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Abstract

Objective : Falls in the elderly are included in the geriatric syndromes and incidence increases with
age. We analyzed the toilet at night by living alone elderly in the season using activity and lifeline sens-
ing and investigated the risk of falls during the toilet at night.

Methods: This study was a longitudinal field study. The subjects were 16 elderly people living alone
who received support at a community comprehensive support center. We captured frequency of the toi-
let, time spent in the toilet, water volume usage, and travel time between the bedroom and the toilet
from sleeping to waking up of each subject by sensing. In addition, we also collected data based on body
profile measurement and interviews.

Results : The frequency of the toilet at night was different between seasons. In the summer, frequen-
cy was 20x1.1 times, 5.3+88 times during the autumn and 8.2+56 times during the winter (p<0.05).
The time it took to reach the toilet from the bedroom also varied between seasons. The time to reach
the toilet was 34.3% 285 seconds during summer, 46.9 £ 38.7 seconds during the fall and 113+ 102.7 sec-
onds in the winter (p<0.05).

Conclusion : It is possible to observe the toilet at night of elderly people living alone from activity and

lifeline sensing by the season.
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Introduction

The aging of the Japanese population has con-
tinued to the point that those 65 or older now
account for 27.3% of the population?. Along with
the aging of Japan, there are now 6,243,000 el-
derly people living alone and elderly households
account for 26.3% of all households. These num-
bers are expected to increse?. Most of the elder-
ly would prefer to live in familiar surroundings
such as their homes or neighborhood as long as
possible. There is a need to support the ability
of the elderly to maintain life activities and live
independently.

One of the factors leading to elderly requir-
ing assisted living support are falls and falling
down/falling-off (hereafter referred to as falls)?.
The rate of falls among the community-dwelling
elderly people in Japan range from a little under
10% to 20%. It has been reported 9% of men and
12% of women suffer bone fractures as a result
of falling?. Falls in the elderly are included in
the geriatric syndromes and incidence increases
with age. Geriatric syndromes are highly associ-
ated with conditions that lead to impairment of
functioning®. Although this condition is not le-
thal, the concept of geriatric syndromes remains
vaguely defined. Neither the elderly as well as
their family may be aware of the worsening con-
dition and regard deterioration as part of aging
until the elderly requires support. Among those
elderly living alone, there is no one to notice the
progression of deterioration to the point where
outside support is needed ; however, it is difficult
to assess the health of those elderly who are
withdrawn and living in solitude with low activ-
ity level.

For these reasons, there is a need for a sys-
tem that objectively assesses the ability of the
elderly living alone to function within a familiar
environment and detect changes linked to health
care problems at an early stage®. Based on an
evaluation of available sensors and other infor-
mation technology-based monitoring systems
for safety”®, emergency reporting” and health
management!©~1?. Tt has been suggested that
yearly changes as well as seasonality must be
factored to assess the health condition of the el-

derly'?.

With the objective of developing a daily liv-
ing activity sensing model for determining risk
of falling in the elderly living along, during the
period 2014 to 2017, we captured data on a lon-
gitudinal basis from wire-less home environment
sensors as well as gas, water and electric using
the lifeline data system. In addition, we also col-
lected physical and psychological data based on
body profile measurement and interviews. The
significance of a daily living activity sensing
model is maintaining privacy while facilitating
early detection of safety and health condition is-
sues'.

The focus of daily activity monitoring was
frequency of the toilet at night as the risk of fall-
ing in the elderly is linked to frequency. Falling
increases the risk of femoral neck fractures two-
fold and can lead to a bed-ridden state as well as
negatively affect prognosis?.

By maintaining privacy while implementing
longitudinal monitoring, we felt that we would
be able to detect risk of falling during the toilet
at night at an early stage. We feel that maintain-
ing and expanding the elderly’s daily living activ-
ities will contribute to increased life expectancy.

The objective of the study was to determine
the risk of falling in the elderly living alone dur-
ing the toilet at night using activity and lifeline
sensing.

Methods

1. Study design

This study was a longitudinal field study.

2. Study subjects

Sixteen elderly subjects living alone in City
A and receiving support from a Regional Com-
prehensive Support Center were chosen for the
study. Inclusion criteria were based on 2 criteria :
self-reliant living and living with support. All
participants and their supporting families gave
informed consent.

Exclusion criteria were : those with dementia ;
individuals with a diagnosis of high brain dys-
function who are unable to understand the point
of the study or the ethical considerations associ-
ated with the study ; those with pace-makers ;



those using medical equipment at home ; those
with no family care-givers making it impossible
to obtain informed consent ; those with medium
to large-sized pets which can lead generation of
erroneous data and homes in which a municipal
water meter is not available or not used.

3. Research method

1) Daily life activities and lifeline sensing

For this study, we utilized the National Insti-
tute of Information and Communications Tech-
nology’s (NICT) mobile wireless bed and the Wi-
Sun protocol to create a remote meter reading
network for data gathering 24 hours a day, 365
days a year. The activities as well habits of each
subject In the study were captured by place-
ment of 10 wireless environmental, wireless door
and power consumption sensors in the bedroom,
hallway and toilet (Figure 1). In addition, using a
distribution board for wireless metering of water
and gas, lifeline data was generated. Each type
of sensor was a prototype of NEC Solutions In-
novators, Ltd. The data collected was sent over
the internet to the Data Center for automated
data capture, storage and management.

The International Continence Society (ICS) has
defined nocturia as having to wake-up more than
once'®. Therefore, in this study, summer is de-
fined by July 1 to 31 (2016), autumn (October 1 to
29, 2016) and winter (January 1 to 31, 2017). Dur-
ing these periods, life activities were followed
using lifeline to extract data including when the
subject went to bed, how often the subject went
to the toilet based on frequency of toilet door
opening/closure and the time it took for the sub-
ject to reach the toilet from the bedroom.

2) Physical measurements and interviews

Conducted at Kanazawa University during July
2 to 3 of 2016 for the summer period, September
20 to 21 of 2016 for the autumn period and Janu-
ary 5 to 6 in the winter of 2017.

(1) Demographics

Information on sex, age, nursing care require-
ment authorization, method of mobility, medical
history, occurrence of falls were obtained from
subjects based on an oral response.

(2) Physical function

(D Leg muscle strength : For assessment of

lower limb muscle strength, knee joint extension
and bending muscle strength were utilized as
these markers are highly associated with move-
ment in daily life’. A physical therapist mea-
sured using a hand-held dynamometer (u-tas
MTI1 ; ANIMA Co.) maximum isometric muscle
strength.

@ Gripping strength : It was measured using
a Grip Track Commander (Nihon Media, Ltd)
was taken in the standardized positioning rec-
ommended by the American Society of Hand
Therapists with sitting position with the shoul-
der joint angle at the neutral position, elbow
positioned at 90 degrees flexion and forearm and
wrist at the neutral position.

(® Balance assessment : Static balance perfor-
mance was conducted with eyes open and closed
using a computerized force platform Gravicoda
GS-10 (Anima Co., Tokyo, Japan) to measure lo-
cus length per time (LNG/TIME). Dynamic bal-
ance ability was assessed using the Functional
Reach Test (FR) which measures the maximal
distance one can reach forward beyond arm'’s
length parallel to the floor while maintaining feet
planted in a standing position.

(@ Walking ability : The assessment involved a
5 m distance walking time and the Timed up &
go test which measures basic functional ability.

(® Physical build : We assessed using weight
and body mass index (BMI).

(® Bone density : We measured of the calca-
neus was measured using MARK 8800 (Sensa,
Ltd for speed of sound (SOS) measurements.

3. Analysis

One way analysis of variance was used to
compare seasonal mean values using SAS JMP
ver.ll and IBM SPSS Statistics Base System
ver.23 Statistical significance was set at under
0.05.

4. Ethical considerations

This study was reviewed and approved by the
institutional review board at the Medical Eth-
ics Committee of Kanazawa University (review
number 555-1). Informed consent to participate
in the study was obtained orally and on paper
from subjects as well as their family care-givers
after explaining the objective of the study. Be-



cause of ethical considerations, daily activity and
lifeline sensing data, physical measurements and
information obtained from interviews were en-
coded to ensure privacy and proper storage/
management of personal information.

Results

1. Subject characteristics (Table 1)

The study involved 13 (21.3%) females and 3
(18.8%) men with a mean age of 78.7£6.9. Elderly
subjects over 75 years of age constituted 60%
of the participants. Ten (62.5%) of the subjects
were certified to receive care under national
health insurance nursing care authorization with
9 (56.3%) subjects receiving care under required
assisted support level 1 and 1 (6.3%) subject
under required assisted support level 2. With
respect to mobility, 11 (68.8%) were ambulatory
and 5 (31.3%) needed a cane or walker. All sub-
jects used the toilet.

In each season, there was one fall for a total of
3 falls during the study period with 2 incidences
of falling outside the home and 1 incidence of
falling in the bedroom.

2. Seasonal frequency of getting up at night to
urinate (Table 2)

Differences in mean frequency of the toilet at
night were observed according to the season. In
the summer, frequency was 2.0* 1.1 times, 53+
8.8 times during the fall and 8256 times dur-
ing the winter (p<0.05). The time it took to reach
the toilet from the bedroom also varied accord-
ing to the season. The time to reach the toilet
was 34.3+285 seconds during summer, 469+
38.7 seconds during the fall and 113+102.7 sec-
onds in the winter (p<0.05). On the other hand,
the time spent in the toilet as well as water vol-
ume used did not vary by the season.

3. Body function according to the season (Ta-
ble 3)

No seasonal difference in physical ability as
determined by muscle strength, balance, walking
ability and bone density was observed.

Discussion
In this study, we monitored seasonality differ-
ences in daily living activities based on lifeline

sensing. By monitoring the toilet frequency of
the elderly at night and the time required to
walk between the bedroom and toilet, we clearly
demonstrated that risk of falling differs based on
the season. During the summer period, the mean
frequency of the toilet at night was 2 while the
frequency increased two-folds and four-folds, re-
spectively, during the autumn and winter.

For those elderly living alone, the toilet requires
the ability to execute following sequence : having
the urge to urinate, recognition of the toilet and
toilet bowl, mobility to the toilet, lowering one's
under-garment, sitting on the toilet seat, urina-
tion/defecation, cleaning one-self, putting on one's
clothes and returning to one’s room. For this
reason, nocturnal awakening as a result of fre-
quent the toilet at night makes the elderly vul-
nerable to sleep disturbance. In addition, it can
be predicted that increase of night-time the toi-
let during the autumn and winter increases the
risk of falls.

The process of the toilet, toilet use frequency
and when the toilet takes place using sensing
modules has previously been reported!V!®. In
this study, by combining each subject’'s bedtime
and arising time, we were able to include the toi-
let at night frequency to capture the total time
per day to get to the toilet as well as return to
the bedroom and time spent in the toilet to evalu-
ate the mean required time per toilet event. Our
results show that the total roundtrip time be-
tween the bedroom and toilet increases 3-fold in
the winter and 2-fold in the fall. On the other
hand, no seasonal difference in mean time spent
in the toilet was observed. As it becomes more
difficult for the elderly living alone to get to the
toilet from the bedroom in the winter compared
to the summer and fall, our findings indicate that
there is a need for continued monitoring of night
time toilet usage as this is a risk factor for falls.

During our study, no falls occurred during night
in our subjects. This may be explained by the
physical ability of the subjects as shown by muscle
strength and balance ability. However, based on
continued body measuring, muscle strength and
balance ability in the elderly decreases between
winter and spring. The northern regions of Ja-



pan receives heavy snowfall and surfaces freeze.
It has been suggested that this can lead to a
less active daily life leading to decreased ability
to perform daily functions'”. For this reason, in
light of the seasonal change between winter and
spring as well as aging leading to increased risk
of falls, the accumulation of data by continued
monitoring of daily activities and lifeline sensing
has a high potential of being established as one
index of a living activity sensing model.

Conclusion

By monitoring living activities and lifeline
sensing to determine the toilet at night in the
elderly.

1. The frequency of the toilet at night was dif-
ferent between seasons.

2. The time it took to reach the toilet from
the bedroom also varied according to the season.

Our results show the value of a living activity
model based on the toilet at night as an indicator
of increased risk of falls.
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Figure 1. An example of a model for determining risk of falling in the elderly living along

Table 1. Subject characteristics

N=16
n %
Sex Male 3 188
Female 13 81.3
Age (yrs) M=SD 787%69
75< 6 375
75= 10 62.5
Required 1 9 56.3
support 2 1 6.3
level None 6 375
Mobility Walking 11 68.8
Using walking aid 5 31.3
Cane
Walker 1




Table 2. Mean seasonal the toilet at night frequency

N=16
Summer Autumn Winter P value
(July) (October) (January)
Mean = SD Mean = SD Mean = SD
Frequency of excretion 20=11 53+38 89+56 .
(number)
Time spent in the toilet 27+16 24+11 18407 ns
(min/session)
Water volume usage 70432 5340 73429 ns
(L /session)
Time required to move (sec)
Bedroom to toilet 343+285 469 +387 11301027 *
Toilet to bedroom 61.1+67.6 81.3+61.7 199.9+163.3 *
ANOVA "p<0.05
Table 3. Physical ability according to season
N=16
Summer Autumn Winter P value
(July) (October) (January) v
L(Ew)er limb Egﬁ Enee J.O?nt EXtedr.lded 129+38 14754 150+5.1 ns
& gt fnee Jjomt bending 97+26 93+26 93=36 ns
strength
Gripping strength Right hand 175+6.2 191+88 18688 ns
(kg)
Bal it Locus length (Eyes opened) 1606 21=09 18+09 ns
n 11
( : ? ce iy (Eyes closed) 20%08 29422 25+10 ns
m
¢ FR 258+33 236+48 228+58 ns
Walking ability 5 m Gait Speed 3911 39+11 39+13 ns
(sec) Timed-up&Go Test 100+4.1 99+33 91+30 ns
Physical build Weight (kg) 538+10.6 572+124 568+114 ns
BMI 232+36 233+33 232+32 ns
Bone density SOS 1765.3=111 17979=+816 18126+ 82 ns

Mean = SD. One-way ANOVA
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