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Background: Early detection of falls risk among older adults using simple tools may assist in
fall prevention strategies. The aim of this study was to identify the best parameters associated
with previous falls, either the timed up and go (TUG) test combined with sociodemographic
factors and a self-rated multifactorial questionnaire (SRMQ) on falls risk or the TUG on its own.
Falls risk was determined based on parameters associated with previous falls.

Design: This was a retrospective cohort study.

Setting: The study was conducted in a community setting.

Participants: The participants were 1,086 community-dwelling older adults, with mean age of
69.615.6 years. Participants were categorized into fallers and nonfallers based on their history
of falls in the past 12 months.

Method: Participants’ sociodemographic data was taken, and SRMQ consisting of five falls-
related questions was administered. Participants performed the TUG test twice, and the mean
was taken as the result.

Results: A total of 161 participants were categorized as fallers (14.8%). Multivariate logistic
regression analysis showed that the model (y%(6)=61.0, p<0.001, Nagelkerke R>=0.10) consisting
of the TUG test, sociodemographic factors (gender, cataract/glaucoma and joint pain), as well
as the SRMQ items “previous falls history” (Q1) and “worried of falls” (QS5), was more robust
in terms of falls risk association compared to that with TUG on its own (y*(1)=10.3, p<0.001,
Nagelkerke R*=0.02).

Conclusion: Combination of sociodemographic factors and SRMQ with TUG is more favorable
as an initial falls risk screening tool among community-dwelling older adults. Subsequently,
further comprehensive falls risk assessment may be performed in clinical settings to identify
the specific impairments for effective management.
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Introduction

The number of older adults globally is estimated to double from 12% to 22% in year
2050.! Ofthe 26 million comprising the Malaysian population, 7% are older adults, and
this number is expected to rise up to 15% in 2035.2 Malaysia is projected to achieve
an aging nation status by the year 2020 as the median age will increase to 30.3 years.?
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Multidimensional changes in physiological aspects,
which include both physical and psychological changes,
occur with aging. Generally, reduction in muscle mass and
strength, combined with declined balance and gait changes,
in older adults, leads to detrimental consequences, which
includes falls. This is a prominent burden of disease among
older adults based on disability-adjusted life year (DALY)
in 2013.47

Falls are identified as one of the leading causes of injuries
among older adults, with prevalence of 30%-50% among
older adults aged >65 years.®® The same trend is seen in
our local setting, whereby falls contribute to 47% older
adults attending a primary clinic.!® Falls have devastating
consequences, ranging from injuries of joints and muscles
(38%), fractures (28%) and contusion (27%) to traumatic
brain injuries (1%)."!

As a result, older adults develop fear of falls, and this
leads to physical inactivity and higher risk of frailty-increased
dependency.'>" Older adults are reported to die from falls
every 20 minutes probably due to traumatic brain injuries.'¢
In addition, fall-related injuries are categorized as the 20 most
expensive medical conditions to treat.!” Therefore, prevention
of falls is of utmost importance. Evidence-based practice
guidelines have recommended early screening for falls and
detection.”'® However, easy-to-administer and cost-effective
fall-screening tools are deemed necessary for self- or large-
scale screening.

Various easy approaches are available for identifying fall-
ers among older adults, namely, subjective assessments using
sociodemographic risk factors and questionnaires such as the
self-rated falls risk questionnaire (FRQ), as well as physical
assessment tools that include the timed up and go (TUG)
and gait speed tests.!*2! Sociodemographic factors, such as
gender, previous falls history, medical history and eye prob-
lems, have been reported as independent fall risk factors in
a systematic review.?? On the other hand, self-rated FRQ has
been formally developed for self-screening, based on robust
prospective qualitative study design with an iterative stepwise
approach among community-dwelling older adults.?* In addi-
tion, it has been validated against clinical examinations.*

Moreover, subjective and objective assessments such
as gait speed (which consists of straight walk) are easy and
convenient to perform. In comparison, the TUG test is noted
to be a better tool to determine falls as its test components
include the movements sit to stand, walking and turning and
are related to falls.”* The association between the TUG test
and falls are conflicting. In a review, it was corroborated that
an association between TUG and retrospective falls (past his-

tory of falls) is well established.” However, its association
with prospective falls is unclear.” It is known that limited
number of studies, especially prospective studies (n=4), were
reviewed and half of the reviewed studies were conducted
among in-patients. The period of follow-up was too wide and
ranged from 9 days to 5 years, with varied TUG cutoff values.
It is believed that the TUG test is useful to rule in, but not
rule out, falls.? However, this notion is arguable in terms of
applicability, due to the fact that the TUG test cutoff point
is limited to 13.5 seconds. Nevertheless, prospective studies
are limited, probably due to costing and logistic issues, and
a recent meta-analysis has reported the TUG test as one of
the functional measures useful for the identification of future
falls risks, based on studies with prospective and retrospec-
tive designs.?’

Besides being cost-effective, simple to perform, not
requiring training and relatively quick to administer, TUG
is sensitive and specific in identifying fallers.?*-3° Falls
recall in a past year is also reported to have good sensitivity
(80%—89%) and specificity (90%-95%).3! One of the chal-
lenges in dealing with falls issues is the multifactorial nature
of causes. Moreover, self-administered and multifactorial
falls risk assessments have been recommended in a number
of evidence-based falls practice guidelines.”!®32-35 Most
of the falls assessments are either subjective or objective;
therefore, it is worth examining if a TUG test combined
with identified sociodemographic factors and a self-rated
multifactorial questionnaire (SRMQ) associated with falls
could more accurately identify fallers among community-
dwelling older adults.

The purpose of this study was to identify whether the
TUG test on its own or the TUG test combined with sociode-
mographic factors and an SRMQ is more robust in identifying
falls risk among community-dwelling older adults.

Methods

Participants

A total of 2,324 community-dwelling older adults from
four states that represented central, south, north and east
of Malaysia were recruited based on multistage random
sampling at Wave 1. This study is part of a large-scale
population-based longitudinal study “Towards Useful Age-
ing (TUA)” (Long-term Research Grant Scheme [LRGS]
TUA), which involved three waves with a gap of 18 months.
Further details of methodology are as described in an earlier
report.’ This study was approved by the Medical Research
and Ethics Committee of Universiti Kebangsaan Malaysia
(UKM 1.5.3.5/244/NN-060-2013). Participants were further
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screened for inclusion criteria and included older adults
aged 60 years and above, ambulating independently with or
without walking aids. Written and verbal information was
provided to all participants. Written informed consent forms
were obtained from participants prior to data collection.

Our present study was conducted in Wave 2 of the LRGS
TUA study (November 2014—August 2015), and history of
falls was taken from the LRGS TUA Wave 1 study (Febru-
ary 2012—February 2013) (Figure 1). Older adults who were
unable to comprehend Malay, English, Mandarin or Tamil
languages, as well as those diagnosed with severe hearing
or vision problems and mild cognitive impairment were
excluded. Mild cognitive impairment was categorized based
on studies by Petersen et al,*” as detailed in the study by Sha-
har et al.3* At Wave 2, 1,086 (553 women and 533 men; mean
age: 69.615.6 years) participants met the inclusion criteria.
Participants attended the assessment sessions at community
halls in the districts.

Data collection

In Wave 2, sociodemographic and SRMQ data on falls risk
were obtained from participants via interviews, followed by
TUG test administration. Details of the assessments are as
follows.

Wave 1
LRGS TUA

Falls history
(Past 18 months)

Data

collection Sociodemographic

data

Self-rated fall risk
questionnaire

Wave 2

LRGS TUA Cognitive test

(Lawton IADL,
MMSE, RAVLT,
digit span)

Physical
assessment
“timed up and go”
test.

Figure | Framework of methodology in each wave of LRGS TUA.
Abbreviations: IADL, Instrumental Activities of Daily Living; LRGS TUA, Long-
term Research Grant Scheme “Towards Useful Ageing”; MMSE, Mini Mental State
Examination; RAVLT, Rey Auditory Verbal Learning Test.

Demographic data

A structured interview was administered to obtain the
sociodemographic and clinical data, which include age, gen-
der, race, years of education, self-reported medical conditions
(eg, hypertension, joint pain, incontinence and diabetes) and
medications.

Questionnaire

An adapted, self-rated FRQ was used. FRQ has a strong
agreement with clinical evaluation (kappa =0.88, p<0.0001).?!
The English version was back-translated to Malay language.
It was then tested for intrarater reliability, whereby five out
of 12 items were found to have strong levels of agreement
(kappa >0.70, p<0.001) and seven items had low levels of
agreement. Therefore, only five questions with strong agree-
ment levels were included in this study. Overall scores of
these five items had strong levels of agreement (kappa =0.88,
p<0.001), tested using intraclass correlation coefficient
(ICC). These questions evaluate the presence of risk of falls,
which includes history of previous falls in the past 18 months,
their gait/balance status, fear of falls, muscle weakness and
medications. Participants were interviewed and asked to
answer “Yes” or “No” for these questions. History of falls
for the past 18 months obtained from Wave 1 was used for
Question 1 on “past history of falls”.

Falls information

Information on fall incidents within the past 12 months from
the present Wave 2 of the study was used to categorize partici-
pants into fallers and nonfallers, while fall incidents within the
past 18 months from Wave 1 LRGS TUA data were utilized as
history of falls. These data were obtained from Wave 1 of the
TUA study repository of the same participants and was based
on the following question: “Have you had a fall in the past
18 months?” Falls risk was determined based on parameters
associated with previous falls, as it is a reliable indicator of
future falls.®® A fall was defined to participants as “an event
whereby a person inadvertently comes to rest on ground or a
lower level, excluding intentional change in position to rest
on another object” (World Health Organization [WHO]*).

The TUG test

In the TUG test, the time taken by participants while rising
from an armless chair (46 cm height), for walking 3 m, turn-
ing, walking back and sitting down was taken. The TUG test
was performed twice consecutively, and the average of the
two scores was used for further analyses. Participants were
instructed to walk at a normal pace with or without their
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walking aids. The assessor demonstrated the TUG test once to
the participants prior to the test. During the test, the assessor
walked beside the participant (without touching or support-
ing) to prevent falls. TUG has very high interrater reliability
in community-dwelling older adults (intraclass coefficient of
0.98).%° This test was conducted by a physiotherapist.

Statistical analysis

Sociodemographic data, score of each item in the multifacto-
rial FRQ and the TUG test score were compared between the
faller and nonfaller groups, using the independent #-test or
chi-square test. Variables that were found to be significant in
the univariate test were further analyzed using stepwise multi-
variate regression analysis. Scores for the remaining variables
in stepwise multiple logistic regressions were calculated to
an integer score based on the odds ratios (ORs) from logistic
regression. Finally, receiver operating characteristic curve
(ROC) analysis was conducted to identify the best cutoff score
for the TUG test among the participants in our study, with
maximum sensitivity and specificity, using the Youden Index.
Similarly, the best cutoff for the total points score was deter-

mined using the Youden Index. Area under the curve (AUC)
from ROC analysis was compared to identify the model that
had better association with falls risk. Difference of 20.025 in
the AUC is clinically relevant.** All statistical analyses were
performed using Statistical Package for the Social Sciences
(SPSS), version 23 (IBM Corp, Armonk, NY, USA).

Results

Table 1 depicts the characteristics of the participants. A total
of 161 (14.8%) out of 1,086 participants were categorized as
fallers based on past history of falls at 12 months. Most of the
fallers (63.4%) comprised women. Age, body mass index and
most of the self-reported medical histories, sum of diseases
and number of medications appeared to have no difference
between the faller and nonfaller groups. Only gender, joint
pain and cataract/glaucoma were found to be significantly
different between the groups (p<0.05). The TUG test was
categorized using cutoff point of 11.18 seconds (AUC:
0.6, sensitivity: 0.5 and specificity: 0.6), as obtained using
ROC analysis, and it was shown to be significantly different
between faller and nonfaller groups.

Table | Characteristics of participants and differences between fallers and nonfallers

Potential predictor Fallers Nonfallers p-value Total
variables (n=161, 14.8%) (n=925, 58.2%) (N=1,086)
Mean (xSD) Mean (xSD) Mean (SD)
Age, years 69.9(6.0) 69.5(£5.5) 0.45 69.6(£5.6)
Body Mass Index, kg/m? 25.2(14.7) 25.1(x4.5) 0.80 25.1(x4.5)
Sum of disease 2(x1) 2(x1) 0.05° 2(£l)
Years of education 5.4(£3.8) 5.6(+4.0) 0.5 5.5 (+4.0)
TUG, seconds 12.1(+2.8) 1.3 (£2.4) 0.002° I1.4 (£2.5)
n % n % p-value n %

Gender

Men 59 36.6 474 51.2 0.01* 533 49.1

Women 102 634 451 48.8 553 50.9
High Cholesterol 74 46.0 358 387 0.08 432 39.8
Hypertension 78 41.4 453 49.0 0.90° 531 48.9
Diabetes 41 25.5 237 25.6 0.97 278 25.6
Heart Disease 12 7.5 77 83 0.71* 89 82
Asthma 9 5.6 59 6.4 0.70* 68 6.3
Cataract/Glaucoma 32 19.9 96 10.4 0.012 128 1.8
Gout 12 75 43 4.6 0.132 55 5.1
Joint Pain 6l 379 211 228 <0.0012 272 25.0
Incontinence 14 8.7 94 10.2 0.132 108 9.9
Vision Hearing 13 8.1 75 8.1 0.26* 88 8.1
Number of medication

<3 152 94.4 867 93.7 0.74 1019 93.8

>4 9 5.6 58 6.3 67 6.3
TUG, seconds

<Il.18 63 39.1 488 528 0.002* 551 50.7

>|1.18 98 60.9 437 472 535 49.3

Notes: “Fallers” had falls over the past 12mths; “Nonfallers” had no history of falls for the past 12 months. *Chi Square test; *Student t-test.

Abbreviation: TUG, timed up and go test.
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Table 2 Scores of fallers and nonfallers on multifactorial falls risk questionnaire

Item Fallers (n=161, 14.8%) Nonfallers (n=925, 58.2%)  Odds ratio p-value
N 9% n 9% (95% ClI)
QI Had a fall (past 18 months) 46 28.6 153 16.2 2.02 (1.38-2.96) <0.001*
Q3 Felt unsteadiness on walking 59 36.6 203 219 2.06 (1.44-2.94) <0.001°
Q5 Worried of falling 75 46.6 251 27.1 2.34(1.66-3.30) <0.001*
Q7 Trouble stepping up curb 46 28.6 172 18.6 1.75 (1.20-2.56)  0.004*
Q10 Had lightheadedness and tiredness because 18 11.2 73 79 1.47 (0.85-2.54) 0.17*
of medication
Note: *Chi-square test.
Table 3 Predictor coefficients for falls predicting model
Model Item B SE Odds Ratio (95 % CI) Points
. TUG
x2 (df=1 , N=1,086)=10.25, Constant -205 0.3 0.19
p<0.001, Nagelkerke R*=0.02
TUG 0.55 0.17 1.74 (1.23-2.45) 2
(=11.18seconds)
AUC 0.57 0.006  (0.52-0.62)
2. TUG + Gender+ Cataract/Glaucoma+ JointPain+Q 1+Q5:
x2 (df=6 , N=1,086 ),=60.95, Constant 277  0.19 0.06
p<0.001,
Nagelkerke R*=0.10 TUG 0.31 0.18 1.36 (0.95-1.95) |
(=11.18seconds)
Gender(Woman) 0.41 0.18 1.50 ([1.05-2.16) 2
Cataract/Glaucoma 0.67 0.23 1.99 ([1.26-3.14) 2
Joint Pain 0.55 0.19 1.74 (1.20-2.51) 2
Ql 0.64 0.20 1.90 (1.27-2.82) 2
Q5 0.60 0.19 1.81 (1.26-2.61) 2
AUC 0.68 0.02 (0.63—0.73)

Notes: B: regression coefficient. Points are rounded number of odds ratio scores for falls predicting model. Q1: Previous falls history; Q5: worried of falling.
Abbreviations: SE, standard error; AUC, area under the curve; TUG, timed up and go test.

Multifactorial FRQ data (Table 2) showed that most of the
participants categorized as fallers had history of falls (Q1 OR:
2.02,95% CI: 1.38-2.96), felt unsteadiness on walking (Q3
OR: 2.06, 95% CI: 1.44-2.94), were worried of falling (Q5
OR: 2.34, 95% CI: 1.66-3.30) and had trouble on stepping
up curbs (Q7 OR: 1.75, 95% CI: 1.20-2.56), significantly
(p<0.05) more than the nonfaller group.

Table 3 presents the results of logistic regression analysis
on identifying falls risk factors using TUG alone, as Model 1,
and TUG with sociodemographic data and SRMQ on falls
risk as Model 2. In total, eight variables that were significant
in the univariate test (Tables 1 and 2), comprising the TUG,
gender, cataract/glaucoma and joint pain and four items from
the SRMQ, namely, Q1, Q3, Q5 and Q7, were entered into
stepwise backward logistic regression analysis. The AUC of
Model 2, which comprised TUG, gender, cataract, joint pain,
Q1 and Q5, was 0.68 and had better association with falls
risk compared to that of Model 1 (AUC =0.57). Improvement
of AUC in Model 2 by 0.11 (=0.025) is considered clinically
important.* Thus, Model 2 is deemed more robust for screen-
ing falls compared to Model 1.

To facilitate the use of the present model in a community
or in clinical practice for falls risk identification, the OR scores
were rounded to the nearest integer, as shown in Table 3. The
total score ranged from zero, without any risk factor, to 11,
with all the risk factors present. Best cutoff of total falls risk
score to designate a faller was =5, with 74% specificity.

Discussion

In this large population based study including 1,086 par-
ticipants, we examined if the TUG test on its own or when
combined with multifactorial falls questions and certain
sociodemographic data can identify fallers better among
community-dwelling older adults. Using multivariate logistic
regression test, we identified six risk factors that were sig-
nificantly associated with falls among community-dwelling
older adults, which include the TUG test, gender, cataract/
glaucoma, joint pain, Q1 (history of falls) and Q5 (worry-
ing of falls). To the best of authors’ knowledge, this is the
first study to propose simple combined falls assessment
tools consisting of TUG test, sociodemographic data and a
multifactorial questionnaire.
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Our study results showed that 15% of the community-
dwelling older adults had experienced a fall. This lies within
the range of falls prevalence (13%—27%) reported by previous
studies'* that were conducted among community-dwelling
older adults in our local settings. However, these figures are
much lower compared to falls in other settings, namely, clin-
ics and residential institutions, which range from 33% to 47%
and show a prevalence of 89%.!%4°* In terms of global data,
falls frequency of 28%—-35% have been reported in several
countries, with about 14%-15% in India and China.33#44
Difference in falls definition and sociodemographic profiles
could have probably yielded the variation in number of falls
prevalence across countries.>*46

Findings of our present study showed that a higher score
of TUG test was associated with higher risk of falls and this
is consistent with findings from previous studies.'*”* TUG
is known to assess gait, mobility, lower extremity function,
dynamic balance and agility in older adults.>**! Moreover,
activities found to be associated with falls, such as walking
forward, standing, stand-to-sit motion, initiation of walking
and sit-to-stand motion are TUG test components.?*

TUG test cutoff point for falls assessment in our study
was 11.18 seconds, and this is approximately similar to
recent study results among 259 British community-dwelling
older adults.” However, this TUG cutoff point is much lower
than the 13.5 seconds that was proposed in an earlier study
conducted among 30 community-dwelling older adults in
Seattle.*® The plausible explanation for these differences
could be due to the manner in which falls were defined in the
study.®® In the study by Shumway-Cook and Brauer,*® older
adults with history of two or more falls were considered as
fallers, whereas those with a history of single or more falls
were categorized as fallers in our study. Poorer physical
performance is possible among older adults with recurrent
falling. The sensitivity and specificity of TUG, at 50% and
60%, respectively, in our study might be low. However, it
will be useful to identify older adults with falls risk early for
further comprehensive assessment and management through
such screenings.*

Among the personal profile risk factors, only gender,
vision impairment (cataract or glaucoma) and joint pain
remained as significant risk factors for falls. Women had
higher risk of falls. This finding that women are at higher
risks for falls is consistent with previous retrospective and
prospective design studies.**>* This could be explained by
the hormone-associated changes that result in weakness of
bone and muscle, in relation to menopause-related issues in
women.> Vision acts as a sensory mechanism in the mainte-
nance of balance.> Similar to our findings, in a retrospective

design study by Lamoreux et al,’” among 3,280 Malay adults,
visual impairment was reported to increase risk of falls by
two- to fourfolds.

Association of joint pain and falls is inconsistent, and
in a recent meta-analysis by Stubbs et al,*® it was found that
pain increases risk of falls by 43% and 71%, respectively, in
studies that measured falls retrospectively and prospectively.
Association of pain and falls can be explained considering
the musculoskeletal system, such as joint pathology or neu-
romuscular effects following pain, and the nervous system.>

One of the strengths of this model is that it included
multifactorial falls risk with both modifiable and nonmodi-
fiable biological behavioral falls risk factors. This is in line
with the recommendation of national falls prevention guide-
lines.”'®* Moreover, in a recent review, it was concluded that
cumulative evidence-based assessments were clinically more
beneficial falls risk determinants compared to a single test on
its own.?” Secondly, the association strength of our falls risk
screening model (AUC: 0.68) does not differ much compared
to a previous study related to falls screening model, which
incorporated the physical one leg balance test along with
other factors (AUC: 0.70).%° It is noteworthy that the one leg
balance test may be inappropriate for older adults as it has
been reported to have the highest recorded rates of refusal
and inability to perform.® TUG may be more appropriate as
it measures functional balance in relation to nature of falls,
which occurs mostly in dynamic motion.? Lastly, extra data in
addition to TUG are subjective in nature and can be obtained
without difficulty.

The limitation of our study is that older adults with falls
were determined based on retrospective falls information.
However, falls data generally rely on self-reported informa-
tion, and the recall period of 12 months for falls history has
the least error.®! Prospective falls incidence data would have
been preferable, but, it is costly, laborious and time con-
suming. Moreover, comparison of falls classification using
retrospective and prospective designs is found to have good
agreement with Bland and Altman limits of agreement of
—4.7 to 5.2 (indicating that the two methods do not differ in
more than five falls; agreed for 83%, x=0.6481, indicative
of good agreement).’! This justifies the use of retrospective
falls data in our study. Potential recall bias was minimized
through exclusion of older adults with mild cognitive impair-
ment. The strength of this study is that it is a large-scale
study on multifactorial falls risk assessments with inclusion
of physical performance tests conducted using multistage
random-sampling methods.

Association between risk factors and falls in isolation
are well known. However, information on the association
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between falls risk with combined risk factors are limited.
Our study established a simple falls assessment tool that
consists of combined falls risk factors, including physical
performance (TUG test), sociodemographic factors and a
multifactorial questionnaire. We believe that the model is
easy and economical to be used for initial falls screening
among older adults in community settings. Future studies are
required to validate our falls prediction model with actual
falls incidence in a prospective study design.

Conclusion

Based on our study results, the combined model comprising
sociodemographic factors, falls-related SRMQ along with
TUG is more favorable as an initial falls risk screening tool
among community-dwelling older adults. It is hoped that this
model will enable clinicians to identify older adults at risk of
falls earlier, leading to further assessment, early prevention
and management.
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