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1. Methods of assessment

1.1. Review question

What methods of assessment are most accurate for identifying individual risk factors for risk
of falls?

1.1.1. Introduction

Falls are common in older people with around one third of people aged over 65 experiencing
a fall each year. Falls are associated with a range of negative consequences from concern
about falling leading to reduced activity levels, to severe injury such as hip fracture or head
injury and even death. Falls are not random events but are associated with a complex
interaction of different risk factors. Epidemiological research has identified over 400 different
risk factors for falls which can be categorised into domains such as medication, medical
conditions, sensorimotor function, psychological function and the environment. Where the
causes of falls are multi-factorial, understanding these risk factors in each individual older
person will support the delivery of more tailored, personalised fall prevention interventions.

In practice, where screening has identified an older person as at higher risk of falling, an
assessment of individual risk factors can then be used to determine which evidence-based
fall prevention interventions are required to address the identified factors. There have been a
number of fall risk assessment tools designed to establish the degree of risk from a range of
recognised fall risk factors, spanning different domains. There are also tools that focus on
assessment of single risk factors, usually assessments of gait and/or balance function. It is
important that such tools can accurately identify each risk factor’s association with future
falls. A tool that misclassifies an individual could lead to inappropriate tailoring of
interventions leading to a lack of effect on fall prevention. However, due to the multi-factorial
nature of falls risk, research investigating the prognostic accuracy of single fall risk factors
may demonstrate low levels of accuracy if other risk factors are not controlled for. This
evidence review will evaluate the accuracy of individual risk factor assessment in identifying
the risk of falls in older adults.

1.1.2. Summary of the protocol

For full details see the review protocol in Appendix A

Table 1: PICO characteristics of review question
Population Inclusion:
e People aged 65 and over

e People aged 50 to 64 who have a condition or conditions that may put them
at higher risk of falling.

Exclusion: any age group that does not fit the inclusion criteria

Strata:

e Age group: people aged 50 to 64 who have a condition or conditions that
may put them at higher risk of falling.

e Settings (hospitals, community, long-term residential care). The setting is
stratified as a lot of the screening tests are not suitable for hospital settings.

Risk tool Multifactorial assessment instruments/processes administered by health care
professionals, including:

5
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o Home hazard assessment instruments, administered by health care
professionals for community-dwelling population.

e Minimum data set (MDS) home care and residential assessment instrument
for comprehensive assessment

Balance and gait assessment tools to be included:

o Performance-oriented assessment of mobility problems (Tinetti scale) Tinetti
balance assessment tool/POMA (</=18 high; 19-23 moderate; >/=24 low)

o Dynamic gait index (19 or less related to increased risk for falling)

e Berg balance scale (0-20 points: high risk of falls; 21-40: moderate risk of
falls: 41-56 points: low risk of falls).

e Mini Balance Evaluation Systems Test (BEST)/Mini-BEST
o Physiological profile assessment performance test

Gait measurement technologies:

e Wearables (gait and balance), inertial measurement unit, gyroscope on
wrist, foot, shank or thigh

e Falls: an unexpected event in which the participants come to rest on the
ground, floor, or lower level.

For balance and gait assessment tools and wearable technology:

All outcomes are considered equally important for decision making and therefore
have all been rated as critical:

Accuracy of estimation of risk of falls:

Statistical outputs may include:

o Discrimination (sensitivity, specificity, predictive values)
e Area under the ROC curve (c-statistic)

o Predicted risk versus observed risk (calibration)

¢ Reclassification

Other statistical measures: for example, D statistic, R2 statistic and Brier points

For identifying multifactorial risk assessment factors, we will identify studies that
use multifactorial risk assessment as part of their intervention (from interventions
for preventing falls reviews 4.1) and extract the components of the risk
assessment used in the studies that effectively reduced falls and the cut-off
points used in the screening tools for falls risk from Q2.2 accuracy of screening
tools for identifying people at risk of falls to inform decisions on what is included
as part of a falls assessment.

For balance and gait assessment tools and wearable technology:

External validation studies (tested on a different study sample to the derivation
sample will be included.

Prospective cohort studies or systematic reviews of these with a sample size of
n=100 or more.

Where tests are validated in a UK population, we will not include studies in other
countries, otherwise we will include any country. Published NMAs and IPDs will
be considered for inclusion.

Exclusion:

6
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e (Case-control studies
e Cross-sectional studies

Specific Subgroups that will be investigated if heterogeneity is present:
groups e specialist settings

1.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4. Risk prediction evidence

1.1.4.1. Included studies

22 cohort studies examining a number of different balance and gait assessment tools or
wearable technologies to predict risk of falls were included in the review'?2 these are
summarised in below. Evidence from these studies is summarised in the clinical evidence
summary below.

See also the study selection flow chart in Appendix A, study evidence tables in Appendix D,
forest plots in Appendix E and GRADE tables in X.

Eleven studies were identified in a community setting, seven in a hospital setting and four in
a residential care setting. Data for each stratification has been analysed separately. Data
was also separated based on the age of the included study population and if patients were
under 65 this data was analysed separately to adults over the age of 65. All studies apart
from one included a population over 65 years old. Mak 2013 included participants with
Parkinsons with a mean age of 63 years old.

Studies were set in a range of counties worldwide including Japan, China, Brazil, Czech
Republic, Switzerland, Hong Kong, Canada, Belgium and Germany. Two were conducted in
the UK, Ireland, Sweden, Italy and Australia and three in the USA.

1.1.4.2. Comprehensive assessment instruments and processes

This part of the review considered the comprehensive assessments, that are conducted as
part of interventions to reduce the risk of falls, in order to establish what components (tools
and risk factors) are important. Comprehensive assessments must identify an individual's
falls risk factors in order to tailor interventions to prevent or reduce falls. As well as
assessing gait and balance, a comprehensive assessment would typically include other
kinds of assessment, for example, a medication review, cardiovascular examination,
cognitive assessments, the person’s concern about falling etc, some of which do not have
standard tools for undertaking the assessment. Therefore, to identify which individual risk
factors should be assessed to tailor prevention interventions accordingly, we looked at the
effective multifactorial interventions studies (from the multifactorial review F1 and F2) and
looked at what assessments had been carried out to identify risk factors for falls to tailor the
intervention to the individual. We extracted the component parts of the assessment, and any
tools or instruments used within the multifactorial intervention review and the committee
considered these and agreed through consensus what should be included as part of a
comprehensive falls assessment. See Appendix M for details of evidence included.

7
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1.1.4.3. Excluded studies

See the excluded studies list in Appendix J.

1.1.5.

Table 2: Summary of studies included in the evidence review

Study Risk tool
Almeida, Berg Balance
20162 Scale (<49
points cut-off
Prospective  Point)
cohort study
BEST (<69%
cut-off)
Mini-BEST
(>63% cut-off
point)
(n=710)
Albites- Finite-state
Sanabria machine
20241 (wearable
technology) -
Prospective Vanilla decision
cohort study  {ree
Finite-state
machine -
Under sampling
decision tree
Finite-state
machine -
SMOTE Lasso
Finite-state
machine - Near
miss SVM
Andersson, Berg Balance
20063 Scale (<45 cut-
off)
Prospective  (n=159)
cohort study

Population

Outpatients
attending a
movement
disorders
clinic
diagnosed
with
idiopathic
Parkinson's
Disease.
Age, mean
(SD): 70.66
(6.56)

Setting:
Community
setting,
Brazil

Community
dwelling
older adults
over 65
years were
included.

Age, mean
(SD): 79.7
(6.6)

Setting:
Community
Italy

Inpatients
being
treated in a
stroke unit.

Age, mean
(SD): 73.5
(NR)

Outcomes
(including No. of
definitions) event (n)
Area under the 84 fallers
curve (AUC) identified
Sensitivity
Specificity
Sensitivity 28 fallers
Specificity identified
AUC
itivit

2ensfffvfty 68 fallers

peciticity identified
PPV
NPV

8
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Summary of studies included in the prognostic evidence

Comments

This study also
included: TUG FESI-
I, ABC, FGA and
Brief-BESTest

Monitoring using a
smartphone
embedded with a tri-
axial accelerometer
and gyroscope (100
Hz sampling
frequency), worn on
the lower back in a
belt.

The study is based
on data from the 4th
follow-up of the
INCHIANT]I study
(clinical trial:
NCT01331512).

This study also
included TUG,
diff TUG and Stops
Walking When
Talking (SWWT)
tests.
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Ashburn,
2008*

Prospective
cohort study

Bizovska
20185

Prospective
cohort study

Caronni
2023%

Berg Balance
Scale (£48.5
cut-off)

(n=115)

Study duration:

follow-up: 12
months

Tinetti total
score (no cut
off reported)

(n=131)

Study duration:

one year

Patient history
+ Gait speed
(m/s)

Patient history
+ Walk ratio
(cm/number of
steps/min)

Setting:
Hospital
setting,

Sweden

Patients
assessed
at
discharge
after
hospitalisati
on for a
stroke.

Age, mean
(SD): 70.1
(12.4)

Setting:
community
setting, UK

Community
dwelling
over 60s
recruited
from a
university
for elderly
and clubs
for elderly
in
Olomouc,
Czech
Republic.

Age, mean
(SD): 70.8
(6.7)

Setting:Co
mmunity
based,
Czech
Republic

Patients
admitted to
an inpatient
rehabilitatio
n unit due
toa
neurologica
| disability
in Milan.

Sensitivity
Specificity
PPV
NPV

Sensitivity
Specificity
AUC %

AUC
Sensitivity
Specificity

9
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63 fallers  This study also

identified  included the
Functional Reach
Test.

50 fallers

identified

82 fallers  History = five

identified  features from the

and 166 medical history: 1.

falls age (years), 2.
gender (male vs.
female), 3. acute vs.
chronic condition, 4.
cognitive impairment
(present vs. absent)
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and 5. urinary

Pati_er_lt history Age, incontinence
+ Mini-BESTest = (present vs. absent).

Patient history ~ (IQR):76.2
+ TUG duration, (66.8,81.2)

S
) ) Setting:
Pat'lent history Hospital
+ sit-to-walk ]
durati setting,
uration, s ltaly
Patient history
+ Turn duration,
S
Patient
history + Peak
angular
velocity, °/s
(n=214)
Chen, 20057 Falls risk model Residents Sensitivity .
score at cut who Specificity 2,536 . Thtle Za:.'listf:ISk model
offs: (2-3), (3- participated 2l el LA =
4), (4-5), (5-6), in the f1,|1I07 following measures:
allers
(>9) gzic(:ture were Cognition
(n=225) Epidemiolo recorded 1 ess severity
gy in the
Elderly. Incontinence
Age, mean Balance
(SD): 85.5 Postural sway
(6.86)
Visual contrast
Setting: sensitivity
Residential Proprioception
care,
Australia Knee extension
strength
Reaction time
Dasgupta Hybrid Community  Area under the
20228 convolutional  dwelling curve (AUC) 14 fa,';?rs T}[‘E HCRNN model
recurrent neural adults over identified  of kinematic ,
network 60 years characteristics of gait
(HCRNN) old who and balance with an
presented accelerometer during
(n=134) for care to the TUG was used.
one
emergency
department
in
Pittsburgh

10
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Greene,
2012a°

Prospective
cohort study

Greene,
2012b10

Berg Balance
Scale (45 cut-
off

(n=226)

Berg Balance
Scale (45 cut-
off

(n=120)

Age, mean
(SD): 68.9
(8.1)

Setting:
Community
, USA

Community
-dwelling
older adults
already
part of a
larger study
on ageing.
Community
assessmen
ts
conducted
at an
independen
t living
research
centre.

Age, mean
(SD): 71.5
(6.72)
years

Setting:
Community
setting,
Ireland

Community
-dwelling
older adults
already
part of a
larger study
on ageing.
Community
assessmen
ts
conducted
at an
independen
t living
research
centre.

Area under the
curve (AUC)

Sensitivity
Specificity
PPV
NPV

Area under the
curve (AUC)

Sensitivity
Specificity
PPV
NPV

11
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Age, mean
(SD): 73.7
(5.8)
Setting:
Community
setting,
Ireland
Hars, Tinetti Scale Inpatients Area under the 29 fall
201812 (>2 cut-off) ina curve (AUC) 329 fa ?:l
geriatric Sensitivity oceurre
- acute and o in 189
Prcr)]s?tec;u\ge N= 807 rehabilitatio Specificity patients
cohort stu
. n hospital FEY
NPV
Age, mean Youden Index
(SD):
85(6.9)
Setting:
In hospital,
Switzerland
Harmon Hester Davis Inpatients Area under the 100
2023™ Scale (HDS) in an curve (AUC) all
(cut offs: 11, inpatient Sensitivity ige?]:isfie ;
Prospective 12, 13, 14, 15) rehatlal'lltatlo Specificity
cohort study i) el Youden Index
Section GG (cut
offs; 13, 14, 15) Age,
median
Facility fall risk ~ (IQR): 71
assessment (66-80)
(cut off 51)
Setting:
(n=1645) In hospital,
USA
Kelly, Gait velocity Participants Area under the 191
202213 [cm/s] , all aged curve (AUC) fagilers
Grip strength exactly 70 Sensitivity
[cm/s] years old Specificity
Free living and from
accelerometer ~ Umea
data (No Sweden
stopping early ook partin
and early the study
stopping (817
models) Female
and 888
(n=1705) Male).
Age: 70
years
12
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Mahoney,
201714

Mak 201315

Anterior-
posterior
angular
displacement
(1.88° cut-off)

(n=287)

Five-time-to-
stand test.
Mini-BESTest

(n=110)

Setting:
Community
, Sweden

Older
adults
recruited
from the
Central
Control of
Mobility in
Aging
(CCMA)
study.

Age, mean
(SD): 76.14
(6.8)

Setting:
Community
, USA

Community
dwelling
adults were
recruited
from the
Hong Kong
Parkinson’s
disease
Association
if they were
between 40
and 85
years old,
had a
diagnosis
of
idiopathic
Parkinson’s
disease
and were
medically
stable

Age, mean
(SD): 63.2
(9.0)

Area under the
curve (AUC)

Sensitivity
Specificity

Area under the
curve (AUC)

Sensitivity
Specificity

13

Falls: assessment and prevention FINAL - April 2025

66 fallers
reported

66 fallers
identified

Participants wore the
Swaystar device
system near their
centre of mass by
their lower back (L3-
L5 vertebral body).
The Swaystar
system contains
sensor to record
angular deviations of
the trunk in anterior-
posterior and medial-
lateral direction.
Participants were
asked to stand on a
flat surface with eyes
open and feet
shoulder width apart
for 10 seconds while
trunk sway was
measured and
recorded via
Bluetooth.
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Muir, 200816

Schwesig,
20137

Berg Balance
Scale (< 45 cut-
off), (54 cut-
off)

(n=187)

Stride time in
seconds (1.19
cut-off

Standard
deviation
landing phase
in % (15.3 cut-
off)

Posturographic
frequency
range F2-F4
(10.7 cut-off)

(n=146)

Setting:
Community
, Hong
Kong

Veterans
living in 3
different
communitie
sin
Canada.

Age, mean
(SD): 79.47
(5.8)

Setting:
Community
, Canada

Participants
were
recruited
from local
nursing
homes.

Age, mean
(SD): 82.7
(NR)

Setting:
Residential
care,
Germany

Sensitivity
Specificity

Area under the
curve (AUC)

Sensitivity
Specificity

14
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80 fallers
reported

41 fallers
reported

Stride time and
landing phase: gait
parameters were
assessed with
participants wearing
a mobile inertial
sensor-based
system RehaWatch.
Participants wore
their own flat shoes
and asked to walk
straight for 20m at
their self-selected
speed. Participants
performed 3 trials but
only data from the 3
trials was used for
analysis. Mean and
standard deviations
of each gait
parameter of all
recorded steps were
analysed for each
participant.

Postural regulation:
was measured with
an interactive
balance system
consisting of 4
independent force
plates to measure
postural stability and
regulation. Postural
regulation was
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Study Risk tool

Teranishi Standing Test

202418 for Imbalance
and
Disequilibrium
(SIDE) (cut off
2a/2b)
SIDE (cut off
2a/2b) +
Adherence
assessment
(positive/negati
ve)
(n=416)

Vassallo, Tinetti Scale

20051 (medium to
high risk)

Prospective

cohort study  (n=135)

2 acute

medical

wards

Vlaeyen Care Home

202120 Falls Screen
(CaHFRIS)

Population

Patients
who were
admitted to
a 45-bed
convalesce
nt
rehabilitatio
n ward over
a 2-year
period in
Japan.

Age, mean
(SD): 77.9
(9.6)

Setting:
residential
Japan

Elderly
patients
admitted to
medical
wards for
various
medical
conditions.

Age, mean
(SD): 83.8
(8.01)

Setting:
Hospital,
UK

Residents
in nursing

Outcomes
(including
definitions)

Sensitivity
Specificity

Youden Index

Sensitivity
Specificity
PPV
NPV

Sensitivity
Specificity
PPV

15
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No. of
event (n)

38 fallers
were
identified

22 fallers
identified

211
fallers
identified

Comments
measured as stability
indicator, weight
distribution index,
synchronisation and
sway intensities.
Participants
performed one trial
of 32 seconds for
each of 8
standardised
barefoot test
conditions.

The adherence
assessment was
developed to identify
people who are
unable to stop
themselves from
performing
dangerous acts
when their
movement is
restricted.
Assessment items
were rated on Likert
scales and classified
as personality,
memory and
instruction
adherence, or
impulsiveness items.

The Tinetti Scale is a
fall risk index based
on a number of
chronic disabilities
with the higher the
number the higher
the likelihood of
recurrent falls. Risk
indexes include
mobility score,
morale score, mental
status score,
distance vision,
hearing, postural
blood pressure drop,
back examination,
medications on
admission, and
admission activity of
daily living score.
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Study

Vratsistas-
Curto
20182

Prospective
cohort study

Zhou 202322

Risk tool

(cut-off score of
2 4)

Fall Risk
Classification
Algorithm
(FRICA)

(n=399)

Predict FIRST
(prediction of
falls in
rehabilitation
settings tool)

(n=300)

Composite
equilibrium
score

(n=159)

Population

homes in
Belgium

Age, mean
(SD): 85.9
(6.9)

Setting:
Residential,
Belgium
Inpatients
admitted to
the general
rehabilitatio
n unit at a
public
hospital in
Sydney,
Australia
were
inclusion
except
those
receiving
acute
medical or
palliative
care.

Age, mean
(SD): 80
(11)

Setting:
Hospital,
Australia

Elderly
people
aged 80
years or
older who

Outcomes
(including
definitions)

NPV
AUC %

Youden Index

AUC %

AUC
Sensitivity
Specificity

16

Falls: assessment and prevention FINAL - April 2025

No. of
event (n)

41 fallers
identified

59 fallers
and 108

falls were
identified

Comments

Predict FIRST
scores were
calculated on
admission using
information from
participants’ medical
records. Male sex
was extracted from
the file. CNS
medication use was
defined as taking
sedatives/hypnotics,
anti-anxiety agents,
antipsychotics,
antidepressants,
anticonvulsants,
movement disorder
medications or other
CNS agents. Falls in
the past year was
defined as a reported
or documented
history of falls in the
previous 12 months.
Frequent toileting
was defined as
alterations in
urination, i.e.
frequency, urgency,
incontinence and
nocturia. Impaired
tandem stance was
defined as the
inability to maintain
the tandem stance
position for 10
seconds on initial
physiotherapy
assessment.

The cut-off points
SOTcom in
predicting new falls
was <52 points.
SOTcom: Composite
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were Equilibrium Score,

treated in the weighted

the geriatric average score of

department sensory integration

ofa test under six test

hospital in conditions; RT:

China were Reaction Time; MVL:

included. Movement Velocity;
DCL: Directional
Control; EPE:

:(O\Sggizrgian Endpoint Excursion;

(3.3) MXE: Maximum
Excursion.

Setting:

Community

setting,

China

See Appendix D for full evidence tables

Falls: assessment and prevention FINAL - April 2025
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1.1.6.

Berg Balance Scale

Berg Balance Scale (45
cut-off) — community
(aged 65 years or older)

Berg Balance Scale (< 49
cut-off) — community
(aged 65 years or older)

Berg Balance Scale (< 54
cut-off) — community
(aged 65 years or older)

Berg Balance Scale (<45
points cut-off point) —
hospital (aged 65 years or
older)

Berg Balance Scale <48.5
cut-off) - community
(aged 65 years or older)

BEST test

BEST (<69% cut-off) -
community (aged 65
years or older)

533

226

187

159

115

187

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

Table 3: Summary of results: Sensitivity and Specificity

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

Falls: assessment and prevention FINAL - April 2025

Summary of prognostic evidence: Discrimination

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

18

serious imprecision®

serious imprecision®

serious imprecision®
serious imprecision®

serious imprecision®

serious imprecision®
serious imprecision®

serious imprecision®

No serious
imprecision

serious imprecision®

serious imprecision®

serious imprecision®

Meta-analysis results:
Sensitivity= 0.38 (0.13, 0.69)

Specificity= 0.83 (0.58, 0.94)

Sensitivity= 0.74 (0.63, 0.83)

Specificity= 0.74 (0.66, 0.81)

Sensitivity= 0.61(0.50,0.72)
Specificity= 0.53 (0.43, 0.63)

Sensitivity= 0.63 (0.51, 0.75)

Specificity= 0.65 (0.54, 0.75)
Sensitivity= 0.86 (0.75, 0.93)

Specificity= 0.49 (0.38, 0.60)

Sensitivity= 0.46 (0.35, 0.57)

Specificity= 0.61 (0.66, 0.81)

VERY LOW

LOW

LOW

LOW

LOW

LOW
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Methods of assessment

Mini-BEST test

Mini-BEST (>63% cut-off)
- community (aged 65
years or older)

Mini-BEST (19 cut off) -
community (under 65)

Mini-BESTest
Mini-BESTest (cut off
2.94) — hospital (aged 65
years or older)

Mini-BESTest

Mini-BESTest (cut off
0.06) — hospital (aged 65
years or older)

Tinetti Scale

Simplified Tinetti Scale
(>2 cut-off) — hospital -
(aged 65 years or older)

Tinetti Scale (medium to
high risk) — hospital (aged
65 years or older)

Tinetti total score -
community

187

110

214

214

807

135

131

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency
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No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness
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serious imprecision®

serious imprecision®
serious imprecision®

very serious
imprecision®

No serious
imprecision

No serious
imprecision

No serious
imprecision

No serious
imprecision

No serious
imprecision
No serious
imprecision
Serious imprecision®

No serious
imprecision

serious imprecision®

Sensitivity= 0.62 (0.51, 0.72)

Specificity= 0.74 (0.66, 0.81)
Sensitivity= 0.79 (0.69, 0.87)

Specificity= 0.67 (0.45, 0.84)

Sensitivity= 0.91 (0.83, 0.96)

Specificity= 0.20 (0.14, 0.28)

Sensitivity= 0.29 (0.20, 0.40)

Specificity= 0.86 (0.79, 0.91)

Sensitivity= 0.92 (0.87, 0.95)
Specificity= 0.42 (0.38, 0.46)
Sensitivity= 0.77 (0.56, 0.90)
Specificity= 0.31 (0.22, 0.41)

Sensitivity= 0.67 (0.52, 0.80)

LOW

VERY LOW

MODERATE

MODERATE

MODERATE

LOW

LOW
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serious No serious Specificity= 0.83 (0.73, 0.90)
risk of imprecision
bias®
Stops Walking When Talking (SWWT)
Stops Walking When 1 159  serious No serious No serious No serious Sensitivity= 0.15 (0.07, 0.26) MODERATE
Talking — hospital (aged risk of inconsistency indirectness imprecision
i a
65 years or older) bias No serious Specificity= 0.97 (0.91, 0.99)
imprecision
diff TUG
diffTUG (cut-off >/=4.5 1 159  serious No serious No serious No serious Sensitivity= 0.17 (0.08, 0.30) MODERATE
secs) — hospital (aged 65 risk of inconsistency indirectness imprecision
i a
RIS CIr el PIES No serious Specificity= 0.95 (0.89, 0.98)
imprecision
Gait velocity (cm/s)
Gait velocity (cm/s) — 1 1705 serious No serious No serious No serious Sensitivity= 0.59 (0.52, 0.66) MODERATE
community (aged 65 risk of inconsistency indirectness  imprecision
i a
VRIS €l CLELT) RS No serious Specificity= 0.46 (0.43, 0.49)
imprecision
Grip strength (kg)
Grip strength (kg) — 1 1705 serious No serious No serious Serious imprecision®  Sensitivity= 0.44 (0.37, 0.52) LOW
community (aged 65 risk of inconsistency indirectness
i a
RIS CIr el PIES No serious Specificity= 0.60 (0.57, 0.62)
imprecision
Falls risk score
Falls risk score (2-3) — 17 159  serious No serious No serious No serious Sensitivity= 0.98 (0.92, 1.00) MODERATE
residential (aged 65 years risk of inconsistency  indirectness  imprecision
i a
or older) bias No serious Specificity= 0.07 (0.02, 0.17)
imprecision
20
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Falls risk score (3-4) —
residential (aged 65 years
or older)

Falls risk score (4-5) — 1 159
residential (aged 65 years
or older)

Falls risk score (5-6) — 1 159
residential (aged 65 years
or older)

Falls risk score (>9) — 1 159
residential (aged 65 years
or older)

Care Home Falls Screen (CaHFRiS)

Care Home Falls Screen 1 379
(CaHFRIiS) (cut-off score

of 2 4) — community

(aged 65 years or older)

Fall Risk Classification Algorithm (FRiCA)

Fall Risk Classification 1 398
Algorithm (FRICA) —

community (aged 65

years or older

Anterior-posterior angular displacement

Anterior-posterior angular 1 287
displacement (1.88° cut-

off) — community (aged

65 years or older

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious

inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency
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No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness
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No serious
imprecision

No serious
imprecision

No serious
imprecision

serious imprecision®
Serious imprecision®

Serious imprecision®

No serious
imprecision

No serious
imprecision

Serious imprecision®

Serious imprecision®

Serious imprecision®

No serious
imprecision

No serious
imprecision

No serious
imprecision

Sensitivity= 0.92 (0.85, 0.96)
Specificity= 0.23 (0.16, 0.32)
Sensitivity= 0.80 (0.71, 0.88)

Specificity= 0.48 (0.38, 0.58)
Sensitivity= 0.64 (0.51, 0.76)

Specificity= 0.69 (0.56, 0.81)
Sensitivity= 0.23 (0.14, 0.35)

Specificity= 0.94 (0.85, 0.98)

Sensitivity= 0.64 (0.57, 0.71)

Specificity= 0.68 (0.61, 0.75)

Sensitivity= 0.68 (0.61, 0.74)

Specificity= 0.59 (0.51, 0.66)

Sensitivity= 0.32 (0.21, 0.44)

Specificity= 0.77 (0.71, 0.82)

MODERATE

MODERATE

LOW

MODERATE

LOW

LOW

MODERATE
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Free living accelerometer data - FLA (No early stopping)

Free living accelerometer 1 428
data - FLA (No early

stopping) — community

(aged 65 years or older)

Free living accelerometer data - FLA (Early stopping)

Free living accelerometer 1 428
data - FLA (Early

stopping) — community

(aged 65 years or older)

Stride time in seconds

Stride time in seconds 1 135
(1.19 cut-off) — residential

(aged 65 years or older

Standard deviation landing phase

Standard deviation 1 135
landing phase in % (15.3

cut-off) — residential

(aged 65 years or older

Posturographic frequency range F2-F4

Posturographic frequency 1 135
range F2-F4 (10.7 cut-off)

— residential (aged 65

years or older)

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

Standing Test for Imbalance and Disequilibrium (SIDE)

Standing Test for 1 398
Imbalance and

No serious
inconsistency
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No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness
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Serious imprecision®

Serious imprecision®

Very serious
imprecision®

Serious imprecision®

Very serious
imprecision®

Very serious
imprecision®

No serious
imprecision

Serious imprecision®

No serious
imprecision

No serious
imprecision

No serious
imprecision

Sensitivity= 0.50 (0.37, 0.63)

Specificity= 0.64 (0.37, 0.69)

Sensitivity= 0.61 (0.48, 0.73)

Specificity= 0.67 (0.62, 0.72)

Sensitivity= 0.63 (0.49, 0.75)

Specificity= 0.61 (0.49, 0.71)

Sensitivity= 0.100 (0.91, 1.00)

Specificity= 0.42 (0.32, 0.53)

Sensitivity= 0.88 (0.74, 0.95)

Specificity= 0.39 (0.29, 0.49)

Sensitivity= 0.86 (0.71, 0.95)

LOW

VERY LOW

VERY LOW

LOW

MODERATE

VERY LOW
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Disequilibrium (SIDE) (cut
off 2a/2b) — residential
(aged 65 years or older)

SIDE + Adherence assessment

SIDE (cut off 2a/2b) + 1
Adherence assessment
(positive/negative) (aged

65 years or older)

Turning duration (s)

Turning duration (cut off 1
1.91 s) — hospital (aged
65 years or older)

Turning duration (s)

Turning duration (cut off 1
3.80 s) — hospital (aged
65 years or older)

Composite equilibrium score

Composite equilibrium 1
score (cut off <52) -
community (aged 65

years or older)

Hester Davis Scale
Hester Davis Scale (cut 1

off 11) — hospital (aged
65 years or older)

390

214

214

159

1645

1645

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

No
serious
risk of
bias

Serious
risk of
bias?

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency
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No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

23

Very serious
imprecision®

Serious imprecision®

No serious
imprecision

No serious
imprecision

No serious
imprecision

No serious
imprecision

No serious
imprecision

Serious imprecision®

No serious
imprecision

Serious imprecision®

No serious
imprecision

Serious imprecision®

Specificity= 0.50 (0.07, 0.93)

Sensitivity= 0.76 (0.60, 0.88)

Specificity= 0.64 (0.59, 0.69)

Sensitivity= 0.96 (0.90, 0.99)

Specificity= 0.16 (0.10, 0.23)

Sensitivity= 0.24 (0.16, 0.35)

Specificity= 0.87 (0.80, 0.92)

Sensitivity= 0.41 (0.28, 0.54)

Specificity= 0.85 (0.75, 0.91)

Sensitivity= 0.78 (0.68, 0.86)
Specificity= 0.46 (0.43, 0.49)

Sensitivity= 0.70 (0.60, 0.79)

LOW

MODERATE

MODERATE

LOW

LOW

LOW
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Hester Davis Scale (cut
off 12) — hospital (aged
65 years or older)
Hester Davis Scale (cut
off 13) — hospital (aged
65 years or older)

Hester Davis Scale (cut
off 14) — hospital (aged
65 years or older)

Hester Davis Scale (cut
off 15) — hospital (aged
65 years or older)

Facility fall risk

Facility falls risk (cut off
13) hospital (aged 65
years or older)

Facility fall risk (cut off 14)
hospital (aged 65 years or
older)

Section GG scores (cut
off 51) hospital (aged 65
years or older)

Finite-state machine

Finite-state machine —
(Vanilla decision tree)

1645

1645

1645

1645

1645

1645

168

Serious
risk of
bias?
Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious

inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency
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No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious

indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

24

No serious
imprecision

Serious imprecision®

No serious
imprecision

Serious imprecision®

No serious
imprecision

Serious imprecision®

No serious
imprecision

No serious
imprecision

No serious
imprecision

Serious imprecision®
No serious
imprecision
Serious imprecision®

No serious
imprecision

Very serious
imprecision®

Specificity= 0.56 (0.53, 0.59)

Sensitivity= 0.54 (0.44, 0.64)
Specificity= 0.64 (0.62, 0.66)

Sensitivity= 0.52 (0.42, 0.62)
Specificity= 0.74 (0.72, 0.76)

Sensitivity= 0.42 (0.32, 0.52)
Specificity= 0.79 (0.77, 0.81)

Sensitivity= 0.82 (0.73, 0.89)
Specificity= 0.42 (0.40, 0.44)

Sensitivity= 0.49 (0.39, 0.59)
Specificity= 0.76 (0.74, 0.78)

Sensitivity= 0.75 (0.65, 0.83)
Specificity= 0.57 (0.54, 0.59)

Sensitivity= 0.57 (0.37, 0.76)

LOW

LOW

LOW

LOW

LOW

LOW

VERY LOW
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community (aged 65
years or older)

Finite-state machine — 1 168
(Under sampling decision

tree) community (aged 65

years or older)

Finite-state machine — 1 168
(SMOTE Lasso)

community (aged 65

years or older)

Finite-state machine — 1 168
(Near miss SVM)

community (aged 65

years or older)

Serious
risk of
bias?
Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
imprecision

Very serious
imprecision®

Serious imprecision®

Very serious
imprecision®
No serious
imprecision

No serious
imprecision

Serious imprecision®

Specificity= 0.84 (0.77, 0.90)

Sensitivity= 0.66 (0.46, 0.82)
Specificity= 0.70 (0.62, 0.77)
Sensitivity= 0.67 (0.48, 0.84)
Specificity=0.79 (0.71, 0.86)
Sensitivity= 0.88 (0.72, 0.98)

Specificity= 0.58 (0.49, 0.66)

VERY LOW

VERY LOW

LOW

a) Risk of bias was assessed using the PROBAST checklist. Downgraded by 1 increment as the majority of the evidence was at high risk due to one or more of the
following: history of falls included as a predictor, lack of information on predictors, lack of information on missing participants, follow up time frame not provided, lack
of information on inclusion/exclusion criteria, missing data and number of participants with outcome <100.

b) The judgement of precision was based on the spread of confidence interval across two clinical thresholds: sensitivity and specificity of 50% and 70%. The threshold
of 50% marked the boundary between no predictive value better than chance and a predictive value better than chance. The threshold of 70% marked the boundary
above which the committee might consider recommendations. If the 95% Cls crossed one of these thresholds a rating of serious imprecision was given and if they
crossed both thresholds a rating of very serious imprecision was given

Table 4: Summary of results: AUC

Berg Balance Scale

Falls: assessment and prevention FINAL - April 2025
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Berg Balance Scale -
community (aged 65 years or
older)

BEST

BEST - community (aged 65
years or older)

Mini-BEST

Mini-BEST - community (aged
65 years or older)

Mini-BEST - community (aged
under 65 years)

Tinetti total score

Simplified Tinetti Scale (>2
cut-off) — hospital (aged 65
years or older)

Tinetti total score - community
(aged 65 years or older)

Gait velocity (cm/s)

Gait velocity (cm/s) —
community (aged 65 years or
older)

Grip strength (kg)

Grip strength (kg) —
community (aged 65 years or
older)

HCRNN model of kinematic characteristics of gait and balance during the TUG

1 226
1 226
1 110
1 807
1 131
1 1705
1 1705

serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?

No serious
risk of bias

serious
risk of
bias?
Serious
risk of
bias?

serious
risk of
bias?

serious
risk of
bias?
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No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious

inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
indirectness

No serious
indirectness

No serious

indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness
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Incalculabled

Very serious
imprecision®

serious
imprecision®

Incalculable®

Incalculable®

Incalculable®

Incalculable®

Incalculable®

Median: 0.62
(NR) range:
(0.62 to 0.79)

0.68 (0.45 —
0.83)

0.77 (0.55 —
0.89)

0.75 (NR)

0.69 (NR)

0.76 (NR)

0.50 (NR)

0.50 (NR)

VERY LOW

VERY LOW

LOW

VERY LOW

VERY LOW

VERY LOW

VERY LOW

VERY LOW
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HCRNN model of kinematic
characteristics of gait and
balance during the TUG —
community (aged 65 years or
older)

Stride time in seconds

Stride time in seconds (1.19 1
cut-off) - residential (aged 65
years or older

Standard deviation landing phase
Standard deviation landing 1
phase in % (15.3 cut-off) -
residential (aged 65 years or

older

Posturographic frequency range
Posturographic frequency 1
range F2-F4 (10.7 cut-off) -
residential (aged 65 years or

older

Care Home Falls Screen (CaHFRIS)

Care Home Falls Screen 1
(CaHFRIiS) (cut-off score of =

4) — residential (aged 65

years or older)

Predict_FIRST tool

Predict_FIRST — hospital 1
(aged 65 years or older)

Patient history + Gait speed (m/s)
Patient history + Gait speed 1
(m/s) — hospital (aged 65

years or older)

135

135

135

379

300

214

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?
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No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness
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No serious
imprecision®

Serious
imprecision®

Serious
imprecision®

Serious
imprecision®

Serious
imprecision®

Serious
imprecision P

Serious
imprecision®

0.98 (0.97 —
0.99)

0.66 (0.50 —
0.82)

0.70 (0.59 —
0.81)

0.66 (0.53 —
0.81)

0.66 (0.61 —
0.72)

0.66 (0.57 —
0.74)

0.67 (0.6 —
0.74)

MODERATE

LOW

LOW

LOW

LOW

LOW

LOW
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Patient history + Walk ratio

Patient history + Walk ratio 1 214
(cm/number of steps/min) —

hospital (aged 65 years or

older)

Patient history + Mini-BESTest

Patient history + Mini- 1 214
BESTest - hospital (aged 65

years or older)

Patient history + TUG duration (s)

Patient history + TUG 1 214
duration (s) - hospital (aged

65 years or older)

Patient history + sit-to-walk duration, s

Patient history + sit-to-walk 1 214
duration, (s) - hospital (aged
65 years or older)

Patient history + Turn duration, (s)

Patient history + Turn 1 214
duration, (s) - hospital (aged
65 years or older)

Patient history + Peak angular velocity, °/s

Patient history + Peak angular 1 214
velocity, (°/s) - hospital (aged
65 years or older)

Composite equilibrium score

Composite equilibrium score — 1 159
community (aged 65 years or
older)

Hester Davis Scale (cut off 11) - hospital

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

Serious
risk of
bias?

No serious
risk of bias
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No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
inconsistency

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness

No serious
indirectness
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Serious
imprecision®

Serious
imprecision®

Serious
imprecision®

Serious
imprecision®

Serious
imprecision®

Serious
imprecision®

No serious
imprecision

0.67 (0.59 —
0.74)

0.69 (0.62 —
0.76)

0.68 (0.61 —
0.75)

0.67 (0.60 —
0.74)

0.69 (0.62 —
0.76)

0.68 (0.60 —
0.75)

0.61 (0.53 —
0.68)

LOW

LOW

LOW

LOW

LOW

LOW

HIGH
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Hester Davis Scale — hospital 1645 Serious No serious No serious  Serious 0.68 (0.63 —
(aged 65 years or older) risk of inconsistency  indirectness imprecision®  0.73)
bias?
Finite-state machine (wearable technology)
Finite-state machine 1 168  Serious No serious No serious  Incalculable®  0.69 (NR) VERY LOW
(wearable) - Vanilla decision risk of inconsistency indirectness
tree — community (aged 65 bias®
years or older)
Finite-state machine 1 168  Serious No serious No serious  Incalculable®  0.69 (NR) VERY LOW
(wearable) - Under sampling risk of inconsistency indirectness
decision tree -community bias?
(aged 65 years or older)
Finite-state machine 1 168  Serious No serious No serious  Incalculable® 0.76 (NR) VERY LOW
(wearable) - SMOTE Lasso - risk of inconsistency indirectness
community (aged 65 years or bias?
older)
Finite-state machine 1 168  Serious No serious No serious  Incalculable®  0.75 (NR) VERY LOW
(wearable) - Near miss SVM - risk of inconsistency indirectness
community (aged 65 years or bias?
older)

a) Risk of bias was assessed using the PROBAST checklist. Downgraded by 2 increments as the majority of the evidence was at very high risk due to one or more of
the following: lack of information on predictors, lack of information on missing participants, lack of information on inclusion/exclusion criteria, missing data, statistical
analysis and issues with categorical data handling

b) The judgement of precision was based on the spread of confidence interval across two clinical thresholds: C statistics of 50% and 70%. The threshold of 50%
marked the boundary between no predictive value better than chance and a predictive value better than chance. The threshold of 70% marked the boundary above
which the committee might consider recommendations. If the 95% Cls crossed one of these thresholds a rating of serious imprecision was given and if they crossed
both thresholds a rating of very serious imprecision was given

c) No confidence interval reported and primary data not available so unable to calculate imprecision. Downgraded by 2 increments.
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1.1.7. Comprehensive falls assessment

This part of the review considered the comprehensive assessments that are conducted as
part of interventions to reduce the risk of falls. Comprehensive falls assessments identify an
individual’s risk factors to enable interventions to be tailored to prevent or reduce falls.

To identify which individual risk factors should be assessed to tailor prevention interventions
accordingly, we looked at the effective multifactorial interventions studies (from the
multifactorial review F1 and F2) and looked at what assessments had been carried out to
identify risk factors for falls to enable interventions to be tailored to the individual. The
component parts of the assessment and any tools or instruments used were extracted from
the multifactorial intervention review (see F1 and F2) and the committee considered these
and agreed through consensus what should be included as part of a comprehensive falls
assessment. See Appendix M for details of evidence included.

The components of assessments within the effective multifactorial interventions studies
included:

No. of falls in the past 12 months/Injury in past 12 months
Home environmental hazards

Walks safely in the house/walking speed
Balance/Gait/muscle testing/range of motion

Cognitive status

Drug and alcohol use

Level of physical activity

Foot problems/inappropriate footwear
Incontinence/Nocturia

Number of medical conditions

Medications/number of falls risk medications/vaccinations
Vision/Hearing

Activities of daily living/Assistance required to perform personal ADLs/Assistance
required to perform domestic ADLs

Somatosensory deficit

Food intake/weight loss/alcohol intake
Mood/depression

Social/housing

Falls self-efficacy

Blood pressure/Cardiovascular assessment

1.1.8. Economic evidence

1.1.8.1. Included studies

No health economic studies were included.

1.1.8.2. Excluded studies

One economic study relating to this review question was identified but was excluded due to
limited applicability. This is listed in Appendix J, with reasons for exclusion given.

See also the health economic study selection flow chart in Appendix G.
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1.1.9. Summary of included economic evidence

No health economic studies were included.

1.1.10. Economic model

This review question was not prioritised for new health economic modelling.
1.1.11. Evidence statements

1.1.11.1. Economic
No relevant economic evaluations were identified.

1.1.12. The committee’s discussion and interpretation of the evidence

1.1.12.1. The outcomes that matter most

The committee agreed that the clinical outcome the risk assessments should predict was the
occurrence of falls. They hoped that risk tools including minimum data set, multifactorial
assessments, balance and gait assessments or wearable technologies would identify
individual risk factors present in order to be able to tailor interventions to prevent falls. The
accuracy of assessments or prediction tools to estimate the risk of falls was measured using
the following statistical outputs:

¢ Discrimination (sensitivity, specificity, predictive values)

e Area under the ROC curve (c-index, c-statistic)

e Predicted risk versus observed risk

¢ Reclassification

o Other statistical measures: for example, D statistic, R2 statistic and Brier points

The committee agreed that discrimination data is important to correctly classify individuals
into risk groups to inform decisions or further interventions, however, all outcomes were
considered equally important for decision making.

The committee noted that limited evidence was available for the sensitivity and specificity of
the tools at specific thresholds and very limited evidence was available for area under the
curve data. No calibration or reclassification statistics were reported.

Clinical thresholds

Clinical decision thresholds were set at default values of sensitivity/specificity 0.7 and 0.7
above which a test would be recommended and 0.5 and 0.5 below which a test is of no
clinical use. The committee did not choose to prioritise sensitivity or specificity in their
decision making as it would depend on the context of the test.

1.1.12.2. The quality of the evidence

A search was conducted for external validation studies or prospective cohort studies
including over 100 participants. Evidence was separated according to the setting and age of
the study population and analysed separately. Thirteen studies were identified in a
community setting, five in a hospital setting and four in a residential care setting. All studies
apart from one included a population over 65 years old. 22 studies were included in the
review and due to the separation of evidence according to the above strata, many of the
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outcomes only included single study data. Evidence was available for twelve functional gait
or balance assessments; five risk prediction tools and five studies looked the use of wearable
technologies such as goniometers and accelerometers.

The quality of evidence ranged very low to moderate with the majority being of low quality.

Downgrading of the evidence was mainly due to risk of bias relating to the following: lack of
information on predictors or inclusion/exclusion criteria, missing data, poor description of
statistical analysis and issues with categorical data handling.

Many outcomes were downgraded for imprecision due to small study sizes and the
confidence intervals crossing the decision thresholds of 0.7 and 0.5, above and below which
a test would or would not be recommended.

Meta analyses of the data was not possible for the majority of evidence due to the
differences in the study settings, populations or cut offs used meaning that outcomes were
predominantly based on small individual studies.

1.1.12.3. Benefits and harms
Community setting

Based on the limited AUC data in a community setting several balance and gait assessment
tools including the Berg balance scale, Mini-BEST test and Tinetti score all reported values
above the threshold of 0.7 suggestive of moderate discriminative ability to predict future risk
of falls. Additionally, gait measurement technologies including the Finite-state machine and a
model of kinematic characteristics of gait and balance during the timed up and go also
reported AUC values over 0.7. The HCRNN model of kinematic characteristic of gait and
balance during the timed up and go reported the best AUC value or 0.98 which indicates
almost perfect discrimination. However, this study included a fairly small sample of 134
participants with a low event rate and lack of external validation, which likely lead to over-
estimation of the predictive ability. Therefore, the committee did not take this outcome into
account during their decision making. AUC data for the BEST test, Composite equilibrium
score, grip strength and gait velocity all reported values below the threshold of 0.7 indicating
a poor discriminative ability.

Sensitivity and specificity data was available for a number of different assessments at
various cut points, however, only one study assessing the Berg balance scale with a cut
point of <49 reported paired sensitivity and specificity data that reached the thresholds of 0.7
sensitivity and 0.7 specificity. Findings for the other tests all failed to reach the paired
sensitivity and specific thresholds indicating a useful test. The committee discussed the one
positive outcome for the Berg balance scale; however, this test was also assessed by four
additional studies at higher and lower cut points and data for these alternate cut points all fell
below the 0.7 threshold. Ultimately, the committee could not recommend the Berg balance
scale at the <49 cut off over the other tests as the data was too limited.

The committee suggested that the Berg balance scale, BEST test and Tinetti scale are all
widely used in clinical practice and any one of these could be used to test for balance and
gait as a contributing factor for falls risk in a community setting, and consequently help to
identify individuals who would benefit from strength and balance-based interventions. The
committee recommended that people in the community that have fallen in the last year but
who do not meet the criteria for a comprehensive falls assessment should have their gait and
balance assessed to determine whether further interventions are required.

The committee agreed the evidence did not address which methods of assessment were
most useful at predicting risk of falls. They suggested that as these tests were generally only
assessing one aspect associated with falls risk such as balance or gait and are not
examining other possible predictors such as medications or comorbidities, they would not
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expect them to have great predictive ability when used in isolation. The committee suggested
these should be used in conjunction with a comprehensive geriatric assessment for those
identified at higher risk of falls. Risk screening tools such as the care home falls screen and
the falls risk classification algorithm also performed poorly and the committee agreed that
this is in alignment with what they see in clinical practice. They explained that these tools
alone do not provide enough information to accurately categorise risk. The committee
discussed the criteria of people who would go on for further falls assessment and
management. The current guideline recommends further assessment for those who have
required medical attention because of a fall or have had recurrent falls in the previous year or
have gait and balance impairments. The committee broadly agreed with the timeframe of a
fall within the previous year, and if a person has been injured or had recurrent falls the
recommendation would reflect practice and still apply. They discussed that further detail on
the population who would also be identified for further assessment include those that have
had a fall and are recognised as being frail, or lost consciousness related to the fall or were
unable to get up independently after a fall. They agreed these groups would be at higher risk
of further falls. The committee discussed people who have fallen but do not fulfil these
criteria, should have their gait and balance assessed and agreed that if an impairment is
identified an intervention to address this should be offered.

The committee discussed the results of wearable technologies such as the free-living
accelerometer data which again failed to reach the thresholds of clinical importance. The
committee suggested that the majority of the current evidence base on wearable
technologies are laboratory-based studies and therefore were not included in the current
protocol. They agreed that further research in this field is required, specifically in a real-world
setting and made a research recommendation (see Appendix L). At the time of publishing
this version of the guideline the committee became aware that a wearable technology had
become available that aimed to predict a person’s falls risk. However, evidence supporting
this that fits the risk assessment review guideline protocols was not available for this update.
They also suggested that sitting and standing (sedentary behaviour), related to fall risk that is
independent of physical activity should be investigated, in order to create more robust
recommendations across the different settings.

The committee decided to make consensus recommendations based on their clinical
expertise and the multifactorial assessments used within the (4.1) interventions for falls
prevention reviews (see comprehensive risk assessments below).

Hospital setting

Only two studies reported AUC data in a hospital setting and these assessed the predict
FIRST and the simplified Tinetti test. Both outcomes failed to reach the 0.7 threshold of
moderate discrimination. Similarly, for the sensitivity and specificity data, none of the
assessments studied (namely the Berg balance scale, stops talking when walking, diffTUG,
and The Tinetti scale, Hester Davis scale and patient history combined with gait speed, walk
ratio, mini-BESTest, TUG duration, sit-to-walk duration, turn duration, and peak angular
velocity) reached the paired sensitivity and specificity thresholds indicating a useful test. The
committee again were not surprised by the lack of efficacy demonstrated by these tools as
they are only assessing one aspect associated with falls risk such as balance or gait and are
not assessing the multifactorial nature of falls which is particularly evident in the acute
hospital setting. These findings correlate with the previous NICE recommendations that
advise against using falls risk prediction tools in hospital. The committee agreed that in an
older population of inpatients who are often undergoing treatments for other conditions,
taking new medications or having other assessments, their functional abilities may rapidly
change and consequently these assessments may be futile. The Committee recognised that
older people in hospital are considered to be at risk of falls and require a comprehensive falls
assessment and subsequent management for any fall risk factors identified.

Residential setting
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Only two studies reported AUC data in a residential care setting, and these assessed the
Care home falls screen and several measures taken from a sensor-based watch and
interactive balance system, including: stride time in seconds, standard deviation landing
phase % and posturographic frequency range. Only one of these measures reached the
threshold of 0.7 indicative of moderate discrimination, which was the standard deviation
landing phase. However, this was only based on one small study of low quality and was not
enough for the committee to recommend this alone as an effective tool. Three studies
reported sensitivity and specificity data in the residential care setting. One examined a risk
prediction tool names the Falls risk score, one reported sensitivity and specificity data on the
gait and balance measures listed above and one examined the standing Test for Imbalance
and Disequilibrium (SIDE). None of the tests paired values reached the thresholds of 0.7 for
being a useful test. Again, the committee were not surprised by these findings as care home
residents in particular are more likely to require a comprehensive approach to falls
assessments due to the presence of comorbidities and more complex presentations beyond
the scope of these simplified tools or assessments for only functional abilities. The committee
therefore could not recommend a specific tool or gait/balance assessment in this population
but agreed older people in residential care settings would be considered at risk of falls and
require a comprehensive falls assessment and subsequent management for any fall risk
factors identified.

Comprehensive risk assessments

The evidence from this review did not support any recommendations to be made on which
methods of assessment to use to predict risk of falls. Therefore, the committee drew upon
the components of the multifactorial assessments within the interventions found to be
effective in the multifactorial prevention of falls reviews in the community (Evidence reviews
F1 and F2). These have been extracted from the review and included in Appendix M below.
The committee used this as the basis for recommendations on comprehensive risk
assessment.

Many of the assessments included in the studies were similar to those already recommended
in the previous NICE Falls guideline (CG161), which had included a risk factor review, and
found that multifactorial assessment may include the following:

Identification of falls history

Assessment of gait, balance and mobility, and muscle weakness

Assessment of osteoporosis risk

Assessment of the older person’s perceived functional ability and fear relating to
falling

Assessment of visual impairment

Assessment of cognitive impairment and neurological examination

Assessment of urinary incontinence

Assessment of home hazards

Cardiovascular examination and medication review

The committee added to the above list, from the risk assessment components identified
within the evidence review or from their expert consensus. They considered the assessments
included in the studies and noted the same or similar components that were used within
several of the studies, including assessment of footwear and or condition of feet; diet, weight
loss and medication review. The committee noted other assessments noted in some studies
they thought should be included and reflected their own practice: hearing impairments which
can affect a person’s balance; fluid intake as a lack of fluid leads to dehydration and can
cause dizziness which can in turn increase the risk of falling; and asking about alcohol

intake. They agreed these should also be included as part of a risk assessment.
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1.1.12.4. Cost effectiveness and resource use

No published health economic evidence was identified that met the inclusion criteria. In the
absence of health economic evidence, the committee was encouraged to discuss current
practice and make a judgement regarding the cost and cost-effectiveness of any new
recommendations relating to the use of risk prediction, and assessment tools.

The committee noted that in the community, Berg balance scale, BEST test and Tinetti scale
are currently widely used and could continue being used as a contributing factor towards
identifying those at risk of falls. Therefore, the recommendations are unlikely to have a
resource impact. A comprehensive falls assessment for people meeting the criteria reflects
current practice and was unlikely to have a resource impact. For all settings the committee
acknowledged clinical reasons not to use risk prediction tools and they are currently not
being used. Therefore, there will be no change in the resource impact in these settings.

1.1.13. Recommendations supported by this evidence review

This evidence review supports recommendations 1.1.1 t0 1.1.7, 1.2.1 to 1.2.3 and
recommendations for research in the NICE guideline.
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Appendices

Appendix A Review protocols

A.1 Review protocol for how accurate are screening tools which quantify or categorise the
degree of risk of falling in identifying people at risk of falls?

ID Field Content

1. Review title What methods of assessment are most accurate for identifying individual risk factors for risk of falls?

2. Review question What methods of assessment are most accurate for identifying individual risk factors for risk of falls?

3. Objective Which assessments to use to identify individual risk factors in order to tailor interventions to prevent falls. This
includes which risk factors should be included in a multifactorial fall risk assessment to be able to tailor fall
prevention interventions. The aim of this would be to have a list of what areas should be included in a MFRA.

4. Searches The following databases (from inception) will be searched:

e Embase
e MEDLINE

e Epistemonikos

Searches will be restricted by:
¢ English language studies

Human studies
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The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for
inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods
chapter for full details).

5. Condition or domain being
studied

e Falls: an unexpected event in which the participants come to rest on the ground, floor, or lower level.

6. Population

Inclusion:
e people aged 65 and over
e people aged 50 to 64 who have a condition or conditions that may put them at higher risk of falling.

Exclusion: any age group that does not fit the inclusion criteria

Strata: age group: people aged 50 to 64 who have a condition or conditions that may put them at higher risk of
falling; settings (hospitals, community, long-term residential care).

The setting is stratified as a lot of the screening tests are not suitable for hospital settings.

7. Risk prediction tool

e Multifactorial assessment instruments/processes administered by health care professionals,
including:

¢ Home hazard assessment instruments, administered by health care professionals for community-
dwelling population

e Minimum data set (MDS) home care and residential assessment instrument for comprehensive
assessment
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These components will come from the falls risk assessment tools from 4.1.

Balance and gait assessment tools to be included:

e Performance-oriented assessment of mobility problems (Tinetti scale) Tinetti balance assessment
tool/POMA (</=18 high; 19-23 moderate; >/=24 low)

¢ Dynamic gait index (19 or less related to increased risk for falling)

¢ Berg balance scale (0-20 points: high risk of falls; 21-40: moderate risk of falls: 41-56 points: low
risk of falls).
Mini Balance Evaluation Systems Test (BEST)/Mini-BEST

e Physiological profile assessment performance test

Gait measurement technologies
o Wearables (gait and balance),
inertial measurement unit, gyroscope on wrist, foot, shank or thigh

8. Target condition e Falls: an unexpected event in which the participants come to rest on the ground, floor, or lower level.
9. T f study to b
in)::ﬁ)jge% study o be For identifying multifactorial risk assessment factors, we will identify studies that use multifactorial risk

assessment as part of their intervention (from intervention review 4.1) and extract the components used in the
studies that effectively reduced falls and the cut-off points for falls risk from Q2.2 to inform decisions on what is
included as part of a MFRA.

For balance and gait assessment tools and wearable technology:

External validation studies (tested on a different study sample to the derivation sample will be included.
Prospective cohort studies or systematic reviews of these with a sample size of n=100 or more. Where tests are
validated in a UK population, we will not include studies in other countries, otherwise we will include any
country.

Published NMAs and IPDs will be considered for inclusion.

Exclusion:
e Case-control studies
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e Cross-sectional studies

and coding)

10. Other exclusion criteria Non-English language studies.
Exclude wearables that just look at physical activity.
1. Context All healthcare settings
12. Primary outcomes (critical For balance and gait assessment tools and wearable technology:
outcomes)
All outcomes are considered equally important for decision making and therefore have all been rated as critical:
Accuracy of estimation of risk of falls:
Statistical outputs may include:
o Discrimination (sensitivity, specificity, predictive values)
e Area under the ROC curve (c-statistic)
e Predicted risk versus observed risk (calibration)
¢ Reclassification
Other statistical measures: for example, D statistic, R? statistic and Brier points
13. Data extraction (selection

EndNote will be used for reference management, sifting, citations and bibliographies.

All references identified by the searches and from other sources will be uploaded into EPPI reviewer and de-
duplicated.

10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by discussion or, if
necessary, a third independent reviewer.

The full text of potentially eligible studies will be retrieved and will be assessed in line with the criteria outlined
above.
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A standardised form will be used to extract data from studies (see Developing NICE guidelines: the manual
section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:
e papers were included /excluded appropriately.

e a sample of the data extractions.

¢ correct methods are used to synthesise data.

e a sample of the risk of bias assessments.

Disagreements between the review authors over the risk of bias in particular studies will be resolved by
discussion, with involvement of a third review author where necessary.

Study investigators may be contacted for missing data where time and resources allow.

14. Risk of bias (quality) For balance and gait assessment tools and wearable technology:
assessment
Risk of bias will be assessed using the PROBAST checklist as described in Developing NICE guidelines: the
manual.
15. Strategy for data synthesis

For balance and gait assessment tools and wearable technology:

Analyses with and without accounting for competing risks will be included.
Discrimination, calibration, and re-classification data will be reported separately.

If appropriate, C statistic and net reclassification index data will be meta-analysed (if at least 3 studies reporting
data at the same threshold) in RevMan. Summary outcomes will be reported from the meta-analyses with their
95% confidence intervals in adapted GRADE tables.

Sensitivity and specificity data will be meta-analysed using a Bayesian approach (using WinBugs software) if 3
or more data points are found.
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Heterogeneity between the studies in effect measures will be assessed using visual inspection of the
sensitivity/specificity or net reclassification index RevMan 5 plots, or summary area under the curve (AUC)
plots. If data are pooled, an I? of 50-74% will be deemed serious inconsistency and an I? of 75% or above very
serious inconsistency.
If meta-analysis is not possible, data will be presented, and quality assessed as individual values in adapted
GRADE profile tables and plots of un-pooled sensitivity and specificity from RevMan software.
Publication bias will be considered with the guideline committee, and if suspected will be tested for when there
are more than 5 studies for that outcome.
The risk of bias across all available evidence will be evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the
international GRADE working group http://www.gradeworkinggroup.org/

16. Analysis of sub-groups Subgroups that will be investigated if heterogeneity is present: specialist settings

17. Type and method of review 0 Intervention
O Diagnostic
Prognostic
O Qualitative
O Epidemiologic
O Service Delivery
O Other (please specify)

18. Language English

19. Country England

20. Anticipated or actual start

date
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21. Anticipated completion date

22. Stage of review at time of Review stage Started

Completed

this submission
Preliminary searches Ira

Piloting of the study selection process

Formal screening of search results against eligibility criteria

Data extraction

Risk of bias (quality) assessment

DR R A .

Data analysis

DR R A .

23. Named contact 5a. Named contact

Guideline Development Team NGC

5b Named contact e-mail

Guidelines8@nice.org.uk

5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE)

24. Review team members From NICE:

Gill Ritchie [Guideline Lead]
Julie Neilson [Senior systematic reviewer]

Annette Chalker [Systematic reviewer]

Madelaine Zucker [Systematic reviewer]
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Sophia Kemmis-Betty [Senior Health economist]
Steph Armstrong [Health economist]

Joseph Runicles [Information specialist]
Tamara Diaz [Project Manager]

25. Funding sources/sponsor Development of this systematic review is being funded by NICE.

26. Conflicts of interest All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence
review team and expert withesses) must declare any potential conflicts of interest in line with NICE's code of
practice for declaring and dealing with conflicts of interest. Any relevant interests, or changes to interests, will
also be declared publicly at the start of each guideline committee meeting. Before each meeting, any potential
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changes to a member's declaration of interests will be recorded in the minutes of the meeting. Declarations of
interests will be published with the final guideline.

27. Collaborators Development of this systematic review will be overseen by an advisory committee who will use the review to
inform the development of evidence-based recommendations in line with section 3 of Developing NICE
guidelines: the manual. Members of the guideline committee are available on the NICE website:

28. Other registration details

29. Reference/URL for published

protocol

30. Dissemination plans NICE may use a range of different methods to raise awareness of the guideline. These include standard

approaches such as:
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A.2 Health economic review protocol

Table 5: Health economic review protocol

Review
question

Objectives

Search
criteria

Search
strategy

Review
strategy

All questions — health economic evidence

To identify health economic studies relevant to any of the review questions.

e Populations, interventions and comparators must be as specified in the clinical
review protocol above.

e Studies must be of a relevant health economic study design (cost—utility analysis,
cost-effectiveness analysis, cost—benefit analysis, cost—-consequences analysis,
comparative cost analysis).

o Studies must not be a letter, editorial or commentary, or a review of health
economic evaluations. (Recent reviews will be ordered although not reviewed. The
bibliographies will be checked for relevant studies, which will then be ordered.)

e Unpublished reports will not be considered unless submitted as part of a call for
evidence.

e Studies must be in English.

A health economic study search will be undertaken using population-specific terms
and a health economic study filter — see appendix B below.

Studies not meeting any of the search criteria above will be excluded. Studies
published before 2007, abstract-only studies and studies from non-OECD countries
or the USA will also be excluded.

Studies published after 2007 that were included in the previous guideline(s) will be
reassessed for inclusion and may be included or selectively excluded based on their
relevance to the questions covered in this update and whether more applicable
evidence is also identified.

Each remaining study will be assessed for applicability and methodological limitations
using the NICE economic evaluation checklist which can be found in appendix H of
Developing NICE guidelines: the manual (2014).”

Inclusion and exclusion criteria

e If a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’, then it will
be included in the guideline. A health economic evidence table will be completed,
and it will be included in the health economic evidence profile.

o If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’, then it
will usually be excluded from the guideline. If it is excluded, then a health economic
evidence table will not be completed, and it will not be included in the health
economic evidence profile.

e If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both then there is discretion over whether it should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question, in discussion with the guideline
committee if required. The ultimate aim is to include health economic studies that are
helpful for decision-making in the context of the guideline and the current NHS
setting. If several studies are considered of sufficiently high applicability and
methodological quality that they could all be included, then the health economist, in
discussion with the committee if required, may decide to include only the most
applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with
explanation in the excluded health economic studies appendix below.
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The health economist will be guided by the following hierarchies.
Setting:
e UK NHS (most applicable).

e OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).

e OECD countries with predominantly private health insurance systems (for example,
Switzerland).

e Studies set in non-OECD countries or in the USA will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:

e Cost-utility analysis (most applicable).

e Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness
analysis, cost—consequences analysis).

e Comparative cost analysis.

e Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.

Year of analysis:

e The more recent the study, the more applicable it will be.

o Studies published in 2007 or later (including any such studies included in the
previous guideline(s)) but that depend on unit costs and resource data entirely or
predominantly from before 2007 will be rated as ‘Not applicable’.

e Studies published before 2007 (including any such studies included in the
previous guideline(s)) will be excluded before being assessed for applicability and
methodological limitations.

Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review the
more useful the analysis will be for decision-making in the guideline.

Appendix B Literature search strategies

The literature searches for this review are detailed below and complied with the methodology outlined
in Developing NICE guidelines: the manual (2014)

For more information, please see the Methodology review published as part of the accompanying
documents for this guideline.

B.1.1 Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were combined with
Intervention (1) and in some cases Comparison (C) terms. Outcomes (O) are rarely used in search
strategies as these concepts may not be indexed or described in the title or abstract and are therefore
difficult to retrieve. Search filters were applied to the search where appropriate.

Table 6: Database parameters, filters and limits applied

Database Dates searched Search filter used
Medline ALL (OVID) 01-01-1946 - 07-05-2024 Systematic reviews
Internal or external validation
studies
48
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Database

Embase (OVID)

The Cochrane Library (Wiley)

Epistemonikos (The
Epistemonikos Foundation)

Medline (Ovid) search terms

1

© 00 N o o ~ DN

A A A A A A A
o a0 b~ W N -~ O

Accidental Falls/

(fall or falls or falling or faller* or fallen or slip* or trip* or collapse*).ti,ab.

or/1-2

letter/

editorial/

news/

exp historical article/
Anecdotes as Topic/
comment/

case report/

(letter or comment*).ti.

or/4-11

Dates searched

01-01-1974 - 07-05-2024

Cochrane CDSR to 2024 Issue
50f 12

No date limits applied
(searched 07/05/2024)

randomized controlled trial/ or random*.ti,ab.

12 not 13
animals/ not humans/

exp Animals, Laboratory/
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Search filter used

Exclusions (animal studies,
letters, comments, editorials,
news, historical articles,
anecdotes, case
studies/reports)

English language
Systematic reviews

Internal or external validation
studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,

conference abstracts or
papers)

English language

27810
564533
571120
1207695
636283
216742
409342
4747
994163
2316692
184942
4870580
1520274
4838999
5054620
947075
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17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32

33

34

35
36
37
38
39
40
41

42

43

exp Animal Experimentation/

exp Models, Animal/

exp Rodentia/

(rat or rats or mouse or mice or rodent*).ti.
or/14-20

3 not 21

limit 22 to english language

((risk* or frail* or screen* or gait or balance) adj2 (assess* or test* or
tool* or scale* or process* or procedure* or protocol* or guide® or chart*
or index or score*)).ti,ab,kf.

"timed up and go".ti,ab,kf.

(gait adj2 (technolog* or app or apps or measure*)).ti,ab,kf.
"gait speed".ti,ab,kf.

((Tinetti or Berg) and balance).ti,ab,kf.

"functional reach test*".ti,ab kf.

("performance oriented" or "performance orientated").ti,ab,kf.
"turn 180 degrees".ti,ab,kf.

("PRISMA-7" or (morse adj2 scale) or "downton fall risk index" or
"FRAT").ti,ab,kf.

(clinical adj (assess* or check® or examination* or test* or
observ*)).ti,ab,kf.

((history or historical or prior or previous or repeat* or fear* or worry* or
worries or worried or scared or frequent or frequency or severity) adj2
(question™ or asking or observ*)).ti,ab,kf.

or/24-34

23 and 35

Meta-Analysis/

exp Meta-Analysis as Topic/

(meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.
((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

(reference list* or bibliograph* or hand search* or manual search* or
relevant journals).ab.

(search strategy or search criteria or systematic search or study
selection or data extraction).ab.

(search* adj4 literature).ab.
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10289
636704
3510868
1452296
10784533
414888
390152
339527

6653
2962
7138
3411
676
434
8
282

133813

61961

539911
14836
174941
26390
261847
347858
53125

78508

93724
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44

45
46
47
48
49
50

51
52
53
54
55

56
57
58

59

60

61
62

(medline or pubmed or cochrane or embase or psychlit or psyclit or
psychinfo or psycinfo or cinahl or science citation index or bids or
cancerlit).ab.

cochrane.jw.

((multiple treatment* or indirect or mixed) adj2 comparison®).ti,ab.
or/37-46

exp Cohort studies/

(cohort adj (study or studies or analys* or data)).ti,ab.

((longitudinal or retrospective or prospective) and (study or studies or
review or analys* or cohort* or data)).ti,ab.

or/48-50

predict.ti.

(validat® or rule*).ti,ab.

(predict* and (outcome* or risk* or model*)).ti,ab.

((history or variable* or criteria or scor* or characteristic* or finding* or
factor®) and (predict* or model* or decision* or identif* or
prognos®)).ti,ab.

decision*.ti,ab. and Logistic models/
(decision* and (model* or clinical*)).ti,ab.

(prognostic and (history or variable* or criteria or scor* or characteristic*
or finding* or factor* or model*)).ti,ab.

(stratification or discrimination or discriminate or c statistic or "area
under the curve" or AUC or calibration or indices or algorithm or
multivariable).ti,ab.

ROC curve/
or/52-60
36 and (47 or 51 or 61)

Embase (Ovid) search terms

falling/

(fall or falls or falling or faller* or fallen or fell or slip* or trip* or
stumble* or tumble*).ti,ab.

or/1-2
letter.pt. or letter/
note.pt.
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346009

16211
3714
664572
2441747
312699
1527061

2986298
61289
883109
1107306
3961681

5827
232371
279769

1037404

70313
5631996
9052

52317
770362

789618
1327978
984282
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11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31

32

33

editorial.pt.

case report/ or case study/

(letter or comment™).ti.

(conference abstract or conference paper).pt.
or/4-9

randomized controlled trial/ or random*.ti,ab.
10 not 11

animal/ not human/

nonhuman/

exp Animal Experiment/

exp Experimental Animal/

animal model/

exp Rodent/

(rat or rats or mouse or mice or rodent*).ti.
or/12-19

3 not 20

limit 21 to english language

((risk* or frail* or screen* or gait or balance) adj2 (assess™ or test* or
tool* or scale® or process* or procedure* or protocol* or guide* or
chart* or index or score*)).ti,ab,kf.

timed up and go.ti,ab,kf.

(gait adj2 (technolog* or app or apps or measure*)).ti,ab,kf.
gait speed.ti,ab,kf.

((Tinetti or Berg) and balance).ti,ab,kf.

functional reach test*.ti,ab,kf.

("performance oriented" or "performance orientated").ti,ab,kf.
turn 180 degrees.ti,ab,kf.

("PRISMA-7" or (morse adj2 scale) or "downton fall risk index" or
"FRAT").ti,ab,kf.

(clinical adj (assess* or check* or examination* or test* or
observ®)).ti,ab,kf.

((history or historical or prior or previous or repeat* or fear* or worry*
or worries or worried or scared or frequent or frequency or severity)
adj2 (question* or asking or observ*)).ti,ab,kf.
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805117
3072399
244793
5887746
11382707
2182136
10841632
1217302
7710642
3178638
849783
1787157
4138214
1672392
19363512
418528
386472
550666

11200
4532
11914
5885
1017
605
14
503

205866

90488
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34
35
36
37
38
39
40

41

42
43

44
45
46
47
48
49
50
51
52

53
54
55
56
57

58
59
60

or/23-33

22 and 34

systematic review/

meta-analysis/

(meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.
((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

(reference list* or bibliograph* or hand search* or manual search* or
relevant journals).ab.

(search strategy or search criteria or systematic search or study
selection or data extraction).ab.

(search* adj4 literature).ab.

(medline or pubmed or cochrane or embase or psychlit or psyclit or
psychinfo or psycinfo or cinahl or science citation index or bids or
cancerlit).ab.

cochrane.jw.

((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.
or/36-45

cohort analysis/

follow-up/

cohort*.ti,ab.

48 and 49

(cohort adj (study or studies or analys* or data)).ti,ab.

((longitudinal or retrospective or prospective or cross sectional) and
(study or studies or review or analys* or cohort* or data)).ti,ab.

or/47,50-52

predict.ti.

(validat™ or rule*).ti,ab.

(predict* and (outcome™ or risk* or model*)).ti,ab.

((history or variable* or criteria or scor* or characteristic* or finding*
or factor*) and (predict* or model* or decision* or identif* or
prognos*)).ti,ab.

decision*.ti,ab. and Statistical model/
(decision* and (model* or clinical*)).ti,ab.

(prognostic and (history or variable* or criteria or scor* or
characteristic* or finding* or factor* or model*)).ti,ab.
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853407
18169

465074
314718
387026
489001
70454

108785

134521
488565

25079
7537
1004834
1156211
2182739
1570591
361042
525288
3231316

3938992
103594

1388382
1738435
6072043

8192
385291
477054
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61 (stratification or discrimination or discriminate or c statistic or "area 1559951
under the curve" or AUC or calibration or indices or algorithm or
multivariable).ti,ab.

62 Receiver operating characteristic/ 229651
63 or/54-62 8441348
64 35 and (46 or 53 or 63) 11358

Cochrane Database of Systematic Reviews search terms

#1 MeSH descriptor: [Accidental Falls] explode all trees 2160

#2 (fall or falls or falling or faller* or fallen or slip* or trip* or 50239
collapse*):ti,ab

#3 #1 or #2 50408

#4 ((risk* or frail* or screen* or gait or balance) near/2 (assess* or test* 40704

or tool* or scale* or process™ or procedure* or protocol* or guide™ or
chart® or index or score*)):ti,ab

#5 timed up and go:ti,ab 4256

#6 (gait near/2 (technolog™* or app or apps or measure*)):ti,ab 852

#7 gait speed:ti,ab 2588

#8 ((Tinetti or Berg) and balance):ti,ab 3101

#9 functional reach test*:ti,ab 1994

#10 ("performance oriented" or "performance orientated"):ti,ab 121

#11 turn 180 degrees:ti,ab 6

#12 ("PRISMA-7" or (morse near/2 scale) or "downton fall risk index" or 55
"FRAT"):ti,ab

#13 (clinical near/1 (assess* or check* or examination™ or test* or 30590

observ*)):ti,ab

#14 ((history or historical or prior or previous or repeat* or fear* or worry* | 8619
or worries or worried or scared or frequent or frequency or severity)
near/2 (question* or asking or observ*)):ti,ab

#15  (or #4-#14) 83872

Epistemonikos search terms

(title:((title:((fall OR falls OR falling OR faller* OR fallen OR slip* OR trip* OR collapse*)) OR
abstract:((fall OR falls OR falling OR faller* OR fallen OR slip* OR trip* OR collapse*)))) OR
abstract:((title:((fall OR falls OR falling OR faller* OR fallen OR slip* OR trip* OR collapse*))
OR abstract:((fall OR falls OR falling OR faller* OR fallen OR slip* OR trip* OR collapse*)))))
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B.2 Health Economics literature search strategy

Health economic evidence was identified by applying economic evaluation and quality of life
filters to the clinical literature search strategy in Medline and Embase. The following
databases were also searched: NHS Economic Evaluation Database (NHS EED - this
ceased to be updated after 31%t March 2015), Health Technology Assessment database
(HTA - this ceased to be updated from 315t March 2018) and The International Network of
Agencies for Health Technology Assessment (INAHTA)

Table 7: Database parameters, filters and limits applied

Search filters and limits
applied

Health economics studies
Quality of Life studies

Dates searched

Health Economics
1 January 2014 — 8 May 2024

Database
Medline (OVID)

Quality of Life Exclusions (animal studies)

1 January 2004 to — 8 May

2024 English language

Health economics studies
Quality of Life studies

Embase (OVID) Health Economics

1 January 2014 — 8 May 2024

Quality of Life

1 January 2004 to — 8 May
2024

Exclusions (animal studies)

English language

NHS Economic Evaluation Inception — 31 March 2015

Database (NHS EED)

(Centre for Research and
Dissemination - CRD)

Health Technology
Assessment Database (HTA)

(Centre for Research and
Dissemination — CRD)

The International Network of
Agencies for Health
Technology Assessment
(INAHTA)

Medline (Ovid) search terms

(database no longer updated
as of this date)

Inception — 31 March 2018
(database no longer updated
as of this date)

Inception - 8 May 2024

English language

1 Accidental Falls/

2 (fall or falls or falling or faller* or fallen or slip* or trip or trips or tripped or tripping or
tumbl*).ti,ab.

3 or/1-2
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4 letter/

5 editorial/

6 news/

7 exp historical article/

8 Anecdotes as Topic/

9 comment/

10 case report/

11 (letter or comment*).1i.

12 or/4-11

13 randomized controlled trial/ or random™*.ti,ab.
14 12 not 13

15 animals/ not humans/

16 exp Animals, Laboratory/

17 exp Animal Experimentation/
18 exp Models, Animal/

19 exp Rodentia/

20 (rat or rats or mouse or mice or rodent*).ti.
21 or/14-20

22 3 not 21

23 limit 22 to english language
24 limit 23 to yr="2004 -Current"
25 23 and 24

26 Economics/

27 Value of life/

28 exp "Costs and Cost Analysis"/
29 exp Economics, Hospital/

30 exp Economics, Medical/

31 Economics, Nursing/

32 Economics, Pharmaceutical/
33 exp "Fees and Charges"/

34 exp Budgets/

35 budget*.ti,ab.

36 cost™.ti.
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37 (economic* or pharmaco?economic*).ti.

38 (price* or pricing®).ti,ab.

39 (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
40 (financ* or fee or fees).ti,ab.

41 (value adj2 (money or monetary)).ti,ab.

42 or/26-41

43 quality-adjusted life years/

44 sickness impact profile/

45 (quality adj2 (wellbeing or well being)).ti,ab.

46 sickness impact profile.ti,ab.

47 disability adjusted life.ti,ab.

48 (qal* or gtime* or qwb* or daly*).ti,ab.

49 (euroqol* or eq5d* or eq 5*).ti,ab.

50 (qol* or hqgl* or hgol* or h gqol* or hrqol* or hr gqol*).ti,ab.

51 (health utility* or utility score* or disutilit* or utility value*).ti,ab.

52 (hui or hui1 or hui2 or hui3).ti,ab.

53 (health* year* equivalent* or hye or hyes).ti,ab.

54 discrete choice*.ti,ab.

55 rosser.ti,ab.

56 (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.
57 (sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab.
58 (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.

59 (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab.
60 (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab.

61 (sf6* or sf 6* or short form 6 or shortform 6* or shortform6*).ti,ab.

62 or/43-61

63 25 and 42

64 limit 63 to yr="2014 -Current"

65 25 and 62

Embase (Ovid) search terms

1 falling/
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2 (fall or falls or falling or faller* or fallen or slip* or trip or trips or tripped or tripping or
tumbl*).ti,ab.

3 or/1-2

4 letter.pt. or letter/

5 note.pt.

6 editorial.pt.

7 case report/ or case study/

8 (letter or comment™).ti.

9 (conference abstract or conference paper).pt.

10 or/4-9

11 randomized controlled trial/ or random™*.ti,ab.

12 10 not 11

13 animal/ not human/

14 nonhuman/

15 exp Animal Experiment/

16 exp Experimental Animal/

17 animal model/

18 exp Rodent/
19 (rat or rats or mouse or mice or rodent*).ti.

20 or/12-19

21 3 not 20

22 limit 21 to english language
23 limit 22 to yr="2004 -Current"
24 health economics/

25 exp economic evaluation/

26 exp health care cost/

27 exp fee/
28 budget/
29 funding/

30 budget*.ti,ab.

31 cost™ ti.

32 (economic* or pharmaco?economic*).ti.

33 (price* or pricing™).ti,ab.

34 (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or variable*)).ab.
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35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

(financ* or fee or fees).ti,ab.

(value adj2 (money or monetary)).ti,ab.

or/24-36

quality adjusted life year/

"quality of life index"/

short form 12/ or short form 20/ or short form 36/ or short form 8/
sickness impact profile/

(quality adj2 (wellbeing or well being)).ti,ab.

sickness impact profile.ti,ab.

disability adjusted life.ti,ab.

(qal* or gtime* or qwb* or daly*).ti,ab.

(euroqol* or eq5d* or eq 5*).ti,ab.

(qol* or hqgl* or hgol* or h gol* or hrqol* or hr gol*).ti,ab.

(health utility* or utility score* or disutilit* or utility value*).ti,ab.

(hui or hui1 or hui2 or hui3).ti,ab.

(health* year* equivalent* or hye or hyes).ti,ab.

discrete choice*.ti,ab.

rosser.ti,ab.

(willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.
(sf36* or sf 36* or short form 36* or shortform 36* or shortform36*).ti,ab.
(sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.
(sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab.
(sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab.

(sf6* or sf 6* or short form 6 or shortform 6* or shortform6*).ti,ab.
or/38-58

23 and 37

limit 60 to yr="2014 -Current"

23 and 59

NHS EED and HTA (CRD) search terms

1
2

MeSH DESCRIPTOR Accidental Falls EXPLODE ALL TREES

((fall or falls or falling or faller* or fallen or slip* or trip or trips or tripped or tripping or
tumbl*))
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3 #1 OR #2
4 (#3) IN NHSEED
5 (#3) INHTA
INAHTA search terms
1 ("Accidental Falls"[mh]) OR (fall or falls or falling or faller* or fallen or slip* or trip or trips or

tripped or tripping or tumbl*)
2 limit to english language

3 2004 - current
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Appendix C  Prognostic evidence study selection

Figure 1: Flow chart of clinical study selection for the review of methods of
assessment for identifying individual risk factors for risk of falls

Records identified through Additional records identified through
database searching, n= 13,694 other sources, n=0

\ 4

Records screened in 1st sift, n=

13,694
»| Records excluded in 1st sift, n=
13,276

v
Full-text papers assessed for
eligibility, n=418

A 4
‘L Papers excluded from review, n= 396

Papers included in review, n= 22

Reasons for exclusion: see Appendix J.
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Appendix D Prognostic evidence
Albites-Sanabria, 2024

Bibliographic Albites-Sanabria, Jose; Palumbo, Pierpaolo; Helbostad, Jorunn L; Bandinelli, Stefania; Mellone, Sabato; Palmerini,
Reference Luca; Chiari, Lorenzo; Real-World Balance Assessment While Standing for Fall Prediction in Older Adults.; IEEE
transactions on bio-medical engineering; 2024; vol. 71 (no. 3); 1076-1083

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NA
associated with this
study included in

review

Trial name / INCHIANTI study (clinical trial: NCT01331512)
registration number

Study type Prospective cohort study

Study location Italy

Study setting Community based Italy

Study dates NR

Sources of funding NR
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Study sample The study is based on data from the 4th follow-up of the INCHIANTI study (clinical trial: NCT01331512). One hundred and
sixty-eight community dwelling older adults over 65 years (79.7+6.6) were included.

Inclusion criteria NR

Exclusion criteria NR

Population NR
subgroups
Risk tool(s) Finite-state machine - Vanilla decision tree

Finite-state machine - Under sampling decision tree

Finite-state machine - SMOTE Lasso

Finite-state machine - Near miss SVM
Predictors NR

Model development NR
and validation

Outcome Prospective fall incidence was ascertained through monthly telephone interviews for 6 months and at the 12th month from
the start of continuous monitoring.

Duration of follow-up 6 and 12 months
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Indirectness NR

Additional comments NR

Study arms
Finite-state machine - Vanilla decision tree (N = 168)

Monitoring using a smartphone embedded with a tri-axial accelerometer and gyroscope (100 Hz sampling frequency), worn on the lower back in a
belt. The predictive performance of balance features obtained from real-world recordings were evaluated by fitting four machine learning
classification models: Logistic Regression, Lasso Regression, Support Vector Machine (SVM), and Decision Tree.

Finite-state machine - Under sampling decision tree (N = 168)
Finite-state machine - SMOTE Lasso (N = 168)

Finite-state machine - Near miss SVM (N = 168)
Characteristics

Study-level characteristics

Characteristic Study (N = 168)
% Female % =50.9
Sample size
Mean age (SD) 79.7 (6.6)
Mean (SD)
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Outcomes

Prognostic data

Outcome Finite-state machine - Vanilla

Finite-state machine - Under sampling Finite-state machine -

Finite-state machine - Near

decision tree, N = 168 decision tree, N = 168 SMOTE Lasso, N = 168 miss SVM, N = 168
AUC 0.69 (NR) 0.69 (NR) 0.76 (NR) 0.75 (NR)
Mean
(SD)
Sensitivity 0.56 (NR) 0.66 (NR) 0.67 (NR) 0.88 (NR)
Mean
(SD)
Specificity 0.84 (NR) 0.7 (NR) 0.79 (NR) 0.58 (NR)
Mean
(SD)
Critical appraisal - PROBAST tool 2.1
Section Question Answer
Overall Risk of bias and Risk of bias High
Applicability (Due to lack of information on inclusion/exclusion and missing data. <100 pts with the
outcome reported.)
Overall Risk of bias and Concerns for Low
Applicability applicability
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Almeida, 2016
Bibliographic Almeida, Lorena R S; Valenca, Guilherme T; Negreiros, Nadja N; Pinto, Elen B; Oliveira-Filho, Jamary; Comparison of
Reference Self-report and Performance-Based Balance Measures for Predicting Recurrent Falls in People with Parkinson

Disease: Cohort Study.; Physical therapy; 2016; vol. 96 (no. 7); 1074-84
Study details

Secondary No additional information
publication of

another included

study- see primary

study for details

Other publications  No additional information
associated with this

study included in

review

Trial name / No additional information
registration number

Study type Prospective cohort study
Study location Brazil

Study setting Movement disorders clinic
Study dates April 2010 - June 2013

Sources of funding  No additional information

Study sample 710 outpatients were screened for potential inclusion, with 324 approached for participation, 229 undergoing baseline
assessments, and 225 completing the study and being included in the analysis
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Inclusion criteria Able to walk with or without an assistive device or assistive person

Diagnosed with idiopathic Parkinson's Disease

Exclusion criteria Neurological conditions other than Parkinson's Disease
Cognitive impairment (MMSE using cut-offs specific to education level)
Dementia
Severe visual disturbance
Vestibular dysfunction

Comorbidities that could affect locomotion or balance

Population No additional information
subgroups
Risk tool(s) Berg Balance Scale (BBS)

BBS is used to assess static and dynamic standing balance and consists of 14 items related to functional movements.
Tasks include balance control with or without change of support, with scores ranging from 0-4 (4 is best) and total scores
ranging from 0 - 56 points.

BEST

No information provided

Mini-BEST
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Predictors

Model development
and validation

Outcome

Duration of follow-up

Indirectness

No information provided
Not specified

To select the best-fitting model for predicting recurrent falls, a 3-step model building process was followed.

ROC curves were developed for each self-report and performance-based balance measure as a predictor of recurrent falls.
This approach was chosen because cutoff scores that were previously developed for elderly people (although not
specifically people with PD) were reported to have low sensitivity for people with PD. In the present study, optimal cutoff
points were chosen on the basis of the Youden Index. Noninferiority tests were used to compare the AUCs of the self-report
measures with each other and with those of each performance-based measure and, therefore, to determine whether the
accuracy of each self-report measure was not inferior to that of the performance-based measures.

Each combination of 1, 2, and 3 dichotomous scales to be used as a predictor was evaluated with a separate logistic
regression model, with recurrent falls as the dependent variable.

The Akaike information criterion (AIC) was calculated for each model. The model with the lowest AIC value was chosen as
the best-fitting model for predicting recurrent falls

Participants were classified as recurrent fallers if they had 22 falls, or non-recurrent fallers if they had <1 fall in the 12-month
follow-up period

12 months

None

Additional comments No additional comments
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Study arms

Berg Balance Scale (<49 points cut-off point) (N = 225)
BEST (<69% cut-off) (N = 225)

Mini-BEST (>63% cut-off point) (N = 225)
Characteristics

Study-level characteristics

Characteristic Study (N = 225)
% Female n=103; % =45.8
Sample size
Mean age (SD) 70.66 (6.56)
Mean (SD)
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Outcomes
Study timepoints
12-month

Prognostic Accuracy for Recurrent Falls (2 or more)

Outcome Berg Balance Scale (<49 points cut-off point), 12-

month, N = 225

AUC (95%  0.79 (0.73 to 0.84)
cl)

Mean (95%
Cl)

Sensitivity 0.74 (0.63 t0 0.83)
(%)

Mean (95%
Cl)

Specificity % 0.74 (0.66 to 0.81)

Mean (95%
Cl)

Critical appraisal - PROBAST tool

Section

Overall Risk of bias and Applicability

Overall Risk of bias and Applicability

Question

Risk of bias

Concerns for applicability

Falls: assessment and prevention FINAL - April 2025

BEST (<69% cut-off), 12-month, Mini-BEST (>63% cut-off point), 12-

N =225 month, N = 225
0.68 (0.45 to 0.83) 0.77 (0.55 to 0.89)
0.46 (0.2 to 0.74) 0.62 (0.32 to 0.85)
0.74 (0.57 to0 0.91) 0.74 (0.53 to 0.88)
Answer
High
(High risk of bias due to predictor information not being described)
Low
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Andersson, 2006

Bibliographic Andersson, Asa G; Kamwendo, Kitty; Seiger, Ake; Appelros, Peter; How to identify potential fallers in a stroke unit:
Reference validity indexes of 4 test methods.; Journal of rehabilitation medicine; 2006; vol. 38 (no. 3); 186-91

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NA
associated with this
study included in

review

Trial name / NA

registration number

Study type Prospective cohort study
Study location Sweden

Study setting Hospital setting

Study dates Not reported

Sources of funding  Research Funds of Oerebro County Council
Study sample Patients staying at the stroke unit

Inclusion criteria Not reported
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Exclusion criteria Not reported

Population None
subgroups
Risk tool(s) Berg Balance Scale (BBS)

No information provided
Predictors Not reported

Model development Not reported
and validation

Outcome Falls
Duration of follow-up 12 months
Indirectness None

Additional comments None

Falls: assessment and prevention FINAL - April 2025
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Study arms
Berg Balance Scale (<45 cut-off) (N = 159)
Stops Walking When Talking (SWWT) (N = 159). In this study patients were considered as test positive if they stopped walking when they talked

diffTUG (cut-off >/=4.5 secs) (N = 159). In the present study TUG was performed twice. The second time the patient carried a glass of water. The
difference between the 2 performances is called diffTUG. Persons with a diffTUG >/= 4.5 seconds are considered to be distracted by a second
task.

Characteristics

Study-level characteristics

Characteristic Study (N = 159)
% Female 45
Nominal
Mean age (SD) 73.5 (NR)
Mean (SD)
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Outcomes
Study timepoints
12-month

Risk prediction outcomes

Outcome Berg Balance Scale (<45 cut-off), 12-
month, N = 159

Sensitivity 63

(%)

Nominal

Specificity % 65

Nominal
PPV % 58
Nominal
NPV % 69
Nominal

Critical appraisal - PROBAST tool

Section

Overall Risk of bias and Applicability

Overall Risk of bias and Applicability

Falls: assessment and prevention FINAL -

month, N = 159

15

97

78

61

Question

Risk of bias

Concerns for applicability

74
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Stops Walking When Talking (SWWT), 12-

month, N = 159

17

95

63

70

Answer

High
(No predictor information provided)

Low

diffTUG (cut-off >/=4.5 secs), 12-
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Ashburn, 2008

Bibliographic
Reference

Study details
Secondary
publication of
another included
study- see primary
study for details
Other publications
associated with this
study included in
review

Trial name /
registration number

Study location
Study setting
Study dates
Sources of funding
Study sample
Inclusion criteria

Exclusion criteria

Ashburn, A; Hyndman, D; Pickering, R; Yardley, L; Harris, S; Predicting people with stroke at risk of falls.; Age
and ageing; 2008; vol. 37 (no. 3); 270-6

No additional information

No additional information

No additional information

UK

Assessed at discharge after hospitalisation for a stroke

No additional information

The Stroke Association

Consecutively hospitalised patients with a stroke in the were recruited at the point of discharge from hospital
Independently mobile prior to the stroke and were able to give informed consent

None reported
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Population No additional information
subgroups
Risk tool(s) Berg Balance Scale (BBS)

No information provided

Predictors Demographic data (age, gender, time in hospital, side of lesion and Oxford Stroke Classification of cerebral infarct)
Information on impaired vision, hearing, and musculoskeletal and vestibular deficits
History of previous strokes

Other neurological conditions

Model development Predictive scores based on the selected variables and on all variables emerging from the initial screening were created
and validation using regression estimates. The accuracy of individual variables and the two predictive scores was examined using
sensitivity, specificity, positive and negative predictive values at cut-points chosen to optimise sensitivity and specificity

Outcome Fall data was collected whilst participants had returned to the community. Diaries were kept that recorded when falls
occurred. A fall was defined as 'an event that results in a person coming to rest unintentionally on the ground or other lower
level, not as a result of a major intrinsic event or overwhelming hazard'. Participants were classified as repeat fallers if they
experienced =2 falls in the following year, and as single fallers if they had one fall.

Duration of follow-up 12 months

Indirectness None

Additional comments None
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Study arms
Berg Balance Scale (<48.5 cut-off) (N = 115)
Characteristics

Study-level characteristics

Characteristic Study (N = 115)
% Female n=38; % =33
Sample size
Mean age (SD) 70.1 (12.4)
Mean (SD)
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Outcomes
Study timepoints
12-month

Prognostic accuracy of repeat falls

Outcome Berg Balance Scale (<48.5 cut-off), 12-month, N = 115

Sensitivity (%) 85 (73 to 93)
Mean (95% CI)

Specificity % 49 (38 t0 61)
Mean (95% ClI)

PPV % 55 (43 to 65)
Mean (95% ClI)

NPV % 83 (68 to 91)
Mean (95% CI)

Critical appraisal - PROBAST tool

Section Question Answer
Overall Risk of bias and Applicability Risk of bias High
(High risk of bias due to exclusion criteria was not specified)
Overall Risk of bias and Applicability Concerns for applicability High
78
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Bizovska, 2018

Bibliographic Bizovska, Lucia; Svoboda, Zdenek; Janura, Miroslav; Bisi, Maria Cristina; Vuillerme, Nicolas; Local dynamic stability
Reference during gait for predicting falls in elderly people: A one-year prospective study.; PloS one; 2018; vol. 13 (no. 5);
0197091

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NA
associated with this
study included in

review

Trial name / NA

registration number

Study type Prospective cohort study

Study location Czech Republic

Study setting University for elderly and clubs for elderly in Olomouc
Study dates Not reported

Sources of funding  Authors received a research grant from Czech Science Foundation

Study sample Elderly population
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Inclusion criteria Age 60 years and above, no known neurological or musculoskeletal problem that my affect gait or balance abilities, able to
stand and walk without any assistance and assisting device

Exclusion criteria Any injury or surgery on the musculoskeletal system during the last two years before the baseline measurement

Population NR

subgroups

Risk tool(s) Tinetti score (balance and gait combined)
Predictors Not reported

Model development Not reported
and validation

Outcome Subjects with no falls. Subjects with one fall. Subjects with two and more falls.
Duration of follow-up 1 year follow up
Indirectness No indirectness

Additional comments Study also reported Tinetti balance and gait components separately.

Gait assessment completed but gait speed and stride frequency did not differ between any of the groups and only Trunk
short term Lyapunov exponent (stLE), medial lateral (ML) was analysed for AUC, sensitivity and specificity as had lowest p
values when comparing groups (no falls, one fall, more than 2 falls).

Discrimination of multiple fallers from non-fallers was carried out using combinations of Tinetti components and Trunk stLE
ML.
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Study arms
Tinetti total score (N = 131)

Study setting
Population subgroups
Outcome

Additional comments

Characteristics

Study-level characteristics

Characteristic Study (N = 131)
% Female n=109; % = 83.2
Sample size
Mean age (SD) 70.8 (6.7)
Mean (SD)
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Outcomes
Study timepoints
1 year

No falls compared to 2 or more falls

Outcome

AUC

Custom value

Sensitivity

Custom value

Specificity

Custom value
Critical appraisal - PROBAST tool

Section
Overall Risk of bias and Applicability

Overall Risk of bias and Applicability

Tinetti total score, 1 year, N = 131

0.757

0.67

0.83

Question
Risk of bias

Concerns for applicability
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Caronni, 2023

Bibliographic Caronni, Antonio; Picardi, Michela; Scarano, Stefano; Malloggi, Chiara; Tropea, Peppino; Gilardone, Giulia; Aristidou,

Reference Evdoxia; Pintavalle, Giuseppe; Redaelli, Valentina; Antoniotti, Paola; Corbo, Massimo; Pay attention: you can fall!
The Mini-BESTest scale and the turning duration of the TUG test provide valid balance measures in neurological
patients: a prospective study with falls as the balance criterion.; Frontiers in neurology; 2023; vol. 14; 1228302

Study details

Secondary publication of NR
another included study-

see primary study for

details

Other publications NR
associated with this study
included in review

Trial name / registration ~ NR

number

Study type Prospective cohort study

Study location Italy

Study setting Inpatient rehabilitation unit of Casa di Cura del Policlinico (Milan, Italy)

Study dates October 2018 to September 2020

Sources of funding The in-house resources of the Casa di Cura del Policlinico Spa supported the project and data collection. The

research was also funded by the Italian Ministry of Health — Ricerca Corrente (IRCCS Istituto Auxologico lItaliano,
RESET project, 24C822 2018).
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Study sample Participants were recruited among those admitted to the inpatient rehabilitation unit of Casa di Cura del Policlinico
(Milan, Italy) because of a neurological disability.

Inclusion criteria Inclusion criteria: - Age>18years; - Hemiparesis secondary to a stroke (ischemic or hemorrhagic), peripheral
neuropathy of the lower limbs, Parkinson’s disease, or vascular parkinsonism; - Consent to participate in the study.

Exclusion criteria Exclusion criteria - Concomitance of two neurological diagnoses (e.g., hemiparesis and Parkinson’s disease); - The
inability to complete the TUG test and the 10m walking test without touching assistance on admission and discharge; -
A TUG duration longer than 30s on discharge; - Severe visual impairment or hearing loss; - Rare neurological
diseases.

Population subgroups NR

Risk tool(s) Patient history + Gait speed (m/s)
Patient history + Walk ratio (cm/number of steps/min)
Patient history + Mini-BESTest
Patient history + TUG duration, s
Patient history + sit-to-walk duration, s
Patient history + Turn duration, s

Patient history + Peak angular velocity, °/s

Predictors History included five features from the medical history: 1. age (years), 2. gender (male vs. female), 3. acute vs.
chronic condition, 4. cognitive impairment (present vs. absent) and 5. urinary incontinence (present vs. absent).

Model development and NR
validation

Outcome Falls, i.e., events “during which a person inadvertently comes to rest on the ground or other lower level” (1), were
recorded 9 months after the rehabilitation discharge
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Duration of follow-up 9 months
Indirectness NA
Additional comments NA
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Study arms
Patient history + Gait speed (m/s) (N = 214)

History included five features from the medical history: 1. age (years), 2. gender (male vs. female), 3. acute vs. chronic condition, 4. cognitive
impairment (present vs. absent) and 5. urinary incontinence (present vs. absent).

Patient history + Walk ratio (cm/number of steps/min) (N = 214)
Patient history + Mini-BESTest (N = 214)

Patient history + TUG duration, s (N = 214)

Patient history + sit-to-walk duration, s (N = 214)

Patient history + Turn duration, s (N = 214)

Patient history + Peak angular velocity, °/s (N = 214)
Mini-BESTest (2.94) (N = 214)

Mini-BESTest (0.06) (N = 214)

Turning duration (1.91 s) (N = 214)

Turning duration (3.80 s) (N = 214)

Characteristics: Study-level characteristics

Characteristic Study (N = 214)
% Female n=90;%=42.1
Sample size
Mean age (SD) 76.2 (66.8 to 81.2)
Median (IQR)
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Outcomes: Prognostic accuracy

Outcome Patient  Patient history Patient Patient
history + + Walk ratio history + history +
Gait (cm/number of Mini- TUG
speed steps/min), , N BESTest,, duration, s,
(m/s), , N =214 N =214 , N=214
=214

AUC  0.67(0.6 0.67(0.59to 0.69(0.62 0.68 (0.61
(95% Cl) t00.74) 0.74) t00.76)  to 0.75)

Mean
(95% Cl)

Sensitivity and specificity

Outcome Patient Patient history Patient
history + + Walk ratio history +
Gait (cm/number of Mini-
speed steps/min), , N BESTest, ,
(m/s),, N =NA N =NA
=NA

Sensitivity NR (NR NR (NRto NR) NR (NRto

(%) to NR) NR)

Mean

(95% Cl)

Specificity NR (NR NR (NRtoNR) NR (NRto
% Mean to NR) NR)

(95% ClI)
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Patient
history +
TUG

, N=NA

NR (NRto NR (NR to

NR)

NR (NRto NR (NR to

NR)

Patient

history +
sit-to-walk

duration, s,

, N=214

0.67 (0.6 to

0.74)

Patient
history +

sit-to-walk
duration, s, duration, s,

, N=NA

NR)

NR)
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Patient
history +
Turn
duration, s,
,N=214

0.69 (0.62
to 0.76)

Patient
history +
Turn
duration, s,
, N =NA

NR (NR to
NR)

NR (NR to
NR)

Patient
history +
Peak
angular
velocity,
°ls,, N =
214

0.68 (0.6 to
0.75)

Patient
history +
Peak
angular
velocity,
°ls,, N =
NA

NR (NR to
NR)

NR (NR to
NR)

Mini-
BESTest
(2.94), ,N
=214

NR (NR to
NR)

Mini-
BESTest
(2.94), ,N
=214

0.92 (NR
to NR)

0.2 (NR to
NR)

Mini-
BESTest

(0.06), ,N (1.915),,

=214

Turning
duration

N =214

NR (NR to NR (NR

NR)

Mini-
BESTest

(0.06), ,N (1.915s),,

=214

0.29 (NR 0.96 (NR

to NR)

0.86 (NR 0.16 (NR

to NR)

to NR)

Turning
duration

N =214

to NR)

to NR)

Turning
duration
(3.80s),,
N =214

NR (NR
to NR)

Turning
duration
(3.80s), ,
N =214

0.24 (NR
to NR)

0.87 (NR
to NR)
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Critical appraisal - PROBAST tool 2.1

Section Question Answer

Overall Risk of bias and Applicability Risk of bias High
(Due to missing data)

Overall Risk of bias and Applicability Concerns for applicability Low
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Chen, 2005

Bibliographic Chen, J S; March, L M; Schwarz, J; Zochling, J; Makaroff, J; Sitoh, Y Y; Lau, T C; Lord, S R; Cameron, | D; Cumming,
Reference R G; Sambrook, P N; A multivariate regression model predicted falls in residents living in intermediate hostel care.;
Journal of clinical epidemiology; 2005; vol. 58 (no. 5); 503-8

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NA
associated with this
study included in

review

Trial name / Not reported
registration number

Study location Australia
Study setting Nursing home setting
Study dates Not reported

Sources of funding  Not reported
Study sample Hostel residents who participated in the Fracture Risk Epidemiology in the Elderly.

Inclusion criteria Not reported
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Exclusion criteria Not reported

Population None
subgroups
Risk tool(s) Falls risk model. The Falls risk model included the following measures:

Cognition: Assessed via the Mini-Mental Status Examination. lliness severity: Assessed via a modified version of the
Implicit lliness Severity Scale. Participants were assessed on a 4-point scale with 1 indicating no symptoms.

Incontinence: Assessed via 3 questions asking participants about urinary incontinence

Balance: Assessed via the static balance test with eyes open. Scores ranged from Grade 1 to Grade 5 with a higher grade
indicating better balance.

Postural sway: Assessed via the static balance test with a pen attached to participants waists.
Visual contrast sensitivity: Assessed using the Melbourne Edge Test

Proprioception: Assessed using a lower limb-matching task. Knee extension strength: Assessed with subjects seated and
the angles of the hip and knee joints positioned at 90°.

Reaction time: Assessed using a light as the stimulus and a finger-press as the response
Predictors Not reported

Model development Cox proportional hazard regression was used as a model to predict falls. Risk factors in the final model were selected
and validation based on their significance level, ease of assessment in a primary care setting, and whether they were unlikely to change in
a short time period

Outcome Falls assessed via records provided by nurses.
Duration of follow-up 12 months

Indirectness None
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Study arms

Falls risk score (2-3) (N = 133)
Falls risk score (3-4) (N = 225)
Falls risk score (4-5) (N = 205)
Falls risk score (5-6) (N = 119)
Falls risk score (>9) (N = 129)
Characteristics

Study-level characteristics

Characteristic

% Female

Nominal

Mean age (SD)
Mean (SD)

Falls: assessment and prevention FINAL - April 2025

Study (N = 1107)

844

85.5 (6.86)
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Outcomes
Study timepoints
12-month

Prognostic accuracy of falls

Outcome Falls risk score (2-3), 12- Falls risk score (3-4), 12- Falls risk score (4-5), 12- Falls risk score (5-6), 12- Falls risk score (>9), 12-

month, N = 133 month, N = 225 month, N = 205 month, N =119 month, N =129
Sensitivity  97.8 92.4 79.7 64.2 22.8
(%)
Nominal
Specificity 7.2 23.1 47.7 68.5
%
Nominal

Critical appraisal - PROBAST tool

Section Question Answer
Overall Risk of bias and Risk of bias High
Applicability (High risk of bias as no inclusion or exclusion criteria described and no predictor

information available.)

Overall Risk of bias and Concerns for Low
Applicability applicability
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Dasgupta, 2022

Bibliographic

Dasgupta, Pritika; Frisch, Adam; Huber, James; Sejdic, Ervin; Suffoletto, Brian; Predicting falls within 3 months of

Reference emergency department discharge among community-dwelling older adults using self-report tools versus a brief
functional assessment.; The American journal of emergency medicine; 2022; vol. 53; 245-249

Study details
Secondary
publication of
another included

study- see primary
study for details

Other publications
associated with this
study included in
review

Trial name /
registration number

Study type
Study location
Study setting
Study dates

Sources of funding

NR

NR

NR

Prospective cohort study
USA

Community

May - Jan 2019

National Library of Medicine under the training grant 4T15LM007059-30, University of Pittsburgh Claude D. Pepper Center
Pilot Grant, and by the Pittsburgh Older Americans Independence Centre (NIA P30 AG024827)
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Study sample

Inclusion criteria
Exclusion criteria

Population
subgroups

Risk tool(s)

Predictors

Model development
and validation

Outcome

This study was conducted among patients who presented for care to one ED in Pittsburgh, PA. A convenience sample of
participants from May 9, 2019 and October 28, 2019 were recruited.

Age 60 years and older, community-dwelling
Not medically stable, not able to provide informed consent, walk with ambulation aid, patients being admitted to hospital.

NR

HCRNN model of kinematic characteristics of gait and balance during the TUG. The HCRNN model of kinematic
characteristics of gait and balance during the TUG was used. The authors first parsed the accelerometer data into 5
segments. For the purposes of this study, a model using only the raw 3-axis accelerometer signals (raw) and another model
using the 24 generated features (gen) were examined and found to have a p-value<0.05 on the Wald test.

Prior to starting the TUG, the RA affixed a research smartphone to the lower back (i.e. midline L4 vertebrae) of the
participant using an elastic band. The smartphone ran the phyphox app (www.phyphox.org), collecting accelerometer data
from 3-axes (i.e. mediolateral (ML), vertical (V), and anterior-posterior (AP) directions) at 100 Hz.

NR
NR
The primary outcome for prediction was any fall or fall-related care encounter within 3 months post-enroliment. At 1- and 3-

months post enrolment, an RA blinded to ED-based data called participants to collect outcome data on falls since last
assessment.

Phone follow-ups: Consistent with international consensus recommendations, authors defined self-reported falls as “an
unexpected event in which the participants come to rest on the ground floor or lower level”.
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Medical record review: Authors first identified all ED and hospitalization encounters that occurred between the day after
enrolment and 3 months post-enrolment. They defined encounters where an individual has any ICD-10 code of fall (W0O-
W19) or ICD-10 code of injury (S00-S99) with the term “fall” in the nursing or physician history with related injury.

Duration of follow-up 3 months
Indirectness NR

Additional comments NR

Study arms
HCRNN model of kinematic characteristics of gait and balance during the TUG (N = 134)

For the HCRNN model of kinematic characteristics of gait and balance during the TUG, authors first parsed the accelerometer data into 5
segments. For the purposes of this study, a model using only the raw 3-axis accelerometer signals (raw) and another model using the 24
generated features (gen) were examined and found to have a p-value<0.05 on the Wald test.

Characteristics

Study-level characteristics

Characteristic Study (N = 134)
% Female n=54; %=40.3
Sample size
Mean age (SD) 68.9 (8.1)
Mean (SD)
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Outcomes

Accuracy in discriminating fallers from non-fallers
Outcome HCRNN model of kinematic characteristics of gait and balance during the TUG, , N = 134

AUC (95% ClI) 0.98 (0.97 to 0.99)
Mean (95% ClI)

HCRNN (gen) 0.99 (0.98t0 1)
Mean (95% CI)

Critical appraisal - PROBAST tool
Section Question Answer

Overall Risk of bias and Applicability Risk of bias High
(Due to lack of detail provided around the analysis and no external validation)

Overall Risk of bias and Applicability Concerns for applicability Low
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Greene, 2012

Bibliographic Greene, Barry R; Doheny, Emer P; Walsh, Cathal; Cunningham, Clodagh; Crosby, Lisa; Kenny, Rose A; Evaluation
Reference of falls risk in community-dwelling older adults using body-worn sensors.; Gerontology; 2012; vol. 58 (no. 5); 472-80

Study details

Secondary No additional information
publication of

another included

study- see primary

study for details

Other publications  No additional information
associated with this

study included in

review

Trial name / No additional information
registration number

Study type Prospective cohort study

Study location Ireland

Study setting Community, assessments conducted at an independent living research centre
Study dates No additional information

Sources of funding  Funded by Intel Corporation, the Industrial Development Agency Ireland and GE Healthcare, with operational and
laboratory support from St. James’s Hospital, Dublin.

Study sample Community-dwelling older adults as part of a larger study on ageing. Forty-seven participants (13.47%) were referred to the
TRIL Clinic from the Emergency Department, 36 (10.32%) from the Falls and Blackout Unit, 19 referred by their family
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Inclusion criteria

Exclusion criteria

Population
subgroups

Risk tool(s)

Predictors

Model development
and validation

practitioner and 13 (5.44%) by a specialist outpatient clinic. The remainder of the participants (234, 67.05%) was self-
referred.

>60 years of age
Able to walk independently with or without a walking aid

Cognitively intact
None specified

No additional information

Berg Balance Scale

No information provided

Sensor worn data during TUG

Kinematic data was collected with participants performing the TUG wearing 2 inertial sensors attached to the mid-point of
the anterior shin. Movement of each participant was evaluated using quantitative movement parameters which derived from
angular velocity signals which were grouped into 4 categories: temporal gait parameters, spatial gait parameters, tri-axial
angular velocity parameters and turn parameters.

No additional information

The classification accuracy is defined as the percentage of participants correctly identified by the system as being a faller or
a non-faller. The sensitivity is defined as the percentage of fallers correctly identified by the system. The specificity is
defined as the percentage of non-fallers correctly identified as such by the algorithm. The area under the receiver operator
characteristic (ROC) curve is used as an additional metric of algorithm performance as it has been shown to provide a
reliable overall index of diagnostic performance. Positive and negative predictive values were also calculated to provide a
measure of the predictive power of positive and negative (faller and non-faller) classifications.
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Outcome Participants were contacted by telephone approximately 2 years following their baseline assessment and asked to complete
a survey on their falls history subsequent to their initial assessment. Falling was defined as a sudden, unintentional change
in position causing an individual to land at a lower level, on an object, the floor, the ground or other surface. Falls outcome
data were verified using collateral history from relatives as well as comparison with hospital records. Participants with two or
more falls in the follow-up period were deemed recurrent fallers.

Duration of follow-up 2 years
Indirectness None

Additional comments None

Study arms

Berg Balance Scale (45 cut-off) (N = 226)

Body worn sensor data during TUG (15.25 cut-off) (N = 226)
Characteristics

Study-level characteristics

Characteristic Study (N = 226)
% Female n=164; % =72.6
Sample size
Mean age (SD) 71.51 (6.7)
Mean (SD)
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Outcomes
Study timepoints
2-year

Prognostic accuracy for falls

Outcome Berg Balance Scale (45 cut-off), 2-year, N = 226 Body worn sensor data during TUG (15.25 cut-off), 2-year, N = 226
Sensitivity (%) 43 56
Nominal
Specificity %  82.93 95.95
Nominal
PPV % 55.13 85.82
Nominal
NPV % 74.89 82.09
Nominal
AUC 0.62
Nominal
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Critical appraisal - PROBAST tool

Section Question Answer

Overall Risk of bias and Applicability Risk of bias High

(No predictors information or exclusion criteria information provided)

Overall Risk of bias and Applicability Concerns for applicability = Low
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Greene, 2012b

Bibliographic Greene, Barry R; McGrath, Denise; Walsh, Lorcan; Doheny, Emer P; McKeown, David; Garattini, Chiara; Cunningham,
Reference Clodagh; Crosby, Lisa; Caulfield, Brian; Kenny, Rose A; Quantitative falls risk estimation through multi-sensor
assessment of standing balance.; Physiological measurement; 2012; vol. 33 (no. 12); 2049-63

Study details

Secondary NR
publication of

another included

study- see primary

study for details

Other publications  Greene 2012a.
associated with this
study included in

o Barry R. Greene, Emer P. Doheny, Cathal Walsh, Clodagh Cunningham, Lisa Crosby, Rose A. Kenny; Evaluation of Falls
Risk in Community-Dwelling Older Adults Using Body-Worn Sensors. Gerontology 1 August 2012; 58 (5): 472—480
Trial name / NR

registration number
Study location Ireland

Study setting Technology Research for Independent Living (TRIL) Clinic, St. James’s Hospital, Dublin, Ireland. This study was conducted
as part of a larger study on aging

Study dates NR

Sources of funding The TRIL Clinic is funded by Intel Corporation, the Industrial Development Agency Ireland and GE Healthcare, with
operational and laboratory support from St. James’s Hospital, Dublin.
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Study sample This study was conducted as part of a larger study on aging, a portion of which aims to develop technologies to enhance
the clinical assessment of falls risk. The inclusion criteria were persons aged 60 and over, who were able to walk
independently with or without walking aid, cognitively intact and able to provide informed consent.

Inclusion criteria The inclusion criteria were persons aged 60 and over, who were able to walk independently with or without walking aid,
cognitively intact and able to provide informed consent.

Exclusion criteria NR
Risk tool(s) Berg Balance Scale - cut-off = 45
Predictors NR

Model development NR
and validation

Outcome Participants were contacted by telephone approximately 2 years following their baseline assessment and asked to complete
a survey on their falls history subsequent to their initial assessment.

Duration of follow-up 2 years
Indirectness NR

Additional comments NR
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Study arms
Berg Balance Scale (cut-off 45) (N = 120)
Characteristics

Study-level characteristics

Characteristic Study (N = 226)
Mean age (SD) 73.7 (5.8)
Mean (SD)

Outcomes

Study timepoints: 2-year: Prognostic accuracy for falls

Outcome Berg Balance Scale (cut-off 45), 2-year, N = 120
Sensitivity (%) 45,54
Nominal
Specificity % 75.82
Nominal
PPV % 69
Nominal
NPV 54.09
Nominal
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Critical appraisal - PROBAST tool

Section Question Answer

Overall Risk of bias and Applicability Risk of bias High

(No predictors information or exclusion criteria information provided)

Overall Risk of bias and Applicability Concerns for applicability = Low
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Hars, 2018
Bibliographic Hars, Melany; Audet, Marie-Claude; Herrmann, Francois; De Chassey, Jean; Rizzoli, Rene; Reny, Jean-Luc; Gold,
Reference Gabiriel; Ferrari, Serge; Trombetti, Andrea; Functional Performances on Admission Predict In-Hospital Falls, Injurious

Falls, and Fractures in Older Patients: A Prospective Study.; Journal of bone and mineral research : the official
journal of the American Society for Bone and Mineral Research; 2018; vol. 33 (no. 5); 852-859

Study details

Secondary No additional information
publication of

another included

study- see primary

study for details

Other publications  No additional information
associated with this

study included in

review

Trial name / No additional information
registration number

Study location Switzerland
Study setting Geriatric acute and rehabilitation hospital
Study dates Ongoing from June 2015

Sources of funding  Supported by the Geneva University Hospitals Private Foundation.
Study sample Consecutively admitted in-patients who received a battery of functional tests

Inclusion criteria None specified
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Exclusion criteria Too medically unwell to complete tests

Unable to follow simple instructions

Population No additional information
subgroups
Risk tool(s) Tinetti Scale

The Tinetti test assesses gait and balance including 7 items which are rated either as normal or abnormal. Scores can
range from 0-7 with lower score indicating better performances.

Predictors Non specified

Model development The area under the receiver operating characteristic curve from regression models was used as a measure of the overall
and validation predictive accuracy for incident in-hospital falls and injurious falls outcomes. Sensitivity, specificity and the Youden index
were also calculated.

Outcome Participants’ falls were prospectively collected until discharge using standardised computer-based incident report forms
completed after each fall by nurses and electronic patients’ case notes or medical reports. A fall was defined as an event
that resulted in a participant unintentionally coming to rest on the ground, floor, or other lower levels. Injurious falls were
defined as falls that resulted in contusions, abrasions, lacerations, sprains or strains, pain, head injuries, other unspecified
injuries, or any serious injury.

Duration of follow-up Duration of stay in centre (median (IQR) = 23 (14-36) days)
Indirectness None

Additional comments None

Study arms
Tinetti Scale (>2 cut-off) (N = 807)
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Characteristics

Study-level characteristics
Characteristic

% Female

Sample size
Mean age (SD)
Mean (SD)

Outcomes

Prognostic accuracy for falls
Outcome

Sensitivity (%)

Nominal

Specificity %

Nominal

PPV %

Nominal

NPV %

Nominal

Study (N = 807)

n =545; % =67.5

85 (6.9)

Tinetti Scale (>2 cut-off), N = 807

92.4

41.6

24.4

96.4
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Outcome Tinetti Scale (>2 cut-off), N = 807
Youden Index 0.34

Nominal

AUC 69

Nominal

Critical appraisal - PROBAST tool
Section Question Answer

Overall Risk of bias and Applicability Risk of bias High
(No predictors or inclusion criteria defined.)

Overall Risk of bias and Applicability Concerns for applicability Low
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Kelly, 2022

Bibliographic Kelly, D; Condell, J; Gillespie, J; Munoz Esquivel, K; Barton, J; Tedesco, S; Nordstrom, A; Akerlund Larsson, M;
Reference Alamaki, A; Improved screening of fall risk using free-living based accelerometer data.; Journal of biomedical
informatics; 2022; vol. 131; 104116

Study details

Secondary NR
publication of

another included

study- see primary

study for details

Other publications  NR
associated with this
study included in

review

Trial name / NR
registration number

Study location Sweden
Study setting Community setting. No further details provided.
Study dates NR

Sources of funding  This research was funded by the European Union Interreg Northern Periphery and Arctic 2014-2020 program.

We are grateful for access to the Tier 2 High Performance Computing resources provided by the Northern Ireland High
Performance Computing (NI-HPC) facility, funded by the UK Engineering and Physical Sciences Research Council
(EPSRC), Grant No. EP/T022175/1.
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Study sample 1705 Participants, all aged exactly 70 years old and from Umea Sweden, took part in the study (817 Female and 888 Male).
Participants had an average weight of 76.9 kg (+14.1 Kg) and an average Body Mass Index of 26.5 (+4.08).

Inclusion criteria No details

Exclusion criteria No details

Population NR

subgroups

Risk tool(s) gait velocity
grip strength

free living accelerometer data
Predictors NR

Model development NR
and validation

Outcome Falls. Six and twelve months after the examination session, follow-up telephone interviews were conducted to ask whether
participants have experienced a fall since their examination session. A fall was defined as an event which results in a
person coming to rest inadvertently on the ground or floor or other lower level.

Duration of follow-up 6 and 12 months
Indirectness NR

Additional comments NR

111
Falls: assessment and prevention FINAL - April 2025



FINAL
Assessment of risk factors

Study arms

Gait velocity cm/s (N = 1705)

Gait Velocity was measured during a 6 Meter Walk Test
Grip strength [kg] (N = 1705)

Non-Dominant Hand Grip Strength

Free-living accelerometer data (N = 1705)

After the examination session, participants were provided with a hip mounted tri-axial accelerometer (GT9X Actigraph,Actigraph LLC, USA) which
they were asked to wear for 7 consecutive days. Acceleration for x, y and z axis were recorded for the duration of the 7 days at 30 Hz.

Characteristics

Study-level characteristics

Characteristic Study (N = 1705)
% Female n=817; % =48
Sample size
Mean age (SD) 70 (NR)
Mean (SD)
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Outcomes

Prospective data

Outcome Gait velocity cm/s, N = 1705 Grip strength [kg], N = 1705 Free-living accelerometer data, N = 1705

Sensitivity 0.59 (NR to NR) 0.44 (NR to NR) NR (NR to NR)
Mean (95% ClI)

No early stopping NR (NR to NR) NR (NR to NR) 0.5 (0.37 t0 0.63)
Mean (95% CI)

Early stopping NR (NR to NR) NR (NR to NR) 0.61 (0.49t0 0.71)
Mean (95% ClI)

Specificity % 0.46 (NR to NR) 0.6 (NR to NR) NR (NR to NR)
Mean (95% ClI)

No early stopping NR (NR to NR) NR (NR to NR) 0.64 (0.59 to 0.69)
Mean (95% CI)

Early stopping NR (NR to NR) NR (NR to NR) 0.66 (0.61 to 0.71)
Mean (95% CI)

AUC (95% CI) 0.5 (NR to NR) 0.5 (NR to NR) NR (NR to NR)
Mean (95% ClI)

Critical appraisal - PROBAST tool 3.1
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Section Question Answer
Overall Risk of bias and Risk of bias High
Applicability (Due to no details on sample selection or inclusion/exclusion criteria. Lack of information

on missing data.)

Overall Risk of bias and Concerns for Low
Applicability applicability
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Mahoney, 2017

Bibliographic Mahoney, Jeannette R; Oh-Park, Mooyeon; Ayers, Emmeline; Verghese, Joe; Quantitative trunk sway and
Reference prediction of incident falls in older adults.; Gait & posture; 2017; vol. 58; 183-187

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NA
associated with this
study included in

review

Trial name / Not reported
registration number

Study location USA
Study setting Community setting
Study dates June 2011 and March 2013

Sources of funding  National Institute on Aging and the Resnick Gerontology Centre at the Albert Einstein College of Medicine

Study sample Older adults were recruited from the Central Control of Mobility in Aging (CCMA) study at the Albert Einstein College of
Medicine in Bronx.

Inclusion criteria 65 years and older
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Exclusion criteria

Population
subgroups

Risk tool(s)

Predictors

Model development
and validation

Outcome
Duration of follow-up

Indirectness

English speaking participants were identified from a population list of lower Westchester County, NY

Dementia

Significant loss of vision or hearing

Inability to ambulate independently even by using a walking device

Current or past history of neurological or psychiatric disorders or medical procedures that may affect mobility

Parkinson’s disease

None

Trunk sway

Participants wore the Swaystar device system near their centre of mass by their lower back (L3-L5 vertebral body). The
Swaystar system contains sensor to record angular deviations of the trunk in anterior-posterior and medial-lateral direction.
Participants were asked to stand on a flat surface with eyes open and feet shoulder width apart for 10 seconds while trunk
sway was measured and recorded via Bluetooth. Peak to peak measures of angular displacement in both planes were
recorded with bias being removed using 90% range of excursion values.

None reported

NA

Falls - recorded via a falls history questionnaire
12 months

None
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Study arms
Anterior-posterior angular displacement (1.88° cut-off) (N = 287)
Characteristics

Study-level characteristics

Characteristic Study (N = 287)
% Female n =155; % = 54
Sample size

Mean age (SD) 76.14 (6.82)
Mean (SD)

White n=251; % =88
Sample size

Outcomes: Study timepoints: 12-month: Prognostic accuracy of falls

Outcome Anterior-posterior angular displacement (1.88° cut-off), 12-month, N = 287
Sensitivity (%) 31.8

Nominal

Specificity % 77.4

Nominal

AUC 0.6 (0.53 to 0.68)

Mean (95% CI)
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Critical appraisal - PROBAST tool

Section Question Answer
Overall Risk of bias and Applicability Risk of bias High
(High risk of bias due to missing predictor information.)
Overall Risk of bias and Applicability Concerns for applicability Low
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Mak, 2013
Bibliographic Mak, Margaret K Y; Auyeung, Mandy M; The mini-BESTest can predict parkinsonian recurrent fallers: a 6-month
Reference prospective study.; Journal of rehabilitation medicine; 2013; vol. 45 (no. 6); 565-71

Study details

Secondary No additional information
publication of

another included

study- see primary

study for details

Other publications  No additional information
associated with this

study included in

review

Trial name / No additional information
registration number

Study type Prospective cohort study

Study location Hong Kong

Study setting Outpatients from movement disorder clinics or self-help groups for Parkinson's disease
Study dates No additional information

Sources of funding  The study was supported by Hong Kong Parkinson’s disease Foundation (5-ZH76)

Study sample Subjects were recruited from the Hong Kong Parkinson’s disease Association, a patient self-help group, and from
Movement disorders clinics. Posters were sent to the Association and clinics, and patients were invited to join the study on
a voluntary basis.
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Inclusion criteria

Exclusion criteria

Population
subgroups

Risk tool(s)

Predictors

Model development
and validation

Outcome

Duration of follow-up

Indirectness

Subjects were included if they were between 40 and 85 years old, had a diagnosis of idiopathic Parkinson's disease (PD)
according to the UK Parkinson's disease Society Brain Bank criteria, were medically stable, community-dwelling and could
independently walk a minimum distance of 7 m, 3 times with or without walking aids.

Participants were excluded if they had neurological conditions other than PD; communication deficits or cognitive
impairment (Mini-Mental State Examination; MMSE < 20); postural hypotension; visual or vestibular dysfunction; or
significant cardiovascular or musculoskeletal disorders that affected balance and locomotion.

No additional information

Mini-BEST. The Mini-BEStest includes 14 items representing 4 domains of dynamic balance: (i) anticipatory postural
adjustments (items 1-3 consisting of sit-to-stand, rise to toes, stand on right and left leg); (ii) postural responses (items 4—6
consisting of compensatory stepping in 4 different directions); (iii) sensory orientation (items 7—9 consisting of stance with
eyes open, foam surface with eye closed, inclined surface with eyes closed); and (iv) balance during gait (items 10-14
consisting of gait during change speed, head turns, pivot turns, obstacles, time “get up and go” with dual tasks). the Mini-
BEStest items are rated on a 3-point scale from 0 to 2 and the total score ranges from 0 to 28 with a higher score indicating
better balance performance.

No additional information

No additional information

Falls. After the baseline measurement, the subjects were instructed to complete a fall diary and were also contacted by
telephone on a monthly basis to record all the falls in the 6-month follow-up period. A subject was classified as a recurrent
faller (RF) if they had more than one fall within the 6-month follow-up period.

6 months

No additional information

Additional comments No additional information
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Study arms
Mini-BEST (19 cut-off) (N = 110)
The Five-time-Sit-to-Stand test (FtStS) (N = 159)

Subjects were instructed to cross their arms over their chest and to sit on a chair with their back against the back-support. during the test, the
subjects had to, as quickly as possible, fully stand up and then sit down with their buttocks touching the chair. the time taken from the beginning of
the test until the subjects had assumed the sitting position for the fifth time was recorded in seconds.

Characteristics

Study-level characteristics

Characteristic Study (N = 110)
% Female n=44; % =48
Sample size
Mean age (SD) 63.2 (9)
Mean (SD)
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Outcomes

Prognostic Accuracy for Recurrent Falls (more than 1)

Outcome Mini-BEST (19 cut-off), N = 110

AUC (95% ClI) 0.75 (NR to NR)
Mean (95% ClI)

Sensitivity (%) 0.79 (NR to NR)
Mean (95% CI)

Specificity % 0.67 (NR to NR)
Mean (95% ClI)

Critical appraisal - PROBAST tool

Section Question Answer

Overall Risk of bias and Applicability Risk of bias Low

Overall Risk of bias and Applicability Concerns for applicability Low
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Muir, 2008

Bibliographic Muir, Susan W; Berg, Katherine; Chesworth, Bert; Speechley, Mark; Use of the Berg Balance Scale for predicting

Reference multiple falls in community-dwelling elderly people: a prospective study.; Physical therapy; 2008; vol. 88 (no. 4);
449-59

Study details

Secondary NA

publication of
another included
study- see primary
study for details

Other publications  NA
associated with this
study included in

review

Trial name / Not reported
registration number

Study location Canada
Study setting Community setting
Study dates Not reported

Sources of funding  Veterans Affairs Canada and Health Canada.
Study sample Participants were Veterans living in 3 different communities in southwestern Canada.

Inclusion criteria Not specified
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Exclusion criteria Not specified

Population Not reported
subgroups
Risk tool(s) Berg Balance Scale (BBS)

The Berg Balance Scale consists of 14 items each scored from 0-4 (4 being better) with a total possible score of 56
indicating no balance difficulties.

Predictors Not reported

Model development Not reported
and validation

Outcome Falls identified as coming to rest unintentionally on the floor or ground and recorded in a falls diary.
Duration of follow-up 12 months
Indirectness None

Additional comments
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Study arms

Berg Balance Scale (< 45 cut-off) (N = 187)
Berg Balance Scale (<54 cut-off) (N = 187)
Characteristics

Study-level characteristics

Characteristic Study (N = 187)
% Female 35

Nominal

Mean age (SD) 79.47 (5.83)
Mean (SD)

Outcomes: Study timepoints: 12-month: Prognostic Accuracy for Falls

Outcome Berg Balance Scale (< 45 cut-off), 12-month, N = 187 Berg Balance Scale (<54 cut-off), 12-month, N = 187

Sensitivity (%) 25 (16 to 36) 61 (50 to 72)
Mean (95% ClI)

Specificity % 87 (79 to 92) 53 (43 to 63)
Mean (95% ClI)

AUC (95% ClI) 0.59 (NR to NR) NA (NA to NA)
Mean (95% CI)
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Critical appraisal - PROBAST tool
Section Question Answer

Overall Risk of bias and Applicability Risk of bias High

(High risk of bias as no inclusion, exclusion criteria and predictors described.)

Overall Risk of bias and Applicability Concerns for applicability Unclear
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Schwesig, 2013

Bibliographic Schwesig, Rene; Fischer, David; Lauenroth, Andreas; Becker, Stephan; Leuchte, Siegfried; Can falls be predicted
Reference with gait analytical and posturographic measurement systems? A prospective follow-up study in a nursing home
population.; Clinical rehabilitation; 2013; vol. 27 (no. 2); 183-90

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NA
associated with this
study included in

review

Trial name / Not reported
registration number

Study location Germany
Study setting Nursing homes
Study dates Not reported

Sources of funding  Investitions bank Sachsen-Anhalt, Germany
Study sample Participants were recruited from local nursing homes.

Inclusion criteria Aged above 60 years
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Exclusion criteria

Population
subgroups

Risk tool(s)

Predictors

Model development
and validation

Outcome

Absence of neurological impairment affecting gait and posture (e.g. Parkinson’s disease, cerebellar diseases)
Inability to stand or walk independently

None

Stride time and landing phase. Gait parameters were assessed with participants wearing a mobile inertial sensor-based
system RehaWatch. Participants wore their own flat shows and asked to walk straight for 20m at their self-selected speed.
Participants performed 3 trials but only data from the 3rd trials was used for analysis. Mean and standard deviations of each
gait parameter of all recorded steps were analysed for each participant.

Postural regulation

Postural regulation was measured with an interactive balance system consisting of 4 independent force plates to measure
postural stability and regulation. Postural regulation was measured as stability indicator, weight distribution index,
synchronisation and sway intensities. Participants performed one trial of 32 seconds for each of 8 standardised barefoot
test conditions.

Not reported

NA

Falls - recorded by caregivers using a standardised falls protocol. Falls were defined as an unexpected event in which the
subject comes to rest on the ground, floor or lower level.

Duration of follow-up 12 months

Indirectness

None

Additional comments 146 participants were recruited, but only 135 were able to perform both tests.
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Study arms

Stride time in seconds (1.19 cut-off) (N = 135)

Standard deviation landing phase in % (15.3 cut-off) (N = 135)
Posturographic frequency range F2-F4 (10.7 cut-off) (N = 135)
Characteristics

Study-level characteristics

Characteristic Study (N = 146)
% Female 113
Nominal
Mean age (SD) 82.7 (NR)
Mean (SD)
Cardiovascular disease n=130; % =89
Sample size
Neurological condition n=79; % =54
Sample size
Orthopaedic disease or condition n=49; % =34
Sample size
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Outcomes
Study timepoints
12-month

Prognostic accuracy of falls

Outcome Stride time in seconds (1.19 cut- Standard deviation landing phase in % (15.3 Posturographic frequency range F2-F4 (10.7

off), 12-month, N = 135 cut-off), 12-month, N = 135 cut-off), 12-month, N = 135
Sensitivity 63 100 88
(%)
Nominal
Specificity % 61 42 39
Nominal
AUC 0.66 (0.5 t0 0.82) 0.7 (0.59 10 0.81) 0.531t0 0.81)
Mean (95%
Cl)

Critical appraisal - PROBAST tool

Section Question Answer

Overall Risk of bias and Risk of bias High

Applicability (High risk of bias due to missing outcome data, and no information regarding
predictors provided.)

Overall Risk of bias and Concerns for Low

Applicability applicability
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Teranishi, 2024

Bibliographic Teranishi, Toshio; Suzuki, Megumi; Yamada, Masayuki; Maeda, Akiko; Yokota, Motomi; Itoh, Naoki; Tanimoto,
Reference Masanori; Osawa, Aiko; Kondo, Izumi; Prediction of early falls using adherence and balance assessments in a
convalescent rehabilitation ward.; Fujita medical journal; 2024; vol. 10 (no. 1); 30-34

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NR
associated with this
study included in

review

Trial name / NR
registration number

Study type Prospective cohort study

Study location Japan

Study setting Convalescent rehabilitation ward
Study dates April 1, 2015, and March 31, 2017

Sources of funding  This research was funded by a Grant-in-Aid for Scientific Research.
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Study sample

Inclusion criteria

Exclusion criteria

Population
subgroups

Risk tool(s)

Predictors

Model development
and validation

Outcome

This study included all 416 patients admitted to a 45- bed convalescent rehabilitation ward between April 1, 2015, and
March 31, 2017.

The participants comprised 416 patients (154 males and 262 females) with a mean (standard deviation) age of 77.9 (9.6)
years (range: 38—102 years). The underlying pathologies/histories of the patients included femoral neck fracture (n=65),
cerebral hemorrhage (n=49), cerebral infarction (n=98), spinal cord injury (n=8), vertebral compression fracture (n=46), and
other (n=150).

This study included all 416 patients who were admitted to a 45-bed convalescent rehabilitation ward over a 2-year period.

No inclusion criteria reported.
not reported

NR

Standing Test for Imbalance and Disequilibrium (SIDE)

SIDE + Adherence assessment
NR

NR

Falls were defined as “when a part other than the sole of the feet touches the floor or ground against one’s own will”.
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Duration of follow-up 2 weeks
Indirectness NR

Additional comments NR

Study arms

Standing Test for Imbalance and Disequilibrium (SIDE) (cut off 2a/2b) (N = 416)
(cut off 2a/2b)

SIDE (cut off 2a/2b) + Adherence assessment (positive/negative) (N = 416)

The adherence assessment was developed to identify people who are unable to stop themselves from performing dangerous acts when their
movement is restricted. Seven experienced professionals (one physiatrist, two physical therapists, two occupational therapists, and two nurses)
and one coordinator used the nominal group technique and devised assessment items and methods. After lengthy discussions, assessment items
were rated on Likert scales and classified as personality, memory and instruction adherence, or impulsiveness items. Iltems for which classification
agreement was low were the subject of further discussion. Regarding personality items, on the basis of interviews with the patient’s family, the
patient was characterised as “reserved” or “impatient.” Memory and instruction adherence was assessed by asking the patient to inform the
nursing center when the test was over; participants were classified according to their ability to do this. Finally, patients were classified as impulsive
if they looked back in response to the following instruction: “Keep looking forward and don’t look back.”

Characteristics

Study-level characteristics

Characteristic Study (N = 416)
% Female n=262; % =63
Sample size
Mean age (SD) 77.9 (9.6)
Mean (SD)
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Outcomes

Prognostic Accuracy for Falls

Outcome Standing Test for Imbalance and Disequilibrium (SIDE) (cut off SIDE (cut off 2a/2b) + Adherence assessment

2a/2b), , N = 398

Sensitivity 0.86 (NR to NR)
(%)

Mean (95%
Cl)

Specificity % 0.42 (NR to NR)

Mean (95%
Cl)

Youden Index 0.28 (NR)

Mean (p
value)

Critical appraisal - PROBAST tool 2.1

Section
Overall Risk of bias and Applicability

Overall Risk of bias and Applicability

Falls: assessment and prevention FINAL - April 2025

(positive/negative), , N = 390

0.75 (NR to NR)

0.64 (NR to NR)

0.39 (NR)
Question Answer
Risk of bias High
Concerns for applicability Low
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Vassallo, 2005

Bibliographic Vassallo M; Stockdale R; Sharma JC; Briggs R; Allen S; A comparative study of the use of four fall risk assessment
Reference tools on acute medical wards.; Journal of the American Geriatrics Society; 2005; vol. 53 (no. 6)

Study details

Secondary NA
publication of

another included

study- see primary

study for details

Other publications  NA
associated with this
study included in

review

Trial name / NA

registration number

Study type Prospective cohort study
Study location UK

Study setting Hospital setting

Study dates Not reported

Sources of funding  Not reported
Study sample Participants were elderly patients admitted to medical wards for various medical conditions.

Inclusion criteria Not reported
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Exclusion criteria Not reported

Population None
subgroups
Risk tool(s) Tinetti Scale

The Tinetti Scale is a fall risk index based on a number of chronic disabilities with the higher the number the higher the
likelihood of recurrent falls. Risk indexes include mobility score, morale score, mental status score, distance vision, hearing,
postural blood pressure drop, back examination, medications on admission, and admission activity of daily living score.

Predictors Not reported

Model development NA
and validation

Outcome Falls
Duration of follow-up Not reported
Indirectness None

Additional comments None
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Study arms: Tinetti Scale (medium to high risk) (N = 135): Characteristics: Study-level characteristics

Characteristic Study (N = 135)
% Female 67

Nominal

Mean age (SD) 83.8 (8.01)
Mean (SD)

Outcomes

Prognostic accuracy of falls

Outcome Tinetti Scale (medium to high risk), , N = 135
Sensitivity (%) 77.3

Nominal

Specificity % 30.9

Nominal

PPV % 17.9

Nominal

NPV % 87.5

Nominal
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Critical appraisal - PROBAST tool 3.1
Section Question Answer

Overall Risk of bias and Applicability Risk of bias High

(High risk of bias due to inclusion and exclusion criteria not being specified)

Overall Risk of bias and Applicability = Concerns for applicability Low
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Vliaeyen, 2021

Bibliographic Vlaeyen E; Poels J; Colemonts U; Peeters L; Leysens G; Delbaere K; Dejaeger E; Dobbels F; Milisen K; Predicting

Reference Falls in Nursing Homes: A Prospective Multicenter Cohort Study Comparing Fall History, Staff Clinical Judgment, the
Care Home Falls Screen, and the Fall Risk Classification Algorithm.; Journal of the American Medical Directors
Association; 2021; vol. 22 (no. 2)

Study details

Secondary NR
publication of

another included

study- see primary

study for details

Other publications  NR
associated with this
study included in

review

Trial name / NR
registration number

Study type Prospective cohort study

Study location Belgium

Study setting Residential care, nursing homes
Study dates November 2014 and 33 January 2016

Sources of funding  This study was funded by the Flemish Ministry of Welfare, Public Health and Family, and the Universiteit Derde Leetftijd
Leuven vzw. The funding agencies had no role in the design, data collection, analysis, study results interpretation, article
writing or article submission for publication.
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Study sample

Inclusion criteria
Exclusion criteria
Population

subgroups

Risk tool(s)

All nursing homes in Flanders, Belgium, were invited to participate (n=757). Eligible nursing homes had to commit to
register falls during the follow-up period and could not simultaneously participate in other research. The researchers sent an
invitation letter to all Flemish nursing homes, which could subsequently indicate their interest in participation. The
researchers contacted interested nursing homes by telephone and checked eligibility. After inclusion, structured study
information and related materials were provided. Nursing home staff identified eligible residents. Researchers subsequently
screened these residents for inclusion.

Residents were eligible if they met the following inclusion criteria: residing permanently in the nursing home, able to walk
independently with or without walking aid and able to speak Flemish.

Residents were excluded if they were bedridden, completely wheelchair-bound, terminally ill, not able to understand
Flemish or to understand simple instructions.

NR

Care Home Falls Screen (CaHFRIS)

The CaHFRIS is a multifactorial measurement evaluation tool, assessing seven risk factors including cognitive functioning,
impulsivity, balance, the use of a walking frame or rollator, fall history, the use of antidepressants and the use of hypnotics
or anxiolytics. Presence of these factors was ascertained by means of the Mini-Mental State Examination (MMSE) test,
staffs’ responses on six impulsivity-statements and data from the resident record. The total number of risk factors was
calculated and linked to a percentage risk of a fall in the next six months, ranging from no factor (0% fall risk) to six or more
factors (100% fall risk).

Fall Risk Classification Algorithm (FRICA). The FRICA is a step-by-step procedure to determine if a resident has a high or
low fall risk.18 71 First, researchers observed whether residents could stand unaided. If not, the presence of the following
factors was assessed (yes/no): fall history, low care dependency and polypharmacy (i.e., 29 medications). If one factor was
present, the residents had a high fall risk. Second, for residents who could stand unaided, researchers observed whether
they could stand on a standardized foam mat. If not, they had a high fall risk. If the residents could stand on a foam mat, the
presence of the following factors was assessed (yes/no): fall history (i.e., = 1 falls in the past 12 months), high care
dependency (using the Katz Index of Activities of Daily Living24 78) and urinary incontinence (yes/no). If two or more of
these factors were present, the residents had a high fall risk. To determine the presence of fall history, care dependency,
urinary incontinence and polypharmacy, the resident records were consulted, or staff was solicited.
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Predictors NR

Model development NR
and validation

Outcome The main outcome was the number of fallers, i.e., residents having at least one fall during a six-month follow-up period.
Falls were defined as “an unexpected event in which the resident comes to rest on the ground, floor, or lower level”.
Nursing home staff documented falls prospectively from baseline until the end of the study with one month being defined as
30 consecutive calendar days. For each resident, falls were recorded per month on a standardised fall calendar. After each
month, a researcher collected the fall calendar, and a new monthly calendar was provided. To further improve the falls
documentation, nursing homes were asked to share the results of their existing internal fall registration. The research team
merged the observations documented on the fall calendars with the internal registration of each participating resident.

Duration of follow-up 6 months
Indirectness NR

Additional comments NR
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Study arms

Care Home Falls Screen (CaHFRIS) (cut-off score of 2 4) (N = 399): The CaHFRIS is a multifactorial measurement evaluation tool, assessing
seven risk factors including cognitive functioning, impulsivity, balance, the use of a walking frame or rollator, fall history, the use of antidepressants
and the use of hypnotics or anxiolytics. Presence of these factors was ascertained by means of the Mini-Mental State Examination (MMSE) test,
staffs’ responses on six impulsivity-statements and data from the resident record. The total number of risk factors was calculated and linked to a
percentage risk of a fall in the next six months, ranging from no factor (0% fall risk) to six or more factors (100% fall risk).

Fall Risk Classification Algorithm (FRICA) (N = 399): The FRICA is a step-by-step procedure to determine if a resident has a high or low fall
risk.18 71 First, researchers observed whether residents could stand unaided. If not, the presence of the following factors was assessed (yes/no):
fall history, low care dependency and polypharmacy (i.e., 29 medications). If one factor was present, the residents had a high fall risk. Second, for
residents who could stand unaided, researchers observed whether they could stand on a standardized foam mat. If not, they had a high fall risk. If
the residents could stand on a foam mat, the presence of the following factors was assessed (yes/no): fall history (i.e., = 1 falls in the past 12
months), high care dependency (using the Katz Index of Activities of Daily Living24 78) and urinary incontinence (yes/no). If two or more of these
factors were present, the residents had a high fall risk. To determine the presence of fall history, care dependency, urinary incontinence and
polypharmacy, the resident records were consulted, or staff was solicited.

Characteristics

Study-level characteristics

Characteristic Study (N = 420)
% Female n=308; % =73.3
Sample size
Mean age (SD) 85.9 (6.9)
Mean (SD)
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Outcomes: Study timepoints: 6-month: Predictive accuracy of falls

Outcome

Sensitivity (%)
Mean (95% ClI)
Specificity %

Mean (95% ClI)

PPV %
Mean (95% CI)

NPV %
Mean (95% CI)

Youden's J
statistic

Nominal

AUC (95% CI)
Mean (95% ClI)

Falls: assessment and prevention FINAL - April 2025

Care Home Falls Screen (CaHFRIS) (cut-off score of = 4), 6-month,

N =379

64.4 (57.21t071.2)

68.1 (60.9 to 74.7)

67.2 (61.9 t0 72.2)

65.3 (60.3 to 67)

0.33

0.66 (0.61 to 0.72)
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Fall Risk Classification Algorithm (FRICA), 6-month, N

=398

67.8 (60.9 to 74.2)

58.7 (51.4 to 65.6)

62.8 (58.3 to 67.2)

63.9 (58.4 10 69.1)

0.27

NR (NR to NR)
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Critical appraisal - PROBAST tool 3.1

Section Question Answer

Overall Risk of bias and Applicability Risk of bias High
(Due to missing data)

Overall Risk of bias and Applicability Concerns for applicability Low
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Vratsistas-Curto, 2018

Bibliographic Vratsistas-Curto, Angela; Tiedemann, Anne; Treacy, Daniel; Lord, Stephen R; Sherrington, Cathie; External validation

Reference

of approaches to prediction of falls during hospital rehabilitation stays and development of a new simpler tool.;

Journal of rehabilitation medicine; 2018; vol. 50 (no. 2); 216-222

Study details
Secondary
publication of
another included

study- see primary
study for details

Other publications
associated with this
study included in
review

Trial name /
registration number

Study type
Study location
Study setting
Study dates

Sources of funding

NR

NR

NR

Prospective cohort study

Australia

General rehabilitation unit in a public hospital
NR

This study was supported by an infrastructure grant from the Ingham Institute for Applied Medical Research. AT, SL and CS
are supported by Fellowships from the Australian National Health and Medical Research Council.
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Study sample

Inclusion criteria

Exclusion criteria

Population
subgroups

Risk tool(s)
Predictors

Model development
and validation

Outcome

Duration of follow-up

Indirectness

A consecutive sample of 300 inpatients admitted to the general rehabilitation unit at a public hospital in Sydney, Australia
participated in the study. Recruitment occurred between April 2010 and May 2011.

All admitted patients were considered for inclusion except those who were not receiving rehabilitation, e.g. acute medical or
palliative care patients.

NR

NR

Predict_ FIRST (prediction of falls in rehabilitation settings tool)

NR

Number of falls during rehabilitation stay. A fall was defined as unintentionally coming to rest on the ground or other lower
surface without overwhelming external force or major internal event. Falls were monitored and recorded by the lead author
(AV) during the admission from incidents reported in medical records and the ward’s fall incidents book, both completed as
part of usual care.

Length of rehabilitation stay

NR

Additional comments NR
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Study arms
Predict_FIRST (N = 300)

Predict_ FIRST scores were calculated on admission using information from participants’ medical records. Male sex was extracted from the file.
CNS medication use was defined as taking sedatives/hypnotics, anti-anxiety agents, antipsychotics, antidepressants, anticonvulsants, movement
disorder medications or other CNS agents. Falls in the past year was defined as a reported or documented history of falls in the previous 12
months. Frequent toileting was defined as alterations in urination, i.e. frequency, urgency, incontinence and nocturia. Impaired tandem stance was
defined as the inability to maintain the tandem stance position for 10 seconds on initial physiotherapy assessment.

Characteristics

Study-level characteristics

Characteristic Study (N = 300)
% Female n=178; % = 58
Sample size
Mean age (SD) 80 (11)
Mean (SD)
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Outcomes

Prognostic accuracy of falls

Outcome

AUC (95% ClI)
Mean (95% ClI)

Critical appraisal - PROBAST tool

Section

Overall Risk of bias and Applicability

Overall Risk of bias and Applicability

Predict_FIRST N = 300

0.66 (0.57 to 0.74)

Question

Risk of bias

Concerns for applicability
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Zhou, 2023

Bibliographic Zhou, Jian; Liu, Bo; Ye, Hui; Duan, Jin-Ping; A prospective cohort study on the association between new falls and

Reference balancing ability among older adults over 80 years who are independent.; Experimental gerontology; 2023; vol. 180;
112259

Study details

Secondary NR

publication of
another included
study- see primary
study for details

Other publications  NR
associated with this
study included in

review

Trial name / NR
registration number

Study type Prospective cohort study

Study location China

Study setting The geriatric outpatient department of the Beijing Tongren Hospital
Study dates April to October 2021

Sources of funding  This study was funded by the Central Health Care Research Project (2020YB48).
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Study sample 160 elderly people aged 80 years or older who were treated in the geriatric outpatient department of the Beijing Tongren
Hospital from April to October 2021, were enrolled. 104 males (65.0 %) and 56 females (35.0 %), with an average age of
84.9 £ 3.3 years (80—94 years) were included. All of them were residents of Beijing.

Inclusion criteria Inclusion criteria: Those aged =80 years, able to live completely or moderately independently, and willing and able to
cooperate to complete the relevant assessments.

Exclusion criteria Exclusion criteria: Those with New York Heart Association (NYHA) grade IlI-IV cardiac function, chronic kidney disease
stage 4-5, chronic obstructive pulmonary disease (COPD) stage 4, decompensated liver cirrhosis, and malignant tumors.

Population NR

subgroups

Risk tool(s) Composite equilibrium score
Predictors NR

Model development NR
and validation

Outcome The outcome observed in this study, “new fall, “was defined as new falls that occurred within the 12 months from the start of
the study.

Duration of follow-up 12 months. The participants were followed up monthly by telephone or during outpatient consultations for 12 months to
check for new falls and injuries.

Indirectness NA

Additional comments NA
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Study arms: Composite equilibrium score (N = 159): The cut-off points of SOTcom in predicting new falls was <52 points. SOTcom: Composite
Equilibrium Score, the weighted average score of sensory integration test under six test conditions; RT: Reaction Time; MVL: Movement Velocity;
DCL: Directional Control; EPE: Endpoint Excursion; MXE: Maximum Excursion.

Characteristics: Study-level characteristics

Characteristic Study (N = 159)
% Female n =56; % = 35
Sample size

Mean age (SD) 84.9 (3.3)

Mean (SD)

Outcomes: Prognostic Accuracy for Falls

Outcome Composite equilibrium score, N = 159
Sensitivity (%) NR (NR to NR)

Mean (95% CI)

Sensitivity (%) 40.7 (NR)
Mean (p value)

Specificity % 84 (NR to NR)
Mean (95% ClI)

AUC 0.61 (0.53 to 0.68)
Mean (95% CI)
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Critical appraisal - PROBAST tool 2.1

Section Question Answer

Overall Risk of bias and Applicability Risk of bias Low

Overall Risk of bias and Applicability Concerns for applicability Low
152
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Appendix E Forest plots

E.1 Community setting

E.1.1 Berg Balance Scale
Figure 2: Berg Balance Scale - community setting (aged over 65 years)

Berg Balance Scale (<49 points cut-off point) - community

TP FP FN TN Sensitivity (95% Cl} Specificity {95% CI)
62 37 22 105  O.74[0.63,0.83  0.74[0.66, 0.81]

Study
Almeida 2016

Berg Balance Scale (=48.5 cut-off) - hospital

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)

Sensitivity (95% Cl)
—-—

Specificity (95% CI)
) \ —

0020406081

Sensitivity (95% Cl)

0020406081
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+

—=

Ashhurn 2008 } } } } } |
0020406081

g4 44 4 42 0.86 [0.75, 0.93] 0.49[0.38, 0.60]
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Berg Balance Scale (cut-off 45) - community

Sensitivity (95% Cl)  Specificity (95% CI)
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Study
Greene 2012h

TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)
45 20 53 G4 046[0.36, 056  0.76 [0.66, 0.85]

Berg Balance Scale (45 cut-off) - community

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity {95% CI)
Greene 2012 35 25 48 120  043[032,055 083076089  , —® . . . A &
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Berg Balance Scale (= 45 cut-off) - community
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—— E

0020406081 0020406081

Study
Muir 2008

TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)
20 42 G0 281 0.25[0.16,0.36]  0.87 [0.63, 0.90]

Berg Balance Scale (=54 cut-off) - community

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Muir 2008 16 53 10 58 0.62[0.41,0800 053 [0.43, 0.62) —y ., -
0020406081 0020406081
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Berg balance scale (45 cut off) community — meta analysis SROC plot
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Figure 3: Best test— community setting (aged over 65 years)

BEST test (<69% cut-off) - community

Study TP FP FN TN Sensitivity (95% Cl}) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
Almeida 2016 38 37 45 105 0.46 [0.35, 0.57] 0.74 [0.66, 0.81] | - -
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Figure 4: Mini-BEST — community setting (aged over and under 65 years)

Mini-BEST (=63% cut-off point) - community (over 65 years)

uay Eensitv r peCcInct . Ensit r e CInCT r
Stud TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity {(95% CI)  Specificity (95% CI)
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Mini-BEST (19 cut off) - community (under 65}

Study TP FP FN TN Sensitivity (95% CI) Specificity {95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Makz2013 63 8 18 16  0.7O9[0.68, 087  0.67[0.45 0.84] L — ——
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Figure 5: Tinetti total score — community setting (aged over 65 years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl}  Specificity (95% Cl)

Bizovska 2018 33 14 16 &7 0.67 [0.52, 0.80] OB3[@73 080  , | _I._I | —t _.'._I
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Figure 6: Care Home Falls Screen - CaHFRIS (cut-off score of 2 4) — community
setting

(aged over 65 years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI)  Specificity (95% CI}

Yiaeyen 2021 121 B0 63 127 0.64 [0.57, 0.71] IRCT: V) ) ‘=" o =‘.'= |
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Figure 7: Fall Risk Classification Algorithm (FRiCA) - Community (aged over 65 years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% Cl)
Vlaeyen 2021 135 82 64 117 0.68 [0.61, 0.74] 059[0.52,0.66] |, | =‘.‘= | —t ‘!I' —
0020406081 0020406081

Figure 8: Anterior-posterior angular displacement (1.88° cut-off) — community (aged
65 years

or older
Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% Cl)
Mahoney 2017 21 51 45 170 0.32[0.21,0.44] oFr[o7t, 082, @ ..
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Figure 9: Gait velocity (cm/s) — community (aged over 65 years)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl}  Sensitivity (95% Cl)  Specificity (95% CI}

Kely 2022 111 819 77 698 0.69 [0.52, 0.66] U4G[043,049 |, | —T‘  — I. —
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Figure 10: Grip strength (kg) — community (aged over 65 years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% CI)
Kely 2022 83 BOF 105 910 0.44 [0.37, 0.52)] 0B0[0.57, 062 | ‘=.‘ e —— f —
0D 020406081 0020406081

Figure 11: Free living accelerometer data - FLA (No early stopping) — community

(aged over 65 years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl}  Sensitivity (95% CI) Specificity (95% CI)
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Figure 12: Free living accelerometer data - FLA (Early stopping) — community

(aged over 65 years)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
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Figure 13: Composite equilibrium score (<52 cut off) - community (aged over 65
years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% Cl)  Specificity (95% CI)
Zhou 2023 24 16 35 84 0.41([0.28 0.54] ne4rs 0@ W L L L o
0020406081 002040605

Figure 14: Finite-state machine (wearable) - Vanilla decision tree - community (aged
over 65 years)

Study TP FP FN TN Sensitivity (95% ClI} Specificity (95% Cl})  Sensitivity (95% CI) Specificity (95% CI)
Albites-Sanabria 2024 16 22 12 118 0.87 [0.37,0.76] 084077, 0800 I_qu_l | ———¢ _I.— I
0020406081 0020406081

Figure 15: Finite-state machine (wearable) — Under sampling decision tree -
community (aged over 65 years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
Albites-Sanabria 2024 19 42 10 498 0.66 [0.46, 0.82] oFo[0E2, 077 |, | _=._= | —t =_.‘= |
0020406081 0020406081
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Figure 16: Finite-state machine (wearable) - SMOTE Lasso- community (aged over 65
years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% Cl)
Albites-Sanabria 2024 19 29 9 110 0.68[0.43,0.24] nrFa@0r,0868 2 — - I .

0020406081 002040608-1

Figure 17: Finite-state machine (wearable) — near miss SVM - community (aged over
65 years)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% CI)
Albites-Sanabria 2024 25 99 3 81 0.89[0.72, 0.939] 0.58 [0.49,0.66] |, = -

0020406081 0020406081

o Hospital setting

Figure 18: Berg Balance scale — hospital setting

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl)  Sensitivity (95% CI)  Specificity (95% CI)
Andersson 2006 43 31 25 &8 0.63[0.51,0.78] 065054078, , 2, —@— -

0020406081 0020406081

Figure 19: Tinetti Scale — hospital setting - (aged 65 years or older)

Tinetti Scale (=2 cut-off) - hospital

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl}  Sensitivity (95% CI) Specificity (95% CI}
Hars 2018 171 360 15 261 0.92 [0.87, 0.95] 0.4x[038 048], . . | ll — ‘IF —
0020406081 0020406081

Tinetti Scale (medium to high risk) - hospital

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI})  Sensitivity (95% CI) Specificity (95% CI)
Yassallo 2005 22 ¥4 7 33 0.76 [0.56, 0.90] oxt@p2zzoM) ., 2, @ 0, W L L
0020406081 002040608
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Figure 20: Stops Walking When Talking (SWWT) — hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% CI) Specificity (95% CI)
Andersson 2006 10 3 47 849 014 [0.07, 0.26] 0.87 [0.91,0.99] | _.I_ — e —t 1
0020406081 00204060381

Figure 21: diffTUG (cut-off >/=4.5 secs) — hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% ClI}  Sensitivity (95% CI) Specificity (95% CI}
Andersson 2006 9 4 44 1N 0.17[0.08, 0.30] 0.94 [0.29, 0.949] I—H_ L -

L ] ] ]
0020406081 0070406081

Figure 22: Mini-BESTest (cut off 2.94) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% Cl)  Sensitivity (95% CI) Specificity (95% Cl)
Caronni 2023 75 106 7 27 0.91 [0.83, 0.96] p2o@14, 028 ., o, = . o

002040608 10020406081

Figure 23: Mini-BESTest (cut off 0.06) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% CI)
Caronni 2023 24 19 58 114 0.28[0.20,0400  0.86[0.79,081] @ e

0020406081 0020406081

Figure 24: Turning duration (cut off 1.91 s) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% CI} Specificity (95% Cl)  Sensitivity (95% Cl) Specificity (95% CI)
Caronni 2023 78 111 3 0.96 [0.90, 0.99] Dis[0A0023 . , . L . 1' | ‘!I‘ —
0020406081 0020406081

Figure 25: Turning duration (cut off 3.80 s) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl}  Sensitivity (95% CI) Specificity (95% CI)
Caronni 2023 20 17 B2 114 0.24 [0.16, 0.34] 0.87 [0.80, 0.92] | _I._I — —t :‘.' |
00204060821 0020406081
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Figure 26: Hester Davis Scale (cut off 11) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% CI}) Specificity (95% Cl}  Sensitivity (95% Cl} Specificity (95% Cl}
Harmon 2023 77 835 22 TN 0.78[0.63, 0.86] 0460430480 , |, _!I‘ | — I. —
D0z20406081 0020406081

Figure 27: Hester Davis Scale (cut off 12) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (5% Cl)  Specificity (95% CI)
Harmon 2023 9 680 30 866  0.70[0.60,0.79]  0s6(053,08e  , & . . . 0™
0020406081 0020406081

Figure 28: Hester Davis Scale (cut off 13) - hospital (aged 65 years or older)

Study TP FP EN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% CI)  Specificity (95% CI)
Harman 2023 53 557 45 890  054[0.44,064  0B4(062068  _,  —®% . o o &
0020406081 0020406081

Figure 29: Hester Davis Scale (cut off 14) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (95% CI)  Specificity (95% CI)
Harmon 2023 51 402 47 1144 052 [0.42, 0.62] 0740720780, @ o, . . W
0020406081 002040608

Figure 30: Hester Davis Scale (cut off 15) - hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% ClI}  Sensitivity (95% CI} Specificity (95% Cl)
Harmon 2023 41 325 57 1222 0420032, 053] 07a@7y, 081 _IF_I — — T |
0020406081 00204060811

Figure 31: Facility fall risk (cut off 13)- hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% Cl}  Sensitivity (95% CI} Specificity (95% Cl)
Harmon 2023 81 8497 18 644 0.82[0.73, 0.84] 0420400044 , , | _IF‘ | —t .F —
0020406081 0020408081
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Figure 32: Facility fall risk (cut off 14)- hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% CI} Specificity (95% CI)
Harmon 2023 B9 588 30 954 0.70[0.60,0.74] 0.62 (060,064 ,

Sensitivity (95% CI}

Specificity (95% Cl)

0O0z040B081 DO

Figure 33: Facility fall risk (cut off 15)- hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% CI) Specificity {95% Cl)
Harmon 2023 48 371 50 1175 0.481[0.38, 0.58] orel0T4 078, @ o, o, . 0, W
0020406081 0020406081

Sensitivity {95% Cl)

20406081

Specificity (95% CI)

.I |

Figure 34: Section GG scores (cut off 51)- hospital (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI)
Harmon 2023 74 GBS 25 831 075[065 083  057[054,089  , —E-

E.1.2 Residential care setting

Sensitivity (95% CI)

Specificity (95% Cl)

L I

0070406081

Figure 35: Falls risk score — residential care (aged 65 years or older)

Falls risk score (2-3) - residential

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% CI)
Chen 2005 65 62 1 5  0.98[0.92,1.00] 0.07 [0.02, 0.17]

Falls risk score (3-4) - residential

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% Cl)
Chen2005 104 87 9@ 26  092[(0.85098) 023[046,037 ,_, . . = m .
D02 040608 10020406081

Falls risk score (4-5) - residential

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% CI)
Chen 2005 82 53 20 49  0.80[0.71,0.85] 0,48 [0.38, 0.58]

Falls risk score (5-6) - residential

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI}
Chen2008 38 18 21 4 0.64 [0.51, 0.76] 0.69 [0.596, 0.81]

Falls risk score (>9) - residential

Study TP FP FN TN Sensitivity (95% Cl} Specificity (95% CI)
Chen 2005 15 4 50 61 0.23 [0.14, 0.35] 0.94 [0.85, 0.95]
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Figure 36: Stride time in seconds (1.19 cut-off) — residential (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) ~ Sensitivity (95% CI)  Specificity (95% Cl)
Schwesig 2013 34 32 20 49 063[0.49,076)  0B0[4g07) o —m— . 0 0 W
0D 020406081 00204086 0.8 1

Figure 37: Standard deviation landing phase in % (15.3 cut-off) — residential (aged 65
years or older

Study TP FP FN TN Sensitivity (95% CI} Specificity (95% Cl)  Sensitivity (95% Cl} Specificity (95% CI)
Schwesig 2013 41 55 0 40 1.00[0.91, 1.00] 042032083  , o, . _IF —t _.F_ —
00204060817 00204061081

Figure 38: Posturographic frequency range F2-F4 (10.7 cut-off) — residential (aged 65
years or older

Study TP FP FN TN Sensitivity (95% CI} Specificity (95% Cl)  Sensitivity (95% Cl} Specificity (95% CI)
Schwesig 2013 36 58 9 37 0.58 [0.74, 0.96] 0390029048 , , | _I._I —t _!I_ —
Doz204060817 0020406081

Figure 39: Standing Test for Imbalance and Disequilibrium (SIDE) (2a/2b cut off) -
residential (aged 65 years or older)

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% Cl)  Specificity (95% CI)
Teranishi2024 36 2 6 2 086[0.7F1,085  o0s0[@07,0%3% ., 2, 2, —@  ——— W

0020406081 00204060817

Figure 40: SIDE (cut off 2a/2b) + Adherence assessment (positive/negative) -
residential (aged 65 years or older)

Study TP FP EN TN Sensitivity (95% Cl) Specificity (95% CI)  Sensitivity (85% Cl)  Specificity (95% CI)
Teranishi 2024 31 135 10 240 0.76 [0.60, 0.86] 064059089  , 2, ~—=— o . . =&
0020406081 0020406081
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Appendix F AUC plots

F.1 Community setting

Figure 41: Berg balance scale — community setting (aged 65 years or older)

Berg balance scale

Community setting (Aged 65
years and older)

Greene 2012a (Berg Balance 62.0%
Scale): 62% (0, 0); n= 226
_
Almeida 2016 (Berg Balance 73.0%
Scale): 79% (73, 84); n= 225
_
0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Figure 42: BEST — community setting (aged 65 years or older)

Community setting (Aged 65
years and older)

Almeida 2016 (Best): 68%
(45, 83); n= 225

BEST

68.0%

0.0% 50.0% 100.0%
AUC (95% confidence intervals)
Figure 43: Mini-BEST — community setting (aged 65 years or older)
Mini BEST
Community setting (Aged 65
years and older)
Almeida 2016 (Mini- Best): 77.0%
77% (55, 89); n= 225
0.0% 50.0% 100.0%
AUC (95% confidence intervals)
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Figure 44: Tinetti score — community setting (aged 65 years or older)

Tinetti Total score

Community setting (Aged 65
years or older)

Bizovska 2018 (Tinetti total 76.0%

score): 76% (% %); n= 131

0.0% 50.0%
AUC (95% confidence intervals)

Figure 45: Gait velocity (cm/s)— community setting (aged 65 years or older)

Gait velocity (communitysetting aged 65 years or older)

50.0%
Kelly 2022 (gait velocity) 50%
(0,0); n= 1705

0.0% 50.0%
AUC (95% confidence intervals)
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Figure 46: Grip strength (kg) - community setting (aged 65 years or older)

Grip strength (Community setting aged 65 years or older)

50.0%

Kelly 2022 (grip strength)

0.0% 50.0% 100.0%
AUC (95% confidence intervals)

Figure 47: HCRNN model of kinematic characteristics of gait and balance during the
TUG - community setting (aged 65 years or older)

HCRNN model (Community setting aged 65 years or older)

98.0%
Dasgupta 2022 (HCRNN
model of kinematic
characteristics)
H
0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Figure 48: Composite equilibrium score - community setting (aged 65 years or older)

Composite Equilibrium score

Community setting (Aged 65
years and older)

Zhou 2023 (Composite 53.0%
equilibrium score): 53% (0, 68);
n= 159 I
0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Figure 49: Finite-state machine (wearable technology) — community setting (aged 65
years or older)

Finite-state machinewearble technology

Albites-Sanabria 2024 (Finite-state 75.0%
machine wearable - near miss SYM
decision tree): 75% (0, 0); n= 168 1

Albites-Sanabria 2024 (Finite-state 76.0%
machine wearable - SMOTE lasso
decision tree): 76% (CI Cl); n= 168 1

Albites-Sanabria 2024 (Finite-state 69.0%
machine wearable - undersampling
decision tree): 69% (CI ClI); n= 168 1

Albites-Sanabria 2024 (Finite-state 69.0%
machine wearahle - Vanilla decision
tree): 69% (CI Cl); n= 168 1

0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Figure 50: Mini-BEST — community setting (aged under 65 years)

Community setting (Aged 65
years or younger)

Mak 2013 (Mini-BEST ): 75%
(0, 0); n= 110

Mini BEST

75.0%

0.0% 50.0% 100.0%
AUC (95% confidence intervals)
F.2 Hospital setting
Figure 51: Simplified Tinetti Scale- hospital setting (aged 65 years or older)
Simplified Tinettiscore
Hospital setting (Aged 65
years or older)
Hars 2018 (Simplified Tinetti 69.0%
score): 69% (0, 0); n= 807 .
0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Figure 52: Predict FIRST tool - hospital setting (aged 65 years or older)

Hospital setting (Aged 65
years or older)

Vratsistas 2018
(Predict_FIRST tool): 66%
(57, 74); n=300

Predict FIRST tool

66.0%

0.0%

50.0%
AUC (95% confidence intervals)

100.0%

Figure 53: Patient history + Gait speed (m/s) - hospital setting (aged 65 years or older)

Hospital setting (Aged 65
years or older)

Caronni 2023 (Patient history
+ Gait speed): 67% (60, 74);
n=214

History + gait speed

67.0%

0.0%

50.0%
AUC (95% confidence intervals)

100.0%
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Figure 54: Patient history + Walk ratio - hospital setting (aged 65 years or older)

Hospital setting (Aged 65
years or older)

Caronni 2023 (Patient history
+ walk ratio): 67% (59, 74);
n=214

History + walk ratio

67.0%

0.0%

50.0% 100.0%
AUC (95% confidence intervals)

Figure 55: Patient history + Mini-BESTest - hospital setting (aged 65 years or older)

Hospital setting (Aged 65
years or older)

Caronni 2023 (Patient history
+ mini-BEST): 69% (62, 76);
n=214

History + Mini BEST

69.0%

0.0%

50.0% 100.0%
AUC (95% confidence intervals)
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Figure 56: Patient history + TUG duration (s)- hospital setting (aged 65 years or older)

History + TUG duration

Hospital setting (Aged 65
years or older)

Caronni 2023 (Patient history 68.0%
+ TUG duration): 68% (61,
75); n=214 _
0.0% 50.0% 100.0%

AUC (95% confidence intervals)

Figure 57: Patient history + sit-to-walk duration, s - hospital setting (aged 65 years or
older)

History + sit-to-walk duration

Hospital setting (Aged 65
years or older)

Caronni 2023 (Patient history 67.0%
+ sit-to-walk duration): 67%
(60, 74); n= 214 —
0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Figure 58: Patient history + Turn duration, (s) - hospital setting (aged 65 years or

older)

Hospital setting (Aged 65
years or older)

Caronni 2023 (Patient history
+ Turn duration): 69% (62,
76); n= 214

History + turn duration

69.0%

0.0%

50.0%

AUC (95% confidence intervals)

100.0%

Figure 59: Patient history + Peak angular velocity, °/s - hospital setting (aged 65 years

or older)

Caronni 2023 (patient history
+peak angular velocity): 68% (60,
75); n=214

History + peak angular velocity

68.0%

50.0%

AUC (95% confidence intervals)
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Figure 60: Hester Davis score - hospital setting (aged 65 years or older)

Hospital setting (Aged 65
years or older)

Harmon 2023 (Hester Davis
Scale ): 68% (63, 73); n= 1645

Hester Davis scale

68.0%

0.0% 50.0% 100.0%
AUC (95% confidence intervals)
F.3 Residential care setting
Figure 61: Stride time (s) — residential care setting (aged 65 years or older)
Stride time (s)
Residential care setting
(Aged 65 years or older)
Schwesig 2013 (Stride time 66.0%
(s)): 66% (50, 82); n= 135
0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Figure 62: Standard deviation landing phase — residential care setting (aged 65 years
or older)

Standard deviation landing phase

Residential care setting
(Aged 65 years or older)
Schwesig 2013 (Standard 70.0%
deviation landing phase):
70% (59, 81); n= 135 -
0.0% 50.0% 100.0%

AUC (95% confidence intervals)

Figure 63: Posturographic frequency range — residential care setting (aged 65 years or
older)

FROP

Schwesig 2023 (Posturographic 66.0%

frequency range): 66% (53, 81);
n=135

0.0% 100.0%

50.0%
AUC (95% confidence intervals)
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Figure 64: Care Home Falls Screen — residential care setting (aged 65 years or older)

Cre home falls screen

Residential care setting
(Aged 65 years or older)
Vlaeyen 2021 (Care Home 66.0%
Falls Screen ): 66% (61, 72);
n=379 —_
0.0% 50.0% 100.0%

AUC (95% confidence intervals)
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Appendix G Economic evidence study selection

Records identified through database Additional records identified through other sources:
searching, n=6,257 CG161, n=2; reference searching, n=0; provided by
committee members; n=0

P
<

A 4

Records screened in 15t sift, n=6,259

Records excluded* in 15t sift, n=6,144

A 4

\ 4

Full-text papers assessed for eligibility
in 2" sift, n=115

Papers excluded* in 2" sift, n=53

\ 4

\ 4

~
Full-text papers assessed for
applicability and quality of
methodology, n=63**

\, J

\ 4 \ 4 \ 4

ﬂapers included, n=43 \ ﬂapers selectively excludedN ﬂapers excluded, n=30 \

(43 studies) n=1 (1 studies) (30 studies)
Studies included by review: Studies selectively excluded Studies excluded by review:
by review:
e Review B: : n=0 e Review B: n=1
¢ Review C: n=2 * Review B: n=0 ¢ Review C: n=2
e Review D: n=0 * Review C: n=0 o Review D: n=0
e Review E: n=0 * Review D: n=0 e Review E: n=1
e Review F: n=34 * Review E: n=0 e Review F: n=23
e Review G: n=3 * Review F: n=1 e Review G: n=1
o Review H: n=4 * Review G: n=0 o Review H: n=2
¢ Review |: n=0 * Review H: n=0 ¢ Review |: n=0
e Review |: n=0

\_ AN AN J

* Non-relevant population, intervention, comparison, design or setting; non-English language
**QOne paper included in two reviews
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Appendix H Economic evidence tables

No Health economic studies were included .

Appendix | Health economic model

This review question was not prioritised for new health economic modelling.
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AppendixJ Excluded studies

J.1 Clinical studies

Table 8: Studies excluded from the clinical review
Study

Abou, Libak, llha, Jocemar, Romanini, Francielle et al. (2019) Do clinical
balance measures have the ability to predict falls among ambulatory
individuals with spinal cord injury? A systematic review and meta-analysis.
Spinal cord 57(12): 1001-1013

Abou, Libak, Peters, Joseph, Fritz, Nora E et al. (2022) Motor Cognitive Dual-
Task Testing to Predict Future Falls in Multiple Sclerosis: A Systematic
Review. Neurorehabilitation and neural repair 36(12): 757-769

Abou, Libak, Peters, Joseph, Wong, Ellyce et al. (2021) Gait and Balance
Assessments using Smartphone Applications in Parkinson's Disease: A
Systematic Review. Journal of medical systems 45(9): 87

Abu Samah, Z., Mohd Nordin, N.A., Shahar, S. et al. (2016) Can gait speed
test be used as a falls risk screening tool in community dwelling older adults?
A review. Polish Annals of Medicine 23(1): 61-67

Agarwal, G, Angeles, R, Pirrie, M et al. (2017) Effectiveness of a community
paramedic-led health assessment and education initiative in a seniors'
residence building: the Community Health Assessment Program through
Emergency Medical Services (CHAP-EMS). BMC emergency medicine 17(1):
8

Al Abiad, Nahime, van Schooten, Kimberley S, Renaudin, Valerie et al. (2023)

Association of Prospective Falls in Older People With Ubiquitous Step-Based
Fall Risk Parameters Calculated From Ambulatory Inertial Signals: Secondary
Data Analysis. JMIR aging 6: e49587

Alkan, H., Yildiz, N., Sarsan, A. et al. (2014) The relationship between
posturographic fall risk and clinical balance tests among community-dwelling
older adults. Turk Geriatri Dergisi 17(3): 242-248

Allum, John Hj and Carpenter, Mark G (2005) A speedy solution for balance
and gait analysis: angular velocity measured at the centre of body mass.
Current opinion in neurology 18(1): 15-21

Almeida, Lorena R S, Valenca, Guilherme T, Negreiros, Nadja N et al. (2017)
Predictors of Recurrent Falls in People with Parkinson's Disease and
Proposal for a Predictive Tool. Journal of Parkinson's disease 7(2): 313-324

Alsubheen, Sanaa A, Beauchamp, Marla K, Ellerton, Cindy et al. (2022)
Validity of the Activities-specific Balance Confidence Scale in individuals with
chronic obstructive pulmonary disease. Expert review of respiratory medicine

16(6): 689-696

Alvarez, Marta Neira, Rodriguez-Sanchez, Cristina, Huertas-Hoyas, Elisabet
et al. (2023) Predictors of fall risk in older adults using the G-STRIDE inertial
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Code [Reason]

- Systematic
review used as
source of primary
studies

- Population not
relevant to this
review protocol

- Systematic
review used as
source of primary
studies

- Review article but
not a systematic
review

- Study does not
contain an
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Appendix K OpenBUGS output

Figure 65: OpenBUGS output - Berg balance scale <45 cut off — community setting
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Appendix L Research Recommendations

L.1 How accurate are wearable technologies in identifying
risk of falls?

L.1.1 Why this is important

Wearable technologies have potential for people at risk of falls in a number of ways. Firstly, it
is important to be able to identify people who are at higher risk of falls and therefore most
likely to benefit from interventions. The options for doing this include asking about previous
falls, use of fall risk assessment tools or conventional gait and balance assessments. This
review found no single falls risk assessment or gait and balance tool could be recommended
based on review finding insufficient accuracy in low quality studies. Wearable technologies
have the potential to enhance identification of falls risk as well as determine specific gait or
balance deficits that would be amenable to interventions. Such technologies could also be
used to monitor and improve adherence to exercise interventions. Finally, emerging
technology could also support older people avoid a long lie by detecting fall events.
Technology that can accuracy detect falls also has immense potential for future research
studies where falls are measured as the primary outcome.

L.1.2 Rationale for the recommendation for research

Importance to ‘patients’ or the population There is insufficient evidence to support the
use of wearable technologies. Implemented
in the appropriate way, they could provide
patients with a simple and rapid method of
self-assessment for falls risk and could
reduce the personnel resources required to
undertake gait and balance assessments.
More accurate fall risk detection could also
improve the efficiency of falls services in
ensuring patients access interventions to
reduce their risk of falls at the right time and
right place.

Relevance to NICE guidance Wearable technologies could address an
evidence gap for accurate tools to identify
older people at high risk of falls and those
with gait and balance impairments that
would benefit from exercise interventions.

Relevance to the NHS Wearable technologies could improve the
efficiency of services and support providing
fall risk assessment at scale where
personnel resources are limited.

Such technologies would need to be
supported within NHS IT infrastructure.

National priorities The use of wearable technologies to identify
fall risk and streamline access to the more
appropriate intervention aligns with the NHS
Long Term Plan which is looking to improve
local systems by using digital technologies
to
-Work in more efficient ways
-Improve diagnosis and treatment
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Current evidence base

Equality considerations

L.1.3 Modified PICO table
Population

-improve services

The reviews undertaken for these guidelines
did not identify sufficient high-quality
evidence to support any recommendations
for the use of wearables to detect fall risk, to
analyse gait and balance impairments or to
support adherence to exercise
interventions.

There have been numerous studies that
have attempted, mostly using internal
validation techniques, to establish the
predictive accuracy of wearable
technologies to establish fall risk. Studies
have used a range of wearable technologies
which use inertial measurement units
(IMUs), gyroscopes and/or accelerometers
to establish characteristics associated with
gait and/or balance predictive of fall risk.
There is significant heterogeneity in the way
in which they have been evaluated.
Wearables can be applied to a range of
different positions on the body, fixed using
different methods. Sensors may be a stand-
alone piece of equipment or can use the
technology available in a smartphone. Most
technologies look at the assessment of gait
and this can be done by analysing
performance while undertaking standard
tests (i.e. walking 4 metres) or from
collecting ‘free living’ data over several days
of ‘usual activity. Additionally, there are a
range of gait feature extraction models
using different characteristics and modelling
approaches.

Many of these tools/models have been
validated against other ‘gold standard’ gait
and/or balance measures and other fall risk
assessment tools. Fewer studies have
evaluated the prognostic accuracy using
prospective follow up measuring falls@.

Use of wearables may be less accessible to
those who are digitally excluded. Evidence
suggests older people and those living with
frailty are more likely to experience digital
exclusion. Work would be required to
ensure barriers to digital inclusion are
addressed alongside the development an
implementation of such technologies.

Older people (aged >65) or those between
50 and 64 at increased risk of falls. Further

a8 Subramaniam S, Faisal Al, Deen MJ. Wearable Sensor Systems for Fall Risk Assessment: A Review. Front

Digit Health. 2022 Jul 14;4:921506.
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Intervention

Comparator
Outcome

Study design

Timeframe
Additional information
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research on the value of wearables would
be particularly beneficial in a community
setting but also recommended for all
settings covered by these guidelines:
community, hospital and residential care.
Wearable technologies including:
-Standalone sensors or smartphones to
measure gait or balance characteristics
during standardised conditions or free-living
situations, and the related data extraction
models

Usual care, Placebo

Falls, fall related injury, fall related fracture
Prospective data collection

Prognostic accuracy studies using a cohort
design with prospective follow up for falls

Medium

It would be helpful to have evidence to
support the most cost-effective ways to use
wearable technologies for identifying fall risk
and understand the potential for these
technologies to increase health inequalities.
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Appendix M Additional analyses (comprehensive falls
assessment)

Studies from the following two forest plots (figure 66 and 67), from evidence review F1, which
showed efficacy (the point estimate did not cross 0.80 or 1.25) were further investigated for
the assessment tool components and/or risk factors assessed within the study. These details
are presented in table 9. The risk factors were then discussed by the committee and a list
compiled of the most pertinent.

Figure 66: Multifactorial interventions versus control — rate of falls

Multifactorial Control Rate Ratio Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barker, 2018 -0.4308 0.2108 217 213 249% 0.65[0.43, 0.98] I
Beling 2009 -1.7 112 11 g 02% 0.181[0.02,1.64]
Bruce 2021 01222 0.0727 2497 2493 4E% 1.13[0.98,1.30] -
Daly 2019 0.077 02212 a1 a1 2.8% 1.08[0.70,1.67] T
Davigon 2004 -0.45 0.06 144 149 47% 0.64 [0.57,0.72] -
Elley 2008 -0.04 n.os 154 187 45% 0.86[0.82,1.12] T
Fairhall 2014 0.11 018 107 1089 31% 1.12[0.77,1.62] -
Ferrer 2014 -0.16 0.26 142 131 2.4% 0.85[0.51,1.42] T
Gallagher 1996 -0 01s a0 50 3E6% 0.81 [0.60,1.09] -7
Ganz 2022 -0.0305 0.0215 2802 2649 449% 0.87[0.93,1.01] b
Hogan 2001 -0.23 009 7 T 44% 0.79[0.67, 0.95] ]
Lighthaody 2002 -0.16 011 155 199 4.2% 0.85[0.69, 1.08] -
Logan 2010 -0.8 n.a7 43 49 4E6% 0.45[0.39,0.52] -
Lard 2004 0.04 011 192 197 42% 1.04 [0.84,1.29] T
Luck 2013 -1.14 0.z 118 112 30% 0.32[0.22, 0.47] -
Markle-Reid 2010 0.09 018 49 43 33% 1.08[0.77, 1.56] -
Maller 2014 n0.o3 015 56 50  3E6% 1.03[0.77,1.38] -1
Palvanen 2014 -0.32 n.os 661 653 4.8% 0.73 [0.66, 0.80] -
Pardessus 2002 -0.22 0.3 i o 20% 0.80[0.45, 1.44] T
Russell 2010 -0.44 n.o04 344 354 49% 0.64 [0.60,0.70] -
Stathi 2022 -0.207 n.os 410 367 45% 0.81 [0.70, 0.85] -
Tan, 2018 0.1484 01588 134 134 35% 1.16[0.85, 1.58] T
Taylar 2021 -0.2485 016 153 186 35% 0.78[0.57,1.07] ™
Tinetti 1994 -0.87 014 147 144 38% 0.57 [0.43,0.74] -
Ueda 2022 -1.1384 1.7683 27 26 0D1% 0.32[0.01,10.24] +
Wind 2009 0oz 0oz 196 196 46% 1.02[0.89,1.17] T
Williamson 2022a -0.2282 0.1B5 292 143 35% 0.80[0.58,1.10] -
Zijlstra 2009 -0.15 014 196 209 38% 0.86 [0.65,1.13] -1
Total (95% Cl) 9539 9189 100.0% 0.81 [0.73, 0.90] 4
Heterogeneity: Tau®= 0.06; Chi*=276.92, df= 27 (P < 0.00001); F= 90% EiDQ 051 150 550

Testfor overall effect: Z= 3.84 (F = 0.0001) Favours intervention Favours control
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Figure 67: Multifactorial interventions versus control — number of fallers

Multifactorial Control Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Barker, 2019 -0.0769 0.1007 217 213 33% 0.93[0.76,1.13] -
Eruce 2021 0.0308 0.0594 2497 2483 A0% 1.03[0.92,1.18] T
Ciaschini 2009 0.41 0.28 101 100 07% 1.51 [0.87, 2.61] i
Close 1998 -0.49 013 184 2113 25% 0.61 [0.47,0.79] —
Colernan 1989 0.14 0.23 74 63 1.0% 1.18[0.73,1.81] B
Daly 2019 -0.0256 0.1689 77 71 1.7% 0.97 [0.70,1.36] i
Davison 2005 -0.058 0.08 144 149 41% 0.95[0.81,1.11] -
De Vries 2010 -0.07 013 106 111 2.8% 0.93[0.72,1.20] i
Elley 2008 0.09 0.08 154 187 41% 1.09[0.94, 1.28] T
Fahacher 1994 -05 0.31 100 95 0E6% 0.6 [0.33,1.11] »
Fairhall 2014 0.07 0.11 119 119 3.0% 1.07 [0.86,1.33] T
Ferrer 2014 0.11 nz 142 131 1.3% 1.121[0.75,1.65] I —
Ganz 2022 -0.0369 0.0192 2802 2648 B.E% 0.96 [0.93, 1.00] |
Hendriks 2008 -0.03 0.14 124 134 2.2% 0.97 [0.74,1.28] T
Hogan 2001 -0 0.09 74 TTO3T% 0.90[0.76, 1.08] -T
Huanig 2005 -0.34 0.56 63 63 0.2% 0.71[0.24,213] ——
Kingstan 2001 -0.22 0.98 51 41 0.1% 0.80[0.12, 5.48]
Lighthody 2002 -0.02 0149 154 189 1.4% 0.98 [0.68, 1.42] I —
Logan 2010 -017 0.06 102 102 50% 0.84 [0.79,0.85] -
Lard 2005 0.03 0.11 202 m 3.0% 1.03[0.83,1.28] -1
Marrocco 2023 -0.2126 0.0955 874 882 35% 0.81 [0.67, 0.87] -
Méller 2014 0.11 0.16 g0 73 1.9% 1.12[0.82,1.83] T
Mewbury 2001 -0.37 0.31 45 44 06% 0.69 [0.38,1.27] —
Palvanen 2014 -0.18 0.06 661 653 5.0% 0.84 [0.74,0.54] -
Pardessus 2002 -0.14 0.28 an 0 07% 0.87 [0.50, 1.50] [ —
Russell 2010 0.11 n.08 320 330 41% 1.12[0.95,1.31] ™
Spice 2009 0.04 0.06 106 a0 5.0% 1.04 [0.93,1.17] T
Spice 2009 -0 0.07 164 20 45% 0.90[0.78,1.03] 7
Taylar 2021 0.0868 0.0958 153 186 3.5% 1.10[0.91,1.33] T
Tinetti 1934 -03 0148 147 144 20% 0.74 [0.55, 0.59] ——
Ueda 2022 -1.135 1.6106 27 26 0.0% 0.32[0.01,7.55] ¢
Wan Haastregt 2000 012 012 120 1148 27% 1.13[0.89,1.43] T
Wetter 1992 0.25 013 240 210 25% 1.28[1.00, 1.68] —
Wind 2009 0.09 0.09 196 196 37% 1.09[0.92,1.31] T
VWWagner 1994 (1) -0.29 n.08 634 G607 41% 0.75 [0.64, 0.88] -
Whitehead 2003 0.74 0.26 58 G5 0.8% 2.101[1.26, 3.49]
Zijlstra 2009 -017 0.1 188 03 33% 0.84 [0.69, 1.03] 7
Total (95% CI) 11540 11235 100.0% 0.96 [0.91, 1.01] 4
Heterogeneity: Tau®= 0.01; Chi®= 80.98, df = 36 {F < 0.0001); F= 56% 501 DIQ 055 é é

Testfor overall effect Z=1.84 (P=0.10) Favours intervention Favours control

Footnotes
(1) Multifactorial armvs control
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Table 10: Multifactorial studies’ assessment and risk factors

Person
undertaking
Study assessment
(year) and location Assessment Risk factors included
Barker RESPOND Falls Risk for Older people in * No. of falls in the past 12 months
2019 Clinician the community (FROP-Com) - walks safely in the house
(registered tool. Risk factors in the FROP- | 5pservation of balance
healthcare Com tool: « Incontinence
professional) i "
home visit « No. of falls in the past 12 : Nymber o.f medlcal conditions
i v 0 V|5|9n deficit .
- walks safely in the house * Assistance required to perform
. personal ADLs
) Obseryatlon Rifeclres * Number of falls risk medications
* Incontinence . .
)  Assistance required to perform
. Num_ber of medical domestic ADLs
conditions -
. . » Somatosensory deficit
» Vision deficit .
, , * Cognitive status
* Assistance required to * Level of physical activity
perform personal ADLs
* Number of falls risk - PO PO ETE o
medications * Number of medications
+ Assistance required to * Food intake
perform domestic ADLs * Weight loss
+ Somatosensory deficit * Nocturia
« Cognitive status * Alcohol intake
« Level of physical activity * Inappropriate footwear
« Foot problems * Injury in past 12 months
* Number of medications
* Food intake
* Weight loss
* Nocturia
* Alcohol intake
* Inappropriate footwear
* Injury in past 12 months
Functional health literacy
questionnaire
EuroQol-5D-5L
Falls Efficacy Scale-
International (short version)
Berg Balance Scale
Screening conducted if
reported visual problems using
a Snellen eye chart for visual
acuity.
Person
undertaking
Study assessment
(year) and location Assessment Risk factors included
Beling Initial Cognition Mini Mental State Exam with a score
2009 telephone of > or equal to 24/30 points
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Study
(year)

Study
(year)

Davison
2005

Falls: assessment and prevention FINAL - April 2025

Person
undertaking
assessment
and location
interview then
a follow-up-in
person
enrolment
interview by
passing the
Mini Mental
State exam;
TUG and
whether had 2
or more falls in
the past year,
and /or one fall
with an injury
in past year.

Person

undertaking
assessment
and location

Accident and
emergency
department.
Included if
they had at
least one
additional fall
in the
preceding year
and excluded
if cognitively
impaired (mini-
mental state
examination).

Assessment

Functional/balance status

Health status

Medication review

Muscle testing and Range of
motion

Gait analysis

Balance parameters

Functional Balance

Visual screening

Assessment
Clinical assessment

Risk factor assessment

Tests

Gait and balance assessment

224

Risk factors included

3-metre TUG test with a score of
> or equal to 13.5 seconds

Health status questionnaire

Those taking more than 4
prescription medications and/or
drugs that may increase the risk
of falling were referred for a
medication review

Lower extremity manual muscle
testing (MMT) and range of
motion

GAITRite system

Dynamic posturography with the
Smart EquiTest and included the
Sensory Organisation test, the
Motor Control Test and the
Adaptation Test.

Berg Balance Scale

Screening conducted if reported
visual problems using a Snellen
eye chart for visual acuity.

Risk factors included

Medical and fall history and full
clinical examination, including
assessment of medications and
vision. A comprehensive
cardiovascular assessment was
performed to assess for
orthostatic hypotension, carotid
sinus hypersensitivity and
vasovagal hypersensitivity.

Full multidisciplinary assessment:
Commonest abnormalities:
Balance

Gait

Culprit medication

Home environmental hazards
Visual impairment

Neurological abnormalities
(including peripheral neuropathy
and depression).

Laboratory blood test and ECG

Modified performance orientated
mobility score (POMA)

Feet, footwear and assistive
device
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Study
(year)

Hogan
2001

Study
(year)

Luck
2013

Person

undertaking
assessment
and location

In-home

assessment by

a specialist in
geriatric
medicine, 2
nurses, 2
occupational

therapists and

a

physiotherapis

t

Person

undertaking
assessment
and location

Standardised
interviews
were
conducted in
the
participants
home by
trained study
personnel
(psychologist,
sociologist, or
nurse
scientist).

Assessment
Assessment of risk factors

Assessment

Assessed falls in all
participants in intervention and
control groups.

Performance in basic activities
of daily living (eg personal
hygiene, mobility) of
intervention and control groups

Performance in more complex
activities of daily living (e.g.
using the telephone, handling
routine finances) assessed in
intervention and control groups

Multidimensional geriatric
assessment of self-care
deficits and risk factors for
insitutionalisation including
those that are also associated
with falling

Performance in basic activities
of daily living (eg personal
hygiene, mobility) of
intervention and control groups

Performance in more complex
activities of daily living (e.g.
using the telephone, handling
routine finances) assessed in
intervention and control groups
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Risk factors included
Environmental hazards
Balance and mobility abnormality

Neurologic and sensory
impairment

Lower-extremity disability
Drug and alcohol use
Postural hypotension

Behaviour

Risk factors included
Questions:

Did you fall in the last 12 months
(yes/no)?
How often did you fall in the last

12 months?

Were they categorised into a
higher level of care, according to
the German long-term care
insurance policy?

Barthel Index

Instrumental Activities of Daily
Living scale

e.g. impairment in vision, age-
inappropriateness of housing
conditions, malnutrition.

Barthel Index

Instrumental Activities of Daily
Living scale
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Person

undertaking
Study assessment
(year) and location
Taylor Experienced
2021A occupational
(i-FOCIS therapists
RCT) undertook

assessments

Person

undertaking
Study assessment
(year) and location
Tinetti Assessments
1994 were

conducted in
the subjects’
homes by the
study nurse
practitioner
and physical
therapist. The
nurse
practitioner
obtained
demographic
data, history of
falls,
information on
depressive
symptoms, the
presence of
chronic
diseases and
the level of

Assessment
Functional cognition

Mobility and balance

Sensorimotor function

Balance further assessed

Assessment

Risk factor assessment:
Targeted risk factors were
selected on the basis of
evidence of their association
with the risk of falling and the
availability of assessment
measures considered feasible
in usual clinical practice.
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Risk factors included

LACLS-5 (Large Allen’s Cognitive
Level Screen), validated using the
placemat or ribbon card tasks and

interpreted using the Allen’s
Cognitive Disability Model
(ACDM).

Short Physical Performance
Battery (static balance, sit-to-
stand, and gait speed).
5-item Physiological Profile

Assessment (PPA), assesses:

e vision

e simple hand
reaction time

e proprioception

e knee extension

strength

postural sway on foam

Coordinated stability and
maximal balance range tests.

Risk factors included

Assessed by nurse:

postural hypotension:
drop in systolic BP equal
or over 20mmHg or to
<90mmHg on standing

Use of any
benzodiazepine or other
sedative-hypnotic agent

Use of 4 or mor
prescription medications
Inability to transfer safely
to bath-tub or toilet
Environmental hazards
for falls or tripping

Assessed by a physical therapist:

Any impairment in gait
Any impairment in
transfer skills or balance
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Person

undertaking
assessment
and location

independence
in activities of
daily living and
administered
the Falls
Efficacy Scale
(a measure of
the subject’s
degree of
confidence in
performing 10
common
activities (such
as walking and
stair climbing)
without falling,
and the
ambulation
and mobility
subscales of
the Sickness
Impact Profile.
Also assessing
near vision
and hearing.
The number of
hazards for
falling was
determined by
a room-by-
room
examination of
walking paths,
furniture and
stairs.

Study
(year)

Person

undertaking
assessment
and location

Physical
therapist
conducted the
program using
home floor
plans drawn
by patients
prior to
hospital
discharge.
Additional data
regarding
patients
characteristics

Study
(year)

Ueda
2022

Assessment

Assessment

Assessment of home hazards
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Risk factors included

e Impairmentin leg or arm
muscle strength or range
of motion (hip, ankle,
knee, shoulder, hand,
elbow)

Risk factors included

Checked paths used during daily
living in homes and confirmed
home fall hazards in individual

face-to-face interviews.

e Any stairs?
e  Whether floors in
living room and

bedroom were clear
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Study
(year)

Study
(year)
Williams
on
2022a
(BOOST
trial)
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Person
undertaking
assessment
and location
including
medication
status, fall
injury causing
hospitalisation,
number of falls
in the past
year, living
environment,
house
environment
certification for
long-term care
before
admission,
sedentary time
before
hospitalisation,
walking ability
before and
after
hospitalisation
and length of
hospital stay
were collected
from their
medical
records.

Person

undertaking
assessment
and location

Individual
physiotherapy
assessment
including
presenting
Neurogenic
Claudication
symptoms,
general health
status, current
activity levels,
including
walking ability
and screening
for serious
pathology.
Screening for
cognitive
impairment.

Assessment

Activities of daily living
Physical function
Mental and psychological

function

Assessment
Physical testing

228

Risk factors included
e Whether floor mats

were held in place
(so they would not
slide)

e  Whether they wore
footwear that fit
poorly or had high
heels

Whether there was poor lighting
placement.

Barthel Index

Timed up and go test
Geriatric Depression scale 5

Modified Fall Efficacy scale

Risk factors included
6 minute walk test (6MWT)

Short Physical Performance
Battery (SPPB)
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Study
(year)

Logan
2010

Study
(year)

Pardess
us 2002
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Person
undertaking
assessment

and location Assessment

Researcher
visited at
home and
administered a
questionnaire
including
number of falls
in 3 months
before
recruitment

Daily living

Daily living

Fear of falling

Person

undertaking

assessment

and location Assessment
Occupational Functional status

therapist and
ergotherapist
assessed
patients’
homes for
environmental
hazards. A
general
physical
examination
was given to
patients and
balance was
tested by the
get-up-and-go
test. Cognitive
status was
estimated by
the Mini
Mental test.
From the
baseline
information,
medical
assessment,
causes and
risk factors for
falling were
determined.

Functional status

Functional status
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Risk factors included

Barthel activities of daily living
index, to measure personal ability
with activities of daily living
Nottingham extended activities of
daily living scale to measure
ability with instrumental activities
of daily living

Falls efficacy scale

Risk factors included

The activities of daily living (ADL
scale) which estimates bathing,
dressing, use of toilet, walking
inside and outside, urinary and
faecal continence and preparing
meals.

The instrumental activities of
daily living (IADL) scale assesses
using the telephone, taking
medication, using public
transportation, and managing a
budget.

The functional autonomy
measurement system (SMAF)
scale is a global evaluative
instrument and estimates mobility,
communication, mental function,
and instrumental activities of daily
living.
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Person

undertaking
assessment
and location

Study
(year)

Palvane
n 2014

At clinic a one
hour meeting
with a nurse
regarding
background
details (type of
residence,
activities of
daily living,
functional
ability,
exercise, fear
of falling,
medical
conditions,
medications,
living
arrangements,
previous falls
and injuries
and nutrition.
Cognitive
status was
assessed by
the Mini-
Mental State
Examination
and
depressive
symptoms by
the Geriatric
Depression
Scale (GDS-
15). Additional
one hour

assessment by

a
physiotherapis
t, including
tests for
balance,
walking speed,
muscle activity
and strength
and reaction
time.

Assessment

Mobility, balance, walking
speed and ability to rise from a
chair.

Reaction time

Muscle strength

Medical examination by Chaos
Clinic physician

Assessment of
musculoskeletal system

Short neurological examination

Visual acuity
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Risk factors included
Short Physical

PerformanceBattery (SPPB)

Timed up and go test (TUG)

Computer-based eye-hand
reaction test

Isometric quadriceps strength was
measured in sitting position with a
custom-made dynamometer; Grip
strength was measured from both
handsy by Jamar hand
dynamometer.

Cardiovascular assessment;
blood pressure measurement and
orthostatic test and respiratory
system examined by auscultation.

Measurement of active and
passive range of motion of the
joints, spine flexibility and
participants’ ability to walk by
heels and toes.

Assessed cerebral nerves,
reflexes, sensation, and
coordination.

Snellen eye chart and low
contrast visual acuity test char.
Red reflection and field of vision.
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Study
(year)

Close
1999
(PROFE
T)

Study
(year)

Fabache
r 1994
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Person
undertaking
assessment

and location Assessment

General Function
medical
examination
given,
additionally
focusing on a
more detailed
assessment of
visual acuity,
balance,
cognition,
affect and
prescribing
practice. Mini
mental state
examination to
assess
cognition and
modified
geriatric
depression
scale to
assess affect.
Carotid sinus
studies were
undertaken if
the cause of
the fall was
unclear or
clinical
suspicion was
high. After
assessment
and in
conjunction
with baseline
data a primary
cause for the
index fall was
assigned, and
identified risk
factors
modified. Hom
visit by
Occupational
therapist after
medical
assessment.

Psychological

Person
undertaking
assessment

and location Assessment

Before Daily living
randomisation

Environmental hazards
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Risk factors included

Barthel Index and supplemented
(for descriptive purposes only) by
a modified version of the
functional independence and
functional assessment measures.
The most common environmental
hazards at the time of the fall
were uneven outdoor surfaces,
change in surface level, ramps or
steps, inappropriate floor
covering, and unsuitable
footwear.

Health and Safety Executive (UK)
Checklist.

Falls handicap inventory as an
indirect marker of psychological
consequences of the fall (18
questions on health, function, and
emotion)

Risk factors included

Activities of daily living (Katz
1970)
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Person

undertaking
Study assessment
(year) and location

telephone

interview for
15 minutes for
information on
demographics,
health and
functional
status and
recent use of
medical
services. The
(HAPSA)
group received
an initial in-
home
assessment
within 2 weeks
by a
physician’s
assistant or
research nurse
trained in
geriatrics.
Initial
assessment
included a
thorough
medical history
and
medication
review, brief
focused
physical
examination,
hearing and
vision screen,
blood
pressure,
health
behaviour
inventory and
a battery of
validated
geriatric
assessment
screening
instruments:
mental status
examination,
the geriatric
depression
scale and
activities of
daily living and
instrumental
ADLs and a
gait and

Assessment

Instrumental activities of daily
living

Gait and balance assessment
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Risk factors included

Instrumental activities of daily
living (IADL) (Lawton1969)

Reference given is Tinetti 1986
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Study
(year)

Study
(year)

Huang
2005

Study
(year)

Newbury
2001
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Person
undertaking
assessment
and location
balance
assessment.

Person

undertaking
assessment
and location

Within 24-48
hours of
patients’
admission
start to assess
their health
care needs;
visit regularly
(every 48
hours at least)
during
hospitalisation
to assess,
counsel,
education,
coordinate and
evaluate the
health care
needs of
patients and
caregivers.

Person

undertaking
assessment
and location

Control
participants
completed an
SF-36 QoL
questionnaire
only;
Intervention
participants
completed an
SF-36 and had
a 75+HA
performed.

Assessment

Assessment

Level of independent

functioning
Health status

Assessment

Components of the

assessment instrument
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Risk factors included

Risk factors included
Barthel Index

SF-36

Risk factors included
Hearing

Vision

Physical condition
Medication
Compliance

Miscellaneous (vaccination,
alcohol and tobacco use)

Cognition (Folstein mini-mental
state)

Mood (Geriatric depression scale
GDS-15)

Activities of daily living (Barthel
ADL)
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Person
undertaking
Study assessment
(year) and location Assessment

Person

undertaking
Study assessment
(year) and location Assessment
Kingston Both groups Daily living
2001 were assessed

;ance toface by  ppysical function

independent

researcher at

baseline and

within 4 days

of the fall with

a standard

battery of

question

including

biographical

details,

questions

about

Activities of

Daily Living

(ADL) before

the index fall

and medical

history over

previous 12

months.

Risk factors included
Mobility

Nutrition (Australian Nutrition
Screening Initiative)

Social
Housing

Risk factors included

Activities of daily living before the
index fall.

Short Form 36 (SF3) acute
version.

Summary of risk factors assessed within multifactorial studies

¢ No. of falls in the past 12 months/Injury in past 12 months

e Home environmental hazards

e Walks safely in the house/walking speed

¢ Balance/Gait/muscle testing/range of motion
o Cognitive status

e Level of physical activity

o Foot problems/inappropriate footwear

¢ Incontinence/Nocturia

e Number of medical conditions
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¢ Medications/number of falls risk medications/vaccinations
e Vision/Hearing

o Activities of daily living/Assistance required to perform personal ADLs/Assistance required
to perform domestic ADLs

e Number of falls risk medications

e Somatosensory deficit

e Food intake/weight loss/alcohol intake
¢ Mood/depression

e Social/housing

e Falls self-efficacy

¢ Blood pressure

e Cardiovascular

235
Falls: assessment and prevention FINAL - April 2025



	Contents
	1. Methods of assessment
	1.1. Review question
	1.1.1. Introduction
	1.1.2. Summary of the protocol
	1.1.3. Methods and process
	1.1.4. Risk prediction evidence
	1.1.4.1. Included studies
	1.1.4.2. Comprehensive assessment instruments and processes
	1.1.4.3. Excluded studies

	1.1.5. Summary of studies included in the prognostic evidence
	1.1.6. Summary of prognostic evidence: Discrimination
	1.1.7. Comprehensive falls assessment
	1.1.8. Economic evidence
	1.1.8.1. Included studies
	1.1.8.2. Excluded studies

	1.1.9. Summary of included economic evidence
	1.1.10. Economic model
	1.1.11. Evidence statements
	1.1.11.1. Economic

	1.1.12. The committee’s discussion and interpretation of the evidence
	1.1.12.1. The outcomes that matter most
	1.1.12.2. The quality of the evidence
	1.1.12.3. Benefits and harms
	1.1.12.4.   Cost effectiveness and resource use

	1.1.13. Recommendations supported by this evidence review


	References
	Appendices
	Appendix A Review protocols
	A.1 Review protocol for how accurate are screening tools which quantify or categorise the degree of risk of falling in identifying people at risk of falls?
	A.2 Health economic review protocol
	Appendix B Literature search strategies
	B.1.1 Clinical search literature search strategy
	B.2 Health Economics literature search strategy
	Appendix C  Prognostic evidence study selection
	Appendix D Prognostic evidence
	Appendix E  Forest plots
	E.1  Community setting
	E.1.1 Berg Balance Scale
	E.1.2 Residential care setting
	Appendix F AUC   plots
	F.1 Community setting
	F.2 Hospital setting
	F.3 Residential care setting
	Appendix G Economic evidence study selection
	Appendix H Economic evidence tables
	Appendix I Health economic model
	Appendix J Excluded studies
	J.1 Clinical studies
	J.2 Health Economic studies
	Appendix K  OpenBUGS output
	Appendix L Research Recommendations
	L.1 How accurate are wearable technologies in identifying risk of falls?
	L.1.1 Why this is important
	L.1.2 Rationale for the recommendation for research
	L.1.3 Modified PICO table
	Appendix M Additional analyses (comprehensive falls assessment)

