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M.P.J.Aarts, A.C.Westerlaken, Field study of visual and biological light conditions
of independently-living elderly people. Gerontechnology 2005;4(3):141-152. A field
study was carried out to learn more about the influence of light on the lives of eld-
erly people. The results should lead to the development and design of a light
concept for elderly people that will improve their everyday health and well-being.
Methods Ninety one independently-living elderly people were questioned about
their current living conditions and the possible influence of light; both the visual
and the non-visual effects were considered. Daylight and artificial illuminance
measurements were taken in the participants’ living rooms at the position where
they performed specific visual tasks. For the non-visual influence, vertical illumin-
ances were measured at the position where the people spent most of their time.
Results Lighting measurements performed in the living rooms revealed levels that
were too low for adequate vision and for biological stimulation. Even under day-
light conditions, the lighting levels were below recommended values. Discussion
Although we would expect the elderly participants to be aware of the positive ef-
fect of light on performing visual tasks, the results do not support this; the illu-
minance levels were sufficient for ‘normal’ eyes but, unfortunately, not for older
eyes. Surprisingly, 85% of the participants were satisfied with their lighting condi-
tions, even though 25% actually had impaired visual acuity. Further research
should show whether this impairment could be avoided by adjusted glasses to
compensate for the deteriorating eyesight of the aging eye. We expected different
levels of biologically-active light stimulation to reveal differences in sleep-wake
patterns and sleep quality. The results show no significant effects in this area. Fur-
ther research is needed to determine the precise protocol necessary to produce a
biological effect via the older eye in terms of illuminance levels, wavelength, and
the time of day and duration of the stimulus.

Keywords: elderly people, independence, vision, light, non-visual effects

The population of over 65 has increased
in the Netherlands in the last few dec-
ades. This number is expected to peak
in 2040, when approximately 26% of the
total population will be over 65. This
will put significant pressure on the
younger generation, both socially and
economically. Some of that pressure can

be reduced if elderly people can live on
their own for longer instead of living in
care centres and nursing homes.

There are several ways in which light
could contribute to the independence of
elderly people. First of all the fear of fall-
ing limits their mobility and therefore
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their independence. Sufficiently high illu-
minance levels at floor level are needed.
Light is necessary to establish a visually-
safe environment. A well-lit environment
enables elderly people to find their way
around their homes easily without fall-
ing over obstacles such as cables or fur-
niture and risking for example bone frac-
tures; the fear of falling itself limits
already their mobility'.

Secondly, the reduced visual sensitivity
of the eye limits them in performing
everyday activities. Higher illuminance
levels are needed on the task. As a res-
ult of physiological ocular changes,
such as reduced pupil diameter and in-
creased media opacities, only one third
of the light will reach the retina of a 60-
year old compared to a 20-year old’.
This means that older people need at
least three times as much light to have
the same visual input as younger
people. We wanted to know whether illu-
minance levels in the homes of elderly
people are adjusted to their decreased
visual sensitivity. If not, everyday activit-
ies such as preparing meals, reading
newspapers and books, and performing
hobbies such as sewing and making
puzzles, will become more difficult. In
the end this leads to them becoming de-
pendent on other people. Well-adjusted
lighting, compensating for the de-
creased visual sensitivity of the eye,
could prevent this unwanted situation.
Previous research has found that no spe-
cific consideration is given to the need
for more light in the homes of elderly
people®. Besides illuminance levels,
image quality and luminance (contrast)
can compensate for the loss of vision®.
In addition to the physiologically de-
creased light sensitivity, the number of
people with visual impairment and blind-
ness also increases in old age®.The main
causes are macular pathology, glauc-
oma, diabetic retinopathy and senile
cataract. Increased light will not neces-
sarily have a positive effect for this

group; they have therefore been left out
of this study.

The third aspect in which light can play
a significant role is its influence on the
non-vision-related health, i.e. the circadi-
an system. A high vertical illuminance is
necessary. The circadian system has a
significant influence on virtually all tis-
sue in the human body; light exposure
is the most important stimulus for syn-
chronising the biological clock®, sup-
pressing pineal melatonin production’,
elevating core body temperature® and
enhancing alertness’. A free-running bio-
logical clock can result in a disturbed
sleep-wake rhythm. Light activates retin-
al ganglion cells and creates electrical
signals that are transmitted by the optic
nerve to the hypothalamic suprachias-
matic nuclei (SCN), the site in the brain
of the human circadian pacemaker'®.
The recent discovery of a function of
melanopsin'' revealed a completely new
dimension to light and our understand-
ing of human circadian input. Melanop-
sin is a non-visual photoreceptor with a
fundamentally different action spectrum
from both the three-cone photopic visu-
al system and the individual rod and
cone photoreceptors. The specific ac-
tion spectrum shows short-wavelength
sensitivity with a Ay, of 459 nm'2. We
would expect insufficient stimulation of
the circadian system to have a negative
effect on elderly people in particular'>'
due to a decreased lens transmittance
and the fact that older people are not
exposed to high illuminances during the
day. This is caused by their poorly-lit
homes and the short periods of time
they spend outside'®. One of the negat-
ive effects of insufficient biological stim-
ulation is a disturbed sleep-wake
rhythm'®. This implies that people wake
up more often during the night and are
sleepy during the day. The con-
sequences of lack of sleep can be per-
formance lapses, cognitive slowing and
memory problems'”’.



Lighting conditions and elderly people

This study is a continuation of a previ-
ous study on visual and biological light-
ing conditions and lighting require-
ments of elderly people in nursing
homes (in Dutch)'®>. In that study the
lighting conditions of 37 elderly people
in nursing homes were measured and ex-
amined, including the activity, mobility,
and well-being in relation to light. The
conclusions were that the illuminance
levels were lower than the levels recom-
mended for performing their daily tasks
and hobbies. Half of the group had a
visual acuity lower than 0.5. Perhaps as
a consequence of the poor vision in com-
bination with the low illuminance levels,
56% of the elderly people studied no
longer carried out hobbies involving
small details. Sixty percent never went
outside or only in good weather. Most
of the people (80%) who went outside
every day throughout the year did not
take any naps. They also slept better dur-
ing the night.

This study focuses on elderly people liv-
ing independently in sheltered housing.
The goal was to determine the light situ-
ation in current homes and whether it in-
fluences the elderly people in living on
their own. We were looking for answers
to the following questions:

(i) Is the current lighting situation adap-
ted to the elderly eye?

(ii) Can a positive effect of exposure to
high illuminance levels during daytime
be found on the circadian rhythm? Or
consequently, do people who spend
every day long periods of time outside
show a better sleep-wake pattern?

The results of this study will be used as
input for the design of a lighting
concept for the elderly people. This will
contain a lighting scheme for elderly
people’s living areas, considering both
the visual and the non-visual aspects of
light. This scheme will be elaborated on

in two different plans; the first will be
based on currently-available lighting fea-
tures and housing schemes and the
second plan will be more futuristic, and
might have consequences for lighting
development and building methods. The
Dutch organisation ‘TNO Bouw’ will
design this lighting scheme.

METHODS

This study focussed on the relationship
between light and the everyday function-
ing of elderly people. Light measure-
ments were therefore necessary, as well
as information about their daily lives.
Questionnaires and visual acuity tests
were taken in the elderly people’s own
living environments; illuminance meas-
urements were taken at relevant posi-
tions in their rooms. This study concen-
trated on the living rooms of the elderly
people.

Subjects

91 subjects took part, their ages ran-
ging from 65 to 90 (Figure 1), with an
average age of 77. This is slightly older
than the Dutch average for independ-
ently-living elderly people (average age
of 74'8). Of the 91 subjects, 31% were
male and 69% female. The Dutch aver-
age in this age group is 40% male to
60% female. All subjects were still living
independently somewhere in the Nether-
lands in seven different sheltered hous-
ing schemes, in both rural and urban
locations. Participants in the study were
selected at random, and were volun-
teers. They were informed about the pro-
cedures and testing methods in ad-
vance, by letter. The study was
performed in the meteorological winter
from December 2003 until February
2004.

Room description

In order to make sure that the same
measurements were taken in each living
room, a measuring scheme was formu-
lated according to the International En-
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Figure 1. Age distribution of participants minance at the
position of the

ergy Agency, Monitoring Procedures for
the Assessment of Day lighting'®. Each
room was entered into a chart according
to this scheme.

Light measurements

The lighting conditions for the visual
tasks and for biological stimulus were
both important. We therefore took meas-
urements in daylight (daytime situation)
and artificial light (evening situation).
Hagner cells, type SD2 were used. All
data were sent to a laptop using a wire-
less system, and were saved in a file.

Visual tasks

The horizontal illuminances were meas-
ured at the position where the various
eye tasks such as reading, writing, and
needlework were carried out. Depending
on the position a specific task was car-
ried out, the measurements were taken
at lap height (~0.50 m above floor level)
or table height (~0.70 m). Related to the
fear of falling, the horizontal illumin-
ance was also measured on the floor at
1.5 m intervals on people’s normal circu-
lation route.

Non-visual effects

For the non-visual effects the illumin-
ance at the eye is important, or more pre-
cisely, the short wavelength part (visu-

eye (Figure 2) was measured taking into
account the participant’s viewing direc-
tion and angle.

Questionnaire

The participants were interviewed to
learn more about the influence of light
on their daily activities. The question-
naire mainly consisted of closed ques-
tions.

Vision tests

Visual Acuity (VA) tests were carried out
at two different distances to determine
whether the participants had problems
performing certain tasks due to insuffi-
cient illuminance levels or to a low visu-
al acuity. Near distance vision is import-
ant for activities such as reading and

Eretinal [qu]

|
Eeye[lux]

Figure 2. Vertical illuminance versus
retinal illuminance®’
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Viewing direction
Window zone

___________ o—D Parallel to window
Middle zone
___________ Perpendicular, facing
i window
Back zone

Perpendicular, not facing
window

iNE)

= — |

Figure 3. Zones and possible viewing
direction in the living room

needlework. For this distance, the Logar-
ithmic Visual Acuity 2000 test’' was
taken at 0.4 m. A fall can be prevented
if the surrounding area and obstacles
are clearly visible. A VA test was there-
fore taken at a viewing distance of 5
meters?’. Both tests were carried out at
an average illuminance on the charts of
500 lux. (luminance ~125 cd/m?). Other
research has shown that, particularly at
viewing distances of less than 1 meter,
elderly people (mean age 60) show a re-
duced VA compared to young adults. Lu-
minance levels < 10 cd/m? influence the
VA negatively®.

The participants were asked to keep
their glasses on during both tests.

Activities

People were asked about the time they
spent outside, their mobility and what
activities they carried out inside the
home and for how long. To examine a
possible correlation between activities
and light conditions, people were asked
about the use of artificial light and the
kind and amount of light sources as
well as the position in the room where
they carried out certain eye tasks in rela-
tion to the daylight. The rooms were di-
vided into three zones: window (large
amount of daylight), middle and back
(very low amount of daylight) (Figure 3).

Independence

The extent of their independence and
mobility was judged according to the
Groningen Activity Restriction Scale
(GARS?*). Questions were asked regard-
ing people’s capacity to function inde-
pendently in their everyday life.

Biological influence of light

The possible influence of light on the
participants’ well-being and on their bio-
logical clocks was examined by determ-
ining if they suffered from Seasonal Af-
fective Disorder (Seasonal Pattern
Assessment Questionnaire, SPAQ®®) and
asking questions about their sleep-wake
pattern (Pittsburgh Sleep Quality Index,
PSQI*®). The PSQI test is a subjective test
to determine whether people are bad
sleepers or good sleepers. Questions
with regard to the previous month were
asked about their length of sleep, wheth-
er they woke up during the night, had
problems breathing during their sleep,
had bad dreams, and whether they felt
wide-awake during the day. To compare
the values of the PSQI in a more object-
ive way, some people were asked to
wear a wrist activity monitor (actigraph)
for four days. This device is worn at the
wrist like a watch and registers the per-
sons’ sleep (length, time, efficiency,
sleep and wake bouts), the number and
length of naps during the day and if and
when they were active (wrist move-
ment). Two out of the four actigraphs
used were an Actiwatch-L type. It is an
actigraph described as above with an il-
luminance measurement cell as addition-
al feature.

Because certain medication may cause
drowsiness, people were asked what
medication they used.

Data analysis

The raw data from the measurements
were transferred to Microsoft EXCEL
2000-files and were averaged. Together
with the answers from the question-
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naires, these averages were entered into
the statistical analysis program SPSS
11.0. In this way the measurements
were linked to the answers of the ques-
tionnaire.

RESULTS

Fear of falling

The illuminance in the circulation routes
around the room is important to enable
people to find their way safely through
their accommodation, without hurting
themselves or having the fear of falling.
During the day, the recommended levels
of 300 lux?’” were only achieved in the
window zone. In the middle and rear
zone, the levels were about 10 times
lower. Such low levels were also meas-
ured during the evening when no day-
light was present (Figure 4). On average,
28 lux was measured on the circulation
route. Nearly all participants (97%) did
not consider these illuminances to be a
problem. Furthermore 85% of the
people were satisfied with their overall ar-
tificial lighting. This shows that most
people are not sufficiently aware of the
fact that higher illuminances can partly
compensate for their declined visual per-
formance. In this context it was also re-
markable that 83% of the elderly people
did not switch on their artificial light if
they got out of bed at night (e.g. to go
to the bathroom).

Visual tasks

The independently-living elderly people
in our study read a lot: 92 % read every
day. A majority read on average one to
two hours per day (Figure 5). They did
not do much fine needlework and did
not gaze outside the window as often as
those in nursing homes.

The independently-living elderly people
went outside more often than those in
nursing homes. About 98% spent at
least one hour a day outside during the
summer. More than 70% went outside in
the winter on more than five days a

week. They were still very mobile and in-
dependent. About 95% said that they
did not need any help and could still do
everything themselves. As we would ex-
pect, these numbers contrast sharply
with those for the elderly people living
in nursing homes; only 38% of them
went outside all year round, and 50%
had great difficulty in moving around
the house without help.

Artificial light

In total 69 different homes were sur-
veyed. The participants had their own
furniture and decoration, resulting in dif-
ferent interiors (Figure 6). In general the
walls were all white or off-white. Table 1
shows that in most situations traditional
lamps created the artificial light. These
lamps were either on the floor, on a
table or on the wall. The second row in
Table 1 shows the percentage of people
who used that specific light source for

120

100 +
Emax

= Emean
Emin

llluminance [lux]
S D @
15} 3 3

N
=]

window middle back
Room area

Figure 4. Artificial lighting levels on
circulation route

Number of people

<0,5 0,5-1 1-2 2-3 >3
Duration per day [hours]
Ofine needlework Mreading, making puzzles, writing

Figure 5. Time in which certain activit-
ies were carried out per day
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performing their visual tasks. Most of
the participants with directional light
did not have any additional task light-
ing, whereas most people with tradition-
al and ceiling lamps did have.

The artificial lighting levels measured in
the different zones during the evening
were about one fifth of the levels recom-
mended for the older eye. However,
when asked what they thought about
the artificial lighting in general, about
85% of the participants stated that they
were satisfied.

Visual acuity

The two factors that give information
about people’s vision are the visual acu-
ity and the illuminance levels. The visual

acuity should first be optimized using op-

tical correction devices (glasses). The
VA should be close to 1.0 for normal vis-
ion. People with a VA below 0.5 have dif-
ficulty in perceiving their environment

y - -
Figure 6. Picture of a typical living room

Table 1. Light sources present

Tradi- Hang- Up
tional ing

Ceiling Direct Cove

Average
number per 29 0.7 1.0 0.5 0.6 0.2
household

Use it as task

lighting [%] 9 49 29 0 85 23

correctly and are visually restricted.
About 20% of the elderly people in this
sample had a VA below 0.5. Although
these results are better than the group
of elderly people living in nursing
homes where 50% had a VA < 0.5, 20%
were still visually restricted. Tests with
properly-adjusted glasses would show if
this restriction can be easily solved. The
importance of a VA > 0.5 is greater than
just the issue of being able to perform
their hobbies. People with a VA < 0.5
are officially not allowed to hold a driv-
ing licence. The opportunity and ability
to drive a car, and thus to remain mo-
bile and active even in old age, is a
major component of an older person’s
quality of life?s.

Daylight

Lighting levels for the older eye should
be at least three times higher than for
the normal adult eye. According to the
international standard®®, 500 lux is
needed to perform normal visual tasks
such as reading and writing. This means
that 1500 lux is advisable for the older
eye. The average measured daylight illu-
minance levels near the window did not
exceed 800 lux (Figure 7). At positions
in the middle and the rear of the room,
values of 500 lux were not reached.

The examined rooms had an average
floor area of 37 m? (Table 2); the aver-
age glass percentage compared to the
floor area was 20%. According to the
Dutch Building Regulations, this percent-
age should be at least 10% for residen-
tial accommodation. To enlarge the win-
dow area could be an option to allow
more daylight into their homes. Never-
theless, these figures show that the win-
dow size in comparison to the floor area
is not that bad. A balanced light distribu-
tion could be more effective for improv-
ing daylight conditions. This could be
achieved by designing window openings
in more than one facade and/or the ceil-
ing.
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Non-visual light aspects

For the normal eye, an illuminance of at
least 1000 lux®® induced by a full-spec-
trum light source for example daylight,
is required for biological stimulation.
For the older eye factors of three are
mentioned to compensate for the light
that does not reach the retina anymore.
We therefore assume that the illumin-
ance levels for the elderly people produ-
cing a biological stimulation should be
at least 3000 lux. Our measurements at
relevant positions in the participants’
homes in the viewing direction show
readings well below that level (Figure 8).
During the day, depending on weather
conditions and viewing position, aver-
age values of 1000 lux were measured
in the window zone. In the non-window
zone levels of between 200 and 300 lux
were measured.

Sleep-wake quality

The influence of light exposure on the
biological rhythm was examined by
studying the sleep quality at night
(PSQI), the number of naps during the
day and the time people spent outside.
The sleep quality according to the PSQI
identified 50% of the participants as
being good sleepers. This roughly corres-
ponds with their impression. However,
of the people identified by PSQI as bad
sleepers, 57% thought that they were
good or fairly good sleepers.

The hypothesis that bad sleepers take a
lot of naps during the day is not suppor-
ted by the results (r = -.20, n = 50, p =

Table 2. Minimum, maximum and
average floor area, glass area and
glass/floor ratio

Floor area Glass area Ratio
[m?] [m?] glass/floor
[%]
Average 36.8 7.3 20
Minimum 22.2 3.5 11
Maximum 52.9 13.1 33

.18). People taking sleeping medication
or medicine with a drowsing side-effect
are excluded from these results and fur-
ther analyses on the non-visual effects.
Even in winter, these independently-liv-
ing elderly people went outside regu-
larly, and should therefore have had
enough biological light stimulation to
optimize their biological clocks and
their sleep-wake rhythm.

A more important hypothesis is that
people who spend a lot of time outside,
and therefore are exposed to high illu-
minance levels, are better sleepers and
take fewer naps than people who spend
little time outside. Figure 9 shows that
the people who took no naps spent, on
average, the most time outside. Al-
though a correlation is found between
the time outside and the number of
naps, it is not significant (r = -.24, n =
50, p = .09). No significant correlation
was found between the time outside
and the PSQI (r =-.05, n =50, p = .80)

In addition to the results of the PSQI-
test 6 people were asked to wear a wrist
activity monitor (actigraph). Three bad
sleepers wore an Actiwatch-L type. Ac-
cording to the PSQI results, four of them
were bad sleepers and two of them were
good sleepers. The results of the acti-
graphs show that, even when people go
outside, the illuminance is rarely higher
than 1000 lux (Figure 10). These results
could lead us to conclude that going out-
side in a Dutch winter probably does
not result in high enough lighting levels
for biological stimulation. Unfortu-
nately, no sleep diary was kept to en-
able the comparison between the relat-
ively subjective PSQI test and the more
objective actigraph measurements. New
tests should therefore be carried out.
The results also raise the question of
whether the PSQI test is the right meth-
od to use to find the correlation
between sleep-wake patterns and biolo-
gical stimulation. More objective meas-
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urements should give a decisive answer
to this question.

Seasonal Affective Disorder

The percentage of people suffering
from SAD (winter depression) is with 3%
not divergent from the national average.
The percentage of people suffering
from sub-SAD is with 6% even 2% lower
than the average. This is remarkable be-
cause we expected to find more people
suffering from a type of winter depres-
sion than the national average, due to
the aging of the eye. We also did not ex-
pect that people suffering from SAD or
sub-SAD spend on average not lesser
time outside than the rest.

Although no measurements of the vertic-
al illuminance at eye-level outside were
actually taken, the vertical illuminance
at the window of the apartments give us
some indication. On average, this level
was 4200 lux. This raises the question
of whether the minimum level for biolo-
gical stimulation of 3000 lux is actually

2500

Emax
2000 + = Emean
Emin

1500 +

1000 +

50: T | l | | J

window | non-window

llluminance [lux]

window | non-window

Clouded Partly clouded

Figure 7. Horizontal daylight illuminance

Emax
2500 T = Emean
Emin

llluminance [lux]

1000 +

t

window | non-window

window | non-window

Clouded
Figure 8. Average vertical daylight illu-
minance

Partly clouded

too low for the older eye. Since most bio-
logical stimulation studies were per-
formed with ‘younger’ people, perhaps
other aging effects, resulting in a lack
of input to the SCN (suprachiasmatic
nucleus) are also influencing the results.

DiscussioN AND CONCLUSION

Is there sufficient light?

Is the current lighting situation for eld-
erly people sufficient for them to per-
form the various eye/visual tasks?

In general, the lighting levels measured
in the residences of independently-living
elderly people were not adjusted to
their reduced retinal levels. Although
the daylight conditions were acceptable
near the window, this was not enough if
you entered further into the room. The
artificial light necessary to perform visu-
al tasks was also not adjusted to the
older eye. The fact that most of the par-
ticipants did not turn on the light when
getting out of bed during the night, in
combination with the badly illuminated
circulation area in the home, can lead to
dangerous situations and shows how un-
aware the participants were of the posit-
ive effect of higher illuminance.

The lighting conditions under which eld-
erly people live can be improved for visu-
al performance and visual safety. Well-
adjusted glasses can also improve their
vision.

Is there a relationship between light
exposure and the sleep-wake pattern?
Considering the biological stimulation
effects of lighting we can conclude that
when people stay in their homes most
of the time, the lighting levels measured
are not high enough to have a positive
influence on their biological rhythm.
Even the people who say that they go
outside regularly do not seem to benefit
from the lighting with respect to their
sleep-wake rhythm or SAD-symptoms.
This could mean that they are not ex-
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posed to the daylight for long enough
to achieve any positive effects, or it
could mean that the daylight levels are
too low. Another explanation could be
that the lighting levels available in
Dutch winters are not sufficient for the
older eye. Another aspect to consider is
that not all sleeping disorders can be
solved by higher light exposure; only
people who sleep badly during the night
and tend to take a lot of naps during
the day may benefit from the light expos-
ure. As yet, too little is known about the
precise stimulant. What we do know is
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Figure 9. Box plot of time outside versus
number of naps
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Figure 10. Average illuminance expos-
ure per day (Actiwatch-L)

that we need bluish light; but what does
this mean for the continuous spectrum
of daylight and are lumen and lux the
right parameters for measuring and ex-
pressing those values? Do the duration
and time of stimulation play a signific-
ant role? There are still too many ques-
tions to be answered before we can
draw a conclusion. There are currently
only a few researchers studying the non-
visual effects of light on the elderly
people'3'. Studies among Alzheimer pa-
tients®>' confirm the positive effects of
light on the biological clock and brain
stimulation.

More detailed research on this topic, es-
pecially in relation to level and dose ef-
fects, should give us a better under-
standing of the influence of light on the
biological rhythm of older people; this
should result in more beneficial lighting
conditions for the elderly people, offer-
ing them a bright future!
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