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Abstract: Background: Falls, wounds and hospitalisation are serious adverse events that may result in reduced
independence and quality of life, and contribute to higher risks of disability and death in nursing homes.
Objectives: To quantify the incidence of events (falls, hospital admissions and wounds) in nursing home
residents and to determine if gait speed thresholds can predict falls. Design: A prospective cohort design was
used to estimate the incidence and types of adverse events. Setting: Three nursing homes on the Gold Coast/
Northern New South Wales, Australia. Participants: 100 nursing home adults consented to participate in this
project. Measurements: The primary outcome included the number of adverse events (falls, wounds and hospital
admissions) accessed through the nursing homes records. We used negative binomial regression models adjusted
for potential confounders to examine associations between gait speed group and falls suffered by residents in
nursing home settings, and we reported incidence rate ratios (IRRs) with 95% ClIs and the actual P-value. Results:
During the six months, there were a total of 226 falls, 243 wounds, 65 hospital admissions and 29 deaths with
12% of the residents having a fall(s), wound, admitted to hospital and dying in the 6-month period. Gait speed
was not a statistically significant factor that impacted adverse events. However, for every additional hospital
admission there was a 28% increased rate of falling, for every additional wound there was a 7.8% increased
rate of falling and for every kilogram increase in handgrip strength there was a 4.4% increase rate of falling.
Residents were also found to have an increased rate of falling if they were female (65.5%) and a decreased rate
of falling with a positive impairment Mini-Cog score residents were likely to have a 52% decrease in their rate
of falling when compared with negative cognitive impairment. Conclusion: The incidence of adverse events in
Australian nursing homes is high, suggesting that continual refinement of assessment, education, awareness and
management processes are required to improve resident outcomes. In particular, falls reduction interventions
appear important, as they would likely reduce the number of hospital admissions and wounds in the nursing home
setting.
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List of Abbreviations: ADL: Activities of Daily Living; CI: Confidence interval; EWGSOP: European Working
Group on Sarcopenia in Older People; IRR: Incidence Rate Ratio; Mini-Cog: Mini-Cognitive test; SARC-F:

Sarcopenia Five-Item Questionnaire.

Introduction

With an ageing population and rising life expectancy
rates, older adults are likely to move into nursing homes
as their physical and/or cognitive function declines. Falls,
hospitalisation and wounds are serious problems that result in
higher risks of disability, loss of independence, reduced quality
of life and mortality in nursing homes (1).

These adverse events are also proving to become very
costly with falls being the leading cause of injury-related
hospitalisation in adults aged 65 years or older. In those aged
85 years and over, 4% of men and 7% of women are admitted
to hospital annually as result of a fall (2). As a result, the cost
of falls is expected to rise to $1.4 billion in Australia by 2051.
Thus, continual improvements in fall prevention programs are
required in order to reduce the falls incidence rate or additional
strain on the health expenditure will incur (3). One component
of the high costs of falls is the need for hospital beds. In 2010,
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there were 240,000 hospital bed days per year related to falls
in Australia, with this expected to nearly double to 450,000
hospital bed days by 2051 (2).

To the authors’ knowledge, little research has investigated
the incidence of adverse events specific to falls, wounds and
hospital admissions in Australian nursing home adults. A
recent document on adverse events in Australian nursing home
residents is a 2014-15 Australian Government report which has
provided insight into older adults in hospital, however there
appears to be a lack of peer-reviewed research that focuses
purely upon nursing home settings (4). Residents often have
multiple chronic diseases, a sarcopenic status and take multiple
prescribed medications, with the interaction of these factors
placing the residents at a high risk of adverse events (5, 6).
Ironically, residents of nursing homes are among the least
researched older adult group even though they have the highest
rates for falls and hospital admissions and are among the
highest consumers for prescribed medications (5).
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A recent systematic review has indicated that a significant
predictor of adverse events including mobility disability,
cognitive decline, mortality, falls and institutionalisation for
community-dwelling older adults (aged 65 and older) was low
gait speeds (7). In 2012, Sterke et al. (8) sought to extrapolate
the findings for community dwelling older adults to those
in nursing homes by examining whether gait speed was a
significant predictor of short-term falls risk in 57 nursing home
residents with moderate to severe dementia in the Netherlands.
Sterke et al. (8) conducted a longitudinal study and assessed
the gait performance of the nursing home residents with a
computer-interfaced instrumented pressure mat every three
months for a period of 15 months. A reduced gait speed (OR =
1.22; 95% CI 1.04 — 1.43) and reduced mean stride length (OR
=1.19; 95% CI 1.03 — 1.40) were the strongest gait predictors
for falling within three months (8). Knowing this, we wanted to
investigate if in the Australian context gait speed could predict
adverse events in six months with nearly double the amount of
participants. Such a study would appear warranted as Keogh et
al. (9) reported that a randomly selected sample of 100 nursing
home resident’s mean (SD) walking speed was 0.37 (0.26) m/s,
a value substantially less than a recent meta-analyses of 34
studies that reported the nursing home residents’ mean walking
speeds to be 0.48 m/s (95% CI 0.40 — 0.55) (10). As very
few studies have used gait speed to predict adverse events in
nursing home residents, additional research utilising functional
performance tasks such as gait speed to predict adverse events
in Australian nursing homes appears warranted.

The primary aim was to quantify incidence of adverse
events in Australian nursing home residents over a period
of six months. The secondary aim was to determine if gait
speed thresholds could predict the frequency of falls in nursing
home residents. We hypothesized that the incidence of adverse
events (i.e. falls) in Australian nursing home residents would
be greater than what is commonly reported for community
dwelling older adults and that gait speed thresholds could
predict falls in Australian nursing home residents.

Methods

Study Participants

A prospective cohort design was used to estimate the
incidence and types of adverse events experienced by 100
residents in nursing home settings for six months.

Participants were eligible for inclusion if they were:
(i) aged 65 years and over, (ii) residing in a nursing home
facility, (11) able to self-ambulate with or without a walking
aid and (iv) could provide informed consent. The exclusion
criteria included: (i) end-stage terminal and/or life expectancy
<6-months (ethical reasons), (ii) two person transfer or
increased falls risk during ambulation, (11) unable to
communicate or follow instructions (personal needs beyond the
scope of this project) and (iv) behaviours that would endanger
the participant or research staff.
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All participants were approached personally about
participation and given the opportunity to ask questions or
raise concerns about the study. A total of 100 participants
supplied informed consent and took part in the study whereby
the primary investigator was responsible for observing and
administering all of the testing.

Recruitment and Study Design

Three nursing homes from Northern NSW/Gold Coast
were approached and recruited for participation via telephone
and email. A meeting was arranged with the facility Service
Manager at each site; following an explanation of the
procedures, purposes, benefits and associated risks of the
study, potential participants were identified with the Service
Manager. The primary investigator went and visited all
potential participants and explained the procedures, purposes,
benefits and associated risks of the study, participants also had
the opportunity to ask questions. A total of 100 residents (66
females and 34 males), aged between 66 and 99, with mean
(SD) 85.5 (7.2) years, provided written informed consent for
the study. The final sample obtained was a convenience sample
from all three nursing homes. Participant recruitment and
assessment occurred over a nine-month period.

The flow of recruitment to assessment is represented in
Figure 1. Ethical approval for this study was attained from the
University Human Ethics Research Committee (RO 1823) and
gatekeeper’s approval obtained through the nursing homes.

Figure 1
CONSORT flow chart diagram of the recruitment process
within the nursing home
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Adverse Events
Adverse events were defined by the World Health
Organisation (12) as an injury caused by medical management
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Table 1
Characteristics of the 100 nursing home residents aged 66 to
99 years
Characteristics Frequency
Age mean (SD) 85.5(7.2)
Sex
Male 34
Female 66
Number of chronic diseases
1-5 11
6-10 46
11+ 43
Total medications
1-5 7
6-10 23
11-20 57
20+ 13
Psychotropic medications 69
Falls
Fell once 24
Fell twice 14
Fell three times 12
Fell >3 23
Total number of residents who suffered a fall 73
Gait aids
Ambulant 18
Walking stick/Wheelie walker 73
Wheelchair 9
Fall: time of day
12am — 7:59am 15
8am — 3:59pm 33
4pm — 11:59pm 25
Hospital admissions
Admitted once 27
Admitted twice 9
Admitted =3 4
Total number of residents placed into hospital 40
Wounds
1-5 37
6-10 6
11+ 2
Total number of residents who suffered wounds in 6 months 45
Gait speed threshold
>0.80 m/s 23
0.61 t0 0.79 m/s 31
<0.6 m/s 46
Handgrip strength (kg) mean (SD) 11.1 (4.9)
SARC-F* Score
“Minimal risk” 33
“At risk” 67
Mini-Cog Score
Negative cognitive impairment 25
Positive cognitive impairment 75

* SARC-F = Sarcopenia Five-Item Questionnaire

or complication rather than by the underlying disease itself, and
one that results in either prolonged healthcare, or disability at
the time of discharge from care, or both (12). Adverse events
(falls, wounds, hospital admissions and deaths) information
was collected by the nursing home staff and nurses, for a total
of six months post gait speed assessment. A fall was defined
as unintentionally coming to rest on the ground, floor, or
other lower level (13). Hospital admission was defined as an
individual who met the criteria for admission to the hospital
category and care type, and underwent a hospital’s admission
process (documented) to receive treatment and/or care for a
period of time — minimum four hours for medical admissions
(4). Wounds were defined as the result of tissue damaged
by trauma. This may be deliberate, as in surgical wounds
of procedures, or due to accidents caused by blunt force,
projectiles, heat, electricity, chemicals or friction (14).

Gait

The GaitMat II system measured the participants gait speed
as they walked across a level pressure mat system that was
3.66 m (11.91 ft.) long (15). Three trials were completed at the
participants’ habitual speed, with the following instructions
provided to the participants, “Walk towards the end of the room
in the centre of the mat at a pace that is comfortable for you”.
An extra 2 m (6.56 ft.) platform was included on both ends of
the GaitMat II in order to reduce the effect of acceleration or
deceleration (16, 17). Participants were allowed as much rest
as required between attempts, with rest periods typically being
up to one minute. For safety reasons, all participants wore their
own preferred footwear or walked barefoot and were spotted by
the primary researcher who followed each participant with the
average gait speed used for data analysis.

Other Measures

In addition, handgrip strength, the Mini-Cog test (18) and
SARC-F questionnaire (19, 20) were collected for the purpose
of cohort characteristics description. Nursing home facility
records provided other relevant descriptors including the
number of medical conditions and prescribed medications for
each resident.

Data Management and Statistical Analysis

Three gait speed thresholds were defined; (i) =0.8 m/s; (ii)
0.61 to 0.79 m/s; <0.6 m/s. Baseline categorical variables like
gender and gait speed group were tested using chi-square tests
to determine if these characteristics were similar in the three
nursing homes. Frequencies were reported for categorical
variables. All continuous data were initially checked for
normality prior to analysis. As data were normally distributed,
descriptive statistics are presented as mean and standard
deviations for continuous variables. A one-way ANOVA and
post-hoc Tukey and Scheffe tests were performed to determine
if statistically significant differences existed between the three
nursing home facilities.
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Table 2
Adverse events by gait speed thresholds after a period of six months in 100 nursing home residents

Adverse event Gait Speed Thresholds
No. of cases  No. of Individuals =<0.60 m/sn (%) 0.61t00.79m/sn (%) =0.80m/s n (%)
Falls 226 73 33 (45.2) 26 (35.6) 14 (19.2)
Wounds 243 45 21 (46.7) 16 (35.6) 8 (17.7)
Hospital admissions 65 40 17 (42.5) 14 (35.0) 9(22.5)
Deaths 29 29 16 (55.2) 7(24.1) 6 (20.7)

n (%) represent the number of residents (%) who experienced any of the four adverse events (falls, wounds, hospital admissions and deaths) during the six month period.

The results for falls were reported when it comes to finding
a relationship between gait speed and an adverse event. Chi-
square and logistic regressions were conducted to examine the
relationships between gait speed and other adverse events but
these did not turn out to be statistically significant.

The total number of cases of adverse events were computed,
as well as the incidence as reflected by the number of residents
who suffered an adverse event, out of 100 residents at risk. The
counts and percentages who suffered an adverse event were
also calculated by gait speed group.

A Poisson regression was run to predict the number of falls
in nursing home in the last six months based on the gait speed
group and the number of hospital admissions within those six
months. However, the data were over dispersed and a negative
binomial regression with custom parameter was performed to
correct for over dispersion.

For the number of falls in the time frame of six months,
we report incidence rate ratios (IRRs) with 95% ClIs and the
actual P-value (21). All data were analysed using SPSS statistic
software (version 22) with statistical significance set at p<0.05
a priori.

Results

Participants

One hundred of the 166 (60.2%) invited, eligible adults were
recruited to the study. There were no significant differences
between all variables for the three nursing home cohorts in this
study (P>0.05), thus the data was combined into one group
for analysis. Table 1 summarises the characteristics of study
participants. The average age of study participants was 85.5
(SD: 7.2) years old. The majority of participants were female
(66%) and 29 deaths (15 females) occurred during the 6-month
period with the average age being 85.3 (SD: 6.5) years ranging
from 79 to 97 years at the time of death. The residents took an
average of 14.0 (SD: 5.8) medications and had a total of 11.0
(SD: 4.9) medical conditions.

Many of the 100 participants experienced adverse events
during the six months of data collection (refer to Table 2). Of
the 100 participants, 73 fell during the follow-up period with
24 falling once and 49 falling two or more times. One third of
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the residents fell between 8:00 am and 3:59 pm (33%). Forty-
two residents were admitted to hospital with the majority of
these individuals (29 residents, 69%) being hospitalised once in
the six-month period. The numbers of days in hospital ranged
from 1 to 30 days. There were 45 residents who received
treatment for wounds. The majority, (79%, n = 79) of residents
had a low gait speed according to European Working Group
on Sarcopenia in Older People (EWGSOP) criteria (22) that
was characterized as normal (< 0.80 m/s) and 26% (n = 26)
ambulated below the mean reported for nursing home residents
in the local area (< 0.37 m/s) (9).

Table 3
Univariable negative binomial regression model (IRRs with
95% Cls) to predict the number of falls over six months in
100 nursing home residents

Parameters IRR 95% CI P-value
Number of hospital admissions** 134 1.11-1.62 002
Number of wounds* 1.10 1.03-1.17 004
Mini-Cog: positive impairment* 059 036-0.97 037
Chronic diseases** 104 1.00-1.09 053
Handgrip strength (kg)* 1.07 102-1.12 005
SARC-F** 107 100-1.15 062
Medications 102  098-1.06 387
Sex: female 086 0.53-1.38 532
Age (years) 100  097-1.03 926
Gait speed threshold

<0.6 m/s 130 0.72-235 379

0.61 -0.79 m/s 140 0.75-2.62 297

* = Statistically significant P<0.05. ** = Statistically significant P<0.1.; ¥ = Reference
group is gait speed =0.80 m/s; IRR = Incidence Rate Ratio; CI = Confidence Interval

A negative binomial regression was run to predict the
number of falls in nursing homes in a six-month follow up
based on their baseline gait speed. Specifically, the residents
were categorised into one of three gait speed groups: <0.6
m/s, 0.61 — 0.79 m/s and =0.80 m/s. The gait speed threshold
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of =0.80 m/s was used as the reference group. The results of
univariable regression analyses (Table 3) indicated that hospital
admissions (IRR = 1.34, 95% CI 1.11 - 1.62, P = 0.002),
wounds (IRR =1.10,95% CI 1.03 - 1.17, P = 0.004), SARC-F
(IRR =1.07,95% CI 1.00 - 1.15, P = 0.062), handgrip strength
(IRR = 1.07,95% CI 1.02 - 1.12, P = 0.005) and Mini-Cog
(IRR =0.59,95% CI 0.36 - 0.97, P = 0.037) were statistically
significant predictors of falls at the 0.10 significance level. In
contrast, gait speed thresholds (below or equal to 0.6 m/s and
0.61 — 0.79 m/s) were not statistically significant predictors
of falls in nursing homes residents (P = 0.379 and P = 0.297,
respectively).

Table 4
Multivariable negative binomial regression model (IRRs with
95% Cls) to predict the number of falls over six months in
100 nursing home adults

Parameters IRR 95% CI P-value
Handgrip strength* 1.04 1.00-1.09 040
Mini-Cog: positive impairment*  0.48 1.03-2.65 002
Number of hospital admissions*  1.28 107-1.53 006
Number of wounds* 1.08 1.02-1.14 008
Sex: female* 1.66 1.03-2.65 037
Gait speed threshold

<0.6 m/s 1.10 0.65-188 715

0.61 —0.79 m/s 93 0.53-1.63 792
Chronic diseases 1.00 097-1.05 842
Medications 1.01 098 -1.05 S18
SARC-F 106 099-1.14  .060
Age 099 096-102 3%

* = Statistically significant P<0.05. { = Reference group is gait speed =0.80 m/s. IRR =
Incidence Rate Ratio; CI = Confidence Interval

Variables that were significantly associated with a fall at the
0.10 significance level (hospital admissions, wounds and Mini-
Cog) were included in a multivariable regression model, and
adjusted for other covariates including age, sex and gait speed
group. Results of the multivariable regression are provided in
Table 4. These results indicated that hospital admissions (IRR
=1.28,95% CI 1.07 - 1.53, P = 0.006), wounds (IRR = 1.08,
95% CI 1.02 - 1.14, P = 0.008), handgrip strength (IRR = 1.04,
95% CI 1.00- 1.09, P = 0.040), sex: female (IRR = 1.66, 95%
CI 1.03 — 2.65, P = 0.037) and Mini-Cog (IRR = 0.48,95% CI
1.03 - 2.65, P = 0.002) were statistically significant predictors
of falls. Hence for every unit increase in hospital admissions,
the incidence rate (or rate of falls) increases by 28%, for every
unit increase in wounds; the incidence rate of falls increases by
7.8% and for every additional kilogram increase in handgrip
strength the incidence rate of falls increases by 4.4%. Residents
who were female had an increased risk of falling by 65.5%

compared to males; residents were found to have a 51.7%
decrease in the rate of falling if they scored a Mini-Cog score
of positive impairment. Age, gait speed thresholds below
and/or under 0.6 m/s and 0.61 — 0.79 m/s, SARC-F score,
number of chronic diseases and number of medications were
not statistically significant and thus did not influence the rate of
falling.

Discussion

The present study reported that over a period of six months,
a sample of 100 nursing home residents experienced a total of
226 falls, 243 wounds, 65 hospital admissions and 29 deaths.
The rate of these adverse events happening within nursing
homes appeared substantially greater than what is reported for
community dwelling older adults (7).

The frequency of these adverse events provides an ongoing
challenge in the nursing home setting. For example, the rate
of falls in nursing home males were seven times higher than
those living in the community in 2009-10; whilst the equivalent
comparison for females was five times higher (5). The results
of the current study and findings reported within the literature
for older adults (23, 24) show that females may be 65.5% more
likely to fall than compared to males; suggesting that females
should be the focus of fall prevention programmes in nursing
homes.

In Australia, Everett and Powell (25) found skin tears
constituted 41% of known wounds amongst a nursing home
that contained 347 residents (with an average age of 80
years) with an average of 22 skin tears occurring each month.
During the six months of the current prospective study, 45%
of residents experienced a wound, higher than that of Everett
and Powell which had 38% of residents experiencing a skin
tear in six months (25). Wounds experienced by up to 50% of
residents in nursing home settings is a major concern due to the
associated link of pain, risk of infection, decreased functional
ability and poor quality of life (26). Thus, wounds needs to
be recognised as a major health issue in nursing homes due to
residents having a high risk of suffering from wounds such as
skin tears, pressure ulcers and chronic leg ulcers (27).

In regards to hospital admissions, older adults accounted
for 41% of Australian patients admitted into hospital in 2014-
15 (4). In particular, a growing concern is that the number of
older adults (aged 85 years and older) admitted into hospital
each year (5.8%) is higher than the population growth for
this age group (4.1%) (4). It has also been highlighted that
adverse events such as falls and wounds may lead to longer
hospital stays and may even contribute to in-hospital deaths
(28). In 2009-10, approximately one in five falls that resulted
in hospitalisation were reported to have occurred in a nursing
home setting (5). Further findings suggest that the rates of fall-
related injury cases in nursing homes remain nearly six times
higher than community-dwelling adults (29-31).

In contrast to findings in several other studies (32, 33), we
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found that those residents who were classified as having a
positive cognitive impairment in the Mini- Cog score had a
51.7% reduction in falling when compared to those who scored
a negative cognitive impairment score. While such a result was
initially unexpected, this may reflect a fact that residents who
are classified as being cognitively impaired are more closely
monitored by nurses and staff and require more assistance (i.e.
assisted transfer walking to dinner table) when compared to
those who are not cognitively impaired.

The substantially greater rate of adverse events in nursing
home than community dwelling settings for older adults is
not an unexpected finding. However it does continue to raise
the question of how to minimise the incidence and severity
of these events in the nursing home facilities. One factor
that may be implicated in this number of adverse events in
nursing home facilities is the age of the residents (85.7, SD:
7.1 years), number of medical conditions (11.0, SD: 4.9) and
number of prescribed medications (14.0, SD: 5.8). Currently,
two thirds of Australians aged over 75 years take five or
more prescribed medications, an outcome referred to as
“polypharmacy”. Depending upon the setting and definition
used, 20-70% of older adults use at least one medication that
is either harmful or unnecessary (34), with polypharmacy
increasingly becoming the norm in nursing home settings.
Unfortunately; polypharmacy has been shown to increase
the risk of medication errors, falls, confusion, frailty, loss of
independence, hospitalisation and mortality (34). As age is a
non-modifable risk factor for falls, reductions in polypharmacy
and/or number of medical conditions may reduce these adverse
effects. Non-pharmacological approaches such as exercise
programs involving progressive resistance, balance and/or
cardiovascular exercise may provide such benefits (34, 35).

Another approach that may assist nursing home staff reduce
the severity and incidence of these adverse events is to screen
their residents based on factors that are predictive of these
adverse events. Prior to conducting the study, one such simple
factor to screen nursing home residents was gait speed. This
approach was based on a systematic review in community-
dwelling older adults (aged 65 and older) that indicated low
gait speed was a significant predictor of a range of adverse
events, including mobility disability, cognitive decline,
mortality, falls and institutionalisation in community dwelling
adults (7). The potential use of gait speed to predict adverse
events in nursing home residents was also supported by Sterke
et al. (8) who identified reduced gait speed and stride length as
significant predictors of falls over the following three months
for a group of 57 nursing home residents with dementia.

As a result of the over-dispersion identified in the initial
Poisson analysis, the best approach according to the nature of
the data was a negative binomial regression analysis to further
examine the relationship between potential risk factors and falls
in our sample.

Our multivariable analysis found that for every additional
hospital admission, the incidence rate (or rate of falls) increases
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by 28%; for every additional wound, the incidence rate of falls
increases by 7.8% and for every additional kilogram increase in
handgrip strength the incidence rate of falls increases by 4.4%.
Residents who were female had an increased risk of falling
by 65.5% when compared to males. Residents who scored a
positive impairment on the Mini-Cog had a reduced rate of falls
by 51.7% compared with those who were negatively impaired.
Such results suggest that continuing improvements in fall
prevention programs are required in the Australian nursing
home context so to minimise the high social, economic and
care burden associated with falls-related hospitalisation and
wound care. As suggested in a recent meta-analysis by Lee and
Kim (36), to prevent these adverse outcomes from occurring
programs that combine exercise and fall interventions that
challenge balance should be targeted at high and low falls risk
older adults in nursing home facilities.

Study Limitations

Some limitations must also be acknowledged. Due to the
study being conducted in a small geographical area within
Australia, the results may not be generalizable to other parts
of the world. Additionally, in contrast to Sterke et al. (8) who
quantified gait speed every three months over a period of
15 months, the present study only assessed gait speed at the
beginning of the six-month follow-up.

Conclusion

This study identified the high incidence of adverse events in
regards to falls, wounds and hospital admissions in Australian
nursing home residents over a period of six months. To reduce
the frequency and/or severity of these adverse outcomes,
population-based intervention programs should be targeted at
the population at risk. As the number of hospital admissions,
wounds and handgrip strength increases the risk of falls, with
females and Mini-Cog scores classifying positive cognitive
impairment with a decrease rate of of falling, a combination of
exercise and fall interventions that challenge balance should
be targeted to reduce falls in older adults in nursing home
facilities. This is especially important for the residents for
whom the nursing staff may consider to be at lower risk of
falls (those with higher strength and cognitive function). These
higher functioning residents may be more physically active and
monitored less closely than those with reduced strength and
cognitive function. Thus, additional research is needed to better
understand the mechanisms underlying our results; with the
implication being that different approaches may be needed to
minimise the risk of adverse falls-related events in higher and
lower functioning nursing home residents.
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