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IF YOU KNOW SOMEONE
with Alzheimer's disease (AD), you
are probably aware of their relatively
random patterns of rest and activity
rather than the typical asleep-at-night
and awake-during-the.daytime pat-
tern.This aperiodic sleep/wake behav-
ior can be very difficult for their care-
givers who themselves want to follow
a typical, 24-hour circadian parrern of
rest and activity. indeed, aperiodic
sleep/wake behavior together with
higher frequencies of disruptive or
violent behavior are the most preva-
lert reasons for moving people with
AD from their homes to more con-
trofled living environments.”

How can light help consolidate
sleep of AD patients? Clinical
research has shown that bright white
light exposure during the morning (at
least 1000 photopic lux at the eye} "
%578 or in the evening'® can improve
nighttime sleep, increase daytime
waicefuiness, reduce evening agitation
behavior and consolidate rest/activity
patterns of people with AD. Studies
looking into the effects of bright light
exposure on rest/activity rhythms of
persons with AD have been published
as early as 19925 but in 1997 Eus
van Someren published one of the
most important papers describing the
role of light in consolidating
sleep/wake behavior in persons with
AD."” He was able to show that bright
fight exposure during the daylight
haurs (1136 £ 8% lux at the eye from
both daylight and fluorescent lighting)
and dim Hlght during nighttime hours
were able to consclidate the
rest/activity rhythms of persons with
AD. Since then, a aumber of other
studies have repficated his findings,">¢

Most recently, prefiminary data
from a study being conducted in
Oregon, is suggesting that, like the
study conducted by Eus van
Someren, bright white light during the
day has positive effects at consofidat-
ing sleep in persons with AD, (Eunice
Noell-Waggoner, former chair of
IESNA’s Lighting for the Aged and
Partially Sighted Committee is coor-
dinating the project in conjunction
with Dr. Philip Sloane from University
of North Carolina Chapel Hill}

What are alternatives to bright
white light? As lighting professionals,

we are all becoming more aware of
the fact that the spectral sensitivity of
the circadian system peaks at short
wavelengths;™' we like to say the
human circadian system is a “blue
sky” detector. Data from our labora-
tory' indicates that the strong
response to blue light by the circadi-
an system is, in part, the result of the
blue versus yellow color opponent
channel in the retina. This finding
helps expiain why blue light by itself is
mote effective at stimulating the cir-
cadian system than the same blue
light combined with longer wave-
lengths to make white light. In terms
of photopic illuminance, as much as 30
times more white light is needed than
blue light to achieve the same circadi-
an response (e, nocturnal mela-
tonin suppression), in part because of
color opponency.
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band red light at this ilfluminance has
been shown to be ineffective in acti-
vating the circadian system;™!! visually,
however, it had similar brightness as
the blue fight. Thus, it was expected
that only the blue light condition
would be effective for activating the
circadian system. Indeed, exposure to
blue LEDs significantly increased
nighttime sleep efficiency, which was
defined in the studies as the amount
of sleep during nighttime hours, and
seemed to consclidate their sleep
during the night, especially between
ridnight and 4:00 am (Figure 1A
Based on these encouraging
results, we went back to the same
facility in 2004 and, using very similar
protocol, we were able to replicate
the findings from the 2002 study with
AD subjects. This time, however, we
expanded the research to include

Integrating the findings from van
Someren and colleagues” with those
from Brainard et al. and Thapan et af,
' we at the Lighting Research
Center {LRC) applied biue light treat-
ment 1o AD patients to see if it would
improve sleep efficiency and consoli-
date their sleep at nighe.” The study
was conducted for 30 days in a senior
healthcare facility using four individu-
als diagnosed with mild to moderate
leveis of dementia. AD residents were
exposed to blue light from an array of
light emitting diodes {LEDs) (maxi-
mum wavelength= 470 nm) for 10
days in two-hour sessions {6:00 to
8:00 pmy} just before the usual time
they went to their bedrooms for the
night. As a control, they were also
exposed to light from an array of red
lighe LEDs (maximum wavelength=
630 nmj for 10 days during the same
two-hour time, The red-fight expo-
sure condition was introduced as a
placebo control because narrow-

four residents without AD, all of
whom had problems falling asleep at
night. AD and non-AD residents were
exposed to blue light from an array of
biue LEDs {maximum wavelength=
470 nm) for 14 days in two-hour ses-
sions {4:30 to 6:30 pm) (Figure 2).
Again, as a control, they were also
exposed to light from an array of red
light 1EDs (maximum wavelengthz
630 nm} for 14 days during the same
two-hour interval.

Consistent with our previous
study,” AD subjects slept better
between midnight and 4:00 am after
exposure to blue light than after
exposure to red light, Overall, night-
time sleep efficiency was statistically
significantly higher after biue Hght
exposure than after red light expo-
sure. AD subjects were found asieep
67 percent of the time after blue-light
exposure but only 54 percent of the
time after red-light exposure {Figure
IB).
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Figure 1A: Percentage of time the AD subjects were found
asleep following either red or biue light exposures (approxi-
mately 30 photopic lux at the eye). Subjects consistently stept
better between midnight and 4:00 am following biue-light
exposure than after red-light exposure.’
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Figure |1B: Percentage of time the AD subjects were found
asleep following either red or blue light exposures (30 pho-
topic lux at the eye). Subjects consistently slept better
between midnight and 4:00 am following blue-light exposure
than after red-light exposure. Note: one AD resident was not
able to complete the study for medical reasons.
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Figure 1C: Percentage of time the non-AD subjects were
found asleep following either red or blue light exposures {30
photopic lux at the eye). Subjects consistently slept better
between midnight and 6:00 am following blue-light exposure
than after red-light exposure. Note: one non-AD resident was
not able to complete the study for medical reasons.

Figure 2: Experimental set
up and picture of tabletop
tuminaire built by the
LRC.

May 2005 LD+A

Non-AD patients also showed sta-
tisticaily significant more sieep
between midnight and 6:00 am after
exposure to blue lght than after
exposure to red light. These non-AD
subjects were found asleep 90 per-
cent of the time after blue-light expo-
sure but only 67 percent of the time
after red-light exposure (Figure 1C).

What could these findings mean
to older adults and their care-
givers? |t was very encouraging to be
able to replicate our earlier worl’
and to expand that work to include
poorly sleeping non-AD subjects,
who also showed strong responses
to blue light exposure for increasing
sleep consalidation and efficiency. It
should alsc be noted that the
cbserved sleep patterns were consis-
tent with the anecdotal comments
coltected from the non-AD subjects.
Those subjects without dementia
consistently noted that the blue light,
unlike the red light, improved their
sleep. (Although perhaps obvious, we
were careful to explain the expected
cutcome of the experiment only after
all data were collected). Together,
these most recent findings reinforce
the inference that exposure to blue

light in the early evening can consoli--

date sleep and increase the sleep effi-
ciency in oider aduits, with or without
AD,

These findings also support the
broader inference that light, as it
impacts the circadian system, is funda-
mentally important to consider in the
design and operation of senior hous-
ing. High levels of white light during
the day can clearly consolidate sleep
at night, but when high levels of white
light cannot be incorporated into the




e i A By bl g4 b T E
RESEARCH MATIERS

space due to energy codes or instal
lation barriers, -blue light from
portable fuminaires may be a better
solution, serving as another “layer of
light” Indeed, we believe that there is
a great potential for manufacturers to
develop new, cost-effective products
using blue LEDs that will pramore
and facilitate compliance to biue light
treatment,

Ultimately, however, the relative
effectiveness of high levels of white
light or of dim blue light will depend
upon the willingness of older people
to comply with one or the other light
treatment. The issue of compliance
still needs to be resolved with further
research. Nevertheless, we strongly
urge the lighting community to begin
to think in terms of “circadian light
per watt” rather than “traditional
tumens per watt™ if we are to provide
the most-energy efficient,and healthy,
fighting systems in senior facilities.

The cuthor wishes-to thank LRC staff
Mark Rea, john Builough, Jenny Taylor, N.
Narendran, and jean Paul Freyssinier for

their technical and editorial assistance;
Gregory Eggleston, Kelly Lisal, Megan
Lifson, Stephonie Noyes who helped run
the studies; stoff and residents of
Schuyler Ridge Residentiol Health Care;
The Alliance for Solid-State Humination
Systems and Technologies (ASSIST) for
providing partial funds for the projects;
and Nichia America Corporation for
donoting the LEDs necessary to build the
tabletop luminaires.

References

I. Ancoli-srael S et al. | Am Geriatr
Soc 2002; 50(2): 282-289.

2. Brainard GC et al } Neurosd
2001: 21: 6405-6412.

3. Figueiro MG, Eggleston G & Rea
MS. Sleep Review: The Journal for Sleep
Speciafists 4.1 2003.

4. Figueiro MG et al. NeuroReport
2004; 15,2, 313-316.

5. Koyama E, Matsubara H &
Nakano T. Psychiotry Clin . Neurosdi
1999; 53: 227.225. L

&, Lyketosos CG et dliint | Geriatr

Psychiatry 1999; 14:520-525.

7.McCurry SM et al. Sleep Med Rev
2000; 4: 603-628,

8. Mishima K et ol Aco Psychiatr.
Scand 1994, 89:1-7.

9. Poliak CP & Perlick D. Neurof
1991; 4(4): 204-210.

10, Satlin A et ol Am | Psychiatry
1992; 149(8): [028-1032.

H. Thapan I, Arendt } & Skene DJ.
| Physiol 2001; 535(P. 1): 261-267.

{2. Van Someren EJW et al Biol
Psychiatry 1997, 41: 955-963.

T~trak:

wew techiighiing.com

iing-voltage track
Hohiting system.

T-wrak™ by Tech Lighting, Track Lighiting with a twistt

native 1o

. An aesthetically powerful and versatie aft
sraciional track lighting. T-trak offers a wide range
of flumination options inciuding incancescent and

eramic metal falide larmp confiqurations.

wanytechlighiing cor.

g

8 Wwwi0sna.org






