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The Sleep -Wakefulness Assessments of Very Old Residents in Nursing Homes
Yoriaki Endo (Department of Physiology, Saitama Medical University, Moroyama, Iruma-gun, Saitama
350-0495, Japan)

The aim of this study is to assess the sleep/wake activity of very old residents (over 90 years old)
in nursing homes by using actigraphy. We have divided them following three groups, Group 1: non-
demented and good ADL (activity of daily living) 16 people (mean age, 93.7 years old). Group 2: severely
demented but good ADL 16 people (94.9 years old), and Group 3: severely demented and poor ADL
(with severe health problems) 16 people (93.9 years old). Group 1 showed good circadian rhythmicity of
sleep/wake activity, but frequent naps (the mean numbers of sleep episodes with over 5 minutes are 7.7,
significantly higher than group 2) in their active time zone and several brief awakenings in their sleeping
time zone (bed interval). Group 2 also showed good circadian rhythmicity of sleep/wake activity, less
naps in active time zone than Group 1, but more frequent awakenings ( the numbers of awakening
episodes are 7.7) and the fragmentation of sleep in bed interval. Group 3 showed the disruption of
circadian rhythmicity, 65% sleeping time in 24 hours and the fragmentation of sleep in 24 hours. From
these results, it is suggested that it is necessary to concern the level of both dementia and ADL including
individual health problems for the assessment of sleep/wake activity in nursing home residents and

actigraphy is suitable as an assessment of sleep/wake activity for the nursing home residents.
Keywords: Sleep/wake activity, actigraphy, over 90 years old, circadian rhythm, nursing home, ADL
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Fig. 1. The examples of the sequential linear actigraphy record. A, B, C represent each example of linear actigram of a group
1, 2 and 3 respectively. Graph A shows many naps during active phase and several short awakenings during down intervals (rest
phase). Graph B shows less naps during active phase than A and some fragmentation of sleep during down intervals. Graph C
shows the disruption of circadian rhythmicity and fragmentation of sleep in 24 hours. The vertical bars in each row represent
the counts/minutes of activity scores. The dark boxes represent the down intervals (rest phase, the most of them are bedding
time). The downward small black boxes represent sleep episodes. Each row represents 24 hours actigraphy record (12:00-12:00).
The name of each row shows a day of week and year/month/day. (1 2005/05/01 = Sunday, May 1st, 2005).
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Table 1. The comparison of actigraphy parameters in 24 hours
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The numbers of all groups are 16 persons. G1: Group 1, G2: Group 2, G3: Group 3

The columns of group 1 to group 3 represent Mean + Standard errors of each parameter.

See the legends of figures about the explanation of parameters.

The column of statistics shows P values and F values of one way analysis of variance.

The last three columns represent q values and P values of Newman-Keuls Multiple Comparison Test.
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Fig. 2. The Comparison of actigraphy parameters in 24
hours. Activity mean: Mean activity score (counts/min).
Wake (Sleep) minutes: Total minutes scored as wake
(sleep). Mean sleep episode: Mean duration of sleep
episode (minutes). Longest wake (sleep) episode: Duration
of longest sleep episode. The activity mean, wake minutes
and longest wake episode in group 3 are significantly lower
values than other groups. The Sleep minutes in group 3 is
significantly higher value than others. Mean sleep episode
and longest sleep episodes in group 2 are significantly lower
value than others.
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Fig. 3. The comparison of actigraphy parameters in
active time zone. See Fig. 2 for the most of explanation of
parameters. Activity index: % epochs with over 0 activity
score. Long sleep episodes: The numbers of sleep episodes
with over 5 minutes duration. The results of active phase
are similar to the results of 24 hours, the wake related
parameters in group 3 are significantly lower values and the
sleep related parameters in group 2 are significantly lower
values than others.
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Table 2. The comparison of actigraphy parameters in active time zone

Group 1 Group 2 Group 3 Statistics Glvs G2 Glvs G3 G2vs G3
e wws sews  OML g e T ne
Whevims 0265l smeszs  awmessa P00l 00D A s
Sleep Minutes 158.9+14.9 62.54 £7.35 451.5+67.1 };202(5)07081 P2>.401.85 P 1(3)30301 p 2370901

% Sleep 17754223 8032097 5305695 L GONl o 2R RS o 108
Activity Index 91.14+1.33 96.89 +0.32 74.58 +4.08 2202207051 P2>.301.35 P 5360701 P 5(9)80101
Mean Vrfrﬁi)EpiSOde 81.67+17.09  9838+1295  21.15+3.77 I;::Oig?fsz ngz s Ptg()l.?)l . i'(lfsm
Long Wake Episodes 10.67 £ 0.83 8.95+0.91 11.85+0.78 22:0209652); P2>'00335 P1>.4(;).(1)5 P3>.403.§5
Longest mﬁi‘; Episode 97102300 34464318 1062+2295  © ;ffggl p2$405, z s . > ‘ff(fm . 5'3,2501
Mean S(lfrfi‘;fpis‘)de 1112£099  6.69+057  3247+8.12 PF::OQ?‘? P0'>9 (3)_7055 P4<‘5£(9)1 P5<'4;_ 31
Long Sleep Episodes 7.71+£0.79 4.78 £0.56 11.94 +0.89 I;ioz'g?sozl Pig()s.(—gl P if)g()zol P 2?)30901
Longest (SIEZ‘; FPROde gg03ease 20964211 11lex1ss3 L Gont S SR o seT

Table 3. The comparison of actigraphy parameters in rest time zone
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Fig. 4. The comparison of actigraphy parameters in rest time
zone. See Fig. 2 for the most of explanation of parameters.
% sleep: Percent minutes scored sleep. Sleep latency: Minutes
to start of 1st 20 minutes block with over 19 minutes sleep.
Long wake episodes: The numbers of wake episodes with over
5 minutes duration. The activity mean, wake minutes, long
wake episodes and sleep latency in group 2 are significantly
higher values than others. The % sleep and longest sleep
episodes are significantly low values than others.
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Fig. 5. The comparison of the amplitude of maximum entropy
spectral analyses (MESA) in sleep/activity circadian rhythm.
MESA amplitudes in group 3 are significantly lower than other
groups. It suggests their circadian rhythm of both activity and
sleep were disrupted.
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Fig. 6. Circadian rhythm patterns of activity and sleep by
MESA. Graph A represents the example of circadian rhythm
of activity scores in a nursing home resident of group 1. Her
MESA amplitude shows very sharp peak around period 24
and very high value. It means her activity rhythm shows clear
circadian rhythm with 24 hour period. Graph B represents the
example of circadian rhythm of activity scores in a resident of
group 3. Her MESA shows multiple peaks of various periods
and low amplitude. It means her circadian activity rhythm
was disrupted. Graph C represents the example of circadian
rhythm of sleep scores in a resident of group 2. Her MESA
amplitude shows smooth peak around period 24 and low
value.
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