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2005;4(2) 77-85. Back ground Supporting inde pe nde nt living for olde r pe ople  is  

e s s e ntial not only for th e  olde r pe ople  th e m s e lve s , but also for th e  social and 

h e alth  care  s e ctors. For th is  re ason, th e re  e xists  a ne e d for unobtrus ive  te le care  

and te le h e alth  solutions  e nabling inde pe nde nt living of th e  olde r adults. In th is  

study, w e  de m onstrate  h ow  te le m e tric activity m onitoring offe rs  a prom is ing tool 

for long te rm  m onitoring to de te ct ch ange s  in th e  h e alth  status  and ove r-all w e ll-

be ing of olde r pe ople . M e th ods  A te le m e tric activity m onitoring syste m  inte grate d 

w ith  an inte llige nt social alarm  syste m  was  us e d to m onitor circadian activity 

rh yth m  of e lde rly nurs ing h om e  re s ide nts  (n=16, m e an age  85.1 ye ars , range  58-

9 7) for s e ve ral m onth s. Ch ange s  in th e  activity rh yth m  w e re  com pare d w ith  clinic-

al obs e rvations  of h e alth  status  of th e  s ubje cts. Th e  re s ults  are  give n as  cas e  re -

ports. Re s ults  Th e  re sults  sugge st an as sociation be tw e e n th e  ch ange s  in th e  

actual h e alth  status  and th e  circadian activity rh yth m . Conclus ion Te le m e tric activ-

ity m onitoring offe rs  a practical tool for long te rm  m onitoring to de te ct ch ange s  in 

h e alth  status  in olde r adults  in th e ir norm al e nvironm e nts.

K e yw ords : activity m onitoring, te le h e alth , te le care , e lde rly

In re ce nt ye ars , m onitoring h e alth  and 
functioning of olde r pe ople  h as  com e  
into focus  in ge ronte ch nological re -
s e arch , as  m onitoring is  pe rce ive d to be  
a us e ful tool for prom oting inde pe nde nt 
living of th e  e lde rly1,2. Not only is  inde -
pe nde nt living e s s e ntial for th e  olde r 
pe ople  th e m s e lve s , but also it is  funda-
m e ntal to socie ty. In a s ituation of ongo-
ing de m ograph ic trans itions  w ith  a 

grow ing num be r of olde r pe ople  and de -
cre as ing num be r of work ing population, 
it h as  be e n notice d th at h om e -bas e d 
social and h e alth  care  s e rvice s  are  q uite  
cost-e fficie nt1. A cle ar s h ift from  clinic-
ce ntric to com m unity-ce ntric h e alth care  
h as  e m e rge d2 and m ore  and m ore  social 
and h e alth  care  s e rvice s  are  provide d at 
h om e  inste ad of institutions. Th e re  is  
also e vide nce  th at h om e -bas e d s upport 
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re duce s  m ortality and adm is s ions  to 
long te rm  care 3. Th e re fore , it is  obvious  
th at te ch nological solutions  to prom ote  
inde pe nde nt living of olde r pe ople  are  
w e lcom e d.

Te le care  and te le h e alth  syste m s  are  typ-
ically us e d as  instrum e nts  to prom ote  in-
de pe nde nt living of olde r pe ople . 
Te le care  re fe rs  to provis ion of care  re -
m ote ly or virtually by us ing com m unica-
tion te ch nology4. Exam ple s  of th e  
te le care  syste m s  include , for instance , 
acce s s  control of a pe rson w ith  de m e n-
tia to pre ve nt nigh t tim e  wande ring; 
fire , burglary and flood alarm  syste m s  
or social alarm  syste m s , w h ich  allow  a 
pe rson to call for h e lp just by pre s s ing a 
panic button of th e  alarm  de vice . Te le -
h e alth  in turn re fe rs  to e nabling a clinic-
al proce s s  to be  conducte d re m ote ly4, 
and e xam ple s  of te le h e alth  typically in-
clude  m onitoring of vital s igns  at h om e . 
Te le care  and te le h e alth  syste m s  m ay be  
us e d to im prove  continuity or q uality of 
care  or to re place  a s ignificant portion 
of h om e  vis its  by virtual vis its 5. Te le care  
syste m s  w ith  alarm  functions  im prove  
th e  safe ty of th e  us e rs  th rough  provid-
ing continuous  m e ch anism s  for fast cor-
re ctive  actions  w h e n th e  us e r ne e ds  
acute  h e lp. H ow e ve r, m ore  proactive  te le -
h e alth  solutions  e nabling pre ve ntive  ac-
tions  s h ould be  w e lcom e d. Th e  e arlie r 
th e  de te rioration of th e  h e alth  status  of 
an old pe rson is  notice d, th e  be tte r th e  
opportunitie s  for cure  and re h abilitation.

Curre ntly th e re  are  a lot of studie s  con-
ce rning m onitoring of olde r pe ople  or 
th e ir living e nvironm e nts  at h om e  and 
in institutions. Som e  of th e  studie s  w e re  
bas e d on m onitoring us ing pas s ive  in-
frare d s e nsors  to m onitor de m e nte d e ld-
e rly patie nts  in th e  h ospital as  Bane rje e  
e t al.6 h ave  done  or activity of th e  olde r 
pe ople  is  infe rre d from  inte ractions  w ith  
obje cts  as  in th e  study of Ph ilipos e  e t 
al.7. In addition, de spite  s e ve ral re -
s e arch  proje cts  and pilots  re late d to te le -

h e alth  solutions , fe w  solutions  h ave  
re ach e d a re q uire d le ve l of m aturity to 
be  us e d as  a part of daily care  for an av-
e rage  e lde rly pe rson in institutions  or at 
h om e  s e ttings.

Quality of circadian activity rh yth m  and 
sle e p/wak e  rh yth m  is  as sociate d w ith  
th e  w e ll-be ing of th e  e lde rly. Epide m iolo-
gical studie s  s ugge st th at 40-70% of th e  
e lde rly population suffe rs  from  ch ronic 
sle e p disturbance s 8, of w h ich  about 50% 
go unnotice d by prim ary care  ph ys i-
cians 9 . Sle e p disturbance s  e ndange r th e  
s ubje ctive  and obje ctive  ge ne ral ph ys ic-
al h e alth  of th e  e lde rly8, and sle e p prob-
le m s  and untre ate d insom nia 
s ignificantly incre as e  th e  ris k  for fall-
ing10,11. D isturbe d sle e p is  also as soci-
ate d w ith  m e ntal h e alth  proble m s  and 
life  satisfaction8. As  a cons e q ue nce , 
sle e p disturbance s  strongly affe ct 
autonom y and s e lf-care  of th e  e lde rly in 
te rm s  of lim itations  of m anage m e nt of 
activitie s  of daily living and incre as e  in 
ne e d for h om e  care 8. In de m e nte d sub-
je cts , nocturnal awak e nings  are  strongly 
re late d to cognitive  and functional de -
te rioration and sle e p proble m s  are  
com m on factors  for institutionalisa-
tion12. H e nce , continuous  m onitoring of 
th e  q uality of th e  circadian rh yth m  and 
sle e p/wak e  cycle  would pote ntially 
allow  a s e ns itive , but non-spe cific 
m e th od for m onitoring ch ange s  in both  
ph ys ical and m e ntal w e ll-be ing.

In th is  study, w e  us e d IST Vivago®  W rist-
Care 13-14 to m onitor th e  h e alth  and w e ll-
be ing of th e  e lde rly. Th is  syste m  is  an 
inte llige nt social alarm  syste m  w h ich  
provide s  continuous  m onitoring of us e r 
activity. Th e  syste m  cons ists  of a w rist 
unit w ith  a panic button, a w ire le s s  bas e -
station, and software  for re ce iving 
alarm s  and m onitoring data from  th e  
w rist unit (s e e  Figure  1). Th e  syste m  is  
available  both  for institutional and 
h om e  us e , and it is  in routine  us e  
am ong s e ve ral th ousands  of us e rs  in dif-
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fe re nt Europe an countrie s . In addition 
to th e  panic button, th e  w rist unit in-
clude s  s e nsors  for th e  de te ction of m ove -
m e nts , te m pe rature  and s k in 
conductivity. By us ing th e s e  s e nsor re ad-
ings , th e  syste m  is  able  to provide  auto-
m atic alarm s  or notifications  of w rist 
unit re m oval, e xte nde d pas s ivity, im m ob-
ility, or h ypoth e rm ia. In addition, th e  
syste m  include s  acce s s  control (for in-
stance , fugue  de te ction for de m e nte d 
pe rsons) and s e lf-te sting fe ature s .

Th e  IST Vivago®  syste m  provide s  a 
social alarm  syste m  w h ich  goe s  be yond 
th e  capabilitie s  of traditional social 
alarm  syste m s  w ith  its  autom atic alarm -
ing fe ature s 14. In addition, th e  syste m  
provide s  continuous  m onitoring of us e r 
activity, e xte nding it to a te le h e alth  
de vice . Th e  activity m onitoring is  com par-
able  w ith  actigraph y and provide s  accur-
ate  de te ction of sle e p/wak e  cycle  (both  
m e th ods  providing about 80% m inute -to-
m inute  agre e m e nt w ith  polysom no-
graph y)15. Th e  activity m onitoring also re -
fle cts  ch ange s  in circadian cycle  
induce d, for instance , by de m e ntia16. 
Th is  inte gration of a re active  te le care  
solution (alarm s) w ith  a pre ve ntive  te le -
h e alth  one  (activity m onitoring) is  e spe -
cially attractive  as  th e  form e r functions  
s ignificantly im prove  th e  m otivation of 
e lde rly subje cts  to continuously us e  th e  
de vice  during th e ir daily life 14.

Th e  obje ctive  of th is  
pape r is  to pre s e nt 
som e  cas e  re ports , 
w h e re  ch ange s  in 
th e  ph ys ical h e alth  
status  of e lde rly 
nurs ing h om e  re s id-
e nts  are  visually 
com pare d w ith  th e  
ch ange s  in th e  q ual-
ity of th e  circadian 
activity rh yth m  
m e asure d longitudin-
ally.

M ETH O D S

Th is  prospe ctive  cas e  study was  carrie d 
out in a sm all h om e -lik e  nurs ing h om e  
locate d in south e rn Finland in 2002-
2003. All re s ide nts  (n = 16) of th e  nurs -
ing h om e  (one  m an and 15 wom e n; 
m e an age  85.1 ye ars) participate d in th e  
study. Participants  or th e ir re lative s  in 
cas e  of s e ve re  de m e ntia of th e  re s ide nts  
w e re  as k e d to give  th e ir w ritte n cons e nt 
to th e  study. Th e  Eth ics  Com m itte e  for 
Studie s  in H e alth y Subje cts  and Prim ary 
Care , of th e  H e ls ink i and Uus im aa H os -
pital D istrict, approve d th e  study.

Th e  IST Vivago®  syste m  h as  be e n us e d 
in th e  nurs ing h om e  as  a nurs e  call and 
alarm  syste m  for s e ve ral ye ars. Th e re -
fore , all re s ide nts  w e re  us e d to w e aring 
th e  de vice  and th e  staff of th e  nurs ing 
h om e  was  e xpe rie nce d to us e  th e  
syste m . Th e  activity m onitoring data 
w e re  available  continuously for ove r one  
ye ar. Th e  s ubje cts  wore  th e  de vice  all 
th e  tim e , e xce pt w h ile  bath ing. Activity 
data w e re  not available  during th e  pe ri-
ods  th e  s ubje cts  le ft th e  nurs ing h om e , 
but th e s e  pe riods  w e re  re lative ly rare .

Me dical re cords  and cas e  h istorie s  of 
th e  s ubje cts  w e re  available  as  w e ll as  
routine  daily note s  m ade  by th e  staff. 
Th e s e  re cords  and note s  w e re  studie d 
from  Nove m be r 2002 to March  2003, 
and s ignificant ch ange s  w e re  visually 

Figure  1. Th e  IST Vivago®  W ristCare  system  for activity level 

m onitoring (3001 w rist unit, base  unit, IST bus adapte r and 

Vista softw are )
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com pare d w ith  th e  activity s ignal m e as -
ure d. All subje cts  w e re  scre e ne d for de -
m e ntia w ith  th e  Clinical D e m e ntia 
Rating Scale  (CD R)17 and th e  Folste in 
Mini-Me ntal State  Exam ination (MMSE)18 
and for de pre s s ive ne s s  by us ing a 5-
ite m  Ge riatric D e pre s s ion Scale  (GD S-
5)19 . Functional ability was  as s e s s e d by 
us ing th e  Barth e l Inde x (BI)20.

Th e  q uality of th e  circadian activity 
rh yth m  was  q uantifie d by com puting 
th e  m e an activity during daytim e  (from  
09 :00 to 21:00) and nigh t tim e  (from  
00:00 to 06:00), and th e ir ratio (nigh t-to-
day activity ratio; s e e  Figure  2.). More  de -
taile d data of th e  activity s ignal analys is  
is  give n in Paavilaine n e t al.16. D ue  to 
th e  sm all num be r of subje cts  and th e ir 
h e te roge ne ity in th is  study, th e  re s ults  
are  give n as  cas e  re ports.

R ESULTS

D e m ograph ic ch aracte ristics , m ain dia-
gnos is  and ge ne ral h e alth  status , and 
m ain ch ange s  in th e  h e alth  status  of all 
subje cts  are  give n in Table  1. In m any 
cas e s , no s ignificant ch ange s  occurre d in 
h e alth  or sle e p rh yth m  during follow -up. 

In th os e  cas e s  w h e re  ch ange s  in h e alth  
and w e ll-be ing w e re  ide ntifiable  e ith e r by 
nurs ing note s  or cas e  re cords , ch ange s  
in circadian activity rh yth m  ofte n par-
alle le d th e s e  e ve nts  (Table  1). W e  ch os e  
to pre s e nt in de tail th re e  cas e  re ports  
(Cas e s  10, 11 and 14) w h ich  de m on-
strate  h ow  proble m s  in h e alth  and ove r-
all w e ll-be ing can be  s e e n in th e  activity 
curve , and one  cas e  w h ich  illustrate s  
stable  w e ll-be ing and diurnal rh yth m  
(Cas e  4). Num be ring of cas e  re ports  is  
th e  sam e  as  num be ring in Table  1.

Cas e  4
An 84-ye ar-old wom an h ad no pre vious  
diagnos e d m e dical conditions  on adm is -
s ion, but only m ild cognitive  disorde rs  
(MMSE 21, CD R 0.5). H e r functional abil-
ity was  good (Barth e l score  9 0), and s h e  
us e d only a m ild tranq uiliz e r in th e  e ve n-
ings  to h e lp h e r to fall asle e p in th e  
sam e  room  w ith  h e r room m ate . Sh e  
sle pt w e ll and was  ale rt during th e  day-
tim e . In h e r activity curve  (Figure  3, first 
pane l from  top), a cle ar circadian 
rh yth m  (low  nigh t-to-day ratio) w ith  only 
a m arginal incre as e  during th e  m onitor-
ing pe riod is  vis ible . A sligh t incre as e  of 
th e  rh yth m  in m id-O ctobe r m ay be  attrib-
ute d to th e  ch ange  of th e  w rist s e nsor 
(IST Vivago®  w rist unit) into a ne w  
m ode l w ith  sligh tly be tte r s e ns itivity for 
low  le ve l activitie s .

Cas e  10
A m ode rate ly s e ve re ly de m e nte d (MMSE 
14, CD R 3) 83-ye ar-old wom an w ith  sat-
isfactory functional ability (Barth e l score  
65) h ad Alz h e im e r’s  dis e as e  (tre ate d 
w ith  done pe z il 10 m g pe r day), arth ritis  
(tre ate d w ith  rofe coxib 12.5 m g pe r 
day) and ope n angle  glaucom a (tre ate d 
w ith  pilocarpine  e ye  drops). Sh e  was  
also de pre s s e d for w h ich  s h e  re ce ive d 
citalopram  10 m g pe r day. At th e  be gin-
ning of 2002, h e r ove rall h e alth  status  
was  re lative ly good, but from  June  it 
starte d to wors e n gradually. Going by 
nurs ing re cords , th e re  was  incre as e d in-

Figure  2. Calculation of th e  nigh t-to-day 

activity ratio. D ash e d line  indicate s th e  

m ean activity during th e  nigh t w h ile  

solid line  is  th e  m ean activity during th e  

day. W ith  poor circadian rh yth m  (uppe r 

panel) th e se  levels are  close  to each  

oth e r and th e  ratio is  close  to 1, w h ile  

w ith  good circadian rh yth m  th e  ratio is  

s ignificantly sm aller th an 1
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Table  1. D em ograph ic ch aracte ristics and drop outs. D etailed reports of case s in bold are  given 

in text. 

1

 f=fem ale , m =m ale; 

2

 MMSE, Mini Mental Exam ination, Scale  0-30; 

3

 CD R, Clinical D em en-

tia Rating Scale , Scale  0-3; 

4

 BI, Barth el Index, Scale  0-100; 

5

 CVD , Cardiovascular disease s; 

6

 D e -

m entia NUD , D em entia of unspecifie d type; 

7

 SSS,Sick  Sinus Syndrom e; 

8 

CO PD , Ch ronic 

O bstructive  Pulm onary D isease; 

9

 D M, D iabete s Mellitus; 

*

 D ata not s h ow n

CASE Se x1 M M SE2 CD R 3 BI4Age D iagnos e s  and h e alth  s tatus Ch ange s  in th e  activity curve

Vascular de m e ntia, CVD 5; Slowly ph ysically de -

te riorate d; from  m id-Jan 2003 abdom inal pain 

and poor sle e p; H ospitaliz e d March  5th  due  to 

abdom inal proble m s; D ie d March  12th

Alz h e im e r's dise ase , arth ritis; Unstable  

sle e p/wak e  rh yth m , worse ne d during th e  

follow-up, m ostly due  to progre ssive  de m e n-

tia; Ve ry old age

D e m e ntia NUD 5, CVD 5, de pre sse d; Poor sle e p, 

agitate d and confuse d; H ospitaliz e d in e arly 

Jan 2003 due  to we ak e ne d ph ysical and 

m e ntal condition

Se e  cas e  re port in te xt

CO PD 6, CVD 5; No h e alth  or sle e p proble m s; 

Re siding in th e  nursing-h om e  due  to function-

al disabilitie s

Alz h e im e r's dise ase , SSS7; Quite  good 

sle e p/wak e  rh yth m , occasional awak e ning at 

nigh ts; No proble m s during th e  follow-up

Vascular de m e ntia, strok e ; No h e alth  or sle e p 

proble m s during th e  follow-up

Vascular de m e ntia, D M 9 , CVD 5; Gradually de -

cre ase d ph ysical h e alth , frail and fatigue d, se v-

e ral falls; Sudde n worse ning in Nov 2002, 

h ospitaliz e d Nov 26th  , die d D e c 8th

Vascular de m e ntia, CVD 5; Sle e p proble m s 

m ostly due  to ph ysical conditions (pain in 

joints and e cz e m a); Inte rve ntions for pain and 

sk in proble m s im prove d sle e p; Ligh t th e rapy 

was use d to norm aliz e  sle e p/wak e  cycle , too

Se e  cas e  re port in te xt

Se e  cas e  re port in te xt

No diagnose d conditions or sle e p proble m s

Strok e , e pile psy, m e ntal proble m s; Poor sle e p, 

anxious and agitate d at nigh ts and daytim e ; 

H ip fracture , h ospitaliz e d e arly-Jan 2003

Se e  cas e  re port in te xt

CO PD 6, blind. Poor sle e p and sle e p/wak e  

rh yth m ; ph ysically inactive , but m e ntally ve ry 

active

CVD 5, m ild m e m ory proble m s; Me ntally 

anxious, poor sle e p and ve ry tire d at daytim e ; 

Poor sle e p/wak e  rh yth m

W orse ne d day/nigh t ratio*

W orse ne d day/nigh t ratio*

Gre ate r variability from  day to 

day*

Cle ar circadian rh yth m icity, no 

ch ange s*

Cle ar circadian rh yth m icity, no 

ch ange s*

Cle ar circadian rh yth m icity, no 

ch ange s*

Gradually de cre ase d daytim e  

activity, sudde nly worse ne d 

day/nigh t ratio and gre ate r day-

by-day variability in Nove m be r*

Im prove m e nts in day/nigh t ratio, 

no dram atic ch ange s*

Cle ar circadian rh yth m icity, no 

ch ange s*

Poor day/nigh t ratio, gre at day-to-

day variability, no ch ange s*

Poor day/nigh t ratio, no ch ange s*

Poor day/nigh t ratio, no ch ange s*
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cide nce  of falls, ch ange s  in diurnal 
rh yth m , sle e p proble m s  and tire dne s s  
during th e  daytim e . H e r ph ys ical func-
tioning de cre as e d and s h e  h ad trouble  
in m oving and e ating. Note worth y, th is  
wors e ning was  not as sociate d w ith  any 
acute  m e dical conditions. At th e  e nd of 
January, s h e  got pne um onia, for w h ich  
s h e  was  h ospitalis e d, w h e re  s h e  die d on 
Fe bruary 2003.

Th e  nigh t-to-day activity ratio (s e e  
Figure  3, s e cond pane l from  top) was  
low  until June  indicating strong circadi-
an rh yth m . From  late  June , th e  ratio 
clim be d gradually indicating de te rior-
ate d circadian activity rh yth m  as soci-
ate d w ith  wors e ne d ove rall h e alth  status.

Cas e  11
An 83-ye ar-old wom an h ad Myasth e nia 
Gravis  (tre ate d w ith  pyridostigm ine  and 
az ath ioprine , and citalopram  for con-
com itant de pre s s ion), m ild cognitive  
proble m s  (MMSE 23, CD R 0.5) and de -
cre as e d functional ability (Barth e l score  
45). Sh e  was  place d in a double  room  
w ith  a s e ve re ly de m e nte d lady. D ue  to 
h e r room m ate ’s  disturbe d sle e p and 
agitate d be h aviour, s h e  e xpe rie nce d 
sle e ping difficultie s . Afte r transfe r of 
th e  room m ate  at th e  be ginning of 
D e ce m be r, h e r sle e ping com plaints  
w e re  re duce d. At th e  be ginning of Janu-
ary, s h e  be cam e  confus e d, sle pt badly 
and was  ve ry tire d. A diagnos is  of urin-
ary track  infe ction (UTI) was  m ade  on 
January 15, and afte r a fe w  days  of anti-
b iotic m e dication, h e r sym ptom s  w e re  
re duce d. Two w e e k s  afte r th e  UTI dia-
gnos is , s h e  h ad m ild fe ve r and be cam e  
re stle s s. Follow ing acute  bronch itis  was  
diagnos e d in January 30. Afte r antibiotic 
tre atm e nt (ph e noxym e th ylpe nicillin) h e r 
condition im prove d te m porarily. Since  
Fe bruary, h e r ove rall condition 
wors e ne d and s h e  was  h ospitalis e d in 
April as  h e r ne e d for care  incre as e d and 
th e  re source s  of th e  nurs ing h om e  w e re  
not sufficie nt.

Figure  3. Long-te rm  trends in circadian 

activity rh yth m . Th e  first panel (Case  4) 

s h ow s a clear circadian rh yth m  (low  

nigh t-to-day ratio) w ith  only m arginal 

ch ange s during th e  m onitoring pe riod. 

Th e  second panel (Case  10) illustrate s 

dete riorated circadian rh yth m  

associated w ith  w orse ning h e alth  status 

(ascending graph ). Th e  th ird panel 

(Case  11) illustrate s am eliorated 

sle ep/w ak e  rh yth m  in D ecem be r 

(dow nw ard graph ) and w orse ning 

m edical conditions (ascending graph ) in 

early January and at th e  turn of 

January and Fe bruary. In th e  fourth  

panel (Case  14) th e  nigh t-to-day ratio 

w as gene rally below  0.5 until m id-

O ctobe r indicating good circadian 

rh yth m . Since  Novem be r, th e  ratio 

increase d sim ultaneously w ith  

w orse ning m edical condition. 

Tem porary recovery in h e alth  status in 

D ecem be r w as se e n in th e  ratio as a 

dow nw ard graph . In all panels, th e  

trend in circadian rh yth m  (bold line ) 

w as calculated by m oving m edian value  

over seven days of nigh t-to-day activity 

ratio (th in line )
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Th e  nigh t-to-day activity ratio in th is  
cas e  (s e e  Figure  3, th ird pane l from  top) 
was  ge ne rally poor (fluctuating around 
1) but im prove d in D e ce m be r at th e  
tim e  of transfe r of th e  room m ate . Th e  
rh yth m  wors e ne d again in e arly January 
due  to UTI, w h ich  was  diagnos e d s e ve ral 
days  late r th an w e re  th e  ch ange s  in th e  
circadian rh yth m . Re cove ry from  th e  UTI 
and bronch itis  was  as sociate d w ith  im -
prove m e nt of th e  circadian rh yth m  in 
e arly Fe bruary, h ow e ve r, only for a brie f 
pe riod. Th e  wors e ning of th e  ge ne ral 
condition was  once  again re fle cte d in 
th e  wors e ning of th e  circadian activity 
rh yth m .

Cas e  14
An 86-ye ar-old wom an h ad vascular de -
m e ntia (MMSE 20, CD R 1), de cre as e d 
functional ability (Barth e l score  20), 
coronary arte ry dis e as e  and conge stive  
h e art failure  (tre ate d w ith  digoxin, 
carve dilol and furos e m ide ) and asth m a 
(tre ate d w ith  th e oph ylline ). D uring 
2002, h e r ove rall h e alth  status  was  re lat-
ive ly good, but in O ctobe r s h e  was  h os -
pitalis e d due  to cardiac proble m s. Afte r 
disch arge , s h e  was  re stle s s  and con-
fus e d, h e r sle e p was  poor, and s h e  was  
ve ry tire d during th e  daytim e . D ue  to 
th e s e  proble m s , h e r sle e ping m e dica-
tion (te m az e pam  10 m g) was  discontin-
ue d. O n D e ce m be r 10, h e r condition 
de te riorate d, be caus e  of wors e ning cardi-
ac failure . Sh e  was  tre ate d w ith  inte ns i-
fie d furos e m ide  (diure tic), be d re st and 
pain m e dication. H e r ph ys ical condition 
im prove d te m porarily, but h e r de m e ntia 
progre s s e d during th e  w inte r (MMSE 15 
in March  2003).

Th e  nigh t-to-day activity ratio from  May 
2002 to m id-O ctobe r (s e e  Figure  3, 
low e r pane l) was  ge ne rally be low  0.5 in-
dicating s ignificantly low e r nigh t-tim e  
activity com pare d w ith  daytim e  activity, 
s ugge sting a strong circadian activity 
rh yth m . Afte r disch arge , th e  ratio drastic-
ally wors e ne d due  to de cre as e d daytim e  

and incre as e d nigh t-tim e  activity re fle ct-
ing s ignificantly com prom is e d m e dical 
condition, and late r again pos s ibly due  
to th e  progre s s ion of de m e ntia. Te m por-
ary re cove ry in h e alth  status  and in circa-
dian rh yth m  was  s e e n in e arly D e ce m be r.

D ISCUSSIO N

Th e  pre s e nte d cas e s  s ugge st th at m onit-
oring th e  circadian activity s ignal pro-
duce d by th e  IST Vivago®  syste m  
provide s  a s e ns itive , but non-spe cific 
m e th od for m onitoring ch ange s  in th e  
h e alth  status  of olde r pe ople . In m any in-
stance s , th e  ch ange s  in th e  q uality of 
th e  circadian rh yth m  paralle le d or e ve n 
pre ce de d (Cas e  11 w ith  UTI) th e  clinical 
note s  of s ignificant ch ange s  in th e  ph ys -
ical h e alth  status , s uch  as  acute  dis -
e as e s . Th is  is  not surpris ing as  som e  
e arlie r studie s  h ave  as sociate d poor cir-
cadian rh yth m  or sle e p disturbance s  
w ith  th e  poor ph ys ical or m e ntal h e alth  
or life  satisfaction (for re vie w , s e e  Van 
Som e re n8).

As  th e  IST Vivago®  syste m  is  capable  of 
m e asuring th e  sle e p/wak e  cycle 15 and 
circadian rh yth m  in th e  e lde rly16, it is  lo-
gical th at th e  ch ange s  in th e  h e alth  
status  are  re fle cte d as  ch ange s  in th e  
activity s ignal, e spe cially w h e n it is  com -
pare d w ith  one ’s  own h istory. O n th e  
oth e r h and, all ch ange s  in th e  circadian 
activity rh yth m  could not be  as sociate d 
w ith  th e  clinical note s  in th e  m e dical re -
cords  or nurs ing docum e ntation, s ug-
ge sting th at th e  m e th od is  s e ns itive  to 
sub-clinical ch ange s  of variation in th e  
circadian activity rh yth m . O bviously, th e  
as sociation be tw e e n th e  circadian activ-
ity rh yth m  and ch ange s  in th e  h e alth  
status  s h ould be  a subje ct for furth e r 
studie s  in controlle d s e ttings.

As  ch ange s  in th e  circadian activity 
rh yth m  m ay be  induce d by various  diffe r-
e nt factors , both  ph ys ical and psych olo-
gical, th e  m e th od is  not capable  of 
indicating th e  re ason for th e  ch ange . 
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H e nce , it s h ould be  cons ide re d as  a 
scre e ning or follow -up tool and in cas e  
of s ignificant ch ange s , a h om e  nurs e  or 
ph ys ician consultation m ay be  applie d 
for actual diagnos is .

In th is  obs e rvational study, w e  pre s e n-
te d 16 cas e  re ports  of w h ich  four in 
de tail. Th e s e  cas e  re ports  are  pre lim in-
ary re sults  to find out h ow  th is  k ind of 
m onitoring would be  us e ful in th e  e ld-
e rly care . Be caus e  of a sm all num be r of 
subje cts  (n = 16) and th e ir h e te roge n-
e ity, no statistical analys e s  w e re  pos -
s ible . Th e  syste m  us e d in th e  study 
offe rs  both  traditional m anual social 
alarm s  and autom atic alarm s  bas e d on 
activity m onitoring, and continuous  te le -
m e tric activity m onitoring. O ur aim  was  
not to e xam ine  th e  alarm s  or actions  
th at occurre d on th e  bas is  of th e m , but 
to study th e  re lations h ip be tw e e n th e  
activity curve s  and notice d ch ange s  in 
h e alth  and w e ll-be ing q ualitative ly.

Eth ical is s ue s , s uch  as  a th re at to com -
prom is e  privacy, aris e  w h e n pe ople  are  
m onitore d for long pe riods  in th e ir 
norm al surroundings. Th is  is  true  for 
m ost of th e  ne w  te ch nologie s  pe ne trat-
ing individuals ’ life . At pre s e nt it is  com -
m only acce pte d th at critically ill patie nts  
are  m onitore d all th e  tim e , for instance  
in inte ns ive  care  units. H ow e ve r, m onitor-
ing in e ve ry day life  is  a diffe re nt is s ue  
from  an e th ical point of vie w , and e th ic-
al cons ide rations  s h ould be  include d in 
th e  application of th is  te ch nology. O ur 
practical e xpe rie nce  in th is  and e arlie r 
studie s  (unpublis h e d obs e rvations) is  
th at fe w  olde r us e rs  or th e ir re lative s  con-
s ide r te le m e tric activity m onitoring as  
th re ate ning th e ir inte grity. Inste ad, 
m any of th e m  h ave  e xpre s s e d th at th is  
k ind of te ch nology incre as e s  th e ir fe e l-
ing of s e curity and h e lps  th e m  to m ain-
tain th e ir privacy th rough  e xte nde d 
pos s ib ilitie s  to continue  th e ir living in 
th e ir curre nt e nvironm e nt longe r. 
H e nce , obviously, th e re  are  pros  and 

cons  conce rning th e  us e  of th e  te ch no-
logy. In furth e r studie s  syste m atic data 
s h ould be  colle cte d to study th is  bal-
ance  in m ore  de tail and in a large r con-
te xt th an just activity m onitoring.

CO NCLUSIO N

Te le m e tric activity m onitoring syste m s  
h ave  re ce ntly be com e  available  both  for 
h om e  and institutional us e . Th e  m ost 
prom is ing fe ature  of th e  m e th od, s uch  
as  e m bodie d in th e  IST Vivago®  syste m , 
is  th at it inte grate s  th e  te le care  alarm s  
(re active  m e asure s ) w ith  h e alth  m onitor-
ing (pre ve ntive  m e asure s ) in one  s ingle  
de vice , w h ich  is  unobtrus ive  to w e ar 
and w h ich  th e  us e rs  are  m otivate d to 
us e  be caus e  of th e  alarm  fe ature s . 
Th e s e  re s ults  sugge st th at th e  m e th od 
can be  us e d to m onitor ch ange s  in 
h e alth  status  and to follow -up on th e  e f-
fe cts  of tre atm e nt in e lde rly care  institu-
tions.
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