session: BL vs. ET)
repeated measure ANOV As were performed to compare PSG variables between subjects
with a phase advance (n=8) and subjects with a phase delay (n=9), irrespective of their
treatment. All post-hoc analyses performed were t-tests with a Bonferonni correction.

No main effects were present, however, significant interactions occurred in percent of
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REM sleep (F[1,15]=5.96, p<.05), SWS latency (F[1,15]=5.00, p<.05) and SWS present
in the second-third of the night (F[1,15]=5.30, p<.05).

Prior to treatment, the mean percent of REM sleep was 24.2 (+11.1) in advance
subjects and 16.6 (+4.0) in delay subjects. Following treatment, the mean percent of
REM sleep was 17.8 (+3.7) in advance subjects and 19.3 (+4.9) in delay subjects.

Prior to treatment, the mean SWS latency was 21.4 (+14.1) minutes in advance
subjects and 26.2 (+27.8) minutes in delay subjects. Following treatment, the mean SWS
latency was in 34.8 (+24.6) minutes in advance subjects and 15.5 (+7.3) minutes in delay
subjects.

Finally, prior to treatment, the mean SWS in the second-third of the night was 4.9
(+5.9) minutes in advance subjects and 14.8 (+12.2) minutes in delay subjects.
Following treatment, the mean SWS in the second-third of the night was 10.6 (+9.8)
minutes in advance subjects and 10.2 (+10.4) minutes in delay subjects. Post-hoc
analyses showed a significant increase in advance subjects (t[8]=-3.21, p<.025), but no
significant difference in delay subjects (t[9]=1.17, p=.28). The means and standard
deviations are provided in Appendix 4. SWS distribution during the night of advance
(n=8) and delay subjects (n=9) is presented Figure 7.

Subjective Ratings: Stanford Sleepiness Scale (SSS) and insomnia scale

A 2 (Group: MT vs. PB) x 2 (Session: BL vs. ET) x 10 (Evening time: every 30
minutes starting at bedtime — 4.0 hrs. until bedtime + 0.5 hrs. or Moming time: every 30
minutes starting at waketime and ending at waketime + 4.5 hrs.) repeated measure

ANOVA was performed on the SSS ratings.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 19.

The results for evening SSS assessments revealed a significant session main effect
(mean BL=4.0 vs. ET=3.0, F[1,12]=8.91, p<.05) suggesting a decrease in sleepiness
levels from BL to ET assessments. A significant time main effect (F[9,108]=21.80,
p<.05) was also present. Results of a Scheffé post-hoc analysis indicated that subjects
rated themselves significantly sleepier 1.5 hours before habitual bedtime compared to
some of the previous ratings. The increased levels of “sleepiness’ continued until 0.5
hours past their habitual bedtime, which is when subjects retired for the evening. No
significant interaction (F[9,108]=0.98, p=.46) was present. Mean evening SSS rating
ratings are presented in Figure 8.

The results for moming SSS assessments revealed a significant time main effect
(F[9,108]=7.12, p<.05), however, no significant interaction (F[9,108]=0.12, p=.99) was
present. Results of a Scheffé post-hoc analysis revealed that subjects rated themselves
significantly less sleepy 1.0 hour after waketime. The decreased levels of sleepiness
continued until 4.5 hours after waketime, which is when subjects left the lab. Mean
morning SSS ratings are provided in Figure 9.

A 2 (Group: MT vs. PB) x 2 (Session: BL vs. ET) repeated measure ANOVA was
performed on the insomnia questionnaire. Significant group main effects were present on
questions 8 (mean MT=22.1 [+22.8] vs. PB=45.9 [+27.5], F[1,15}=4.84, p<.05) and 9
(mean MT=26.7 [+22.9] vs. PB=61.8 [+22.5], F[1,15]=20.47, p<.05) suggesting that
subjects in the PB group were significantly sleepier than subjects in the MT group.
Significant session main effects were present on questions 3 (mean BL=43.7 [+36.2] vs.

ET=28.9 [+27.3], F[1,15]=7.34, p<.05), 6 (mean BL=53.6 [+31.4] vs. ET=33.7 [+32.3]
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F[1,15]=5.54, p<.05) and 11 (mean BL=29.1 [+28.1] vs. ET mean=45.1 [+30.5], F[1,15]=
4.58, p<.05) suggesting an increase in the ability to sleep from BL to ET assessments.

One significant interaction was present on question 5 (F[1,15]=5.31, p<.05). Prior
to treatment, more “brief awakenings during the night” were experienced by PB subjects
(mean=80.3 [+24.2]) than by MT subjects (mean=54.9 [+27.8]). Following treatment,
fewer “brief awakenings during the night” were experienced by PB subjects (mean=61.5
[+28.6]) than by MT subjects (mean=65.2 [+27.1]). The means and standard deviations
for all insomnia questions are provided in Appendix 2.

Discussion

The chronobiotic phase shifting potential of exogenously administered MT was
not convincingly demonstrated in the current study with clinical subjects. Although the
mean salivary DLMO in the MT group showed a mild delay, the mean salivary DLMO in
PB group remained essentially the same after treatment. However, these changes were
not statistically significant and may be confounded due to inherent variability in
sleep/wake endogenous cycles. The mild delay, following MT treatment, in circadian
rhythmicity, accompanies the circadian characteristics of REM sleep. MT subjects
redistributed REM sleep to later parts of the night, while PB subjects demonstrated more
REM sleep in earlier parts of the night. The increase of REM sleep during the first third
of the night and decrease during the last third of the night suggest that MT subjects
redistributed REM sleep to later parts of the night, while PB subjects demonstrated more
REM sleep in earlier parts of the night.

The salivary DLMO findings also purport that regardless of what treatment group

subjects were in, ingesting their respective pill less than 8.5 hours after salivary DLMO
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induced a phase advance, while ingesting their respective pill greater than 8.5 hours after
salivary DLMO induced a phase delay. This implies that individuals with a late salivary
DLMO gravitate towards a phase advance, while individuals with an early salivary
DLMO tend to gravitate towards a delay in phase.

There are a number of possible explanations for the failure to produce a
significant phase delay. Although ingestion time was assigned to take place at waketime,
in retrospect, the time appears to be arbitrary. We recommend that it is imperative to
determine the position of an individual’s salivary DLMO prior to MT administration in
order to promote appropriate phase changing treatment. A more appropriate dose time
could be identified if the salivary DLMO, an accurate circadian marker, was assessed and
determined prior to determining precise MT delivery. Of course, the dose time should
continue to comply with the recognized PRC to MT (Lewy, 1998). One may also
question the MT dosage (0.3mgs) and duration of MT delivery (approximately 3 weeks)
as possible explanations for failure to produce a phase delay in salivary DLMO. Lewy’s
(1998) PRC to MT study provided empirical findings suggesting that 4 successive days
of a physiological dose (0.5mg) induced a significant phase delay in salivary DLMO,
therefore, the study’s slightly lower physiological dose may not have been sufficient in
creating the desired circadian phase delay. One may also consider the ongoing change in
endogenous MT phase, overlapping with the duration of MT delivery, as an explanation
that may have vitiated the phase shifting effects of MT. Finally, as with most studies,
uncontrollable aspects, such as evening and morning light exposure and variability in
subjects (e.g. age and lifestyles) as possible explanations for failure to produce a phase

delay in salivary DLMO.
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It has been suggested (Campbell et al., 1993) that inducing a circadian phase
delay would improve SMI. Unlike findings in previous SMI studies (Campbell, 1993;
Hughes, 1998), the present results do not illustrate changes in PSG sleep continuity
variables, aithough, significant changes in sleep architecture occurred. As indicated
earlier, one significant interaction, increased REM sleep during the first third of the night,
was present in the MT group compared to the PB group. Prior to treatment, mean amount
of REM sleep during the first third of the night was greater in MT subjects and less in PB
subjects. Following treatment, mean amount of REM sleep during the first third of the
night was less in MT subjects and greater in PB subjects. Thus, it is unclear whether the
MT treatment or baseline difference in the amount of REM sleep between groups was
responsible for the significant difference.

There are a number of possible explanations for the limited significant effects in
objective PSG findings and subjective scale assessments. Considering the small sample
size of the study, random group assignment may not have been appropriate. Rather, a
future study, utilizing a similar sample size, may choose to match subjects for each group
(e.g. age, gender, similar concomitant complaints). In addition, unlike Campbell (1993),
who chose to include a specific sub-group of insomniacs (those that met the International
Classification of Sleep Disorders (ICSD) diagnostic criteria for advanced sleep phase
syndrome (ASPS) — intrinsic type), our study included all subjects who complained of
experiencing wake after sleep onset longer than 30 minutes at least three nights per week.
Unfortunately, our subject selection included a heterogeneous group in terms of
endogenous circadian rhythms (subjects with advances, delays and normal endogenous

circadian rhythms) which may not have been appropriate for assessing changes in
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endogenous circadian rhythms. The subject selection should have been more selective.
Only subjects who meet the ICSD criteria for ASPS (inability to stay awake until the
desired bedtime or inability to remain asleep until desired waketime) should have been
identified and included. This would have targeted a homogeneous subject sample at
baseline, thus, providing a more appropriate deduction whether exogenously administered
daily physiological doses of MT in the morning could induce a significant endogenous
MT onset delay. In addition, a homogenous subject sample would also provide a better
evaluation of treatment effect on PSG recordings and subjective ratings for sleepiness and
insomnia symptoms. Future studies may choose to identify ASPS subjects via salivary
DLMO. In conclusion, our study does not support the hypothesis that morning
administration of MT would be an effective treatment in SMI. Suggestions for future
studies assessing MT in SMI include determining salivary DLMO phase prior to
treatment, conducting a mid-study salivary DLMO phase check and controlling for
subject and environmental variability.
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Table 1

Salivary DLMO in relation to bedtime.

Group Baseline (+SD) End of Treatment (+SD)  Phase Shift (+SD)
Overall
MT (n=9) -48.0 (84.5) min. -20.0 (96.3) min. +28.0 min.
PB (n=8) -92.0 (123.2) min. -93.0 (70.5) min. -1.0 min.

Pill administered
< 8.5 hrs. after salivary DLMO

MT (n=5) +10.1 (62.1) min. -21.6 (91.7) min. -31.7 min.
PB (n=2) +65.8 (34.2) min. -43.4 (59.2) min. -109.2 min.
Pill administered
> 8.5 hrs. after salivary DLMO
MT (n=4) -97.5 (73.1) min. +5.4 (113.9) min. +102.9 min. *
PB (n=6) -137.8 (92.5) min. -102.9 (72.1) min. +34.9 min. ¥

(*=significant phase shift, p <.025)
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Figure 1

Schedule of assessments

Assessment Pre-Experimental Day | Day2 Day 3 to 25 Dayv 26 Day 27 Dav 28
Actigraphy and Sleep Logs X X X X
Pill Ingestion X
Baseline DLMO X
Baseline: PSG, SSS and Insomnia Scale (IS) X X

End of Treatment: PSG, SSS and IS
End of treatment DLMO
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Figure 2
A. BL salivary MT levels for MT subjects in relation to bedtime (BT). Samples are

plotted every 30 minutes beginning with 4.0 hours before habitual BT and ending
0.5 hrs after habitual BT

MT Group at BL

MT (pg/ml)

BT-4 BT-3.5 BT-3 BT-2.5 BT-2 BT-1.5 BT-1 BT-0.5 BT BT+0.5
Hours before habitual BT

B. ET salivary MT levels for MT subjects in relation to bedtime (BT). Samples are
plotted every 30 minutes beginning with 4.0 hours before habitual BT and ending

0.5 hrs after habitual BT

MT Group at ET
|

MT (pg/ml)
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Figure 3
A. BL salivary MT levels for PB subjects in relation to bedtime (BT). Samples are
plotted every 30 minutes beginning with 4.0 hours before habitual BT and ending

0.5 hrs after habitual BT
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B. ET salivary MT levels for PB subjects in relation to bedtime (BT). Samples are
plotted every 30 minutes beginning with 4.0 hours before habitual BT and ending

0.5 hrs after habitual BT
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Figure 4
A. Salivary DLMO time for MT subjects at BL and ET with the mean represented by
the dark line
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B. Salivary DLMO time for PB subjects at BL and ET with the mean represented by
the dark line
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Figure 5
A. Salivary DLMO phase change in MT Group at ET. Samples are plotted at time of

pill administration in reference to DLMO time (~CT 14:00)
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B. Salivary DLMO phase change in PB Group at ET. Samples are plotted at time of
pill administration in reference to DLMO time (~CT 14:00)
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Figure 6

A. REM distribution (minutes) during the night in MT subjects (n=9)
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B. REM distribution (minutes) during the night in PB subjects (n=8)
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Figure 7
A. SWS distribution (minutes) during the night in advance subjects (n=8)
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B. SWS distribution (minutes) during the night in delay subjects (n=9)
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Figure §
A. Mean (SD) Stanford Sleepiness Scale (SSS) evening ratings for the MT group
(n=9). SSS is plotted every 30 minutes beginning with 4.0 hours before habitual

BT and ending 0.5 hrs after habitual BT
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B. Mean (SD) SSS evening ratings for the PB group (n=8). SSS is plotted every 30
minutes beginning with 4.0 hours before habitual BT and ending 0.5 hrs after

habitual BT
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Figure 9

A. Mean (SD) Stanford Sleepiness Scale (SSS) morning ratings for MT group (n=9).
SSS is plotted every 30 minutes beginning with waketime (WT) and ending 4.5
hrs after WT
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B. Mean (SD) SSS morning ratings for PB group (n=8). SSS is plotted every 30
minutes beginning with WT and ending 4.5 hrs after WT
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Appendix 1

Stanford Sleepiness Scale

Circle the one number that best describes your level of alertness or sleepiness right now.
Feeling active, vital, alert, wide awake.

Functioning at a high level but not at peak, able to concentrate.

Relaxed, awake but not fully alert, responsive.

A little foggy, let down.

Foggy, beginning to lose track, difficulty in staying awake.

Sleep, prefer to lie down, woozy.

Almost in reverie, cannot stay awake, sleep onset appears imminent.

NowvwhkLUhNe~=
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Appendix 2

35.

Means and standard deviations for Insomnia Scale questions on BL and ET assessments

between MT (n=9) and PB (n=8)

Group BL Mean (+SD ET Mean (+SD

Q1 - Do you lie awake at night worried, anxious or distressed?
MT 32.6 (35.6) 27.9 (34.2)
PB 42.0 (36.4) 32.3 (28.5)

Q2 - During the day, do you worry about how you will sleep at night?
MT 25.1(36.8) 24.7 (34.4)
PB 253 (31.5) 19.6 (28.7)
Q3 - Are you watching the clock or aware of time passing while lying awake in bed? $
MT 45.9 (36.9) 27.4 (27.8)
PB 41.3 (37.7) 30.5 (28.5)
Q4 - Is your sleep restless?

MT 53.0(27.0) 44.2 (25.1)
PB 48.0 (39.7) 34.3 (30.4)

QS5 - Are you experiencing brief awakenings during the night? !
MT 54.9 (27.8) 65.2 (27.1)
PB 80.3 (24.2) 61.5 (28.6)

Q6 — Are you experiencing long awakenings during the night? $
MT 53.3(34.8) 24.1 (20.9)
PB 53.9 (29.6) 44.4 (40.6)

Q7 - Do you feel tired or fatigued during the day or evening?
MT 56.9 (27.6) 33.8(23.9)
PB 499 (31.2) 51.1(34.8)
Q8 — Do you take any naps or fall asleep briefly during the day or evening? ¢
MT 27.9 (25.0) 16.2 (20.5)
PB 47.3 (19.1) 44.6 (36.0)
Q9 — Are you sleepy or drowsy during the day or evening? ©
MT 31.9(21.2) 21.4 (24.7)
PB 58.3 (27.0) 65.4 (18.1)
Q10 - Do you feel you get an adequate amount of sleep?
MT 38.9 (30.7) 43.4 (28.5)
PB 16.4 (16.5) 24.8 (31.6)
Q11 - Do you feel you get good quality of sleep?

MT 32.1 (28.9) 41.7 (28.9)
PB 25.8 (28.8) 49.0 (33.8)

S = Session (BL vs. ET) main effect (p < .05)

! = Interaction effect (p <.05)

¢ = Group (MT vs. PB) main effect (p <.05)
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Appendix 3

Means and standard deviations of PSG variables in MT (n=9) and PB (n==8) subjects

PSG Variable BL Mean (+SD) ET Mean (+SD)

TST

MT 329.5(103.7) 372.7 (58.5)

PB 340.3 (77.0) 336.6 (68.4)
SE

MT 74.9 (20.6) 85.1(7.8)

PB 75.8 (15.1) 75.4 (16.0)
% of TWT

MT 19.5 (1€.8) 14.9 (7.8)

PB 17.9 (6.5) 18.3 (6.1)
% of WASO

MT 13.6 (13.4) 11.6 (6.3)

PB 12.8 (5.0) 12.0 (3.2)
% of S1

MT 12.4 (6.9) 13.3(4.7)

PB 11.0 (7.0) 11.8 (5.3)
% of S2

MT 54.0 (14.9) 60.4 (7.1)

PB 47.3 (13.3) 48.2 (18.8)
% of S3 T®

MT 43 (4.1) 5.9 (5.5)

PB 9.3(5.2) 7.7 (3.0)
% of S4

MT 1.7 (3.9) 1.3(3.2)

PB 8.2 (10.1) 8.0 (8.4)
% of SWS©

MT 6.0 (7.3) 7.2 (8.5)

PB 17.5 (10.9) 15.7 (8.2)
% of Non-REM

MT 72.4 (16.4) 80.8 (4.1)

PB 75.8 (14.6) 75.7 (16.3)
% of REM

MT 22.1 (10.7) 19.2 (4.1)

PB 18.0 (5.9) 18.0 (4.8)
SOL

MT 11.0 (9.8) 8.5(4.9)

PB 15.1 (13.7) 17.9 (21.0)
S2L

MT 13.5(12.0) 11.2 (8.4)

PB 16.0 (13.7) 20.0(25.1)
SWSL ¢

MT 35.7 (24.2) 30.9 (24.0)

PB 10.7 (6.7) 17.4 (11.1)
REML

MT 76.9 (32.0) 111.1 (80.6)

PB 72.6 (27.8) 67.2 (32.2)
FTW

MT 17.3 (17.8) 16.4 (20.2)

PB 15.0 (8.2) 16.9 (9.2)
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STW
MT 21.9 (22.4) 19.3 (18.0)
PB 24.0 (17.6) 17.7 (15.6)

TTW
MT 21.7 (22.6) 16.5 (10.8)
PB 19.9 (15.4) 20.8 (10.6)

FTSWS
MT 14.6 (17.2) 20.0 (24.7)
PB 40.5 (23.3) 30.6 (15.5)

STSWS ©
MT 6.1(9.3) 5.2(5.5)
PB 14.7 (11.0) 16.3 (10.4)

TTSWS
MT 0.7 (1.0) 2.1(4.3)
PB 9.4 (15.8) 11.1 (12.5)

FTREM !

MT 17.9 (13.9) 12.8 (9.8)
PB 12.3 (8.0) 16.2 (9.9)

STREM
MT 24.9 (9.8) 24.0(11.7)
PB 22.1(16.1) 25.0 (8.6)

TTREM ™
MT 30.8(13.2) 34.9(17.2)
PB 31.7(9.9) 24.5(10.3)

37.

TST = total sleep time (min); SE = sleep efficiency (%); % of TWT = percentage of total
wake time after light-out; % of WASO = percentage of wake time after sleep onset; % of
Stage 1 = percentage of stage 1 sleep; % of Stage 2 = percentage of stage 2 sleep; % of
Stage 3 = percentage of stage 3 sleep; % of Stage 4 = percentage of stage 4 sleep; % of
SWS = percentage of slow wave sleep; % of Non-REM = percentage of Non-REM sleep;
% of REM = percentage of REM sleep; SOL = sleep onset latency (min); S2L = stage 2
sleep onset latency (min); SWSL = SWS onset latency (min); REML = REM sleep onset
latency (min); FTW = wake time during the first-third of the night (min); STW = wake
time during the second-third of the night (min); TTW = wake time during the third-third
of the night (min); FTSWS = slow wave sleep during the first-third of the night (min);
STSWS = slow wave sleep during the second-third of the night (min); TTSWS = slow
wave sleep time during the third-third of the night (min); FTREM = REM sleep during
the first-third of the night (min); STREM = REM sleep during the second-third of the
night (min); TTREM = REM sleep during the third-third of the night (min).

™ = Interaction trend approaching significance (p <.10)
¢ = Group (MT vs. PB) main effect (p < .05)

! = Interaction effect (p < .05)
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Appendix 4
Means and standard deviations of PSG variables in subjects with a salivary DLMO phase

advance (n=8) and subjects with a salivary DLMO phase delay (n=9)

PSG Variable BL Mean (+SD) ET Mean (+SD)

TST

Advance 322.5(110.6) 340.3 (82.0)

Delay 345.8 (70.8) 369.3 (43.4)
SE

Advance 73.0 (21.1) 77.5 (16.7)

Delay 77.4 (15.0) 83.3 (8.5)
% of TWT

Advance 14.7(17.3) 16.3 (5.7)

Delay 17.0 (7.2) 16.7 (8.5)
% of WASO

Advance 13.2 (14.1) 14.7 (3.4)

Delay 13.2(5.2) 12.1 (6.2)
% of S1

Advance 12.3 (8.8) 14.7 (6.2)

Delay 11.2 (4.7) 12.1 (3.7)
% of S2

Advance 48.1 (16.3) 54.9(17.2)

Delay 53.3(124) 54.4 (13.3)
% of S3

Advance 5.0(5.2) 14.7 (3.8)

Delay 8.2 (5.0) 8.2 (4.8)
% of S4

Advance 4.2 (10.0) 2.8(4.7)

Delay 5.3 (6.3) 6.0 (8.4)
% of SWS

Advance 9.1(12.6) 14.7(5.9)

Delay 13.4 (8.8) 14.2 (10.8)
% of Non-REM

Advance 69.5 (14.5) 75.9 (16.1)

Delay 77.9 (15.5) 80.7 (4.9)
% of REM !

Advance 242 (11.1) 17.8 (3.7)

Delay 16.6 (4.0) 19.3 (4.9)
SOL

Advance 12.8 (10.6) 11.3(11.6)

Delay 13.0 (13.1) 14.4 (18.2)
S2L

Advance 15.2 (12.7) 12.4 (12.8)

Delay 14.2 (13.0) 18.0 (22.4)
SWSL'!

Advance 21.4 (14.1) 34.8 (24.6)

Delay 26.2 (27.8) 15.5(7.3)
REML

Advance 63.7 (26.1) 82.1(57.1)

Delay 84.9 (29.6) 97.8 (73.1)
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FTW

Advance 14.7 (15.5) 14.7(8.7)

Delay 17.6 (12.8) 18.4 (20.2)
STW

Advance 23.1(24.3) 14.7 (16.3)

Delay 22.7(16.0) 22.0(16.7)
TTW

Advance 20.5(24.7) 21.3 (12.6)

Delay 21.2(13.6) 16.1 (8.5)
FTSWS

Advance 21.8(27.2) 14.8 (9.6)

Delay 31.2(20.8) 34.1(24.5)
STSWS!

Advance 4.9(5.9) 10.6 (9.8)

Delay 14.8(12.2) 10.2 (10.4)
TISWS

Advance 6.2 (15.5) 3.1(5.0)

Delay 3.6 (6.6) 9.2 (12.5)
FTREM

Advance 19.4 (13.9) 17.0 (9.5)

Delay 11.6 (8.2) 12.2(9.8)
STREM

Advance 26.6(16.7) 18.9 (9.5)

Delay 20.9 (8.1) 294 (8.1)
TTREM

Advance 33.7(11.2) 28.9 (14.5)

Delay 29.0(11.3) 31.0(16.1)

39.

TST = total sleep time (min); SE = sleep efficiency (%); % of TWT = percentage of total
wake time after light-out; % of WASC -~ percentage of wake time after sleep onset; % of
Stage 1 = percentage of stage 1 sleep; % of Stage 2 = percentage of stage 2 sleep; % of
Stage 3 = percentage of stage 3 sleep; % of Stage 4 = percentage of stage 4 sleep; % of
SWS = percentage of slow wave sleep; % of Non-REM = percentage of Non-REM sleep;
% of REM = percentage of REM sleep; SOL = sleep onset latency (min); S2L = stage 2
sleep onset latency (min); SWSL = SWS onset latency (min); REML = REM sleep onset
latency (min); FTW = wake time during the first-third of the night (min); STW = wake
time during the second-third of the night (min); TTW = wake time during the third-third
of the night (min); FTSWS = slow wave sleep during the first-third of the night (min);
STSWS = slow wave sleep during the second-third of the night (min); TTSWS = slow
wave sleep time during the third-third of the night (min); FTREM = REM sleep during
the first-third of the night (min); STREM = REM sleep during the second-third of the
night (min); TTREM = REM sleep during the third-third of the night (min).

' = Interaction effect (p <.05)
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Abstract
Study Objectives: Our objective was to assess the accuracy of actigraphy (ACT)
recordings in patients with sleep maintenance insomnia (SMI), and to develop correction
factors based on one or two nights of simultaneous ACT and polysomnograhpy (PSG)
recordings to improve the validity of ACT.
Design: After a preliminary screening phase, prospective subjects were simultaneously
recorded with ACT and PSG, twice on successive nights, for baseline (BL) assessments.
They were once again recorded for two successive nights with ACT and PSG for end of
treatment (ET) assessments after one month of either melatonin (MT) or placebo (PB)
treatment (the results of the treatment trial will be presented elsewhere).
Setting: Standard nocturnal PSG were recorded at either the City College of New York
Sleep Disorders Center or at the subject's home using an ambulatory polygraph system.
Participants: Fifteen subjects, men (#n = 6) and women (n = 9) ranging in age from 38 to
76 (mean age =57.9, SD = 11.9), completed the study. A total of 51 recordings were
assessed. Nine subjects participated in all 4 PSG recordings, 3 subjects were recorded 3
times (BL 1 night, ET 2 nights) and 3 subjects were only recorded for the 2 BL nights.
Measurements and Results: Comparison between ACT and PSG provided epoch-by-
epoch agreement rate of 82.3%. Prior to applying correction factors, Pearson » analyses
indicated significant correlations between ACT total sleep time (TST) and PSG TST for
all recordings ( = 0.69, n=51, p <.05), excluding the first BL recording (» = 0.67, n=36,
p < .05) and on ET recordings (r = 0.64, n=18, p <.05). Correction factors were
developed based on discrepancy errors on baseline nights to estimate and correct the

errors on subsequent recordings and improve ACT validity. None of the correction
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factors improved the validity of ACT.

A median split demonstrated that 1 correction factor significantly improved ACT
validity on TST from the original correlation between ACT TST and PSG TST (+=0.67)
when ACT wake epochs > 69.5 (»=0.89, p<.05). In addition 3 other correction factors
significantly improved ACT validity on TST from the original correlation between ACT
TST and PSG TST (+=0.64) when ACT’s predictive value for wakefulness > 63.9%
(r=0.97, 0.96, 0.99, ps<.05, respectively) ACT sleep epochs < 405 (r=0.94, 0.94, 0.94,
ps<.05, respectively).

Conclusion: ACT is not as accurate in estimating sleep and wake with SMI as it is in a
normal population. Problematic areas of ACT use with SMI include individuals lying
motionless in bed while awake or individuals being motorically restless while asleep. In
addition, SMI present with unpredictable within subject (night-to-night) variability
making it difficult to develop correction factors that utilize one or two recordings of
baseline assessment that consistently improve ACT accuracy on subsequent recordings in
SMIL.

Key words: Sleep, wake, actigraphy, polysomnography and sleep maintenance insomnia
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Introduction

The “gold standard” method for discriminating between sleep and wakefulness,
polysomnography (PSG), is time consuming and expensive. Movement detection
devices, or actigraphs (ACT), were introduced shortly after EEG based systems for the
defermination of sleep/wake state (Kleitman about 1949). Refinement of these devices
has led to the hope that this inexpensive, technically simple means of detecting state, may
replace or compliment PSG (Brooks et al., 1993). Empirical evidence has demonstrated
good overall total sleep time (TST) correspondence between ACT and PSG in a normal
population, with correlations ranging between .84 and .98 (Kupfer et al., 1972; Foster et
al., 1972b; Kripke, et al., 1978; Mullaney, 1980; vanHilten et al., 1993).

Studies have addressed a variety of confounding effects which critics have
suggested may disqualify ACT as a valid instrument (Alster et al., 1990). Device
placement (Sadeh et al., 1994}, breathing movement, nocturnal wrist positioning,
immobility and internight and intravolunteer activity have all been investigated in healthy
subjects and TST correlations between ACT and PSG have remained very good ranging
between .91 and .93 (vanHilten et al., 1993). However, a growing concern regarding the
reliability of ACT recordings, suggests that up to 28 percent of weekly recordings may be
unacceptable (Acebo, 1999).

Empirical inconsistencies have been cited regarding ACT use within various
populations. Early studies, in normal subjects, indicate that ACT was useful in assessing
sleep patterns, while other empirical research suggest that ACT accuracy is significantly
less when assessing sleep in a clinical population (Levine, 1986). In its limited use with

insomniacs, ACT has been shown to be a successful screening instrument, a reliable
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measure and a useful technique, when following the same insomniac over time (Sadeh et
al., 1989; Hauri, PJ, Wisbey, J., 1994). However, given the various insomnia diagnoses
and the sensitivity of ACT, significant variability can affect the level of TST agreement
between ACT and PSG. ACT may overestimate TST in patients with psychophysiologic
insomnia and in insomniacs associated with psychiatric illness (Mullaney et al., 1980;
Hauri et al., 1989; Hauri and Wisbey, 1992) since these patients typically lie motionless
in bed while awake. ACT may also underestimate sleep with patients experiencing sleep
state misperception or difficulty initiating and maintaining sleep since these patients may
be motorically restless while asleep. These reasons may help explain why TST
agreement rates between ACT and PSG with insomniacs are lower, ranging between .78
and .88 (Haurt and Wisbey, 1992).

Various algorithms and scoring methods (Webster et al., 1982; Cole et al., 1992)
attempt to minimize erroneous interpretations of ACT-derived sleep/wake data which
have led to the development of several software programs (Sleepest, Actigraphic Scoring
Analysis, SADED, and Actigraph Data Analysis Software) for the sleep/wake scoring of
ACT data. Since it is much more convenient and less expensive to perform multi-night
sleep recordings with ACT than with PSG, if a correction factor could be generated based
on one or two nights of simultaneous ACT and PSG recordings, then subsequent
recordings could be performed with ACT in lieu of the time consuming and expensive
PSG method. The main objective of the study is to assess the accuracy of ACT sleep
recording in SMI subjects, identify discordance by epoch-by-epoch comparisons between
ACT and PSG and develop correction factors based on baseline (BL) nights of PSG

recordings that can be implemented to subsequent ACT recordings to improve ACT
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validity.
Method

Participants

As part of a larger study, 19 sleep maintenance insomniacs (SMI) were recruited
from the 5 Boroughs of New York by flyers and public announcements. Four individuals
were either discontinued or excluded from the study, thus, 15 subjects, which included
men (n = 6) and women (n = 9) ranging in age from 38 to 76 (mean age = 57.9, SD =
11.9), completed the study. All 15 subjects were screened and cleared of all other major
sleep, medical, neurologic and psychiatric disorders. In addition, female subjects with a
history of clinically significant premenstrual syndrome were excluded since the
endogenous melatonin (MT) rhythm has been shown to vary at different stages of the
menstrual cycle (Mclntyre, 1987). The exclusion criterion was necessary for an
exogenous MT treatment study, which will be reported elsewhere. The following
inclusion criteria were met: Subjects were at least 35 years old with cognitive functioning
indicated by a score > 23 on the Mini-Mental State Examination; subjects had an
insomnia complaint of > 1 year, wake after sleep onset longer than 30 minutes at least
three nights per week; non-shift worker and no travel across time zones during the study
or during the month prior to the study; not currently pregnant and willing to avoid getting
pregnant during the study; not currently using psychotropic or hypnotic medications and
willing to refrain from using these medications during the course of the study; limit
caffeine consumption to one or less coffee serving or equivalent per day before noon;
limit alcohol intake to 7 drinks per week and < 2 drinks on any one night; and no

napping. If a subject did not meet the final 3 inclusion criteria, they were given the
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opportunity to comply with these specific restrictions and were re-evaluated three weeks
later. Prospective subjects were contacted by phone, prior to the first laboratory
appointment, to assure that all criteria were met. The experimental protocol was
approved by the Institutional Review Board at the City College of New York and
by the Institutional Review Board at New York Methodist Hospital. Informed
consent was obtained from each subject, and all written documentation was

retained.

Procedure

Pre-Experimental Weeks

The study consisted of 3 pre-experimental weeks and 4 experimental weeks.
During the pre-experimental weeks, subjects filled out sleep logs and wore an ACT to
assist in confirming reported bedtime and waketime (time they woke up in the morning).
They came to the lab once a week for a briefing about the study and to have their
sleep/wake schedules, as depicted on the sleep logs, examined. A sleep/wake schedule
was designated for each subject according to his or her reported habitual bedtime and
waketime. Subjects were allowed to determine their own bedtime and waketime with the
understanding that these times were going to be consistent throughout the study. During
the 3 pre-experimental weeks, subjects slept at home and followed their designated
sleep/wake schedule in an effort to stabilize their sleep/wake rhythm. If they could not
abide by their bedtime and waketime, they were instructed to document the deviations on
the sleep log. Throughout the study, subjects were required to keep a daily sleep
log, wear their ACT and to continue to abide by all inclusion criteria. Subjects

with bedtime or waketime deviations greater than one hour, more than once a week,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Melatonin (MT) Effects on Sleep Maintenance Insomnia (SMI) 47.

were not included in the study.

Experimental Weeks

Subjects first came to the lab for a screening PSG to rule out primary sleep
pathologies. All subjects arrived at the lab 5 hours prior to habitual bedtime and were
kept awake one and one-half hours past their habitual bedtime. Four individuals were
excluded from the study since their screening PSGs showed excess amounts of periodic
limb movements with arousals of > 15/hour and/or sleep disordered breathing with an
apnea plus hypopnea index of > 15/hour. Eligible subjects returned to the lab
approximately S days later for two baseline (BL) PSG assessments. Two end of
treatment (ET) PSG assessments were collected approximately four weeks after BL
assessments. During BL and ET assessments, subjects arrived at the lab 2 hours prior to
their habitual bedtime and went to bed at their habitual bedtime. All subjects left two
hours after their habitual waketime. Wrist ACT was recorded simultaneously with PSG
for all the experimental nights.

Measurements

Nocturnal Polysomnogram (PSG). The screening PSG was conducted on subjects

at the City College Sleep Disorders Center (CCNY — SDC). The standard recording
montage is as follows: four EEG channels (C3/C4 and O1/02, ref 10-20), two horizontal
eye movement channels (left and right outer canthus) and one bipolar chin muscle
channel. EEG and eye movement placements were referenced to linked mastoids (Al +
A2). In addition to the standard electrode recording montage, there were sensors to
measure respiratory effort (thoraco-abdominal strain gauges), respiratory airflow (nasal

and oral thermistors) and oxygen saturation of the blood (finger pulse oximeter, [Ohmeda
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Co.]). In addition, bipolar electrodes were applied on the skin above the middle of the
anterior tibialis muscle to record periodic limb movements. All electrophysiological
parameters were recorded using silver chloride disk electrodes filled with electrode gel or
cream and affixed to the skin with either tape or cream-soaked gauze utilized in EEG
placement. The international ten - twenty system was utilized for EEG electrode
placement.

The BL and ET standard montage PSG recordings were collected at either the
City College Sleep Disorders Center or at the subject’s home on an ambulatory sleep-data
acquisition computer system (H20 [Home-to-Office], Telefactor). If the subject chose to
be studied at home, a technician went to the subject’s home, prepared the subject,
activated the ambulatory computer system, left the home and returned the following
morning to retrieve the data. Subjects who chose to have recordings at the City College
Sleep Disorders Center slept in a sound attenuated room and PSG data was obtained
(Model 7D, Grass Co.). PSG was scored according to modified criteria (one minute
epochs) of Rechtschaffen and Kales (1968) to compare ACT data to PSG data epoch by
epoch. All subjects completed their screening PSG at the CCNY-SDC (total number of
screening PSGs=15). Eleven subjects completed both BL and both ET assessments at the
CCNY-SDC. Three BL PSGs and 4 ET PSGs were unscoreable due to technical
difficulties (total number of CCNY-SDC PSGs=37). Three subjects completed both BL
and both ET assessments via the ambulatory system. Two ET PSGs were unscoreable
due to technical difficulties (total number of ambulatory PSGs=10). One subject
completed both BL assessments via the ambulatory system and ET assessments at the

CCNY-SDC (number of PSGs=4).
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ACT. The ACT (Activity Monitor, Computer Science and Applications Inc.) is a
small (5.1 cm x 3.8 cm x 1.5cm), lightweight (43 grams) device that was placed on the
subjects’ dominant wrist during the study. It uses a miniature accelerometer to sense and
measure motion. An electronic filter rejects frequencies outside normal human
movements. Accelerations were sampled by an 8-bit A/D processor at 10 kHz, sensitivity
threshold was 0.05 G, with a resolution of 0.016 G. Its full scaleis 2.13 G. ACT
recorded and date/time stamped the data which was later downloaded to a standard home
PC via a provided Reader Interface Unit (RIU). The signal was digitized and numerically
integrated over one-minute epochs.

Data Analysis

A total of 60 recordings were conducted. Nine subjects participated in all 4 sleep
recordings (2 BL, 2 ET), 3 subjects were recorded 3 times (1 BL 1, 2 ET) and 3 subjects
were only recorded for the 2 BL nights. One BL recording was lost for 3 subjects and
both ET recordings were lost for 3 subjects, therefore, a total of 51 successful recordings
were obtained.

Concordance between ACT and PSG

In order to compare ACT data to PSG data, establishing a value of movement
counts as an ACT sleep/wake threshold was required to differentiate ACT values as either
sleep epochs (movement counts < threshold) or wake epochs (movement counts >
threshold). Establishing a threshold was based on acquiring an ACT value that provided
the highest ACT sensitivity to sleep (correct identification of sleep epochs) concurrently
with the highest ACT specificity to sleep (correct exclusion of wake epochs). The first

BL recording for each subject was used to identify the peak ACT sensitivity to sleep and
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the peak ACT specificity to sleep as the point to be utilized as the sleep/wake threshold.
For all first BL recordings assessed, as the threshold value increased beyond ACT value
of zero, ACT sensitivity to sleep steadily but only marginally increased, while ACT
specificity to sleep steadily and sharply declined. In addition, ACT sensitivity to sleep
was always greater than the ACT specificity to sleep (see Figure 1). Based on these
characteristics of the ACT data, a threshold with ACT counts equal to zero was
categorized as sleep (AS), while ACT counts greater than zero were categorized as wake
(AW).

PSG data was scored following conventional sleep stage scoring (Rechtschaffen
and Kales, 1968), except that epoch length was one minute. Epochs were categorized as
etther PSG sleep (PS; stages 1-4, and REM) or PSG wake (PW). Each one-minute
segment of data was categorized by the conjunction of PSG and ACT scores. For
example, if an epoch was scored as sleep by PSG and had an ACT count equal to zero, it
was categorized as PSAS. All of the naming conventions are presented in Table 1.

Using PSG as the standard and ACT as the predictor, indices for ACT accuracy
were calculated as follows:

ACT predictive value for sleep (PVS) = PSAS/[PSAS + PWAS] x 100%

Epochs correctly categorized as sleep by ACT as a percent of all epochs categorized as
sleep by ACT.

ACT predictive value for wakefulness (PVW) = PWAW/[PWAW +PSAW] x 100%
Epochs correctly categorized as wake by ACT as a percent of all epochs categorized as
wake by ACT.

ACT sensitivity to sleep = PSAS/[PSAS +PSAW] x 100%
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Epochs correctly categorized as sleep by ACT as a percent of all epochs categorized as
sleep by PSG.

ACT specificity to sleep = PWAW/[PWAW + PWAS] x 100%
Epochs correctly categorized as wake by ACT as a percent of all epochs categorized as
wake by PSG.

Agreement rate (AR) = [PSAS + PWAW]/[PSAS+PWAW+PWAS+PSAW] x 100%
Total epochs correctly categorized by ACT as a percent of the total number of epochs in

the recording.

Assessment of timing discrepancies between ACT and PSG

Any misalignment between the ACT and PSG epochs will result in degradation of
concordance between the two measures. Sources for this type of error include different
start times, different stop times and timing mechanisms. To assess differences in timing
of the two methods, after each recording we compared the durations of the recording
period of each device. The PSG start and stop times were determined by an electric
clock. We then compared the electric clock time to the time of the internal clock of the
ACT. To examine the extent to which different start times may have degraded
concordance between the two measures, we shifted (advanced [+] and delayed [-]) the
ACT data set by one minute increments, for up to five minutes, to determine the highest
levels of agreement and the lowest levels of discrepancies.

Correction factors

The general strategy underlying the development of correction factors is based on
the assumption that between subject variability is greater than within (night-to-night)

subject variability for the validity of ACT. If this is the case then using a correction
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factor that is based on an individual’s baseline validity of ACT compared to PSG will be
useful for correcting future ACT estimates. Since the degree of correction is
individualized on the baseline night, if subsequent nights have a similar discrepancy
between ACT and PSG, the correction will improve ACT predictions. Each of the
following correction factors assumes that subject’s sleep and awakening behaviors and
patterns are consistent from night to night.

Algorithms were developed to estimate the PWAS and PSAW errors based on
baseline nights, improve the overall correlations between ACT TST and PSG TST and
ultimately further support the validity of ACT.

A. The first three correction factors attempt to remedy ACT overestimating TST by
subtracting PWAS correction values (from ACT TST). These epochs, incorrectly
identified by ACT as sleep (AS), are present in individuals who lie motionless in bed
while awake. These correction factors also assume that each individual will display the
same characteristics while asleep or while lying awake motionless and does not vary from
night to night. The correction factors attempt to correct ACT overestimating TST by
comparing minute by minute epochs of PSG and ACT BL data. Any time PSG identifies
an epoch as wake and ACT identifies an epoch as sleep, a PWAS discrepancy is tallied.
The total number of PWAS discrepancies is divided by the total number of wake periods,
regardless of length. This PWAS average is then multiplied by the total number of PSG
wake periods on subsequent nights and subtracted from ACT TST. For example, if a
total of 100 PWAS epochs occur during 10 PSG wake periods on BL 1, an average of 10
PWAS discrepancies is calculated and then multiplied by the total number of PSG wake

periods on subsequent nights. This calculated PWAS correction value is then subtracted
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from ACT TST.

The correction factor is most useful in individuals who lie in bed awake while not
moving either when they first fall to sleep or when they awaken. The correction factor
calculates the average number of epochs ACT incorrectly identified as sleep, during each
PSG wake period, based on the first BL night and is used to predict the number of epochs
ACT incorrectly identifies as sleep, during each i’SG wake period, for each subsequent
night. The correction factor’s accuracy and efficacy on subsequent nights is based on the
subject awakening and lying still the same number of times from night to night.

1. Subtracting average number of PWAS errors per awakening period based on
the first BL night (BL 1).

The first correction factor is based on the assumption that during each wake
period throughout the night, there will be a number of epochs in which the subject is
lying still but is awake. These epochs, scored as wake by PSG (PW), will be incorrectly
identified by ACT as sleep (AS). Further, since the number of awakening periods with
ACT errors (defined as the number of non-consecutive PWAS epochs) is likely to differ
on different nights, the correction factor uses the average number of PWAS epochs per
awakening period on BL 1 as an estimated number of PWAS epochs per awakening
period for subsequent nights. The value is then multiplied by the number of awakening
periods on subsequent nights and then subtracted from all ACT epochs of sleep to yield
the predicted AS value for the subsequent nights.

Calculation of correction value based on BL 1:
Correction value =

(number of PWAS epochs on BL 1/number of PSG wake periods on BL1)
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Application of the correction value:

Predicted number of AS epochs = Original number of AS epochs —

Correction value X number of PSG wake periods of subsequent night
2. Subtracting PWAS percentage of all ACT sleep epochs based on BL 1.

The second correction factor uses the number of epochs incorrectly identified as
ACT sleep as a percentage of all ACT sleep epochs on BL 1 as a correction value for
subsequent nights. The PWAS percentage is then multiplied by the number of ACT sleep
epochs on subsequent nights. The value is then subtracted from the number of ACT sleep
epochs to yield the predicted AS value.

The correction factor is also most useful in individuals who lie in bed awake
while not moving either when they first fall to sleep or when they awaken. The
correction factor adjusts for the average number of epochs ACT incorrectly identifies as
sleep, as a portiorn of all epochs ACT identifies as sleep, based on the first baseline night
and is used to predict the number of epochs ACT incorrectly identifies as sleep, as a
portion of all epochs ACT identifies as sleep, for each subsequent night. Once again, the
correction factor’s accuracy and efficacy on subsequent nights is based on the subject
awakening and lying still the same number of times from night to night.

Calculation of correction value based on BL 1:

Correction value =

(number of PWAS epochs/number of AS epochs) X /00%
Application of the correction value:

Predicted number of AS epochs =

Original number of AS epochs — Correction value X number of AS epochs
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3. Subtracting average number of PWAS errors per awakening period based on
both BL nights.

Since the number of ACT errors and wake periods may differ on different nights,
the third correction factor is based on the same principle of the first correction factor but
uses the average number of discrepancies per wake period on two BL nights as the
correction value to be applied to ET nights.

The correction factor is also most useful in individuals who lie in bed awake
while not moving either when they first fall to sleep or when they awaken. The
correction factor adjusts for the average number of epochs ACT incorrectly identifies as
sleep, during each PSG wake period, based on the mean of both baseline nights and is
used to predict the number of epochs ACT incorrectly identifies as sleep, during each
PSG wake period, for each ET night. The correction factor’s accuracy and efficacy on
ET nights is based on the subject awakening and lying still the same number of times
from night to night.

Calculation of correction value based on BL 1:

BL1 Correction value =

(number of PWAS epochs on BL 1/number of PSG wake periods on BL1)
Calculation of correction value based on BL 2:

BL2 Correction value =

(number of PWAS epochs on BL 2/number of PSG wake periods on BL 2)
Application of the correction value to ET night:

Predicted number of AS epochs =

Original number of AS epochs on ET night - ({BL! Correction value + BL2
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Correction value]/2) X number of PSG wake periods on ET night.

B. The following two correction factors attempt to remedy ACT underestimating
TST by adding PSAW correction values (to ACT TST). These epochs, incorrectly
identified by ACT as wake (AW), are present in individuals who may be motorically
restless while asleep, patients experiencing sleep state misperception or individuals
experiencing difficulty initiating and maintaining sleep. The correction factors attempt to
correct ACT underestimating TST by comparing minute by minute epochs of PSG and
ACT BL data. Any time PSG identifies an epoch as sleep and ACT identifies an epoch
as wake, a PSAW discrepancy is tallied. The total number of PSAW discrepancies is
divided by the total number of ACT wake epochs. This PSAW average is then multiplied
by the total number of ACT wake epochs on subsequent nights and added to ACT TST.
For example, if a total of 10 PSAW discrepancies and 100 ACT wake epochs are present
on BL 1, an average of 10 PSAW discrepancies is then multiplied by the total number of
ACT wake epochs on subsequent nights. This calculated PSAW correction value is then
added to ACT TST.

4. Adding PSAW epoch percentage of all ACT wake epochs based on BL 1

The fourth correction factor uses the number of epochs incorrectly identified by
ACT as wake on BL1 as a percentage of all ACT wake epochs as a correction factor for
subsequent nights. The PSAW percentage is multiplied by the number of ACT wake
epochs on subsequent nights. The value is then added to ACT sleep epochs to yield the
predicted AS value.

Unlike the first three correction factors, this correction factor is most useful in

individuals who are motorically restless while asleep. The correction factor adjusts for
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the average number of epochs ACT incorrectly identifies as wake, as a portion of all
epochs ACT identifies as wake, based on the first BL night and is used to predict the
number of epochs ACT incorrectly identifies as wake, as a portion of all epochs ACT
identifies as wake, for each subsequent night. The correction factor’s accuracy and
efficacy on subsequent nights is based on the subject sleeping with the same amount of
restlessness from night to night.
Calculation of correction factor based on BL 1:

Correction value =

(number of PSAW epochs/number of AW epochs) X 100%
Application of the correction:

Predicted number of AS epochs =

Original number of AS + (Correction Value X number of AW epochs)
S. Adding average number of PSAW epoch errors based on both BL nights

Since the motor activity during sleep may vary across nights, the fifth correction
factor is based on the same assumption of the forth correction factor but obtains the
correction value based on both BL nights.

The correction factor is also most useful in individuals who are motorically
restless while asleep. The correction factor adjusts for the average number of epochs
ACT incorrectly identifies as wake, as a portion of all epochs ACT identifies as wake,
based on the mean of both baseline nights and is used to predict the number of epochs
ACT incorrectly identifies as wake, as a portion of all epochs ACT identifies as wake, for
each ET night. The correction factor’s accuracy and efficacy on ET nights is based on the

subject sleeping with the same amount of restlessness from night to night.
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Calculation of correction factor based on BL 1:
BL I correction value =
(number of PSAW epochs on BL 1/number of AW epochs on BL1)
Calculation of correction factor based on BL 2:
BL 2 correction value =
(number of PSAW epochs on BL 2/number of AW epochs on BL2)
Application of the correction to ET night:
Predicted number of AS epochs =
Original number of AS + ([BL I correction value + BL 2 correction value]/2) X
number of ACT wake periods on ET night.

C. The first five correction factors attempt to predict ACT TST based upon adjusting
either PWAS or PSAW. With the possibility of overcompensating AS epochs, we will
attempt to minimize the error in ACT TST compensation by combining two correction
values. The remaining three correction factors attempt to remedy ACT overestimating
TST (individuals lying in bed awake) by subtracting PWAS correction values in
conjunction with attempting to remedy ACT underestimating TST (individuals
motorically restless while asleep), by adding PSAW correction values.

6. Subtracting average number of PWAS errors per awakening period based on
BL 1 (correction factor #1 value) AND adding PSAW epoch percentage of all
ACT wake epochs based on BL 1 (correction factor #4 value).

The correction factor attempts to correct both the PWAS errors and PSAW errors
based on one BL night by combining correction factors #1 and #4. It adjusts for the

average number of epochs ACT incorrectly identifies as sleep, during each PSG wake
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period, based on the first BL night and is used to predict the number of epochs ACT
incorrectly identifies as sleep, during each PSG wake period, for each subsequent night.

In addition, the correction factor also adjusts for the average number of epochs
ACT incorrectly identifies as wake, as a portion of all epochs ACT identifies as wake,
based on the first baseline night and is used to predict the number of epochs ACT
incorrectly identifies as wake, as a portion of all epochs ACT identifies as wake, for each
subsequent night. The correction factor’s accuracy and efficacy on subsequent nights is
based on the subject awakening and lying still the same number of times as well as the
subject sleeping with the same amount of restlessness from night to night.

Predicted number of AS epochs =
Original number of AS epochs — Correction value #1 + Correction value #4

7. Subtracting PWAS percentage of all ACT sleep epochs based on BL 1
(correction factor #2 value) AND adding PSAW epoch percentage of all ACT
wake epochs based on BL 1 (correction factor #4 value).

The correction factor again attempts to correct both the PWAS errors and PSAW
errors based on one BL night by combining correction factors #2 and #4. It adjusts for
the average number of epochs ACT incorrectly identifies as sleep, as a portion of all
epochs ACT identifies as sleep, based on the first BL night and is used to predict the
number of epochs ACT incorrectly identifies as sleep, as a portion of all epochs ACT
identifies as sleep, for each subsequent night.

In addition, the correction factor also adjusts for the average number of epochs
ACT incorrectly identifies as wake, as a portion of all epochs ACT identifies as wake,

based on the first BL night and is used to predict the number of epochs ACT incorrectly
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identifies as wake, as a portion of all epochs ACT identifies as wake, for each subsequent
night. Once again, the correction factor’s accuracy and efficacy on subsequent nights is
based on the subject awakening and lying still the same number of times as well as the
subject sleeping with the same amount of restlessness from night to night.

Predicted number of AS epochs =

Original number of AS epochs — Correction value #2 + Correction value #4
8. Subtracting average number of PWAS errors per awakening period based on

both BL nights (correction factor #3 value) AND adding average number of
PSAW epoch errors based on both BL nights (correction factor #5 value).

Our final correction factor combines the two adjustments (correction factors #3
and #5) based on both BL nights. It adjusts for the average number of epochs ACT
incorrectly identifies as sleep, during each PSG wake period, based on the mean of both
baseline nights and is used to predict the number of epochs ACT incorrectly identifies as
sleep, during each PSG wake period, for each ET night.

In addition, the correction factor also adjusts for the average number of epochs
ACT incorrectly identifies as wake, as a portion of all epochs ACT identifies as wake,
based on the mean of both BL nights and is used to predict the number of epochs ACT
incorrectly identifies as wake, as a portion of all epochs ACT identifies as wake, for each
ET night. The correction factor’s accuracy and efficacy on ET nights is based on the
subject awakening and lying still the same number of times as well as the subject sleeping
with the same amount of restlessness from night to night.

Predicted number of AS epochs =

Original number of AS epochs — Correction value #3 + Correction value #5
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Median discrepancies

An early validation study suggests that ACT accuracy appears to be significantly
compromised when sleep is fragmented (Levine, 1986), thus, medians were acquired
from BL1 recordings and utilized to split the data on subsequent recordings (n=30).
Median splits for ACT sleep efficiency (SE - amount of sleep time divided by the amount
of time spent in bed, multiplied by 100%), PSG SE, PS, AS, PW, AW, PSAS, PWAW,
PWAS, PSAW, PVS, PVW, ACT Sensitivity, ACT Specificity and AR were executed to
determine whether correction factors were more useful for specific arrays of ACT or PSG
data. Pearson r correlations were performed on both median halves prior to and after
corrections factors were applied.

Results

Concordance and Discordance between ACT and PSG

Prior to applying correction factors, Pearson r analyses indicated significant
correlations between ACT TST and PSG TST for all recordings (» = 0.69, n=51, p < .05),
when excluding the first BL recording (r = 0.67, n=36, p <.05) and when including only
ET recordings (r = 0.64, n=18, p <.05). These correlation, although significant, are not
sufficient in clearly identifying the epoch-by-epoch concordance and discordance
between ACT and PSG. An epoch-by-epoch comparison, utilizing a threshold cut-score
of O counts to define sleep and > 0 counts to define wakefulness, between ACT and PSG
is presented in percentages of concordance and discordance in Table 2 and 3.

When comparing the all night average scoring for each method separately,
average nightly sleep/wake scoring only differs by 9 minutes, which at first may appear

to certainly be acceptable. However, a closer look reveals that the standard deviation is
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45.5 minutes and the range for PW-AW is —71 to 143 minutes. In addition, epoch-by-
epoch comparisons also indicates a nightly discordance of 35.3 minutes for PSG defined
sleep. The discrepancy is an ACT sensitivity of 90.3 percent or, viewed in a different
way, a 9.7 percent error rate of ACT in identifying sleep. This is barely acceptable using
the common criterion of 10 percent error rate permissible between two different scorers
of the same PSG.

The epoch-by-epoch scoring yields a nightly discordance of 45.3 minutes for PSG
defined wakefulness. The discrepancy is an ACT specificity of 49.2 percent or, viewed in
a different way, is a 50.8 percent error rate between the two methods for wakefulness,
which is unacceptable. Correction factors were developed, based on PWAS and PSAW
errors on BL, to estimat_e and correct the errors on subsequent recordings, thus, improving
the overall correlations between ACT TST and PSG TST and ultimately improving ACT
validity.

Assessment of timing discrepancies between ACT and PSG

To examine the extent to which different start and run times between the clocks in
the ACT and the PSG may have degraded the concordance between the ACT and PSG,
we shifted (advanced [+] and delayed [-]) the ACT data set by one minute increments, for
up to five minutes. The averages of ACT and PSG concordance and discordance with
shifts of ACT timing from 51 recordings are presented in Table 4.

As Table 4 indicates, the “No lag” condition provides the highest levels of
concordance between the two methods for sleep (PSAS) and wakefulness (PWAW) and
the lowest level of PSAW discordance, while the “-1 min delay” has the lowest level of

PWAS discordance. The “No lag” and the -1 min delay conditions are quite similar in
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their concordance and discordance values. We therefore conclude that the timing of the
ACT and PSG methods are close to equivalent and the discrepancy in the scoring of the
two methods is not due to differences in ACT and PSG clock timing.

Correction factors

The objective of the correction factors was to estimate and correct the PWAS and
PSAW errors on subsequent recordings, based on BL recordings, improving the overall
correlations between ACT TST and PSG TST and ultimately further improving the
validity of ACT. Once the correction factors were established, they were applied to
subsequent recordings. Eight correction factors were developed. Five of the correction
factors (1, 2, 4, 6 and 7) used the first recording of all 15 subjects to predict the
subsequent 36 recordings, whereas the remaining three correction factors (3, 5 and 8)
used subjects (n=9 subjects) who completed both baseline recordings (18 recordings) to
predict the subsequent 18 end of treatment recordings. Fisher’s z-transforming (as
described in Snedecor & Cochran, 1980), indicated no statistical difference between TST
correlations prior to and after applying the correction factors (see Table S).

Fragmented Sleep

It has been suggested that ACT accuracy is compromised when sleep is
fragmented (Levine, 1986). Sleep efficiency (SE) is a robust measure of sleep, and in
SMI it is a good measure of sleep fragmentation. In the hope that poor ACT predictions
could be improved on nights with fragmented sleep, we used PSG SE of 85 percent as the
cut score to divide the nights into low SE nights (n=32) and high SE nights (n=19). We
re-evaluated the concordance and discordance indices in these two groups of recordings.

Table 6 illustrates that on recordings with low PSG SE, the PWAS discordance is nearly
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36 minutes (p<.05) higher than on recordings with high PSG SE. Similarly, the ability of
ACT to predict sleep (PVS) is nearly 10 percent (p<.05) greater on high PSG SE
recordings. Striking is the reverse from the pattern with the ACT predictive value of
wakefulness. In this case, on recordings with low PSG SE, the PVW is better by 28
percent (p<.05) compared to the high PSG SE recordings. However, the PVW 0of 62.4
percent in subjects with low PSG SE is still quite poor. In addition, the agreement rate,
which is a ratio of total concordance over all epochs, is significantly better in subjects
with high PSG SE (p<.05) (see Table 6).

Looking at a range of cut scores for SE between 60 percent and 95 percent
revealed two linear trends for PVS and PVW as well as PSAW and PWAS (see Figure 2).
As SE increases there is a direct increase in PVS. As first discussed by Levine (1986),
ACT prediction of sleep improves on nights with higher SE. This is mainiy due to a
pronounced increase in PWAS errors as SE declines. Conversely, ACT prediction of
wakefulness improves on nights with lower SE values. The seemingly paradoxical
finding is due to a fairly constant level of PSAW errors over the range of SE values and
increasing levels of PW epochs with lower SE. Therefore, with decreasing SE the ability
of the ACT to predict sleep is lower and the ability to predict wakefulness is enhanced
(see Figure 2).

Because the strategy of defining subgroups (post-hoc) by a cut score of PSG SE
changed ACT validity, we decided to perform median splits on SE, concordance indices
and discordance indices to assess if correction factors were more effective for either the
top half or the bottom half of the data set. Subjects missing their BL1 or both BL1 and

BL2 recordings were not used in the fragmented sleep analysis. Fisher’s method of
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transforming the correlations to z-scores was utilized to determine significant differences
between correlations. The median split findings illustrate that correction factor 1
significantly improved ACT validity on TST compared to the original correlation
between ACT TST and PSG TST (r=0.67) when AW epochs > 69.5 (=0.89, p<.05).-

Correction factor 3, 5 and 8 significantly improved ACT validity on TST
compared to the original correlation between ACT TST and PSG TST (»=0.64) when
PVW > 63.9 percent (r=0.97, 0.96, 0.99, ps<.05, respectively) and AS epochs < 405
(r=0.94, 0.94, 0.94, ps<.05, respectively). In addition, correction factor 5 significantly
improved TST compare to the original correlation (r=0.64) when PWAS epochs < 40.5
(r=0.95, p<.05), PSAW epochs < 25 (r=0.94, p<.05), and ACT Sensitivity > 91.9 percent
(r=0.94, p<.05).

Discussion

Although our data, as reported in previous studies (Sadeh et al., 1989; Hauri and
Wisbey, 1992; Brooks et al., 1993), indicates statistically significant correlations between
ACT TST and PSG TST, the accuracy of ACT does not reach a satisfactory level to use
as areliable tool. The average overall agreement rate between ACT and PSG (82.3
percent) is below the conventional criteria (90 percent) used for inter-scorer reliability for
PSG scoring. Only 15.7 percent of the recordings reach this standard.

By examining the data, epoch-by-epoch, we were able to identify where the errors
existed. The discordance often occurred around sleep to wake or wake to sleep
transitions. In addition, lying motionless in bed while awake or being motorically
restlessness while asleep were significant sources for ACT/PSG discordance. Based on

the errors identified, we developed several correction factors in an attempt to improve the
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accuracy of ACT on sleep recordings.

Unfortunately, none of the correction factors developed improved the validity of
ACT. It appears as if the within subject (night-to-night) variability (see Figure 3)
mterfered with the success of our correction factors. Studies have demonstrated that
night-to-night variability (Hilten, 1993; Sadeh, 1991) was a significant problem for ACT
in various populations. Our study is no exception. Internight sleep and wake variability
prevented correction factors from accurately predicting ACT/PSG discordance on
subsequent recordings.

Another important aspect, which may help explain the inability of our correction
factors to improve ACT validity, may be the incompatibility of epoch scoring. According
to standard PSG scoring, if less than 50 percent of a PSG epoch is wake activity, it may
be scored as sleep, whereas, with ACT, movement is totaled and averaged across the
epoch bin which may skew an epoch from “accurate” assessment. The fundamental

differences in scoring methods leaves room for significant discordance between ACT and

Another approach we took to explore the usefulness of ACT was to identify the
group of sleepers in whom the ACT may show better validity. Similar to previous
empirical study suggestions, the more fragmented sleep is, as indicated by lower SE, the
poorer the agreement between ACT and PSG (Levine, 1986). Recordings that fall below
the 85 percent PSG SE cutoff demonstrate significantly more PWAS discordance, as well
as significantly lower levels of ACT’s predictability of sleep and wake. This may be a
result of sleep maintenance insomniacs lying motionless in bed while awake. Results

from the median splits further suggest that ACT is more reliable when ACT identifies
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more waking or less sleep.

ACT and PSG essentially gather different types of information. ACT aims at
collecting various levels of arousal and movement, whereas PSG aims at identifying tiers
of sleep. ACT should be recognized as a useful instrument that may be used when we are
concerned about movement in sleep. Clearly, the weakest aspect of ACT is its inability
to accurately detect transition periods of sleep and wake. Our epoch-by-epoch indices
depict the wake to sleep transitions (which may explain PWAS errors) and the sleep to
wake transitions (which may explain PSAW errors). Although we were able to identify
the error types, our efforts to correct for them on subsequent nights failed. It is our
suggestion that more ACT research be conducted to have a better understanding of which
specific clinical population is likely to benefit the most from ACT and how ACT and
PSG discordance can be most efficiently minimized through the use of correction factors.
Acknowledgements: We would like to thank, John Cunningham for invaluable technical
assistance and Computer Science and Applications Inc., Ambulatory Monitoring

Applications Division (Shalimar, Florida) for providing the actigraphs.
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Table 1

Naming convention for epoch categorization

Acronym

Definition

PS

AS

PW

AW

PSAS

PWAW

PWAS

PSAW

An epoch categorized as sleep by PSG
An epoch categorized as sleep by ACT
An epoch categorized as wake by PSG
An epoch categorized as wake by ACT
An epoch categorized as sleep by both PSG and ACT
An epoch categorized as wake by both PSG and ACT
An epoch categorized as wake by PSG and sleep by ACT

An epoch categorized as sleep by PSG and wake by ACT
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Table 2

69.

Overall average scoring (SD) of sleep and wakefulness for ACT and PSG and indices of

epoch-by-epoch concordance and discordance between the two methods (n=51)

Description Indices Mean (SD)
Single Method PS 366.6 (64.5)
Scoring AS 375.5(59.3)

PW 89.2 (64.0)

AW 80.6 (48.3)

Concordance PSAS 330.2(61.3)
Between Methods PWAW 43.9 (43.4)
Discordance PWAS 45.3 (34.6)
Between Methods PSAW 35.3(22.5)
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Table 3
ACT’s Mean (SD) predictive value for sleep (PVS) and wakefulness (PVW), as defined
by PSG, ACT Sensitivity for sleep and specificity for sleep, and agreement rate (AR)

between ACT and PSG (n=51)

Indices Mean (SD)
PVS 87.9% (9.2%)
PVW 51.0% (23.6%)

ACT sensitivity 90.3% (5.9%)
ACT specificity 49.2% (19.4%)

AR 82.3% (7.5%)
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Table 4
One minute advance (+ minutes) and delay (- minutes) increments to determine average

ACT and PSG concordance and discordance from 51 recordings

Act+5 Act+4 Act+3 Act+2 Act+l ACT Act-1 Act-2 Act-3 Act-4 Act-5

Indices min. min. mn mn mn Nolag min. min. min. min min.
PSAS 312 314 315 317 320 330 327 323 320 319 317
PWAW 30 31 32 34 37 44 43 39 37 35 33
PWAS 56 55 54 53 50 45 44 47 48 49 50
PSAW 50 48 48 47 44 35 37 41 43 45 46
PVS 8% 83% 8% 8% 87% 88% 88% 87% 87% 87% 86%
PVW 30% 33% 34% 35% 40% S51% 50% 45% 40% 38% 36%

ACT sensitivity 86% 86% 87% 87% 838% 90% 89% 88% 88% 87% 87%

to sleep

ACT specificity 29% 31% 32% 33% 38% 49% 51% 44% 39% 38% 35%

for sleep

AR 77% 77% 78% 78% 79% 82% 82% 81% 80% 79% 78%

Total epochs 447 448 449 450 451 454 451 450 449 448 447
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Table 5

72.

Means (SD) and correlations between PSG TST and ACT TST prior to and after applying

correction factors (CF) and p-values comparing correlations

CF N PSGTST(SD) ACTTST(SD) Pearsonr
after CF Prior to CF
1 36 365.3(62.0) 328.1(53.3) 0.67*
2 36 3653(62.0) 329.6 (52.7) 0.67*
3 18 384.2 (46.1) 338.0(45.9) 0.64*
4 36 365.3(62.0) 408.8 (57.2) 0.67*
S 18  384.2(46.1) 423.5 (47.6) 0.64*
6 36 365.3(62.0) 363.8 (54.2) 0.67*
7 36 365.2 (62.0) 365.4 (54.6) 0.67*
8 18 384.2 (46.1) 376.1 (49.5) 0.64*
*=p<.05

Pearson r p-values
after applying CF  comparing correlations
0.74* 0.28
0.71* 0.38
0.72* 0.34
0.64* 0.42
0.58* 0.40
0.63* 0.39
0.59* 0.29
0.60* 043
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Table 6

Concordance and discordance indices between PSG SE < 85% (n=32) and

PSG SE > 85% (n=19) epoch indices

Indices

PWAS

PSAW

PVS%

PVW%
ACT sensitivity % to sleep
ACT specificity % to sleep

Agreement Rate

PSGSE<85% PSGSE >85%
77.7(10.49) 91.5(3.3)
Mean (SD) n=32 Mean (SD) n=19 t-value p-value
58.3 (35.8) 22.8 (16.2)
33.7 (22.6) 38.0(22.7)
84.3 (9.0) 94.1 (4.4)
62.4 (17.1) 34.4 (24.9)
90.0 (6.1) 90.7 (5.7)
49.8 (18.6) 39.5(19.4)
80.1 (6.9) 86.5 (6.8)

4.11

-0.65

-4.27

4.78

-0.39

1.89

-3.25
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Figure 1

ACT sensitivity and specificity to sleep (n=51)
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Figure 2
A Mean PVS and PVW per PSG SE bin ranging from 0%-100%
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Figure 3
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Appendix 1

Acronym Index

Acronym, Definition

ACT, actigraph or actigraphy

PSG, polysomnography

SMI, sleep maintenance insomnia

BL, baseline

ET, end of treatment

MT, melatonin

PB, placebo

TST, total sleep time

SE, sleep efficiency

PS, an epoch categorized as sleep by PSG

AS, an epoch categorized as sleep by ACT

PW, an epoch categorized as wake by PSG

AW, an epoch categorized as wake by ACT

PSAS, an epoch categorized as sleep by both PSG and ACT

PWAW, an epoch categorized as wake by both PSG and ACT

PWAS, an epoch categorized as wake by PSG and sleep by ACT

PSAW, an epoch categorized as sleep by PSG and wake by ACT

ACT predictive value for sleep (PVS) = PSAS/[PSAS + PWAS] x 100%

ACT predictive value for wakefulness (PVW) = PWAW/[PWAW +PSAW] x 100%

ACT sensitivity to sleep = PSAS/[PSAS +PSAW] x 100%

ACT specificity to sleep =PWAW/[PWAW + PWAS] x 100%
Agreement rate (AR) = PSAS + PWAW/[PSAS + PWAW + PWAS + PSAW] x 100%
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