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Abstract

Physical function performance tests, including sit to stand tests and Timed Up and Go,
assess the functional capacity of older adults. Their ability to predict falls warrants further
investigation. The objective was to determine if a modified 30-second Sit to Stand test that
allowed upper extremity use and Timed Up and Go test predicted falls in institutionalized
Veterans. Fifty-three older adult Veterans (mean age = 91 years, 49 men) residing in a long-
term care hospital completed modified 30-second Sit to Stand and Timed Up and Go tests.
The number of falls over one year was collected. The ability of modified 30-second Sit to
Stand or Timed Up and Go to predict if participants had fallen was examined using logistic
regression. The ability of these tests to predict the number of falls was examined using neg-
ative binomial regression. Both analyses controlled for age, history of falls, cognition, and
comorbidities. The modified 30-second Sit to Stand was significantly (p < 0.05) related to if
participants fell (odds ratio = 0.75, 95% confidence interval = 0.58, 0.97) and the number of
falls (incidence rate ratio = 0.82, 95% confidence interval = 0.68, 0.98); decreased repeti-
tions were associated with increased number of falls. Timed Up and Go was not significantly
(p > 0.05) related to if participants fell (odds ratio = 1.03, 95% confidence interval = 0.96,
1.10) or the number of falls (incidence rate ratio = 1.01, 95% confidence interval = 0.98,
1.05). The modified 30-second Sit to Stand that allowed upper extremity use offers an alter-
native method to screen for fall risk in older adults in long-term care.

Introduction

Falls are the leading cause of accidental death and nonfatal injury in older adults [1,2]. In
short- and long-term care hospital settings, the prevalence of falls varies between 1 to 9 per
1000 beds per day with 30-50% of these falls causing injury [3,4]. Previous studies have investi-
gated fall risk factors in order to identify older adults at risk of falling so that preventative inter-
ventions can be applied.
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Published guidelines suggest that older adults should be assessed for fall risk annually
[5]. Screening procedures include identification of risk factors and scores on various func-
tional performance tests. Some risk factors for falls in older adults that have been reported
include history of falls, over 80 years of age, comorbidities, generalized deconditioning,
muscle weakness, and impaired cognition [6-8]. Furthermore, a history of falls (odds
ratio = 3.06), walking aid use (odds ratio = 2.08), and moderate disability (odds ratio = 2.08)
are the strongest factors associated with falling in long-term care residents [9]. The ability
to identify these risk factors can guide clinicians to which older adults should receive pre-
ventative interventions.

A substantial portion of falls in institutionalized older adults occur during transfers and
walking and evaluating these activities during fall screening is important [10]. A variety of
functional performance tests assess these activities and their ability to predict falls have been
examined. The Timed Up and Go (TUG) is a timed test that requires participants to rise from
a chair, walk three meters, and return to the chair [11]. Studies reported that TUG can differ-
entiate between fallers and non-fallers retrospectively, but other studies report that it is not
related to falls measured prospectively in older adults [12-15]. The reason for this discrepancy
is not apparent, but perhaps the TUG is not a sensitive indicator of deterioration in strength
and balance. Other test options include variations of Sit to Stand (STS) tests. The Five-Time
STS, which records the amount of time to complete five STSs, significantly predicted (relative
risk = 1.74) recurrent falls in community living older adults [16]. Similarly, a retrospective
study concluded that an inability to complete the Five-Time STS was a significant predictor of
falls (odds ratio = 4.22) over three years [17]. Thus, functional performance tests can be uti-
lized to screen older adults at risk of falling.

Despite the benefit of STS tests to measure physical function and potentially predict falls,
they have imitations. Repetition based STS protocols (e.g. Five-Time STS) have a restricted
capacity to assess a wide variation in ability, which is relevant within a geriatric institutional-
ized setting [18]. Specifically, some older adults cannot complete the five trials and are not
assigned a score, hence limiting the test’s utility in older adults with moderate to severe mobil-
ity limitations. Consequently, for this population the literature favors timed based protocols
such as the 30-Second Sit to Stand Test (30STS), where the number of repetitions within 30
seconds is recorded [19]. The 30STS is more easily completed and a score will be given regard-
less of the individual’s ability to complete the test. An additional modification to accommodate
older adults with lower levels of physical function includes upper extremity use with armrests.
Without the use of their upper extremities, institutionalized older adults are often unable to
complete a single repetition. This modification would reflect a more realistic method of stand-
ing up and would promote better “ecological validity” [20].

Although these suggestions have been made, the ability of this modified 30STS (m30STS)
to predict falls has not been examined. Furthermore, research examining the relationship
between TUG and fall risk is conflicting and requires additional investigation. Therefore,
the objective was to determine the ability of the m30STS, that permits upper extremity use,
and TUG to predict if older adults will fall and to predict the number of falls they will sus-
tain over a one year period in an institutionalized geriatric setting. It was hypothesized that
the m30STS, but not the TUG, would be related to falls over one year. This is the first
known study to evaluate the relationship between falls and m30STS with upper extremity
use. Recently, the m30STS was found to have good test-retest reliability [intraclass correla-
tion coefficient (ICC) = 0.84] and convergent validity with the TUG (r = -0.62) in older
adults [21].
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Materials and methods
Design and participants

This longitudinal, observational cohort study was conducted from 2014 to 2015 at St-Anne’s
Veterans Hospital (Quebec, Canada), a hospital that specializes in the long-term care of Veter-
ans. A convenience sample of older adults was recruited by physiotherapists between May and
June of 2014. Participants were included if they were: 1) at least 65 years of age, 2) reside at

the hospital, and 3) physically and mentally capable of completing the assessments. Exclusion
criteria included: 1) severe cognitive impairments (Mini-Mental State Exam < 10) [22], 2)
restrictions on weight-bearing status (e.g. following recent hip fracture), and 3) unable to fol-
low verbal commands. Participants were also able to ambulate short distances independently
with or without assistive devices in order that they could complete the TUG.

Initial baseline data were used in a concurrent study to examine the psychometric proper-
ties of the m30STS [21]. The current analysis was a continuation of this previous study and
included one year follow-up data. The sample size calculation was based on the previous
study’s analysis [21]. In total, baseline data for 62 participants were available for the current
study. The Centre for Interdisciplinary Research in Rehabilitation of Greater Montreal ethics
board and Veteran Affairs Canada approved the study. Informed, written consent was
obtained from each participant.

Demographic and control variables

In order to describe the study sample, demographic variables and other measures were col-
lected from medical charts at baseline including age, sex, body mass index, history of falls one
year prior to baseline testing, use of a walking aid, cognition, and comorbidities. Comorbidi-
ties were measured using the Charlson Comorbidity Index [23]. Cognition was measured
using the Mini-Mental State Exam [22]. In addition, some of these measures were entered as
control variables in the primary analyses since they have previously demonstrated an associa-
tion with falling including age, history of falls, cognition, and comorbidities [6-9,24]. Sex was
not entered as a control variable due to the low proportion of women. Body mass index was
not entered as a control variable since there is no evidence that it is a risk factor for falls in
older adults residing in long-term care.

Independent variables

Modified 30 second sit to stand. The m30STS was collected at baseline using consistent
procedures for all participants. Prior to each test, clear and simple instructions were given
orally and were followed by a standardized demonstration. Participants were allowed one
practice trial before the actual measurement. They were permitted to use their upper extremi-
ties and armrests. Participants were seated in a standard chair with armrests (seat height 17
inch, seat width 18 inch). The same chair was used for all participants. They were instructed to
sit in the middle of the chair, back straight, feet approximately shoulder-width apart, and
placed on the floor at an angle slightly back from the knees with one foot slightly in front of
the other to help maintain balance when standing [25]. Instructions to participants were:
“When I say ‘1, 2, 3, go’, I want you to stand up and then sit down again. You can use your
hands to help you stand if you need to. Try to stand and sit back down as many times as possi-
ble while I time you for 30 seconds.” Participants were encouraged to continue to sit and stand
throughout the test. The number of ST repetitions was recorded which represented the units
for this measure. Our previous study demonstrated excellent test-retest reliability (ICC = 0.84)
for the m30STS in this sample [21].
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Timed Up and GO Test. TUG was also collected using a standard protocol [11]. Partici-
pants were allowed one practice trial before the actual measurement. They were seated in a
standard chair with armrests (seat height 17 inch, seat width 18 inch). Standard instructions
were: “When I'say ‘1, 2, 3 go’, please stand up from the chair, walk [with your assistive device]
at a comfortable pace to the line, return to the chair, and sit down.” The line was three meters
from the chair, marked with tape, and testers confirmed that each participant was aware of the
line. Participants were permitted to use their walking aid if they usually used one for ambula-
tion. They were timed to the nearest 1/100 second using a digital stopwatch and the unit for
TUG was seconds. Each participant completed two trials and the mean score was used for data
analysis. Participants were allowed to rest as long as needed between trials. TUG has demon-
strated excellent inter-rater reliability (ICC = 0.91 to 0.99) and test-retest reliability (ICC =
0.74 t0 0.99) [15].

Dependent variables: Fall status and number of falls

Fall status (faller vs. non-faller) and number of falls over a one year period following baseline
testing were the dependent variables. This was recorded through a well-established and rigor-
ous protocol that was implemented by the hospital. Falls were prospectively recorded each
time a participant accidently came to the ground, the floor, or a lower level. The participant’s
nurse immediately sent the fall information to the rehabilitation clinical coordinator. This per-
son ensured that a follow up took place and recorded the fall in a database. The number of falls
of each participant during the one year period after baseline was extracted from this database.
Likewise, the history of falls one year prior to baseline testing was also recorded.

Study procedures

Demographic information (age, sex, body mass index) and control variables (age, history of
falls during the one year period before baseline testing, cognition, and comorbidities) were
extracted from the participants’ charts. Participants then completed the m30STS followed by
the TUG at baseline. Participants were allowed to rest as long as needed between these tests in
order to limit any potential fatigue effects. Researchers then collected the number of falls dur-
ing the one year period following baseline testing. A review of the participants’ charts was also
completed in order to extract other relevant data (e.g. absences from the hospital, deaths) that
were used to describe the sample.

Data analysis

Descriptive statistics were calculated for the demographic and study variables. Pearson correla-
tion coefficients between continuous variables and point biserial correlation coefficients
between dichotomous and continuous variables were calculated. Two-tailed t-tests examined
the significance of each correlation coefficient. In order to examine if variables predicted both
the risk of falling at least once (fallers vs. non-fallers) and the number of falls, separate analyses
were conducted for these dependent variables. For the dichotomous dependent variable, spe-
cifically fall status (fallers vs. non-fallers), a logistic regression examined the ability of the
m30STS (number of repetitions) and TUG (time in seconds) to explain the variance in falls.
Unadjusted analyses were first conducted where either m30STS or TUG were the lone inde-
pendent variable in the model. For adjusted analyses, control variables (age, history of falls as a
dichotomous variable, cognition, and comorbidities) were entered in the first step of the analy-
sis. The m30STS scores were entered in the final step. This analysis was repeated with the TUG
scores entered in the final step. The m30STS and TUG were not entered into the same model
because of concerns of multicollinearity since it was expected these variables would be highly
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correlated. Odds ratio with a 95% confidence interval (CI) was examined for each variable and
a chi-square test was used to determine the overall model fit. Likewise, negative binomial
regression analysis examined the ability of the m30STS and TUG to explain the variance in the
number of falls over one year. Once again, both unadjusted and adjusted models were per-
formed. Incidence rate ratios with 95% CI were examined for each variable and the likelihood
ratio chi-square statistic examined overall model fit. To ensure that the results of the statistical
tests were trustworthy, assumptions were examined for statistical analysis. For logistic regres-
sion this involved examining linearity, multicollinearity, assumptions of independence, and
potential interactions. For negative binomial regression analysis, this involved examining lin-
ear relationships, residuals, mutlicollinearity, and potential interactions [26]. These analyses
were completed using SPSS (version 20.0).

Additionally, secondary analyses were completed. Receiver Operating Characteristic (ROC)
curves further examined the ability of m30STS and TUG to prospectively classify participants
as fallers or non-fallers [27]. Since scale direction for m30STS (higher scores represent higher
physical function) and TUG (higher scores represent lower physical function) are opposite,
m30STS values were transformed by taking the inverse prior to ROC analysis. Area under the
curve (AUC) values, which provide an indication of the overall diagnostic accuracy of a test,
with 95% CI were calculated. The optimal cut point that produced the highest “diagnostic”
accuracy, and its associated sensitivity and specificity were determined for both m30STS and
TUG. In addition, AUC values were compared between these measures using a previously
described bootstrap procedure with a 1000 samples [27]. For each of the bootstrap samples,
AUC values were calculated for m30STS and TUG and the difference in these AUC values
were determined. The mean and 95% CI of these differences were then calculated. All ROC
analyses were unadjusted (i.e. did not consider control variables) and were completed with
custom software written in Matlab (version 7.14).

Results

Eighty potential participants were considered for the study. Nine potential participants
declined to participate. One potential participant was excluded due to severe cognitive
impairment (Mini-Mental State Examination score < 10), and one was excluded because he
was unable to ambulate independently (with or without an assistive device). Seven suggested
participants were not included because they were unable to attend the data collection session
due to other commitments. Sixty-two participants completed baseline testing but nine partici-
pants were deceased during the one year period after baseline. Therefore, 53 participants com-
pleted the study and were analyzed. Only participants with complete data were included in the
final analyses. Absences from baseline to the one year follow-up ranged from 0 to 22 days, with
the exception of one participant who was discharged home resulting in 52 days of absence.
Participants were still included in the analyses despite these absences in order to maximize the
study sample.

Baseline descriptive statistics for the 53 participants (49 men, 4 women) are shown in
Table 1. The participants were Veterans which accounts for the large proportion of men. The
mean Charlson Comorbidity Index scores showed that the sample had numerous or severe
comorbidities (Table 1). In order to complete the TUG, 50 of the 53 participants used an assis-
tive device including a two-wheeled walker (n = 12) or four-wheeled walker (n = 38). Twenty-
one out of the 53 participants had a history of falling during the one year period prior to base-
line testing. Thirty-two out of the 53 participants fell in the one year period after baseline test-
ing. Fifteen participants fell once, three participants fell twice, four participants fell three
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Table 1. Characteristics of the study participants (n = 53).

Variable Mean (SD) Minimum, Maximum
Age (years) 91 (4) 82,98

Body Mass Index (kg/m?) 26.10 (5.12) 17.90, 48.09
Mini-Mental State Examination 23 (5) 12,30

CCl (i) 8(2) 5,12
m30STS (number of repetitions) 5(3) 1,16

TUG (seconds) 26.20 (9.20) 7.91,45.64
Falls in previous year 1(2) 0,9

Number of falls® 2(2) 0,6

CCI (i) = Charlson Comorbidity Index; m30STS = modified 30 second sit to stand test; TUG = Timed Up and
Go Test.
#Number of falls over one year after baseline testing.

https://doi.org/10.1371/journal.pone.0176946.t001

times, four participants fell four times, two participants fell five times, and four participants
fell six times.

Correlations coefficients between each variable are shown in Table 2. A strong correlation
was found between TUG and m30STS (r = -0.63, p < 0.01). Moderate correlations were found
between m30STS and number of falls (r = -0.30, p = 0.03), and between Mini-Mental State
Examination scores and history of falls (r = -0.37, p < 0.01). A weak correlation was found
between age and number of falls in the one year period after baseline testing (r = 0.29,

p = 0.03). Other correlations were weak and statistically non-significant.

For the logistic regression with no control variables, m30STS had a borderline significant
relationship (odds ratio = 0.78, 95% CI = 0.60, 1.01; p = 0.06) with fall status (e.g. faller vs. non
faller) over one year. Results of the logistic regression analysis with control variables are shown
in Table 3. After controlling for age, history of falls, cognition, and comorbidities, m30STS sig-
nificantly (x* = 5.72, p = 0.02) explained the variance in fall status over one year. Only the odds
ratio for the m30STS was significant (Table 3) and showed that for every decrease in one STS
repetition during testing, there was a decreased risk of falling by 0.75 times. The overall model,
which included the m30STS and control variables, was not significant (x> = 9.84, p = 0.08).
When the TUG was entered as the lone variable, it was not significantly related to fall status
(odds ratio = 1.03, 95% CI = 0.97, 1.10; p = 0.35). After entering the control variables, TUG
was also not significantly (x* = 0.64, p = 0.43) related to fall status (Table 3). The overall model

Table 2. Pearson/point-biserial correlation coefficients (p value) between study variables.

Variables Number of falls?
Number of falls® -

Fall in previous year®

Age

MMSE

CCI (i)

m30STS

TUG

Fall in previous year® Age MMSE CCI (i) m30STS TUG
0.18 (0.20) 0.29 (0.03) -0.15 (0.28) 0.08 (0.58) -0.30 (0.03) 0.14 (0.34)
- 0.17 (0.23) -0.37 (<0.01) -0.07 (0.60) -0.05 (0.71) 0.14 (0.31)
- -0.22 (0.11) 0.09 (0.52) -0.08 (0.56) 0.19(0.18)
- 0.09 (0.51) -0.03 (0.85) -0.05 (0.73)
- -0.21 ( ) 0.08 (0.59)
- -0.63 (<0.01)

0.14

MMSE = Mini-Mental State Examination; CCI (i) = Charlson Comorbidity Index; m30STS = modified 30 second sit to stand test; TUG = Timed Up and Go

Test.

&Number of falls over one year after baseline testing.
PAnalyzed as dichotomous data (yes or no fall in the one year prior to testing).

https://doi.org/10.1371/journal.pone.0176946.t002
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Table 3. Logistic regression analysis of fall status (fallers vs. non-fallers) over one year after baseline testing.

Model Independent Variables
1
Fall in previous year®
Age
MMSE
CClI (i)
m30STS®

Fall in previous year®
Age

MMSE

ccl (i)

TUG®

OR

1.07
1.11
0.95
0.70
0.75

1.02
1.10
0.95
0.78
1.03

95% Cl for OR

0.29, 3.97
0.91,1.36
0.83, 1.08
0.46, 1.07
0.58,0.97

0.29, 3.60
0.92,1.32
0.84,1.08
0.53,1.15
0.96, 1.10

p value?

0.92
0.29
0.39
0.10
0.03

0.96
0.31
0.46
0.21
0.43

OR = odds ratio; Cl = confidence interval; MMSE = Mini-Mental State Examination; CCl (i) = Charlson Comorbidity Index; m30STS = modified 30 second sit

to stand test; TUG = Timed Up and Go Test.

ap value is for the Wald 2 statistic.

® Analyzed as dichotomous data (yes or no fall in the one year prior to testing).
¢ Units for m30STS was number of repetitions, and time in seconds for TUG.

https://doi.org/10.1371/journal.pone.0176946.t003

was also not significant (y* = 4.76, p = 0.45). The assumptions for logistic regression were

examined and there were no issues with linearity, independence of errors, multicollinearity, or

interactions.

For the negative binomial regression analysis with no control variables, m30STS had a sig-
nificant relationship (incidence rate ratio = 0.81, 95% CI = 0.67, 0.97; p = 0.02) with the num-

ber of falls over one year. Results of the negative binomial regression analysis with control

variables are shown in Table 4. After controlling for age, history of falls, comorbidities, and

cognition, m30STS significantly (Wald %* = 4.57, p = 0.03) explained the variance in the num-
ber of falls over one year. An increase in the number of m30STS repetitions was associated

Table 4. Negative binomial regression analysis of the number of falls over one year after baseline testing.

Model Independent Variables
1
Fall in previous year®
Age
MMSE
CCl (i)
m30STS°

Fall in previous year®
Age

MMSE

CcCl (i)

TUG®

ap values are for the Wald 2 statistic for the regression coefficient.
® Analyzed as dichotomous data (yes or no fall in the one year prior to testing).
¢ Units for m30STS was number of repetitions, and time in seconds for TUG.

IRR

1.33
1.09
0.97
0.99
0.82

1.38
1.10
0.98
1.01
1.01

95% Cl for IRR

0.57, 3.06
0.97,1.21
0.90, 1.06
0.80, 1.24
0.68, 0.98

0.60, 3.15
0.98, 1.22
0.91, 1.06
0.81,1.26
0.98, 1.05

p value®

0.51
0.15
0.51
0.96
0.03

0.45
0.10
0.64
0.90
0.54

IRR = incidence rate ratio; Cl = confidence interval; MMSE = Mini-Mental State Examination; CCI (i) = Charlson Comorbidity Index; m30STS = modified 30

second sit to stand test; TUG = Timed Up and Go Test

https://doi.org/10.1371/journal.pone.0176946.t004
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Fig 1. Receiver Operating Characteristic (ROC) curves for the modified 30-second Sit to Stand
(m30STS; thick, solid, black line) and Timed Up and Go (TUG; thick, dashed, red line). The thin, solid,
grey line represents if a random variable was used to predict fall status, which would have an area under the
curve of 0.50.

https://doi.org/10.1371/journal.pone.0176946.g001

with a decrease in the number of falls. The overall model was not significant (> = 10.55,

p = 0.06). Furthermore, tests on individual regression coefficients indicated that only m30STS
was significantly related to the number of falls (Table 4). Comparatively, TUG alone did not
significantly explain the variance in the number of falls over one year (incidence rate ratio =
1.02, 95% CI = 0.98, 1.05; p = 0.39). If control variables were entered in first step, TUG also
did not significantly (Wald > = 0.38, p = 0.54) explain the variance in the number of falls
(Table 4) and the overall model was not significant (X2 =5.82, p = 0.32). The assumptions for
negative binomial regression analysis were examined and there were no issues with linearity,
multicollinearity, or interactions.

ROC curves are provided in Fig 1. AUC for m30STS was 0.67 (95% CI = 0.48, 0.81) which
was statistically significant (p = 0.04) indicating it was more effective at predicting fall risk
than a random predictor (AUC = 0.50). The optimal cut point for m30STS was 7 repetitions,
which produced a sensitivity of 0.97 and specificity of 0.35. AUC for TUG was 0.57 (95%

CI = 0.40, 0.73) which was not statistically significant (p = 0.39). The optimal cut point for
TUG was 14.2 seconds, which produced a sensitivity of 0.97 and specificity of 0.15. A compari-
son of m30STS and TUG AUC values using bootstrapping indicated the mean difference in
AUC values was 0.10 (95% CI = -0.05, 0.26) which was not statistically significant (p = 0.19).
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Discussion

The m30STS has the ability to significantly explain variance in fall status (faller vs. non faller)
and number of falls recorded prospectively over one year in older adults living in a long-term
care hospital. An increase in STS repetitions was associated with fewer falls indicating that motor
performance is important to consider when screening for fall risk. This modified version also
provides a more realistic evaluation of STS performance by allowing upper extremity use and
does not have the same potential for the assignment of “no score” as previous STS protocols (e.g.
Five-Time STS). In contrast, TUG was not related to falls. Results support the m30STS as an
alternative to TUG when measuring physical function and screening older adults for fall risk.

The results are supported by previous research. Although this is the first known study to
evaluate the relationship between falls and m30STS with upper extremity use, previous articles
have examined Five-Time STS. An inability to complete the Five-Time STS test was marginally
associated with a greater risk of falling (odds ratio = 4.22, p = 0.09) over three years in older
adults compared to those who required the shortest time to complete the test [17]. The Five-
Time STS predicted recurrent falls (risk ratio = 1.74) in community dwelling older adults [16]
and fall incidence (relative risk = 1.41) in older adult Veterans living in military communities
[28]. Taking longer than 12 seconds on the Five-Time STS test predicted multiple falls (relative
risk = 2.00) in community dwelling older adults [29]. In general, the TUG has demonstrated an
inability to prospectively predict falls. A meta-analysis examining community dwelling older
adults indicated the TUG was not a predictor of falls (odds ratio = 1.01) [30]. Another meta-
analysis examining institutionalized and community dwelling older adults found there was an
association between TUG and falls [31]. However, once analyses were adjusted for demographic
or functional measures, TUG remained an independent predictor of falls in only two of five
studies that examined institutionalized older adults [31]. Therefore, m30STS is more highly
related to falls than TUG and should be considered when assessing older adults for fall risk.

Considering the current results and previous studies, STS tests have stronger relationships
with fall outcomes than TUG but the reason for this finding is not clearly evident [29,30].
Researchers have stated that STS is an indicator of lower extremity strength which is important
to consider since lower extremity weakness is a risk factor for falls and recurrent falls [32,33].
Perhaps repetitive STS tasks require greater muscle endurance and strength than TUG. In sup-
port of this hypothesis, various STS protocols have demonstrated moderate to strong correla-
tions (r = 0.43 to 0.77) with lower extremity strength measures in older adults [18,33]. Also,
the power required to complete one STS repetition was lower in older adults with a history of
falling compared to no fall history highlighting the required strength to successfully complete
a STS [34]. However, the current m30STS protocol permitted upper extremity use which
would likely decrease the required lower extremity strength to complete the STS repetitions.
Although it was not tested, it could be argued that the relationship between the m30STS and
strength would be diminished compared to more traditional STS tests. How upper extremity
use during STS tests impacts the relationship with falls is also not clear. The strength of the
relationship between STS tests and falls are difficult to compare between studies due to differ-
ences in the testing protocol (e.g. Five-Times STS vs. 30STS) and statistical procedures (e.g.
treating outcomes as continuous or dichotomous) [16,17,28,29]. Regardless, the m30STS has
stronger relationships with prospective falls than TUG and research is needed to further
explore potential explanations for this finding.

Despite the significant relationship between m30STS and falls, overall models were not sig-
nificant. Analyses were likely underpowered for these models since the sample size calculation
was performed for a different analysis. Alternatively, the high age of the current participants
(mean age of 91) might have decreased the strength of the associations between control

PLOS ONE | https://doi.org/10.1371/journal.pone.0176946 May 2, 2017 9/13


https://doi.org/10.1371/journal.pone.0176946

@° PLOS | ONE

Modified 30STS predicts falls

variables and falls. A similar ceiling effect has been recognized previously, specifically the asso-
ciation between risk factors and disease outcomes decreases with increasing age [35]. Also, his-
tory of falls was not significantly related to prospective falls despite previously showing a
strong relationship [9]. The reason for this discrepancy is not clear. Finally, other important
risk factors for falls should be considered in the future such as balance, executive function dur-
ing dual tasks, and extrinsic environmental facts (e.g. cluttered environment) [36-38]. Never-
theless, m30STS was significantly related to falls and should be considered for inclusion in
future fall prediction models for institutionalized older adults.

The unadjusted ROC analyses indicated that m30STS, but not TUG, could significantly
“diagnose” or predict which participants would fall. However, there was no significant differ-
ence between AUC for m30STS and TUG. The optimal cut point for m30STS was 7 repetitions
which was associated with high sensitivity (0.97), but low specificity (0.35). The high sensitiv-
ity, which was calculated from the inverse of m30STS scores, indicated that if participants
completed more than 7 repetitions, then they were unlikely to fall. However, the low specificity
indicated that less than 7 repetitions did not accurately predict fall status. A previous study
determined the optimal cut point for 30STS was 15 repetitions and AUC was 0.79 [39]. This
previous study was performed in community dwelling older adults with a mean age of 72
years, higher proportion of women, and lower fall rate [39]. These sample differences likely
account for differences in optimal cut point and AUC.

Limitations include the participants resided in one hospital, were predominantly men, and
had a mean age of 91 years. This limits the generalizability of the findings. Potential partici-
pants with severe cognitive and motor impairments were excluded because they were unlikely
to complete the required tests and other measures should be used to screen fall risk in these
individuals. Falls were prospectively recorded by the staff at the hospital if they witnessed the
participant fall or if the participant was on the floor. Thus, it is possible that some participants
fell but were able to get off the floor independently resulting in an underreporting of falls.
Also, the context of falls, including the patient’s activity when they fell and the surrounding
environment, was not available and would have provided a more complete picture.

Conclusions

In conclusion, m30STS, but not TUG, had the ability to discriminate between fallers and non-
fallers and was related to the number of falls recorded prospectively over one year in institu-
tionalized older adults. Future research should account for additional fall risk factors and
include a larger sample in order to draw stronger conclusions. Nevertheless, m30STS is an
alternative, cost-effective, and time sensitive method for clinicians to assess physical function
and screen for fall risk in older adults.

Supporting information

S1 Dataset. Dataset for the study sample.
(XLSX)

Acknowledgments

The authors would like to thank the clinicians at Ste. Anne’s Hospital for their contribution
throughout the study. The authors would also like to thank the residents of Ste. Anne’s Hospi-
tal for their participation. Lastly the authors would also like to recognize David Apap, Jade
Babcock, Sarah Bray, and Melanie Le Berre who collected baseline data.

PLOS ONE | https://doi.org/10.1371/journal.pone.0176946 May 2, 2017 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0176946.s001
https://doi.org/10.1371/journal.pone.0176946

@° PLOS | ONE

Modified 30STS predicts falls

Author Contributions

Conceptualization: KC SMR.

Data curation: EVA DB ZWF AT KW.

Formal analysis: ZWF SMR.

Investigation: EVA DB ZWF AT KW.

Methodology: KC SR.

Project administration: KC SMR.

Resources: KC.

Software: SMR.

Supervision: KC SMR.

Validation: KC SMR.

Visualization: EVA DB ZWF AT KW SMR.

Writing - original draft: EVA DB ZWF AT.

Writing - review & editing: KC SMR.

References

1.

10.

1.

12.

13.

Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults: A review of the literature.
Maturitas. 2013; 75: 51-61. https://doi.org/10.1016/j.maturitas.2013.02.009 PMID: 23523272

Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl J Med. 2003; 348: 42—49.
https://doi.org/10.1056/NEJMcp020719 PMID: 12510042

Oliver D, Healey F, Haines TP. Preventing falls and fall-related injuries in hospitals. Clin Geriatr Med.
2010; 26: 645—692. https://doi.org/10.1016/j.cger.2010.06.005 PMID: 20934615

Miake-Lye IM, Hempel S, Ganz DA, Shekelle PG. Inpatient fall prevention programs as a patient safety
strategy: A systematic review. Ann Intern Med. 2013; 158: 390-396. https://doi.org/10.7326/0003-
4819-158-5-201303051-00005 PMID: 23460095

Guideline for the prevention of falls in older persons. American Geriatrics Society, British Geriatrics
Society, and American Academy of Orthopaedic Surgeons Panel on Falls Prevention. J Am Geriatr
Soc. 2001; 49: 664—672. PMID: 11380764

Becker C, Loy S, Sander S, Nikolaus T, Rissmann U, Kron M. An algorithm to screen long-term care
residents at risk for accidental falls. Aging Clin Exp Res. 2005; 17: 186—192. PMID: 16110730

Kron M, Loy S, Sturm E, Nikolaus T, Becker C. Risk indicators for falls in institutionalized frail elderly.
Am J Epidemiol. 2003; 158: 645-653. PMID: 14507600

Currie LM. Fall and injury prevention. Annu Rev Nurs Res. 2006; 24: 39-74. PMID: 17078410

Deandrea S, Bravi F, Turati F, Lucenteforte E, La Vecchia C, Negri E. Risk factors for falls in older peo-
ple in nursing homes and hospitals. A systematic review and meta-analysis. Arch Gerontol Geriatr.
2013; 56: 407—415. hitps://doi.org/10.1016/j.archger.2012.12.006 PMID: 23294998

Rapp K, Becker C, Cameron ID, Konig HH, Buchele G. Epidemiology of falls in residential aged care:
Analysis of more than 70,000 falls from residents of Bavarian nursing homes. J Am Med Dir Assoc.
2012;13: 187.

Podsiadlo D, Richardson S. The Timed "Up & Go": A test of basic functional mobility for frail elderly per-
sons. J Am Geriatr Soc. 1991; 39: 142—-148. PMID: 1991946

Beauchet O, Fantino B, Allali G, Muir SW, Montero-Odasso M, Annweiler C. Timed Up and Go test and
risk of falls in older adults: A systematic review. J Nutr Health Aging. 2011; 15: 933-938. PMID:
22159785

Lindsay R, James EL, Kippen S. The Timed Up and Go Test: Unable to predict falls on the acute medi-
cal ward. Aust J Physiother. 2004; 50: 249-251. PMID: 15574114

PLOS ONE | https://doi.org/10.1371/journal.pone.0176946 May 2, 2017

11/13


https://doi.org/10.1016/j.maturitas.2013.02.009
http://www.ncbi.nlm.nih.gov/pubmed/23523272
https://doi.org/10.1056/NEJMcp020719
http://www.ncbi.nlm.nih.gov/pubmed/12510042
https://doi.org/10.1016/j.cger.2010.06.005
http://www.ncbi.nlm.nih.gov/pubmed/20934615
https://doi.org/10.7326/0003-4819-158-5-201303051-00005
https://doi.org/10.7326/0003-4819-158-5-201303051-00005
http://www.ncbi.nlm.nih.gov/pubmed/23460095
http://www.ncbi.nlm.nih.gov/pubmed/11380764
http://www.ncbi.nlm.nih.gov/pubmed/16110730
http://www.ncbi.nlm.nih.gov/pubmed/14507600
http://www.ncbi.nlm.nih.gov/pubmed/17078410
https://doi.org/10.1016/j.archger.2012.12.006
http://www.ncbi.nlm.nih.gov/pubmed/23294998
http://www.ncbi.nlm.nih.gov/pubmed/1991946
http://www.ncbi.nlm.nih.gov/pubmed/22159785
http://www.ncbi.nlm.nih.gov/pubmed/15574114
https://doi.org/10.1371/journal.pone.0176946

@° PLOS | ONE

Modified 30STS predicts falls

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

Thomas JI, Lane JV. A pilot study to explore the predictive validity of 4 measures of falls risk in frail
elderly patients. Arch Phys Med Rehabil. 2005; 86: 1636—1640. https://doi.org/10.1016/j.apmr.2005.03.
004 PMID: 16084819

Rydwik E, Bergland A, Forsén L, Fra K. Psychometric properties of Timed Up and Go in elderly people:
A systematic review. Phys Occup Ther Geriatr. 2011; 29: 102—-125.

Buatois S, Miljkovic D, Manckoundia P, Gueguen R, Miget P, Vancon G, et al. Five times sit to stand
test is a predictor of recurrent falls in healthy community-living subjects aged 65 and older. J Am Geriatr
Soc. 2008; 56: 1575-1577. https://doi.org/10.1111/].1532-5415.2008.01777.x PMID: 18808608

Zhang F, Ferrucci L, Culham E, Metter EJ, Guralnik J, Deshpande N. Performance on five times sit-to-
stand task as a predictor of subsequent falls and disability in older persons. J Aging Health. 2013; 25:
478-492. https://doi.org/10.1177/0898264313475813 PMID: 23407343

Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body strength in commu-
nity-residing older adults. Res Q Exerc Sport. 1999; 70: 113—119. https://doi.org/10.1080/02701367.
1999.10608028 PMID: 10380242

Bohannon RW. Five-repetition sit-to-stand test: Usefulness for older patients in a home-care setting.
Percept Mot Skills. 2011; 112: 803—806. https://doi.org/10.2466/15.26.PMS.112.3.803-806 PMID:
21853769

Lindemann U. Comment on Bohannon (2011): "Five-repetition sit-to-stand test: Usefulness for older
patients in a home-care setting". Percept Mot Skills. 2011; 113: 489-490. https://doi.org/10.2466/26.
PMS.113.5.489-490 PMID: 22185063

Le Berre M, Apap D, Babcock J, Bray S, Gareau E, Chassé K, et al. The psychometric properties of a
modified sit-to-stand test with use of the upper extremities in institutionalized older adults. Percept Mot
Skills. 2016; 123: 138—152. https://doi.org/10.1177/0031512516653388 PMID: 27280453

Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive
state of patients for the clinician. J Psychiatr Res. 1975; 12: 189-198. PMID: 1202204

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: Development and validation. J Chronic Dis. 1987; 40: 373-383. PMID: 3558716

Fischer BL, Hoyt WT, Maucieri L, Kind AJ, Gunter-Hunt G, Swader TC, et al. Performance-based
assessment of falls risk in older veterans with executive dysfunction. J Rehabil Res Dev. 2014; 51: 263—
274. https://doi.org/10.1682/JRRD.2013.03.0075 PMID: 24933724

Rikli RE, Jones CJ. Senior fitness test manual. 1sted. Champaign: Human Kinetics; 2001.

Stoltzfus JC. Logistic regression: A brief primer. Acad Emerg Med. 2011; 18: 1099-104. https://doi.org/
10.1111/j.1553-2712.2011.01185.x PMID: 21996075

Pepe M, Longton G, Janes H. Estimation and comparison of Receiver Operating Characteristic curves.
Stata J. 2009; 9: 1. PMID: 20161343

Xu W, Chen DW, Jin YB, Dong ZJ, Zhang WJ, Chen JW, et al. Incidence and related clinical factors of
falls among older Chinese veterans in military communities: A prospective study. J Phys Ther Sci.
2015; 27: 331-339. https://doi.org/10.1589/jpts.27.331 PMID: 25729162

Tiedemann A, Shimada H, Sherrington C, Murray S, Lord S. The comparative ability of eight functional
mobility tests for predicting falls in community-dwelling older people. Age Ageing. 2008; 37: 430—435.
https://doi.org/10.1093/ageing/afn100 PMID: 18487264

Barry E, Galvin R, Keogh C, Horgan F, Fahey T. Is the Timed Up and Go test a useful predictor of risk of
falls in community dwelling older adults: A systematic review and meta-analysis. BMC Geriatr. 2014;
14: 14. https://doi.org/10.1186/1471-2318-14-14 PMID: 24484314

Schoene D, Wu SM, Mikolaizak AS, Menant JC, Smith ST, Delbaere K, et al. Discriminative ability and
predictive validity of the Timed Up and Go test in identifying older people who fall: Systematic review
and meta-analysis. J Am Geriatr Soc. 2013; 61: 202—-208. https://doi.org/10.1111/jgs.12106 PMID:
23350947

Moreland JD, Richardson JA, Goldsmith CH, Clase CM. Muscle weakness and falls in older adults: A
systematic review and meta-analysis. J Am Geriatr Soc. 2004; 52: 1121-1129. https://doi.org/10.1111/
j.1532-5415.2004.52310.x PMID: 15209650

Lord SR, Murray SM, Chapman K, Munro B, Tiedemann A. Sit-to-stand performance depends on sen-
sation, speed, balance, and psychological status in addition to strength in older people. J Gerontol A
Biol Sci Med Sci. 2002; 57: M539-M543. PMID: 12145369

Cheng YY, Wei SH, Chen PY, Tsai MW, Cheng IC, Liu DH, et al. Can sit-to-stand lower limb muscle
power predict fall status? Gait Posture. 2014; 40: 403—407. https://doi.org/10.1016/j.gaitpost.2014.05.
064 PMID: 24974126

PLOS ONE | https://doi.org/10.1371/journal.pone.0176946 May 2, 2017 12/13


https://doi.org/10.1016/j.apmr.2005.03.004
https://doi.org/10.1016/j.apmr.2005.03.004
http://www.ncbi.nlm.nih.gov/pubmed/16084819
https://doi.org/10.1111/j.1532-5415.2008.01777.x
http://www.ncbi.nlm.nih.gov/pubmed/18808608
https://doi.org/10.1177/0898264313475813
http://www.ncbi.nlm.nih.gov/pubmed/23407343
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1080/02701367.1999.10608028
http://www.ncbi.nlm.nih.gov/pubmed/10380242
https://doi.org/10.2466/15.26.PMS.112.3.803-806
http://www.ncbi.nlm.nih.gov/pubmed/21853769
https://doi.org/10.2466/26.PMS.113.5.489-490
https://doi.org/10.2466/26.PMS.113.5.489-490
http://www.ncbi.nlm.nih.gov/pubmed/22185063
https://doi.org/10.1177/0031512516653388
http://www.ncbi.nlm.nih.gov/pubmed/27280453
http://www.ncbi.nlm.nih.gov/pubmed/1202204
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1682/JRRD.2013.03.0075
http://www.ncbi.nlm.nih.gov/pubmed/24933724
https://doi.org/10.1111/j.1553-2712.2011.01185.x
https://doi.org/10.1111/j.1553-2712.2011.01185.x
http://www.ncbi.nlm.nih.gov/pubmed/21996075
http://www.ncbi.nlm.nih.gov/pubmed/20161343
https://doi.org/10.1589/jpts.27.331
http://www.ncbi.nlm.nih.gov/pubmed/25729162
https://doi.org/10.1093/ageing/afn100
http://www.ncbi.nlm.nih.gov/pubmed/18487264
https://doi.org/10.1186/1471-2318-14-14
http://www.ncbi.nlm.nih.gov/pubmed/24484314
https://doi.org/10.1111/jgs.12106
http://www.ncbi.nlm.nih.gov/pubmed/23350947
https://doi.org/10.1111/j.1532-5415.2004.52310.x
https://doi.org/10.1111/j.1532-5415.2004.52310.x
http://www.ncbi.nlm.nih.gov/pubmed/15209650
http://www.ncbi.nlm.nih.gov/pubmed/12145369
https://doi.org/10.1016/j.gaitpost.2014.05.064
https://doi.org/10.1016/j.gaitpost.2014.05.064
http://www.ncbi.nlm.nih.gov/pubmed/24974126
https://doi.org/10.1371/journal.pone.0176946

@° PLOS | ONE

Modified 30STS predicts falls

35.

36.

37.

38.

39.

Kaplan GA, Haan MN, Wallace RB. Understanding changing risk factor associations with increasing
age in adults. Annu Rev Public Health. 1999; 20: 89—108. https://doi.org/10.1146/annurev.publhealth.
20.1.89 PMID: 10352851

Muir SW, Beauchet O, Montero-Odasso M, Annweiler C, Fantino B, Speechley M. Association of exec-
utive function impairment, history of falls and physical performance in older adults: A cross-sectional
population-based study in eastern France. J Nutr Health Aging. 2013; 17: 661-665. https://doi.org/10.
1007/s12603-013-0045-4 PMID: 24097019

Muir-Hunter SW, Clark J, McLean S, Pedlow S, Van Hemmen A, Montero Odasso M, et al. Identifying
balance and fall risk in community-dwelling older women: The effect of executive function on postural
control. Physiother Can. 2014; 66: 179—-186. https://doi.org/10.3138/ptc.2013-16 PMID: 24799756

Vieira ER, Freund-Heritage R, da Costa BR. Risk factors for geriatric patient falls in rehabilitation hospi-
tal settings: A systematic review. Clin Rehabil. 2011; 25: 788-799. https://doi.org/10.1177/
0269215511400639 PMID: 21504956

Cho KH, Bok SK, Kim YJ, Hwang SL. Effect of lower limb strength on falls and balance of the elderly.
Ann Rehabil Med. 2012; 36: 386—393. https://doi.org/10.5535/arm.2012.36.3.386 PMID: 22837975

PLOS ONE | https://doi.org/10.1371/journal.pone.0176946 May 2, 2017 13/13


https://doi.org/10.1146/annurev.publhealth.20.1.89
https://doi.org/10.1146/annurev.publhealth.20.1.89
http://www.ncbi.nlm.nih.gov/pubmed/10352851
https://doi.org/10.1007/s12603-013-0045-4
https://doi.org/10.1007/s12603-013-0045-4
http://www.ncbi.nlm.nih.gov/pubmed/24097019
https://doi.org/10.3138/ptc.2013-16
http://www.ncbi.nlm.nih.gov/pubmed/24799756
https://doi.org/10.1177/0269215511400639
https://doi.org/10.1177/0269215511400639
http://www.ncbi.nlm.nih.gov/pubmed/21504956
https://doi.org/10.5535/arm.2012.36.3.386
http://www.ncbi.nlm.nih.gov/pubmed/22837975
https://doi.org/10.1371/journal.pone.0176946

