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Abstract

OBJECTIVES—To test whether the addition of melatonin to bright-light therapy enhances the
efficacy in treating rest—activity (circadian) disruption in institutionalized patients with Alzheimer’s
disease (AD).

DESIGN—Randomized, controlled trial.
SETTING—Two nursing homes in San Francisco, California.
PARTICIPANTS—Fifty subjects (mean age 86) with AD.

INTERVENTION—EXxperimental subjects received 1 hour of morning light exposure (>2,500 lux
in gaze direction) Monday to Friday for 10 weeks and 5 mg melatonin (LM, n = 16) or placebo (LP,
n =17) in the evening. Control subjects (n = 17) received usual indoor light (150-200 lux).

MEASUREMENTS—Nighttime sleep variables, day sleep time, day activity, day:night sleep ratio,
and rest-activity parameters were determined using actigraphy.

RESULTS—L.inear mixed models were employed to test the primary study hypotheses. No
significant differences in nighttime sleep variables were found between groups. At the end of the
intervention, the LM group showed significant improvement in daytime somnolence as indicated by
a reduction in the duration of daytime sleep, an increase in daytime activity, and an improvement in
day:night sleep ratio. The LM group also evidenced a significant increase in rest-activity rhythm
amplitude and goodness of fit to the cosinor model.

CONCLUSION—L.ight treatment alone did not improve nighttime sleep, daytime wake, or rest—
activity rhythm. Light treatment plus melatonin increased daytime wake time and activity levels and
strengthened the rest—activity rhythm. Future studies should resolve the question of whether these
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improvements can be attributed to melatonin or whether the two zeitgebers interact to amplify
efficacy.
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With Alzheimer’s disease (AD), nighttime sleep is severely fragmented, and daytime activity
is disrupted by multiple naps. Leading theories that suggest possible etiologies for the rest—
activity disruption include neurological deterioration that underlies the AD process and
decreased exposure to external zeitgebers that influence circadian rhythms (e.g., bright light).

Pharmacologlcal treatments for nighttime sleep disruption have proven only minimally
effective and are often associated with unacceptable side effects that are particularly
problematic in AD, because sedative medications worsen cognition and contribute to fall risk.

2 Disturbances in the rest—activity rhythm negatively affect quality of life and are one of the
primary reasons caregivers seek institutionalization of patients with AD.3:4 Patients with
socially unacceptable rest—activity rhythms (i.e., active during the night and asleep during the
day) pose challenges for professional and lay care providers. In an institutional environment,
patients experiencing rest-activity disruption can disturb other residents at night. Daytime
somnolence also prevents participation in activities and social interaction.

Exposure of the eyes to light of sufficient intensity and duration at the appropriate time of day
can have profound effects on the quality, duration, and timing of sleep. The retinohypothalamic
tract mediates the effect of light on the brain, and the daily light-dark cycle is the primary
synchronizer responsible for entrainment of circadian rhythms to the 24-hour day. In an
institutional environment, where light levels tend to be low, residents may not be exposed to
sufficient bright light to entrain to the 24-hour day

Therapeutic exposure to bright light has been shown to alter rest—activity rhythms. Results
from earlier phases of this study indicated that morning bright-light exposure (9:30-10:30 a.m.)
for 10 weeks did not induce an overall improvement in measures of sleep or rest-activity
rhythm, although subjects with aberrant timing of their rest-activity rhythm showed significant
improvement in rhythm stability and amplltude Subjects who received morning (9:30-10:30
a.m.) or afternoon (3:30-4:30 p.m.) bright-light exposure for 10 weeks were subsequently
compared with a control group, and significant stabilization of the rest-activity rhythm
acrophase was found in subjects who received bright Iight.8 Other investigators have reported
positive effects of bright |I§ht on nighttime sleep time and circadian rhythm variables in
subjects with dementia.9~14 In summary, although the appropriate intensity, duration, and
timing of exposure to light has not been established, research results indicate that bright light
can be an effective treatment strategy for rest—activity disruption in subjects with AD.

Retinal neurons respond to stimuli from the light—dark cycle and project, through the
retinohypothalamic tract, to the suprachiasmatic nucleus (SCN) of the anterior hypothalamus,
which acts as a pacemaker. The li ht—dark cycle entrains the pacemaker and its outputs,
including melatonin secretion.13:15 The pacemaker thus regulates the pineal gland’s timed
secretion of the neurohormone melatonin, which in turn feeds back on melatonin receptors in
the SCN. This feedback may be attenuated with older age because of a reduction in serum
melatonin concentration and a shift in the melatonin secretion rhythm. 15-17 Melatonin
secretion is even lower in patients with AD, and this decrease is evident in the early stages of
the disease.16:18-20 A further attenuation of the functional feedback signal of melatonin to
the SCN in AD may result from the decrease in SCN melatonin receptors.21 Exogenous
administration of melatonin in the mormng delays circadian rhythms, and administration in
the evening advances circadian rhythms Nighttime melatonin administration has also been
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shown to act as a soporific, increasing sleep propensity, sleep efficiency, and daytime alertness
and decreasing sleep onset latency and number of nighttime awakenings. 23 n patients with
dementia, exogenous melatonin administration has been shown to improve sleep in some
studies but not in others. In two community-based studies using doses of 2.5 and 10 mg of
melatonin and 6 mg of slow-release melatonin, there were no significant effects on nighttime
sleep variables.24:23 In nursing home subjects, 6-mg melatonin treatment resulted in better
sleep and less sundowning,26 and 1 to 3 mg melatonin resulted in less daytime sleepiness and
sundowning but no improvement in nighttime sleep.27

Melatonin is considered to be a safe and nontoxic molecule. In healthy elderly people, low
doses (0.2-2 mg) reportedly did not produce improvement in sleep measures, but a higher dose
(50 mg) produced a sleep benefit with no adverse effects.24 One study found that 5 mg
administered over 1 week trended toward improving sleep in subjects with Parkinson’s disease.
28 Few side effects have been observed with low-dose melatonin (<10 mg). None were noted
during the pilot study (n = 8)28 or the subsequent larger study (n = 40).2 Another study24
found in its large sample (n = 157) no difference between tolerability of melatonin and that of
glacebo. Long-term side effects or interactions of melatonin with other drugs are not known.

0 possible effects of exogenous melatonin in humans include antioxidant properties,
drowsiness, reduced glucose tolerance, an increase in peripheral but not cerebral blood flow,
and reduction in blood pressure.?’l‘34

Treatment with simultaneous bright light and melatonin in subjects with dementia has also
been studied. One study35 reported on motor restless behavior in institutionalized subjects
who received bright-light therapy in combination with 2.5 mg of melatonin and bright-light
therapy in combination with placebo. Subjects who received melatonin became more
aggressive and exhibited more disturbed behavior than subjects who received the placebo, who
exhibited less restlessness and better cooperation.

In summary, the results of previous studies on the effects of light and melatonin treatments for
sleep disruption in dementia have been equivocal, and treatment durations have been short (a
few weeks) and sample sizes small. The purpose of this study was to investigate the effects of
bright light and bright light plus melatonin as zeitgebers to strengthen input to the circadian
system on actigraphic estimates of night sleep time, daytime activity, day:night sleep ratio, and
rest—activity rhythm.

Staff identified residents of two large long-term care facilities in San Francisco, California,
with rest-activity rhythm disruption and a diagnosis of AD. Rest-activity rhythm disruptions
included insomnia, frequent nighttime awakenings, wandering at night, unusually early
morning awakenings, sundowning, and excessive daytime sleepiness. Chart reviews were
conducted to confirm that potential subjects met the following criteria for inclusion: a diagnosis
of probable AD according to the National Institute of Neurological and Communication
Disorders and Stroke/Alzheimer’s Disease and Related Disorders Association criteria, 30 the
ability to perceive light, and a stable medication regimen. Potential subjects were excluded if
they had other neurological diagnoses (e.g., Parkinson’s disease) or were regularly taking
valerian, melatonin, or sleeping pills. Informed consent was obtained from responsible parties
as approved by the institutional review board.
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This study compared morning bright-light exposure plus evening melatonin (LM)
administration with morning bright-light exposure plus evening placebo (LP) administration.
A control group received usual indoor light only. Subjects were randomly assigned to one of
the three groups.

Light—The study protocol was 11 weeks in duration: a baseline week (Week 1) followed by
a 10-week intervention period (Weeks 2—-11). Data presented here were collected at baseline
(Week 1) and at the end of the intervention period (Week 11). Subjects in the LM and LP
experimental conditions received morning (9:30-10:30 a.m.) bright-light exposure (>2,500 lux
in gaze direction) Monday through Friday for 10 weeks. The duration of light treatment, time
of day, and number of days per week were chosen for their feasibility of implementation in a
nursing home setting. During the intervention, subjects in the experimental groups participated
in activities in a brightly lit area outdoors or in an indoor space with windows to let in ample
natural light. APOLLO Brite Lite IV (Orem, UT) light boxes were used when necessary to
supplement the ambient light. These boxes (23" x 12" x 4™) provide 10,000 lux exposure at 26
inches and 2,500 lux exposure at 48 inches. Subjects were positioned at tables facing light
boxes located approximately 30 to 34 inches from their eyes. Light levels in gaze direction
were monitored for each subject at least once during each bright-light treatment with a Cal
LIGHT 400 (Auburn Hills, MI) calibrated precision light meter.

The control group received usual indoor light (150-200 lux) and participated in their regularly
scheduled activities in the usual location. During the intervention, the LM and LP groups
participated in activities similar to those provided to the control group subjects.

Melatonin—Based on previous findings29 and the unpublished pilot pharmacokinetic data
in young and older healthy adults studied at the Oregon Health and Science University, it was
decided to use a moderate pharmacological dose (5 mg) of melatonin over a 10-week
administration timeframe. This dose should yield peak plasma levels 10 to 1,000 times
physiological levels within 1 hour of administration, with supraphysiological levels maintained
throughout an 8-hour night.

The University of California, San Francisco Drug Product Services Laboratory provided
melatonin (5 mg) and identically appearing lactose placebo capsules. The LM group received
5 mg of melatonin, and the LP group received a lactose placebo, both administered daily at
dinnertime (5:00-6:00 p.m.), which was 2 to 3 hours before the scheduled habitual bedtime of
8:00 p.m. The nursing homes’ pharmacies distributed medications, which nursing staff
administered. Study staff, nursing home staff, and subjects were all blinded to melatonin
treatment group assignment.

Rest—activity data were collected using the Actiwatch activity monitor (AW-64, Mini Mitter
Co., Inc., Bend, OR). Actiwatches are compact, battery-operated activity monitors with
physical characteristics similar to a small wristwatch. The devices use an “accelerometer” to
monitor occurrence and degree of movement-induced accelerations. Activity counts,
representing movement, are stored in memory in the device in 1-minute epochs. Actigraphy
has been shown to correlate well with electroencephalogram recordings and direct observation.
37 1talso provides a feasible technique for studying the rest—activity rhythm in institutionalized
patients with dementia and is an appropriate means for assessing treatment effects. 38,39

Actiwatches were placed on each subject’s dominant wrist, and a nylon locking cable was
affixed through the watchband to deter removal. Subjects wore the Actiwatch continuously
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during each monitoring period, which consisted of 5 nights and 4 days (Monday 8:00 p.m.
through Saturday 8:00 a.m.) for a total of 108 possible hours per subject.

Actigraphy data were analyzed using Actiware Sleep Version 3.2 (Mini Mitter Co., Inc.) set
at medium sensitivity. Daytime and nighttime were defined as the institutional rise and bed
times of 8:00 a.m. and 8:00 p.m. Although calculating the actual sleep episode time for each
subject would have been optimal, this was not possible because of staffing constraints. Other
investigators have used similar methods to define day and night intervals (e.g.,40), and these
methods correlate well with actual nurse recorded time in bed. One study reported actual time
in bedictz) be approximately 12 hours in a study of subjects with dementia residing in a nursing
home.

The nighttime outcome variables included sleep time, wake time, and average number and
duration of sleep and wake bouts. Daytime sleep time, wake time, wake and sleep bout duration,
total activity, and the day:night sleep time ratio were also calculated.

Additional circadian outcomes were computed using two methods. Traditional parametric
cosinor analysesll’40 and nonparametric techniques41 were used to quantify each subject’s
24-hour rest-activity rhythm. For each subject and time condition, the parametric 24-hour fixed
period cosinor model was fit to the natural log (In) transformed actigraphy data (counts per
minute). The decision to loge transform the raw count data before the cosinor analysis was
based on the strong positive skew in the distribution of the activity count data and was intended
to ensure a larger relative weighting of the fit to the conceptually important lower-activity
nocturnal period. Natural log transformation makes the effective data-analysis weight of
evidence for each time point more uniform and balanced over the entire 24-hour period. The
resulting within-subject coefficient estimates were then transformed to compute standard
interpretive cosinor parameters (e.g., amplitude, acrophase). These within-subject cosinor
summary parameters then became variables in the across-subject analyses for evaluation of
treatment effects.

The activity levels that the fitted cosinor model predicts may overestimate the average levels
measured during the typically shorter sleep—rest period. This motivates the addition of other
summary nonparametric measures that are more sensitive to the characteristics of the empirical
24-hour activity profile. These nonparametric techniques were employed to assess the
following circadian parameters, which are significantly related to several indirect parameters
of well-being and quality of life in elderly people with dementia.#2

Interdaily stability: quantifies the degree of resemblance between activity patterns of
individual days (theoretical range 0-1). Higher values indicate a more stable rhythm.
Intradaily variability: quantifies the fragmentation of periods of rest and activity
(theoretical range near O for a sine wave up to 2 for Gaussian noise and even higher
values when a definite ultradian component with a period of 2 hours is present). Higher
values indicate a more-fragmented rhythm.

L5: sequence of the 5 least-active hours in the 24-hour average activity profile.
Average activity during L5 provides an indication of trough or nadir of the rhythm
(i.e., regularity and restfulness of sleep periods). Lower values indicate more restful
sleep.

M10: sequence of the 10 most-active hours in the 24-hour average activity profile.
Average activity during M10 provides an indication of the peak of the rhythm (how
active and regular the activity (wake) periods are). Amplitude: the difference between
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the most-active 10-hour period and the least-active 5-hour period in an average 24-
hour pattern.

Relative amplitude: reflects the normalized difference between the most-active 10-
hour period and the least-active 5-hour period in an average 24-hour pattern
(theoretical range 0-1). Higher values indicate a stronger rhythm.

The main effects of time and group and the time-by-group interactions were analyzed using
linear mixed models with full maximum likelihood estimation in SPSS version 14.0 (SPSS
Inc., Chicago, IL). The complete model was run with the control group as a reference to
compare LP with control and LM with control; the analysis was then repeated with the LM
group as a reference to compare LP with LM. Post hoc tests for simple effects were also
conducted as linear mixed models with maximum likelihood estimation, following previous
recommendations.43

Fifty subjects (43 women, 7 men) completed the study. The average age + standard deviation
of the sample as a whole was 86 + 8 (range 60-100). Despite random assignment of subjects
to one of three groups, subjects randomized to the control condition were significantly younger
(82 £ 10, post hoc Bonferroni P = .04) than subjects in the LP group (89 £ 7). Age was therefore
centered on the grand mean as recommended for quantitative predictors to ease interpretation
of the parameter estimates at the intercept (baseline assessment) and included in all subsequent
analyses.44'45 The mean Mini-Mental State Examination#6 score was 9.3 + 7.9, and there
were no significant differences between groups. Subjects tolerated the Actiwatches well, with
41 of 50 participants never removing the device during the baseline or end-of-the-intervention
collection periods. On average, of the total possible 108 hours, there were 105 + 8 hours of
valid data for baseline (range 75-108) and 107 £ 3 hours of valid data at the end of intervention
(range 90-108), with no significant differences between the groups.

Exposure to Light Treatment

Actigraphy

The median light exposure for the treatment groups was 6,204 + 2,668 lux. Attendance and
approximate percentage of the intervention missed (e.g., eyes closed, toileting time) were
recorded for each subject who received bright-light treatment. The percentage (dose) of
intervention received was calculated by dividing the hours of intervention received by the total
possible number of intervention hours (50 hours over the 10-week intervention period). The
mean percentage of intervention received was 82 £ 17% (range 40-97%), and there was no
significant difference between the LP and LM groups.

There was a main effect of time for several dependent variables. To determine whether these
main effects could be attributed to seasonal variations, values for sunset, sunrise, day length,
and rate of change in day length for both assessment weeks and averaged over the entire
treatment periods were tested. There were no significant effects.

Sleep and Wake—Means and standard deviations of the sleep and wake variables are
presented in Table 1. Linear mixed-model analyses of the sleep and wake outcomes revealed
significant differences between the groups from baseline to end of intervention in the variables
presented in Table 2. Daytime sleep time decreased significantly (66 minutes) in the LM group,
whereas it increased 25 minutes in the LP group (t = —3.744, P <.001) and 50 minutes in the
control group (t = —4.802, P <.001). Post hoc analyses of simple slopes were conducted
separately for each group following procedures described previously.43 (That is, change from
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baseline to end of intervention was tested within each group individually, when the pairwise
group-by-time interaction for that group was significant.) Results revealed a significant
decrease for daytime sleep time (t=—3.779, P <.001) in the LM group and a significant increase
for the control group (t = 3.002, P =.004). There was a significant increase (t = 2.074, P =.04)
in the daytime total activity score in the LM group and a significant reduction for the control
(t=-2.558, P =.01) and LP (t =—2.790 P = .007) groups. Day:night sleep ratio in the LM
group improved significantly (t = —3.871, P <.001).

Rest—Activity Rhythm—Means and standard deviations for the rest-activity rhythm
variables are presented in Table 1. Figure 1 presents polar plots of individual subjects according
to group. Figure 2 illustrates group mean activity counts binned in hours. The linear mixed-
model analyses of the parametric and non-parametric outcomes revealed significant differences
between the groups from baseline to end of intervention for the variables presented in Table
2. Parametric amplitude was significantly better in the LM group than in the LP (t = 3.23, P
=.002) and control (t = 3.33, P =.002) groups. Cosinor model goodness of fit (coefficient of
determination (R2)) was significantly better in the LM group than in the control group (t =
2.773, P =.008). Nonparametric measure of amplitude also significantly improved for the LM
group compared to the LP group (t = 3.19, P =.002). The M10 significantly increased in the
LM group compared with the LP (t =3.099, P =.003) and control (t =2.822, P =.007) groups.
On average, subjects in the LP and LM groups phase advanced (LP 34 minutes, LM 63
minutes), whereas subjects in the control group phase delayed (21 minutes), although these
differences were not statistically significant. Post hoc analyses of simple slopes were conducted
as described above. Parametric amplitude (t = 3.976, P < .001) and R? (t = 3.309, P = .002)
increased significantly in the LM group. Nonparametric amplitude increased significantly for
the LM group (t = 2.120, P =.04) and decreased for the LP group (t = -2.394 P = .02). M10
decreased significantly in the LP (t=-2.875, P =.006) and control (t=-2.477, P =.02) groups.

DISCUSSION

In this study, morning bright light plus evening melatonin resulted in more daytime activity
and less daytime somnolence, a more-normal diurnal pattern. This was also reflected in an
improvement in the goodness of fit (R2) of the data to a traditional cosinor model and greater
amplitude of the rest-activity rhythm. Decreased daytime sleep facilitates greater participation
in physical and psychosocial activities (e.g., visiting with family, participating in recreational
therapy activities). Conversely, engaging in psychosocial activities may prevent napping and
ultimately improve nocturnal sleep and the rest—activity rhythm.5 Others have shown these
improvements to increase patient well-being and quality of life and the well-being and quality
of life of caregivers and family members.2/ Evaluation of the nature of behaviors (e.0.,
increased cooperation, agitation) exhibited by the subjects cannot be determined from
actigraphy. Data analyses of neuropsychiatric behaviors are in process and will help to answer
this question.

Bright light alone or in combination with melatonin did not significantly improve nighttime
sleep variables as assessed using actigraphy. It is therefore unlikely that the daytime
improvements found in the group that received bright light plus melatonin resulted from
nocturnal improvements in sleep architecture. The old age, severity of dementia, and large
intra- and inter-individual differences in our sample may explain, in part, the lack of apparent
nighttime treatment effect. Actigraphy-derived measures may also not equate to time asleep.
The institutional bed and rise times defined “night,” which most likely does not accurately
reflect the nighttime sleep episode. Had it been possible to determine sleep onset and offset
and use these to define the nighttime sleep episode, it is possible that the findings might have
been more robust. Although using 8:00 p.m. to 8:00 a.m. allowed a standard interval to be
examined across subjects, it is not optimal for examining nighttime sleep outcomes. An
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increase in the number of nights monitored with the actigraph (5 on average in the present
study) would be another way to improve the accuracy of sleep estimates.4’ In addition, wrist
actigraphy does not permit primary sleep disorders (e.g., sleep disordered breathing, periodic
limb movements) that the interventions would not be expected to affect to be excluded.
Although these findings are consistent with some reports in the literature, 425,27 other
investigators have reported positive nighttime effects with bright-light therapy.gv12 Itis
possible that, even though the number of weeks of treatment in this study is the longest of any
of the work cited, daily treatment (vs only Monday through Friday) might have yielded a
stronger result. Indeed, positive effects on the sleep—wake rhythm have been reported in a study
that applied light during the entire day, 7 days a week, for 1 month.14

Itis also possible that light alone was not powerful enough to produce statistically significant
changes, but when combined with melatonin, the effect size increased so that significant results
were obtained. It is impossible to determine whether the results in the LM group were due to
melatonin alone or the combination of light and melatonin. There remains no accepted standard
for the intensity, duration, or timing of bright-light exposure and no accepted standard for
melatonin administration dose, formulation, or time of administration. It is possible that
subjects respond to light and melatonin differently across the lifespan and range of cognitive
impairment. Because the light treatments in this study were administered to all subjects at the
same time of day, it is possible that some subjects received light during a sensitive region of
their individual phase-response curve and others did not. In future studies, it might be more
effective to individualize the timing of light exposure and melatonin administration for subjects
based on their endogenous rhythm. When calculating the sensitive phase for morning light
treatment, it would be useful to determine each individual’s sleep onset time and sleep duration
before deciding the optimal time for light exposure and melatonin administration.

CONCLUSION

These results support the findings of others that 1 hour of morning light treatment alone may
not, under all circumstances, be sufficient to improve nighttime sleep, daytime wake, and the
rest—activity rhythm. Light treatment combined with melatonin administration increased
daytime wake time and activity levels and strengthened the rest-activity rhythm in subjects
with AD. It is possible that responses to individual interventions may be small and that
combining interventions could produce an additive effect that, in the aggregate, produces more
clinically significant effects. Future studies should resolve the question of whether the
improvements can be attributed to melatonin per se or whether the two zeitgebers, light and
melatonin, interact to amplify their efficacy.
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Control Group Light & Placebo Group Light & Melatonin Group

Figure 1.

Rest—activity rhythm acrophase and amplitude. e Baseline, o End of Intervention. These polar
plots provide a visual representation of the individual subject’s acrophase (time of peak
activity) and amplitude relative to the 24-hour day at baseline and end of intervention. Position
on the circular axis corresponds to 24-hour clock time, with midnight represented as 0 on the
far right, 6:00 a.m. on the top, noon on the left, and 6:00 p.m. at the bottom. Position on the
radial axis corresponds to rhythm amplitude, smaller amplitudes are closer to the center, and
larger amplitudes are more distal.
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End of Intervention
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Hourly activity counts according to group. Mean (5-day, 4-night) hourly natural log (In) activity
counts by time of day and group at baseline and end of intervention. C = control, LP = light
and placebo, LM = light and melatonin. The absolute and relative change in the position of the
solid line from baseline to end of intervention graphically illustrate the increase in daytime

activity in the LM group.
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