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M.P.J.Aarts, A.C.W e ste rlak en, Field study of visual and biological ligh t conditions 

of independently-living elde rly people. Ge rontech nology 2005;4(3):141-152. A fie ld 

study was  carrie d out to le arn m ore  about th e  influe nce  of ligh t on th e  live s  of e ld-

e rly pe ople . Th e  re s ults  s h ould le ad to th e  de ve lopm e nt and de s ign of a ligh t 

conce pt for e lde rly pe ople  th at w ill im prove  th e ir e ve ryday h e alth  and w e ll-be ing. 

M e th ods  Nine ty one  inde pe nde ntly-living e lde rly pe ople  w e re  q ue stione d about 

th e ir curre nt living conditions  and th e  pos s ible  influe nce  of ligh t; both  th e  visual 

and th e  non-visual e ffe cts  w e re  cons ide re d. D ayligh t and artificial illum inance  

m e asure m e nts  w e re  tak e n in th e  participants ’ living room s  at th e  pos ition w h e re  

th e y pe rform e d spe cific visual tas k s . For th e  non-visual influe nce , ve rtical illum in-

ance s  w e re  m e asure d at th e  pos ition w h e re  th e  pe ople  spe nt m ost of th e ir tim e . 

Re s ults  Ligh ting m e asure m e nts  pe rform e d in th e  living room s  re ve ale d le ve ls  th at 

w e re  too low  for ade q uate  vis ion and for b iological stim ulation. Eve n unde r day-

ligh t conditions , th e  ligh ting le ve ls  w e re  be low  re com m e nde d value s. D is cus s ion 

Alth ough  w e  would e xpe ct th e  e lde rly participants  to be  aware  of th e  pos itive  e f-

fe ct of ligh t on pe rform ing visual tas k s , th e  re s ults  do not support th is; th e  illu-

m inance  le ve ls  w e re  s ufficie nt for ‘norm al’ e ye s  but, unfortunate ly, not for olde r 

e ye s . Surpris ingly, 85% of th e  participants  w e re  satisfie d w ith  th e ir ligh ting condi-

tions , e ve n th ough  25% actually h ad im paire d visual acuity. Furth e r re s e arch  

s h ould s h ow  w h e th e r th is  im pairm e nt could be  avoide d by adjuste d glas s e s  to 

com pe nsate  for th e  de te riorating e ye s igh t of th e  aging e ye . W e  e xpe cte d diffe re nt 

le ve ls  of biologically-active  ligh t stim ulation to re ve al diffe re nce s  in sle e p-wak e  

patte rns  and sle e p q uality. Th e  re s ults  s h ow  no s ignificant e ffe cts  in th is  are a. Fur-

th e r re s e arch  is  ne e de d to de te rm ine  th e  pre cis e  protocol ne ce s sary to produce  a 

b iological e ffe ct via th e  olde r e ye  in te rm s  of illum inance  le ve ls , wave le ngth , and 

th e  tim e  of day and duration of th e  stim ulus.

K e yw ords : e lde rly pe ople , inde pe nde nce , vis ion, ligh t, non-vis ual e ffe cts

Th e  population of ove r 65 h as  incre as e d 
in th e  Ne th e rlands  in th e  last fe w  de c-
ade s. Th is  num be r is  e xpe cte d to pe ak  
in 2040, w h e n approxim ate ly 26% of th e  
total population w ill be  ove r 65. Th is  
w ill put s ignificant pre s sure  on th e  
younge r ge ne ration, both  socially and 
e conom ically. Som e  of th at pre s sure  can 

be  re duce d if e lde rly pe ople  can live  on 
th e ir own for longe r inste ad of living in 
care  ce ntre s  and nurs ing h om e s. 

Th e re  are  s e ve ral ways  in w h ich  ligh t 
could contribute  to th e  inde pe nde nce  of 
e lde rly pe ople . First of all th e  fe ar of fall-
ing lim its  th e ir m obility and th e re fore  



Li g h ti n g  con d i ti on s  an d  e ld e rly  p e op le

142

w
w

w
.

g
e

r
o

n
t

e
c

h
j

o
u

r
n

a
l
.

n
e

t
D

e
c

e
m

b
e

r
 

2
0

0
5

,
 

V
o

l
 

4
,

 
N

o
 

3

th e ir inde pe nde nce . Sufficie ntly h igh  illu-
m inance  le ve ls  at floor le ve l are  ne e de d. 
Ligh t is  ne ce s sary to e stablis h  a visually-
safe  e nvironm e nt. A w e ll-lit e nvironm e nt 
e nable s  e lde rly pe ople  to find th e ir way 
around th e ir h om e s  e as ily w ith out fall-
ing ove r obstacle s  s uch  as  cable s  or fur-
niture  and ris k ing for e xam ple  bone  frac-
ture s; th e  fe ar of falling its e lf lim its  
alre ady th e ir m obility1.

Se condly, th e  re duce d visual s e ns itivity 
of th e  e ye  lim its  th e m  in pe rform ing 
e ve ryday activitie s . H igh e r illum inance  
le ve ls  are  ne e de d on th e  tas k . As  a re s -
ult of ph ys iological ocular ch ange s , 
s uch  as  re duce d pupil diam e te r and in-
cre as e d m e dia opacitie s , only one  th ird 
of th e  ligh t w ill re ach  th e  re tina of a 60-
ye ar old com pare d to a 20-ye ar old2. 
Th is  m e ans  th at olde r pe ople  ne e d at 
le ast th re e  tim e s  as  m uch  ligh t to h ave  
th e  sam e  visual input as  younge r 
pe ople . W e  wante d to k now  w h e th e r illu-
m inance  le ve ls  in th e  h om e s  of e lde rly 
pe ople  are  adjuste d to th e ir de cre as e d 
visual s e ns itivity. If not, e ve ryday activit-
ie s  s uch  as  pre paring m e als , re ading 
ne w spape rs  and book s , and pe rform ing 
h obbie s  s uch  as  s e w ing and m ak ing 
puz z le s , w ill be com e  m ore  difficult. In 
th e  e nd th is  le ads  to th e m  be com ing de -
pe nde nt on oth e r pe ople . W e ll-adjuste d 
ligh ting, com pe nsating for th e  de -
cre as e d visual s e ns itivity of th e  e ye , 
could pre ve nt th is  unwante d s ituation. 
Pre vious  re s e arch  h as  found th at no spe -
cific cons ide ration is  give n to th e  ne e d 
for m ore  ligh t in th e  h om e s  of e lde rly 
pe ople 3. Be s ide s  illum inance  le ve ls , 
im age  q uality and lum inance  (contrast) 
can com pe nsate  for th e  los s  of vis ion4. 
In addition to th e  ph ys iologically de -
cre as e d ligh t s e ns itivity, th e  num be r of 
pe ople  w ith  visual im pairm e nt and blind-
ne s s  also incre as e s  in old age 5.Th e  m ain 
caus e s  are  m acular path ology, glauc-
om a, diabe tic re tinopath y and s e nile  
cataract. Incre as e d ligh t w ill not ne ce s -
sarily h ave  a pos itive  e ffe ct for th is  

group; th e y h ave  th e re fore  be e n le ft out 
of th is  study.

Th e  th ird aspe ct in w h ich  ligh t can play 
a s ignificant role  is  its  influe nce  on th e  
non-vis ion-re late d h e alth , i.e . th e  circadi-
an syste m . A h igh  ve rtical illum inance  is  
ne ce s sary. Th e  circadian syste m  h as  a 
s ignificant influe nce  on virtually all tis -
s ue  in th e  h um an body; ligh t e xposure  
is  th e  m ost im portant stim ulus  for syn-
ch ronis ing th e  b iological clock 6, s up-
pre s s ing pine al m e latonin production7, 
e le vating core  body te m pe rature 8 and 
e nh ancing ale rtne s s 9 . A fre e -running b io-
logical clock  can re sult in a disturbe d 
sle e p-wak e  rh yth m . Ligh t activate s  re tin-
al ganglion ce lls and cre ate s  e le ctrical 
s ignals  th at are  transm itte d by th e  optic 
ne rve  to th e  h ypoth alam ic suprach ias -
m atic nucle i (SCN), th e  s ite  in th e  brain 
of th e  h um an circadian pace m ak e r10. 
Th e  re ce nt discove ry of a function of 
m e lanops in11 re ve ale d a com ple te ly ne w  
dim e ns ion to ligh t and our unde rstand-
ing of h um an circadian input. Me lanop-
s in is  a non-visual ph otore ce ptor w ith  a 
fundam e ntally diffe re nt action spe ctrum  
from  both  th e  th re e -cone  ph otopic visu-
al syste m  and th e  individual rod and 
cone  ph otore ce ptors. Th e  spe cific ac-
tion spe ctrum  s h ow s  s h ort-wave le ngth  
s e ns itivity w ith  a m ax of 459  nm 12. W e  
would e xpe ct insufficie nt stim ulation of 
th e  circadian syste m  to h ave  a ne gative  
e ffe ct on e lde rly pe ople  in particular13,14 
due  to a de cre as e d le ns  transm ittance  
and th e  fact th at olde r pe ople  are  not 
e xpos e d to h igh  illum inance s  during th e  
day. Th is  is  caus e d by th e ir poorly-lit 
h om e s  and th e  s h ort pe riods  of tim e  
th e y spe nd outs ide 15. O ne  of th e  ne gat-
ive  e ffe cts  of insufficie nt b iological stim -
ulation is  a disturbe d sle e p-wak e  
rh yth m 16. Th is  im plie s  th at pe ople  wak e  
up m ore  ofte n during th e  nigh t and are  
sle e py during th e  day. Th e  con-
s e q ue nce s  of lack  of sle e p can be  pe r-
form ance  laps e s , cognitive  slow ing and 
m e m ory proble m s 17.
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Th is  study is  a continuation of a pre vi-
ous  study on visual and biological ligh t-
ing conditions  and ligh ting re q uire -
m e nts  of e lde rly pe ople  in nurs ing 
h om e s  (in D utch )15. In th at study th e  
ligh ting conditions  of 37 e lde rly pe ople  
in nurs ing h om e s  w e re  m e asure d and e x-
am ine d, including th e  activity, m obility, 
and w e ll-be ing in re lation to ligh t. Th e  
conclus ions  w e re  th at th e  illum inance  
le ve ls  w e re  low e r th an th e  le ve ls  re com -
m e nde d for pe rform ing th e ir daily tas k s  
and h obbie s . H alf of th e  group h ad a 
visual acuity low e r th an 0.5. Pe rh aps  as  
a cons e q ue nce  of th e  poor vis ion in com -
bination w ith  th e  low  illum inance  le ve ls , 
56% of th e  e lde rly pe ople  studie d no 
longe r carrie d out h obbie s  involving 
sm all de tails. Sixty pe rce nt ne ve r w e nt 
outs ide  or only in good w e ath e r. Most 
of th e  pe ople  (80%) w h o w e nt outs ide  
e ve ry day th rough out th e  ye ar did not 
tak e  any naps. Th e y also sle pt be tte r dur-
ing th e  nigh t.

Th is  study focus e s  on e lde rly pe ople  liv-
ing inde pe nde ntly in s h e lte re d h ous ing. 
Th e  goal was  to de te rm ine  th e  ligh t s itu-
ation in curre nt h om e s  and w h e th e r it in-
flue nce s  th e  e lde rly pe ople  in living on 
th e ir own. W e  w e re  look ing for answ e rs  
to th e  follow ing q ue stions :  

(i) Is  th e  curre nt ligh ting s ituation adap-
te d to th e  e lde rly e ye ?

(ii) Can a pos itive  e ffe ct of e xposure  to 
h igh  illum inance  le ve ls  during daytim e  
be  found on th e  circadian rh yth m ? O r 
cons e q ue ntly, do pe ople  w h o spe nd 
e ve ry day long pe riods  of tim e  outs ide  
s h ow  a be tte r sle e p-wak e  patte rn?

Th e  re sults  of th is  study w ill be  us e d as  
input for th e  de s ign of a ligh ting 
conce pt for th e  e lde rly pe ople . Th is  w ill 
contain a ligh ting sch e m e  for e lde rly 
pe ople ’s  living are as , cons ide ring both  
th e  visual and th e  non-visual aspe cts  of 
ligh t. Th is  sch e m e  w ill be  e laborate d on 

in two diffe re nt plans; th e  first w ill be  
bas e d on curre ntly-available  ligh ting fe a-
ture s  and h ous ing sch e m e s  and th e  
s e cond plan w ill be  m ore  futuristic, and 
m igh t h ave  cons e q ue nce s  for ligh ting 
de ve lopm e nt and building m e th ods. Th e  
D utch  organisation ‘TNO  Bouw ’ w ill 
de s ign th is  ligh ting sch e m e .

M ETH O D S

Th is  study focus s e d on th e  re lations h ip 
be tw e e n ligh t and th e  e ve ryday function-
ing of e lde rly pe ople . Ligh t m e asure -
m e nts  w e re  th e re fore  ne ce s sary, as  w e ll 
as  inform ation about th e ir daily live s. 
Que stionnaire s  and visual acuity te sts  
w e re  tak e n in th e  e lde rly pe ople ’s  own 
living e nvironm e nts; illum inance  m e as -
ure m e nts  w e re  tak e n at re le vant pos i-
tions  in th e ir room s. Th is  study conce n-
trate d on th e  living room s  of th e  e lde rly 
pe ople .

Sub je cts
9 1 s ubje cts  took  part, th e ir age s  ran-
ging from  65 to 9 0 (Figure  1), w ith  an 
ave rage  age  of 77. Th is  is  sligh tly olde r 
th an th e  D utch  ave rage  for inde pe nd-
e ntly-living e lde rly pe ople  (ave rage  age  
of 7418). O f th e  9 1 s ubje cts , 31% w e re  
m ale  and 69 % fe m ale . Th e  D utch  ave r-
age  in th is  age  group is  40% m ale  to 
60% fe m ale . All subje cts  w e re  still living 
inde pe nde ntly som e w h e re  in th e  Ne th e r-
lands  in s e ve n diffe re nt s h e lte re d h ous -
ing sch e m e s , in both  rural and urban 
locations. Participants  in th e  study w e re  
s e le cte d at random , and w e re  volun-
te e rs. Th e y w e re  inform e d about th e  pro-
ce dure s  and te sting m e th ods  in ad-
vance , by le tte r. Th e  study was  
pe rform e d in th e  m e te orological w inte r 
from  D e ce m be r 2003 until Fe bruary 
2004.

Room  de s cription
In orde r to m ak e  s ure  th at th e  sam e  
m e asure m e nts  w e re  tak e n in e ach  living 
room , a m e asuring sch e m e  was  form u-
late d according to th e  Inte rnational En-
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e rgy Age ncy, Monitoring Proce dure s  for 
th e  As s e s sm e nt of D ay ligh ting19 . Each  
room  was  e nte re d into a ch art according 
to th is  sch e m e . 

Ligh t m e as ure m e nts  
Th e  ligh ting conditions  for th e  visual 
tas k s  and for b iological stim ulus  w e re  
both  im portant. W e  th e re fore  took  m e as -
ure m e nts  in dayligh t (daytim e  s ituation) 
and artificial ligh t (e ve ning s ituation). 
H agne r ce lls, type  SD 2 w e re  us e d. All 
data w e re  s e nt to a laptop us ing a w ire -
le s s  syste m , and w e re  save d in a file .

Visual task s
Th e  h oriz ontal illum inance s  w e re  m e as -
ure d at th e  pos ition w h e re  th e  various  
e ye  tas k s  s uch  as  re ading, w riting, and 
ne e dle work  w e re  carrie d out. D e pe nding 
on th e  pos ition a spe cific tas k  was  car-
rie d out, th e  m e asure m e nts  w e re  tak e n 
at lap h e igh t (~ 0.50 m  above  floor le ve l) 
or table  h e igh t (~ 0.70 m ). Re late d to th e  
fe ar of falling, th e  h oriz ontal illum in-
ance  was  also m e asure d on th e  floor at 
1.5 m  inte rvals  on pe ople ’s  norm al circu-
lation route .

Non-visual effects
For th e  non-visual e ffe cts  th e  illum in-
ance  at th e  e ye  is  im portant, or m ore  pre -
cis e ly, th e  s h ort wave le ngth  part (visu-

ally bluis h ) of th e  
ligh t th at is  re -
spons ible  for th e  
stim ulation of 
th e  b iological sys -
te m . Th e re  is  cur-
re ntly no de vice  
com m e rcially 
available  to m e as -
ure  th e  re tinal il-
lum inance  tak ing 
th e  action spe c-
trum  into ac-
count. Th e re fore  
th e  ve rtical illu-
m inance  at th e  
pos ition of th e  

e ye  (Figure  2) was  m e asure d tak ing into 
account th e  participant’s  vie w ing dire c-
tion and angle .

Q ue s tionnaire
Th e  participants  w e re  inte rvie w e d to 
le arn m ore  about th e  influe nce  of ligh t 
on th e ir daily activitie s . Th e  q ue stion-
naire  m ainly cons iste d of clos e d q ue s -
tions.

Vision te sts 
Visual Acuity (VA) te sts  w e re  carrie d out 
at two diffe re nt distance s  to de te rm ine  
w h e th e r th e  participants  h ad proble m s  
pe rform ing ce rtain tas k s  due  to insuffi-
cie nt illum inance  le ve ls  or to a low  visu-
al acuity. Ne ar distance  vis ion is  im port-
ant for activitie s  s uch  as  re ading and 

Figure  1. Age  distribution of participants

Figure  2. Vertical illum inance  ve rsus 
retinal illum inance 20



Li g h ti n g  co n d i ti o n s  an d  e ld e rly  p e o p le

145

D
e

c
e

m
b

e
r

 
2

0
0

5
,

 
V

o
l
 

4
,

 
N

o
 

3
w

w
w

.
g

e
r

o
n

t
e

c
h

j
o

u
r

n
a

l
.

n
e

t

ne e dle work . For th is  distance , th e  Logar-
ith m ic Visual Acuity 2000 te st21 was  
tak e n at 0.4 m . A fall can be  pre ve nte d 
if th e  s urrounding are a and obstacle s  
are  cle arly vis ible . A VA te st was  th e re -
fore  tak e n at a vie w ing distance  of 5 
m e te rs 22. Both  te sts  w e re  carrie d out at 
an ave rage  illum inance  on th e  ch arts  of 
500 lux. (lum inance  ~ 125 cd/m 2). O th e r 
re s e arch  h as  s h own th at, particularly at 
vie w ing distance s  of le s s  th an 1 m e te r, 
e lde rly pe ople  (m e an age  60) s h ow  a re -
duce d VA com pare d to young adults. Lu-
m inance  le ve ls  < 10 cd/m 2 influe nce  th e  
VA ne gative ly23. 

Th e  participants  w e re  as k e d to k e e p 
th e ir glas s e s  on during both  te sts.

Activitie s
Pe ople  w e re  as k e d about th e  tim e  th e y 
spe nt outs ide , th e ir m obility and w h at 
activitie s  th e y carrie d out ins ide  th e  
h om e  and for h ow  long. To e xam ine  a 
pos s ible  corre lation be tw e e n activitie s  
and ligh t conditions , pe ople  w e re  as k e d 
about th e  us e  of artificial ligh t and th e  
k ind and am ount of ligh t source s  as  
w e ll as  th e  pos ition in th e  room  w h e re  
th e y carrie d out ce rtain e ye  tas k s  in re la-
tion to th e  dayligh t. Th e  room s  w e re  di-
vide d into th re e  z one s : w indow  (large  
am ount of dayligh t), m iddle  and back  
(ve ry low  am ount of dayligh t) (Figure  3).

Independence
Th e  e xte nt of th e ir inde pe nde nce  and 
m obility was  judge d according to th e  
Groninge n Activity Re striction Scale  
(GARS24). Que stions  w e re  as k e d re gard-
ing pe ople ’s  capacity to function inde -
pe nde ntly in th e ir e ve ryday life .

Biological influence  of ligh t
Th e  pos s ible  influe nce  of ligh t on th e  
participants ’ w e ll-be ing and on th e ir b io-
logical clock s  was  e xam ine d by de te rm -
ining if th e y s uffe re d from  Se asonal Af-
fe ctive  D isorde r (Se asonal Patte rn 
As s e s sm e nt Que stionnaire , SPAQ 25) and 
as k ing q ue stions  about th e ir sle e p-wak e  
patte rn (Pittsburgh  Sle e p Quality Inde x, 
PSQ I26). Th e  PSQ I te st is  a s ubje ctive  te st 
to de te rm ine  w h e th e r pe ople  are  bad 
sle e pe rs  or good sle e pe rs. Que stions  
w ith  re gard to th e  pre vious  m onth  w e re  
as k e d about th e ir le ngth  of sle e p, w h e th -
e r th e y wok e  up during th e  nigh t, h ad 
proble m s  bre ath ing during th e ir sle e p, 
h ad bad dre am s , and w h e th e r th e y fe lt 
w ide -awak e  during th e  day. To com pare  
th e  value s  of th e  PSQ I in a m ore  obje ct-
ive  way, som e  pe ople  w e re  as k e d to 
w e ar a w rist activity m onitor (actigraph ) 
for four days. Th is  de vice  is  worn at th e  
w rist lik e  a watch  and re giste rs  th e  pe r-
sons ’ sle e p (le ngth , tim e , e fficie ncy, 
sle e p and wak e  bouts), th e  num be r and 
le ngth  of naps  during th e  day and if and 
w h e n th e y w e re  active  (w rist m ove -
m e nt). Two out of th e  four actigraph s  
us e d w e re  an Actiwatch -L type . It is  an 
actigraph  de scribe d as  above  w ith  an il-
lum inance  m e asure m e nt ce ll as  addition-
al fe ature . 

Be caus e  ce rtain m e dication m ay caus e  
drow s ine s s , pe ople  w e re  as k e d w h at 
m e dication th e y us e d.

D ata analys is
Th e  raw  data from  th e  m e asure m e nts  
w e re  transfe rre d to Microsoft EXCEL 
2000-file s  and w e re  ave rage d. Toge th e r 
w ith  th e  answ e rs  from  th e  q ue stion-

Figure  3. Z one s and possible  vie w ing 
direction in th e  living room
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naire s , th e s e  ave rage s  w e re  e nte re d into 
th e  statistical analys is  program  SPSS 
11.0. In th is  way th e  m e asure m e nts  
w e re  link e d to th e  answ e rs  of th e  q ue s -
tionnaire .

R ESULTS 
Fe ar of falling 
Th e  illum inance  in th e  circulation route s  
around th e  room  is  im portant to e nable  
pe ople  to find th e ir way safe ly th rough  
th e ir accom m odation, w ith out h urting 
th e m s e lve s  or h aving th e  fe ar of falling. 
D uring th e  day, th e  re com m e nde d le ve ls  
of 300 lux27 w e re  only ach ie ve d in th e  
w indow  z one . In th e  m iddle  and re ar 
z one , th e  le ve ls  w e re  about 10 tim e s  
low e r. Such  low  le ve ls  w e re  also m e as -
ure d during th e  e ve ning w h e n no day-
ligh t was  pre s e nt (Figure  4). O n ave rage , 
28 lux was  m e asure d on th e  circulation 
route . Ne arly all participants  (9 7%) did 
not cons ide r th e s e  illum inance s  to be  a 
proble m . Furth e rm ore  85% of th e  
pe ople  w e re  satisfie d w ith  th e ir ove rall ar-
tificial ligh ting. Th is  s h ow s  th at m ost 
pe ople  are  not sufficie ntly aware  of th e  
fact th at h igh e r illum inance s  can partly 
com pe nsate  for th e ir de cline d visual pe r-
form ance . In th is  conte xt it was  also re -
m ark able  th at 83% of th e  e lde rly pe ople  
did not sw itch  on th e ir artificial ligh t if 
th e y got out of be d at nigh t (e .g. to go 
to th e  bath room ).

Vis ual tas k s
Th e  inde pe nde ntly-living e lde rly pe ople  
in our study re ad a lot: 9 2 % re ad e ve ry 
day. A m ajority re ad on ave rage  one  to 
two h ours  pe r day (Figure  5). Th e y did 
not do m uch  fine  ne e dle work  and did 
not gaz e  outs ide  th e  w indow  as  ofte n as  
th os e  in nurs ing h om e s. 

Th e  inde pe nde ntly-living e lde rly pe ople  
w e nt outs ide  m ore  ofte n th an th os e  in 
nurs ing h om e s. About 9 8% spe nt at 
le ast one  h our a day outs ide  during th e  
s um m e r. More  th an 70% w e nt outs ide  in 
th e  w inte r on m ore  th an five  days  a 

w e e k . Th e y w e re  still ve ry m obile  and in-
de pe nde nt. About 9 5% said th at th e y 
did not ne e d any h e lp and could still do 
e ve ryth ing th e m s e lve s. As  w e  would e x-
pe ct, th e s e  num be rs  contrast s h arply 
w ith  th os e  for th e  e lde rly pe ople  living 
in nurs ing h om e s; only 38% of th e m  
w e nt outs ide  all ye ar round, and 50% 
h ad gre at difficulty in m oving around 
th e  h ous e  w ith out h e lp.

Artificial ligh t
In total 69  diffe re nt h om e s  w e re  s ur-
ve ye d. Th e  participants  h ad th e ir own 
furniture  and de coration, re sulting in dif-
fe re nt inte riors  (Figure  6). In ge ne ral th e  
walls w e re  all w h ite  or off-w h ite . Table  1 
s h ow s  th at in m ost s ituations  traditional 
lam ps  cre ate d th e  artificial ligh t. Th e s e  
lam ps  w e re  e ith e r on th e  floor, on a 
table  or on th e  wall. Th e  s e cond row  in 
Table  1 s h ow s  th e  pe rce ntage  of pe ople  
w h o us e d th at spe cific ligh t source  for 

Figure  4. Artificial ligh ting levels on 
circulation route

Figure  5. Tim e  in w h ich  ce rtain activit-
ie s  w e re  carrie d out pe r day
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pe rform ing th e ir visual tas k s . Most of 
th e  participants  w ith  dire ctional ligh t 
did not h ave  any additional tas k  ligh t-
ing, w h e re as  m ost pe ople  w ith  tradition-
al and ce iling lam ps  did h ave .

Th e  artificial ligh ting le ve ls  m e asure d in 
th e  diffe re nt z one s  during th e  e ve ning 
w e re  about one  fifth  of th e  le ve ls  re com -
m e nde d for th e  olde r e ye . H ow e ve r, 
w h e n as k e d w h at th e y th ough t about 
th e  artificial ligh ting in ge ne ral, about 
85% of th e  participants  state d th at th e y 
w e re  satisfie d. 

Visual acuity
Th e  two factors  th at give  inform ation 
about pe ople ’s  vis ion are  th e  visual acu-
ity and th e  illum inance  le ve ls. Th e  visual 
acuity s h ould first be  optim iz e d us ing op-
tical corre ction de vice s  (glas s e s ). Th e  
VA s h ould be  clos e  to 1.0 for norm al vis -
ion. Pe ople  w ith  a VA be low  0.5 h ave  dif-
ficulty in pe rce iving th e ir e nvironm e nt 

corre ctly and are  visually re stricte d. 
About 20% of th e  e lde rly pe ople  in th is  
sam ple  h ad a VA be low  0.5. Alth ough  
th e s e  re s ults  are  be tte r th an th e  group 
of e lde rly pe ople  living in nurs ing 
h om e s  w h e re  50% h ad a VA < 0.5, 20% 
w e re  still visually re stricte d. Te sts  w ith  
prope rly-adjuste d glas s e s  would s h ow  if 
th is  re striction can be  e as ily solve d. Th e  
im portance  of a VA >  0.5 is  gre ate r th an 
just th e  is s ue  of be ing able  to pe rform  
th e ir h obbie s . Pe ople  w ith  a VA < 0.5 
are  officially not allow e d to h old a driv-
ing lice nce . Th e  opportunity and ability 
to drive  a car, and th us  to re m ain m o-
bile  and active  e ve n in old age , is  a 
m ajor com pone nt of an olde r pe rson’s  
q uality of life 28.

D ayligh t
Ligh ting le ve ls  for th e  olde r e ye  s h ould 
be  at le ast th re e  tim e s  h igh e r th an for 
th e  norm al adult e ye . According to th e  
inte rnational standard29 , 500 lux is  
ne e de d to pe rform  norm al visual tas k s  
s uch  as  re ading and w riting. Th is  m e ans  
th at 1500 lux is  advisable  for th e  olde r 
e ye . Th e  ave rage  m e asure d dayligh t illu-
m inance  le ve ls  ne ar th e  w indow  did not 
e xce e d 800 lux (Figure  7). At pos itions  
in th e  m iddle  and th e  re ar of th e  room , 
value s  of 500 lux w e re  not re ach e d.

Th e  e xam ine d room s  h ad an ave rage  
floor are a of 37 m 2 (Table  2); th e  ave r-
age  glas s  pe rce ntage  com pare d to th e  
floor are a was  20%. According to th e  
D utch  Building Re gulations , th is  pe rce nt-
age  s h ould be  at le ast 10% for re s ide n-
tial accom m odation. To e nlarge  th e  w in-
dow  are a could be  an option to allow  
m ore  dayligh t into th e ir h om e s. Ne ve r-
th e le s s , th e s e  figure s  s h ow  th at th e  w in-
dow  s iz e  in com parison to th e  floor are a 
is  not th at bad. A balance d ligh t distribu-
tion could be  m ore  e ffe ctive  for im prov-
ing dayligh t conditions. Th is  could be  
ach ie ve d by de s igning w indow  ope nings  
in m ore  th an one  façade  and/or th e  ce il-
ing.

Table  1. Ligh t source s pre se nt

Figure  6. Picture  of a typical living room
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Non-vis ual ligh t as pe cts
For th e  norm al e ye , an illum inance  of at 
le ast 1000 lux30 induce d by a full-spe c-
trum  ligh t source  for e xam ple  dayligh t, 
is  re q uire d for b iological stim ulation. 
For th e  olde r e ye  factors  of th re e  are  
m e ntione d to com pe nsate  for th e  ligh t 
th at doe s  not re ach  th e  re tina anym ore . 
W e  th e re fore  as sum e  th at th e  illum in-
ance  le ve ls  for th e  e lde rly pe ople  produ-
cing a b iological stim ulation s h ould be  
at le ast 3000 lux. O ur m e asure m e nts  at 
re le vant pos itions  in th e  participants ’ 
h om e s  in th e  vie w ing dire ction s h ow  
re adings  w e ll be low  th at le ve l (Figure  8). 
D uring th e  day, de pe nding on w e ath e r 
conditions  and vie w ing pos ition, ave r-
age  value s  of 1000 lux w e re  m e asure d 
in th e  w indow  z one . In th e  non-w indow  
z one  le ve ls  of be tw e e n 200 and 300 lux 
w e re  m e asure d.

Sle ep-w ak e  quality
Th e  influe nce  of ligh t e xposure  on th e  
b iological rh yth m  was  e xam ine d by 
studying th e  sle e p q uality at nigh t 
(PSQ I), th e  num be r of naps  during th e  
day and th e  tim e  pe ople  spe nt outs ide . 
Th e  sle e p q uality according to th e  PSQ I 
ide ntifie d 50% of th e  participants  as  
be ing good sle e pe rs. Th is  rough ly corre s -
ponds  w ith  th e ir im pre s s ion. H ow e ve r, 
of th e  pe ople  ide ntifie d by PSQ I as  bad 
sle e pe rs , 57% th ough t th at th e y w e re  
good or fairly good sle e pe rs.

Th e  h ypoth e s is  th at bad sle e pe rs  tak e  a 
lot of naps  during th e  day is  not suppor-
te d by th e  re s ults  (r = -.20, n = 50, p = 

.18). Pe ople  tak ing sle e ping m e dication 
or m e dicine  w ith  a drow s ing s ide -e ffe ct 
are  e xclude d from  th e s e  re s ults  and fur-
th e r analys e s  on th e  non-visual e ffe cts. 
Eve n in w inte r, th e s e  inde pe nde ntly-liv-
ing e lde rly pe ople  w e nt outs ide  re gu-
larly, and s h ould th e re fore  h ave  h ad 
e nough  b iological ligh t stim ulation to 
optim iz e  th e ir b iological clock s  and 
th e ir sle e p-wak e  rh yth m . 

A m ore  im portant h ypoth e s is  is  th at 
pe ople  w h o spe nd a lot of tim e  outs ide , 
and th e re fore  are  e xpos e d to h igh  illu-
m inance  le ve ls , are  be tte r sle e pe rs  and 
tak e  fe w e r naps  th an pe ople  w h o spe nd 
little  tim e  outs ide . Figure  9  s h ow s  th at 
th e  pe ople  w h o took  no naps  spe nt, on 
ave rage , th e  m ost tim e  outs ide . Al-
th ough  a corre lation is  found be tw e e n 
th e  tim e  outs ide  and th e  num be r of 
naps , it is  not s ignificant (r = -.24, n = 
50, p = .09 ). No s ignificant corre lation 
was  found be tw e e n th e  tim e  outs ide  
and th e  PSQ I (r = -.05, n =50, p = .80)

In addition to th e  re s ults  of th e  PSQ I-
te st 6 pe ople  w e re  as k e d to w e ar a w rist 
activity m onitor (actigraph ). Th re e  bad 
sle e pe rs  wore  an Actiwatch -L type . Ac-
cording to th e  PSQ I re sults , four of th e m  
w e re  bad sle e pe rs  and two of th e m  w e re  
good sle e pe rs. Th e  re s ults  of th e  acti-
graph s  s h ow  th at, e ve n w h e n pe ople  go 
outs ide , th e  illum inance  is  rare ly h igh e r 
th an 1000 lux (Figure  10). Th e s e  re s ults  
could le ad us  to conclude  th at going out-
s ide  in a D utch  w inte r probably doe s  
not re sult in h igh  e nough  ligh ting le ve ls  
for b iological stim ulation. Unfortu-
nate ly, no sle e p diary was  k e pt to e n-
able  th e  com parison be tw e e n th e  re lat-
ive ly subje ctive  PSQ I te st and th e  m ore  
obje ctive  actigraph  m e asure m e nts. Ne w  
te sts  s h ould th e re fore  be  carrie d out. 
Th e  re s ults  also rais e  th e  q ue stion of 
w h e th e r th e  PSQ I te st is  th e  righ t m e th -
od to us e  to find th e  corre lation 
be tw e e n sle e p-wak e  patte rns  and b iolo-
gical stim ulation. More  obje ctive  m e as -

Table  2. Minim um , m axim um  and 
average  floor area, glass area and 
glass/floor ratio

Ave rage

Minim um

Maxim um

Floor are a

[m 2]

36.8

22.2

52.9

Glass  are a

[m 2]

7.3

3.5

13.1

Ratio

glass/floor

[%]

20

11

33
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ure m e nts  s h ould give  a de cis ive  answ e r 
to th is  q ue stion. 

Seasonal Affective  D isorde r
Th e  pe rce ntage  of pe ople  suffe ring 
from  SAD  (w inte r de pre s s ion) is  w ith  3% 
not dive rge nt from  th e  national ave rage . 
Th e  pe rce ntage  of pe ople  suffe ring 
from  sub-SAD  is  w ith  6% e ve n 2% low e r 
th an th e  ave rage . Th is  is  re m ark able  be -
caus e  w e  e xpe cte d to find m ore  pe ople  
suffe ring from  a type  of w inte r de pre s -
s ion th an th e  national ave rage , due  to 
th e  aging of th e  e ye . W e  also did not e x-
pe ct th at pe ople  suffe ring from  SAD  or 
sub-SAD  spe nd on ave rage  not le s s e r 
tim e  outs ide  th an th e  re st. 

Alth ough  no m e asure m e nts  of th e  ve rtic-
al illum inance  at e ye -le ve l outs ide  w e re  
actually tak e n, th e  ve rtical illum inance  
at th e  w indow  of th e  apartm e nts  give  us  
som e  indication. O n ave rage , th is  le ve l 
was  4200 lux. Th is  rais e s  th e  q ue stion 
of w h e th e r th e  m inim um  le ve l for b iolo-
gical stim ulation of 3000 lux is  actually 

too low  for th e  olde r e ye . Since  m ost b io-
logical stim ulation studie s  w e re  pe r-
form e d w ith  ‘younge r’ pe ople , pe rh aps  
oth e r aging e ffe cts , re s ulting in a lack  
of input to th e  SCN (suprach iasm atic 
nucle us) are  also influe ncing th e  re s ults.

D ISCUSSIO N AND  CO NCLUSIO N

Is  th e re  s ufficie nt ligh t?
Is  th e  curre nt ligh ting s ituation for e ld-
e rly pe ople  sufficie nt for th e m  to pe r-
form  th e  various  e ye /visual tas k s?

In ge ne ral, th e  ligh ting le ve ls  m e asure d 
in th e  re s ide nce s  of inde pe nde ntly-living 
e lde rly pe ople  w e re  not adjuste d to 
th e ir re duce d re tinal le ve ls. Alth ough  
th e  dayligh t conditions  w e re  acce ptable  
ne ar th e  w indow , th is  was  not e nough  if 
you e nte re d furth e r into th e  room . Th e  
artificial ligh t ne ce s sary to pe rform  visu-
al tas k s  was  also not adjuste d to th e  
olde r e ye . Th e  fact th at m ost of th e  par-
ticipants  did not turn on th e  ligh t w h e n 
ge tting out of be d during th e  nigh t, in 
com bination w ith  th e  badly illum inate d 
circulation are a in th e  h om e , can le ad to 
dange rous  s ituations  and s h ow s  h ow  un-
aware  th e  participants  w e re  of th e  pos it-
ive  e ffe ct of h igh e r illum inance .

Th e  ligh ting conditions  unde r w h ich  e ld-
e rly pe ople  live  can be  im prove d for visu-
al pe rform ance  and visual safe ty. W e ll-
adjuste d glas s e s  can also im prove  th e ir 
vis ion. 

Is  th e re  a re lations h ip b e tw e e n ligh t 
e xpos ure  and th e  s le e p-w ak e  patte rn? 
Cons ide ring th e  b iological stim ulation 
e ffe cts  of ligh ting w e  can conclude  th at 
w h e n pe ople  stay in th e ir h om e s  m ost 
of th e  tim e , th e  ligh ting le ve ls  m e asure d 
are  not h igh  e nough  to h ave  a pos itive  
influe nce  on th e ir b iological rh yth m . 
Eve n th e  pe ople  w h o say th at th e y go 
outs ide  re gularly do not s e e m  to be ne fit 
from  th e  ligh ting w ith  re spe ct to th e ir 
sle e p-wak e  rh yth m  or SAD -sym ptom s. 
Th is  could m e an th at th e y are  not e x-

Figure  7. H oriz ontal dayligh t illum inance

Figure  8. Average  ve rtical dayligh t illu-
m inance
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pos e d to th e  dayligh t for long e nough  
to ach ie ve  any pos itive  e ffe cts , or it 
could m e an th at th e  dayligh t le ve ls  are  
too low. Anoth e r e xplanation could be  
th at th e  ligh ting le ve ls  available  in 
D utch  w inte rs  are  not sufficie nt for th e  
olde r e ye . Anoth e r aspe ct to cons ide r is  
th at not all sle e ping disorde rs  can be  
solve d by h igh e r ligh t e xposure ; only 
pe ople  w h o sle e p badly during th e  nigh t 
and te nd to tak e  a lot of naps  during 
th e  day m ay be ne fit from  th e  ligh t e xpos -
ure . As  ye t, too little  is  k nown about th e  
pre cis e  stim ulant. W h at w e  do k now  is  

th at w e  ne e d bluis h  ligh t; but w h at doe s  
th is  m e an for th e  continuous  spe ctrum  
of dayligh t and are  lum e n and lux th e  
righ t param e te rs  for m e asuring and e x-
pre s s ing th os e  value s? D o th e  duration 
and tim e  of stim ulation play a s ignific-
ant role ? Th e re  are  still too m any q ue s -
tions  to be  answ e re d be fore  w e  can 
draw  a conclus ion. Th e re  are  curre ntly 
only a fe w  re s e arch e rs  studying th e  non-
visual e ffe cts  of ligh t on th e  e lde rly 
pe ople 13,31. Studie s  am ong Alz h e im e r pa-
tie nts 31 confirm  th e  pos itive  e ffe cts  of 
ligh t on th e  b iological clock  and brain 
stim ulation.

More  de taile d re s e arch  on th is  topic, e s -
pe cially in re lation to le ve l and dos e  e f-
fe cts , s h ould give  us  a be tte r unde r-
standing of th e  influe nce  of ligh t on th e  
b iological rh yth m  of olde r pe ople ; th is  
s h ould re sult in m ore  be ne ficial ligh ting 
conditions  for th e  e lde rly pe ople , offe r-
ing th e m  a brigh t future !
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