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Abstract. This study is an 11-month observational study aimed at eval-
uating the impact of bed exit sensor notification settings and response
completion times on fall prevention. Data was collected from 47 patients
with prior falls to monitor alert frequency, notification settings, and re-
sponse times. Analysis suggested that frequent alerts were associated
with declines in cognitive and mobility functions, potentially contribut-
ing to alarm fatigue among nursing staff. Optimizing these settings may
help reduce falls and alleviate nurse workload.
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1 Introduction

Falls have become a crucial issue in aging societies, especially within healthcare
and long-term care facilities, where they are known to lead to serious health
problems. Injuries resulting from falls can cause severe conditions, such as frac-
tures and head injuries, which delay patient recovery, decrease quality of life,
and escalate treatment costs [1]. Consequently, fall prevention is recognized as
a critical issue in healthcare settings, highlighting an urgent need for preventive
measures. Existing studies on fall prevention have identified factors such as age,
physical and cognitive decline, and medication use as major contributors to fall
risk [2] [1]. Additionally, prolonged hospitalization can further elevate fall risk
by accelerating declines in strength, balance, and cognitive function.

Given this context, healthcare facilities actively implement fall prevention
strategies, with bed exit sensors being widely adopted in many clinical settings.
Bed exit sensors detect restless movements or attempts to leave the bed, issuing
alerts to prompt early intervention by nursing staff. This technology aims to
prevent fall incidents through timely responses, especially for patients at high
fall risk [3]. By allowing staff to monitor patient activity in real-time, bed exit
sensors play a significant role in ensuring patient safety. However, in Hospital
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A, the availability of bed exit sensors has occasionally been limited, preventing
their use when needed. In response, beds with built-in sensors have been installed
throughout the facility, alongside the development of a fall prevention manual to
promote effective sensor utilization. Despite these efforts, falls among patients
have not declined.

This study aims to clarify the impact of specific patient characteristics, noti-
fication conditions, notification frequency, and response completion time on fall
prevention,with the goal of proposing optimal notification settings for healthcare
environments.

2 Literature Review

Previous studies have partially reported on the effectiveness of bed exit sensors.
For example, [4] demonstrated an association between bed exit sensors and a
reduction in patient fall rates. They also highlighted the importance of consid-
ering factors such as “alarm fatigue,” the ability of nursing staff to respond to
alarms promptly, and the selection of appropriate sensor modes based on patient
profiles. Additionally, [5] found a 19% increase in falls among elderly inpatients
with sensors installed on beds, bed chairs, or chairs. Brusco et al. (2020) reported
that false alarms were the most frequently observed (n = 74, 52%), followed by
true alarms (n = 67, 47%) and no-alarm incidents (n = 3, 2%). Furthermore, [6]
revealed that nurses view bed exit sensors negatively and expressed a preference
for alternative fall risk management strategies. These findings underscore the
need to establish optimal sensor settings and usage protocols.

The literature generally recognizes the contribution of bed exit sensors to fall
prevention, yet reports also indicate instances where sensors are ineffective or
produce false or excessive alarms, potentially delaying nurse responses. Frequent
notifications can lead to alarm fatigue among nursing staff, increasing fall risk
due to slower response times. Therefore, empirical research is limited regard-
ing how notification conditions, notification frequency, and response completion
time affect fall risk. Additionally, to enhance the effectiveness of fall prevention
measures, it is essential to understand how nurses perceive and respond to sensor
notifications, ensuring appropriate actions are taken.

3 Methods

3.1 Study Design and Participants

This study is an 11-month observational cohort study conducted at Hospital A.
The study subjects were 47 patients (22 males and 25 females) who, despite
management with bed exit sensors for fall prevention, experienced falls between
October 2023 and August 2024. The age range of participants was 65 to 92 years
(mean age: 76.4 years, SD: £8.5 years), and the length of stay ranged from 10
to 120 days (mean: 45.7 days, SD: £22.3 days). Among the 47 patients, some
experienced multiple falls, resulting in a total of 62 falls.



130 K. Imaizumi and N. Amaya

3.2 Measurement Items and Definitions

In this study, the following items related to fall risk were measured. Table 1
presents the items and their descriptions.

Table 1. Survey Items and Content

Patient Attributes

Age, Gender, Length of Stay, Presence of Mobility
Impairment, Presence of Cognitive Impairment

Notification Count

Daily Notification Count per Patient. The number of times the bed
exit sensor was triggered, generating notifications to the nursing
staff.

Response
Completion Time

Average Time from Sensor Activation to Response Completion:
Records the mean duration from when the sensor is triggered to
the completion of the nursing response.

Get-Up (0 Sec)

Triggered the moment the patient begins to sit up in bed. When
it is necessary to immediately detect when a patient begins to sit
up.

Get-Up (1 Sec)

Triggered 1 Second After the Patient Begins to Sit Up Restless Be-
havior in Bed with Unstable Edge-of-Bed Position, Risk of Falling
from Bed, and Slightly Rapid Movements.

Get-Up (3 sec)

Triggered 3 Seconds After the Patient Begins to Sit Up Rest-
less Behavior in Bed with Unstable Edge-of-Bed Position, Risk of
Falling from Bed, and Movements That are not Particularly Fast.

Sitting (Edge-of-Bed Po-
sition)

Triggered When the Patient Sits on the Edge of the Bed and Par-
tially Lifts Their Weight Able to Maintain Edge-of-Bed Position,
but Unsteady in standing and waling, with high risk of falling
shortly after leaving the bed.

Bed Exit

Triggered when the patient leaves the bed. Used for patients re-
quiring ambulation monitoring. This setting is intended for pa-
tients who are stable while standing but may require supervision
due to unsteadiness while walking.

Monitoring 60 Sec

Triggered if the patient does not return to bed within 60 seconds
of leaving. For patients who have difficulty walking long distances,
exhibit wandering behavior, or use a urinal or portable toilet at
the Bedside

Monitoring 5 min

Triggered if the patient does not return to bed within 5 minutes
of leaving. For patients who are generally independent in using
the bathroom but may require monitoring for abnormalities in
the Bathroom or if they might have difficulty returning to bed.

Note: The conditions for use are not absolute. Always adjust the notification settings according to
the patient’s specific condition.

3.3 Analysis Methods

Mean and Standard Deviation: Basic statistics were calculated for the notifi-
cation counts and response completion times under each notification condition.
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t-Test and ANOVA: Comparisons of notification counts and response comple-
tion times based on each notification condition and patient attributes, assessing
significant differences between groups. Correlation Analysis: Evaluation of the
relationships between notification frequency, response completion time, and pa-
tient attributes (such as cognitive function and walking impairment). Tukey HSD
Test: Multiple comparisons among notification conditions to identify conditions
with significant differences. Data analysis was performed using Stata 18.0 [9].

4 Results

4.1 Basic Attributes

The average age of the 47 patients was 76.4 years (SD £8.5 years), and the
average length of stay was 45.7 days (SD +22.3 days). The sample consisted of
22 males (47%) and 25 females (53%).

4.2 Statistics by Notification Condition

Notification Frequency (per day) The average daily notification frequency for
each notification condition is shown

Table 2. Average Notification Frequency

Notification Count Average SD Min Max

Bed Exit 6.54 8.73  0.03 31
Get-up 0Os 17.87 18.38 0.04 38.72
Get-Up 1s 282.28  616.47 0.03 1385
Get-up 3s 7.46 8.9 0.09 344
Sitting 8.54 8.06 0.33 36.5
Monitoring 60s 1.21 8.73 0.08 2.69
Monitoring 5m 0.76 0.86 0.11  2.03

Response Completion Time (in minutes) The average response completion
time for each notification condition is shown below.
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Table 3. Average Response Completion Time

Response Time Average SD Min Max

Get-Up (1s) 4.56 2.35 226 8.3l
Get-Up (3s) 4.7 3.21  0.68 12.67
Sitting 6.64 57 1.6 3098

Monitoring 60s 17.66 13.28 3.36 41.19
Monitoring 5m 28.62 26.32 5.35 66.34

4.3 Statistical Analysis Results

t-Test (Notification Frequency and Response Completion Time) Significant dif-
ferences were observed in many pairs of notification conditions. Examples of
conditions with significant differences include: Notification Frequency: Bed Exit
vs. "Get up 0 sec” (t = —8.58,p < 0.001). Response Completion Time: Get up
1 sec vs. "Monitoring 5 min” (¢t = —24.42,p < 0.001) Homogeneity of Variance
Test (Levene’s Test) Levene’s test was conducted to examine the homogeneity
of variance for notification frequency and response completion time. Significant
variance differences were observed for both variables (Notification Frequency:
p = 0.0067, Response Completion Time: p = 0.027). Consequently, t-tests for
unequal variances were applied.

4.4 Correlation Between Patient Attributes, Notification Frequency,
and Response Completion Time

In the correlation analysis of patient attributes with notification frequency and
response completion time, dementia and walking impairment were found to have
significant effects on both notification frequency and response completion time
(Table 4).

Table 4. Correlation Between Patient Attributes, Notification Frequency, and Re-
sponse Time

Attribute Notification Frequency Response Time

(Correlation Coefficient, p-value) (Correlation Coefficient, p-value)

Age 0.20 (p = 0.15) 0.18 (p =0.18)
Dementia 0.45 (p < 0.01) 0.39 (p < 0.05)
Gait Impairment 0.30 (p = 0.05) 0.25 (p =0.07)
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4.5 Relationship Between Notification Conditions, Notification
Frequency, and Response Completion Time

An analysis of notification frequency and response completion time based on
the number of notification conditions used revealed a trend: patients with more
notification conditions tended to have higher notification frequency and longer
response completion times (Table 5).

Table 5. Impact of the Number of Notification Conditions on Notification Frequency
and Response Time

Number of Notification Frequency Response Time
Notification Conditions (Mean + SD) Mean + SD
1-3 Conditions 34+12 5.2£20

4 or More Conditions 7.6+24 9.3+ 3.8

4.6 Comparison Between Dementia and Non-Dementia Patients

A comparison of notification frequency and response completion time between
dementia and non-dementia patients showed that dementia patients had sig-
nificantly higher notification frequencies and longer response completion times
under the ”Bed Exit” and ”Monitoring 60 sec” conditions (Table 6)

Table 6. Comparison Between Dementia and Non-Dementia Patients

Notification Condition t-value p-value

Bed Exit (Leave) 2.169 0.036
Watch 60s 3.45 0.001

5 Discussion

5.1 Analysis of Notification Conditions and Frequency

Significant differences in notification frequencies were observed between “Mon-
itoring 5 min” and other conditions (e.g., “Get Up 0 sec” and “Leave”). No-
tifications triggered by “Monitoring 5 min” were notably less frequent, likely
due to its selection for a limited subset of patients. A substantial proportion of
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the inpatients were advanced in age, often with compromised mobility due to
conditions and muscle weakness from prolonged bed rest. Therefore, conditions
like “Get Up 0 sec” and “Get Up 1 sec” were preferred to promptly capture
movement initiation from bed.

The “Get Up 1 sec” and “Get Up 0 sec” notifications showed high frequency,
with “Get Up 1 sec” far surpassing other conditions. This highlights the need to
capture initial movement off the bed, though it also suggests a higher occurrence
of false positives. Movements unrelated to fall risk, such as reaching for objects
or shifting position, may have triggered unnecessary alarms, emphasizing a need
for refined parameters.

5.2 Notification Conditions and Response Completion Time

In the "Monitoring 5 min” setting, the response completion time was found to be
significantly longer compared to other notification conditions (such as ”Get-Up
0 sec” or 7 setting 7). This is likely because ”Monitoring 5 min” is triggered
when a patient has been away from the bed for five minutes, making it suitable
for monitoring behaviors like wandering. As this often involves responding to
patients who are further from the bed, more time is required to complete the
response. Additionally, this setting is intended for situations where a five-minute
interval without observation is acceptable, contributing to a delayed response
compared to other settings with shorter activation times.

In contrast, settings like ”Get-Up 1 sec” and ”Get-Up 3 sec,” which activate
within a shorter timeframe, tend to facilitate quicker responses. Statistical anal-
ysis using a t-test confirmed that the response completion times for ” Get-Up
1 sec” and ”Get-Up 3 sec” were significantly shorter than for other conditions.
This indicates that these settings enable rapid intervention for patients who
need immediate assistance with bed-related activities to prevent falls. Conse-
quently, these quick-response settings are shown to support timely intervention
for high-risk patients, enhancing fall prevention efforts.

)

5.3 Differences in Variance Among Notification Conditions
(Levene’s Test Results)

Significant differences in variance were identified across conditions for both
notification frequency and response time, with Levene’s test indicating non-
homogeneity. This suggests considerable variation in response speed and fre-
quency among patients, potentially influenced by individual factors such as cog-
nitive or physical impairments. These findings underscore the necessity of cus-
tomizing sensor settings to the specific needs and capabilities of each patient.
Analysis across conditions revealed that “Get Up 1 sec” and “Get Up 0 sec”
frequently captured non-harmful movements, increasing the rate of false alarms.
The dependence of notification frequency and response time on individual pa-
tient attributes, as shown by Levene’s test, highlights the importance of tailored
sensor settings.
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5.4 Correlation Between Patient Attributes, Notification Frequency,
and Response Time

Patients with dementia tend to have a higher frequency of notifications (cor-
relation coefficient = 0.45,p < 0.01). Additionally, they also show a tendency
for longer response completion times (correlation coefficient = 0.39,p < 0.05).
This suggests that patients with dementia may exhibit restless behaviors that
frequently trigger sensors, leading to more frequent responses. The extended re-
sponse time may also indicate that not all situations require immediate action.

Patients with mobility impairments also show a tendency toward higher no-
tification frequency (correlation coefficient = 0.30,p = 0.05). However, the re-
lationship between mobility impairment and response completion time, while
present, does not reach statistical significance (correlation coefficient = 0.25,p =
0.07). For patients with mobility impairments, irregular movements and cautious
actions may make the sensor more sensitive to activation.

Patients with dementia or mobility impairments tend to have higher notifi-
cation frequencies due to their behavior characteristics, and dementia patients
specifically show a trend toward longer response times. Although agitated or
irregular movements increase the risk of falls, some situations do not require
immediate intervention to prevent falls, making it challenging to determine the
most appropriate notification settings.

5.5 Relationship Between the Number of Notification Conditions
and Frequency/Response Time

Patients with four or more notification conditions had higher notification fre-
quencies and longer response times. An increase in notification condition changes
may reflect changes in patient behavior, resulting in higher frequencies. Addi-
tionally, the difficulty in finding optimal settings for these patients may have
contributed to frequent condition adjustments.

5.6 Comparison Between Dementia and Non-Dementia Patients

These results indicate that dementia patients receive more notifications and have
longer response completion times under the ”Bed Exit” and ”Monitoring 60 sec”
conditions. Dementia patients are more likely to leave the bed unconsciously,
emphasizing the need for prompt response. Additionally, settings that detect
prolonged bed exit tend to result in delayed response times for dementia patients,
suggesting the need for earlier intervention.

5.7 Total Notifications and Fall Incidents Over 11 Months

Among 47 patients who experienced falls over 11 months, there were a total of
32,890 notifications, with 62 actual falls recorded. This results in a notification-
to-fall probability of approximately 0.18%, suggesting that the majority of noti-
fications either successfully prevented falls or were triggered by low-risk, routine
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activities without danger. This indicates that most notifications did not result
in problematic situations. There is a need to develop a more precise system for
detecting patient behaviors that are likely to lead to falls.

6 Conclusion

The findings indicate that patient behaviors can be monitored effectively to pre-
vent falls through timely responses, highlighting the need for bed exit sensor
settings tailored to individual patient characteristics. While these settings are
often aligned with patient needs, notifications are sometimes triggered by rou-
tine, non-hazardous activities, and delayed response times were observed with
certain notification settings that take longer to detect patient movements. Addi-
tionally, selecting appropriate notification conditions for patients with dementia
or mobility impairments proved challenging.

This suggests the importance of optimizing notification settings by more
accurately selecting and possibly re-evaluating current settings to enhance noti-
fication accuracy. By reducing unnecessary alarms, fall prevention effectiveness
could be improved, and the workload for nursing staff could be reduced. Out of
the 32,890 notifications over the 11-month period, only 62 (approximately 0.18%)
were linked to actual falls, with most notifications either helping to prevent falls
or resulting from low-risk, routine activities. Thus, while the current settings
contribute to risk reduction, many notifications were unrelated to fall-inducing
actions.

Going forward, it is essential to develop notification settings that more pre-
cisely detect only actions leading to potential falls, thereby reducing unnecessary
alarms and alleviating alarm fatigue among nursing staff. Furthermore, imple-
menting notification settings customized to each patient’s characteristics and
risk levels would allow for quicker responses to high-risk situations. Such im-
provements are expected to further enhance the effectiveness of fall prevention,
contributing to both patient safety and the reduction of healthcare workers’
burdens.
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