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StudyObjectives:We investigated the effectiveness of a lighting intervention tailored to maximally affect the circadian system as a nonpharmacological therapy
for treating problems with sleep, mood, and behavior in persons with Alzheimer disease and related dementias (ADRD).
Methods: This 14-week randomized, placebo-controlled, crossover design clinical trial administered an all-day active or control lighting intervention to 46
patients with ADRD in 8 long-term care facilities for two 4-week periods (separated by a 4-week washout). The study employed wrist-worn actigraphymeasures and
standardized measures of sleep quality, mood, and behavior.
Results: The active intervention significantly improved Pittsburgh Sleep Quality Index scores compared to the active baseline and control intervention
(mean ± SEM: 6.67 ± 0.48 after active intervention, 10.30 ± 0.40 at active baseline, 8.41 ± 0.47 after control intervention). The active intervention also resulted
in significantly greater active versus control differences in intradaily variability. As for secondary outcomes, the active intervention resulted in significant
improvements in Cornell Scale for Depression in Dementia scores (mean ± SEM: 10.30 ± 1.02 at baseline, 7.05 ± 0.67 after active intervention) and significantly
greater active versus control differences in Cohen-Mansfield Agitation Inventory scores (mean ± SEM: −5.51 ± 1.03 for the active intervention, −1.50 ± 1.24 for
the control intervention).
Conclusions:A lighting intervention tailored to maximally entrain the circadian system can improve sleep, mood, and behavior in patients with dementia living in
controlled environments.
Clinical Trial Registration: Registry: ClinicalTrials.gov, title: Methodology Issues in a Tailored Light Treatment for Persons With Dementia, URL: https://
clinicaltrials.gov/ct2/show/NCT01816152, identifier: NCT01816152.
Keywords: Alzheimer’s disease, dementia, lighting intervention, circadian system, sleep, rest–activity, mood
Citation: Figueiro MG, Plitnick B, Roohan C, Sahin L, Kalsher M, Rea MS. Effects of a tailored lighting intervention on sleep quality, rest–activity, mood, and
behavior in older adults with Alzheimer disease and related dementias: a randomized clinical trial. J Clin Sleep Med. 2019;15(12):1757–1767.

BRIEF SUMMARY
Current Knowledge/Study Rationale:Older adults with Alzheimer disease and related dementias (ADRD) experience severe dysfunctions of their sleep–
wake and rest–activity patterns and are at high risk for depression and agitation behavior. These disturbances can lead to their placement in controlled
environments, where they experience even greater inactivity and reduced exposure to daytime circadian-effective light, further exacerbating their symptoms.
A circadian-effective lighting intervention can ameliorate these symptoms.
Study Impact:Our research shows that circadian-effective light, when carefully specified and implemented, can positively impact measures of sleep, mood,
and behavior in patients with ADRD living in assisted-living and long-term care facilities.

INTRODUCTION

Older adults with Alzheimer disease and related dementias
(ADRD) experience severe dysfunctions of their sleep–wake
and rest–activity patterns that clinically present as sundown-
ing, excessive daytime sleepiness, nocturnal wandering, agi-
tation, irritability, day–night reversal, and decreased cognitive
functioning.1–3 Recent research suggests a bidirectional re-
lationship between sleep disruption and the deposition of
Amyloid beta.4 Sleep problems are exacerbated in those with
ADRD, whose rest–activity rhythms can become less consol-
idated, asmanifested in nocturnalwandering.5,6 This population

is also at higher risk for depression and agitation behavior.
These disturbances can lead to the placement of patients with
ADRD in controlled environments, where they experience even
greater inactivity and reduced exposure to daytime circadian-
effective light, exacerbating their symptoms even further.5,7,8

Daytime light exposure is the major synchronizer of circadian
rhythms to the solar day, and light therapy has shown promise as a
nonpharmacological treatment to help regulate sleep and improve
cognition in patients with ADRD. Studies have demonstrated
that daytime light exposure can consolidate and increase night-
time sleep efficiency, increase daytime wakefulness, and reduce
evening agitation.9–11 Although a recent Cochrane review12 casts
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doubt on the efficacy of light therapy for improving sleep
and behavior in patients with ADRD, carefully specified
and implemented light can be a powerful nonpharmacological
intervention for improving sleep, mood, and behavior in
persons living with ADRD, as shown in previous studies
employing a tailored lighting intervention (TLI) designed to
maximally affect the circadian system.13–17

The study’s primary aim was to extend our earlier studies16,17

and determine whether a TLI delivering a high level of circa-
dian stimulation would improve reported and objective measures
of nighttime sleep. The secondary aim was to determine whether
the TLI would improve caregiver-assessed participant scores in
measures of depression, agitation, and quality of life. It was
hypothesized that all-day exposure to the TLIwould significantly
improve objective and reportedmeasures of sleep in participants.
We also hypothesized that the active TLI would improve reported
measures of depression, agitation, and quality of life.

METHODS

Participant Selection
Participants were recruited from 4 assisted-living facili-
ties (3 of which were dedicated memory-care units) and 4
long-term care facilities in the New York Capital District
and Bennington, VT. All participants had private bedrooms
but spent the majority of the daytime hours in common areas
supervised by facility caregivers. Rolling recruitment for the study
began inAugust 2014 and continued through June 2017. Potential
study participants (n = 80) identified by the facility nurse or
physician as having sleep problems were screened by research
staff and informed consent was obtained from the responsible
family members. Fifty-two participants who satisfied the study’s
inclusion and exclusion criteria were enrolled and 46 (mean
[SD] age, 85.1 [7.1] years; 65%were female) completed at least
one 4-week intervention period (Table 1). The study was
conducted in accordance with the Declaration of Helsinki18 and
was approved by the Rensselaer Polytechnic Institute Institutional
Review Board. There was minimal risk of harm to the participants,
as no known safety risks are associated with the devices used in
the study and all comply with federal regulations regarding elec-
tromagnetic and radio interference.

Inclusion criteria required a diagnosis of dementia according
to Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition19; a Mini Mental State Examination (MMSE)20

score between 4 and 24 points (indicating severe [≤ 10] to
mild [< 25] dementia) or a Brief Interview for Mental Status
(BIMS)21 score between 3 and 12 points (indicating severe [≤ 7]
to moderate [8–12] cognitive impairment), depending on the
particular facility’s evaluation procedures; and a score > 5
(indicating sleep disturbance) on the Pittsburgh Sleep Quality
Index (PSQI) questionnaire.22

Participants were excluded from the study if they had ma-
jor organ failure, a major illness, a history of head injury, un-
controlled generalized disorders (eg, diabetes), obstructing
cataracts, macular degeneration, blindness, or used psychotropic
medicine. Thosewith severe sleep apnea or restless legs syndrome
were also excluded. Sleep apnea was screened using the Sleep

Apnea scale of the Sleep Disorders Questionnaire,23 with a
cutoff score of 29 points for men (sensitivity 75%, specificity 65%)
and 26 points for women (sensitivity 80%, specificity 67%). Restless
legs syndrome was screened using the International Restless
Legs Syndrome Study Group rating scale,24 with a cutoff score of
11 points or greater (indicating at least moderate symptoms) for
all participants. Participants’ comorbidities included hyperten-
sion, depression, anxiety, hypothyroidism, atrial fibrillation, gas-
troesophageal refluxdisease,andhyperlipidemia.Noexclusionswere
made based on medication use except in the case of psychotropic
sleep aids. The use of antidepressants was not excluded, but physi-
cians were asked not to change dosages during the study period, and
no changes were observed or reported. A medication list for each
participant was obtained at the beginning and end of the study.

Tailored Lighting Interventions
Participants were exposed to 2 daytime lighting conditions:
(1) an active lighting intervention that provided high circa-
dian stimulus (CS)13–15 and (2) a control intervention that
provided low CS (ie, below the threshold for activation of
the circadian system), with the light delivery method varying
depending on where the participant spent most of his/her day.
Briefly, the TLI was designed to deliver targeted levels of
circadian light (CLA)25 and CS. CLA is irradiance weighted by
the spectral sensitivity of the retinal phototransduction mech-
anisms stimulating the response of the biological clock, based
on nocturnal melatonin suppression. CS is a transformation
of CLA into a relative scale from approximately 0.1 (10%),
the threshold for circadian system activation, to approximately
0.7 (70%), response saturation, and is equivalent to noctur-
nal melatonin suppression in percent after a 1-hour exposure
to light.

Table 1—Characteristics of participants.

Attribute Quantity

Participants, n (%) 46 (100.0)

Active–control intervention order 25 (54.3)

Control–active intervention order 21 (45.7)

Active and control interventions 41 (89.1)

Active intervention 43 (93.5)

Control intervention 44 (95.7)

Residing in assisted living facility, n (%) 28 (60.9)

Residing in long-term care facility, n (%) 18 (39.1)

Female, n (%) 30 (65.2)

Age, years, mean (SD) 85.3 (7.7)

MMSE score, mean (SD) 16.5 (5.0)

BIMS score, mean (SD) 5.3 (2.7)

Male, n (%) 16 (34.8)

Age, years, mean (SD) 83.1 (6.2)

MMSE score, mean (SD) 14.7 (4.3)

BIMS score, mean (SD) 6.0 (2.3)

BIMS = Brief Interview for Mental Status, MMSE = Mini Mental
State Examination.
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On the day of the lighting installation, light levels were
measured at participants’ eyes via spectroradiometer (model
BTS256-E, Gigahertz-Optik, Amesbury, MA) for both inter-
ventions. A custom software application was developed to
allow for real-time photopic illuminance andCSmeasurements.
Window shades were closed during measurement to remove
as much daylight from the space as possible. If the window
shades could not be closed, the space’s luminaires were not
energized and a measurement was taken to account for any ad-
ditional light from sources other than the intervention or control
light. The intervention and control lighting interventions were de-
livered using identical, custom-built floor luminaires, light boxes,
and light tables.

For the floor luminaires, the active intervention delivered a
targeted CS = 0.4 using 4 LED lamps providing either 600 lux
(at participants’ eyes) of a correlated color temperature (CCT)
of 5000 K (Ultra LED, OSRAM Sylvania, Wilmington,
MA) or 550 lux (at participants’ eyes) of a CCT of 7000 K
(Align AM, GE Lighting, Cleveland, OH). The control in-
tervention delivered a targeted CS < 0.1 using 2 LED lamps
providing either 110 lux (at participants’ eyes) of a CCT of
2700 K (Ultra LED, OSRAM Sylvania) or 110 lux (at partic-
ipants’ eyes) of a CCT of 2000 K (Align PM, GE Lighting).
Although the number of individual lamps installed in each floor
fixture changed between the interventions, the number of
fixtures used in each participant’s room remained the same for
both interventions.

The light boxes delivered 350 lux (at participants’ eyes) of
6000 K light for the active intervention (CS = 0.4) and 100
lux (at participants’ eyes) of 2700 K light for the control in-
tervention (CS < 0.1). The light boxes (24 inches long × 7
inches high × 7.5 inches deep) housed 2 fully tunable spectrum
12-inch linear accent luminaires (model G2, Ketra, Austin,
TX) placed end to end and housed in a frame covered by a
domed white acrylic light diffuser. The light box was driven
by a satellite link controller (model N3, Ketra, Austin, TX) with a
touchpad interface (model X1, Ketra). The self-luminous light
tables delivered 750 lux (at participants’ eyes) of 5000 K light
for the active intervention (CS = 0.4) and 200 lux (at partici-
pants’ eyes) of 2700 K light for the control intervention (CS <
0.1). The tables were built from 70-in. LED edge-lit televisions
(Sharp Corporation, Montvale, NJ) incorporated into t-slotted
aluminum frames (MiniTec Framing Systems, Victor, NY) and
covered by a protective clear acrylic sheet (0.64-cm thick) to
permit their use as actual tables.

Timers controlled all lights for both interventions, activating
the lights according to individual participants’ habitual wake times
(generally around 6:00–8:00 AM). The lights were placed in the
participants’ bedrooms or in common areas (eg, dining room)
for participants who spent most of the day outside their bed-
rooms. The existing facility lighting, delivering aCS<0.1 at eye
level, was used in all spaces after 6:00 PM. This plan of bright
daytime light and dim nighttime light exposures was designed
to provide participants with a robust entraining stimulus for
their circadian systems. Facility staff were not informed of
any differences between the lighting interventions andwere told
that the study’s goal was to determine which type of light was
more effective.

Field Monitoring Procedures and Analyses

Circadian Stimulus

During the data collection weeks, each participant wore a
Daysimeter26 device as a pendant (at chest height) during
waking hours and placed the device next to their bed during
sleep. TheDaysimeter is a small research device that continuously
records light exposures (using a red-green-blue [RGB] solid-
state photosensor package) and activity levels. Caregivers
were instructed to ensure that participants did not cover the
device with blankets, coats, or sweaters.Upondownloading, the
RGB values were converted into photopic illuminance (irradi-
ance weighted by the photopic luminous efficiency function [Vλ],
an orthodox measure of the spectral sensitivity of the human
fovea, peaking at 555 nm);CLA

13–15; and CS13–15 values. In order to
minimize the impact of skewed data (eg, a brief increase in CLA
due to sunlight hitting the Daysimeter’s sensor), geometric
mean values for CLA were calculated for transformation into the
CS values used in the analysis.

Questionnaires

Four questionnaires were completed by nighttime caregivers
to assess participants’ sleep quality, depression, agitation, and
quality of life. The primary outcome measure was the PSQI.22

Secondary outcome measures included the Cornell Scale
for Depression in Dementia (CSDD),27 the Cohen-Mansfield
Agitation Inventory (CMAI),28 and the Minimum Data Set
Activities of Daily Living Scale (MDS-ADL).29

The PSQI22 is a tool for measuring sleep quality in clini-
cal populations. It is composed of 19 items that generate 7
component scores (sleep quality, sleep latency, sleep dura-
tion, habitual sleep efficiency, sleep disturbances, use of
sleepmedication, and daytime dysfunction). The sum of the 7
component scores yields one global score. Global scores > 5
points indicate sleep disturbances.

The CSDD27 is a 19-item tool that evaluates the presence and
extent ofmood-related signs, behavioral disturbances, physical signs,
cyclic functions, and ideational disturbances. The items are scored 0–
3 points and a total score > 12 indicates probable depression.

The CMAI28 assesses the frequency of manifestations of
agitated behaviors observed in participants by caregivers. The
CMAI consists of 29 agitated behaviors, each rated on a 7-point
scale of frequency. Higher CMAI scores indicate greater fre-
quency of agitated behaviors.

TheMDS-ADL29 measures activities related to personal care
and includes bathing, dressing, getting in or out of bed or a chair,
using the toilet, and eating. Scores range from 0 (total indepen-
dence or no or little help with an activity) to 4 (total dependence,
full staff participation in activity during the entire week). A higher
score is associated with greater dependence in performance of
personal care.

Actigraphy

Participants wore an actigraph (Actiwatch 2, Philips Respironics,
Murraysville, PA) on their nondominant wrist that recorded rest–
activity rhythms for the calculation of interdaily stability (IS)
and intradaily variability (IV)11 as primary outcomes. IS is a ratio
that quantifies the extent to which all recorded 24-hour activity
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profiles resemble each other, which represents the day-by-day
regularity of the sleep–wake pattern. Higher IS ratios indicate
better interdaily stability. IV is a ratio that quantifies the
fragmentation of the rhythm, or the frequency and extent of
transitions between periods of rest and activity. Higher IV
ratios indicate greater intradaily variability. The actigraph data
were also used to obtain estimates of sleep parameters, in-
cluding actual sleep time, sleep efficiency (percentage of
actual sleep between sleep onset and final waking), sleep onset
latency (the time between lights out and sleep onset), and
daytime naps. Actigraphy data were analyzed using Philips
Respironics Actiware software (version 6.0.9).

Study Protocol
The study employed a randomized, placebo-controlled, cross-
over design over a 14-week period (Figure 1). A block ran-
domization (block size of 4) was used to randomize participants
into eachof the studygroups (ie, active/control and control/active).
The participant blocks were then sequentially assigned to re-
ceive the active or the control intervention first. The daytime
lighting intervention commenced upon completion of a 1-week
baseline assessment (weeks 1 and 10) and was in place for 4 weeks,
with a 4-week washout period between the 2 counterbalanced in-
terventions (active versus control). Data for the study’s outcome
measures were collected at weeks 1, 5, 10, and 14.

The facility’s nightshift caregiverwhowasmost familiarwith
a particular participant’s sleep and behavior completed the
questionnaires, performing all assessments. Participants wore
the Daysimeter and actigraph during the data collection weeks.
Research staff returned to the facility at the end of the baseline
weeks for installation of the lighting intervention (either active
or control). Research staff returned to the facility at the be-
ginning of week 5 and again asked the participants to wear the
Daysimeter and actigraph for the ensuing week. At the end of
week 5, the questionnaires were administered once again and
the lightingwas removed for a washout period of 4weeks. These
procedures were repeated in the same fashion with the coun-
terbalanced interventions for weeks 10 through 14.

Statistical Analysis
Participants were included in the analysis only if they com-
pleted at least one 4-week intervention period (active or control)

and had usable data for the baseline and intervention weeks.
Of the 52 participants recruited for the study, 6 dropped out
before completing any of the intervention periods and thus
were excluded from the data analysis. Of the 46 participants
who completed at least one intervention period and are in-
cluded in the statistical analysis, 2 experienced only the active
lighting intervention and 3 experienced only the control lighting
intervention. If a participant did not yield data for both
corresponding measurements of a given condition (eg, baseline
control and intervention control), that measurement was ex-
cluded from the analysis.

Of the 46 participants included in the actigraphy analysis,
data were not available for 4 participants due to nonadherence (ie,
they did not wear the device), device failure, or the availability of <
48 hours of usable data.Of the remaining 42 participants, 32 had
usable actigraphy data for both interventions and 10 had usable
data for only one intervention. The actigraphs were worn by
the participants for a mean (± standard error of themean [SEM])
duration of 6.5 ± 2.1 days. Of the 46 participants in the analy-
sis of Daysimeter data, CS data for one participant were ex-
cluded due to the availability of < 24 hours of usable data. Of
the remaining 45 participants, 32 had usable CS data for
both interventions and 13 had usable data for only one inter-
vention. For the analysis of the questionnaire data recorded for
the 46 participants, 41 had usable questionnaire data for both
interventions and 5 had usable data for only one intervention.

The analysis used the open-source statistical program-
ming language R and an integrated development environment
for that language, Rstudio (The R Foundation for Statistical
Computing, Vienna, Austria). First, linear mixed-effects
models were used to test for significant effects for all out-
come measures with condition (ie, active baseline, active inter-
vention, control baseline, control intervention) entered as a fixed
factor, and participant entered as a random factor. Determinations
of significance (P < .05) in the linear mixed-effects model results
employed unpaired, 2-tailed Students t tests with Tukey cor-
rections. Secondly, we calculated the difference between scores
obtainedduring the baseline (weeks1 and10) and follow-up (weeks
5 and 14) data collection weeks for both the active and control
lighting interventions. Linear mixed-effects models were again
applied to the differences and t tests were used to further in-
vestigate significant effects. In addition, we evaluated whether

Figure 1—The study protocol.

The 14-week protocol was composed of two 1-week baseline measurement periods and two 4-week counterbalanced lighting interventions (active versus
control), separated by a 4-week washout period. Data were collected during the baseline measurement weeks (weeks 1 and 10) prior to each 4-week
intervention and once again during the final week of each intervention (weeks 5 and 14).
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sex, site, age, and cognitive status affected the results by adding
these as factors in the model. As there were no significant
main effects of these variables, they are not included in the
model results.

RESULTS

Circadian Stimulus
The linear mixed-effects model performed to verify the per-
formance of the TLIs revealed a significant main effect
of lighting condition for CS values (F3, 106 = 3.69; P = .014)
and the difference between baseline and intervention CS
values (F1, 31 = 4.43; P = .04). The mean CS value after the
active intervention was significantly greater than baseline
(T76 = −3.00; P = .004; Cohen’s d = −0.68) (Figure 2A).
Differences in mean CS values were significantly greater after
the active intervention compared to the control intervention
(T75 = 2.05; P = .04; Cohen’s d = 0.47) (Figure 2B).

Primary Aim

Self-Reported Assessment of Sleep Quality (PSQI)

The linear mixed-effects model revealed a significant main
effect of lighting condition for the raw scores and the difference
between baseline and intervention scores (Table 2). Compared to
their respective baselines, mean PSQI scores were significantly
lower after the active intervention (Figure 3A, Table 3).
The mean PSQI score for the active intervention was
also significantly lower than the mean score for the con-
trol intervention. The difference between baseline and in-
tervention PSQI scores was significantly greater for the
active intervention compared to the control intervention
(Figure 3B, Table 3).

Objective Assessment of Sleep Quality (Actigraphy)

The linear mixed-effects model for sleep efficiency revealed
a significant main effect of lighting condition (Table 2), but

no significant differenceswere found in the post hoc comparisons
(Table 3). The linear mixed-effects model did not reveal a
treatment effect for any other raw or difference data set. The
baseline versus intervention difference in scores for IV signifi-
cantly varied between the active intervention and the control
intervention. The linearmixed-effectsmodel did not reveal a treat-
ment effect for any other raw or difference data sets (Table 3).

Secondary Aim

Self-Reported Assessment of Depression (CSDD)

The linear mixed-effects model revealed a significant main
effect of lighting condition (Table 4). The mean raw CSDD
score for the active intervention was significantly lower than
the score for the active baseline (Figure 3C, Table 5). The
difference between baseline and intervention CSDD scores
was significantly greater for the active intervention compared
to the control intervention (Figure 3D, Table 5).

Self-Reported Assessment of Agitation (CMAI)

The linear mixed-effects model revealed a significant main
effect of lighting condition (Table 4), but no significant dif-
ferences were found in the post hoc comparisons. The differ-
ence between the baseline and intervention CMAI scores was
significantly greater after the active intervention compared to
the control intervention (Figure 3F, Table 5).

Self-Reported Assessment of Quality of Life (MDS-ADL)

The linear mixed-effects model did not reveal a treatment
effect for the MDS-ADL scores (Table 4). Scores at baseline
and intervention remained essentially the same between the
active and control interventions (Table 5).

DISCUSSION

Light treatment is a nonpharmacological, noninvasive therapy that
has been used in conjunction with pharmacological interventions to

Figure 2—Geometric mean raw and difference CS values for the active and control interventions.

The mean CS value after the active intervention was significantly greater than baseline (A), and the differences in mean CS values were significantly greater
after the active intervention compared to the control intervention (B). The error bars represent standard error of themean. ** representsP <.01 and * represents
P < .05. CS = circadian stimulus.
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reduce sleep disturbances and symptoms of depression and agitation
in patients with ADRD.9–11,30 In this randomized, placebo-
controlled, crossover design field study, it was demonstrated that a

TLI designed to maximally affect the circadian system improved
reported measures of sleep quality, depression, and agitation be-
havior in participants with moderate to late-stage ADRD.

Table 2—Mean scores and linear mixed-effects model results for the study’s primary aim outcomes.

Outcome Data Type (mean ± SEM) F value; P value

Sleep quality (PSQI) Raw Active Baseline = 10.30 ± 0.40 F3, 125 = 27.03; P < .001*

Intervention = 6.67 ± 0.48

Control Baseline = 9.80 ± 0.44

Intervention = 8.41 ± 0.47

Difference Active = −3.63 ± 0.41 F1, 40 = 14.37; P < .001*

Control = −1.39 ± 0.42

Actigraphy: IS Raw Active Baseline = 0.37 ± 0.03 F3, 104 = 1.25; P = .30

Intervention = 0.35 ± 0.02

Control Baseline = 0.36 ± 0.02

Intervention = 0.39 ± 0.02

Difference Active = −0.02 ± 0.02 F1, 31 = 3.20; P = .08

Control = 0.03 ± 0.02

Actigraphy: IV Raw Active Baseline = 1.22 ± 0.05 F3, 104 = 1.21; P = .31

Intervention = 1.15 ± 0.05

Control Baseline = 1.17 ± 0.05

Intervention = 1.23 ± 0.04

Difference Active = −0.07 ± 0.04 F1, 31 = 4.01; P = .049*

Control = 0.06 ± 0.05

Actigraphy: Actual sleep time Raw Active (minutes) Baseline = 481.14 ± 22.80 F3, 103 = 2.35; P = .08

Intervention = 496.08 ± 22.40

Control (minutes) Baseline = 488.49 ± 19.47

Intervention = 523.84 ± 21.18

Difference (minutes) Active = 14.95 ± 17.20 F1, 31 = 1.12; P = .30

Control = 35.35 ± 13.53

Actigraphy: Sleep efficiency Raw Active (%) Baseline = 85.32 ± 2.14 F3, 103 = 3.50; P = .02*

Intervention = 85.43 ± 2.01

Control (%) Baseline = 85.92 ± 1.80

Intervention = 88.24 ± 1.44

Difference (%) Active = 0.11 ± 1.31 F1, 31 = 2.21; P = .15

Control = 2.32 ± 0.75

Actigraphy: Sleep onset latency Raw Active (minutes) Baseline = 15.68 ± 3.62 F3, 103 = 2.28; P = .08

Intervention = 18.49 ± 3.66

Control (minutes) Baseline = 15.57 ± 3.02

Intervention = 12.32 ± 2.55

Difference Active (minutes) = 2.81 ± 2.98 F1, 31 = 3.20; P = .08

Control (minutes) = −3.24 ± 1.62

Actigraphy: Daytime naps Raw Active (minutes) Baseline = 68.95 ± 3.67 F3, 104 = 2.10; P = .11

Intervention = 64.78 ± 3.33

Control (minutes) Baseline = 70.71 ± 3.80

Intervention = 75.79 ± 3.90

Difference (minutes) Active (minutes) = −4.17 ± 3.50 F1, 31 = 2.86; P = .10

Control (minutes) = 5.08 ± 4.18

Mean scores and linear mixed-effects model results for the study’s primary aim raw and difference data sets, by outcome measure. Statistically significant
results (P <.05) are indicated with an asterisk. IS = interdaily stability, IV = intradaily variability, PSQI = Pittsburgh Sleep Quality Index, SEM = standard error of
the mean.
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Mean PSQI scoreswere reduced from10.30 (active baseline)
to 6.67 (active intervention), the latter value being close to the
threshold for the absence of sleep disturbances (scores > 5),with
a very large effect size. While there was a reduction in PSQI
scores after the control intervention, the reduction was smaller
(from 9.80 to 8.41) and post hoc analyses did not reveal

statistical significance. Comparing the change in scores be-
tween the active or control interventions and their respective
baselines, the difference in PSQI scores was significantly
greater after the active intervention (−3.63) than after the control
intervention (−1.39). These results are consistent with, and
extend from, our previous studies.16,17 The present results

Figure 3—Mean raw and difference scores for measures of sleep quality, depression, and agitation behavior for the active and
control interventions.

Mean raw and difference scores for measures of (A, B) sleep quality (primary aim), (C, D) depression (secondary aim), and (E, F) agitation (secondary aim)
for the active and control interventions. The raw scores for sleep quality (PSQI) and depression (CSDD) improved significantly after the active TLI compared
to baseline. The sleep quality, depression, and agitation behavior difference (baseline–intervention) scores were significantly greater after the active
TLI compared to the control TLI. The results of the post hoc analysis are provided in Table 3 and Table 5. The error bars represent standard error of the
mean. *** represents P < .001 and * represents P < .05. CMAI = Cohen-Mansfield Agitation Inventory, CSDD = Cornell Scale for Depression in Dementia,
PSQI = Pittsburgh Sleep Quality Index.
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also extend our previous work through the introduction of
a placebo control condition, which minimized the risk
for biased responses.

With respect to objective measures of sleep and rest–activity
rhythms, although there was a significant main effect of lighting
condition for sleep efficiency, the post hoc analyses did not
show significant results. As for IV, only the difference in scores
showed a statistically significant effect, but there were no
significant differences in comparisons using the raw data. These
results are not consistent with results reported by Van Someren
et al, who showed amore robust increase in rest–activity rhythm
consolidation in patients with ADRD who were exposed to

4 weeks of bright light (> 2000 lux at the eye).11 The present
results are somewhat consistent with those reported by Sloane
et al, who showed a significant increase in sleep duration
after a 3-week lighting intervention but did not see any change in
rest–activity rhythms, including IS and IV.31 Similarly, our
previous study using a very similar TLI detected a significant
increase in sleep efficiency after 4 weeks but no significant
change in IV and IS.17 Previous studies have also shown an
impact of light on self-reported, but not objective, measures of
sleep.32,33 One explanation for the lack of effect could be that,
overall, the present study’s participants had very low levels of
activity, which therefore posed a challenge to performing sleep

Table 3—Post hoc analysis results for the study’s primary aim outcomes.

Outcome Data Type Comparisons t value; P value Cohen’s d

Sleep Quality (PSQI) Raw baseline active – intervention active t84 = 5.80; P < .001* 21.25

baseline active – baseline control t85 = 0.86; P = .85 0.18

intervention active – intervention control t85 = −2.58; P = .03* −0.55

baseline control – intervention control t86 = 2.17; P = .13 0.46

Difference active – control t85 = −3.79; P < .001* −0.81

Actigraphy: IS Raw baseline active – intervention active t72 = 0.45; P = .97 0.11

baseline active – baseline control t73 = 0.29; P = .99 0.07

intervention active – intervention control t73 = −1.10; P = .70 −0.26

baseline control – intervention control t74 = −0.93; P = .79 −0.21

Difference active – control t73 = −1.78; P = .08 −0.41

Actigraphy: IV Raw baseline active – intervention active t72 = 0.91; P = .78 0.21

baseline active – baseline control t73 = 0.68; P = .90 0.16

intervention active – intervention control t73 = −1.13; P = .68 −0.26

baseline control – intervention control t74 = −0.90; P = .82 −0.21

Difference active – control t73 = −2.00; P = .049* −0.46

Actigraphy: Actual sleep time Raw baseline active – intervention active t72 = −0.47; P = .96 −0.11

baseline active – baseline control t72 = −0.25; P = 1 −0.06

intervention active – intervention control t72 = −0.90; P = .80 −0.21

baseline control – intervention control t72 = −1.23; P = .65 −0.29

Difference active – control t72 = −0.93; P = .35 −0.22

Actigraphy: Sleep efficiency Raw baseline active – intervention active t72 = −0.04; P = 1 −0.01

baseline active – baseline control t72 = −0.21; P = 1 −0.05

intervention active – intervention control t72 = −1.14; P = .71 −0.26

baseline control – intervention control t72 = −1.01; P = .82 −0.23

Difference active – control t72 = −1.47; P = .15 −0.34

Actigraphy: Sleep onset latency Raw baseline active – intervention active t72 = −0.55; P = .93 −0.13

baseline active – baseline control t72 = 0.02; P = 1 0.01

intervention active – intervention control t72 = 1.38; P = .54 0.32

baseline control – intervention control t72 = 0.82; P = .89 0.19

Difference active – control t72 = 1.78; P = .08 0.41

Actigraphy: Daytime naps Raw baseline active – intervention active t72 = 0.84; P = .86 0.20

baseline active – baseline control t73 = −0.33; P = .99 −0.08

intervention active – intervention control t73 = −2.14; P = .15 −0.49

baseline control – intervention control t74 = −0.93; P = .76 −0.21

Difference active – control t73 = −1.69; P = .10 −0.39

t test results for comparisons between interventions for the study’s primary aim raw and difference data sets, by outcome measure. Statistically significant
results (P < .05) are indicated with an asterisk. IS = interdaily stability, IV = intradaily variability, PSQI = Pittsburgh Sleep Quality Index.

Journal of Clinical Sleep Medicine, Vol. 15, No. 12 December 15, 20191764

MG Figueiro, B Plitnick, C Roohan, et al. Lighting Intervention for Older Adults With Alzheimer Disease



analyses and detecting any reliable differences in the results.
Another explanation could be the short duration of the in-
tervention. In a study where a lighting intervention was ad-
ministered for a much longer period of time (ie, 3.5 years),30

objective sleep duration increased by 10minutes per year (2%).

With respect to the study’s secondary aim, the present results
showed a significant improvement in depression scores for
the active lighting intervention. Participants started both the
active and the control lighting interventions above the CSDD
cutoff score of 8 (indicating depression). The active lighting

Table 4—Mean scores and linear mixed-effects model results for the study’s secondary aim outcomes.

Outcome Data Type (mean ± SEM) F value; P value

Depression (CSDD) Raw Active Baseline = 10.30 ± 1.02 F3, 125 = 7.31; P < .001*

Intervention = 7.05 ± 0.67

Control Baseline = 10.73 ± 0.88

Intervention = 9.61 ± 0.84

Difference Active = −3.26 ± 0.86 F1, 40 = 4.47; P = .04*

Control = −1.11 ± 0.65

Agitation (CMAI) Raw Active Baseline = 42.65 ± 2.19 F3, 125 = 5.01; P = .003*

Intervention = 37.14 ± 1.64

Control Baseline = 42.71 ± 2.12

Intervention = 41.21 ± 2.27

Difference Active = −5.51 ± 1.03 F1, 40 = 6.19; P = .02*

Control = −1.50 ± 1.24

Quality of Life (MDS-ADL) Raw Active Baseline = 10.28 ± 1.02 F3, 125 = 0.39; P = .76

Intervention = 10.07 ± 1.08

Control Baseline = 10.91 ± 1.13

Intervention = 11.41 ± 1.19

Difference Active = −0.21 ± 0.39 F1, 40 = 1.41; P = .24

Control = 0.50 ± 0.45

Mean scores and linear mixed-effects model results for the study’s secondary aim raw and difference data sets, by outcome measure. Statistically
significant results (P < .05) are indicated with an asterisk. CMAI = Cohen-Mansfield Agitation Inventory, CSDD = Cornell Scale for Depression in Dementia,
MDS-ADL = Minimum Data Set Activities of Daily Living Scale, SEM = standard error of the mean.

Table 5—Post hoc analysis results for the study’s secondary aim outcomes.

Outcome Data type Comparisons t value; P value Cohen’s d

Depression (CSDD) Raw baseline active – intervention active t84 = 2.67; P = .04* 0.58

baseline active – baseline control t85 = −0.32; P = .99 −0.07

intervention active – intervention control t85 = −2.37; P = .16 −0.51

baseline control – intervention control t86 = 0.91; P = .80 0.19

Difference active – control t85 = −1.99; P = .049* −0.43

Agitation (CMAI) Raw baseline active – intervention active t84 = 2.02; P = .24 0.44

baseline active – baseline control t85 = −0.02; P = 1 −0.004

intervention active – intervention control t85 = −1.45; P = .51 −0.31

baseline control – intervention control t86 = 0.48; P = .96 0.10

Difference active – control t85 = −2.49; P = .015* −0.53

Quality of Life (MDS-ADL) Raw baseline active – intervention active t84 = 0.14; P = 1 0.03

baseline active – baseline control t85 = −0.41; P = .98 −0.09

intervention active – intervention control t85 = −0.83; P = .83 −0.18

baseline control – intervention control t86 = −0.31; P = .99 −0.07

Difference active – control t85 = −1.19; P = .24 −0.25

t test results for comparisons between interventions for the study’s secondary aim raw and difference data sets, by outcome measure. Statistically sig-
nificant results (P < .05) are indicated with an asterisk. CMAI = Cohen-Mansfield Agitation Inventory, CSDD = Cornell Scale for Depression in Dementia,
MDS-ADL = Minimum Data Set Activities of Daily Living Scale.
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intervention reduced scores from 10.30 (mild depression) at
baseline to 7.05 (no depression) after the intervention, while the
control intervention reduced scores from 10.73 to 9.61 (both
mild depression). The effect sizes of these differences were
much larger for the active intervention compared to the control
intervention. These results are not consistent with those from a
study by Hickman et al, who did not see a significant effect of a
3-week morning, evening, or all-day light treatment on de-
pressive symptoms.34 Those investigators reported a strongest
effect of morning light that was more favorable in women than
inmen. In the present study, the females outnumbered themales
by almost 2:1, which may explain why we observed positive
results for the active intervention.

Finally, with respect to agitation scores, a CMAI score > 45 is
considered to indicate clinically significant agitation. On av-
erage, the participants’ scores in the present study approached
that threshold but were not considered to be showing clinically
significant agitation. The scores were significantly reduced (by
over 5 points) after the active lighting intervention only; very
little change (approximately 1.5 points) was observed after the
control lighting intervention. Previous studies delivering light
in various ways have failed to show a positive impact of light on
the behavior of patients with ADRD,35,36 underscoring the
importance of controlling the stimulus to obtain positive results.

A possible limitation of the study lies in the use of pro-
fessional caregivers to provide answers to the questionnaires,
which may have introduced an element of bias. While it is
possible that the caregivers might have knownwhich arm of the
intervention was being performed and answered accordingly,
this seems unlikely. The caregiverswould have been unaware of
the intervention in use at any given time because the ques-
tionnaireswere completed during the night shift, when the lights
were not energized. Moreover, their responses did not always
favor the intervention group, as shown by the reduction in PSQI
scores for the control intervention. For example, the MDS-ADL
scores remained stable, which was expected given that physical
functioning of older adults is influenced by multiple comorbid
factors other than just sleep quality. We chose to use proxy data
instead of self-reported data because all participants were
moderately to severely demented.

Another possible limitationworth discussing is that the study
was performed in a somewhat heterogeneous group of patients
with ADRD who are representative of those living in more-
controlled environments. But we see this as a strength because
the present study should be considered a practical clinical trial
that, like the one performed by Riemersma-van der Lek and
colleagues,30 provides health care decision makers with a more
realistic set of results. What is particularly reassuring is the fact
that the effects were consistently larger with the active than the
control intervention.

Lastly, the present study was limited by not collecting markers
of circadian entrainment due to the infeasibility of obtaining core
body temperatureminimum37 or dim light melatonin onset38 data
(both well-established markers of circadian phase) in this pop-
ulation. Future studies could be designed to collect, perhaps,
urinary melatonin as a surrogate measure of circadian entrain-
ment. A vision test was not performed but based on the facility
physician’s reports we excluded participants known to have

blindness, macular degeneration, or cataracts, which certainly
would have affected their responses the lighting interventions.

The present results demonstrate that exposures tailored to
maximally entrain the circadian system, especially when carefully
deliveredandmeasured in thefield,cansignificantly improvesleep
quality, depressive symptoms, and agitation behavior in patients
with ADRD. The light was also well tolerated by the participants,
which is crucial for the effective delivery of a lighting intervention
in real-world applications. The next step is to investigate the most
appropriatedose (ie, durationand timingof light exposure) tomore
effectively deliver the stimulus.

ABBREVIATIONS

ADRD, Alzheimer disease and related dementias
BIMS, Brief Interview for Mental Status
CCT, correlated color temperature
CLA, circadian light
CMAI, Cohen-Mansfield Agitation Inventory
CS, circadian stimulus
CSDD, Cornell Scale for Depression in Dementia
IS, interdaily stability
IV, intradaily variability
MDS-ADL,MinimumData SetActivities ofDaily Living Scale
MMSE, Mini Mental State Examination
PSQI, Pittsburgh Sleep Quality Index
RGB, red-green-blue
TLI, tailored lighting intervention
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