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Abstract
The absence of daily robust light-dark exposure patterns may contribute to sleep disturbances in
persons with Alzheimer’s disease and related dementias (ADRD). Personal light-dark and activity-
rest patterns were measured for healthy older adults and for persons with ADRD. Persons with
ADRD experienced lower light levels, exhibited lower activity levels, and had greater levels of
circadian disruption than healthy older adults during winter. Seasonal differences were observed
for persons with ADRD; lower levels of light exposure and greater levels of circadian disruption
were seen during the winter than during the summer, although activity levels did not differ for the
two seasons.
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INTRODUCTION
Persons with Alzheimer’s disease and related dementias (ADRD) are often difficult to
manage because of sleep problems, nocturnal wandering, and daytime irritability. Irregular
activity-rest patterns, possibly due to disruption of circadian rhythms, are among the most
common reasons for nursing home placement.

Circadian rhythms are governed by the master clock in the suprachiasmatic nuclei (SCN),
which has an intrinsic period slightly longer than 24 hours. The light-dark pattern incident
on the retina entrains the SCN to the 24-hour day, coordinating and enabling biological
rhythms to occur at the correct time of day and night for species survival. Without exposure
to a regular, daily pattern of light and dark, circadian rhythms become irregular,
compromising health and well-being [1].

Light treatment to promote circadian entrainment offers promise as a non-pharmacological
method to regulate sleep and activity in persons with ADRD. Studies have shown that
regular morning or evening light exposures, as well as all-day light exposures, can
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consolidate and improve nighttime sleep, increase daytime wakefulness, and reduce evening
agitation [2–8].

Research has shown that the human circadian system is maximally sensitive to 460 nm
(blue) light [9, 10]. Few photometric instruments are calibrated in terms of “circadian light”
and can record light over extended periods of time. Consequently, there have been few field
studies quantifying light-dark exposure patterns as they might affect circadian disruption.

The present paper provides personal light-dark exposure patterns and activity-rest patterns
exhibited by non-institutionalized persons with ADRD and by healthy older adults. From
those data, levels of circadian disruption exhibited by healthy adults and by persons with
ADRD are compared. Levels of circadian disruption exhibited by persons with ADRD
during the winter and during the summer are also evaluated.

MATERIALS AND METHODS
Subjects

Healthy older adults—Sixteen healthy older adults (13 females; mean ± standard
deviation (SD) age = 73 ± 6 years) were recruited and completed the data collection for this
study, which ran from September 2010 until February 2011. A research nurse evaluated
physical health through interviews. The Mini-Mental Score Examination (MMSE) mean ±
SD score was 29 ± 1.1 (range: 27–30). None of the subjects lived in nursing homes or were
hospitalized during the study, and all subjects scored a zero (independent) on the Minimum
Data Set Activities of Daily Living Scale [11] for the week prior to their participation in the
study. All subjects completed a consent form approved by the Institutional Review Boards at
all three institutions.

ADRD older adults—Twenty-one older adults (7 females) who were cognitively impaired
(81 ± 6 years) participated in the study, which ran from May–August 2011 (summer) and
November 2011 to March 2012 (winter). The mean ± SD score on the MMSE was 20.5 ±
2.9 points (range: 16–24). All participants had been previously diagnosed with dementia by
a physician based on the DSM-IV and NINCDS-ADRDA criteria [12, 13].

Procedures
Participants continuously wore a Dimesimeter on a wrist for one week. They were asked to
leave the device uncovered by clothing, and caregivers of ADRD subjects checked for
compliance.

The Dimesimeter is a small disk (~2 cm diameter) that continuously records light (using red,
green, and blue (RGB) sensors) and activity levels [14]. Upon downloading, the RGB values
are converted into illuminance, circadian light (CLA), and circadian stimulus (CS) levels
[15]. Briefly, illuminance is irradiance weighted by the photopic luminous efficiency
function (V(λ)), an orthodox measure of the spectral sensitivity of the human fovea, peaking
at 555 nm. CLA is irradiance weighted by the spectral sensitivity of the retinal
phototransduction mechanisms stimulating the SCN, based on nocturnal melatonin
suppression [15]. CS is a transformation of CLA into relative units from 0, the threshold for
circadian system activation, to 1, response saturation.

Data analysis
The Dimesimeter light and activity data were visually inspected to determine if subjects
complied with the protocol. The continuous five-day period that resulted in the most
complete data set was used in the analysis, and 94%, 96%, and 93% of the data in those five-
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day periods were used for the ADRD winter, ADRD summer, and healthy adults winter data
sets respectively. Mean light and activity patterns were determined for each subject. From
those data, two measures of circadian entrainment were calculated: relative activity (RA),
based upon activity, and phasor magnitude, based upon both light and activity.

Circadian entrainment
RA is a “contrast” calculation based upon the most and least active periods in a day [6]; a
higher value suggests less circadian disruption. A mean 24-hour activity-rest profile was
determined for each subject from the hourly mean activity levels. The continuous 10-hour
block with the highest mean activity level (M10) and the continuous 5-hour block with the
lowest mean activity level (L5) were determined. The RA for each subject was calculated by
the following ratio:

Phasor analysis is used to characterize the resonance between the 24-hour light-dark pattern
and the 24-hour activity-rest pattern [16]. Similar to the activity data, the overall light level
exposures were calculated by creating a mean 24-hour light-dark pattern from the hourly
mean values for each subject. Since CS is a measure of the effectiveness of optical radiation
on the retina for stimulating the human circadian system, the daily patterns of CS were used
in the phasor analyses. Phasor angles and magnitudes were determined from the light and
activity patterns. The higher the resonance, measured by the phasor magnitude, the greater
the circadian entrainment. Phasor angles describe the phase relationship between the light-
dark pattern and the activity-rest pattern. Entrained individuals typically have positive
phasor angles of about 1 to 2 hours in the phasor diagram [17]. These “normal” people are
usually active in bright light immediately after rising in the morning and continue to be
active throughout the day and into the dim evening light. The continuous 10-hour block that
had the highest mean CS level was also calculated to represent light exposures when the
subject was typically awake (CS10).

Statistical analyses
Two-tailed, unpaired t-tests were used to compare outcome measures obtained for the three
groups, healthy older adults during the winter, persons with ADRD during the winter and
during the summer.

RESULTS
Table 1 provides the mean ± standard error of the mean (SEM) values for each of the
outcome measures. The mean phasor magnitude for each group was determined from the
arithmetic mean of the individual phasor magnitudes in that group; the mean phasor angles
were based upon the vector sums of the individual phasor angles in the group. Figure 1
illustrates individual phasors, along with the group mean phasors together with 5-day light
and activity profiles for a representative subject from each group.

The t-tests revealed that during the winter, those with ADRD exhibited more circadian
disruption than healthy adults as reflected by their significantly shorter phasor magnitudes
and lower RA values. Those with ADRD studied in the winter also had significantly shorter
phasor magnitudes than those studied in the summer. ADRD adults were less active during
waking hours than healthy adults, as measured by M10. ADRD adults studied in the winter
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were exposed to less light than healthy adults in the winter and than ADRD adults in the
summer, as measured by CS10 (Fig. 1).

DISCUSSION
We used light-dark and activity-rest patterns to assess circadian disruption. Our results are
consistent with previous studies that have reported activity levels and sample light
measurements using a photopic illuminance meter in older adults [18–20]. The present
results are, however, the first field study to examine the synchrony between the calibrated
light stimulus pattern and the activity response pattern to assess circadian disruption.
Measurements obtained with the Dimesimeter revealed that those with ADRD experienced
more circadian disruption than healthy older adults. For comparison, schoolteachers and
day-shift nurses, who typically exhibit little circadian disruption, had mean phasor
magnitudes of 0.53 and 0.46, respectively, while healthy adults had a mean phasor
magnitude of 0.40 [17, 21]. Rotating-shift nurses who worked one night a week had a mean
phasor magnitude of 0.30, whereas those who worked two nights and three nights a week
(and therefore were more disrupted) had a mean phasor magnitude of 0.12 and 0.05,
respectively [17]. RA and phasor magnitudes, used here as measures of circadian disruption,
were significantly correlated (r2 = 0.32; p < 0.0001). Although MMSE scores did not
correlate well with lower phasor magnitudes (r2 < 0.01), there was a significant correlation
between CS10 values and phasor magnitudes in the ADRD groups (r2 = 0.7; p < 0.0001),
suggesting that higher amounts of circadian light exposures during the day reduce circadian
disruption.

Irregular activity-rest patterns are common in those with ADRD. Our data suggest that more
deliberate light interventions, particularly during the winter, could reduce circadian
disruption and thereby reduce sleep disturbances in older persons, particularly those with
ADRD.
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Fig. 1.
Phasor diagrams with light and activity profiles. Individual phasors (black lines) are shown
with the average phasors (arrows) for each of the three groups, (a) healthy adult subjects
studied during winter, (b) a group of subjects with ADRD studied during winter, and (c)
another group of ADRD subjects studied during summer. Representative 5-day average light
(CS, gray) and activity (AI, black) profiles are shown for a selected individual from each
group (a–c). The representative individuals are those having the median phasor magnitude
within each group.
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