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Abstract—The purpose of this study was to determine
whether (1) mild cognitive impairment (MCI) alters the valid-
ity of the Timed Up and Go (TUG), the 8-Foot Up and Go
(8UGQG), or the Activities-Specific Balance Confidence (ABC)
scale in the identification of fallers and nonfallers and (2) there
were differences in the concurrent validity between the TUG
and ABC when compared with the 8UG and ABC in those with
and without MCI. The classification of MCI was based on a
score of <26 points on the Montreal Cognitive Assessment. For
the 62 participants enrolled, excellent correlations were dem-
onstrated in pairwise comparisons between the outcome mea-
sures (on a continuous scale). Based on frequently cited
cutpoints, the sensitivity of the TUG was only 20%, with a
specificity of 94.6%, and the sensitivity of the 8UG was 64%,
with a specificity of 75.7%. The TUG identified fallers at sig-
nificantly different rates than the 8UG and the ABC (p < 0.05).
For this reason, the 8UG is recommended as a more appropri-
ate outcome measure for identifying fall risk in community-
dwelling older adults. Fall history was found as the only signifi-
cant predictor of test outcome for the TUG, 8UG, and ABC,
indicating that MCI is not a significant determinant of test
performance.

Key words: 8-Foot Up and Go, Activities-Specific Balance
Confidence scale, community-dwelling older adults, concur-
rent validity, fall risk, geriatrics, mild cognitive impairment,
Montreal Cognitive Assessment, psychometric research,
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INTRODUCTION

Falls are a major health concern for community-
dwelling older adults, affecting one out of three people
over age 65 yr annually [1]. Falls adversely affect func-
tion, result in excessive healthcare costs, and are associ-
ated with frailty and death [2-3]. A second health
concern common in community-dwelling older adults is
mild cognitive impairment (MCI). It has been estimated
that MCI is present in 16 percent of the population over
the age of 70 yr, most predominantly in men [4]. MCI is
considered an intermediary state between the normal
cognitive changes of aging and the earliest clinical fea-
tures of dementia, particularly Alzheimer disease [5]. In
addition to memory deficits, MCI has been found to
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adversely affect temporal orientation, motor initiation,
and executive functions relating to planning and working
memory, all of which could affect risk for falls [5].

To identify fall risk, medical professionals use various
outcome measures to assist with assessment and treatment
planning and to quantify change over time [6]. A compre-
hensive falls risk assessment should include outcome
measures from more than one domain within the Interna-
tional Classification of Functioning, Disability, and Health
(ICF), including body structure and function and activity
and participation [7]. When considering the usefulness of
outcome measures in a geriatric population, it is important
to recognize the impact that cognitive impairment may
have on their validity and reliability. There is some evi-
dence to suggest a negative influence of impaired cogni-
tion on outcome measure interpretability; however, the
literature is insufficient to draw strong conclusions [8].

The Timed Up and Go (TUG) is one of the most
commonly used outcome measures to assess fall risk in
the elderly population [9]. Within the activity domain of
the ICF, the TUG is a quick objective measure to assess
dynamic balance and mobility, integral pieces of a geriat-
ric assessment. The original version of the TUG has been
critiqued because of the potential for confusion associ-
ated with its instructions regarding the line on the floor
[10]. To address this limitation, Rikli and Jones modified
the TUG to the 8-Foot Up and Go (8UG), reducing the
distance to 8 ft and replacing the line on the floor with a
cone to signal the turn-around [10]. It is not known
whether these modifications affect test performance dif-
ferently in people with MCI versus those without MCI.

Within the participation domain of the ICF, the
Activities-Specific Balance Confidence (ABC) scale is
also frequently used to quantify fall risk. Scoring the
ABC is not based on physical performance, but rather is
determined by patient report of his or her confidence
while performing a variety of functional activities.
Despite the fact that the TUG measures physical perfor-
mance and the ABC measures confidence, these outcome
measures are strongly correlated [11-12]. The correlation
between the ABC and the 8UG has not been described.

Although the TUG, 8UG, and ABC are widely used
within the geriatric population, it is unknown whether
MCI affects the validity and interpretability of the mea-
sures and whether this effect is similar across these mea-
sures of activity and participation. Therefore, the purpose
of this study was to determine whether MCI alters the
validity of the TUG, the 8UG, or the ABC in the identifi-

cation of fallers versus nonfallers. Secondarily, we were
interested in determining whether there were differences
in the concurrent validity between the TUG and ABC
versus the 8UG and ABC in those with and without MCI.

METHODS

This study was performed as a cross-sectional study.
It was approved by the Louis Stokes Cleveland Depart-
ment of Veterans Affairs (VA) Medical Center (LSC-
VAMCO) Institutional Review Board. Based on previous
literature describing the strong correlation (nearly 0.70)
between the TUG and the ABC [11], we assumed that the
correlation between the 8UG and the ABC would be sim-
ilar. Although not described in previous reports, based on
the similarity between the TUG and the 8UG, we
believed that the correlation would be 0.50 or greater.
Based on this, the sample size was calculated for the pri-
mary hypotheses with the following assumptions: proba-
bility of type 1 error (o) set at 0.05, power (B) set at 0.90,
and correlation (p) set at 0.50. Given these assumptions,
a sample of 62 people was needed for this study.

Subjects were recruited through convenience sam-
pling at the Akron Community Based Outpatient Clinic
(CBOC) of the LSCVAMC. Veteran patients and their
spouses who visited the CBOC during the time the study
was being conducted were asked to participate. Patients
were included if they were 65 yr of age or older and liv-
ing in the community (noninstitutionalized). If a patient
self-reported any of the following diagnoses, they were
excluded from participation: history of a stroke, trau-
matic brain injury, Parkinson disease, amyotrophic lateral
sclerosis, multiple sclerosis, rheumatoid arthritis, or
lower-limb joint replacement within the past 6 mo. These
exclusionary diagnoses were chosen because they have
been used previously in outcome measure research on
community-dwelling older adults to establish more
homogenous patient characterization [5,13].

A second measure of eligibility for the study was the
identification of fallers and nonfallers through a self-
reported falls history. For the purposes of this study, a fall
was defined as “any event resulting in an individual unin-
tentionally coming to rest on the ground, floor, or other
lower level, not as the result of a major intrinsic event or
overwhelming hazard. This includes: slips, trips, falling
into other people, being involuntarily lowered, loss of
balance, and legs giving way” [13—15]. Based on the
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criterion for the identification of fallers and nonfallers in
other outcome measures literature [13—14], participants
were considered nonfallers if they reported no incidents
of a fall in the past year and were considered fallers if
they reported two or more falls in the past year according
to the standardized definition provided. Those with a his-
tory of one fall in the past year were excluded to maxi-
mize the identification of “true” fallers. It has been
argued that a patient report of two or more falls is more
strongly linked with a predisposition for falling than a
single isolated fall [13—14,16-17].

Outcome Measures

The Montreal Cognitive Assessment (MoCA) is a
30-point standardized outcome measure used clinically to
screen for milder forms of cognitive impairment. This
test evaluates memory, language, and executive function-
ing [18—19]. A cutoff score of <26 has been suggested to
indicate MCI, with a specificity of 87 percent and a sen-
sitivity of 90 percent [19]. We administered the MoCA to
differentiate between individuals with normal cognition
(scoring >26) and those with some form of cognitive
impairment in this sample of community-dwelling older
adults.

The ABC is a self-report outcome measure used to
measure confidence during participation in life activities
[20]. Participants were required to indicate their level of
self-confidence on a 0—100 percent Likert scale accord-
ing to the following question: “How confident are you
that you will not lose your balance or become unsteady
while . . . ?” In this manner, they rated their confidence in
the ability to complete 16 activities. The score for the
ABC was obtained by adding each score for each item
and dividing by 16 to obtain the mean, which is reported
as the total score. A score of <67 percent was used as pre-
dictive of fallers [11,21].

The TUG is a timed test that requires the participant
to stand up from a chair with armrests, walk 3 m (9.86 ft)
to a line on the floor, turn around, return to the chair, and
sit down. Research has suggested that a cutoff time of
13.5 s should be used as a threshold for identifying per-
sons with an increased risk of falling [5,9,14]. Although
other cutoff times have been suggested, this cutoff time is
the most widely accepted for indicating fall risk in com-
munity-dwelling older adults [9].

The 8UG is a timed test that requires one to stand up
from a chair with armrests, walk to a cone 8 ft away, turn
around, return to the chair, and sit down. Research has
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suggested that a cutoff time of 8.5 s should be used as a
threshold for identifying persons with an increased risk
of falling [13,21].

Procedure

Once participants were enrolled in the study, the
TUG and the 8UG were administered. All of the testing
was completed in a private, controlled environment to
minimize environmental distractions. Based on alternat-
ing even and odd study identification numbers, half of
the participants performed the 8UG first followed by the
TUG and the other half performed the TUG followed by
the 8UG to avoid test-order effects [19]. The ABC and
MoCA were administered in-between the two walking
tests to permit at least 10 min of rest before the second
test, thereby reducing the potential for fatigue-induced
performance differences.

Participants were provided with standardized verbal
instructions for both the TUG and the 8UG, one demon-
stration, and one practice trial followed by two timed tri-
als. The verbal instructions in this present study were the
same as those used by Rose et al. [13] and those reported
in the development of the original TUG test [22]. For the
TUG, these instructions were “When I say ‘go,” I want
you to stand up and walk to the line as quickly and safely
as possible, turn around, walk back, and sit down in the
shortest time possible.” For the 8UG, these instructions
were identical with the exception of turning around at the
cone instead of the line [13]. The time taken to complete
each test was measured in seconds with a stopwatch,
began with the command “go,” and stopped at the
moment the participant’s buttocks contacted the chair.
Participants were permitted to use their hands to rise from
or lower themselves onto the chair, and an assistive
device could also be used to complete the test. No physi-
cal assistance was provided to participants.

Statistical Analysis

All statistical analyses were completed with SAS
version 9.3 (SAS Institute Inc; Cary, North Carolina).
Descriptive statistics were completed for the entire sam-
ple and for the subgroups with and without MCI. Chi-
square tests were used for falls (yes/no) and for sex
(male/female), and a #-test was used for age to establish
whether there were differences between those with and
without MCI in these demographic variables.

In order to describe the effect of MCI on test out-
comes, independent #-tests were completed to compare
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the time in seconds for the completion of the 8UG and
the TUG and the total score on the ABC between those
with MCI and those without MCI. To account for poten-
tial confounding on the outcome for the TUG, 8UG, and
ABC (separately), we conducted multiple linear regres-
sion, adding age, fall history, and sex to the model.

Sensitivity and specificity for the identification of
fallers was calculated for each test by MCI status. In
addition, the McNemar test was used to determine
whether the rate of identification of fallers and nonfallers
(as per the most frequently cited cutpoints) were the same
for the two tests in each pairwise comparison (8UG and
TUG, 8UG and ABC, and TUG and ABC). The p-values
obtained indicate whether the marginal frequencies are
different (indicating that tests indicate fallers and nonfall-
ers at different rates). The kappa statistic was also calcu-
lated, indicating the overall percent agreement between
the outcome measures.

To define the concurrent validity of the 8UG to the
TUG, the 8UG to the ABC, and the TUG to the ABC, we
conducted pairwise Pearson correlation coefficients. As
per the conventional test protocols and scoring directions
for each outcome measure, the fastest recorded time from
the two timed trials was used for the TUG, the average
time for the two timed trials was used for the 8UG, and
the average of the 16 scored items for the ABC was used
for all analyses completed. Correlations were completed
for the entire sample and for the subgroups based on
MCI. The interpretation of the strength of the calculated
coefficients was as follows: excellent (» > 0.6), adequate
(r=0.31-0.59), and poor (r < 0.30) [9].

RESULTS

Sixty-two participants enrolled in the study and com-
pleted the research protocol. The descriptive statistics for
the sample are presented in Table 1. The sample included
41 males and 21 females. Of the 62 patients, 25 self-
reported two or more falls in the previous 12 mo and
were identified as fallers and 37 denied any falls in the
past 12 mo and were identified as nonfallers. After com-
pletion of the MoCA, 41 participants scored <26 points
and were classified as having MCI. The mean age for the
sample was just under 74 yr of age. There was a signifi-
cant difference in age between those with MCI and those
without MCI.

Table 1.
Descriptive statistics for sample.
. MCI No MCI
Characteristic (n = 41) (n = 21) p-Value

Age (yr)
Mean = SD 754+8.3 70.1 £5.7 0.01
Range 65-90 65-88

Sex, n (%)
Male 26 (63.4) 15(71.4) 0.53
Female 15 (36.6) 6 (28.6)

History of Falls, n (%)
Yes 17 (41.5) 8 (38.1) 0.80
No 24 (58.5) 13 (61.9)

MoCA
Mean = SD 21.3+2.7 26.5+0.9 <0.01
Range 14-25 26-29

TUG"
Mean = SD 10.1 £3.6 8.7+2.7 0.13
Range 4.2-20.3 5.5-17.4

8UG"
Mean £+ SD 9.3+3.8 7.6+1.9 0.03
Range 4.6-21.1 4.5-10.9

ABCT
Mean = SD 72.7+£22.0 81.7+21.7 0.13
Range 15.3-100.0 21.3-100.0

Note: Chi-square tests used to test for differences in binomial variables; #-tests
used to test for difference in continuous variables. Significance set at 0.05 for
all variables.

*Measured in seconds to complete.

TMeasured in percent confidence.

8UG = 8-Foot Up and Go, ABC = Activities-Specific Balance Confidence
(scale), MCI = mild cognitive impairment, MoCA = Montreal Cognitive
Assessment, SD = standard deviation, TUG = Timed Up and Go.

As a component of the descriptive statistics, the time
to complete the TUG and the 8UG and the mean percent-
age for the ABC by MCT status is presented in Table 1.
The univariate analysis revealed significant differences in
the time to complete the 8UG between those with and
without MCI (p = 0.03). These differences were not
observed for the TUG or the score on the ABC (both p =
0.13). Results of multiple linear regression with the
potential confounders of age, sex, and fall history demon-
strated that fall history was the only significant predictor
for the outcome of the TUG, the 8UG, and the ABC (p <
0.001 in all cases) and that MCI no longer remained a
significant predictor of performance on the 8UG when
accounting for fall history.

When considering the measure’s ability to correctly
classify fallers and nonfallers on the basis of established
cutoff times, the results demonstrated that across the
groupings (total sample, those with MCI, and those with-
out MCI) the sensitivities and the specificities are similar
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(Table 2). For the total sample, the 8UG is 64 percent
sensitive, 76 percent specific; the TUG is 20 percent sen-
sitive, 95 percent specific; and the ABC is 89 percent
sensitive, 56 percent specific.

The completion of pairwise comparisons of the test’s
ability to identify fallers and nonfallers by MCI status
indicates that the 8UG and ABC identify fallers and non-
fallers at statistically similar rates in both those with (x =
0.48, p = 0.34) and those without MCI (x = 0.24, p =
0.45) (Table 3). However, the TUG identifies fallers at
significantly different rates than the 8UG (x = 0.39, p <
0.001 for those with MCI and k= 0.15, p = 0.01 for those
without MCI) or the ABC (x = 0.54, p = 0.02 for those
with MCI; the rates were statistically similar for those
without MCI; k= 0.28, p = 0.13).

On a continuous scale, the correlation of the total
time in seconds for the 8UG and the TUG demonstrated
excellent concurrent validity for those with MCI (» =
0.92, p < 0.001) and those without MCI (»r = 0.85, p <
0.001) (Table 4). The correlation coefficient of the total
time in seconds for the 8UG and the ABC demonstrated
excellent concurrent validity for those with MCI (r = —0.63,
p < 0.001) but was determined to be adequate for those
with no MCI (» =-0.56, p = 0.008). The correlation coef-
ficient of the total time in seconds for the TUG and the
ABC similarly resulted in excellent concurrent validity

Table 2.
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for those with MCI (» = -0.74, p < 0.001) and those with-
out MCI (= -0.64, p <0.001).

Despite the unequal distribution of participants (more
in the MCI group than in the non-MCI group), this sam-
ple and the results of the correlation analysis provide a
>0.90 power for the aims of this study.

DISCUSSION

The purpose of this study was to determine whether
MCI alters the validity of the TUG, the 8UG, or the ABC
in the identification of fallers and nonfallers. Secondarily,
we were interested in determining whether there were
differences in the concurrent validity between the TUG
and ABC when compared with the 8UG and ABC in
those with and without MCI. Our results indicate that
MCI is not a significant predictor of outcome for the
8UG, the TUG, or the ABC. The sensitivity and specific-
ity of each test was similar for the total sample and for
both those with and those without MCI. The percent
agreement of each pairwise comparison produced mixed
results, with the TUG identifying fallers at significantly
different rates than the 8UG and the ABC. Excellent cor-
relations of the total test score were demonstrated in each

Sensitivity (SN) and specificity (SP) of 8-Foot Up and Go (8UG), Timed Up and Go (TUG), and Activities-Specific Balance Confidence (ABC)
scale by mild cognitive impairment (MCI) status for identification of fallers and nonfallers.

Test Total Sample (n = 62) MCI (n =41) No MCI (n = 21)
SN SP SP SN SP
8UG 64.0 75.7 64.7 75.0 62.5 76.9
TUG 20.0 94.6 23.6 91.7 12.5 100.0
ABC 89.2 56.0 87.5 58.8 92.3 50.0
Table 3.

Kappa coefficient for marginal frequencies of 8-Foot Up and Go (8UG) to Timed Up and Go (TUG) and Activities-Specific Balance Confidence

(ABC) scale in identifying fallers and nonfallers.

et 8UG ABC TUG
MCI No MCI MCI No MCI MCI No MCI
8UG 1.0 1.0 — — —
ABC 0.48 (p=0.34)  0.24 (p = 0.45) 1.0 — —
TUG 0.39 (p <0.001) 0.15(p=0.01)  0.54 (p=0.02) 0.28 (p =0.13) 1.0 1.0

Note: McNemar test statistic was used to determine whether tests identify fallers at different rates based on specified cutpoints. Kappa statistic presented to indicate

percent agreement.
MCI = mild cognitive impairment.
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Table 4.

Correlation matrix of score in seconds of 8-Foot Up and Go (8UG), Timed Up and Go (TUG), and average score of Activities-Specific
Balance Confidence (ABC) scale by mild cognitive impairment status (MCI).

Test 8UG ABC TUG
MCI No MCI MCI No MCI MCI No MCI
8UG 1.0 — —
ABC —-0.63 —0.56 1.0 —
TUG 0.92 0.85 —0.74 —0.64 1.0

Note: Pearson correlation test statistic was used to calculate all correlation coefficients. All correlations resulted in p <0.01.

pairwise comparison between the 8UG, the TUG, and the
ABC (with the exception of an adequate correlation
between the 8UG and the ABC in those without MCI).

In our sample, cognitive status did not significantly
affect the validity of any of the three tests or produce
divergent identification of fallers and nonfallers across
tests from different domains of the ICF. Despite this, a
surprising result was the poor sensitivity (20%) of the
TUG and that the TUG had poor agreement with the 8UG
and the ABC in the identification of fallers. These find-
ings persisted in those participants with and without
MCI. This is similar to findings in a previous study by
Rose et al. [13], where the 13.5 s cutoff time for the TUG
incorrectly classified 45 out of 63 community-dwelling
older adults as nonfallers when they were in fact recur-
rent fallers. Based on this error in classification, Rose and
colleagues suggested a cutoff time of 10.0 s for the TUG,
resulting in sensitivity and specificity values of 71 per-
cent and 89 percent, respectively [13]. Although the
objective of our research was not to propose another cut-
off time for the TUG, our findings confirm that a faster
cutoff score would make the TUG a more valid test than
the currently used time of 13.5 s.

Considering the concurrent validity of the 8UG with
the ABC and the TUG with the ABC, our findings dem-
onstrate that these tests have similar and high inverse
relationships. As the time to complete the 8UG and TUG
increases, the patient’s perception of balance confidence
declines. This relationship is similar in direction and
magnitude across MCI status. Although this was the first
study to investigate the concurrent validity of the 8UG
with the ABC, this finding is similar to the findings of a
previous systematic review and meta-analysis that inves-
tigated ABC score and performance on the TUG. The
meta-analysis across the included studies produced an
excellent correlation between the TUG and the ABC (r =
—-0.698, p < 0.01), without differentiation in the presence
of MCI [11].

It should be noted that in this present study as well as
in both studies completed by both Shumway-Cook et. al.
[14] and Rose et al. [13], the population consisted of commu-
nity-dwelling older adults, with similar exclusionary diag-
noses and the same test instructions and scoring methods
for the TUG. A key difference between these two previous
research studies is the sample size; the 13.5 s cutoff time
was based on a sample size of 15 and the 10 s cutoff time
was based on a sample size of 134 [13—14]. Based on this,
we confirm that the 8UG and the TUG are useful for iden-
tifying community-dwelling older adults with a history of
falls when using a cutoff score of 10 s for the TUG and
8.5 s for the 8UG.

The limitations of this study include a narrow study
sample consisting of a majority of Veteran participants, a
disproportional number of males (66.1%), and individuals
screened to have MCI (66.1%). The classification of MCI
was based on the score obtained during the completion of
the MoCA. Given that the range of scores for participants
in the MCI group ranged from as high as 25 down to 14, it
is quite possible that more extreme forms of cognitive
impairment are present within the sample than just MCI.
Despite this, the results still confirm that within the group
of participants screened to have (at least) MCI, these tests
demonstrate similar psychometric properties as when
used to test those without MCI. Subjective report of falls
and past medical history are also limitations because
those with cognitive impairment may not provide the
most accurate historical information.

It should be pointed out that there are differences in
the implementation of the TUG across studies [23]. Some
studies have reported using walk at a “normal pace” and
others a “fast pace” [23]. These current results are inter-
preted based on the test with the instructions to walk at a
fast pace. It is unknown whether there would be similar
findings if the instructions for the TUG would have been
to walk at a normal pace.
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CONCLUSIONS

In conclusion, each outcome measure (TUG, S8UG,
and ABC) demonstrates similar validity in community-
dwelling older adults with and without MCI in the identi-
fication of fall risk. MCI is not a significant predictor of
outcome for the 8UG, the TUG, or the ABC. The 8UG has
better sensitivity than the TUG when traditional cutoff
times are applied. Although the 8UG and the TUG appear
to assess functional performance similarly, the use of
13.5 s as the cutoff time for the TUG in the identification
of fall risk should be questioned. For this reason, the 8UG
with a cutoff time of 8.5 s is recommended as a more
appropriate outcome measure in community-dwelling
older adults.
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