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Abstract

Alzheimer’s disease and related dementias is the collective term for a progressive
neurodegenerative disease for which there is presently no cure. This paper focuses on two
symptoms of the disease, sleep disturbances and depression, and discusses how light can be

used as a non-pharmacological intervention to mitigate their negative effects. Bright days and dark
nights are needed for health and well-being, but the present components of the built environment,
especially those places where older adults spend most of their days, are too dimly illuminated
during the day and too bright at night. To be effective light needs to be correctly specified,
implemented, and measured. Yet without the appropriate specification and measurement of the
stimulus, researchers will not be able to successfully demonstrate positive results in the field,

nor will lighting designers and specifiers have the confidence to implement lighting solutions for
promoting better sleep and mood in this population.
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Background

Alzheimer’s disease (AD) is the most common form of dementia, which is
neurodegenerative syndrome initially characterized by memory loss and cognitive
impairment. Dementia is a progressive, degenerative disease of the brain and the strongest
risk factor is age. By 2030, it is estimated that about 73 million older persons will live in the
U.S. 1 Furthermore, the older population is living longer; persons reaching age 65 have an
average life expectancy of an additional 19.5 years.? There is no known cure for the disease,
and there are very few effective treatments. Almost 6 million Americans have Alzheimer’s
disease and related dementias (ADRD), and it is projected that the number will more than
double by 2050.3 More than 7 out of 10 people with ADRD live at home and are provided
unpaid care by over 16 million family members, friends, or neighbours. In global terms,
the World Health Organization estimates that there 50 million persons living with dementia
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(PLWD) worldwide, with the addition of nearly 10 million new diagnoses annually, # and
cites ADRD as the seventh leading cause of death in 2019. °

As the disease progresses, the early short-term memory symptoms are followed by the
impairment of language skills, visual-spatial orientation (e.g., navigation, maintaining
balance), and abstract thought, as well as various behavioural and psychological symptoms
(depression, sleep disturbances psychosis, aggression, etc), culminating in the widespread
destruction of brain neurons and their connections, extensive brain damage, and death.

6 Currently, because there is no cure for AD/ADRD, therapies are generally targeted

to the mitigation of symptoms associated with the disease. This paper focuses on two
symptoms, sleep disturbances and depression, and discusses how light can be used as a
non-pharmacological intervention to mitigate the negative effects of sleep disturbances and
depression in this population.

1.1. Circadian rhythms and the sleep/wake cycle

The world rotates around its axis and as a result, all creatures on earth experience 24-hour
cycles of light and dark. Living organisms have adapted to this daily rotation of the earth
by developing biological rhythms that repeat at an approximate 24-hour interval. These
are called circadian rhythms (Latin: circa, about; dies, a day). It is widely known that, in
mammals, circadian rhythms are regulated by an internal biological clock located in the
suprachiasmatic nuclei (SCN) of the hypothalamus in the brain.8 The SCN in humans
have a natural period that is slightly greater than 24 hours and external cues reset and
synchronize the SCN daily, ensuring that the body’s behavioural and physiological rhythms
are in synchrony with the daily rhythms in its environment. Light—dark cycles are the main
synchronizer of the SCN to the solar day and set the timing of our biological clock so that
we “do the right things at the right times” to ensure survival.

The sleep/wake cycle is a circadian rhythm that, in entrained individuals, is partially
regulated by the biological clock. The regulation of sleep and waking has been broadly
conceptualized as a two-process model involving interaction between a homeostatic process,
which maintains stability by counteracting opposing forces or influences, and a process
driven by the biological clock. % 10 The homeostatic process, known variously as Process

S or simply “sleep debt,” is a natural tendency toward sleep that accumulates during our
waking hours and declines while we sleep. This tendency is counteracted to maintain
daytime wakefulness by an alerting signal that is regulated by the circadian system, called
Process C. Experiments using animals whose circadian rhythms have been disrupted by
surgical lesions on the SCN have shown that Process S is not affected, suggesting that the
two processes are independently regulated despite whatever “crosstalk” might occur between
them. 11

1.2. Lighting characteristics affecting the circadian system

There are five important characteristics of light for both the human visual and circadian
systems: quantity, spectrum, timing, duration, and distribution. Lighting characteristics for
vision are, however, quite different from those that are most effective for the circadian
system.12:13 |n brief, while the threshold for activating the circadian system is not yet firmly
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established, the quantity of polychromatic white light necessary to activate the circadian
system (measured through melatonin suppression or phase shift) is significantly greater than
the amount that activates the visual system. The spectral sensitivity of the circadian system
peaks at short wavelengths,14: 15 while the visual system is most sensitive to the middle
wavelength portion of the visible spectrum.

Operation of the visual system responds well to light stimulus at any time of the day or
night. However, depending on the timing of light exposure, light can phase advance or phase
delay the biological clock.1® In addition, while the visual system responds to a light stimulus
very quickly (< 1 second), the duration of light exposure needed to affect the circadian
system can take much longer. For example, to achieve measurable melatonin suppression
from exposure to a moderate amount of light in young adults, the duration of light exposure
needed is at least 5-10 minutes.1”: 18 For the visual system, it is well known that spatial
light distribution is critical (e.g., when reading black letters on white paper), while the exact
impact of spatial distribution on the circadian system is still under investigation. In fact,
research has shown that light reaching the lower retina is more effective in suppressing
melatonin than light reaching the upper retina, 1° while other studies have shown that it is
the nasal part that is more effective. 20: 21

One’s short-term history of light exposure also affects the circadian system’s sensitivity to
light. For example, the higher the exposure to outdoor light during the day (e.g., 4 hours
per day for one week), the lower the sensitivity of the circadian system to light at night,

as measured by nocturnal melatonin suppression.22 Importantly, accounting for total light
exposures during waking hours 23 is necessary for predicting shifts in circadian phase.

2. Current light therapy approaches

2.1. ADRD and sleep disturbances: pharmacological and non-pharmacological therapies

Of the estimated 5.8 million people in the United States living with ADRD 3, at

least one-third experience difficulty sleeping 24 25 and approximately two-thirds of their
estimated 18.5 million unpaid caregivers report sleep disturbances themselves. 3 26: 27 The
precipitating factor for institutionalization of those with ADRD is often a disturbed sleep—
wake cycle that leads them to remain awake at night, causing stress and fatigue for their
families and caregivers. This behaviour continues in nursing home environments, where
residents with daytime agitation behaviour also tend to sleep poorly at night and nap during
the day 28.

Sleep disturbance is not just a symptom of ADRD.2%: 30 Chronic sleep disturbance increases
ADRD risk,3! as signs of sleep disturbances may appear before mild cognitive impairment
(MCI) or ADRD manifest;32 lower ADRD risk is associated with better sleep quality;33

and treatment of sleep disturbance associated with sleep apnoea delays MCI.34 Other
research directly links sleep deficits to ADRD pathology (both accumulation of amyloid
beta protein (A, which forms in abnormal clusters between nerve cells in the brain)

and development of tauopathy (damage to the protein tau, which is vital for nerve cell
health), suggesting a bidirectional relationship between sleep and ADRD pathology. For
example, sleep disruption in rodents and drosophila leads to A and tau accumulation in

Light Res Technol. Author manuscript; available in PMC 2022 December 15.
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the brain 29 35-38 and, conversely, increased cortical AB leads to fragmented sleep. 3°: 36

In patients with ADRD and MCI, as well as in cognitively normal older adults, poor sleep
correlates with the severity of Ap and tau pathology,3®-43 and recent studies show selective
associations between slow oscillations (SOs) 44 and sleep spindles #° (which both play a
key role in memory consolidation) and ADRD pathology.*! 46 A clearance through the
glymphatic system occurs during sleep,38 providing a mechanism linking sleep disturbance
and accumulation of brain Ap. Crucially, sleep is a potentially modifiable factor that can be
enhanced to counteract memory decline and the continued progression to ADRD.

Several mechanisms have been postulated for the prevalence of sleep disorders in ADRD,
the foremost being a reduction in neuronal receptiveness to environmental cues of light and
dark due to the degeneration of the optic nerve and retinal ganglion cells, 47 %8 the loss

of functionality of the SCN, 49 50 and the exacerbation of the preceding two factors by
inadequate exposure to light compared to healthy elderly controls. 1. 52 Moreover, changes
to the aging eye, such as reduced pupil size (senile miosis) and lens thickening, result in

a reduction of retinal illumination by as much as two-thirds in older persons compared to
young adults. 23 In terms of reduced exposure in older adults, research has demonstrated that
middle-aged adults receive approximately 58 minutes of bright light per day®* while older
adults in assisted-living facilities receive bright light for only 35 minutes per day.>® Adults
in nursing homes see as little as 2 minutes per day. 22 96 Given the reduced social activity
and more sedentary lifestyle of those with ADRD, those living at home in the community
are likely to receive just as little light as those in nursing homes. This exposure amount
may now be even more reduced due to the COVID-19 pandemic because older adults are a
high-risk population recommended to stay home.

2.1.1. Pharmacological therapy for sleep disturbances in ADRD patients—
Although widely used, little is known about the safety and effectiveness of medications
for treating chronic sleep disturbances in ADRD patients. The risks of sleep-inducing
medications for older people who are cognitively impaired are considerable and include
increased risk for falls and fractures, increased confusion and worsened memory,
overdosing, and a decline in the ability to care for oneself. Moreover, there are

ongoing variable costs for prescriptions, medications and the medical supervision of their
administration, and the possible unintended consequences for negative side effects due to
combinations with other medications. The treatment benefits of using sleep medications in
older individuals with ADRD may not outweigh the potential risks.

2.1.2. Non-pharmacological therapy for sleep disturbances in ADRD patients
—L.ight therapy has shown great promise as a nonpharmacological treatment to help
regulate sleep in persons with ADRD. Studies have demonstrated that daytime light
exposure can consolidate and increase night-time sleep efficiency, while increasing daytime
wakefulness and reducing evening agitation. >/-50 Table 1 summarizes the most prominent
studies. As shown in Table 1 and discussed below, the results in the literature are mixed,
despite the solid science behind the effect of light on human circadian system.

Light Res Technol. Author manuscript; available in PMC 2022 December 15.
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2.2. ADRD and depression: pharmacological and non-pharmacological therapies

Depression is estimated to affect 30-50% of those with ADRD.”2 Population studies,
which are less susceptible to referral bias, estimate that 20-24% of persons with ADRD
experienced major depression in the prior month, and after 18 months the incidence

of depressive symptoms was about 18%. Depression in persons with ADRD contributes
to earlier placement in assisted living facilities and nursing homes, reduces quality of
life and impairs activities of daily living, increases likelihood of aggression and suicide,
and increases caregivers’ depression and burden.”2 Current treatment relies heavily on
antidepressants, which have been demonstrated to have limited efficacy and associations
with a number of side effects (see Section 2.2.1).

While the likely major vulnerability to depression in those with ADRD is not

the psychological consequence of having the disease—but rather, results from the
neurodegeneration associated with dementia itself—persons with ADRD, caregivers, and
environmental factors often act as co-factors to trigger and exacerbate depression. /3 Figure
1 depicts the factors associated with development of depression in dementia. 73 74

The COVID-19 pandemic is forcing older adults, especially those with underlying disease
such as ADRD, to remain home, increasing isolation due to visitation restrictions and
closure of activities and outlets, most likely worsening their depressive symptoms. Research
on how the pandemic has affected depression in ADRD patients will undoubtedly be
published in the near future.

Previous research using national data conducted by Kales and colleagues has found
significantly higher rates of inpatient (medical and psychiatric) utilization among individuals
with comorbid depression and ADRD compared to those with depression or dementia
alone.” A subsequent prospective study found that those with ADRD and comorbid
depression had significantly higher rates of nursing home placement at one-year follow-up
than those with depression or dementia alone.” In that study, subjects with comorbid
depression and ADRD had baseline dementia stage and cognitive function assessments
similar to those with dementia alone, but showed significantly higher levels of functional
impairment. Functional impairment was significantly correlated with one-year nursing home
placement.

2.2.1. Pharmacological Therapy for Depression in ADRD Patients—As
mentioned earlier, the treatment of depression in persons living with dementia (PLWD)
relies heavily on antidepressants, with these agents prescribed to over 25% of PLWD in

the community’” and 40% of those in long-term care. ’® Despite the ubiquity of their use,
efficacy data from rigorous trials of antidepressants for depression in dementia have largely
been negative.’4 7@ Antidepressant side effects are numerous, including increased risk for
nausea/vomiting, headaches, sleep changes, diarrhoea, tremor, falls, prolonged cardiac QT
interval (an electrocardiographic indicator of ventricular depolarization and repolarization
80y and hyponatremia (low blood sodium).” Moreover, these side effects increase caregiver
burden. Given the prevalence of depression in dementia, its impact on outcomes for PLWD
and their family caregivers, and the poor risk/benefit of antidepressant treatment, new
modalities for treating depression in ADRD are essential and critically needed. One logical

Light Res Technol. Author manuscript; available in PMC 2022 December 15.
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place to start would be to modify the factors depicted in Figure 1 that act as triggers for
depression in PLWD who have pre-existing vulnerability due to neurodegenerative changes.
Importantly, these triggers can be modifiable via nonpharmacological strategies (see Section
2.2.2). Light is an environmental factor that is associated with depression and which is
eminently modifiable via ecological adjustments.

2.2.2 Non-pharmacological therapy for depression in ADRD patients—The
underlying causes of behavioural and psychological symptoms of dementia (BPSD) like
depression are myriad and complex as depicted in Figure 1.74 Because of the complex
causes of BPSD, a “one size fits all” solution does not exist. While non-pharmacologic
approaches offer significant benefit for both patients and their caregivers®! and are
recommended as first-line by multiple expert groups,82 83 they are infrequently used in
real-world care settings.”* A major reason for lack of uptake is the absence of training
among first-line providers, who may not be comfortable implementing non-pharmacologic
approaches themselves, and are even less equipped to train caregivers.

Light therapy has been extensively used to treat seasonal affective disorder (SAD) and

its efficacy is well known. Light therapy to treat major depression is less studied, but

a recent meta-analysis reviewed 9 trials that met inclusion criteria. 8 After employing

the more conservative random-effects model, the overall model showed a significant
reduction of depressive symptoms after bright light administration (SMD=-0.62, p <0.001,
12=37%). In particular, the authors concluded that bright light appears to be efficacious
when administered for 2-5 weeks (SMD = -0.78, p<0.001, 12=0%), and as monotherapy
(SMD=-0.71, p<0.001, 12=18%) rather than in combination with other therapies.84 Two
other meta-analyses 8% 86 reported that the efficacy of light therapy for treating depression
is still questionable; however, both reviews strongly recommended the use of light therapy
as an adjunct to anti-depressants, considering its minimal side effects and that a significant
portion of the patients studied indeed showed clinical improvement in depressive symptoms.

In another study, those admitted to a psychiatric ward due to various types of depression

had shorter lengths of stay if they stayed in brightly lit rooms (500 Ix) compared to

dimly lit rooms (200 Ix) (the plane of measurement was not specified by the authors).

87 1n a 12-week study conducted in nursing homes, "LADRD patients who received natural
light treatment (sitting within 3 meters of a window between 08:00-10:00) experienced
significant improvement in depression as measured by the Cornell Scale for Depression in
Dementia (CSDD). This study did not, however, measure dose and did not bring subjects
outdoors, which may have reduced the actual number of light exposures they received. Table
1 summarizes the findings of the studies looking at using light to treat depression in persons
with ADRD.

2.3 Drawbacks of current light therapy approaches

Not all studies to date, however, have shown a positive effect of light on sleep disturbances
or rest-activity rhythms in those with dementia.88:8% Examining studies that used a variety
of light therapy approaches, a 2014 Cochrane review® found insufficient evidence for
justifying the use of light therapy to improve sleep and behaviour in those with ADRD.

Light Res Technol. Author manuscript; available in PMC 2022 December 15.
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Most current approaches to light therapy for reducing sleep disturbances and depressive
symptoms in older adults do not consider the complete 24-hour light-dark pattern they
experience, nor do they integrate light (and dark) treatment into a practical delivery system,
thus compromising their therapeutic value.! None of the studies included in the Cochrane
review controlled or measured actual light doses received at subjects’ eyes during the
various interventions, and pooling data from studies that were lacking in this regard may
have affected the review’s outcomes. If light is not carefully designed to reach the patient’s
eyes, the effect is reduced. The only formalized recommendations of light treatment are
those used for treating symptoms of SAD; namely 10,000 Ix of white light for 30 minutes
or 2500 Ix of the same white light for 2 hours (delivered via light box). Clinicians often
find that patients have difficulty complying with recommendations because high light levels
of white light can be very uncomfortable, resulting in squinting and gaze aversion; these
compliance issues are even more salient in ADRD.

3. Improving light therapy approaches: a case study

3.1 Specification of the stimulus

Rea et al. developed a method to quantify and predict how spectral and absolute
characteristics of a light source impact the circadian system using two proposed metrics:
circadian light (CL ) and circadian stimulus (CS). CLa reflects the spectral sensitivity of
the human circadian system and CS reflects the absolute sensitivity of the human circadian
system. CS is, therefore, a measure of the effectiveness of the retinal light stimulus for

the human circadian system, as measured by acute melatonin suppression, from threshold
(CS=0.1) to saturation (CS=0.7). To synchronize the biological clock to the 24-hour day, the
LRC has shown that a light source delivering a CS = 0.3 at the retina (vertical illuminance)
for at least 2 hours during the day (preferably in the morning) improves sleep and mood in
various populations. 57 92-94 Furthermore, providing a CS < 0.1, starting at least 2 hours
before desired bedtime will help avoid circadian disruption. 9-97 To determine CS, the
spectral power distribution (SPD) and how much light will reach the eye are needed. For
more information about CS, see various publications by Rea and colleagues. 98-101

Using these two metrics, Figueiro et al proposed and tested in the field, a 24-hour lighting
scheme to deliver a robust light/dark pattern to older adults, including those with ADRD.
According to the proposed lighting scheme, a CS of 0.3 should be delivered at eye level
during the day and a CS<0.1 should be delivered in the evening. It should be noted that
other metrics are being proposed and no standardized luminous efficiency function has been
developed for circadian system response. This should not, however, preclude designers from
implementing better lighting in environments occupied by older people.

3.2 Delivery of the stimulus

Although light must be delivered as vertical illuminance (Ey/) in order to reach the back
of the eye and thus be effective for promoting circadian entrainment, conventional light
sources are generally mounted in ceilings as recessed downlights that tend to deliver high
levels of horizontal illuminance (Ey) and low Ey/Ey ratios.192 In other words, downward-
directed light that predominantly emanates from the ceiling illuminates the work plane

Light Res Technol. Author manuscript; available in PMC 2022 December 15.
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rather than the generally vertical plane of the retina. This is particularly the case for ADRD
patients, who tend to spend their days seated at tables with their gaze directed downward.
Field observations of this behaviour have led Figueiro and colleagues to develop various
innovative methods (e.g. self-luminous light tables, °8 custom-built supplementary floor
lamps, light boxes, and tabletop luminaires %) for delivering the stimulus to the eyes of
ADRD patients living at home 103 and in long-term care facilities. 94

3.3 Measurement of the stimulus

The Daysimeter is a personal circadian light exposure meter developed to account for the
fact that all of the commercial light meters were calibrated to measure photopic illuminance,
not circadian-effective light. The spectral sensitivity of the photosensors is calibrated to
yield a spectral response function closely matching that of the human circadian system; it
also provides accurate measurements of illuminance (in lux). The photosensor package has
a cosine spatial response characteristic that closely matches the acceptance angles of light
entering the eye. The device has a dynamic range of approximately five orders of magnitude
with an absolute sensitivity near 1 Ix. The Daysimeter can be deployed in the field to gather
light data for up to 30 days. It provides light data in units of circadian weighted irradiance
CL,, which is used to calculate circadian stimulus (CS) values. The Daysimeter 104. 105 can
be used as pendant or pin and has been worn by various populations in the field, 103. 106-109
including those with ADRD. 7

3.4 Testing a lighting scheme in the field

Sixty nursing home subjects who met the study’s inclusion and exclusion criteria were
enrolled and 46 (30 females; mean age 85.1 years [SD 7.1]) completed in the study. All
had been diagnosed with moderate or late-stage AD/ADRD. #4 As shown in Figure 2a,
mean Pennsylvania Sleep Quality Index (PSQI) 110 scores were reduced significantly after
4 weeks of the active tailored lighting intervention (TLI) (o < 0.001) compared to the
baseline lighting condition. The reduction in PSQI scores observed for the active TLI was
significantly greater than that for the control intervention (p = 0.03). Similar results were
observed with Cornell Scale for Depression in Dementia (CSDD) 111 scores (p = 0.04).
Although a similar trend was observed for Cohen-Mansfield Agitation Index (CMAI) 112
scores, the results were not statistically significant.

In study’s arm that tested the long-term effects of the TLI on sleep and behaviour of older
adults with AD/ADRD, we successfully recruited 80 subjects for the 25-week protocol.
Fifty-one subjects were enrolled and 47 subjects (27 females; mean age 85.3 years [SD 7.1]
completed at least 1 week of the TLI and baseline lighting condition. As shown in Figure 3,
the PSQI, CSDD and CMAI scores also showed a significant (p <0.05) continuous decline
(i.e., improvement) with treatment over the course of the study. 60

4. Discussion

Light can have a significant impact on the lives of those suffering from sleep disturbances
and depression, such as people living with ADRD and their caregivers. To be effective,
however, light needs to be correctly specified, implemented, and measured. Without the

Light Res Technol. Author manuscript; available in PMC 2022 December 15.
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appropriate specification and measurement of the stimulus, researchers will not be able

to successfully demonstrate positive results in the field, nor will lighting designers and
specifiers have the confidence to implement lighting solutions for promoting better sleep and
mood in this population.

As noted above (see Section 2.1), age-related changes to the eye, as well as changes to the
central nervous system, can have significant negative impacts on day-to-day functioning,
general health, well-being, and the visual and non-visual systems’ responses to light.
Lighting systems for elders should be designed to counteract these conditions, creating

an environment with sufficiently high levels of ambient and task lighting while avoiding
glare. For older adults in long-term care facilities, designers should consider using a 24-hour
lighting scheme in common areas where residents are more likely to spend their waking
hours. It is also important to tailor the scheme to the application. In an assisted-living
setting, for example, a dual lighting scheme can be implemented between residents’ personal
rooms and common areas, such as dining rooms or activity rooms. Similarly, nursing

homes can employ a dual lighting scheme between day rooms and dining rooms. If power
density requirements are in place, supplementary personal blue (Amax = 450-470 nm) LED
luminaires can be integrated into the design. In cases where compliance with facility lighting
is not an issue, such as healthy older adults living at home, ambient light levels can be set

at an Ey, of 80-100 Ix (or an Ey of about 200-300 Ix) from a 3000-4100 K light source,
supplemented by a personal lighting device providing an Ey, of about 30 Ix at the cornea
from a blue (A max = 450-470 nm) for at least 2 hours in the morning.

Targeting a high CS (see Section 3.1) of 0.4 during the day, assuming losses from absorbed
or scattered light through the room occupants’ crystalline lens, will ensure the delivery of
an effective CS dose (i.e. = 0.3). Given that the higher light levels attendant with higher CS
levels can result in excessive glare, however, discomfort glare can be reduced by choosing
luminaires whose distribution provides an Ey,/Ey ratio > 0.6.

The light levels recommended for the circadian system should also be sufficient for older
adults to perform daily visual tasks. More localized light will be needed to perform tasks
that require the discernment of fine detail (e.g., reading prescription bottle labels, food
preparation). Designers and specifiers should still provide lighting that delivers:

. High, glare-free illumination for the task without a direct or reflected view of the
light source

. Soft shadows throughout the space

. Balanced illuminance levels

. High-quality color rendering.

Although the human circadian system’s spectral sensitivity is still a topic of debate in the
field, this should not overshadow the positive results demonstrated in field studies. As long
as there are no adverse effects on visual performance, elders in any setting should experience
bright days and dark nights to promote their health and well-being. The present components
of the built environment, especially those places where older adults spend most of their days,
are too dimly illuminated during the day and too bright at night. We, as a community, do not

Light Res Technol. Author manuscript; available in PMC 2022 December 15.
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ed to agree on a metric per se, but certainly we can agree that a more robust pattern of

light and dark needs to be experienced in the built environment. And, as exemplified above,

de

signers can already implement some of these effective solutions in the field.
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Figure 1.

Factors associated with the development of depression in dementia (adapted from Kales et
al. 73.74). PLWD: persons living with dementia.
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Figure. 2.
Effects of the short-term TLI on subjective measures of sleep quality (a), depression

(b), and agitation (c) (*p <0.05, ***p <0.001). Base: baseline; CMAI: Cohen-Mansfield
Agitation Index; CSDD: Cornell Scale for Depression in Dementia; Interv: intervention;
PSQI: Pittsburgh Sleep Quality Index.

Light Res Technol. Author manuscript; available in PMC 2022 December 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Figueiro and Kales Page 19

(a) (b) (c)
1
8 e 18 — 60 5
[ *ekk I e [ *
154 *kk 15 4 e 50+ *k
*%k% Py
*%k%
o121 * | g 12 1 ‘I_ © 40 B
ol x| 3 8
(/2] 2 * (7]
2 9o A 91 . T 2 301
g o . <
o 6 O 6- O 20
34 3 10
0 ! 0 ; 0 -
Baseline 3 9 17 25 Baseline 3 9 17 25 Baseline 3 9 17 25
Data collection week Data collection week Data collection week
Figure 3.

Effects of the long-term TLI on subjective measures of sleep quality (a), depression (b),
and agitation (c) (* p<0.05; ** p<0.01; ***p<0.001). Adapted from Figures 2 and

3 in Figueiro et al. 50 (* p <0.05; **p <0.01; ***p <0.001). CMAI: Cohen-Mansfield
Agitation Index; CSDD: Cornell Scale for Depression in Dementia; Interv: intervention;
PSQI: Pittsburgh Sleep Quality Index.

Light Res Technol. Author manuscript; available in PMC 2022 December 15.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Figueiro and Kales

Table 1

Page 20

Selected projects using light therapy to improve sleep/wake patterns and depression in older adults with
ADRD. All illuminance values for the interventions, when the plane of measurement was specified by the
authors, were obtained on the vertical plane.

Study

Population

Intervention

Qutcomes/conclusions

Van Someren et al.
1997 61

Older adult inpatients
with ADRD ina
psychogeriatric ward

All-day bright light (790-2190
Ix) while in living rooms for 4
weeks

« Increased interdaily stability (1S); stronger
coupling of rhythms to environmental cues
« Decreased intradaily variability (IV); indicates less
fragmentation of rhythm
* No change in relative amplitude (RA) of rhythm

Satlin et al. 1992 62

Older hospitalized adults
with AD

Daily evening (19:00-21:00)
bright light (1500-2000 Ix) for
1 week

« Increase in RA, indicates greater stability
* Improvement in IV
« Nochangein IS
« Decreased night-time activity and sundowning
symptoms

Lyketsos et al.
1999 63

Institutionalized older
adults with AD and
agitated behaviors

Morning light (10,000 Ix) 1
hour per day, 4 weeks

« Increased night-time sleep time
* No significant effects on behaviour or mood

Ancoli-Israel et al.
2003 64

Older adults with mixed
types of dementia
residing in nursing
homes

Morning (07:30-11:30) or
evening (17:30-19:30) light
(2500 Ix), 10 days

« Both groups had more consolidated sleep at night
* No effects on total sleep time nor wake times

Alessi et al. 2005
65

Nursing home residents
with abnormal sleep-
wake patterns

Daily (between 08:00 and
20:00) sunlight (>10,000 Ix) for
30 minutes, 5 days

« Decreased duration of night-time awakenings
« Decreased daytime sleeping
» Increased participation in social activities and
conversation

Dowling et al.
2005 66

Nursing home residents
with AD

Morning (09:30-10:30) vs.
afternoon (15:30-16:30) bright
light (22500 lux), 10 weeks

« No significant differences in actigraphy measures
of night-time sleep or daytime wake
« Significantly more stable rest-activity acrophase
over the treatment period for both experimental groups

Sloane et al. 2007
67

Older adults with
ADRD in inpatient and
residential care

Morning (07:00-11:00),
evening (16:00-20:00), and all-
day (07:00-20:00) bright light
(2500 lux), 3 weeks

* Night-time sleep increased in the morning and
all-day light groups
* Morning light advanced phase and evening light
delayed phase
« Greater improvement among those with more severe
dementia

Hickman et al.
2007 68

Older adults with ADRD
in long-term care

Morning (07:00-11:00),
evening (16:00-20:00), and all-
day (07:00-20:00) bright light
(25352638 Ix), 3 weeks

* Results suggest that bright light therapy does not
consistently improve depressive symptoms in PLWD
* Morning light had the greatest effects on both sexes
« After morning light exposure, depressive symptoms
were lower for women than for men

Riemersma-van der
Lek et al. 2008 69

Older adults in 12
assisted care facilities
(87% with ADRD)

All-day (09:00-18:00) bright
light (+ 1000 Ix) and evening
oral melatonin (2.5 mg), either
alone or in combination, 15
months

« Light alone reduced cognitive deficits and
depressive symptoms, lessened the increase of
functional limitations, and increased sleep duration
* Oral melatonin alone shortened sleep onset latency
and increased sleep duration, but adversely affected
caregiver ratings of withdrawn behaviour and mood
« Combined light and melatonin treatment improved
sleep efficiency and nocturnal restlessness (suggesting
that the adverse impact of melatonin on mood could be
counteracted by light)

Sloane et al. 2015
70

Older adults with ADRD
and caregivers living at
home

All-day (waking to 18:00) blue-
white fluorescent (13,000 K)
and LED light box (peak
wavelength = 470 nm) light
(300-400 Ix), 6 weeks

« No change in objective or subjective sleep quality
of PLWD; authors suggested null findings due to lack
of sufficient exposures, as shown by the circadian light
meter
« Improvement in caregivers’ sleep quality and role
strain scores

Konis et al. 2018 ™

Older adults with ADRD
living in dementia care
communities

Morning (08:00-10:00)
exposure to daylit (mean
illuminance = 159.3 Ix)
perimeter room for socializing,

« Intervention group showed significantly lower
depression scores compared to nonsignificant increased
scores for control group
« Intervention notably successful among subjects with
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Study

Population

Intervention

Outcomes/conclusions

12 weeks vs ambient electrical
lighting (mean illuminance =
42.3 Ix) control

probable major depression, reaching mean scores below
threshold for depression at the end of the trial

PLWD: persons living with dementia

Light Res Technol. Author manuscript; available in PMC 2022 December 15.



	Abstract
	Background
	Circadian rhythms and the sleep/wake cycle
	Lighting characteristics affecting the circadian system

	Current light therapy approaches
	ADRD and sleep disturbances: pharmacological and non-pharmacological therapies
	Pharmacological therapy for sleep disturbances in ADRD patients
	Non-pharmacological therapy for sleep disturbances in ADRD patients

	ADRD and depression: pharmacological and non-pharmacological therapies
	Pharmacological Therapy for Depression in ADRD Patients
	Non-pharmacological therapy for depression in ADRD patients

	Drawbacks of current light therapy approaches

	Improving light therapy approaches: a case study
	Specification of the stimulus
	Delivery of the stimulus
	Measurement of the stimulus
	Testing a lighting scheme in the field

	Discussion
	References
	Figure 1.
	Figure. 2.
	Figure 3.
	Table 1



