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Background: Ageing is associated with sensory and physical
declines and falling risk.

Objective: To determine the association between

3 performance-based mobility tests and fall history.
Methods: Fifty participants’ mobility was assessed by Timed
Up and Go (TUG) and 4- and 6-m walking tests (WT).
Results: The TUG performance correlated with 4- and 6-m
WT performance, and performance on 4-m WT positively
correlated with 6-m WT. Only TUG performance showed a
strong relationship to fall history.

Conclusions: Performance tests could indicate the presence
of fall history in the institutionalized older adults; the TUG
being the most suitable compared with other common WT.
Key words: fall risk, institutionalization, older adults, walking

test

ncreases in life expectancy have triggered demographic
changes in developed societies where the world’s pop-
ulation aged 65 years or older is expected to grow to
nearly 1.5 billion in 2050." The aging of the population
implies an increasingly high prevalence of chronic and
degenerative diseases, which are a major cause of death in
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the older adults, along with a decrease in their mobility and
physical functioning.?

Poor physical performance implies an increased risk
of falling that may result in undesirable physical conse-
quences, including bone fractures, bruises, and injuries.?
Fallers have poorer balance, functional mobility, and lower
quality of life than nonfallers.*> In addition, fall risk factors
include some common age-related deficits such as gait dys-
function or muscle weakness, visual and hearing deficits,
and cognitive impairment.® The prevalence of hearing loss
in elderly European people is very high and increases with
advancing age.” Hearing loss has also been associated with
self-reported falling,® higher total medical expenditures,’
and institutionalization. Given the impact that falls may
have on older adults’ health, and because falls are a poten-
tially modifiable risk factor, further research in this area is
crucial.

In addition to physical consequences, falls might cause
a decline in functional status or social activities, generating
fear of falling, and a decrease in the functional indepen-
dence of the older adults.> Consequently, they may need
long-term care in the form of home assistance, commu-
nity care and assisted living, residential care, or long-stay
hospitals.> Nevertheless, rates of falling in people living in
long-term care institutions are double those of commu-
nity-dwelling people,® constituting an extra burden on the
health care system.

Walking is a common physical activity among the older
adults and it is associated with functional fitness.!! Thus,
walking assessment may be used to explore the mobility
function of community-dwelling older adults,'* differentiat-
ing fallers from nonfallers'*"* and acting as a valid indica-
tor of cognitive functioning and other adverse outcomes.
But many of the walking tests (W15) are complex, time-
consuming, and hard to perform by impaired older adults,
highlighting the need to use less complex assessments.

Performance of the Timed Up and Go (TUG) test” is a
reliable predictor of clinical, functional, and social variables,
and of fall risk. In addition, TUG values have been shown
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to be the strongest predictors for 6-m WT values.'®'” As
for the WT, the 4- and 6-m WT were considered the main
instruments in research on functional ability in the older
adults after a standardized assessment in which the 4-m
WT achieved the best rating.’ Walking speed has been
shown to be a good predictor of fall risk,'”? and 4 m has
been considered an adequate distance to evaluate walking
speed* and physical performance in elderly with cogni-
tive impairment.* Slower 6-m walk speed contributes to
risk of falling,' being this test validated as one of the best
mobility tests to predict falls.?® Another walking speed test,
the 10-m WT, was also associated with the risk of falling.*
The 4-m WT does not produce a learning effect® and has
sex-specific correlates.”® In addition, both tests have dem-
onstrated validity for assessing the walking speed of older
adults with cognitive impairment.*

To our knowledge, although TUG test and 4-m and
6-m WT have been previously investigated to predict falls,
research has not considered its joint analysis as a function
of the presence versus absence of previous fall history
and older adults versus old older adults (85 years of age
or older). Based on the aforementioned text, this research
aimed to determine the applicability of 3 common perfor-
mance-based mobility tests to a specific population of day
care versus institutionalized older adults, with 2 main aim
goals (1) to determine the correlations in the performance
of the 3 tests (considering also differences in the oldest
individuals, 85 years of age or older) and (2) to determine
their association with fall history. In addition, we aimed to
determine the relationship between fall history and hear-
ing impairment. Consequently, the most suitable test could
be proposed as a quick screening tool for the older adult
population for early detection of mobility impairment and
its negative consequences, thus putting a major focus on
health prevention rather than disease management.

MATERIALS AND METHODS

Study design

Before beginning the data collection and assessments, the
protocol of this study was approved by the ethics commit-
tee at the University of A Coruna and was in conformity
with the principles embodied in the Declaration of Helsinki.
A cross-sectional observational study was carried out with
50 people 65 years of age and older selected from a popula-
tion of 119 people belonging to the Gerontological Com-
plex La Milagrosa from A Corufa, Spain, which includes a
day care center and a nursing home. Core services pro-
vided by the day care center include small group training
on memory, activities of daily living, reality orientation, and
cognitive stimulation. Nursing home services additionally
offer a 24-hour room, supervision, and nursing care (per-
sonal care, medication management and administration,
palliative care, rehabilitation, activities, and transportation).
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At study commencement, the participants’ clinical records
were first reviewed to screen for the exclusion criteria. Par-
ticipants with cardiac or respiratory pathologies, which
could be aggravated by exercise, were excluded from the
study, as were those with severe visual problems that
impeded their evaluation, people who were unable to walk
at least 10 m without assistance, and people incapable of
understanding simple verbal commands to walk. After
applying the exclusion criteria, 55 users were eligible. Five
users with reported missing data (hospitalization [n = 2],
immobility [n = 1], refusal to take part [n = 1], and leaving
the center [n = 1]) were excluded.

Once selected, all the participants gave written informed
consent (inclusion criteria), either autonomously or
through their proxies as legally authorized representatives
of those with dementia. Reporting of this study follows
the STrengthening the Reporting of OBservational Studies
in Epidemiology (STROBE) guidelines for cross-sectional
studies (www.strobe-statement.org).

Data collection

Demographic and clinical data

The internal clinical database of the Gerontological Com-
plex, with information belonging to the participants, was
reviewed for the collection of covariates. The following
demographic variables were recorded: age, gender, marital
status, educational level, and the type of assistance (day
care center vs nursing home). Risk factors such as visual
and hearing impairment were also reported by the medical
staff on the basis of the clinical data or after ad hoc exami-
nation. A Snellen eye chart located at a distance of 2.8 m
from participant’s eyes was used for screening for visual
acuity impairment. Decreased visual acuity was defined as
best corrected vision worse than 20/50.# To determine
hearing loss, the whispered voice test was used.” The par-
ticipants were considered to have normal hearing if they
repeat back at least 3 out of a possible total of 6 letters/
numbers correctly. Hearing impairment was defined as the
inability to repeat back the letter/number combination
whispered at a distance of 0.6 m behind the participant’s
field of vision.

The Spanish validation of the Mini-Mental State Exami-
nation®* was used as a measure of cognitive impairment.
Mini-Mental State Examination scores, ranging from 0 to
30, were adjusted for age and level of education, and par-
ticipants were considered as cognitively impaired if they
scored 24 or less.

The main outcome of the study was the number of
falls during the preceding 6 months extracted from the
medical history. According to their fall history, partici-
pants were divided into 2 groups: fallers, those who had
undergone 1 or more falls in the past 6 months (n = 9);
and nonfallers, those who had not fallen in the previous
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6 months (n = 41). From a clinical point of view, no dis-
tinctions were made between single and multiple falls due
to a falling event being considered enough to negatively
affect the health status of the participant.

Performance tests

Two trained research nurses with clinical geriatric experi-
ence collected the data. Training included instructions and
supervised practice in performance-based mobility testing.
Both professionals administered the 3 W1I5. The TUG test,”
the 4-m WT, and the 6-m WT' have proven to be well-
validated and reasonably brief tools in research and clinical
practice. The TUG test was randomly applied before
(n = 24) or after (n = 25) the 2 W1I5. One participant could
not perform the TUG test because of severe physical disabil-
ity. The 4- and 6-m W5 were administered alternatively with
10 minutes of rest between each performance measure.

The TUG test®! has been commonly used to measure
the mobility skills of older adults. Each participant stood
up from a seated position without using his or her hands,
walked for 3 m, then turned and sat again without using his
or her hands. Participants were given the following instruc-
tion: “I want you to stand up, walk the line on the floor at
your normal pace, turn around and walk back to the chair
and sit down.” A walking aid was used if needed and the
amount of required time to walk (seconds) was recorded.
Timing began on the word “start” and ended when the par-
ticipant returned to the seated position.

Performance on the 4- and 6-m WTI'® has been com-
monly associated with adverse events and cognition in
the elderly* To perform the test, the protocol instructions
were simplified.? Participants walked the target distance at
a normal pace, using a walking aid if necessary. They were
told to stand with their feet touching the starting line and
were then given the following instruction: “I want you to
walk until you cross that line, at your normal speed, as if
you were walking down the corridor,” and they began walk-
ing when they received the simple order: “Start walking.”
Timing began the moment the participant initiated a step
and ended when the leading foot crossed the finish line.

For this study, walking speed was not calculated; hence,
only the time spent in seconds to perform the test was
recorded.

Statistical analysis

Quantitative variables were expressed as the mean (SD).
Qualitative variables were expressed as absolute values and
percentages. The goodness of fit to a normal distribution
of the continuous variables was analyzed using the
Kolmogorov-Smirnov test. Because of the small sample
size, between-group comparisons (nonfaller vs fallers; aged
<85 years vs aged =85 years) were made using the Mann-
Whitney U test. Chi-square test was used for categorical
variables. The variable of age was dichotomized, dividing
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the participants using the median age (85 years) as the cut-
off point (the median generated the oldest-old group;
those older than 85 years vary widely in terms of demogra-
phy and social and health characteristics). Associations
among the 3 WTs were tested using Pearson correlation
coefficient. A forward stepwise multiple logistic regression
analysis was made to examine cross-sectional associations
between fall history and performance on mobility tests to
ascertain the effect of every test outcome regarding the
likelihood of participants having a fall. In addition, type of
assistance and hearing impairment were included as inde-
pendent variables, because of the differences between fall-
ers and nonfallers in these 2 areas shown by bivariate analy-
sis. Falling was considered as the outcome variable while
the explanatory variables were performance on the 4-m
WT, 6-m WT, or the TUG.

Sensitivity was calculated as the percentage of true posi-
tives identified by the regression model. Odds ratios along
with the 95% confidence intervals (CI) were calculated. A
significance value of less than .05 was defined. Statistical
analysis was performed using the software package IBM
SPSS Statistics v.23.0 (IBM Corp, Armonk, New York).

RESULTS

Participants’ descriptive statistics

Only 9 participants (18%) reported at least 1 fall in the past
6 months. Table 1 shows the general characteristics of the
study population, according to assignment to faller and
nonfaller groups. For the sociodemographic aspects, no
differences were found regarding gender, civil status, or
level of education. However, we found statistically signifi-
cant differences (P = .02) according to age and type of
assistance (day care center vs nursing home, P = .04). Fall-
ers (88.2 = 4.0 years) were significantly (P = .01) older
than nonfallers (82.8 £ 6.0 years). The mean age in the
oldest age group was significantly higher (88.2 £ 2.8 years
vs 78.5 £ 4.4 years, P < .001). However, there were no
significant differences between the 2 age groups in any of
the studied variables.

Regarding clinical characteristics, no statistically signifi-
cant differences were found between fallers and nonfall-
ers when analyzing visual impairment or cognitive impair-
ment. Nevertheless, we found that fallers had a significantly
greater prevalence of hearing impairment (P = .03).

Performance assessment

Regarding the TUG and the 4-m and 6-m tests, the mean
time in seconds was 19.1 = 8.4, 8.1 * 4.0, and 11.3 * 5.0,
respectively. No significant differences were found depend-
ing on the time of TUG test application (before or after the
other 2 WT). In addition, no significant differences were
observed in performance according to gender, civil status,
level of education, or type of assistance. Nevertheless, as
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[L1:18p Y Characteristics of Nonfaller Versus Faller and <85 Versus =85-Year-Old Participants
Nonfaller Faller
n=41) | (n=9) Age <85y | Age =85y
Characteristics n (%) n (%) x2 [df| P | (n=23) | (h=27) x2 |df| P
Age,y 5378 | 1 | .02
<85 22 (53.7) 1(11.1)
=85 19 (46.3) 8(89.8)
Gender 0034 1| .85 0986 | 11].32
Male 8(19.5) 2(22.2) 6 (26.1) 4 (14.8)
Female 33(80.5) 7(77.8) 17 (73.9) 23 (85.2)
Civil status 0199 | 2 | 91 1.715 | 2 | 42
Single 4(9.7) 1(11.1) 3(13.0) 2(7.4)
Married 7(17.1) 1(11.1) 5(21.7) 3(11.1)
Widowed 30(73.2) 7(77.8) 15 (65.3) 22 (81.5)
Level of education 2094 | 4 | .72 6.616 | 4 | .16
Unable to read or write 1(2.4) 0(0.0) 0(0.0) 1@3.7)
Incomplete primary school 15 (36.6) 4(44.4) 8 (34.8) 11 (40.7)
Completed primary school 18 (43.9) 5 (55.6) 9(39.1) 14 (51.9)
High school or university 7(17.1) 0(0.0) 6(26.1) 1(3.7)
Type of assistance 41341 1 | .04 0828 | 1|.36
Day care center 32 (78.0) 4 (44.4) 18 (78.3) 18 (66.7)
Nursing home 9 (22.0) 5 (55.6) 5(21.7) 9(33.3)
Presence of visual impairment 30 (73.2%) | 6(66.7%) [ 0.155 | 1 | .69 | 18(78.3) 18(66.7) 10828 | 1 |.36
Presence of hearing loss 8(19.5) 5(5.6) | 4983 | 1 |.03*| 4(17.4) 9(33.3) 1641 | 1|.20
Presence of cognitive impairment | 36 (87.8%) | 9 (100%) | 1.220 | 1 | .27 | 20 (87.0) 25(926) 0438 | 1| .51
aSignificant (P value) < .05.

expected, significant differences in the 4-m and 6-m WT
performances were found when comparing participants
who are younger than 85 years and those who are 85 years
of age or older (Table 2). Time in seconds was greater for
people older than 85 years than for their younger counter-
parts on the 4-m (P = .03) and 6-m WT assessment (P =
.02). This tendency was also observed on the TUG tests,
but the differences were not statistically significant.

The TUG performance significantly correlated with 4-
and 6-m WT performance (r = 0.728; P < .001; 95% CL
0.669-0.882 for 4-m WT; and » = 0.764; P < .001; 95% CI:
0.652-0.911 for 6-m WT), and there was a high positive
correlation between 4- and 6-m WT performance (r =
0.915, P < .001; 95% CI: 0.873-0.969).

We found that fall history was associated to WT perfor-
mance (Table 3). The time that the participants took to per-
form every WT was significantly higher for people who had
undergone at least 1 fall in the previous 6 months than for
those who had not fallen.

4 www.topicsingeriatricrehabilitation.com

Results of the regression model were statistically sig-
nificant, x; = 5.009, P = .03, and identified the TUG test
as being the only variable significantly related to falls
(P = .04), with a B value of .097, and an odds ratio value
of 1.102 (95% CI: 1.006-1.207, those participants taking
more time to perform the TUG test were 1.102 times more
likely to have suffered a fall). A model with a —2 likelihood
ratio of 33.198, Cox and Snell R* of 0.110, explained 18.7%
(Nagelkerke R?) of the variance in falls and a correct clas-
sification of the cases reporting falls of 86.0%.

DISCUSSION

This study analyzed not only the correlation of the results
obtained with 3 different tests to evaluate the mobility of
the day care versus institutionalized older adult population
but also their association with fall history. The correlations
between the 3 testing outcomes were confirmed and the
performance on the TUG was the best predictor of the
presence of a previous fall history.
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: 1J:.\:]13 Comparison of Tests Performance (Time in Seconds) According to Age

Age <85y (n = 23) Age =85y (n = 27)
Walking Tests Mean = SD Mean = SD P
4-m WT 6.8+ 23 9.1+48 .03
6-m WT 9.7 +40 128 + 54 022
TUG 17265 29+95 10

Abbreviations: TUG, Timed Up and Go; WT, Walking test.
aSignificant (P value) < .05, Mann-Whitney U test.

Walking speed is commonly used in health care to mea-
sure lower extremity function or physical condition with
large variance in the methodology applied. Given that the
decline in walking speed is associated with poor health
outcomes in the older adults,”® the measurement of this
parameter has been commonly used for the early detec-
tion of factors such as the risk of hospitalization,* declines
in instrumental activities of daily living performance,®
falls,** nursing home placement, and mortality®® Walk-
ing tests differ according to the distance or time utilized.
Those tests with longer distances are more focused on
assessing endurance or submaximal exercise capacity, such
as the 6-minutes WT.3” Other tests measure gait speed over
a relatively short distance, without including endurance
as a factor,® thus concentrating more on functional per-
formance measurement. They are preferably used for the
older adult population since they require less effort from
the participant. In any case, the correlation between some
of the long- and short-distance tests and the test-retest and
interrater reliabilities have already been demonstrated.®

The TUG test” is more commonly used to measure
mobility skills while 4- and 6-m W15 are mainly used to
assess adverse events and cognition in the older adults.’
Their interrater and test-retest reliabilities have been
already tested with a population with mild cognitive impair-
ment.?? Nevertheless, no data were found in the literature
about the correlations between these 3 tests or the differ-
ent variables that may affect their performance.

1J:\:]R3,F Comparison of Tests Performance (Time in Seconds) According to Previous Report of

Fall History

The TUG test along with the 4- and 6-m WT was applied
to a population composed of day care and institutionalized
participants (nursing home). The mean time scores on the
3 mobility tests were consistent with those previously pub-
lished.?** No differences were found in test performance
according to gender, civil status, level of education, or type
of assistance. Therefore, in accordance with the previous
literature, this study shows that these 3 W5 are easy to per-
form by institutionalized older adults.?*

In addition, there were substantial and positive correla-
tions between the 3 tests. The TUG results correlate more
strongly with the 6-m WT results than with the 4-m WT
results, perhaps due to the similar distance in both tests,
although the time spent for TUG performance was a little
bit higher than that for 6-m WT performance. A possible
explanation might be that reaction time increases accord-
ing to age and the tasks demands,” and the demands in
the TUG test are higher, involving more complex instruc-
tions such as sitting, standing up, walking, turning around,
walking back, and sitting again. The association between
the 4- and 6-m WTs was stronger, perhaps because their
similarity in performance and distance, reinforcing pre-
vious data indicating that these are valid and reliable
instruments.*

However, and in accordance with other studies, we
found that test performance was affected by a previous fall
event.” We noted that those participants who had expe-
rienced at least 1 fall during the previous 6 months took

Nonfaller (n = 41) Faller (n = 9)
Walking Tests Mean = SD Mean = SD P
4-m WT 76+40 10.7 + 3.1 004
6-mWT 106 + 4.9 144+ 43 004
TUG 177 6.7 26,5+ 12.1 .02°
Abbreviations: TUG, Timed Up and Go; WT, Walking test.
aSignificant (P value) < .01, Mann-Whitney U test.
bSignificant (P value) < .05, Mann-Whitney U test.
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more time to perform the assessment tests, suggesting
that they might act as indicators of falling, as previously
reported.' The extent to which performance on the TUG
and the 4- and 6-m W5 is associated with falling in the
study population was also analyzed, and the regression
model revealed that only performance on the TUG was
significantly associated with the outcome variable (fall
history) and, accordingly, to the physical performance of
the older adults. This result is consistent with the idea
that executive function decreases with age,® thus affect-
ing the physical ability to walk and to follow the TUG test
instructions.

In accordance with previous studies,* we found no asso-
ciation between hearing loss and falling. As in the study by
Purchase-Helzner et al,* that evaluated only women, our
sample was mainly composed of females (40 out of 50),
and in future studies, it would be interesting to evaluate
such a relationship in men. A possible explanation for this
lack of association might be that hearing loss limits the
social relationships of the older adults; hence, they may be
less willing to roam their environment, thus reducing their
odds of suffering a fall.

Walking is one of the leading forms of mobility among
older community dwellers, given that it is uncomplicated,
not physically demanding, and generally accessible.'' How-
ever, it is clear that lower walking speed is associated with
undesirable health outcomes.® Consequently, any effort
made to improve gait movements in the institutionalized
older adults will enhance their health status and, according
to our results, will reduce the incidence of falls.

All the factors found in this study related to the inci-
dence of falls are inevitable in very old age, but they may
be modified to delay or prevent negative outcomes. There-
fore, public health measures should focus on day care and
institutionalized populations to first detect their risk of fall-
ing through easy-to-apply assessments, such as the TUG
test, and after that promote some kind of easy physical
exercises to improve health, such as walking.

Nevertheless, our results must be interpreted care-
fully because of potential limitations. It is based on cross-
sectional data, which do not allow assessment of causality,
and some associations were relatively weak and should be
considered with caution. The sample size was too small to
perform a more powerful parametric statistical analysis and
to generalize the main findings. A longitudinal study with
a follow-up assessment of falling incidence might confirm
and quantify the effect of mobility performance on falls.
In addition, perhaps due to the small sample size, demo-
graphic variables (age, gender, and educational level) were
not found to be associated with fall history. Consequently,
larger samples are needed to validate the use of the time
taken to complete the TUG test as an indicator of fall his-
tory in the older adult population. Besides, it would be
interesting for future research to determine the correlation

6 www.topicsingeriatricrehabilitation.com

between the 3 analyzed performance tests and their asso-
ciation with falls according to the type of assistance (day
care center vs nursing home).

CONCLUSIONS

According to the results of this study, the correlations
between the 3 testing outcomes were confirmed and 4-m
and 6-m WT performances were greater for people older
than 85 years. The time taken to perform the TUG test
seems to be a plausible indicator of the presence of fall his-
tory in the institutionalized older adults. No association
between hearing loss and falling was found. The TUG test
is considered the most suitable test to detect risk of falling
compared with other common W15 (4- and 6-m WT5). The
advantage of this assessment is not only the ease of perfor-
mance by any participant independently of his or her age,
gender, educational level, civil status, or cognitive impair-
ment but also the lack of need of any additional devices
commonly employed in more complicated performance
tests. This means that the TUG assessment could be easily
used as an inexpensive and reasonably brief screening tool
to detect fall history in the institutionalized older adults,
thus helping to reduce future costs to the health system.
Nevertheless, prospective studies with larger sample sizes
are needed to confirm the findings.
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