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Abstract

Fall screening tools aim to accurately identify the high fall risk individuals. To increase ease of administration and
cost-effectiveness many studies focus on question-based tools. The purpose of this systematic review was to
identify question-based tools for fall risk assessment in community-dwelling older adults over the age of 60 and
the risk factors that are covered by these tools. The PRISMA guidelines were followed. A literature search was
conducted in PubMed/MEDLINE, Web of Science and Google Scholar. Data quality assessment was performed with
the Ottawa—-Newcastle scale. The results identified 20 studies that used 22 question-based tools to assess fall risk.
The number of questions per tool varied from 1 to 41 questions. Data quality varied greatly, with values 3-9 for
cohort and 2-7 for cross-sectional studies. The most commonly reported fall risk factors were fall history, feeling
of unsteadiness, fear of falling, muscle strength, gait limitation and incontinence. Healthcare providers should use
the above tools with caution regarding the limitations of each tool. Further studies should be designed to address
individuals with high fall risk, such as individuals with cognitive impairment, as they are under-represented or
excluded from most of the existing studies.
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Introduction Numerous fall risk factors for community-dwelling older
adults have been identified and they generally fall into two
broad categories: intrinsic factors that include factors like
advanced age, fall history, balance and gait problems, vision

Falls have become a major public health issue nowadays.
According to the Centers for Disease Control and Prevention
(CDC), 1 in 3 older adults report a fall, 3 million older
adults are treated for fall injuries every year and more
than 300,000 older individuals are hospitalized for hip
fractures'=. Falls also represent a major socio-economic
issue, as it is estimated that in the U.S. alone the medical fall-
related economic burden for older adults is about 50 billion
dollars for non-fatal fall injuries and 754 million dollars for
fatal falls®. Similarly, data from the UK indicate that around
2.3 billion GBP per year are spent on fall-related injuries in
individuals over 65 years of age®.
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impairment, chronic disease and extrinsic factors that
include mostly environmental factors like uneven surfaces,
poor lighting, home hazards and footwear®. It is, also, well-
established the fact that the accumulation of multiple risk
factors increases the fall risk”.

Fall screening tools for older adults living in the
community aim to accurately identify the high fall risk
individuals and subsequently apply appropriate intervention
strategies to reduce the incidence of falls and the adverse
sequelae that follow for both the individuals and the society.
Current clinical practice guidelines on fall assessment
worldwide recommend a combination of questionnaires
and performance-based tools to address the multi-
factorial nature of fall risk factors®>®°, However, meticulous
assessment with the use of many tools is time-consuming
and requires trained personnel to administer and interpret
the tests, which is not always feasible. To overcome this,
many studies focus on the development of question-
based tools that can be easily administered and make the
screening process cost-effective. Such questionnaires are
already embedded in current fall assessment algorithms,
like the Stay Independent questionnaire administered
by the Stopping Elderly Accidents, Deaths, and Injuries
(STEADI) initiative of the CDC'°. However, a gold standard
questionnaire has yet to be established and current
guestionnaires vary greatly as to their length and risk
factor selection for inclusion''.

The purpose of this study was to perform a systematic
review of current literature to identify question-based tools
for fall risk assessment in community-dwelling older adults
and the risk factors that are covered by these tools.

Methods

A literature search was conducted in Pubmed/MEDLINE,
Web of Science and Google Scholar on September 1t 2022.
An update search was performed on December 15t2022. The
PRISMA guidelines of 2020 for reporting systematic reviews
were followed'2. The PICO method was used as follows'3;
Population: community-dwelling older adults over 60 years
of age, Intervention: question-based tools evaluating fall
risk, Comparison: none, Outcome: fall risk identification. The
present review was registered in PROSPERO (Registration
ID: CRD42023389873).

As search keywords for Pubmed/MEDLINE the following
terms were used: “Accidental Falls”, and “Aged”, and “Risk”,
and “Independent Living”, and “Mass Screening” or “Surveys
and Questionnaires”. Keywords were adapted accordingly to
the other databases. The references of the articles identified
through the search were also addressed for relevant
information.

The inclusion criteria were: a) prospective, retrospective
and cross-sectional studies, b) studies that included only
question-based tools to evaluate fall risk, c) age of the
participants =60 years old, d) year of publication within the
last ten years (2012-2022). The exclusion criteria were:
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a) study protocols, systematic/scoping/literature reviews
and meta-analyses, b) non-English studies, c) studies without
available full text.

Literature search and data extraction were performed
by two independent reviewers (C.A. and Y.D.) based on the
aforementionedcriteria. Incase of disagreement, aconsensus
was reached with the help of a third reviewer (E.C.). For
data extraction, we decided to include as many parameters
as possible regarding each study’s design, psychometric
properties and risk factors assessed. More specifically, a
Microsoft Excel spreadsheet was created with study design
data (type of study, tool name, number of questions, type
of questions), the participants’ characteristics (age, gender),
psychometric properties of the tools (area under the curve
- AUC, sensitivity, specificity, Cronbach’s a coefficient,
intraclass correlation coefficient - ICC, correlation with other
tools) and the risk factors included in each tool.

Data quality assessment was performed with the
Newcastle-Ottawa scale (NOS) for cohort studies and the
adaptation for cross-sectional studies'#'5. NOS is a widely
used risk of bias assessment tool, validated and easy to
perform. For the NOS administration, two reviewers (C.A.
and Y.D.) independently assessed the risk of bias. In cases of
disagreement, a consensus was reached with discussion and
with the help of a third reviewer (E.C.).

Results

The literature search identified 1,531 studies. Of
those, 264 were excluded as duplicates and 84 as studies
published before 2012. The remaining 1,183 articles were
screened and 953 were excluded based on their title and
abstract. Of the remaining 230 studies, 3 were excluded as
they were not written in English, 108 as they were reviews
and meta-analyses and 103 as they included performance-
based instruments. 10 studies were added as a result of
citation searching and 6 were excluded as they were also
based on performance tests. A total of 20 studies and 22
question-based tools were included in the review. Figure 1 is
the PRISMA flow diagram of the review.

Study design results

The study design was cross-sectional in 8 studies'®2,
retrospective in 124, prospective in 102534 (with a follow-
up period from 3 months to 3 years) and both retro- and
prospective in 1 study3®. Overall, the majority of the
participants of the included studies were females with a
percentage ranging from 45% to 84%. The number of
questions per tool varied from 1 to 41 questions, as well
as the type of the answers with 9 tools answered as yes/
n018.19.21.24.32.33,35, 5 as 4-p0int Scalels,20,22.29’ 2 as I ]_point
scale?®3!, 1 as dichotomous?3, 1 as multiple choice questions
(MCQs)?> and 6 as mixed answering systems'7:26:30:33:34
Table 1 provides a detailed overview of the characteristics of
the included studies.
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Identification of new studies via databases and registers

Identification of new studies via other methods

H Records identified from:
= Databases (n = 3): Records removed before screening: 5 s y
8 Pubmed/MEDLINE (n = 1185) Duplicate records (n = 264) c'::;;’;d:e‘:;'r‘"i‘:ed(:‘_”;‘é)
= Web of Science (n= 331) Records removed for otherreasons (n = 84) b=
3 Google Scholar (n = 15)
Records screened e Records excluded
(n=1,183) (n =953)
A v
g’ Reports sought for refrieval = Reports not retrieved Reporis sought for refrieval ) Reports not refrieved
§ (n=230) o (n=0) (n=10) (n=0)
£
(%]
Reports excluded:
T Non-english studies (n = 3) TEE Reports excluded:
Reports as(s:s_sggg;)rehglbnny B Reviews and meta-analysis (n= 108) RGES ass(e:\Sfe‘(:))for Sy — Studies including performance-based
= Studies including performance-based = tools (n = 6)
tools (n= 103)
A
§ New studies included in review
e (n=20) i
o
=
Figure 1. PRISMA flow diagram of the review.
Psychometric properties results Fall risk factors

Validity measures (AUC, sensitivity, specificity) were reported in 10
studies'822:25-27.3032:35  reljability measures (ICC and Cronbach’s a) in 7'6:19-23:32
and correlation coefficient in 3'%2°22_ One study reported only the content validity
coefficient'” and one only the incident rate ratio between fallers and non-fallers3'.
Table 2 presents the reliability and validity of the tools included in the review.
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The fall risk factors assessed by the tools of the included studies were recorded and
summarized in Table 3 and Figure 2. Figure 2 also depicts the overall percentage of
each of the 34 risk factor’s appearance in the tools. Risk factors that contributed with
a percentage of more than 30% in the tools (fall history, balance disturbance/feeling
of unsteadiness, fear of falling, muscle strength/physical function, gait limitation/
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Table 1. Overview of question-based tools assessing fall risk included in the review.

Tool name

Scripted Fall Risk o .
Screening Tool (FRST) FEleg&sel, 201

Modified Suzuki's
fall assessment
Questionnaire (FRAS)

Hirase et al, 2014

Questionnaire from

25
NHATS study Gadkaree et al, 2015

Frailty Index (F1)

NA, Online Obrist et al, 201677
estionna
Cleary etat 2017

Setf-reported Donoghue et al, 20172
unsteadiness

i Eckstrom et al, 201724
tions)

Online Assessment
Instrument for Elderly
Falls (IAQI)

FRRISque Chini et al, 2019'@

Loonlawong et al,
2019'

Chinese HomeFAST Lai et al, 202032
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Kojima et al, 20152°

Silveira et al, 2018'"

Thai-modified STEADI

Tool developer* Tool name

Modified Fall Risk Screening
Tool (FRST)

Modified Suzuki's fall
assessment Questionnaire
(FRAS)

Suzuki et al.*®

Questionnaire from NHATS
study

Mitnitski et al.4' Frailty Index (F1)

NA, Online Questionnaire

Powel and Meyers* ABC

Self-reported unsteadiness

3-STEADI (3 key questions)

NA
Online Assessment

Instrument for Elderly Falls
(IAQI)

FRRISque

Rubenstein et al.>® Thai-modified STEADI

Mackenzie et al.>” Chinese HomeFAST

No of
questions

23

40

36

12 (original)
and 18 (Thai-
modified)

20

Type of
answers

4-point scale

Yes/no

MCQ

Dichotomous
and 3-point
scale

NA

11-point scale

4-point scale

Yes/no

Yes/no and
3-point scale

6 MCQs, 8 yes/
no

Yes/no

Yes/no

Yes/no

Participants

7609

248

134

45

1621

405

772

24

854

480

210

Type of study

Cross-sectional

Retrospective

Prospective
(3-months)

Prospective
(12-months)

Prospective
(24-weeks)

Prospective
(6-months)

Prospective
(6-months)

Prospective (2-years)

Retrospective

Prospective
(12-months)

Cross-sectional

Cross-sectional

Cross-sectional

Prospective
(6-months)

NA (age > 65 years)
76.5+ 7 (65-95)
81.6 +6.2 (66-92)
65-69=27.9%
70-74=25%
75-79=19.1%
80-84=147%

85-89=9.1%
90+=4.3%

729=+6.1

69.3 +5.6 (NA)

83.2+6.3(67-94)

71.2+5.2(65-93)

73.1

80.7 +0.1
(median + SD)

NA (age > 60 years)

60-69 =43.4%

70-79=39.7%

80-89 = 14.8%
>90=2.1%

72.8+6.64(65-90)

71.45+6.38(66-81)

Gender of

participants

(%
females)

NA
67.8%

82.4%

56.6%

63.7%

45%
68.9%
51.6%
64.2%

62.5%

NA

57.6%

52%

50%
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Table 1. (Cont. from previous page).

Tool name Tool name

Tool developer*

Persian Fall Risk Tabatabaei et al, Feilding et al, Persian Fall Risk Screening
Screening Tool (FRST) 2020%° 2013'® Tool (FRST)

MEES (modified falls Yang et al, 2020°" Hil et a].4 MFES (modified falls efficacy
efficacy scale) scale)

Brazil HomeFAST
LRMS

Mackenzie et al.>”

Brazil HomeFAST Ferreira et al, 202 12!
LRMS Argyrou et al, 202222

EADI (3 key
guestions)

Stay Independent

Eckstrom et al,

501724 3-STEADI (3 key questions)

Rubenstein et al.** Stay Independent

AGS/BGS AGS/BGS Panel* AGS/BGS
Burns et al, 202233
Short FES-I Kempen et al.*° Short FES-|

Fell in the past year

Falleninthe past 12
nths
Machine learning

Fell in the past year

Fallen in the past 12 months

lkeda et al, 202234 Machine learning

FRSAS (Fall Risk Self

Gender of
No of Type of .. participants
e e answers Participants Type of study %
females)
23 4-point scale 537 Cross-sectional 67.18+6.93 57.1%
14 11-point scale 47 Prospective 78.9+ 5.5 (70-93) 74.5%
(12-months)
20 Yes/no 50 Cross-sectional 73.2+58 84%
11 4-point scale 173 Cross-sectional 72.3+6.3(60-91) 69.4%
3 Yes/no
12 Yes/no
3 Yes/no and E " 65-74=68.2%
number of falls 1563 Lo 75-84=26.5% 52.5%
(12-months) g
7 4-point scale >85=5.3%
1 Yes/no
1 number of falls
Yes/no and . 72.8 5.5 (non-fallers) ®
14 MCQs 61883 Prospective (3-years) 75.4+ 6.1 (fallers) 53.72%
41 Dichotomous 222 Cross-sectional 73.84 + 7.46 (65-90) 63.06%

Wang et al, 20222

FRSAS (Fall Risk Self
Assessment Scale)

Assessment Scale)

Age presented as mean + SD (range), unless stated otherwise. * in cases that the developer of the original tool is different from the authors of the study.

use of walking device and frequent urination/incontinence) are depicted separately
in Figure 3. The studies that were included in the review are presented in the tables
chronologically based on their publication year and alphabetically for studies published
within the same year.

Risk of bias assessment

The risk of bias assessment indicated that the included studies varied greatly,
with values 3-9 for cohort and 2-7 for cross-sectional studies, as shown in Table 4.
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Overall, 10 out of 20 studies were characterized as high risk of bias, 4 as medium risk
and 5 as low risk of bias.

Adaptations of previously reported instruments

Fielding et al.'® in 2013 tested the reliability of the scripted Fall Risk Screening
Tool (FRST) in a cross-sectional study of 111 participants. In 2020, Tabatabaei et
al.?° translated and evaluated the Persian version of the FRST and found it to have a
significant correlation of the Timed-Up and Go (TUG) test.

JFSF
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Scripted Fall Risk Screening Tool Feilding et al,
(FRST) 2013'e
Modified Suzuki's fall )
. . Hirase et al,
assessment Questionnaire 2014%
(FRAS)
Questionnaire from NHATS study Gadkaree et al,
2015%
. Kojima et al,
Frailty Index (FI) 20152
. . . Obrist et al,
NA, Online Questionnaire 201627
Cleary et at,
20 1 728

Self-reported unsteadiness 20172

3-STEADI (3 key questions) vs
Stay Independent

Eckstrom et al,
201723

Rodriguez et al,

Online Assessment Instrument Silveira et al,

for Elderly Falls (IAQI) 20187
Chini et al,

FRRISque 501918

Loonlawong et

Thai-modified STEADI al 201919

Lai et al,

Chinese HomeFAST >020%

Tabatabaei et
al, 2020%°

Persian Fall Risk Screening Tool
(FRST)

Donoghue et al,

0.73
(0.62,0.83) for
the 7 factors

Any fall
0.69 (95% Cl
=[0.67,0.71])
Recurrent falls

0.77 (95% Cl =
[0.74,0.79])

0.62 (95 %
CI[0.53,0.71D)

0.67 (95% Cl =
[0.54,0.81]

**0.981
(SE=0.021)

0.74(95% Cl =
[0.66.0.82])

Table 2. Validity and reliability of the questionnaires included in the review.

84%

31.6%

100%**

70%

91.3%

83%

0.869
68%
85.9%
0.973*
0.746** (Stay
O k%
SR Independent)
72%
73.4%
0.78(12 and 18-
[tem)
96% 0.94
0.73

0.830 (inter-rater)

OR=3.04.(95%Cl=
[1.53.6.02])

0.879* (95% Cl =[0.779, B
0.934]) (test-retest) OR=0.95

IRR=1.53(0.93, 2.49)

95% of high-risk (with 12-Item
Stay Independent) were identified
with 3-STEADI

CVC=0.76 (clarity),
CVC =0.82 (content)

r=0.330(TUG), r =
-0.499 (BBS) - 12-ltem

r=0.358(TUG), r =
-0.484 (BBS) - 18-ltem

0.95 (12-Item)
0.91 (18-ltem)

0.89 (95% C.I. =[0.84,

0.93]) (inter-rater) 0.88

(95% C.I. =[0.90, 0.94])
(test-retest)

r=0.122 (TUG) CVI=0.87
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Table 2. (Cont. from previous page).

Tool name
MFES (modified falls efficacy Yang et al,
scale) 2020

: Ferreira et al,
Brazil HomeFAST 202121

Argyrouetal,  0.930(95% Cl= o o
20222 [0.88,0.98]) 93% 1%

3-STEADI (3 key questions) 68.7% 57.9%
Stay Independ 55.7% 75.9%
AGS/BGS Burns et al, 60.1% 66.4%
Short FES-| 2022 22.5% 89.4%
Fell in the past year 40.3% 86.2%
Fallen in the past 1 hs 45.3% 83.4%

: . lkeda et al, _
Machine learning 50223 0.88 (SD=0.02)
FRSAS (Fall Risk Self Wang et al,
Assessment Scale) 202223

0.95%**

0.807

0.757

0.93 (test-retest)*** IRR=0.96
0.83 (95%
CI'=[0.70,0.90]) (inter-
rater) 0.85 (95%
Cl=[0.74,0.91]) (intra-rater)
r=0.831(TUG), r=
-0.820 FES-|,r=-0.812
0.991 (test-retest) (Tinetti balance), r =
-0.789 (Tinetti gait), r =
-0.562 (GDS-15)
OR=3(95%Cl=[2.3,4.1])
OR=3.9(95%Cl=[2.9, 5.3])
OR=3(95%Cl=[2.2, 4]
OR=2.5(95%Cl=[1.6,3.8])
OR=4.2(95%Cl=[3.1,5.8])
OR=4.2(95%Cl=[3,5.7])
0.967 (test-retest)

AUC = area under the receiver operating characteristic curve, ICC = intraclass correlation coefficient, a = Cronbach’s alpha coefficient, r = Spearman’s correlation coefficient, Cl = confidence interval, IRR = incident rate ratio, OR = odds
ratio, CVC = content validity coefficient, CVI = content validity index. *from Cleary et al.**; **from Rubenstein et al.>%: ***from Hill et al.**

Hirase et al.*>in 20 14 used amodified Japanese fall risk assessment tool developed
by Suzuki et al. in 20003, The authors identified 7 of the 15 questions of the original
Suzuki questionnaire that were related to physical function in a retrospective study,
based on the correlation of the questions with the TUG and the chair standing test,
and then monitored the occurrence of a fall over a 3-month follow-up. They reported
an AUC of 0.73 (95% Cl= [0.62-0.83)), sensitivity of 84% and specificity of 68%
in fall detection.

Lai et al.>2 and Ferreira et al.?!, validated the use of the HomeFAST tool for
community-dwelling older adults in China and Brazil respectively. The HomeFAST is
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a self-reporting screening tool which was originally reported by Mackenzie et al.>” to
assess home hazards in fall risk.

Fall risk tools from large national longitudinal studies

In 2015, Gadkaree et al.?®> used data from the National Health and Aging Trends
Study (NHATS) to compare a simple question-based model with performance-based
tests in fall prediction. The study was comprised of 7609 participants followed up
for a period of 1-year. They concluded that a simple model comprising of questions
on age, race, gender, fall history and self-reported balance issues can predict

JFSF
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80

MFES
Frailty Index (FI)

70

lkeda's machine learning algorithm
Donoghue's unsteadiness Questionnaire

FRRISque

o 1

W AGS/BGS
M Short FES-I

Fallenin the past 12 months

W Fellin the past year
W FRSAS
W FRST (Fall Risk Sreening Tool)

B HomeFAST
mAQl
W ABC-16

M 2-question tool
M Questionnaire from NHATS study

M Obrist's online Questionnaire
M Thai-modified STEADI
W Stay Independent (12-STEADI)

M 3 key questions (3-STEADI)
M FRAS (Modified Suzuki's Questionnaire)
M LRMS

Figure 2. Fall risk factors and overall percentage of each factor assessed by the tools of the included studies.

falls (AUC=0.69, 95% C.1.=[0.67, 0.71]) and fall recurrence (AUC=0.77, 95%
CI=[0.74,0.79)).

Balance impairment was the objective of the study by Donoghue et al.?°. They
assessed self-reported unsteadiness with a 4-point scale and a 2-year follow-up and
they concluded that unsteadiness is an independent risk factor for recurrent falls,
fear of falls and activity restriction. Their study was conducted as a part of the Irish
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Longitudinal Study on Ageing (TILDA).

The CDC has implemented the STEADI quidelines for the identification and
management of fall risk®. Part of the STEADI protocol is the 12-item questionnaire
(Stay Independent) that was previously validated by Rubenstein et al. in 201138,
Eckstrom et al.?* compared the Stay Independent questionnaire with a shortened
version, the 3-key questions and reported a 95% agreement between the 2 tools

JFSF
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Table 3. Risk factors of question-based tools assessing fall risk.

Donoghue’s unsteadiness Questionnaire

FRAS (Modified Suzuki’s Questionnaire)
Ikeda’s machine learning algorithm

LRMS
HomeFAST
Short FES-I
Frailty Index (F1)

lall 2-question tool

il FRSAS

il Fell in the past year

il Fallen in the past 12 months
a8l FRRISque

pas

Fall History

oAl Questionnaire from NHATS study
oAl Scripted FRST

oIl AGS/BGS

>

Balance/feel unsteady

aBRaNIEAN 3 key questions (3-STEADI)

Fear of falling

X X X X

Gait limitation/use of walking device

< X X X X

Muscle stength/physical function

SRR NENEIIEAN Obrist’s online Questionnaire

Frequent urination/ incontinence

ol RE R NIE NIl Stay Independent (12-STEADI)

Dizziness

<X X X X X X

Vision impairment

X X X X X X X X X

Polypharmacy

Depression/sadness

XX X X X X X X X X X R b

Lower limb pain

<X X X X X

>
(@]
D
X X X X X X X X

Home hazards X

>
>
>

History of hospitalization

Hearing impairment X X

Footwear X X X

Neurological Disease X X X
Social interaction

Home adaptations X X

Confidence during daily activities X X

pas
pas

Diabetes mellitus
Gender X

Ethnicity

Perceived possibility of future fall

Weight loss X
History of stroke X

Arterial Hypertension

Heart Disease

Self-rated health

Eating difficulties/remaining teeth

Sense of coherence

Frailty X

X > =
X
= D
c
3 0
o] @
o ),
g g
) 5
<N
o
o
>
>
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M Fall History

M Balance disturbance/feel unsteady
W Fear of falling

W Muscle stength/physical function

M Gait limitation/use of walking device

W Frequenturination/incontinence

Figure 3. Risk factors that contributed overall to a percentage more that 30% by the identified tools.

Table 4. Risk of bias assessment with the Ottawa—Newcastle scale.

y Risk of

Cohort studies*

Hirase et al., 2014%

Gadkaree et al., 2015%
Kojima et al., 201526
Obrist et al., 201627
Cleary et al., 201728 High
Donoghue et al., 20172°

| Lo |
| Low |
| Hon
Eckstrom et al., 201724 -
| Lo |
| Hon
| Low |
| Hon

Lo

Lo

Rodriguez et al., 20173 Lo
Lo

0!

* 0 * * H

Lai et al., 202032 * 0
Yang et al., 2020°! * 0 * . " .

Burns et al., 202233 * * * s *

lkeda et al, 202234 * 0 * (0] *

Cross-sectional studies**

Fielding et al., 2013'® * * * (0] ** * -

Silveira et al., 20187 (0] * * (0] (0] (] (0] =
Chini et al., 2019'® * * * * (0] * * =

Loonlawong et al., 2019'° * * * 0

* * *%k * * *

¥ For cohort studies: S1: representativeness of the exposed cohort; S2: selection of the non exposed cohort; S3: ascertainment of exposure; S4: demonstration
that outcome of interest was not present at start of the study; O1: assessment of outcome; O2: was follow-up long enough for outcomes to occur; O3: adequacy
of follow-up of cohorts. ¥ For cross-sectional studies: S 1: representativeness of the sample; S2: sample size, S3: non-respondents, S4: ascertainment of exposure;
O1:assessment of outcome; OZ2: statistical test

(¢}
Ferreira et al., 20212’ (¢}
Argyrou et al., 202222 (0]
Wang et al., 202223 (0] * * * (0] * * =

* * * 0 * *

w

w

w
i

w
g

w

6
2
6
;
5)
5)

B
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in identifying high-risk individuals. An adaptation of the
Stay Independent in the Thailand population was published
by Loonlawong et al. in 2019'°. Both the original and the
adapted version of the questionnaire were found to have
acceptable validity and reliability measures.

Studies of new fall risk assessment tools

A short questionnaire that consisted of 2 questions was
developed by Rodriguez et al.>° in 2017 and concluded that
fall history combined with self-perceived fall risk resulted in
a very good fall prediction, with sensitivity and specificity of
70% and 72% respectively.

In 2019, a cross-sectional study by Chini et al.'® was
conducted to validate the Fall Risk Tracking Tool (FRRISque)
in Brazil. The final version of their questionnaire consisted
of 10 questions out of 44 initial questions, as assessed
by multivariate regression analysis. Their results were
satisfactory with a sensitivity of 91.3% and a specificity of
73.4%, but no reliability measures were evaluated.

In 2022, a Greek cross-sectional study by Argyrou
et al.?22 was performed to validate the newly developed
LRMS questionnaire, assessing several risk factors with
11 questions. The authors reported high sensitivity and
specificity with values of 93% and 91% respectively
and high correlation with the TUG, the Falls Efficacy Scale
International (FES-1), the Tinetti gait and balance scale and
the Geriatric Depression Scale (GDS-15).

Another cross-sectional study for validation of a newly
constructed self-reported questionnaire was reported
in 2022 by Wang et al.2® in the Chinese population. The
purpose of the study was to assess the validity and reliability
of the FRSAS (Fall Risk Self Assessment Scale), a 41-item
questionnaire. The authors reported satisfactory internal
consistency and test-retest reliability and they plan on
conducting future larger sample size studies to test different
types of population.

A large sample size study by Burns et al.>* was published
in 2022 to compare the performance of 6 different fall
screening measures. These included the 3-key questions,
the Stay Independent questionnaire, the questionnaire from
the American Geriatrics Society/British Geriatrics Society
(AGS/BGS)*, the Short FES-1*° and 2 single screening
questions regarding the occurrence and number of falls in
the previous year. The results showed high variability in the
sensitivity (ranging from 22.5% to 68.7%) and specificity
(from 57.9% to 89.4%) of the included instruments.

Ikeda et al.** used a machine-learning approach and
selected 14 fall predictors among 142 candidate features.
This was a 3-year prospective study in Japan with a sample
of 61883 individuals. Sense of coherence, a measure of
resilience to life stressors, was identified as a fall risk factor.

Tools originally designed to assess factors other than
overall fall risk

Kojima et al.?¢ (2015) used the frailty index (FI) as a
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measure of a 6-month fall prediction in British community-
dwelling older adults. Fl is a tool that is used to identify
frail individuals and is constructed by the accumulation of
deficits®'. The authors used 40 deficits to construct the FlI
and their results indicated low sensitivity (3 1.6%) and high
specificity (85.9%) in fall detection.

In the study by Cleary et al.?8 the authors used the
Activities-specific Balance Confidence (ABC) scale,
previously developed by Powell and Meyers in 19954, to
predict fall risk. The original purpose of the tool was to assess
confidence regarding loss of balance in the elderly and had
demonstrated high Cronbach’s a (0.973) and ICC (0.879)
from a previous study by Cleary et al.*® Their study reported
that ABC could be used to predict fall risk in community-
dwelling individuals over 65 years of age (odds ratio=0.95).

Yang et al.>' (2020) evaluated the use of the modified
Falls Efficacy Scale (MFES) for fall prediction, initially
published by Hill et al. in 199644, The MFES was designed as
an extension to the Falls Efficacy Scale (FES) by Tinetti et al.*®
to incorporate the fear of falling during outdoor activities. In
this small sample size study of 47 participants, the authors
concluded that older individuals with low MFES were more
prone to fall in one year with an incidence rate ratio of 0.96.

Tools from preliminary studies

This review also identified 2 preliminary studies that
reported newly developed questionnaires to assess the
understandability of the questions for future further testing.
In 2016, Obrist et al.?2” developed an online questionnaire
of 36 questions regarding fall risk, assessing multiple fall
risk factors. The primary outcome of this preliminary study
was the understandability of the questionnaire in order to
perform future amendments.

A preliminary study by Silveira et al.'” (2018),
developed a fall risk questionnaire and used the content
validity coefficient to evaluate the clarity, relevance and
comprehension by a group of experts and a group of elderly
individuals. However, the literature search did not reveal
follow-up studies assessing these tools.

Discussion

The identified instruments aim to assess fall risk in
community-dwelling older adults. Several factors affect the
use of the presented tools in clinical practice and the use
of each instrument should be selected with caution. It is
important to note that there is great heterogeneity among
the objectives of the included studies. As shown in the
results section, the various studies included adaptations
of previously reported tools, validation studies of newly
developed tools, studies that were part of large national
longitudinal studies on ageing (NHATS, TILDA), studies that
used tools that were originally designed to assess frailty
(F1), fear of falls (MFES) and balance confidence (ABC scale),
as well as preliminary studies regarding tools that could be
used in future validation studies to detect fall risk. Although



A systematic review of fall risk questionnaires for community-dwelling older adults

the above tools successfully identified at-risk individuals, it
is possible that tools that are developed with the scope of
assessing fall risk as a primary intention, are more inclusive
of the diverse potential risk factors. This is further highlighted
by the fact that the most commonly reported fall risk factors
identified in the present study are diverse and include fall
history, balance disturbance/feeling of unsteadiness, fear
of falling, muscle strength/physical function, gait limitation/
use of walking device and frequent urination/incontinence.

Some of the identified tools focus more on the intrinsic
or extrinsic fall risk factors. For example, the FES-I, MFES,
FI and the ABC scale are tools that address fear of falling,
frailty and balance confidence, which all address intrinsic
fall risk factors. The questionnaires used by Hirase et al.>5,
the 3-STEADI and the 2-question tool by Rodriguez et
al.3° also focus on physical function and balance. On the
other hand, current literature suggests that the majority
of falls have been reported to occur at home“¢. Therefore,
tools like the HomeFAST focus on the extrinsic factors
addressing home hazards. However, it is well-established
that fall risk is multifactorial and that the accumulation
of fall risk factors increases the overall risk”. To this end,
many of the newly developed tools have incorporated
both intrinsic and extrinsic factors in their design. These
tools include the Stay Independent, the FRST, the LRMS,
the FRSAS, the machine learning questionnaire by lkeda
et al.?4, as well as the 2 preliminary questionnaires by
Obrist et al.?” and Silveira et al.'”. We believe that for active
community-dwelling older adults it is more suitable to use
multifactorial questionnaires to be more comprehensive
of the underlying fall risk factors and subsequently design
personalized interventions tailored to the needs of each
individual. On the other hand, in the elderly unable to leave
home, it is of great importance to assess home hazards, as
falls are more likely to occur in this setting.

Also, the risk of bias assessment showed that the data
quality of the included studies varied greatly, with 10 out
of 20 studies being of high risk of bias, 4 of medium risk
and only 5 characterized as having low risk of bias. The
sample used in the majority of the studies was a convenience
sample of people attending social events, outpatient clinics
and communication via telephone calls and emails. Among
the included studies Donoghue et al.?® and Chini et al.'®
performed home-based interviews, while Rodriguez et
al.?° reported that the recruitment of the participants was
performed through a mixed door-to-door approach and
telephone calls. Home-based interviews and recruitment
ensure a better representativeness of people unable to leave
home, who are generally less likely to be recruited as study
participants. However, they might be more prone to falls due
to co-morbidities and physical restrictions which are both
known fall risk factors*’.

Men were also under-represented by most of the included
studies, as women are generally more likely to attend several
social events and volunteer as study participants. Among the
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included studies, only the study by Gadkaree et al.2® included
gender as a risk factor. However, evidence suggests that
females are more likely to sustain a fall compared to males“®.
What’s more, according to the English Longitudinal Study of
Ageing, gender-specific factors, like frailty and incontinence
in women and depression and unsteadiness in men*® should
be taken into account when designing fall prevention
interventions. This difference is not addressed by the tools
identified in this study. Individuals with cognitive impairment
were also excluded in most of the studies, further stressing
the fact that another fall risk factor might be under-assessed.
However, previous studies have emphasized the importance
of cognitive impairment screening in fall risk assessment®°.

Regarding the psychometric properties of the included
tools, most of the tools listed in this review mention either
reliability or validity measures, while some of them are
preliminary questionnaires designed for further study and
lack extensive validation testing. The Stay Independent,
the Chinese HomeFAST and the LRMS reported both
reliability and validity measures. On the other hand, Ikeda
et al.?4, Obrist et al.2” and Gadkaree et al.?® reported only
the AUC, while Donoghue et al.?° and Silveira et al.'”
reported the incident rate ratio and the content validity
coefficient respectively. This heterogeneity highlights
the fact that the psychometric properties of fall risk
guestionnaires are not easily tested due to the inherent
multifactorial nature of the problem. Falls occur as a
consequence of a constellation of underlying multiple
factors and accurate quantification of every factor is a
tenuous and challenging endeavor. This was previously
also highlighted in a review article by Majkusova et al®'.
For example factors like “unsteadiness” or “dizziness” are
inherently subjective; thus, evaluation of these factors
varies greatly among different tools. The combination of
difficulties regarding accurate testing of the psychometric
properties along with the heterogeneity of fall risk factors
might be the reason for the lack of a gold standard tool in
the current literature.

The feasibility of the presented tools is also another
aspect that should be taken into account. The response rate
was reported to be low by the preliminary study of Obrist
et al.2” and rewording was needed for some questions. The
ease of administration depends largely on the length of the
tool and can affect the application of the tool. The length of
the questionnaires varied from 1 to 41 questions, which is
a wide range. Few-question tools (1-3 questions) were the
one-guestion tools by Burns et al.*3, the 2-question tool by
Rodriguez et al.>° and the 3-question tools by Eckstrom et
al.?24 (3-STEADI), by Donoghue et al.?° and the AGS/BGS.
While these tools are more time-efficient, with increased
feasibility and provide an initial screening measure, they
are not always helpful in identifying the risk factors that
make each individual susceptible to falls. While an optimal
questionnaire length has not been established in literature®?,
we suggest that limiting the time of administration between
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5 and 10 minutes provides all the necessary information
while maximizing the response rate.

Conclusion

This systematic review identified 20 studies and 22
question-based tools to predict fall risk in community-
dwelling individuals over 60 years of age. The most
commonly reported fall risk factors were fall history, balance
disturbance/feeling of unsteadiness, fear of falling, muscle
strength/physical function, gait limitation/use of walking
device and frequent urination/incontinence. Healthcare
providers should use the above tools with caution regarding
the limitations of each tool. Further studies should be
designed to address individuals with high fall risk, such as
individuals with cognitive impairment, as they are under-
represented or excluded from most of the existing studies.

Disclaimer

Dr. Y. Dionyssiotis serves as Co-Editor-in-Chief in the
JFSF. The manuscript underwent peer review process by
independent experts.
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