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composite activities-specific risk of falls
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Abstract

Background: Fear of falling (FoF) and physical activity (PA) are important psychological and behavioral factors
associated with falls. No instrument quantifies the link between these two factors to evaluate the risk of falls. We
aimed to design a scale linking FoF with PA (Composite Activities-specific Risk of Falls Scale, CARFS) for people with
various disability levels.

Methods: First, we designed a questionnaire comprising 40 balance-related activities from the International
Classification of Functioning, Disability, and Health (ICF) for a pilot survey. Second, participants were interviewed
about their activities-specific FoF degree and PA frequency. The participants comprised 30 community-dwelling
older adults, hospitalized patients with strokes, and those with spinal cord injuries, each with different disability
levels. Third, the content validity of the items was evaluated twice by 12 experienced rehabilitation professionals:
one based on experience and the other on the survey responses. Items with a higher than moderate relevance in
both evaluations were included in the CARFS. The panel of professionals discussed and voted on the contribution
of FoF and PA on the CARF score. Finally, the scale sensitivity in distinguishing disability levels was analyzed to
evaluate the population suitability to the CARFS.

Results: The CARFS included 14 activities. A five-point Likert scale was used to quantify degree of FoF (A) and
frequency of PA (B). The CARF score (C), which was determined using the eq. C = A+(4-B) + A × B/2, reflected
sensitivity to disability levels in most items.

Conclusions: The CARFS has strong content validity for measuring risk of falls in relation to the FoF and PA of
people with various disability levels. It has a potential to provide a guide for designing individualized exercise- and
behavior-focused fall prevention programs and enable the precise trtrun 0acking of program effectiveness as a
multidimensional outcome measure.

Keywords: Content validity, Physical activity, Fear of falling, Falls, Risk, Disability, ICF, Outcomes assessment

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: shxia18003@tongji.edu.cn
1Shanghai YangZhi Rehabilitation Hospital (Shanghai Sunshine Rehabilitation
Center), Tongji University School of Medicine, Shanghai 201619, China
2Department of Rehabilitation Sciences, Tongji University School of Medicine,
Shanghai 200092, China
Full list of author information is available at the end of the article

Wang et al. BMC Geriatrics          (2021) 21:275 
https://doi.org/10.1186/s12877-021-02211-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-021-02211-z&domain=pdf
http://orcid.org/0000-0003-1319-0950
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:shxia18003@tongji.edu.cn


Background
Falls occur commonly in community-dwelling older per-
sons as well as in patients with various disability levels.
The impact that falls have can be severe, and may result
in disabling injuries, loss of independence, and even
death, with this, in turn, leading to increased healthcare
utilization [1]. Fall prevention is therefore essential and
urgent for the health and wellbeing of people, as well as
for the future of health and social care services.
Assessment of risk factors and individualized interven-

tions targeting modifiable risk factors are the key fall
prevention strategy [2]. Fear of falling (FoF) and physical
activity (PA) are important activity-related psychological
and behavioral factors that are associated with falls [3].
FoF has been described as an ongoing concern about
falling that ultimately leads to avoiding daily activities
[4], and has also been recognized as a loss of confidence
in one’s balance abilities [5], which are two different the-
oretical definitions. The World Health Organization de-
fines PA as ‘any bodily movement produced by skeletal
muscles that requires energy expenditure’ [6] – includ-
ing activities undertaken while working, playing, carrying
out household chores, traveling, and engaging in recre-
ational pursuits, − and it underlines its health benefits.
FoF alone is harmless unless it leads to sedentary behav-
ior or restriction of important daily activities [3, 7].
FoF commonly occurs after falls [8], but is also experi-

enced by non-fallers who may have been aware of envir-
onmental hazards or their own risk factors for falling
such as reduced mobility or poor health status [3]. This
fear can lead to a highly cautious state or even a PA re-
striction intended to avoid exposure to the risk of falls
and can be considered a prudential response to a real or
perceived threat [7]. Taking a bath, going out when it is
slippery, and walking several blocks outside are the most
noticeably restricted activities in older adults [9]. These
activities either have environmental hazards or require a
high level of functional balance and mobility, or both.
Activities-specific FoF and PA restriction could be
beneficial for safety by encouraging caution and redu-
cing risk exposure. However, excessive FoF and long-
term PA restriction on various activities result in
physical deconditioning, increasing instead the poten-
tial risk of falls, which may further fuel FoF and PA
restriction [7]. Generally speaking, FoF and PA inter-
act with each other, and both of them play a role in
preventing falls, which is initially protective but detri-
mental in the long term [3, 7].
Therefore, a composite measure evaluation of both

activities-specific FoF and PA and the link between them
could strengthen the assessment of fall risk and provide
a better guide for designing individualised fall prevention
programmes, enabling the precise tracking of the
programme effectiveness on the psychological and

behavioural aspects of fall risk. To the best of the au-
thors’ knowledge, no such instrument is currently
available.
The Falls Efficacy Scale (FES) and the Activities-

Specific Balance Confidence (ABC) scale are commonly
used FoF outcome instruments based on the definition
of FoF as loss of balance confidence [4]. The FES as-
sesses one’s degree of perceived self-efficacy at avoiding
falls during basic daily activities [10] It shows good psy-
chometric properties for measuring FoF in people with
declined functions [10] Meanwhile, the ABC scale as-
sesses one’s degree of confidence in performing daily ac-
tivities without losing balance or becoming unsteady.
The ABC scale items consist of a series of activities with
a wide range of difficulties and have good psychometric
properties, especially for people with less functional de-
cline [11]. Without the PA information, both scales can-
not estimate how FoF affects daily activities.
The Survey of Activities and FoF in the Elderly (SAFE)

is another commonly used FoF assessment tool that dir-
ectly asks the degree of FoF. The SAFE first asks
whether the respondent currently does a specific activity.
If the answer is yes, it assesses the degree of their FoF
and the extent of their restriction compared to 5 y ago;
if their answer is no, which indicates total restriction of
the specific activity, it assesses the degree of FoF result-
ing in their total restriction and asks them to specify
other reasons, besides FoF, for their total restriction [9].
The SAFE has good psychometric properties for asses-
sing FoF or PA restriction among older adults, but it
does not measure the link between FoF and PA restric-
tion [9]. Furthermore, the multiple steps and divided
questions make the SAFE suboptimal in quantifying
change in follow-up evaluations. Therefore, it is not suit-
able as an outcome measure.
This study aimed to design a scale linking FoF with

PA: the Composite Activities-related Risk of Falls Scale
(CARFS). The CARF score was calculated using the de-
gree of FoF, the frequency of PA, and the link between
the two. We targeted people with different disability
levels, including older adults without any disabilities.

Methods
Design
We followed the study design checklist COSMIN (COn-
sensus-based standards for the selection of health Meas-
urement INstruments) to design this study [12]. The
study was divided into four steps: 1) developing an initial
questionnaire with potential items and questions, 2) con-
ducting the pilot survey on the targeted population, 3)
evaluating content validity from the perspectives of pro-
fessionals, and 4) assessing content validity through stat-
istical analysis.
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We received approval for this study from the ethics
committee of Yangzhi Affiliated Rehabilitation Hospital
of Tongji University. The study complies with the Dec-
laration of Helsinki.

Subjects
Older adults without any walking disabilities and per-
sons with stroke or spinal cord injuries (SCI) who had
different walking disability levels were targeted as sub-
jects in a pilot survey study, considering that they faced
the potential risk of falls due to older age, disease or in-
jury, or both [2, 13, 14]. The walking disability levels
were determined with the Functional Assessment Meas-
ure (FAM), a scale which evaluates walking independ-
ence as follows: no disability (complete independence in
a timely, safely manner), slight disability (modified inde-
pendence with extra time or assistive devices), and se-
vere disability (dependence with supervision or
assistance) [15]. Subjects were recruited from the Uni-
versity Affiliated Rehabilitation Hospital and the nearby
community using poster advertisements. The selection
criteria comprised the following individuals: 1) older
adults aged 60 or above and without any walking disabil-
ity, or with a stroke or SCI diagnosis, 2) who had no
communication problem, with a Mini-Mental State
Examination score of 24 or above, and 3) who agreed to
take a 30-min structured interview. The target sample
size for the initial survey was 10 for each subgroup
(Table 1).
Rehabilitation professionals were recruited from the

University Affiliated Rehabilitation Hospital by personal
contact. The selection criteria included professionals
who, 1) were rehabilitation doctors, physiotherapists, oc-
cupational therapists, nurses, and other rehabilitation
professionals, 2) had a minimum of 5 y of experience in
rehabilitation, 3) were currently practising in the field,
and 4) were available for two panel meetings of around

1 h each. A total of 12 rehabilitation professionals were
invited for content validity evaluation. This group con-
sisted of two doctors, five physical therapists, two occu-
pational therapists, two nurses, and one social worker.
Their work experience in rehabilitation ranged from 5 to
28 years, with an average of 10 ± 7 years.

Procedure

1) Instrument development

A structured close-ended questionnaire was designed
to ask subjects the following questions: ‘How confident
are you regarding not losing balance or falling when you
do the following activities?’ and ‘How often did you do
the following activities in the past month?’ Their confi-
dence was then scaled using a visual analogy score from
0 to 100 [11]. The frequency used was the real number
of times per day for daily activities, times per week for
weekly activities, and times per month for non-weekly
activities. For daily posture-maintaining activities such as
sitting and short-distance walking, which are difficult to
report in frequency, PA time was depicted in minutes
per day in the survey. The PA time was converted to PA
frequency when comparing it with other activities. Con-
sidering 10 min as the minimum PA duration of one
walking bout in the International PA Questionnaire [16],
10 min were used to estimate the daily PA frequency of
these activities in the study, by which PA duration was
divided (Table 2). For daily activities, an extra question
was asked: ‘Do you think you do these activities more
often than normal?’
The questionnaire items all pertained to balance-

related activities extracted from ICF categories. The ex-
traction work was completed by three persons (the first
two authors and the corresponding author). A total of
40 items were extracted, consisting of 24 mobility

Table 1 Characteristics of target participants who completed the questionnaire survey

Characteristics Older N = 10 Stroke N = 10 SCI N = 10

Age (year) 64 ± 6 60 ± 13 48 ± 12

Sex (Male: Female) 5:5 8:2 10:0

Walking Independence

Dependence 0 4 8

Modified Independence 0 3 2

Complete Independence 10 3 0

Paralysis types

Hemiplegia 0 10 (L: R = 4:6) 0

Paraplegia 0 5 (Incom:Com= 3:2)

Quadriplegia 0 5 (Incom)

Months after onset – 6 ± 2 5 ± 2

SCI spinal cord injury, L left, R right, Incom Incomplete, Com Complete
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activities (ICF code: d4), 5 self-care activities (d5), 9 do-
mestic activities (d6), and 2 activities relating to commu-
nity, social, and civic life (d9). Some paired activities,

such as lying down and sitting up, were combined as
one item (e.g. lying down-sitting up) in the questionnaire
(Table 2). Prior to the questionnaire, information on

Table 2 Questionnaire responses of subjects
Activity Items PA frequency (times/month) P^ Balance confidence (0–100)

Elderly Stroke SCI Elderly Stroke SCI P^
D4 Mobility

Sitting-to-standing 390 ± 232 732 ± 899 207 ± 188 .113 99 ± 3 86 ± 21 50 ± 45 .002

Lying-to-sitting 78 ± 55 303 ± 450 213 ± 142 .202 100 ± 0 90 ± 18 99 ± 3 .061

Bending down-up 285 ± 432 378 ± 925 60 ± 105 .478 97 ± 7 54 ± 40 28 ± 44 .001

Squatting down-up 159 ± 267 36 ± 66 0 ± 0 .082 100 ± 0 67 ± 40 28 ± 44 .000

Kneeling down-up 9 ± 28 6 ± 18 0 ± 0 .590 100 ± 0 67 ± 40 28 ± 44 .000

Sitting activities@ 1494 ± 730 1926 ± 857 936 ± 500 .016 100 ± 0 100 ± 2 88 ± 20 .045

Standing activities@ 1620 ± 704 1152 ± 636 141 ± 145 .000 98 ± 4 100 ± 2 48 ± 45 .000

Squatting activities@ 296 ± 438 42 ± 75 0 ± 0 .033 98 ± 6 70 ± 42 20 ± 38 .000

Transferring while sitting 69 ± 61 204 ± 464 159 ± 162 .569 99 ± 3 80 ± 37 56 ± 49 .039

Lifting and carrying objects 231 ± 184 33 ± 60 6 ± 18 .000 99 ± 3 56 ± 45 23 ± 35 .000

Walking long distances* 18 ± 11 2 ± 4 0 ± 0 .000 97 ± 7 69 ± 30 69 ± 30 .000

Walking short distances@ 177 ± 227 98 ± 135 10 ± 26 .070 100 ± 0 85 ± 34 32 ± 44 .000

Walking on slope 71 ± 101 13 ± 18 0 ± 0 .029 100 ± 0 83 ± 30 30 ± 44 .000

Walking on wet ground 34 ± 55 0 ± 0 0 ± 0 .033 93 ± 11 79 ± 29 24 ± 32 .000

Walking on uneven ground 15 ± 35 11 ± 15 0 ± 0 .303 93 ± 11 78 ± 29 24 ± 32 .000

Walking on mobile ground 2 ± 3 2 ± 3 0 ± 0 .170 87 ± 14 72 ± 28 21 ± 28 .000

Walking around obstacles 22 ± 33 3 ± 7 0 ± 0 .040 95 ± 11 81 ± 30 28 ± 39 .000

Climbing up and down 120 ± 70 30 ± 37 0 ± 0 .000 100 ± 0 77 ± 31 28 ± 39 .000

Running 0 ± 0 0 ± 0 0 ± 0 – 100 ± 0 59 ± 25 24 ± 33 .000

Jumping 0 ± 0 0 ± 0 0 ± 0 – 76 ± 14 56 ± 23 23 ± 31 .000

Sitting in a wheelchair@ 0 ± 0 90 ± 142 93 ± 137 .235 100 ± 0 100 ± 0 99 ± 3 .341

Riding bike 6 ± 8 0 ± 0 0 ± 0 .007 78 ± 42 0 ± 0 0 ± 0 .000

Driving motorized vehicles 3 ± 9 0 ± 0 0 ± 0 .381 60 ± 52 0 ± 0 0 ± 0 .000

Using transportation 8 ± 17 1 ± 4 1 ± 1 .221 100 ± 0 78 ± 37 65 ± 46 .085

D5 Self-Care

Washing oneself 12 ± 9 12 ± 11 7 ± 5 .269 99 ± 3 89 ± 28 70 ± 28 .031

Toileting 189 ± 42 144 ± 61 75 ± 104 .007 100 ± 0 89 ± 31 71 ± 20 .019

Putting on-off coats 84 ± 41 72 ± 28 102 ± 63 .371 100 ± 0 90 ± 32 95 ± 11 .519

Putting on-off trousers 72 ± 25 69 ± 20 72 ± 25 .948 100 ± 0 90 ± 32 94 ± 16 .551

Putting on-off footwear 72 ± 25 72 ± 28 123 ± 78 .047 100 ± 0 90 ± 32 90 ± 18 .476

D6 Domestic life

Preparing meals 43 ± 36 0 ± 0 0 ± 0 .000 99 ± 3 56 ± 45 22 ± 36 .000

Tidying up dishes 53 ± 31 7 ± 18 0 ± 0 .000 100 ± 0 53 ± 44 22 ± 36 .000

Cleaning cooking area 54 ± 29 7 ± 18 0 ± 0 .000 99 ± 3 71 ± 39 25 ± 40 .000

Washing clothes 11 ± 12 0 ± 0 0 ± 0 .002 100 ± 0 85 ± 8 72 ± 22 .000

Drying clothes 23 ± 12 0 ± 0 0 ± 0 .000 98 ± 5 100 ± 2 48 ± 45 .000

Cleaning living area 16 ± 12 3 ± 9 0 ± 0 .001 99 ± 3 71 ± 39 25 ± 40 .000

Taking care of animals 12 ± 28 0 ± 0 0 ± 0 .199 98 ± 6 54 ± 40 28 ± 44 .000

Assisting others’ self-care 3 ± 9 0 ± 0 0 ± 0 .381 92 ± 6 46 ± 33 14 ± 30 .000

Assisting others’ movement 0 ± 0 0 ± 0 0 ± 0 – 92 ± 6 26 ± 25 14 ± 30 .000

D9 Community, Social and Civic life

Non-contact sports 0 ± 0 0 ± 0 0 ± 0 – 97 ± 7 65 ± 30 23 ± 35 .000

Contact sports 0 ± 0 0 ± 0 0 ± 0 – 87 ± 12 61 ± 27 18 ± 27 .000

PA physical activity, SCI spinal cord injury; Both variables data were shown with mean ± standard deviation.
^:the p value were the group difference among 3 groups using ANOVA test.
@: The frequency of the posture-maintaining or short-distance walking activities was numbered with the total time divided by 10min which
was used as the minimum PA duration of one walking bout in the International PA Questionnaire [16].
*: For walking long distance, every 1 km was regarded as once according to ICF definition [17]
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participant demographics, disease characteristics, and
walking independence levels scaled by FAM was col-
lected [15].
To evaluate content validity, a close-ended form was

designed to ask professionals, ‘How relevant do you
think the following activities are in correlation with the
development objectives of the CARFS?’ Relevance was
measured using a five-point Likert scale (0 = not relevant
at all, 1 = slightly relevant, 2 = moderately relevant, 3 =
very relevant, 4 = extremely relevant; Table 3).
An open-and close-ended evaluation form regarding

the questions and scoring manner of the CARFS was
also designed to ask the professionals, ‘How much do
you think the content correlates with the development
objectives of the CARFS?’ Suitability was scaled using
the Likert scale as well. Suggestions were required when
a score of less than four was given.

2) Pilot survey

The survey questionnaires were administered individu-
ally to the subjects through standardized face-to-face in-
terviews. We explained the procedures to each of the
participants and obtained informed consent written by
them prior to data collection.

3) Content validity evaluation through panel meetings

Before the panel meetings, we made a series of prepa-
rations. A descriptive statistics table of the survey re-
sponses of the subject groups (Older, Stroke, and SCI)
was made to use as a reference in the panel meetings
(Table 2).
Twelve rehabilitation professionals participated in a

face-to-face panel meeting. The development objectives,
their duty, and the meeting procedure were explained in
advance. They were required to scale the relevance of
each item in a content validity evaluation form. Double
evaluations were conducted by each professional: one
based on experience and the other with reference to the
survey responses. In both evaluations, the same instruc-
tions were given: ‘Please comprehensively consider your
own perception of the risk of the subject falling when
they do specific activities as well as note their own FoF
(loss of balance confidence) and PA frequency when you
evaluate the relevance of each item.’
Items with a higher than moderate relevance in both

evaluations were included in the CARFS. The other
panel meeting was held online to discuss the other de-
tails of the CARFS, including questions and manner of
scoring.

4) Content validity evaluation through statistical
analysis

Once the CARFS was developed, the survey responses
to the CARFS items were extracted and re-scored in the
CARFS format. The validity of CARFS scoring across
different levels of walking disability was further assessed
through statistical analysis.

Analysis
SPSS 21.0 software was used for data analysis. Analysis
of variance (ANOVA) was used to compare FoF, PA,
and CARF scores among three subject groups and across
three levels of walking disability. Pearson’s correlation
was used to explore the correlations between FoF, PA,
and CARF score. The significance level was set at 5%.

Results
A total of 30 subjects completed the questionnaire sur-
vey, with 10 persons in each subject group. Among the
30 subjects, 13 had no walking disability (completely in-
dependent), 5 had a slight walking disability (modified
independent), and 12 had a severe walking disability
(dependent) (Table 1).

Responses to the questionnaire
Most activities showed a group difference with respect
to frequency of PA and degree of FoF that older adults
practiced PA more often with less FoF than patients
with stroke and SCI, overall. The activities with a higher
frequency of PA, or those with a higher FoF (lower bal-
ance confidence) than average within each group were
highlighted for the professionals when they evaluated
content validity. (Table 2).

Content validity evaluation through panel meetings
Fourteen items were included in the CARFS (Table 3).
After discussing and modifying the CARFS, the suit-

ability of the questions and the scoring description of
FoF and PA were all given a full score. The questions on
FoF and PA were: ‘How much FoF do you have when
you perform the following activities?’ and ‘How often did
you do the following activities in the past month?’ A
five-point Likert scale was used to quantify FoF and PA.
Balance confidence for each level was provided to fur-
ther understand FoF. To score the degree of FoF, 0 indi-
cates no FoF at all (100% balance confidence), while 1 to
4 indicates slight FoF (> 80% balance confidence), mod-
erate FoF (> 50% balance confidence), high FoF (> 30%
balance confidence), and extreme FoF (≤30% balance
confidence). To score PA frequency, 0 indicates none
(none in the past month), 1 means occasionally (done in
the past month), 2 means sometimes (done weekly), 3
means often (done daily), and 4 means very often (done
daily, with even higher frequency than normal).
For the CARF score calculation, considering the po-

tential dual roles of the interaction between FoF (A) and
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Table 3 Results of content validity evaluation of CARFS items

Content validity (0–4) If
satisfied#Experiences-based Responses-referred

D4 Mobility

Sitting-to-standing 3.7 ± 0.5 3.8 ± 0.4 Y

Lying-to-sitting 1.8 ± 1.4 3.2 ± 0.9

Bending down-up 2.3 ± 1.4 3.3 ± 0.6 Y

Squatting down-up 2.8 ± 0.8 1.9 ± 0.9

Kneeling down-up 2.7 ± 1.0 1.8 ± 0.6

Sitting activities 2.0 ± 1.5 1.9 ± 1.0

Standing activities 2.8 ± 1.0 2.4 ± 1.1 Y

Squatting activities 3.0 ± 1.0 2.8 ± 1.1 Y

Transferring while sitting 3.2 ± 1.0 3.3 ± 1.0 Y

Lifting and carrying objects 2.7 ± 1.1 2.0 ± 1.0

Walking long distances 3.3 ± 1.0 2.3 ± 1.4 Y

Walking short distances 2.7 ± 1.2 2.4 ± 1.2 Y

Walking on slope 2.8 ± 1.0 2.0 ± 1.0

Walking on wet ground 3.6 ± 1.0 2.1 ± 1.4 Y

Walking on uneven ground 3.7 ± 0.5 2.2 ± 1.4 Y

Walking on mobile ground 3.5 ± 0.7 2.0 ± 1.3

Walking around obstacles 3.3 ± 1.1 2.0 ± 1.5

Climbing 2.7 ± 1.5 1.8 ± 1.5

Running 3.2 ± 1.3 1.6 ± 1.4

Jumping 3.0 ± 1.3 1.7 ± 1.4

Sitting in a wheelchair 1.7 ± 1.4 2.3 ± 1.4

Using transportation 2.8 ± 1.7 2.7 ± 1.4 Y

Riding bike 2.8 ± 1.1 1.7 ± 1.4

Driving motorized vehicles 0.8 ± 1.0 0.4 ± 0.5

D5 Self-Care

Washing oneself 2.8 ± 1.1 2.7 ± 1.2 Y

Toileting 3.0 ± 1.2 3.5 ± 0.7 Y

Putting on-off coats 1.4 ± 1.3 2.4 ± 1.1

Putting on-off trousers 2.4 ± 1.3 2.8 ± 1.1 Y

Putting on-off footwear 2.7 ± 1.0 2.9 ± 0.9 Y

D6 Domestic life

Preparing meals 1.9 ± 1.2 1.3 ± 0.8

Tidying up dishes 1.4 ± 1.3 1.4 ± 1.0

Cleaning cooking area 1.9 ± 1.2 1.2 ± 0.9

Washing clothes 1.7 ± 1.4 0.8 ± 0.8

Drying clothes 2.5 ± 1.2 1.0 ± 1.3

Cleaning living area 2.3 ± 1.1 1.4 ± 1.4

Taking care of animals 1.9 ± 1.2 0.8 ± 1.4

Assisting others’ self-care 2.2 ± 1.2 1.2 ± 1.1

Assisting others’ movement 2.4 ± 1.2 0.5 ± 1.0
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PA restriction (4-B) on preventing falls, a formula for
calculating the CARF score (C) was proposed: C = A+(4-
B) + A × B/k. A+(4-B) reflects the negative impact of FoF
(A) and PA restriction (4-B) on preventing falls and,
hence, the propensity of FoF (A) and PA restriction (4-
B) to increase the risk of falls. A × B reflects the protect-
ive role of PA restriction (lower value of B) in preventing
falls via decreasing exposure to the risk of falls and then
a decrease in the risk of falls resulting from FoF. 1/k was
a coefficient that balanced the weight of these dual roles
in preventing falls. The k was set in a range of 1 to 4
matching the range of B. The CARF scores, calculated
through formulae using different k values, were shown
in Table 4. With reference to Table 4, all professionals
chose the CARF score calculated using a formula with k
equal to 2 as this was the value that manifested the most
reasonable correlations with FoF and PA levels. There-
fore, the final calculation formula of the CARF score is
C = A+(4-B) + A × B/2. The CARF score for each item
ranged from 0 to 12 (Table 4). The total score ranged
from 0 to 168.

Content validity evaluation of CARFS scoring
The CARF score showed sensitivity to the disability
levels in most items (P < 0.05) (Table 5). The overall
CARF score showed a strong correlation with the degree
of FoF (r = 0.855) and a moderate correlation with the
frequency of PA (r = −0.557) in all subjects.

Discussion
This is the first study to design an activities-specific fall
risk scale that quantifies the link between FoF and PA.
The CARFS is also the first to target people with differ-
ent levels of disability, including older adults and per-
sons with neurological disorders. Adopting the ICF
system to determine the activity items and the scientific
design procedure ensured excellent content validity of
the CARFS.
The CARFS uses two questions to determine a

subject’s degree of FoF and PA frequency using a
five-point Likert rating scale. It is simple to adminis-
ter. The CARF score calculation links the degree of
FoF and PA frequency, considering the dual effects
of both on fall risk. The respective relations of the
CARF score with the degree of FoF and PA

frequency have been recognized by all professionals
of the panel and might have the potential to provide
clear guidance in designing exercise-and behaviour-
related fall prevention protocol in particular. For ac-
tivities associated with slight FoF or lower, active PA

Table 3 Results of content validity evaluation of CARFS items (Continued)

Content validity (0–4) If
satisfied#Experiences-based Responses-referred

D9 Community, Social and Civic life

Non-contact sports 2.6 ± 1.5 1.0 ± 1.3

Contact sports 3.2 ± 1.3 1.0 ± 1.5

CARFS Composite Activities-specific Risk of Falls Scale
#: satisfied if the mean score of content validity was higher than 2 judged in both evaluations

Table 4 The corresponding relations among FoF, PA, and CARF
scores calculated using different formulae

Factors FoF PA CARF (1)^ CARF (2)^* CARF (3)^ CARF (4)^

0 4 0 0 0 0

Scores 0 3 1 1 1 1

0 2 2 2 2 2

0 1 3 3 3 3

0 0 4 4 4 4

1 4 5 3 2.3 2

1 3 5 3.5 3 2.75

1 2 5 4 3.7 3.5

1 1 5 4.5 4.3 4.25

1 0 5 5 5 5

2 4 10 6 4.7 4

2 3 9 6 5 4.5

2 2 8 6 5.3 5

2 1 7 6 5.7 5.5

2 0 6 6 6 6

3 4 15 9 7 6

3 3 13 8.5 7 6.25

3 2 11 8 7 6.5

3 1 9 7.5 7 6.75

3 0 7 7 7 7

4 4 20 12 9.3 8

4 3 17 11 9 8

4 2 14 10 8.7 8

4 1 11 9 8.3 8

4 0 8 8 8 8

FoF fear of falling, PA physical activity, CARFS Composite Activities-specific Risk
of Falls Scale.
^: CARF value is calculated by the FOF (A) and PA (B) values using a formula
of C = A+(4-B) + A × B/k, 1/k is a weight coefficient, which was 1 for CARF (1),
1/2 for CARF (2), 1/3 for CARF (3), 1/4 for CARF (4).
*: the one with the most reasonable correlations with FoF and PA all
professionals chose
The CARF score in gray cells is only determined by degree of FoF but not
affected by frequency of PA.
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is a protective behaviour that can prevent falls. For
activities associated with moderate FoF, active PA
does not produce negative effects on fall prevention;
therefore, it may be encouraged, but further precau-
tion or preventive intervention is necessary in such
cases. For activities associated with high FoF, an in-
active PA is recommended to prevent falling or the
adoption of alternative means of performing such
tasks, unless the FoF improves enough through re-
storative intervention. For activities associated with
extreme FoF, total avoidance can significantly reduce
the risk of falls. This guidance is proposed to be
applicable to persons with physical functions includ-
ing balance abilities, matched to their FoF [18]. For
specific cases where there is a mismatch between
physical functions and FoF, with a prevalence of
around 30% in community-dwelling older persons, it
is not suitable to modify PA behaviour simply based
on the CARF score [19]. On the contrary,
psychological or cognitive intervention may be more
suitable for them [19].
The suggestions based on the CARF scores are con-

sistent with real phenomena and the professionals’ con-
ceptions. Taking the example of Parkinson’s disease, falls
are most common in relatively early disease stages when
patients are sufficiently mobile but with postural in-
stability. Conversely, falls occur less in the later stages,
when patients are bedridden [20]. In the Morse Fall
Scale, which is commonly used in hospitals, unique
activity-related risk is scaled as the lowest risk factor in
both normal patients and those on bed rest [21].
The scoring of FoF in the CARFS integrates the

strengths of two conceptually different measures of FoF
[9–11]. A Likert scale was determined to quantify FoF
and PA by the panel professionals, which was thought
more suitable than 100 scale or 10 scale with a visual
analogy score due to the characteristic of PA frequency.
The Likert scale is usually used to quantify the FoF dir-
ectly [9], while a visual analogy score using 100 scale or
10 scale is commonly adopted to quantify balance confi-
dence or efficacy [10, 11]. The two conceptually different
measures of FoF showed to be strongly correlated [9],
but the balance confidence measure showed a stronger
correlation with balance abilities and activity restriction
than the direct FoF measure [18]. Therefore, taking into
account both the accustomed scoring manner and the
stronger correlation with balance abilities and self-
restriction, balance confidence for each level was pro-
vided for extra-dimensionally understanding FoF. Each
point of the Likert scale for FoF has a corresponding de-
gree of balance confidence. The corresponding relation
was generated based on cut-off points found in previous
studies. An ABC score of 80% has been used as a cut-off
point to discern the differences in fall history, balance

and mobility, and quality of life [11, 22]. ABC scores of
50 and 30% have been used to differentiate disability
levels [11, 23]. Based on those findings, the CARFS is
intended to correlate with existing FoF scales. However,
further studies are needed to verify the concurrent
validity.
Among the multidimensional factors of the CARFS,

the CARF score showed a higher correlation with FoF
than with the PA frequency. This concurs with the find-
ings of previous studies that used separate scales target-
ing these factors. Previous studies demonstrated that,
compared with PA, FoF correlated more strongly with
physical functioning [24], which is a direct risk factor of
falls [7].
The CARFS contains a wide range of activities, which

cover mobility and self-care categories. The adaptation
of the ICF system in its development ensures the com-
prehensiveness of the activity items. Further, double
evaluations were used to minimize selection bias and en-
sure content validity. The descriptions of each item,
based on the ICF system, were also easy to understand
and explain. Most items showed sensitivity to different
disability levels and populations with regard to the de-
gree of FoF, frequency of PA, and CARF score. There-
fore, we submit that this instrument may be suitable for
use in a wide range of populations, including, but not
limited to, community-dwelling older adults and patients
with neurological disorders at different disability levels
but without a communication impairment.
Although the CARFS demonstrates strong content

validity, this study still faces limitations due to the
methodology of the pilot survey. First, the survey was
only conducted in community-dwelling older adults
and patients recovering from strokes and SCI. A small
sample size in the pilot survey weakened the repre-
sentativeness of the target population in both demo-
graphic and disease-specific characteristics. Second,
the formula of the CARF score was proposed based
on professional perspectives but not derived from
existing formulae. Third, although we arranged dual
evaluations to minimize the risk of selection bias,
content validity was evaluated subjectively by profes-
sionals. Therefore, it is crucial to evaluate the object-
ive psychometric properties of the CARFS before
using it, where larger populations are required to en-
sure the representativeness of the targeted population.
Fourth, as assistive information to guide individuals
when scaling degree of FoF, cut-off points of balance
confidence were determined based on the cut-off
points for discriminating fall history [11, 22] and dis-
ability levels [11, 23]. Analysing the direct correlation
between balance confidence and the degree of FoF of
the CARFS items is necessary to affirm or optimise
the cut-off points of balance confidence in the future.
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Conclusion
This study has scientifically developed a scale, the CARF
S, that measures the risk of falls in relation to the FoF
and PA in people with various levels of disability. It has
strong content validity, as judged by rehabilitation pro-
fessionals, and has been approved through sensitivity
tests based on the pilot survey responses. The CARFS
has the potential to strengthen the screening process for
fall risk, provide better guidance for designing individua-
lised exercise- and behaviour-focused fall prevention
programmes, and enable the precise tracking of
programme effectiveness as a multidimensional outcome
measure. However, further reliability and validity studies
are needed.
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