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 Although research has yet to provide a definitive answer about whether circadian-active light 
can benefit patients with dementia, a VA pilot study shows promising results.

C
are of patients with demen-
tia requires dynamic, cre-
ative approaches. Given the 
high incidence of sleep-wake 

disturbances in this population and 
the concomitant caregiver stress 
and institutionalization, researchers 
at the Geriatric Research Education 
and Clinical Center (GRECC) at the 
Louis Stokes Cleveland (LSC) VAMC 
in Ohio are exploring light as a non-
pharmacologic intervention to im-
prove sleep-wake activity in veterans 
with dementia.1 

Light has a powerful physiologic 
effect on human circadian rhythms, 
and those who live in northern lati-
tudes or spend long periods inside 
buildings often have limited expo-
sure to dramatic light-dark dif-
ferences required for circadian 
entrainment to the solar day. This 
article is intended to give a brief over-

view of the relationship between light 
and human health and describe ini-
tial pilot studies in improving rest-
activity patterns through lighting. 

LIGHT AND THE AGING EYE
Light is received at the back of the eye 
and absorbed by retinal cells, rods, 
and cones and by intrinsically photo-
sensitive retinal ganglion cells that are 
specialized circadian light receptors. 
These specialized receptors respond 
most strongly to short-wavelength 
(blue) light. Nerve pathways lead 
from the retina to the suprachiasmatic 
nucleus, the circadian pacemaker, in-
fluencing the secretion and suppres-
sion of biomarkers, such as melatonin, 
cortisol, and hypocretin.2 Many hor-
monal systems, including the steroid 

axis, key on this 24-hour cycle that 
seems to be partially timed via the 
hormone melatonin. 

Serum melatonin signals darkness 
and nighttime to the body. It rises in 
the early evening, peaks in the mid-
dle of the night, and is low during 
the daytime hours. Light exposure at 
night can suppress melatonin, which 
can in turn alter the timing of circa-
dian rhythm peaks and troughs. 

 Normal aging of the eye can in-
clude good acuity. Most older adults 
retain 20/25 or better vision in 1 eye 
into their 70s and 80s. However, 
changes in the anatomy of the eye 
due to aging can reduce contrast sen-
sitivity, color vision, and visual fields. 
Reduction of light to the retina due 
to these normal physiologic changes 
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can impair the response to circadian 
light. By the eighth and ninth de-
cades of life, the amount of circadian 
activating light reaching the retina is 
one-tenth that for a 10 year old; thus, 
brighter white light or more short-
wavelength light is needed.3

In addition to the anatomic 
changes in the eye, a muted 24-hour 
light exposure pattern contributes to 
circadian disruption in older adults. 
For those with dementia, the cir-
cadian disruption is manifested in 
rest-activity disorders, such as sun-
downing and day-night disorienta-
tion. Yet patients with dementia 
residing at home or in nursing homes 
routinely are exposed to subdued 
light patterns. For example, accord-
ing to the results of a study, nursing 
home residents in San Diego, Cali-
fornia, had a median of 10.5 min/d of 
exposure to bright light (> 1,000 lux) 
and median illuminance was 52 lux 
during daylight hours.4 

How can light levels be changed 
to make them optimal or even suffi-
cient for health? The researchers con-
sidered this question when opting to 
study light and its possible effects on 
older patients with dementia. 

Lighting interventions in nursing 
homes may be effective. For exam-
ple, 2 hours of bright light exposure 
in the morning improved sleep ef-
ficiency (number of minutes sleep-
ing divided by number of minutes 
in bed).5 Furthermore, 30 minutes 
of sunlight per day has been shown 
to reduce daytime napping.6 In an 
investigation of long-term exposure 
to bright light, participants in the 
experimental group had less than 
the expected decline of their Mini- 
Mental State Examination scores 
across 3.5 years, improved depres-
sion scores, and less functional de-
cline in their activities of daily living.7 
Thus, lighting may have therapeutic 
effects for institutionalized patients 

with dementia, particularly if there is 
prolonged exposure. 

Although increasing light levels 
improves rest-activity patterns in 
those with dementia, implementa-
tion and adherence is a challenge due 
to discomfort and glare, difficulty 
maintaining the level of light expo-
sure due to a person’s activity, and/
or energy codes that restrict power 
consumption in nursing homes. Al-
though many human studies have 
used mixed spectrum light at high 
light levels, evidence suggests that 
the circadian system is maximally 
sensitive to shorter wavelength blue 
light.8 Therefore, short-wavelength 
blue light can achieve the same clini-
cal outcomes while using lower illu-
minations and obviating many of the 
issues with bright lights.

DAYROOM TRANSFORMATION
In “light” of this background, the 
LSC VAMC GRECC engaged in a 
transformation of a community liv-
ing center (CLC) dayroom to intro-
duce circadian lighting, determine its 
acceptance to patients and staff, and 
measure rest-activity measurements 
for 3 residents. The CLC ward spe-
cializes in the care of veterans with 
dementia and had recently under-
gone a cultural transformation into a 
neighborhood system with many ac-
tivities still centered on the dayroom/
dining room. Based on the research 
of colleagues at the Lighting Research 
Center (LRC) at Rensselaer Polytech-
nic Institute (RPI) in Troy, New York, 
scientists at General Electric (GE) 
Lighting division in Cleveland de-
veloped fluorescent lamps emitting 
light in the short-wavelength por-
tion of the visible spectrum (lamps 
with correlated color temperature 
[CCT] of 14,000 kelvin [K]; typical 
commercial use lamps have a CCT of  
3,000-5,000 K). 

The 14,000 K lamp, which was 

perceived as bluish-white or “blue 
sky” light, was chosen for installation. 
According to the model of human cir-
cadian phototransduction (the pro-
cess in which the retina converts light 
signals into neural signals for the cir-
cadian system), the 14,000 K lamp 
can affect the circadian system at light 
levels much lower than those used in 
previously published studies (400-
500 lux compared with > 2,500 lux).9 
Changes in lamp spectrum and total 
irradiance emitted offered an 8-fold 
increase in circadian stimulation over 
the existing lighting. The LSC Human 
Subjects Review Board approved the 
project. 

Measurements in the CLC ward 
indicated that existing lighting in the 
halls and rooms was dim—between 
75 lux and 100 lux. Although this 
level was similar to those reported 
in the literature and satisfactory for 
reading and general activities, it 
likely was not sufficient to stimulate 
residents’ circadian systems.4 The 
dayroom was selected for lamp in-
stallation, because it was used for 
dining and many daily activities, thus 
maximizing the number of veterans 
who could benefit from exposure to 
the new type of lighting. 

The dayroom was large, 35 feet 
by 40 feet, and had windows on  
3 sides. Illumination came from the 
windows, which had blinds and/or 

Table. Measured Dayroom 
Light Conditionsa

Light Conditions Lux

All lights on 517

14,000 K only 381

Standard 333

All lights off 222

aMeasurements were made in September in 
the early afternoon. 
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window air conditioning units, and 
13 ceiling fluorescent light fixtures, 
each with 4 lamps. Using multiple 
light meter measurements, 14,000 K 
lamps were installed in 7 of 13 light 
fixtures to minimize significant en-
gineering changes while maximizing 
the illumination. 

The 7 light fixtures with the 
14,000 K lamps were set to a timer 
that kept them on from 8 am to 6 pm 
daily. After 6 pm, the 6 light fixtures 
with standard fluorescent lighting 
(in this case 5,500 K) remained on 
as needed. This schedule maximized 
the circadian-active lighting during 
the day and minimized it at night, 
because evening light can disrupt 
the circadian rhythm. About $120 
of basic supplies and 8 hours of an 
electrician’s time were required to in-
stall the lighting plan in the ward’s 
dayroom.

The Table shows the illumination 
in lux in the dayroom with and with-
out the 14,000 K lighting. Horizontal 
light levels, 3 feet above the floor and 
measured in a horizontal direction, 
increased from between 300 lux and 
350 lux to 500 lux. The lamps added 
more light and contrast while not in-
creasing glare or causing excessive 
brightness. 

Five veterans with dementia 
consented (with family members 
involved), but due to actigraph mal-
function, only 3 of the 5 participants 
completed the 2 data collection peri-
ods: 7 continuous days of rest/activ-
ity measurements under the regular 
ward lighting and experimental light-
ing plan with a 3-week adaptation 
period in between. Results were 
generally in the expected direction 
after exposure to new lighting: Sleep 
latency (time in bed until the first 
20 minutes of sleep) improved, de-
creasing by 23%, and sleep efficiency 
increased by 6.6%. The new light-
ing was well received; there were no 

reports about heat or glare, and the 
staff frequently commented that the 
room looked as though it was in re-
flected sunlight. A new CLC building 
was subsequently built with excellent 
window access and lighting. There-
fore, the lighting project was moved 
to the home of a test subject.

HOME LIGHTING PROJECTS
In a feasibility pilot, the light expo-
sure and rest activity of an older vet-
eran with dementia and his spouse 
was measured in their home.10,11 Nei-
ther were exposed to light > 400 lux 
for much of the 7 continuous days 
of measurement, and the majority of 
their waking hours was spent in light 
< 100 lux (insufficient for reading). 
Actigraphy data indicated fragmented 
nighttime sleep for both participants 
with the caregiver sleeping much less 
than the veteran. 

This pilot suggested that appro-
priate circadian lighting in the home 
could positively influence circadian 
sleep-wake cycles. Therefore, in col-
laboration with colleagues at the LRC 
at RPI and GE, the authors initiated 
a study funded by the National In-
stitute on Aging (PI: Figueiro M) to 
install home lighting customized to 
the rooms used most during the day 
by veterans with dementia. In phase 
1, the results showed that circadian 
disruption in those with dementia 
in winter months was significantly 
higher than in the summer months 
and that healthy older adults received 
more circadian light and were less dis-
rupted than those with dementia.12 
Phase 2 of the study, which is a pre-
test/posttest control group interven-
tion of circadian lighting, is ongoing.

CONCLUSION
The research has not yet provided 
a definitive answer about whether 
circadian-active light can improve 
circadian synchrony and thereby 

benefit patients with dementia and 
their caregivers. Work in this area 
is translational and ongoing: The 
issues of dosing, timing, and de-
livery are still open questions for 
further research. The next steps re-
lated to testing light delivery and 
dose could include tailoring the 
daytime lighting in day care cen-
ters with blue lighting and/or test-
ing the use of blue light goggles. ●
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