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Abstract

Aim. This study aimed, firstly, to compare the ability to predict falls over 12-months for three
measures — mobility, balance, and frailty. Secondly, among the three domains of frailty —
physical, psychological, and social - we investigated what is the strongest predictor of falls.
Methods. One hundred ninety-two community-dwelling older adults (age 73.0+£6.2; 62%
women) were involved in this longitudinal study. Timed Up and Go test (TUG), One Leg
Standing (OLS) test, and the Tilburg Frailty Indicator (TFI) were respectively used to measure
mobility, balance and frailty. The TFI is a questionnaire based on a multidimensional
conceptualization of frailty consisting of 15 items in three domains (physical, psychological,
and social). Falls were self-reported during the 12-month follow-up. Logistic regression models,
adjusted for interesting variables, were conducted to predict the risk of falls. Results. History of
falls and chronic conditions were the indicators more strongly related with falls over 12 months.
The TFI resulted as a stronger predictor of falls when compared to the TUG and the OLS tests.
The explained variance of the three models was 31.2%, 22.4% and 22.2%, respectively. The TFI
was significantly associated with falls (p<.001), while the TUG and the OLS were not (p>.05).
Among the three frailty domains, physical (p<.001) and psychological (p=.041) domains were
significant predictors of falls. Conclusion. Findings showed that the TFI may be an effective
tool for predicting falls at 12-months in aged populations, probably because it is able to capture
the multifactorial facets that can lead to falls.

Key-words: falls, frail older adults, gait, longitudinal studies, postural balance.
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Introduction

Falls are among the major public health problems in the world. Approximately 30-40%
of people aged 65 years and older fall at least once a year . Consequences of falls are often
devastating: some of which include fractures, serious injuries, need of healthcare services,
hospitalization, early admission in residential care facilities and premature death ', Therefore,
prevention of falls can be done through the implementation of physical exercise, environmental
inspection and modification, psychological therapy, education and knowledge training, or
multiple interventions consisting of a combination of two or more of previous intervention
categories . One important need is the early identification of individuals at risk of falls who
can benefit from these interventions.

In the past, gait and balance abnormalities in association to a previous history of falls
have been judged as the best predictors of risk of falling in older adults °. Therefore, many
screenings for risk of falling have consisted of an evaluation of gait and mobility performances.
Among these screening tools, the Timed Up and Go (TUG) test and the One Leg Standing
(OLS) test were the most commonly used due to their simplicity and rapidity of administration

10,11

789 Recently, different studies reported a limited ability of these instruments, used in

1012 argue that the

isolation, to predict falls in older adults. In fact, nowadays more authors
multifactorial nature of falls requires the development of a comprehensive tool able to
accurately detect older adults at risk of falling.

Consistent with this vision, the construct of frailty has been associated with increased

risk of adverse events, like falls, in older adults '*'*"°

. Frailty is a dynamic and
multidimensional condition, defined as a loss of reserve in one or more domains (physical,
psychological, and social) of individual functioning '°. Furthermore many frailty components
such as poor vision, low handgrip strength, walking speed decline, use of walking-aids, drugs
use and depression, are also recognized as risk factors for falls '®'>'® The prevalence of frailty
increases with age, reaching about one third of the aged population '**°. Several studies

1418212223 oxamined the relationship between frailty and falls, typically considering frailty in a
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one-dimensional and biomedical perspective. Studies investigating this relationship using a
comprehensive operationalization of frailty are still few. A first study ' demonstrated that a
frailty operationalization including physical, psychological and cognitive variables is associated

* showed that

with falls in community-dwelling people aged 55-85 years. A second study
physical, psychological, and social frailty predicted falls in older adults living in residential care
facilities. These previous studies used the LASA frailty instrument and the Tilburg Frailty
Indicator (TFI), respectively.

To the best of our knowledge, currently there are no studies of comparison between
physical tests and more comprehensive frailty measures in terms of falls prediction conducted in
community-dwelling older adults. Our hypothesis is that a multidimensional assessment of
frailty might be a better predictor of falls in a 12-month period than a physical measure of gait
or balance impairment. To test this hypothesis we conducted a longitudinal study in community-
dwelling older adults. In addition, we investigated which frailty domains (physical,
psychological, social) were associated with falls. Therefore, the present paper aimed to: i)
compare the ability to predict falls for three measures - mobility, balance, and frailty, ii)
determine, among the physical, psychological, and social frailty domains, the strongest predictor
of falls, in a sample of Italian community-dwelling older adults. Results will provide insights
about the best tool to be utilized for the prediction of risk of falling in aged populations.

Methods

Study population and procedures

In total, 498 people aged 65 and over were contacted, of whom 23 (5%) did not meet
the study’s inclusion criteria (e.g., severe physical restrictions) and 190 (38%) did not wish to
participate. Two hundred eighty-five (57%) people were enrolled in this longitudinal study, and
one hundred ninety-two completed it: 18 (6%) and 75 (26%) of individuals did not complete the
first and second wave of the study respectively. Drop-outs were not statistically different for

socio-demographic variables from the whole project’s sample (N=285). Participants who met

the following criteria were included: i) they were aged > 65, ii) they were able to understand and
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speak Italian, iii) they could walk independently (the use of assistive devices was admitted), and
iv) there were no severe health problems contraindicating the administration of physical tests
(e.g., recent fractures or surgical operation). Institutionalized people were excluded from the
study. Participant recruitment was done through direct contact between the project coordinator
and the available senior associations (14 in total) located in the Piedmont Region. In order to
explain the aims of the project and answer any questions, a preliminary meeting was organized
in each association. Participation was voluntary. No rewards or incentives for participating were
provided. The Ethical Committee of the University of Torino approved the study protocol. In
accordance with Italian law and the ethical code of the American Psychological Association *°,
written informed consent for the collection and use of data was obtained from all participants.

Data were collected in two waves (T1 and T2), one year apart from each other. The first
data collection was done in the period of January/March 2014 and the second over the same
period in 2015. In the initial data collection, physical and cognitive tests in association to
questionnaires were administered. While, in the second data collection, only questionnaires
were filled out. The physical and cognitive tests were administered in the same order and
individually for each participant by qualified and trained staff (an expert in physical exercise
and a psychologist). Questionnaires were self-reported and filled out in the presence of a
psychologist in order to clarify any doubts.

Measures

26,27
" was used to

Frailty. The Italian version of the Tilburg Frailty Indicator (TFI)
evaluate frailty according to a multidimensional approach. The TFI is constituted of two parts.
Part A contains 10 questions on determinants of frailty such as gender, age, marital status, level
of education, chronic diseases, and Part B consists of 15 items on components of frailty,
subdivided in three domains: physical (8 items, range 0-8 points), psychological (4 items, range

0-4 points), and social (3 items, range 0-3 points) domains. The score of the TFI ranges from 0

to 15 points. Higher scores correspond to a more serious frailty status.
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Gait. The Timed Up and Go test (TUG) ** was used to measure gait. The test requires a
person to rise from a chair, walk three meters, turn around a cone, walk back and sit down.
Timing started upon the instructor’s “Go” and stopped when the person returned to the initial
position. The TUG was executed once, in addition to an untimed trial.

Balance. The One Leg Standing test (OLS) * was administered to evaluate the balance
skill of a person. The OLS measures the time a person is able to stand on one leg without
support. For each lower limb, the test was performed once. The time stopped when 60 seconds
were elapsed or when the stance foot shifted or the lifted foot was placed on the ground. The
best value between right and left lower limbs was considered in the analysis.

Adverse outcome. The number of falls was investigated at baseline and during the
follow-up using this question: “How many times have you fallen in the last 12 months?”
(categories of answer: “Never”, “I time”, “2 times”, “3 times”, and “>3 times”). The outcome
was self-reported.

Statistical analysis

Statistical analyses were conducted using Statistical Package for Social Sciences
(SPSS), version 22.0 (SPSS Inc, Chicago, IL, USA). Statistical significance level was fixed at
alpha <.05 for all tests.

Descriptive and frequencies analyses were executed for all the study’s variables.
Participants who fell at least once during the 12-month follow-up period were classified as
fallers. Participants who did not experience a fall were classified as non-fallers. To identify any
differences between fallers and non-fallers for socio-demographic, clinical and health variables
T-tests for unpaired samples and chi-square test were carried out. To compare the predictive
ability of mobility (TUG time), balance (OLS time), and frailty (TFI score) for falls
(dichotomous outcome) during the 12-month follow-up, three logistic regression models,
adjusted for age, gender, presence of chronic diseases, and baseline falls, were performed.
Lastly, to explore the relationships among the single domains of frailty (physical, psychological,

and social) and falls during the 12-month follow-up, three other logistic regression models,
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adjusted for the same previous variables, were executed. Odds ratio (OR) with 95% confidence
intervals and variance using the Nagelkerke R index were calculated for each model.
Results

Baseline participants characteristics

Table 1 shows baseline characteristics of the study’s participants and compares fallers
and non-fallers. Of the 192 participants, 119 (62%) were women. The mean age was 73.0 years
old (range 65-90, SD=6.2). Most of the participants (45%) had a level of education
corresponding to secondary school. A high number of people referred to having one or more
chronic disorders (68%). The level of cognitive functioning was high, with a mean value of
MMSE corresponding to 27.7 points. With respect to frailty, the TFI reported a mean value of
4.28 points. Considering the physical variables, the TUG and the OLS tests showed mean times
of 9.8 and 28.1 seconds, respectively. 16% of the participants reported to experiencing at least
one fall in the previous 12-months.

Fallers and non-fallers differed on seven of ten variables. Analysis did not report
statistical differences between fallers and non-fallers for the level of education (p=.06),
cognitive functioning (p=.77), and comorbidities (p=.72). All the other variables resulted in
statistically significant differences between the two categories (see Table 1). In this regard, it is
important to note that fallers were older and had a higher rate of chronic diseases than non-

fallers, specifically for arthritis and cardiovascular diseases. However, the number of concurrent

diseases was not statistically different between fallers and non-fallers. The fallers included-in a
higher percentage of women when-compared to the non-fallers.
[Insert Table 1 about here]
Relationship between mobility, balance, frailty and falls
Controlling for age, gender, presence of chronic diseases, and previous falls, three
logistic regression models were conducted to predict the single effect of mobility, balance and

frailty on the likelihood that participants experience a fall within 12 months (see Table 2).
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The first model (mobility) was statistically significant, y*(5)=29.48, p<.001, indicating
that the predictors as a set reliably distinguish between fallers and non-fallers during the next
12-months. The model explained 22.4% of the variance and correctly classified 82.8% of the
participants. Women were 3.182 times more likely to fall than men, and fallers in the previous
12-months were 3.409 times more than non-fallers. Individuals affected by one or more chronic
diseases were 3.489 times more likely to fall than those without chronic diseases. Age and TUG
time were not significant predictors of falls. The second model (balance) was statistically
significant, %*(5)=29.16, p<.001. The variance was 22.2% and the prediction success overall
was 81.8%. Women were 3.129 times more likely to fall than men, fallers in the previous 12-
months were 3.462 times more than non-fallers, and those with one or more chronic diseases
were 3.523 times more than those without chronic diseases. Age and balance time were not
statistical predictors of falls. The third model (frailty) was also statistically significant,
%*(5)=42.38, p<.001. The model explained 31.2% of the variance, and correctly classified
78.6% of the individuals. Fallers in the previous 12-months were 2.789 times more likely to fall
again than non-fallers, and individuals affected by chronic diseases were 3.404 times more
likely than those without chronic diseases. Increasing frailty was associated significantly with
an increased likelihood of falls (p<.001). Age and gender were not significant predictors of falls.

[Insert Table 2 about here]

Relationship between physical, psychological, social frailty and falls

Logistic regression analyses were performed to compare the single effect of physical,
psychological and social frailty on the likelihood that participants incur a fall within 12-months
(see Table 3). All three models were adjusted for age, gender, presence of chronic diseases, and
previous falls.

All models were all statistically significant (Model 1: y*(5)=41.95, p<.001; model 2:
x*(5)=31.55, p<.001; model 3: %*(5)=30.37, p<.001). Model 1, 2, and 3 explained 30.9%,

24.5%, and 23.0% of the variance, and correctly classified 81.8%, 80.7%, and 80.2% of people,
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respectively. In all models, gender, presence of one or more chronic diseases, and falls in the
previous year were significant predictors of falls, while age was not. In the first model,
increasing physical frailty was associated significantly with an increased likelihood of falls
(p<.001). Similarly, in the second model, psychological frailty was a significant predictor of
falls (p=.041). On the contrary, in the third model, social frailty was not significantly associated
with falls in the next 12-months.
[Insert Table 3 about here]
Discussion

This longitudinal study compared the ability to predict falls for three measures that are
known to be associated with falls in older adults. Two of these are physical tests (the TUG and
the OLS) that investigated mobility and balance, the third (the TFI) is a comprehensive measure
of frailty based on a multidimensional definition. Findings of this study showed that, in general,
history of falls and chronic conditions are the indicators more strongly related with falls over
12-months. Moreover, the TFI is a better 1-year predictor of falls than the TUG and the OLS

tests in a sample of community-dwelling older adults. It is important to focus on the relevance

to include frailty measures in the prediction of future falling. Indeed we found that, excluding

the TFI indicators from the models tested here, the amount of variance accounted by each model

decreased (Table 2 — Model 3: from 31.2% to 21.5%: Table 3 — Model 1, 2. 3: from 30.9%,

24.5%. and 23% for the physical, psychological and social frailty domains to 21.5%).

Our results are consistent with those obtained by Barry et al. (2014) and Lin et al.
(2004) """ who showed limited predictive ability of the TUG and the OLS for risk of falls in
older adults, and Gobbens et al. (2015) ** who reported the significant contribution of the TFI
on risk of falls. These are expected findings, since the TUG and the OLS are single measures of
mobility and balance impairment that are unable to capture all the complex intrinsic and
extrinsic factors leading older adults to fall. As demonstrated in this study, a more
comprehensive measure such as the TFI should be preferred for the identification of older adults

at risk of falling in comparison to single physical measures. In line with our results, Okochi et
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al. (2006) '® found that history of falls and the four frailty-related items (walking speed, use of
walking-aids, back deformation, and medication use) had a strong relationship with risk of falls.
The TFI is based on an integral conceptual definition of frailty consisting of three domains of
frailty — physical, psychological, and social. Each of these can be potentially related to and can
contribute to the prediction of falls. In fact, the close relationship between the different

3 as well the interrelated nature and the mutual

components of human functioning and falls
influences among the three components *° are well known. Specifically, this study reported high
predictive value of the physical and the psychological domains of frailty for falls, while the
social domain of frailty did not result a significant predictor. In this regard, it is important to
notice that the physical TFI does not only measure mobility and balance, but also other
components referring to physical functioning such as poor vision and physical tiredness. It is
possible to hypothesize that the physical TFI is a good predictor of falls because it is
comprehensive of the whole spectrum of physical functions, on the contrary of the TUG and the
OLS. With respect to the social domain, similarly to our results, Gobbens et al. (2015) ** in their
study did not find an association between the social frailty domain and falls. On the contrary,
other studies **’' demonstrated the ability of social frailty to predict adverse events such as
disability and quality of life. Probably, the limited number of items that constitutes this frailty
domain (three items in total) can affect its predictive ability for certain outcomes. Further
studies to better understand the predictive role of social frailty on different outcomes will
certainly be needed.

The main strength of this study is that it was conducted longitudinally. A 12-month
follow-up period was a sufficiently wider time for detecting falls in older adults. Furthermore,
the adoption of a multidimensional and validated frailty tool that includes physical,
psychological, and social components of frailty should be seen as a strength of this study.
However, our results should be interpreted in the context of some limitations. Firstly,

participants were older adults living in a small area of Italy, and the recruitment was not based

on randomization or stratification strategies. Consequently, our findings may not be generalized
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to the entire aged population. Secondly, there is a quite high drop-out rate between the baseline
and the follow-up period leading to a sample size reduction. However, it is noteworthy to
observe that the drop-outs were not statistically different for socio-demographic variables from
the study participants. Finally, the outcome of this study - the number of falls occurred in the
previous 12-months — was measured self-reported. This could have resulted in some loss of
information.

In conclusion, this study showed that a multidimensional assessment of frailty such as
the TFI could be effective for predicting falls in older adults at 12-months. In this study, the TFI
provided better results in terms of falls prediction than single measures of mobility and balance.
Among the three domains of frailty, the physical and the psychological domains showed
satisfying results in terms of fall prediction. Therefore, our findings suggested that the TFI
could be a suitable tool for detecting individuals at risk of falling, probably because it is able to
capture the multifactorial facets that can lead to falls. It is worth noting that the TFI is a user-
friendly, self-report, and cost-saving instrument less stressful than physical measures. As a
consequence, if further studies conducted on a larger and different population will confirm these
results, the TFI could be used in clinical settings to identify older adults at increased risk of

falls.
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Table 1. Baseline characteristics for the whole sample, fallers and non-fallers

Whole sample Fallers Non-fallers
Variable P value *
N=192 n=39 n=153

Age, years, mean (SD) 73.0 (6.2) 74.7 (7.4) 72.5(5.8) .05

Gender, n (%) of female 119 (62) 32 (82) 87 (57) .004

Level of education, n (%)

Primary school, 5 years 53 (28) 17 (44) 36 (24)
Secondary school, 8 years 87 (45) 13 (33) 74 (48) .06
High school diploma, 13 years 36 (19) 5(13) 31 (20)
University degree, 18 years 16 (8) 4 (10) 12 (8)

Chronic diseases, n (%) of Yes 130 (68) 34 (87) 96 (63) .004
Hypertension 85 (44) 21 (54) 64 (42) 208
Diabetes 17.(9) 6(15) 11(7 119
Osteoporosis 16 (8 4(10 12 (8 745
Cardiovascular disease 24 (13) 10 (26) 14 (9) 012

Comorbidities, mean (SD) of

1.6 (.9) 1.7 (.9) 1.6 (.9) 72
chronic diseases

MMSE, mean (SD) 27.7 (2.6) 27.6 (2.7) 27.7(2.6) 77

TFI, mean (SD) 4.28 (2.6) 6.3 (2.5) 3.8(24) <.001
Physical TFI, mean (SD) 1.8 (1.7) 2.6 (2.1) 1.7 (1.6) .028
Psychological TFI, mean (SD) 1.4 (1.0) 1.9 (.9 1.3 (1.0) .004
Social TFI, mean (SD) 1.0 (.9) 1.1(.9) 1.0 (.9) 465

TUG, seconds, mean (SD) 9.8 (3.0) 11.2 (4.2) 9.5 (2.5) .001

OLS, seconds, mean (SD) 28.1 (22.6) 19.6 (20.8)  30.3 (22.6) .008

Any falls (previous 12 months), 30 (16) 13 (33) 17 (11) .001
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n (%) of Yes

T Based on independent t-test for continuous variables and on chi-squared test for categorical variables

©CoO~NOUTA,WNPE

MMSE, Mini Mental State Examination. TFI, Tilburg Frailty Indicator. TUG, Timed Up and Go test. OLS, One Leg

Standing test.
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Table 2. Ability of mobility, balance, and frailty for predicting falls during the 12-month follow-

up
Variable Model 1 - mobility Model 2 - balance Model 3-frailty
OR (95% OR (95%
P value Pvalue OR (95% CI) P value
CI) CI)
1.020 (0.956- 1.025 (0.964- 1.031 (0.970-
Age 551 428 319
1.087) 1,090) 1.096)
Female 3.182 (1.254- 3.129 (1.227- 2.437 (0.927-
.015 .017 071
gender 8.077) 7.982) 6.409)
Chronic 3.489 (1.207 3.523 (1.229 3.404 (1.145 -
.021 .019 .028
diseases —10.084) —10.100) 10.121)
Falls in the
3.409 (1.409- 3.462 (1.421- 2.789 (1.089-
previous .007 .006 .032
8.248) 8.434) 7.139)
year
1.076 (0.949-
TUG 256 - - - -
1.219)
0.990 (0.971-
OLS - - 328 - -
1.010)
1.341 (1.142-
TFI - - - - <.001
1.573)

Notes. OR, odds ratio; CI, confidence intervals

Model 1 used the TUG time, Model 2 used the OLS time, Model 3 used the TFI total score. All the models were

adjusted for age, gender, chronic diseases, and falls in the previous year.

TFIL, Tilburg Frailty Indicator. TUG, Timed Up and Go test. OLS, One Leg Standing test.
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Table 3. Ability of single domains of frailty for predicting falls during the 12-month follow-up

Model 1 — physical Model 2 —
Variable Model 3 — social frailty
frailty psychological frailty
OR (95% OR (95%
P value Pvalue OR95% CI) P value
CI) CI)

1.031 (0.971- 1.045 (0.985- 1.028 (0.969-
Age 315 144 365

1.096) 1.109) 1.090)
Female 2.681 (1.023- 3.277 (1.289- 2.949 (1.153-

.045 .013 .024
gender 7.028) 8.333) 7.541)
Chronic 3.325(1.124 3.786 (1.315 4.024 (1.402 —
.030 .014 .010

diseases —9.830) —10.895) 11.550)
Falls in the

2.909 (1.131- 2.891 (1.168- 3.573 (1.462-
previous .027 .022 .005

7.481) 7.153) 8.730)
year

1.531 (1.210-
TFI phys <.001 - - - -

1.936)

1.553 (1.018-
TFI psych - - .041 - -
2.369)
1.389 (0.897-
TFI social - - - - 141
2.152)

Notes. Model 1 used the physical frailty score, Model 2 used the psychological frailty score, Model 3 used the social

frailty score. All the models were adjusted for age, gender, chronic diseases, and falls in the previous year.

TFI, Tilburg Frailty Indicator
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