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Abstract
Background: Undesirable risk events, such as falls, aspiration pneumonia and pressure ulcers, are associated with
functional decline and cause low quality of life among the elderly. This study analyzed and compared the
frequency of major risk events and the effect of standard risk management on their prevention. Methods: Subjects:
This study recruited elderly persons with disabilities using Japanese geriatric intermediate care facilities (GICFs);
these individuals provided written informed consent. Intervention: A standardized intervention process of risk
management was in place in half of the facilities. The other half provided conventional risk-prevention models.
Outcome variable: The six-month preadmission incidence and three-month postadmission incidence of
undesirable events, including falls, aspiration pneumonia, pressure ulcers, dehydration, and fever, were collected.
Analysis: The effect of multidisciplinary care management on the reduction of undesirable events was analyzed.
Results: Overall, 862 elderly persons from 132 facilities using geriatric intermediate care facilities in Japan
participated in this study. Falls (35.2%), fever (21.9%), bone fractures (18.2%), and pressure ulcers (12.1%) were
frequent undesirable events. There was no reduction in postadmission incidence in the intervention group in any of
the patients regardless of the previous incidence. The intervention reduced the occurrence of postadmission
pressure ulcers among patients with a previous incidence (odds ratio: 0.34). There were no reductions in falls,
fever, or dehydration. Conclusions: The effect of standardized risk-management implementation is limited to
pressure ulcers. The improvement of risk-management processes is needed to understand their limitations in long-
term care facilities.

Background
The public mandatory long-term care insurance law was installed in Japanese care since 2000 to cope with
increasing elderly persons with disabilities.  This insurance scheme provides facility and at home care and to
improve quality of care(1).

As elderly population increase, undesirable risk events, such as falls, aspiration pneumonia, and pressure ulcers,
which are associated with functional decline and cause low quality of life among elderly people with disabilities
also increased (2–5).

In long-term care insurance, the certi�ed care-manager makes care-plan for each elderly person in both at home
and facility settings (6).  The care-management process includes planning of daily activities using PDCA cycles for
quality improvement of services provided to each elderly person.  Risk-management to undesirable events such as
fall, aspiration pneumonia, pressure ulcer is considered as a part of care-management, and 93 percent of the care-
managers consider quality assurance and risk management as part of their job role (7).  At home setting, the
advanced care manager system was introduced to improve quality of care management for long-term care
recipients (5,8,9) , and it is shown to have effect on elderly survival time (6).

However, effectiveness of risk management by care-manager in the long-term care facilities is unknown.  In these
facilities, nurses and certi�ed caregivers make efforts to prevent these undesirable events.  The frequency of these
undesirable risk events is regarded as a quality indicator in geriatric care facilities(10).

Most of the existing studies have examined only one risk factor, such as falls. In reality, care workers deal with
multiple risk events at a time, including falls, pressure ulcers or aspiration pneumonia.  Furthermore, care workers
are not aware of the effectiveness of interventions to prevent these undesirable events.
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In previous studies, a history of falls was strongly associated with the recurrence of falls, and simple risk
assessment tools, including the history of falls, were developed (11,12).  Several studies examined the previous
history of risk events and their recurrence in aspiration pneumonia (13) and pressure ulcers (14,15).

Therefore, this study has two purposes.  The �rst purpose is to describe the incidence of multiple risk events in
Japanese geriatric intermediate care facilities (16)  (GICFs or geriatric health services facilities).  The second
purpose is to estimate the effects of multidisciplinary preventive measures in elderly persons.

Methods
Participants: There are 3600-member facilities that participates association of GCIF facilities.  Initially, 600
facilities were randomly selected from the member facilities. Of these, facilities agreed to volunteered to this study
and whose care manager attended the care-management lecture, including the risk-management process, and if
they agreed to follow the research protocol were assigned to intervention facility.  The control group facilities were
selected from the rest of the facility that did not attend the care-management lectures but agreed to participate to
the research and agreed to follow the research protocols.  In both groups, newly admitted elderly persons
(maximum of 10 per facility) between August and September to2012.

Data collection: Elderly age, gender, activities of daily living (ADL) status as well as six-month histories of
undesirable events, such as falls, aspiration pneumonia, pressure ulcers, and dehydration, were collected on
admission by care-manager or social worker at intake process from the patient and/or proxy family member by
care-manager.  After admission, the incidence was monitored regularly during the stay and recorded to the
individual medical chart.  Incidence information was given to the care-manager and administrative o�cer in the
form of incidence report. In this study the care-manager checked the accuracy of the data using the medical chart
and incidence report, which is used as post-admission incidence.

The de�nition of each type of incidence is as follows: fall, an event that results in a person coming to rest
inadvertently on the ground or �oor or other lower level; bone fracture, ranging from cracks in a bone to a bone that
is separated and out of place, as diagnosed by physicians using X-ray or other imaging systems; aspiration
pneumonia, pneumonia resulting from inhalation of foreign bodies (such as food particles); pressure ulcer,
localized damage to the skin and underlying soft tissue, usually over a bony prominence or related to medical or
other devices. In this study, pressure injury of greater than stage 1 (non-blanchable erythema of intact skin) was
also counted; dehydration, diagnosed using common symptoms, including tachycardia (>100 bpm), low systolic
blood pressure (<100 mm Hg), dry mucous membrane, dry axilla, poor skin turgor, sunken eyes, long capillary re�ll
time, urine color, and urine speci�c gravity; and fever, 37.5° Celsius, as measured by a common thermometer. 

Intervention
Standardized risk management using the Plan-Do-Check-Assessment (PDCA) cycle and multidisciplinary
enrollment were the intervention in this study. This process included the following. 1. Risk assessment of previous
undesirable events. 2 Detailed informed consent about risk events to patients and/or proxy persons. 3. Care
planning according to the risk pro�le. 3. Sharing the care plan and risk-management plan among the
multidisciplinary care team by posting the plan on the bed side or in front of the patients’ chart. 4. Follow-up
assessment.
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The authors provided a one-day lecture to the intervention group facility staff regarding the PDCA cycle as well as
other possible approaches to prevent undesirable events. In comparison, the control group continued their
conventional risk management, and no additional lecture was provided to the reference facilities (Figure 1). If

Subjects: Members of the Association of Japanese Geriatric Care Facilities volunteered to participate in this study.

The assignment of either intervention or control group was made by the facility. The intervention facilities were
selected among those whose care managers attended the care-management lecture, including the risk-
management process, and they agreed to follow the research protocol (Figure 1, left side).

The control group facilities were selected from facilities that did not attend the risk-management lecture. Any
measures aimed for preventing undesirable events already in place were not discontinued.

Analysis:

Frequency of each type of pre and post admission events were calculated and strati�ed with previous events and
intervention group.

The effect of history on the occurrence of undesirable events was calculated using an odds ratio. The effect of the
risk-management intervention on postadmission incidence was analyzed for all participants, and also selecting
person with presence of preadmission incidence of each undesirable event. Absolute risk reduction (ARR) and
number need to treat (NNT) was calculated.

Written consent to participate in the study was obtained from each participant or the participant’s proxy family
member if the participants had cognitive impairment. This study was approved by the Ethical Review Board of the
Japanese Association of Geriatric Health Service Facilities and is in compliance with the Declaration of Helsinki;
approval number 23 (08/01/2014).

Results
A standardized intervention process of risk-management was in place in 61 of 132 geriatric care facilities. Of 862
elderly persons, 599 (69.5%) were women. The average age was 84.1 for all respondents (85.4 for women and 81.0
for men). The nursing care level (between 1 and 5 based on the assessment of care requirement under Japanese
long-term care law) (8) was 12.8% at level 1, 20.3% at level 2, 25.6% at level 3, 24.5% at level 4 and 14.6% at level 5
(3.4% of data missing). The basic mobility on International Classi�cation of Functioning, Disability and Health
(ICF) staging (17)  was 15.6% at stage 1, 12.6% at stage 2, 19.1% at stage 3, 35.3% at stage 4 and 18.1% at stage
5.

Table 1 shows the incidence of undesirable events prior to and after admission, with odds ratios for predictive
power.Of the accident information collected, the incidence of previous falls, aspiration pneumonia, pressure ulcers
and fever each predicted the postadmission incidence of the same events. A history of bone fractures and
dehydration did not predict future occurrence of the same events.

Table 2 shows the effect of intervention in all cases and with previous incidence.

When the incidence of all patients was compared regardless of previous incidence, the intervention by care
management did not improve the occurrence of postadmission incidence in any of the studied undesirable events
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(Table 3).

However, when we selected patients with previous incidence, there was some reduction in undesirable events
(aspiration pneumonia 25.0% vs 11.1%, pressure ulcer 40.4% vs 18.9%).

The intervention effect on undesirable events with a history is shown in Table 4 with its odds ratio and number
needed to treat (NNT).

The decrease in pressure ulcer events was observed in patients with a history of pressure ulcers. The observed
decrease in aspiration pneumonia did not achieve statistical signi�cance, but the NNT was signi�cant. The
postintervention incidence of other risk types, such as falls, did not achieve statistical signi�cance between
patients with and without preadmission incidence.

Discussion
The prevention of undesirable events, such as falls, bone fractures, aspiration pneumonia, pressure ulcers,
dehydration, and fever, is considered a quality indicator of geriatric care facilities (18,19).

This study’s �rst purpose was to report the effect of preadmission incidence on postadmission incidence. In most
of the accidents, previous accidents were an indicator of postadmission incidence, except for bone fractures and
dehydration, because of the lower frequency of these events postadmission. Obtaining preadmission incidence is a
simple way to select high-risk patients.

If a history of undesirable events is adequately collected in the long-term care facility and shared among the
healthcare professionals working in the facility, a three-step measure can be considered to reduce these
undesirable events and hence improve the quality of the facilities.

The second purpose of this paper was to analyze the effect of care-management using previous risk events. The
�rst step was to introduce a standardized risk management process using the Plan-Do-Check-Analysis (PDCA)
cycle by collecting adequate information, including the history of undesirable events, and by performing adequate
risk prevention planning and follow-up. The second step was to educate the health professionals about the risk
management process and to share information about risk factors. The third step was to share information among
the multidisciplinary team to adequately implement measures to prevent undesirable events (9).

To the authors’ knowledge, this is the �rst study to analyze the relative effectiveness of care management and
multidisciplinary intervention for these events; many previous studies focused only on single risks. We compared
the effectiveness of care management strati�ed by the presence of previous events. Most of the existing studies
have focused on a single risk factor, such as falls. This study analyzed the relative effectiveness of prevention
across multiple risk factors to understand the relative effectiveness of the intervention.

In this study, a reduction in risk events was not observed when all patients were included. However, the frequency
of risk events decreased after selecting patients at high risk for pressure ulcers, an observation that was somewhat
less noticeable for aspiration pneumonia. As shown in Table 2, pressure ulcers and aspiration pneumonia
recurrence were reduced by approximately one-half with risk management. Using these data, we analyzed the NNT
of risk management intervention.
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Many studies have used single risk events, such as falls, have and shown higher effectiveness. For example, a
meta-analysis by Chang et al. showed an odds ratio of 0.82 and NNT of 11 for a multidisciplinary fall prevention
program (20). In this study, the NNT of fall prevention was much larger. This may be because we targeted fall
prevention as well as many other undesirable risk events. Care management in real clinical settings must cope with
multiple risks, and this �gure may be close to reality.

This study is the �rst to show the relative effects of risk management. Risk management towards pressure ulcers
and aspiration pneumonia was more effective, and few effects were observed in other events, including falls,
dehydration and fever.

Although the incidence of pressure ulcers was reduced in the intervention group, these events did not completely
cease. Therefore, sharing information about risk events between patients and their family is a crucial step in risk
management.

Our study has several weaknesses. First, the observation period was short; if there were longer observation periods,
the odds ratio and NNT could have been larger.

Second, this was not a truly randomized study. However, the prevalence and odds ratios for undesirable events
were similar to those of previous studies.

Thirdly, the recall bias on admission may have also in�uence on the result. However, relatively short three-month
period of history, and also direct interview to the patients and/or proxy family member may have contributed to
decrease the recall bias.

Lastly, the result is obtained from LTCIs and may not the same with other settings such as home-based care and
other type of facilities, because they may have different type of disability and combabilities.

Additionally, intervention did not signi�cantly decrease all risk events. Thus, more speci�c interventions or
classi�cation approaches may be required to reduce undesirable events.

Our next step is to introduce these more speci�c interventions for the effective prevention of risk events in nursing
homes. Also, it is important to inform not all patients will bene�t from preventive measures. Adequate explanation
to unpreventable risks on admission is also necessary.

Abbreviations
GICFs Geriatric Intermediate Care Facilities

ADL    Activities of Daily Living

PDCA Plan-Do-Check-Assessment

ICF      International Classi�cation of Functioning, Disability and Health

NNT    Number Needed to Treat

ARR Absolute Risk Reduction
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Tables

Table 1 the incidence of undesirable events prior to and after admission

  Incidence  
before

admission
after

admission
type of incidence respondants n % n % odds ratio (95% Confidence

Interval)
 

fall 735 259 35.2% 191 26.0% 4.1(2.9-5.8) *
bone fracture 734 134 18.3% 19 2.6% 1.1(0.24-5.3)  
aspiraton
pneumonia

713 42 5.9% 23 3.2% 10.3(4.1-25.9) *

pressure ulcer 694 84 12.1% 67 9.7% 6.2(3.6-10.9) *
dehydraton 712 61 8.6% 8 1.1% 1.5(0.2-12.7)  
fever 695 152 21.9% 120 17.3% 5.2(3.4-8.0) *
infection 704 53 7.5% 42 6.0% 4.5(2.1-9.8) *
NOTE: Odds ratio of incients with asterisk* indicates the incidencet before addmision predicted
the recurrence of the same incidence with p<0.05

Table 2 the effect of intervention in all cases and with previous incidence

  All cases With previous incidence
  Intervention total Intervention total
  - +   - +      

s
incidence n % n % n % n % n % n %  

no 283 75.1% 261 72.9% 544 74.0% 68 55.3% 77 56.6% 145 56.0%  
yes 94 24.9% 97 27.1% 191 26.0% 55 44.7% 59 43.4% 114 44.0%  
no 376 98.4% 348 98.9% 724 98.6% 57 100.0% 75 97.4% 132 98.5%  
yes 6 1.6% 4 1.1% 10 1.4% 0 0.0% 2 2.6% 2 1.5%  

on
nia

no 358 96.0% 332 97.6% 690 96.8% 18 75.0% 16 88.9% 34 81.0%  

yes 15 4.0% 8 2.4% 23 3.2% 6 25.0% 2 11.1% 8 19.0% *
no 325 89.5% 302 91.2% 627 90.3% 28 59.6% 30 81.1% 58 69.0%  

yes 38 10.5% 29 8.8% 67 9.7% 19 40.4% 7 18.9% 26 31.0% *
tion no 373 98.7% 331 99.1% 704 98.9% 28 96.6% 32 100.0% 60 98.4%  

yes 5 1.3% 3 .9% 8 1.1% 1 3.4% 0 0.0% 1 1.6%  
no 294 80.5% 281 85.2% 575 82.7% 51 61.4% 41 59.4% 92 60.5%  
yes 71 19.5% 49 14.8% 120 17.3% 32 38.6% 28 40.6% 60 39.5%  
no 347 93.5% 316 94.6% 663 94.0% 31 86.1% 12 70.6% 43 81.1%  
yes 24 6.5% 18 5.4% 42 6.0% 5 13.9% 5 29.4% 10 18.9%  

Table 3 the effect of intervention regardless of incidence before admission
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      incidence      
type of
incidence

total
n

intervention
n

intervention
(-)

intervention
(+)

odds ratio 
(95 C.I.)

ARR NNT

fall 774 373 111(51.6%) 104(48.4%) 1.0(0.7-1.4) -0.01 -496.0
bone fracture 740 355 6(60.0%) 4(40.0%) 0.7(0.2-2.6) -0.25 -4.0
aspiration
pneumonia

728 348 15(62.5%) 9(37.5%) 0.7(0.2-1.5) 0.01 73.5

pressure ulcer 724 345 43(52.4%) 39(47.6%) 1.0(0.6-1.6) 0.00 2421.4
dehydration 729 345  5(55.6 ) 4(44.4 ) 0.9(0.2-3.3) 0.00 701.0
fever 741 349 86(58.1%) 62(41.9%) 0.8(0.5-1.1) 0.04 24.0
infection 731 345 30(56.6%) 23(43.4%) 0.8(0.5-1.5) 0.01 90.5

Table 4 the effect of intervention regardless of incidence before admission with previous risk

incidence

      incidence      
type of incidence total

n
intervention
n

intervention
(-)

intervention
(+)

odds ratio 
(95 C.I.)

ARR NNT

fall 259 136 55(48.2%) 59(51.8%) 0.9(0.6-1.6) 0.01 75.0
bone fracture 134 77 0(0.0%) 2(100.0%) n.a. -0.03 -38.5
aspiration
pneumonia

42 18 6(75.0%) 2(25.0%) 0.4(0.1-2.1) 0.14 7.2

pressure ulcer 84 37 19(73.1%) 7(26.9%) 0.34(0.1-0.9) 0.22 4.6
dehydration 61 32 1(100.0%) 0(0.0%) n.a. 0.03 29.0
fever 152 69 32(53.3%) 28(46.7%) 1.1(0.6-2.1) -0.02 -49.4
infection 53 17 5(50.0%) 5(50.0%) 2.5(0.6-11.0) -0.16 -6.4

Figures

Figure 1

Flow of the intervention program


