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Abstract 

Background About 20–30% of older adults (≥ 65 years old) experience one or more falls each year, and falls are 
associated with substantial burden to the health care system, individuals, and families from resulting injuries, fractures, 
and reduced functioning and quality of life. Many interventions for preventing falls have been studied, and their effec-
tiveness, factors relevant to their implementation, and patient preferences may determine which interventions to use 
in primary care. The aim of this set of reviews was to inform recommendations by the Canadian Task Force on Preven-
tive Health Care (task force) on fall prevention interventions. We undertook three systematic reviews to address ques-
tions about the following: (i) the benefits and harms of interventions, (ii) how patients weigh the potential outcomes 
(outcome valuation), and (iii) patient preferences for different types of interventions, and their attributes, shown 
to offer benefit (intervention preferences).

Methods We searched four databases for benefits and harms (MEDLINE, Embase, AgeLine, CENTRAL, to August 25, 
2023) and three for outcome valuation and intervention preferences (MEDLINE, PsycINFO, CINAHL, to June 9, 2023). 
For benefits and harms, we relied heavily on a previous review for studies published until 2016. We also searched trial 
registries, references of included studies, and recent reviews. Two reviewers independently screened studies.

The population of interest was community-dwelling adults ≥ 65 years old. We did not limit eligibility by participant fall 
history. The task force rated several outcomes, decided on their eligibility, and provided input on the effect thresh-
olds to apply for each outcome (fallers, falls, injurious fallers, fractures, hip fractures, functional status, health-related 
quality of life, long-term care admissions, adverse effects, serious adverse effects). For benefits and harms, we included 
a broad range of non-pharmacological interventions relevant to primary care. Although usual care was the main 
comparator of interest, we included studies comparing interventions head-to-head and conducted a network 
meta-analysis (NMAs) for each outcome, enabling analysis of interventions lacking direct comparisons to usual care. 
For benefits and harms, we included randomized controlled trials with a minimum 3-month follow-up and report-
ing on one of our fall outcomes (fallers, falls, injurious fallers); for the other questions, we preferred quantitative 

†Jennifer Pillay and Lindsay A. Gaudet contributed equally to this work.

*Correspondence:
Jennifer Pillay
jpillay@ualberta.ca
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13643-024-02681-3&domain=pdf


Page 2 of 32Pillay et al. Systematic Reviews          (2024) 13:289 

data but considered qualitative findings to fill gaps in evidence. No date limits were applied for benefits and harms, 
whereas for outcome valuation and intervention preferences we included studies published in 2000 or later. 

All data were extracted by one trained reviewer and verified for accuracy and completeness. For benefits and harms, 
we relied on the previous review team’s risk-of-bias assessments for benefit outcomes, but otherwise, two review-
ers independently assessed the risk of bias (within and across study). For the other questions, one reviewer verified 
another’s assessments. Consensus was used, with adjudication by a lead author when necessary. A coding framework, 
modified from the ProFANE taxonomy, classified interventions and their attributes (e.g., supervision, delivery format, 
duration/intensity).

For benefit outcomes, we employed random-effects NMA using a frequentist approach and a consistency model. 
Transitivity and coherence were assessed using meta-regressions and global and local coherence tests, as well 
as through graphical display and descriptive data on the composition of the nodes with respect to major pre-planned 
effect modifiers. We assessed heterogeneity using prediction intervals. For intervention-related adverse effects, we 
pooled proportions except for vitamin D for which we considered data in the control groups and undertook random-
effects pairwise meta-analysis using a relative risk (any adverse effects) or risk difference (serious adverse effects).

For outcome valuation, we pooled disutilities (representing the impact of a negative event, e.g. fall, on one’s 
usual quality of life, with 0 = no impact and 1 = death and ~ 0.05 indicating important disutility) from the EQ-5D utility 
measurement using the inverse variance method and a random-effects model and explored heterogeneity. When 
studies only reported other data, we compared the findings with our main analysis. For intervention preferences, 
we used a coding schema identifying whether there were strong, clear, no, or variable preferences within, and then 
across, studies.

We assessed the certainty of evidence for each outcome using CINeMA for benefit outcomes and GRADE for all other 
outcomes.

Results A total of 290 studies were included across the reviews, with two studies included in multiple questions. 
For benefits and harms, we included 219 trials reporting on 167,864 participants and created 59 interventions (nodes). 
Transitivity and coherence were assessed as adequate. Across eight NMAs, the number of contributing trials ranged 
between 19 and 173, and the number of interventions ranged from 19 to 57. Approximately, half of the interventions 
in each network had at least low certainty for benefit. The fallers outcome had the highest number of interventions 
with moderate certainty for benefit (18/57). For the non-fall outcomes (fractures, hip fracture, long-term care [LTC] 
admission, functional status, health-related quality of life), many interventions had very low certainty evidence, often 
from lack of data.

We prioritized findings from 21 interventions where there was moderate certainty for at least some benefit. Fourteen 
of these had a focus on exercise, the majority being supervised (for > 2 sessions) and of long duration (> 3 months), 
and with balance/resistance and group Tai Chi interventions generally having the most outcomes with at least low 
certainty for benefit. None of the interventions having moderate certainty evidence focused on walking. Whole-body 
vibration or home-hazard assessment (HHA) plus exercise provided to everyone showed moderate certainty for some 
benefit. No multifactorial intervention alone showed moderate certainty for any benefit.

Six interventions only had very-low certainty evidence for the benefit outcomes. Two interventions had moderate 
certainty of harmful effects for at least one benefit outcome, though the populations across studies were at high risk 
for falls. Vitamin D and most single-component exercise interventions are probably associated with minimal adverse 
effects. Some uncertainty exists about possible adverse effects from other interventions.

For outcome valuation, we included 44 studies of which 34 reported EQ-5D disutilities. Admission to long-term care 
had the highest disutility (1.0), but the evidence was rated as low certainty. Both fall-related hip (moderate certainty) 
and non-hip (low certainty) fracture may result in substantial disutility (0.53 and 0.57) in the first 3 months after injury. 
Disutility for both hip and non-hip fractures is probably lower 12 months after injury (0.16 and 0.19, with high 
and moderate certainty, respectively) compared to within the first 3 months. No study measured the disutility 
of an injurious fall. Fractures are probably more important than either falls (0.09 over 12 months) or functional status 
(0.12). Functional status may be somewhat more important than falls.

For intervention preferences, 29 studies (9 qualitative) reported on 17 comparisons among single-component 
interventions showing benefit. Exercise interventions focusing on balance and/or resistance training appear to be 
clearly preferred over Tai Chi and other forms of exercise (e.g., yoga, aerobic). For exercise programs in general, there 
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is probably variability among people in whether they prefer group or individual delivery, though there was high 
certainty that individual was preferred over group delivery of balance/resistance programs. Balance/resistance exer-
cise may be preferred over education, though the evidence was low certainty. There was low certainty for a slight 
preference for education over cognitive-behavioral therapy, and group education may be preferred over individual 
education.

Conclusions To prevent falls among community-dwelling older adults, evidence is most certain for benefit, at least 
over 1–2 years, from supervised, long-duration balance/resistance and group Tai Chi interventions, whole-body 
vibration, high-intensity/dose education or cognitive-behavioral therapy, and interventions of comprehensive 
multifactorial assessment with targeted treatment plus HHA, HHA plus exercise, or education provided to everyone. 
Adding other interventions to exercise does not appear to substantially increase benefits. Overall, effects appear most 
applicable to those with elevated fall risk. Choice among effective interventions that are available may best depend 
on individual patient preferences, though when implementing new balance/resistance programs delivering individual 
over group sessions when feasible may be most acceptable. Data on more patient-important outcomes including fall-
related fractures and adverse effects would be beneficial, as would studies focusing on equity-deserving populations 
and on programs delivered virtually.

Systematic review registration Not registered.

Keywords Fall prevention, Interventions, Patient preferences, Systematic review, Network meta-analysis, Guideline

Background
About 20–30% of older adults (≥ 65 years old) experi-
ence one or more fall each year [1]. In Canada, 5.8% of 
older adults report being injured in a fall (limiting normal 
activities) in the past 12 months, with higher rates among 
women than men (6.5% vs. 5.0%) and among those 80 or 
older (e.g., 9.6% for those ≥ 85 vs. 5.5% at 65–69 years) 
[2]. Of those injured, 70% sought medical care; 39% expe-
rienced a fracture, accounting for the majority of cost, 
morbidity, and mortality from fall-related injuries [2, 3]. 
Fall-related hospitalizations occur annually in about 15 
per 1,000 older adults, and the average length of hos-
pitalization from fall-related injuries is nearly twice as 
long as that for all causes of hospitalization (i.e., 21 vs. 
12 days) [2]. In Canada, 35% of older adults hospitalized 
for a fall are discharged to long-term care (LTC) [4]. Less 
serious injuries from falls, such as bruising, lacerations, 
and sprains, can still lead to pain, affect function, and 
result in substantial costs to individuals and the health-
care system [5]. Additionally, many older people experi-
ence psychological difficulties after a fall, including fear 
of falling or loss of confidence, which may contribute to 
further falling [6]. Falls are also associated with reduced 
quality of life [7] and can impact independence and over-
all health through loss of function in activities of daily liv-
ing (ADLs) [8].

Falls are often the result of inability to maintain or 
regain one’s balance due to a complex combination of 
risk factors [1]. Risk factors may be classified as follows: 
(i) biological, related to disease(s), and the natural aging 
process (e.g., balance and gait deficiency, acute or chronic 
health conditions, cognitive impairment, low vision); (ii) 
behavioral, such as use of unsuitable/poorly maintained 

assistive devices including footwear, fear of falling, and 
use of certain medications (e.g., psychotropics, sedatives, 
hypnotics) [9, 10]; (iii) social and economic (e.g., social 
isolation, poverty, poor access to healthcare); and (iv) 
environmental factors in the community (e.g., building 
entrances, lack of hand rails), home (e.g., type of furni-
ture, home clutter), and/or related to weather and climate 
(e.g., icy surfaces) [1].

Screening patients for their risk for falls is one strategy 
to identify individuals who may benefit the most from 
further assessment and/or an intervention to prevent 
falls. Various methods for screening rely on single- or 
multiple-item history questions, self-report measures 
(e.g., Falls Efficacy Scale [11]), or performance-based 
measures (e.g., 30-s chair stand [12], Berg Balance Scale 
[13], Timed Up and Go [14]). A 2018 systematic review 
of 26 assessment tools for falls risk in older adults found 
that no single tool was sufficiently predictive to differen-
tiate between people at high versus low risk of falls [15]. 
The authors concluded that clinicians should consider 
using at least two assessment tools together to better 
evaluate their patients’ risk. Likewise, when evaluating 
the predictive ability of single and combined use of medi-
cal history questions, authors of another review con-
cluded that no single question emerged as a powerful 
predictive tool, but that querying several factors together 
(i.e., fall history, difficulty with ADLs, use of an ambula-
tory device, concern about falling, and use of psychoac-
tive medication) could be useful [16]. However, the time 
burden of utilizing multiple tools or questions may lead 
to unacceptably low uptake by primary care providers 
due to competing demands in the care of older patients, 
who often have multiple comorbidities to manage during 
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a clinical encounter. Furthermore, falls risk status may 
not modify intervention effects. Several reviews on falls 
prevention interventions have found no significant dif-
ference in effects for exercise, multiple component, or 
multifactorial interventions regardless of whether above-
average or high falls risk was used for study inclusion 
[17–19].

Many interventions for preventing falls have been stud-
ied. These are often based on known, modifiable risk fac-
tors for falling. Most fall prevention interventions can 
be classified according to the internationally accepted 
taxonomy developed by the Prevention of Falls Network 
Europe (ProFANE) Group [20]. A major feature of the 
taxonomy is the distinction between different categories 
and combinations of interventions. Interventions may 
comprise single-component interventions, involving one 
or a combination of two or more interventions (e.g., gait 
and balance training with strength/resistance exercises) 
from the same category (e.g., exercise); multicomponent 
interventions, in which interventions from different cat-
egories are offered to everyone (e.g., exercise plus edu-
cation); or multifactorial interventions, comprised of a 
multifactorial risk assessment used to determine which 
intervention components are offered to each participant. 
Single and multicomponent interventions may target 
individuals with one or more particular risk factor(s), 
but, unlike multifactorial interventions, they do not tailor 
intervention components to each individual’s risk. Some 
interventions within the taxonomy are more applicable 
than others to the general population of community-
dwelling older adults and practice of primary care (i.e., 
first-contact, accessible, ongoing, comprehensive, and 
coordinated care [21]). These may be provided directly 
by primary care providers (e.g., vitamin D supplementa-
tion, nurse-led education on falls risk and prevention), by 
an interprofessional team of providers (e.g., exercise and 
cognitive behavioral therapy [CBT]), through referral to 
an allied health care provider (e.g., an occupational thera-
pist to conduct home hazard assessment and modifica-
tion [HHA]), or in the community (e.g., patient-initiated 
attendance at Tai Chi classes). Other interventions, such 
as management of urinary incontinence or cataract sur-
gery, usually target populations with a specific diagnosis 
or condition and may not have the primary aim of falls 
prevention. Apart from this taxonomy related to type of 
interventions, other features related to their delivery (e.g., 
group vs. individual) or content (e.g., type of exercise, 
comprehensiveness of risk assessment) may impact their 
effectiveness or ease of implementation.

Given similar information on the anticipated benefits 
and harms of interventions, different guideline pan-
els, and individuals, may make different decisions based 
on their values and preferences [22]. Preferences for or 

against an intervention are a consequence of the rela-
tive importance people place on the expected or expe-
rienced health outcomes it incurs [23]. These outcome 
valuations can make use of comparisons between dif-
ferent health-state utility values (HSUVs) or data from 
other utility-based stated and revealed preference studies 
including contingent valuation studies, such as discrete 
choice experiments, or simple ratings scales or trade-offs. 
HSUVs reflect preference-based health-related quality of 
life (HRQoL) and represent the strength of an individual’s 
preference for the health outcome or health state under 
consideration [24]. They are typically measured on a scale 
of 0 (death) to 1 (perfect health): a more desirable health 
outcome will have a higher utility value. When an event 
is considered to negatively affect one’s usual health (e.g., 
fall) the scale is inverted to indicate the decrement in 
utility (disutility) from experiencing the outcome. HSUVs 
can be measured using direct choice-based utility elici-
tation methods such as standard gamble, time trade-off, 
or indirect methods using generic multi-attribute utility 
instruments such as the EQ-5D which generates a health 
state’s utility based on previous valuations by members of 
the general public. When considering that multiple types 
of interventions may have varying impacts on different 
outcomes, the relative importance placed by patients on 
the potential outcomes may influence which interven-
tions are considered more or less effective. While patient 
acceptance rates across various types of fall prevention 
interventions appear quite high (e.g., approximately 70% 
of older adults agree to participate in studies regardless 
of eligibility [25]), evidence on patients’ stated prefer-
ences for different types and/or formats of interventions 
(e.g., [26–28]) could inform decisions about which inter-
ventions to recommend in general and to specific popula-
tions. Findings about patient preferences are one source 
of patient input for guideline panels to consider alongside 
the empirical evidence on the clinical effectiveness of 
interventions.

Objective
The aim of this set of three systematic reviews was to 
inform recommendations by the Canadian Task Force 
on Preventive Health Care (task force) for primary care 
providers on fall prevention interventions. The find-
ings of these reviews will be considered alongside other 
sources of information on feasibility, acceptability, costs/
resources, and equity, to make the final recommenda-
tions. We answered the following questions (key ques-
tions [KQs]):

1. What are the benefits and harms of interventions 
compared with usual care to prevent falls in commu-



Page 5 of 32Pillay et al. Systematic Reviews          (2024) 13:289  

nity-dwelling adults aged 65 and older? (Benefits and 
harms)

2. How do community-dwelling adults aged 65 and 
older weigh the potential benefits and harms of inter-
ventions to prevent falls? (Outcome valuation)

3. What are the preferences of community-dwelling 
adults aged 65 and older regarding different inter-
ventions demonstrated to prevent falls? (Intervention 
preferences)

Methods
To avoid duplication of effort, we utilized a previous 
review published in 2017, having a broader scope than 
ours, for identification of studies (to 2016) related to the 
benefits and harms and (when suitable) for data extrac-
tion and assessments of risk of bias [29]. In line with the 
previous review [29], and to maximize the utility of avail-
able data, we conducted network meta-analyses (NMA) 
on the benefits [30–32]. From searches conducted during 
our preparation for these reviews, we did not identify an 
existing review fully answering the questions on outcome 
valuations or intervention preferences, respectively, and 
therefore conducted de novo reviews for these questions.

These reviews were carried out following a protocol 
[33] and according to the task force methods [34], guided 
by the Cochrane Handbook and Grading of Recom-
mendations Assessment, Development and Evaluation 
(GRADE) working group [35–38]. This report follows 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) reporting guidelines for 
systematic reviews and the PRISMA extension state-
ment for NMA, as applicable to each question [39, 40]. 
Any changes to the protocol are described herein; no 
change was made post hoc, that is, based on the results 
of any studies or analysis. A working group consisting of 
task force members and external clinical experts (see the 
“Acknowledgements”) assisted in developing the eligibil-
ity criteria, intervention taxonomy and coding schema, 
and thresholds for effects, as described herein, but was 
not involved in the selection and risk of bias assessments 
of studies, data extraction, or analysis. This manuscript 
was reviewed by 10 stakeholders (Supplementary file 
1 contains the comments and responses), with all com-
ments considered and minor revisions made mainly to 
enhance clarity of language.

Eligibility
Detailed eligibility criteria for all KQs are located in Sup-
plementary file 1 Table S1.1.

Key question 1
The population of interest for KQ1 was adults ≥ 65 years 
old living who were community dwelling, i.e., living in 

the community/private retirement homes/assisted liv-
ing with minimal supports. We did not limit eligibility by 
participant fall history. We included studies where < 20% 
of participants were < 65 years old or required more than 
minimal at-home support, including those homebound 
or living in LTC (people could require homecare); the lat-
ter narrows from our original exclusion criteria of studies 
recruiting based on LTC residency. We excluded stud-
ies recruiting participants based on having ≥ 1 specific 
medical diagnosis that may require different fall preven-
tion and management strategies than the general popu-
lation (e.g., stroke, Parkinson’s disease, severe dementia, 
or visual impairment) or that recruited participants on 
the basis of known vitamin D deficiency [≤ 30 nmol/L]). 
Studies recruiting inpatients were eligible if the interven-
tion was primarily delivered in an outpatient or commu-
nity setting (including primary care).

We included studies with at least one intervention aim-
ing to prevent falls in community-dwelling older adults 
and delivered in, or referable from, primary care. A revi-
sion was made to the protocol to require that all studies 
prospectively collect data and report on at least one of 
our fall outcomes (falls, fallers, or injurious fallers). The 
review and our search were not intended to capture all 
studies (e.g., on vitamin D) aiming to prevent non-fall 
outcomes and incidentally reported on falls but rather 
to capture studies of interventions specifically targeting 
fall prevention. Because the causality of falls is complex, 
we included studies of interventions targeting known fall 
risk factors (e.g., balance or gait disturbance, fear of fall-
ing) if the authors proposed a mechanism to prevent falls 
(e.g., improving balance can reduce the likelihood of a 
fall), and the study reported a falls outcome. We excluded 
all pharmacologic interventions apart from vitamin D 
(with or without calcium), protective aids to reduce frac-
tures from falls (e.g., hip protectors), podiatry assess-
ments, alarms to signal a fall, and hearing aids or visual 
aids unless they were part of a multicomponent inter-
vention. Interventions only providing screening/assess-
ment results to general practitioners, without a protocol 
for follow-up, or focused on cognitive/executive func-
tion or visual attention were also excluded. We included 
dietary counselling but excluded sole provision of dietary 
supplements/meal replacements or fluid therapy. We 
also excluded studies where the only difference between 
interventions was an “add-on” (e.g., clinician remind-
ers) to improve uptake or implementation of interven-
tions already in place. Supplementary file 1 Table S1.2 has 
details of intervention eligibility.

The main comparator of interest was usual care (UC), 
which we defined as typical health or medical care 
received in a primary care setting without specific inter-
vention to prevent falls. If authors described UC that met 



Page 6 of 32Pillay et al. Systematic Reviews          (2024) 13:289 

Table 1 Framework for coding used to develop interventions (nodes) for the network meta-analyses

Intervention type Variables used for full networksa Possible 
number of 
nodes

Nodes used in at least one NMA (node 
number)

Control groups
 Usual care (UC) None 1 UC (main comparator for all NMAs) (1)

 Information (pamphlet on falls risk) None 1 Information (2)

 Attention control (social visits/engage-
ment, gentle stretching, session(s) 
on healthy lifestyle, etc.)

None 1 Attention control (3)

Single-component interventions
 Active education • Individual vs. group/mixed delivery

• Intensity (1-2 sessions or ≤ 4 h vs. more 
intense)

4 Ed + Indv + Low (9)
Ed + Indv + High (10)
Ed + Grp + Low (11)
Ed + Grp + High (12)

 Exercise—balance/resistance • Supervised (for > 2 sessions) vs. not (≤ 2 
sessions)
• Individual vs. group/mixed delivery
• Virtual vs. offline (in-person)
• Duration (≤ 3 [brief ] vs. > 3 mos [long])
• Intensity of supervision (≤ 1 [low] vs. > 1 
contact/week [high] (mean across total 
intervention duration, among long duration 
programs)

22 Bal/Res + Sup + Ind +  Offlineb + Brief (13)
Bal/Res + SupH + Ind + Offline + Long (15)
Bal/Res + SupL + Ind + Offline + Long (16)
Bal/Res + SupH + Grp + Virt + Long (17)
Bal/Res + Sup + Grp + Offline + Brief (18)
Bal/Res + SupH + Grp + Offline + Long (19)
Bal/Res + SupL + Grp + Offline + Long (20
Bal/Res + Uns + Ind + Offline + Brief (21)
Bal/Res + Uns + Ind + Offline + Long (22)

 Exercise—walking program (may include 
basic treadmill exercise)

• Supervised (for > 2 sessions) vs. not (≤ 2 
sessions)
• Individual vs. group/mixed delivery
• Virtual vs. offline (in-person)
• Duration of intervention (≤ 3 vs. > 3 mos)

16 Walk + Sup + Grp + Offline + Brief (23)
Walk + Uns + Ind + Offline + Long (24)

 Exercise—Tai Chi • Supervised (for > 2 sessions) vs. not (≤ 2 
sessions)
• Individual vs. group/mixed delivery
• Virtual vs. offline (in-person)
• Duration of intervention (≤ 3 vs. > 3 mos)

16 Tai chi + Sup + Ind + Offline + Long (25)
Tai chi + Sup + Grp + Offline + Brief (26)
Tai chi + Sup + Grp + Offline + Long (27)

 Exercise—other (e.g., square stepping, 
yoga, dance, aquatic)

• Supervised (for > 2 sessions) vs. not (≤ 2 
sessions)
• Individual vs. group/mixed delivery
• Virtual vs. offline (in-person)
• Duration of intervention (≤ 3 vs. > 3 mos)

16 Other + Sup + Ind + Offline + Brief (28)
Other + Sup + Ind + Offline + Long (29)
Other + Sup + Grp + Offline + Brief (30)
Other + Sup + Grp + Offline + Long (31)
Other + Uns + Ind + Offline + Long (32)

 Medication review • All-comers/universal vs. restricted/targeted 
to those at high risk/polypharmacy
• Comprehensive (multiple medications) vs. 
focused (1-2 medication classes)

4 Med Review + All + Comp (36)
Med Review + Targeted + Comp (37)

 Vitamin D • None: All doses and/or frequency/delivery 
routes were combined

1 Vit. D (8)

 Home hazard assessment (HHA) • Comprehensive (≥3 assessment home 
features) vs. limited (1–2 features)
• Modifications provided or self-purchased
• Intensity/dose (1 [low] vs. ≥ 2 home visits 
[high])

8 HHA + Comp + Provider + High (33)
HHA + Comp + Provider + Low (34)
HHA + Comp + Self + Low (35)

 EAT—mobility aid or device (EAT = envi-
ronment/assistive technology)

• None 1 Mobility aid (4)

 EAT—communication aids (alarm to pre-
vent falls)

• None 1 None

 EAT—vision assessment & treatment • All-comers/universal vs. restricted to those 
with vision problems

2 VAT—all-comers (5)
VAT—targeted (6)

 Psychological interventions (e.g., cogni-
tive behavioral therapy (CBT))

• Duration of intervention (≤ 3 vs. > 3 mos) 2 CBT—long (38)
CBT—brief (29)

 Nutritional counselling • None 1 None

 Other • E.g., sunlight intervention, chiropractic, 
whole-body vibration (WBV)

1 per type WBV (7)
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one of our intervention descriptions, we classified it as 
an intervention for our purposes. We also included stud-
ies with a non-/minimally active intervention compara-
tor, such as a pamphlet on fall risks, gentle stretching, or 
social engagement activities. To maximize the utility of 
available data and generate effect estimates versus UC for 
interventions not directly compared to UC, we included 
head-to-head comparisons of different interventions and 
conducted NMAs [30–32]. This form of analysis simul-
taneously evaluates a suite of comparisons using data 
from direct comparisons between treatments to inform 
comparisons for treatments that have not been directly 
compared (referred to as indirect evidence). We excluded 
head-to-head studies that only compared interventions 
that fell within the same category in our intervention 
taxonomy and coding framework (e.g., different doses of 
vitamin D, intensities of strength training, different deliv-
ery providers) (see the section “Intervention coding and 
development of NMA nodes” and Table 1).

The outcomes of interest were chosen and rated by 
the task force for their importance to decision-making, 
using GRADE guidance [33, 38]. Eight outcomes were 
considered critical for decision-making (i.e., rated 7 or 
above on a scale of 1–9): number of fallers, number of 
falls, number of injurious fallers, number of fractures 
(any fracture; refined to exclude non-symptomatic ver-
tebral fractures found via x-ray), number of hip frac-
tures, residential status/institutionalization, HRQoL, 
and functional status. One result was selected for each 
outcome in each study using a hierarchy developed 
based on task force input either before (for injurious 
falls, using the most serious in each study) or after (for 
HRQoL and functional status) development of the pro-
tocol (Table  S1.1). Intervention-related adverse effects 
(AEs) were rated as important (i.e., rated 4–6); we cat-
egorized AEs into four categories for extraction: any 
AE, serious AEs (both proportions), falls, and fractures 
(both if attributed to the intervention).

Table 1 (continued)

Intervention type Variables used for full networksa Possible 
number of 
nodes

Nodes used in at least one NMA (node 
number)

Multicomponent (MC) interventions
 MC with exercise • Walking vs. other exercise type

• Supervised exercise (Y/N)
• Complexity (only adding education [sim-
ple] vs. other(s))
• Requires ≥1 modifications (HHA or device) 
(Y/N)

12 Walk + Sup + Education (40)
Exercise + Sup + Complex + HHA (41)
Exercise + Sup + Complex + No mod (42)
Exercise + Sup + Education (43)
Exercise + Uns + Education (44)
Exercise + Uns + Complex + HHA (45)
Exercise + Uns + Complex + No mod (46)

 MC without exercise • Potentially requires ≥1 modifications (HHA 
or device) (Y/N)

2 HHA + Other (47)
MC other (no HHA or exercise) (48)

Multifactorial (MF) interventions
 Comprehensive (4 + assessment domains) • Major focus on exercise (Y/N) (coded 

as no if lack of information reported 
about duration, intensity, type, etc.)
• Potentially requires ≥1 modifications (HHA 
or device) (Y/N)

4 MF + Comp + Focus on exc + HHA (49)
MF + Comp + Ltd exc + HHA (50)
MF + Comp + Ltd exc + No mod (51)

 Limited • Major focus on exercise (Y/N)
• Potentially requires ≥1 modifications (HHA 
or device) (Y/N)

4 MF + Ltd + Focus on exc + No mod (52)
MF + Ltd + Ltd exc + HHA (53)

Mixed interventions (MF assessment + additional component delivered to everyone)
 Mixed: MF comprehensive (≥4 interven-
tion components) + other

• Adding education only
• Adding exercise only
• Adding HHA or device only
• Adding exercise + HHA/device
• Other

5 Mixed + MF Comp + Educ (54)
Mixed + MF Comp + Exc (55)
Mixed + MF Comp + HHA (56)
Mixed + MF Comp + Exc + HHA (57)
Mixed + MF Comp + Other (58)

 Mixed: MF limited + other • Adding education only
• Adding exercise only
• Adding HHA or device only
• Adding exercise + HHA/device
• Other

5 Mixed + MF Ltd + HHA (59)
Mixed + MF Ltd + Exc + HHA (60)

Abbreviations: CBT cognitive behavioral therapy, Comp comprehensive, HHA Home Hazard Assessment, Ltd limited, MC multicomponent, MF multifactorial, mos 
months, UC usual care, VAT visual assessment and treatment, WBV whole-body vibration
a For the simplified meta-regressions, we used one node per intervention type (left column) with the following exceptions: (i) we used supervised vs. not for balance/
resistance exercise interventions, (ii) we combined all multifactorial interventions into one node, and (iii) we combined all mixed interventions into one node
b Offline, in-person



Page 8 of 32Pillay et al. Systematic Reviews          (2024) 13:289 

We included randomized controlled trials (RCTs) of 
any design and sample size with at least 3-month follow-
up after randomization to adequately capture poten-
tial effects on the outcomes. We included studies only 
reported in conference proceedings or unpublished 
reports if the results were confirmed by the authors as 
final.

Key questions 2 and 3
Apart from the same main population as KQ1, for KQs 
2 and 3, studies recruiting family members or caregiv-
ers on behalf of people with cognitive impairment were 
eligible (Table  S1.1). For outcome valuation related to 
LTC admission in KQ2, studies of LTC residents were 
eligible if they measured the utility/disutility of admis-
sion to LTC within the first 6 months of residence. For 
KQ2, as per protocol, because we located studies report-
ing HSUV data for all of the critical outcomes (i.e., health 
states) in comparison with a “healthy” comparator group 
(i.e., without the health state being measured), we only 
included these comparative HSUV studies; retrospective 
pre-event measurement (i.e., via recall) was an accept-
able comparator. This criterion allowed us to calculate 
a disutility from the outcome (i.e., utility of “healthy” 
state minus utility of health state from outcome such 
as fall; range 0 = no disutility to 1.0 = disutility equal to 
death and approximately ≥ 0.05 considered meaningful), 
which allows for easier interpretation across popula-
tions since it accounts for baseline health status. Partici-
pants could have experienced the outcome themselves 
or been provided with hypothetical scenarios about the 
experience. Apart from the above eligibility for com-
parative HSUV studies, we included studies using other 
utility-based stated and revealed preference methods 
including contingent valuation studies, such as discrete 
choice experiments, simple ratings scales, or trade-offs; 
if we had not found data from these study designs for a 
particular outcome, we would have included non-utility 
data from surveys or qualitative studies. For KQ3, we 
examined preferences between different interventions 
or between different attributes of interventions within 
one category. We selected studies after assessing the cer-
tainty of the evidence in KQ1 and only included studies 
measuring preferences among interventions for which 
we had moderate or high certainty of benefit for at least 
one critical outcome. Intervention attributes of interest 
included duration, cost, and format (group vs. individual 
and virtual vs. in-person delivery). Participants could 
have either participated in the relevant fall prevention 
intervention(s) or been provided with information about 
the interventions. We relied on quantitative studies using 
utility-based methods but considered data from surveys 
and, if necessary to fill gaps, qualitative studies.

For all KQs, we included reports in English or French, 
the official languages of Canada, as per task force methods. 
Language restrictions in systematic reviews do not appear 
to bias results from meta-analyses [41, 42]. No restrictions 
were placed on country or risk of bias. For KQ1, no limit 
on publication date was placed. However, for KQs 2 and 3, 
we limited inclusion to studies published on or after 2000 
because it is expected that preferences change over time.

Information sources and search strategy
For KQ1 on benefits and harms, we located full texts of 
all studies included in the previously published review 
[29]. To identify new evidence, our information special-
ist updated the previous review’s peer-reviewed searches 
(Supplementary file 1 contains all search strategies), lim-
ited to records after January 1, 2016. The search contains 
Medical Subject Heading terms and key words combining 
the concepts of falls/fallers, adults, and randomized con-
trolled trials. We searched Ovid MEDLINE (1946-), Ovid 
Embase (1996-), Wiley Cochrane Central Register of Con-
trolled Trials (inception-), and AgeLine. Reference lists of 
all new included trials and recent systematic reviews were 
hand-searched by one reviewer. We also searched the 
World Health Organization Clinical Trials Search Portal 
[43], which searches multiple trial registries. First authors 
of potentially relevant studies reported in conference 
abstracts or trial registries were contacted by email (with 
two reminders over 1 month) to confirm the study’s eligi-
bility or to obtain full study reports and/or additional study 
or outcome data. Database searches were run November 
15–16, 2020, and updated on August 25, 2023 (with the 
exception of AgeLine which was not a unique source for 
any of the included studies from the initial search).

The information specialist developed a search covering 
both KQs 2 and 3, combining Medical Subject Heading 
terms and key words for falls, fractures, and transition to 
residential care with those for patient preferences, quality 
of life, preference-based instrument/methodology terms 
(e.g., EQ-5D, conjoint analysis), decision-making, atti-
tudes, and acceptability. This search was peer-reviewed 
by another librarian using the Peer Review of Electronic 
Search Strategies 2015 checklist [44]. We searched 
Ovid MEDLINE (1946-), Ovid PsycINFO (1987-), and 
CINAHL via EBSCOhost (1937-) databases, screened 
studies in KQ1 for KQ2 and 3 eligibility, and hand-
searched reference lists of included studies and relevant 
systematic reviews. Database searches were initially run 
September 23–25, 2021 and updated on June 9, 2023.

Selection of studies
Database search results were exported to an EndNote 
library (version X7, Clarivate Analytics, Philadelphia, 
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USA, 2018) for record-keeping and deduplication. 
Records identified through hand-searching were manu-
ally added to the library. Unique records from the data-
base searches were uploaded to DistillerSR (Evidence 
Partners Inc., Ottawa, Canada) for screening. Structured 
eligibility forms for screening and selection were devel-
oped and pilot tested by all reviewers involved in screen-
ing (J. P., L. A. G., S. S., A. W., A. R. A.) with samples of 
100 abstracts and 20 full texts, respectively, until agree-
ment was high (> 95%). Thereafter, all titles and abstracts 
were screened by two reviewers independently, using 
broad inclusion criteria. Efforts to retrieve the full texts 
of all potentially relevant records were made, with the 
exception of qualitative studies potentially relevant to 
KQ2 where we had sufficient evidence from other study 
designs. Two reviewers independently reviewed all full 
texts (including the studies from the previous review) 
[29], and disagreements were resolved by consensus or 
adjudication by a third reviewer (L. A. G. or J. P.). Records 
identified from reference lists, trial registries, and web-
sites were screened by one experienced reviewer, with 
two reviewers reviewing full texts. We recorded reasons 
for all exclusions at full text.

Data extraction
Key question 1
We planned to utilize data extraction from the previ-
ous review [29], but differences in our classification of 
interventions and definitions of several outcomes (e.g., 
separating fallers and falls, using a hierarchy for injuri-
ous falls, addition of functional status outcome) led to 
extracting all data anew. All data were extracted by one 
trained reviewer and verified for accuracy and complete-
ness by a second trained reviewer. Data were extracted 
into purpose-built forms in Microsoft Excel that were 
piloted on a sample of 10 studies by all reviewers involved 
in data extraction (L. A. G., A. W., S. S., A. R. A.).

We collected data on the following: study character-
istics (i.e., year and country of conduct, funding source 
[industry vs. not], enrolled sample size, recruitment set-
ting, trial design); intervention components (including, 
as applicable, delivery method, location, provider, degree 
of supervision, details of any assessments made, provi-
sion of any modifications, duration in weeks, and number 
of sessions/hours); description of UC or other control; 
participant characteristics (sex, age, proportion with 
previous falls, any enrolment criteria related to a clinical 
condition); outcome measurement tools and ascertain-
ment; and results data (with sample size) at longest fol-
low-up. Studies with populations requiring contextual or 
equity considerations (e.g., Indigenous peoples, newcom-
ers, low income, Black Canadians) by the task force were 
also noted. Data were collected to allow examination of 

the homogeneity and transitivity assumptions for the 
NMAs and for assessment of risk of bias.

For binary data, we extracted crude events in each 
arm, when reported, or risk, rate, or odds ratios if neces-
sary or suitable (i.e., adjusted for clustering). If falls were 
reported as incident rates (e.g., over person-years), we 
used the mean follow-up duration of the study to calcu-
late the total number of events. We assumed injurious fall 
events only occurred once per person during follow-up if 
the number of injured fallers was not reported; in a few 
cases where only data on any injurious falls were avail-
able, we extracted data for events knowing this may over-
estimate the risk, but likely not the relative effects. When 
data for multiple fracture types (e.g., wrist, tibia, distal 
femur) were reported, we extracted the findings for all. 
Unless specified, we assumed that a participant had only 
one fracture, hip fracture, or serious AE during follow-
up. If studies only reported serious AEs, we used this data 
for both the any AE and serious AE outcomes and per-
formed sensitivity analysis. When authors reported zero 
AEs, we extracted this as zero for any AE and serious AEs 
outcomes but not for falls or fractures, which we did not 
assume authors considered to be intervention-related 
AEs.

For continuous outcomes measures, we extracted (by 
arm) the mean baseline and endpoint or change scores, 
standard deviations (SDs) or other measure of variability, 
and number analyzed. Means were approximated from 
medians, when necessary. When SDs were not provided, 
they were computed or estimated using established 
imputation methods [35]. Results were extracted from 
figures using WebPlotDigitizer version 4.6 [45] when no 
numerical values were provided. For crossover trials, we 
limited data extraction to the first period of the study to 
eliminate the possibility of carry-over effects. When two 
or more interventions in a multi-arm trial were classified 
as the same intervention in our taxonomy (e.g., different 
intensities/difficulty levels of a balance/resistance train-
ing intervention), we combined the results from those 
groups to avoid loss of information [35].

Key questions 2 and 3
For these questions, we collected data on the popula-
tion as in KQ1, as well as exposure to any of the related 
outcomes and/or to fall prevention interventions. We 
collected details about instruments used, including devel-
opment and composition of scenarios of health states; 
choice tasks, including definitions of all attributes; and 
survey questions. For KQ2 data on HSUVs, we extracted 
sample sizes, means, and 95% CIs, or medians and inter-
quartile ranges (IQRs), when necessary; when other (e.g., 
standard deviations) measures of variance were reported, 
we extracted this information to later calculate or impute 
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95% CIs for analysis [35]. When HSUVs for multiple frac-
ture types (e.g., wrist, tibia, distal femur) were reported, 
we extracted findings for all. When multiple HSUV meas-
urement tools were used by a study for a single health 
state, we preferentially extracted EQ-5D over other util-
ity measures as this is the most commonly used tool. If 
a study without EQ-5D used more than one utility tool, 
we extracted data from each tool, standardized them 
and pooled them. Our protocol did not specify a spe-
cific timepoint for measurement; rather, specifying that 
time since event (≤ 12 vs. > 12 months) would be a sub-
group variable of interest. Few studies reported on frac-
ture outcomes in the long term (> 12 months; although 
many at 12 months), and this variable was judged as a 
major potential confounder; therefore, we defined two 
measurement time points for utilities for our primary 
synthesis: time closest to the event (if ≤ 3 months) and 
time closest to 12 months (but > 3 and < 24 months). All 
relevant results data from studies not employing HSUV 
methods in KQ2 (e.g., rankings of outcomes by impor-
tance, coefficients from discrete choice experiments) and 
reported in quantitative studies for KQ3 were extracted. 
Qualitative findings for KQ3 were copied and pasted 
from the relevant findings or results sections of the 
report into a Microsoft Excel table for analysis. All data 
were extracted by one trained reviewer and verified for 
accuracy and completeness by a second trained reviewer. 
Data were extracted into purpose-built forms in Micro-
soft Excel that were piloted by all reviewers involved in 
data extraction (L. A. G., A. W., S. S.).

Within-study risk-of-bias assessments
To align with the previous review [29], we used the 
Cochrane Effective Practice and Organisation of Care 
Group’s risk-of-bias tool for KQ1 [46]. Briefly, stud-
ies were evaluated on the following domains: random 
sequence generation, allocation concealment, contami-
nation, similarity of baseline characteristics, similarity of 
outcome measures at baseline, incomplete outcome data, 
blinding of outcome assessors, and selective outcome 
reporting. In each study, each outcome was rated as being 
at low, unclear, or high risk of bias in each domain. Stud-
ies with an active comparator but no blinding were not 
considered at high risk of bias for contamination. Out-
comes with no ratings of high risk in any domain were 
considered at overall low risk of bias. Outcomes with 
a ≥ 1 ratings of high risk in any domain other than incom-
plete outcome data were considered at moderate risk of 
bias. Outcomes rated at high risk of bias for incomplete 
outcome data and ≥ 1 other domain were considered at 
overall high risk of bias.

For the KQ1 outcomes of AEs attributed to the inter-
vention, we revised the protocol to assess risk of bias 

using an adapted McMaster Quality Assessment Scale 
of Harms (McHarms) tool (Supplementary file 1) [47]. 
McHarms was developed to compare AEs between inter-
vention and control groups in trials of pharmacologic 
interventions. Because we were not interested in the AEs 
in UC/control groups, we removed some questions and 
focused on whether ascertainment of AEs was active 
(rather than passive/spontaneous), used a valid measure 
(e.g., events that could vary in severity were classified as 
such), and if attrition was acceptable. If there were seri-
ous concerns for ≥ 1 of the seven questions in our form, 
the study was rated as high risk of bias.

There was no validated or commonly accepted tool to 
assess risk of bias in studies measuring patient values or 
preferences. Therefore, for KQs 2 and 3, we developed a 
critical appraisal tool adapted from the within-study risk-
of-bias domains in the GRADE guidance for preference-
based studies (Supplementary file 1) [36]. Our assessment 
is comprised of signalling questions addressing four main 
concepts: (1) selection of representative participants into 
the study, (2) completeness of data, (3) properties of the 
measurement instrument, and (4) data analysis. If there 
were serious concerns in ≥ 1 domain, the study was rated 
at high risk of bias. Qualitative studies in KQ3 were 
assessed using the qualitative critical appraisal tool from 
the Critical Appraisal Skills Programme [48] and rated as 
having few, some, or significant concerns.

For trials from the prior review included in KQ1, we 
relied on assessments by the previous review team for use 
for the benefit outcomes [29]; we assessed harms anew 
using our modified tool. For newly identified studies and 
all harm outcomes, two reviewers independently assessed 
the risk of bias by using the previous team’s reviewer 
instructions and came to consensus on the final rating 
for each question/domain, with adjudication by a third 
reviewer when necessary. In KQs 2 and 3, we obtained 
approval from the task force for a methods deviation 
for one reviewer to assess risk of bias with a verification 
by a second reviewer (instead of using two independent 
reviewers), and disagreements were resolved by consen-
sus or a review lead. Each risk of bias tool was piloted 
with a sample of at least five studies until agreement on 
all elements was high; each tool went through two rounds 
of pilot testing. The risk of bias/quality evaluations were 
incorporated into our assessment of the certainty of the 
evidence for each outcome (see section on “Assessing the 
certainty of evidence”).

Intervention coding and development of NMA nodes (KQ 
1)
In consultation with the working group, we adapted the 
ProFANE taxonomy [20] (to align with the most relevant 
primary care interventions) and developed a coding 
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framework to create meaningful delineations between 
interventions (“nodes” when referring to the NMA). 
Interventions were first categorized as follows: single 
component (e.g., one or more interventions from a sin-
gle category), multicomponent (more than one inter-
vention from different categories offered to all people), 
multifactorial (one or more interventions from different 
categories offered based on individual risk assessment, 
not all patients receive all interventions), or mixed (mul-
tifactorial intervention combined with ≥ 1 interven-
tion provided for all independent of needs assessment). 
For control groups, it was decided to separate UC from 
information controls (e.g., pamphlet) and attention con-
trols (e.g., social engagement, sessions on healthy liv-
ing, gentle stretching). After data extraction had begun, 
but before analysis, we decided on various intervention 
components (e.g., four main types of exercise) and attrib-
utes, with their relative importance for implementation 
(e.g., supervision, delivery [individual vs. group /mixed], 
duration, comprehensiveness of assessment, varying by 
type of intervention) (Table 1). For some single-compo-
nent interventions, we did not code additional attributes 
because there were usually very few studies examining 
these types of interventions. The working group decided 
against comparing different doses or means of adminis-
tering vitamin D. Multicomponent, multifactorial, and 
mixed interventions were coded based on the broad 
types of interventions within them. For example, multi-
component interventions were coded primarily based on 
whether they included exercise (defined as walking vs. 
other and by level of supervision) and then by whether 
the other component(s) were limited to education and, if 
not, included HHA or a mobility device.

Intervention coding was conducted for each arm in 
every study and followed a similar process to data extrac-
tion. A form based on the coding schema was piloted 
between two project leads (L. A. G., J. P.). Once sufficient 
agreement was reached, one reviewer coded all interven-
tion arms in a study, and the other reviewer verified the 
coding (SS and ARA assisted for studies from our search 
update). Trials in which all arms coded into the same 
node (n = 20, see Supplementary file 1 excluded studies 
list) were excluded, since at least one valid comparison is 
required to include a study in an NMA. Only one RCT 
was required to create a node for the NMA.

Data synthesis for KQ1 (benefits and harms)
For all critical (benefit) dichotomous outcomes, an odds 
ratio (OR) was the measure of effect, with the excep-
tion of falls for which we used a rate ratio (RR). For 
studies reporting multiple types of fractures, we cal-
culated an average effect across fracture types. Stud-
ies reporting zero events in all arms were not analyzed. 

For continuous outcomes (e.g., HRQoL), we scaled all 
study findings to 0–100 (most measurement tools used 
this or similar ranges) and then used a mean difference 
(MD) as the effect measure [49]. A total of 95% confi-
dence intervals (CIs) were used for measuring variance. 
We employed random-effects NMA in Stata (version 
17.0) using a frequentist approach, which accounts for 
correlations between effect sizes from multi-arm studies 
[50]. In an NMA, a web (network) of different compari-
sons is constructed to incorporate both direct evidence 
from comparisons of interest and indirect evidence from 
comparisons with only one intervention in common. For 
example, comparisons between treatments A vs. C and 
treatments B vs. C will contribute to the effect estimate 
for treatments A vs. B.

Pooled proportions were calculated for AE outcomes 
reported by two or more studies per node, with 95% CIs 
calculated using an exact method. One exception was for 
vitamin D where there are several possible AEs/serious 
AEs and attribution becomes difficult; for these outcomes, 
we undertook random-effects pairwise meta-analysis in 
Review Manager (version 5.4.1) to generate the average 
effect (relative risk for any AE and risk difference for seri-
ous AEs where there were zero-event studies) for vitamin 
D versus UC/information controls. For these analyses, we 
performed sensitivity analysis removing the studies only 
reporting on serious AEs (but used for the any AE analy-
sis) or only reporting on a single serious AE.

Assessment of transitivity
The validity of indirect evidence in an NMA relies on the 
principle of transitivity, which assumes that covariates 
that act as relative treatment effect modifiers are similar 
across different interventions, or adjusted for in the anal-
ysis, so the effects of all treatments included in the model 
are generalizable across all included studies [51]. We 
assumed that there would be transitivity based on our 
restrictions in eligibility to community-dwelling older 
adults living independently. To further evaluate whether 
the transitivity assumption was valid, we first investigated 
the distribution of clinical and methodological covari-
ates across the studies in each node. Potential effect 
modifiers investigated were as follows: age of study pop-
ulation (mean age ≥ 80 vs. < 80 years), fall history (100% 
vs. 30–99% vs. < 30% participants with previous falls), 
recruitment setting (primary care/community vs. emer-
gency department vs. in-patient), health context (coun-
try similar to Canada [high-income Organisation for 
Economic Co-operation and Development member [52] 
or United States] vs. otherwise), and duration of follow-
up after randomization (< 12 vs. ≥ 12 months). For the 
health context, with working group input, we considered 
the USA as having a similar health context to Canada, as 
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older adult in the USA are eligible for government-spon-
sored healthcare insurance (Medicare). Further, within 
the context of research studies that usually provide inter-
ventions without cost to participants, and many delivered 
in community settings, results from studies in countries 
where healthcare access for older adults may be infe-
rior to Canada likely apply well to Canada. Studies were 
coded for these variables, and we assessed for each node 
the proportion of the total sample size that came from 
studies having each level of the variable (e.g., 30% of node 
sample came from studies with a mean age > 80 years). 
Graphs were created, and we visually inspected the distri-
butions to see if there were large variations across nodes.

Transitivity was further checked through network 
meta-regressions for the falls, fallers, and injurious falls 
networks (other networks were too sparse). Due to con-
cerns that meta-regressions in the full network may be 
underpowered, we also carried out meta-regressions 
on a simplified network, in which interventions of the 
same type or with similar characteristics were collapsed 
in order to increase statistical power to detect potential 
effect modifiers (Table  1 footnotes). A meta-regression 
was carried out for each effect modifier and for each 
network (full and simplified) for the three outcomes, in 
comparison with UC. The effect modifiers included age, 
falls history, recruitment setting, and health context. 
Though not used for transitivity, we also ran meta-regres-
sions for risk of bias (high vs. moderate/low) to inform 
our certainty assessments. Our protocol specified we 
would examine fall history in three categories (0–30% 
vs > 30–99% vs. 100%), but this was revised (0–99% vs. 
100% [usually over the past year]) because the findings 
of categorical regressions are difficult to interpret and a 
substantial proportion (32%) of studies did not report fall 
history in this manner (e.g., recruited instead on pres-
ence of falls risk factors) but could be assumed to enrol 
a sample with fewer than 100% having previous falls. We 
did not examine duration of follow-up because of our 
limit to a minimum of 3 months and a subgroup analy-
sis in the previous review [29] did not find any evidence 
of an impact. Results of the meta-regressions (relying 
mostly on the full network regressions) were also used in 
our assessments of evidence certainty for the domains of 
indirectness and within-study risk of bias, together with 
data on the contribution of the relevant variables across 
studies.

Assessment of coherence
Coherence (often termed consistency) refers to the 
agreement between direct and indirect effect estimates 
contributing to the overall network estimate for each 
comparison. We assessed incoherence within compari-
sons using the Separate Indirect from Direct Evidence 

(SIDE or node splitting) approach [53] and globally 
across the entire network using the design-by-treatment 
interaction model [50]. These methods provide p-values, 
and p < 0.10 and p < 0.01 indicate some or major incoher-
ence, respectively [54]. We also imported our data into 
the Confidence in Network Meta-analysis (CINeMA) 
web application [55] to generate contribution matrices 
of the proportion of participants in each comparison 
that came from direct (UC/control) and indirect com-
parisons. All results were used when assessing our NMA 
model and certainty of the evidence.

Assessment of heterogeneity
The concordance between CIs, which do not capture 
heterogeneity, and prediction intervals (PrI)—showing 
where the true effect of a new study similar to the exist-
ing studies is expected to lie—can be used to assess the 
importance of heterogeneity. We calculated PrIs for all 
network estimates (for comparisons with UC) and used 
these findings in our assessments of the certainty of 
evidence.

Reporting (across-study) bias assessments
To inform our certainty assessments, we assessed 
potential across-study bias in our effect estimates (i.e., 
network estimates, pooled AE estimates) from out-
come data unable to contribute to our analyses because 
they were not reported even though the study should 
have collected them (i.e., missing outcome data) or 
because of publication bias (assessed via small study 
bias). To identify missing outcome data, we looked for 
trial registrations or protocols for all included studies. 
For falls or fallers, when it was clear that participants 
were asked to record all falls during follow-up (e.g., in 
diaries), we expected the study to report both falls and 
fallers despite what was reported in their protocol and 
considered this data missing at bias when they did not. 
For other outcomes, we considered outcome data to 
be missing at bias if a protocol, methods, or registra-
tion reported intention to collect it but we were una-
ble to locate the results data for that outcome in any 
trial publication. For intervention-related AEs, clinical 
input suggested that all harm outcomes as defined for 
this review should have been measured. Therefore, we 
assessed data as missing at bias for all AEs outcomes 
not reported in each study. We analyzed small study 
effects visually and quantitatively using Egger’s test 
[56] when ≥ 8 RCTs compared an intervention with UC 
using random-effects pair-wise meta-analysis in Stata. 
Other available methods for investigating small study 
effect in NMAs (e.g., comparison-adjusted funnel plots) 
[32] were not considered suitable as interventions could 
not be ordered in a meaningful way.
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Presentation of NMA results and consideration of absolute 
effects
We generated network plots for each outcome, with the 
size of the nodes corresponding to the number of partici-
pants randomized to each treatment and the thickness of 
the edges (lines between nodes) weighted by the number 
of trials evaluating the comparison. Although we origi-
nally planned to present results for all pairwise compari-
sons in league tables, the large number of nodes included 
in our networks makes this format impractical; therefore, 
we present the network estimates of ORs or RRs and 95% 
CIs for all nodes compared to UC in forest plots (ranked 
by effect size).

With input from the working group, decision thresh-
olds around effect size were created to delineate small 
(or greater) and moderate (or greater) benefit or harm-
ful effect (i.e., unintended direction of effect for benefit 
outcomes). For fallers, these were set at OR = 0.8 and 
OR = 0.7 or OR = 1.25 and OR = 1.4, respectively, corre-
sponding to approximately 5 and 8 fewer/more fallers per 
100 people than the control event rates (i.e., the average 
rate for the UC group) in the studies. For each outcome, 
the control event rate across all nodes was calculated 
using the variance-stabilizing Freeman-Tukey double 
arcsine approach. To determine the thresholds for the 
other dichotomous outcomes, we used the pooled control 
event rate for fallers (41%) to convert the OR thresholds 
above into corresponding RRs (i.e., RR = 0.88 or 1.13 for 
small and RR = 0.80 or 1.20 for small and moderate ben-
efit or harmful effect, respectively) which were then used 
as the thresholds across outcomes (with back-conversion 
to the corresponding OR using the respective control 
event rates) (Supplementary file 1 Table  S1.5 contains 
the thresholds across outcomes). For harm outcomes, the 
thresholds of effect for any AE and falls (attributed to the 
intervention) were similar to those for the benefit out-
come falls during follow-up (5 and 8 per 100 for small and 
moderate effects), while those used for fractures (attrib-
uted to the intervention) and serious AEs were 0.5 and 0.8 
per 100 for small and moderate effects, respectively. For 
patient-reported outcome measures (i.e., functional status 
and HRQoL), which were all scaled to 0–100, we consid-
ered a 5-point difference to be at least a small effect and a 
7-point difference to be at least a moderate effect, based 
on previous evaluations of meaningful change in patient-
reported outcomes [57, 58]. Though the applicable rela-
tive effects of each network estimate were used for our 
certainty assessments, we present these together with cal-
culated absolute effects for each network estimate.

Data synthesis for KQ 2 (outcome valuation)
A large majority (39/44; 89%) of the included studies 
measured HSUVs, and our synthesis focused on these 

findings. In each study, we estimated the disutility for 
each evaluated health state by subtracting the reported 
utility of the health state (e.g., fracture) from the utility 
without (when a control group was used) or before (if 
pre-event utilities were measured, including by recall, 
among those with the event) the heath state. When a 
study reported utilities for multiple types of fracture, we 
took a mean across types weighted by number of indi-
viduals reporting on each fracture type; this differed from 
our protocol that specified we would use ranges of values 
but allowed us to conduct a quantitative pooled analysis.

Disutilities for each health state, separated by util-
ity measurement tool, were pooled in Review Manager 
version 5.4.1 by the inverse variance method using a 
random-effects model. For each analysis, pre-planned 
subgroup analyses were conducted based on study-level 
characteristics including mean age (< 80 vs. ≥ 80 years), 
proportion female (< 80% vs. ≥ 80%), and proportion with 
a history of previous fracture (< 30% vs. ≥ 30%) [59]. We 
also added subgroup analysis for whether the non-fall 
outcomes were attributed (by the study authors) to a fall 
and (for fractures) for time since event among the pri-
mary analysis for ≤ 3 months (≤ 1 week vs. > 1 week). We 
intended to use the subgroup estimates for our conclu-
sions and certainty assessments if subgroup findings had 
been judged to be credible (e.g., differing significantly 
[p ≤ 0.10] and by an important magnitude, based on sev-
eral studies, reduced heterogeneity within subgroups). 
We also considered any data related to populations that 
may require equity or other contextual considerations 
(e.g., Indigenous peoples, newcomers, low income, Black 
Canadians). Apart from the estimated disutility of each 
health state, we revised our methods to also rank the 
health states primarily based on their EQ-5D disutility, 
though findings from other utility and non-utility meas-
ures were also considered. Study methods sections and 
protocols, if available, were used to assess for risk of bias 
from missing outcome data (e.g., study measured but did 
not report a useable result for a health state).

Data synthesis for KQ 3 (intervention preferences)
Eligible interventions for which preferences were sought 
(i.e., having at least moderate certainty of benefit from 
KQ1) included the following: cognitive behavioral ther-
apy (CBT), education, three of four exercise types (bal-
ance and resistance, tai chi, other, but not walking), 
multicomponent (with exercise), and mixed interven-
tions. We were unable to code interventions evaluated 
in preference studies with the same level of detail as in 
KQ1 and so relied on comparisons between categories of 
interventions and intervention attributes instead. Inter-
vention attributes of interest included duration, cost, and 
format (group vs. individual and virtual vs. in-person 
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delivery). Preference between interventions (or inter-
vention attributes) within included quantitative studies 
was categorized into four levels: “no clear preference,” 
“slight preference,” “clear preference,” and “strong prefer-
ence.” Level of preference was determined by the ratio of 
responses favoring each intervention being compared: we 
considered a ratio > 2 to indicate a strong preference (e.g., 
70% preferred exercise vs. 30% preferred education), 1.25 
to < 2.0 was considered a clear preference, 1.12 to < 1.25 
was considered a slight preference, and a ratio < 1.12 was 
considered to not indicate a clear preference either way 
(i.e., variable preferences). In qualitative studies, used 
when no quantitative findings were located for a given 
comparison, we did not quantify a strength of preference. 
Instead, findings were categorized as preference, possible 
preference (e.g., participants made negative statements 
about intervention A but neutral/mixed statements about 
intervention B), or no clear preference (e.g., positive or 
negative attitudes were described for both interventions).

To synthesize results across studies, preferences 
between pairs of interventions were informally tabulated 
across studies with stronger preferences given a higher 
weight and checked for agreement by a second reviewer. 
For comparisons with similarly strong but contradicting 
preferences, it was not possible to determine whether 
the disagreement was due to imprecision, population, or 
methodologic factors; therefore, these were rated as “var-
iable preferences” rather than “no clear preference.”

We examined any data related to populations that may 
require equity or other contextual considerations (e.g., 
Indigenous peoples, newcomers, low income, Black 
Canadians). Study methods sections and protocols, if 
available, were used to assess for risk of bias from missing 
outcome data (e.g., study measured a preference but did 
not report a useable result).

Assessing the certainty of the evidence
For KQ1 benefit outcomes, we assessed the certainty of 
evidence for each node compared to UC for all critical 
(benefit) outcomes guided by the CINeMA approach for 
NMAs. CINeMA is based on the GRADE framework, 
although it has conceptual and semantic differences [33, 
60] and covers six domains: within-study bias, across-
studies bias (i.e., publication and other reporting biases), 
indirectness, imprecision, heterogeneity (i.e., variation 
between studies within a comparison), and incoherence 
(i.e., disagreement between direct and indirect evidence 
for a comparison). For each outcome as follows: (i) data 
used for assessing transitivity (i.e., meta-regressions 
and contribution statistics, see section “Data synthesis 
for KQ1 (benefits and harms)”) were used together for 
assessments of within-study bias and indirectness, (ii) 
assessments of missing outcome data and small study 

effects were used for across-study bias, (iii) 95% CIs were 
compared with the thresholds for each outcome to assess 
imprecision without relying on statistical significance 
(see section Presentation of NMA results and considera-
tion of absolute effects), (iv) concordance between CIs 
and PrIs was used for heterogeneity (e.g., rated down 
only if PrIs gave further concerns after assessment of 
imprecision), and (v) global and local coherence statis-
tics were considered with information on the amount 
of direct/indirect evidence to assess incoherence. Simi-
lar to GRADE, each outcome from RCTs started at high 
certainty and was rated down to moderate, low, or very 
low based on the number of domains with serious con-
cerns. The six CINeMA domains are interconnected and 
are considered jointly rather than in isolation [60]; if con-
cerns in two domains were likely to be highly related, we 
only rated down once. Further, because we made assess-
ments across six domains (vs. five domains for GRADE), 
when we had serious concerns about a domain, we only 
rated down by a half (0.5) instead of entire level (round-
ing up as applicable), as done previously [61]. For each 
domain, we rated down by a maximum of two levels: the 
main example being for imprecision, when the 95% CI 
crossed all four of our thresholds (indicating there could 
be moderate benefit or harm), and the network esti-
mate showed little-to-no difference. When a moderate 
effect size (based on the network estimate exceeding this 
threshold) was rated down more for imprecision than it 
would be for a small effect, we report the higher certainty 
of a small effect. Details of our approach to assessing 
each domain are provided in Supplementary file 1.

Certainty in the evidence for harm outcomes followed 
the traditional GRADE domains of imprecision, incon-
sistency, reporting bias, within-study risk of bias, and 
indirectness. The thresholds of effect were used primarily 
to assess imprecision (if adequate sample sizes were used) 
and inconsistency (e.g., findings were inconsistent when 
study estimates were on either side of the threshold). 
We also rated down for inconsistency (i.e., lack of con-
sistency) when > 90% of a node’s sample size came from 
a single study. The evidence was rated down for report-
ing bias if there was evidence of small-study effects or if 
studies contributing > 50% of participants for the relevant 
node did not report on the outcome; a similar approach 
was used for within-study risk of bias, although we also 
compared the results between high and low/moderate 
risk-of-bias studies and considered whether conclusions 
would likely change before rating down. For indirectness, 
we rated down for the outcomes of any AE or fracture/
serious AE when > 50% study participants of the studies 
contributing to an arm reported only on serious AEs or 
one type of fracture/serious AE, respectively. We also 
rated down for indirectness when ≥ 2 effect modifiers 



Page 15 of 32Pillay et al. Systematic Reviews          (2024) 13:289  

(e.g., mean age > 80 years and 100% previous fallers) were 
present in ≥ 80% of the total sample.

For KQ2 and 3, our assessments in the certainty of the 
evidence were guided by the GRADE guidance for patient 
preferences [36, 37], which uses the standard domains of 
risk of bias, indirectness, imprecision, inconsistency, and 
reporting bias. All findings started at high certainty for 
this assessment. We rated down findings when > 50% of 
the participants came from studies at high risk of bias. 
We rated down findings for inconsistency if there was 
only one study for both KQs and for KQ3 if similar num-
bers of studies showed preferences in opposite direc-
tions or there was substantial disagreement compared to 
similar interventions. We assessed indirectness based on 
population characteristics (e.g., rating down comparisons 
when studies with a mean age > 80 contributed > 50% of 
the participants) and in KQ3 also on intervention speci-
ficity (e.g., if group/individual format or exercise type 
was not specified). For assessing imprecision, we relied 
on 95% CIs for KQ2; we had concerns when these were 
wider than 0.1 unless it could be explained by substan-
tial inconsistency between studies’ estimates. We relied 
on sample size to assess imprecision in KQ3 because 
CIs were not generated as part of the synthesis; based 
on GRADE guidance [36], comparisons with fewer than 
380 participants were rated down. In KQ3, we also rated 
down for imprecision comparisons based on qualitative 
data, since it is not possible to quantify the precision of 
this kind of data. Finally, we considered whether missing 
outcome data or the presence of industry funding may 
have impacted the findings in KQ 2 and 3.

Ranking interventions in KQ1
We did not, as per protocol, rely on surface under the 
cumulative ranking curves (SUCRA) and heat rank plots 
to rank the interventions. Though SUCRA values account 
both for the location and the variance (imprecision) of 
all relative treatment effects, we wanted to also account 
for other factors related to the certainty of the evidence 
for each outcome (e.g., risk of bias, indirectness) as well 
as factors related to the multiple outcomes that were 
assessed. After gaining input from the task force, it was 
determined that decision-making would rely on findings 
of moderate or high certainty for the critical outcomes; 
this was our primary criteria for ranking interventions. 
For additional interpretation, we also applied a hierarchy 
based on the number of outcomes for which benefit was 
shown and, within these sub-groupings, the number with 
moderate or high certainty and, if needed, the certainty 
across the fall outcomes.

Results
A total of 290 studies were included across all KQs, with 
two studies included in multiple questions. Supple-
mentary files 2 (KQ1) and 3 (KQs 2 and 3) contain the 
PRISMA flow diagrams and lists of included. Excluded 
studies with reasons are within the Supplementary files.

Benefit and harms of fall prevention interventions (KQ1)
Study selection and characteristics
After screening 8278 records and 1480 full texts, we 
included 219 RCTs reporting on 167,864 participants 
(Figure S2.1). We included 125 of 283 studies included 
in the previous review [29]. The most common reasons 
for excluding studies from the previous review were 
as follows: wrong population (e.g., homebound, visu-
ally impaired; n = 30), wrong setting (hospital or LTC; 
n = 59), or ineligible intervention (e.g., hip protectors, 
cataract surgery; n = 22). From our database searches to 
update the literature, many studies did not report on one 
of our three fall outcomes (n = 205) or the intervention 
did not target falls (n = 229, e.g., comprehensive geriat-
ric assessment). Thirty-three studies were excluded dur-
ing intervention coding because all study arms received 
treatments classified as the same intervention for our 
purposes (i.e., fell into a single category within our 
taxonomy).

Table  2 contains a summary of the study characteris-
tics, and Supplementary file 2 has the characteristics by 
trial (Table S2.1) and risk-of-bias ratings (Table S2.2) by 
outcome for each trial. Outcomes missing with bias are 
listed in Table  S2.1. A large majority (93%) of studies 
were undertaken in countries considered to offer simi-
lar heath care to older adults as in Canada. Most stud-
ies enrolled populations with a mean age < 80 years (85%) 
and a majority (but not large majority) of females (80%). 
Almost 70% of studies enrolled participants with an ele-
vated risk for falling based on previous fall history and/
or other risk factors (e.g., fear of falling, poor balance, ≥ 1 
fall-risk increasing medications). Very few studies (n = 12 
with 1.5% of total review population) recruited inpa-
tients. Follow-up duration after randomization ranged 
from 3 to 96 months but was usually > 6 months with a 
majority (66%) ≥ 12 months. Fourteen trials (6.4%) fol-
lowed up participants for > 24 months. In total, our cod-
ing defined 59 nodes among at least 130 possible. Of 
note, although nutrition therapy (i.e., dietary counselling) 
and aids for communication and signalling (i.e., alarm 
systems to prevent a fall) were eligible interventions, no 
eligible studies of these interventions were identified. 
Only one intervention was delivered virtually (node 17 in 
Table 1).
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Assessments of transitivity and incoherence
Transitivity was assessed as adequate for our analyses. 
We did not have serious concerns from visual inspec-
tion of the graphs showing contributions of effect modi-
fiers across nodes, where there were small numbers of 
nodes containing entire populations with effect modifiers 
(e.g., out of 57 nodes for fallers, 1 had entirely inpatient 
recruitment, 3 had mean age > 80, 7 had patients with a 
previous fall history). Further, few meta-regressions were 
statistically significant (p < 0.1) in either the full or sim-
plified networks. For the full networks, across all nodes 
and our 4 effect modifiers (i.e., > 200 tests), there were 10, 
12, and 7 significant results for falls, fallers, and injurious 
fallers, respectively (results were similar for the simplified 
networks).

The global tests for coherence did not show major inco-
herence (p < 0.01), though there was some incoherence 

for the fracture and functional status outcomes (p = 0.05 
and 0.09, respectively). Few local incoherence statistics 
showed major (n = 1 for fallers) or some (n = 10 for fall-
ers) incoherence. We did not adjust our NMA geometry 
or analysis (i.e., consistency model) based on the transi-
tivity and coherence assessments, but the results were 
used in our assessments of the evidence certainty.

NMA findings by outcome
Table  3 includes details about the network structure 
and findings of each NMA, including the pooled UC 
event rates used to calculate thresholds and absolute 
effects. Across all networks, the number of contribut-
ing RCTs ranged between 19 and 196, and the num-
ber of nodes ranged from 19 to 57. A small proportion 
(~ 5–10%) of the total sample for each outcome’s net-
work came from trials at high risk of bias. The larger 

Table 2 Summary of study characteristics on the benefits and harms of fall prevention interventions (KQ1)

Abbreviations: OECD Organisation for Economic Co-operation and Development

Characteristics n RCTs (219 total); N participants (% of 167,864)

Age, mean, years

 • 65–72 42; 48,001 (28.6)

 • > 72–79 128; 94,083 (56.0)

 • ≥ 80 45; 24,386 (14.5)

 • Not reported 4; 1394 (0.8)

% Female

 • 0–49 19; 8292 (4.9)

 • ≥ 50–74 117; 132,706 (79.1)

 • ≥ 75 81; 26,065 (15.5)

 • Not reported 2; 801 (0.5)

History of falls

 • 0-29% 47; 55,187 (32.9)

 • 30–99% 84; 42,578 (25.4)

 • 100% 44; 16,108 (9.6)

 • Not reported 44; 53,991 (32.2)

OECD countries or USA

 • Yes (including US) 191; 155,941 (92.9) (US studies: 47; 62,502 (37.2))

 • No 28; 11,923 (7.1)

Recruitment setting

 • Primary care 28; 37,356 (22.3)

 • Community 99; 88,566 (52.8)

 • Mixed clinical and community 26; 13,411 (8.0)

 • Emergency department 21; 6708 (4.0)

 • Inpatient 12; 2465 (1.5)

 • Not reported 7; 6365 (3.8)

Post-randomization follow-up duration (months)

 • 3–6 56; 14,399 (8.6)

 • > 6–12 116 (98 at 12 months); 39,751 (23.7)

 • > 12 46; 113,601 (67.7)

 • Not reported 1; 113 (0.1)
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networks were well connected with no disconnected 
nodes (where the node is not connected to the rest of 
the network through either direct or indirect compari-
sons), whereas the four smaller networks had two to 
six disconnected nodes. The sample sizes of the miss-
ing data due to disconnection were small relative to the 
total sample sizes of the respective networks.

Approximately, half of the nodes in each network had 
at least low certainty for at least one benefit outcome. 
The fallers outcome had the highest number of nodes 
(18 of 57 nodes) with moderate certainty for benefit. For 
the non-fall outcomes, there were many nodes with very 
low certainty evidence, often from lack of data. Impreci-
sion and/or heterogeneity was the major concerns lead-
ing to low or very low certainty of evidence. Of five tests 
for small study bias, fallers and falls were significant 
(p < 0.10) for vitamin D, which we rated down. Missing 
outcome data was usually not a serious concern, with few 

nodes rated down for this (i.e., 5 for fallers, 6 for falls, 8 
for injurious falls, and 0–1 for other outcomes). We did 
not locate any data for the functional status outcome of 
new/increased homecare assistance.

Figures  1 and 2 present the network diagram and 
forest plot of network estimates, versus usual care, for 
fallers. Supplementary file 2 contains all network dia-
grams, network forest plots (ranked vs. UC), and evi-
dence profiles (with network estimates and sample 
sizes for each node) for each outcome. Although we 
created more exercise nodes than for other interven-
tion types, with the exception of vitamin D (n = 9796 
for fallers) and a mixed intervention with comprehen-
sive multifactorial assessment and HHA (provided to 
all) (node 56; n = 7140 for falls), there were no major 
differences on average in the sample sizes of the nodes 
(e.g., approximately 300–1500 participants for those 
showing moderate certainty evidence).

Table 3 Details on structure and findings for the NMAs, by outcome

Abbreviations: HRQoL health-related quality of life, LTC long-term care, n number of nodes, N sample size, UC usual care, RCT  randomized controlled trial
a For disconnected notes, the total number of studies by outcome are 2 (hip fracture), 1 (LTC), 5 (HRQoL), and 4 (functional status)

Falls Fallers Injurious fallers Fracture Hip fracture LTC Functional 
status

HRQoL

RCTs 169 173 93 67 19 33 55 58

Total sample 
measuring out-
come (% of total 
review sam-
ple = 167,864)

77,483 (46.2) 83,306 (49.6) 84,644 (50.4) 61,190 (36.5) 28,855 (17.2) 9640 (5.7) 12,185 (7.3) 25,442 (15.2)

RCTs with UC (N) 78 (45,369) 93 (57,911) 45 (67,741) 41 (47,291) 12 (20,405) 20 (7316) 26 (6077) 32 (9458)

RCTs with high 
risk of bias, (N)

42; 8297 35; 8402 16; 4175 16; 4175 1; 430 8; 2364 14; 2381 21; 4325

Total number of 
interventions/
nodes
Disconnected 
nodesa, n (N)

57; 0 57; 0 49; 0 38; 0 19; 4 (930) 21; 2 (83) 33; 3 (812) 36; 6 (2130)

Average UC 
event rate (pro-
portion)

1.15 per person 0.41 0.23 0.05 0.01 0.02 Not applicable Not applicable

Certainty of 
evidence for 
benefit, n

High: 0
Moderate: 4
Low: 32

High: 0
Moderate: 18
Low: 9

High: 1
Moderate: 2
Low: 18

High: 1
Moderate: 1
Low: 17

High: 0
Moderate: 0
Low: 8

High: 0
Moderate: 0
Low: 10

High: 0
Moderate: 0
Low: 4

High: 0
Moderate: 0
Low: 3

Certainty of 
evidence for 
little-to-no dif-
ference, n

High: 0
Moderate: 0
Low: 11

High: 0
Moderate: 0
Low: 19

High: 0
Moderate: 0
Low: 15

High: 0
Moderate: 3
Low:1

High: 0
Moderate: 0
Low: 2

High: 0
Moderate: 0
Low:1

High: 0
Moderate: 0
Low: 14

High: 0
Moderate: 0
Low: 22

Certainty of 
evidence for 
harm (for benefit 
outcomes), n

High: 0
Moderate: 0
Low: 5

High: 0
Moderate: 2
Low: 3

High: 0
Moderate: 0
Low: 4

High: 0
Moderate: 1
Low: 6

High: 0
Moderate: 0
Low: 4

High: 0
Moderate: 0
Low: 8

High: 0
Moderate: 0
Low: 1

High: 0
Moderate: 0
Low: 2

Very low cer-
tainty (n due to 
no evidence)

6 (2) 7 (2) 18 (10) 28 (21) 44 (40) 39 (38) 39 (26) 31 (23)
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Summary of findings across all outcomes
Table  4 highlights the 21 interventions shown to have 
moderate or high certainty evidence for a beneficial effect 
for at least one benefit outcome and presents the sum-
mary of findings across all outcomes. The interventions 
are ordered by category; Supplementary file 2 Table S2.3 
ranks these interventions based on the number of out-
comes showing benefit and, among those, their certainty. 
Tables S2.4 and S2.5 contain the summary of findings for 
the following: (i) interventions having low or very low 
certainty across all benefit outcomes and (ii) interven-
tions having moderate or high certainty evidence show-
ing harm for one or more benefit outcomes without any 
evidence of benefit for other outcomes. When consider-
ing the effects in absolute terms, the findings for benefit 
or harm are best interpreted in terms of meeting/exceed-
ing the thresholds applied rather than the network point 
estimate. For the benefit outcomes, the findings shown 
in light (small effect) or dark (moderate effect) green in 
Table 4 (based on a 12% or 20%, respectively, change in 
relation to the average UC event rate for each outcome) 
reflect approximately 5 or 8 fewer fallers, 14 or 23 fewer 
falls, 2 or 3 fewer injured fallers, 0.6 or 1 fewer fracture 
per 100 people and 1 or 2 fewer hip fracture for 1000 

people. Light and darker red shading indicate the same 
absolute effects but in the opposite direction. 

Fourteen of the 21 (67%) interventions with some mod-
erate certainty evidence for benefit had a focus on exer-
cise, either as a single component intervention (n = 11) 
or within a multicomponent or mixed intervention. A 
majority of the exercise interventions, or components, 
were supervised (for > two sessions, not including ini-
tial instruction) and of long duration (> 3 months). The 
supervised, long-duration balance/resistance (group or 
individual) and tai chi (group) interventions had at least 
low certainty evidence for benefit across more outcomes 
than the other exercise and single-component inter-
ventions (Table  S2.3). Both of the long-duration tai chi 
interventions had some moderate certainty evidence, 
though there was more evidence of benefit across more 
outcomes (and more outcomes meeting the larger effect 
threshold) when delivered in a group setting. The one 
short-duration tai chi node had low certainty evidence 
across outcomes (Table S2.4). Six of nine balance/resist-
ance interventions had some moderate certainty of ben-
efit; the three with low certainty generally reported few 
outcomes and had smaller samples. None of the inter-
ventions with moderate certainty evidence focused on 
walking.

Fig. 1 Network diagram for fallers network. Numbering of nodes corresponds to Table 1. The size of circles represents the number of participants 
(for the usual care node, the size was reduced), and the width of the lines represents the number of trials in the comparison
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Whole-body vibration, which involves patients stand-
ing on a platform emitting low magnitude vibrations for 
a specified amount of time (e.g., 20 min/day, 5 days/week 
for 18 months [62]), is probably beneficial for reduc-
ing fallers. Moderate certainty for some benefit was also 
found for the two interventions offering high-intensity/
dose (> 2 sessions/4 h) education (in groups or individu-
ally) but not for the two offering low-intensity education. 
Likewise, information and attention controls did not have 
any moderate certainty evidence for benefit (Table S2.4). 
One of three single-component HHA interventions 
showed moderate certainty of benefit. All of the HHA 
interventions used comprehensive assessments covering 

multiple risk factors; the node with multiple home visits 
and study provision of modifications had low certainty 
evidence (Table S2.4 node 33). Despite contribution from 
a large negative trial [63], the mixed intervention com-
bining comprehensive multifactorial assessment plus 
HHA showed moderate certainty of benefit, as did two 
other mixed interventions with education or HHA and 
exercise provided to all. The other four mixed interven-
tions showed beneficial effects with low certainty for 
two or more benefit outcomes. CBT of long duration 
showed moderate certainty for reducing fallers; these 
interventions focused on fear of falling and usually con-
tained multiple sessions (e.g., 7 to 8 weekly sessions with 

Fig. 2 Forest plot of network estimates for fallers outcome for all interventions versus usual care
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booster(s)), assigned skills-based homework, and had 
exercise demonstrations/instruction.

No multifactorial intervention, where intervention 
components were only delivered based on individual 
needs assessments, showed moderate certainty of ben-
efit; among five interventions, three had low certainty 
for some benefit (n = 1) or little-to-no difference (n = 2) 
(Table  S2.4), while one had very low certainty across 
outcomes, and another had moderate certainty of some 
harm (Table  S2.5). Of nine multicomponent interven-
tions, we only rated the certainty of evidence as moderate 
for some benefit for two, both including exercise.

Among those interventions only showing low or very 
low certainty evidence (n = 35; Table  S2.4), 27 had low 

certainty for at least a small benefit in at least one out-
come. The following interventions offered low-certainty 
evidence for little-to-difference or some harm across all 
outcomes:

• Vision assessment and treatment (VAT)—targeted 
(node 6)

• Walking—supervised, group, and brief (node 23)
• Other exercise—supervised, individual, and long 

(node 29)
• CBT—brief (node 29)
• Multifactorial (limited assessment)—focus on exer-

cise (node 52)

Table 4 Summary of findings across all outcomes for interventions with moderate certainty evidence for some benefit (KQ1)

Interventions legend: B brief (<14 week duration), CBT cognitive behavioral therapy, DH high dose (≥2 sessions or visits), DL low dose (≤2 sessions or visits), G Group, 
HHA home hazard assessment, I individual, L long (≥3 months or longer in duration), MP home modifications initiated by intervention provider, MS home modifications 
initiated by “self” (participant), MF multifactorial, SH high-intensity supervision (>1 contacts per week on average), SL low-intensity supervision (≤ contacts per week on 
average), T targeted, U universal, VAT vision assessment and treatment, WBV whole body vibration

Certainty legend: A = within study bias; B = across study bias; C = indirectness; D = imprecision; E = heterogeneity; F = incoherence. Lower case superscript letters 
indicate downrating by one level (0.5 step); uppercase indicates downrating a full level or more (red text signifying rating down 2 levels). ⊕⊕⊕⊕ = high certainty; 
⊕⊕⊕⊝ = moderate certainty; ⊕⊕⊝⊝ = low certainty; ⊕⊝⊝⊝ = very low certainty

Explanation: Negative values indicate an increase (rather than reduction) in risk of outcome. Green shading indicates desirable effect, red shading indicates 
undesirable effect; no shading (white) indicates little-to-no difference (LTND). Intensity of shading reflects the magnitude of effect: light shading indicates that the 
certainty rating relates to the lower effect threshold (i.e., the effects meet or exceed this threshold) and darker shading reflects it relates to the moderate effect 
threshold (see text for absolute effects related to these thresholds for each outcome). Outcomes with very low certainty or no evidence are shaded in grey. To aid with 
interpretation, effect estimates showing LTND or with very low certainty are not reported here, but can be found in Supplementary file 2 evidence profiles
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• Multifactorial (limited assessment)—focus on HHA 
(node 53)

For two interventions, there was limited evidence of 
any benefit but moderate certainty of harmful effect for 
one or more benefit outcomes (Table S2.5). VAT (univer-
sal, i.e., including a screening component and not limit-
ing recruitment to those with visual acuity issues) had 
moderate certainty evidence that it increased the number 
of fallers and fractures [64, 65]. One comprehensive mul-
tifactorial intervention, offering exercise and HHA when 
indicated, had moderate certainty for increasing fallers. 
The four studies contributing direct evidence to this node 
targeted people with a high risk for falls, including the 
elderly (mean ages 83 [recruited from hospital] [66] and 
85 years [67]) or those with previous falls [68] and in one 
also taking “fall-risk-increasing drugs” [69]. Both the VAT 
and multifactorial interventions also had low certainty 
for harm for falls and at least one fracture outcome.

Evidence on AEs was largely limited to studies report-
ing on exercise interventions or vitamin D. Most sin-
gle-component exercise interventions are probably 
associated with minimal harm; across all exercise inter-
ventions in the review, two interventions (nodes 27 and 
13; Table 4) had moderate certainty for small harms (pos-
sibly 5–8 per 100 people) from any AE, whereas there 
was low or moderate certainty for little-to-no harm for 
the more serious outcomes across multiple nodes. For 
vitamin D, there was moderate certainty for little-to-
no difference for any AE and serious AEs (Table  S2.4). 
Uncertainty exists about possible harm from other 
interventions. The proportion of nodes rated down for 
missing outcome data was higher than for the benefit 
outcomes (Table S2.4).

There were scarce data available for considering popu-
lations that may require equity or other contextual con-
siderations. Nine trials, eight from the USA, exclusively 
enrolled participants experiencing low income or other 
factors related to low socioeconomic status. Two of the 
trials had UC control groups, enabling some indirect 
observations with the network estimates. One study 
(n = 310) investigated low-contact HHA (node 34) and 
found a benefit for falls similar to our network esti-
mate (Table 4) [70]. The other trial (n = 1848) examined 
higher-contact HHA (node 33), reporting little-to-no dif-
ference in fallers, which was in line with the network esti-
mate (Table S2.4) [71]. Neither study contributed a large 
majority of the sample in their respective node. None of 
the trials in the review exclusively recruited, or reported 
on subgroup effects for, Indigenous peoples, newcomers, 
or Black Canadians.

Outcome valuation (KQ2)
Study selection and characteristics
Our database searches for KQs 2 and 3 (n = 9025) and 
other sources for KQ2 (n = 17) identified 9042 citations; 
797 full texts were retrieved, resulting in the inclu-
sion of 44 studies described in 49 reports (Figure S3.1). 
Reports of four studies in three papers [72–74] in our ini-
tial search met the eligibility criteria but were excluded 
during our search update because they contained popu-
lations that were either the same or substantially over-
lapping with newer reports. Supplementary file 3 has the 
characteristics by study, including risk-of-bias ratings 
(Table S3.1), and lists of included and excluded studies.

The mean age across the studies was 79.6 years (range 
69.4 to 85.7), with 59% having a mean age ≤ 80 years, and 
the average proportion of females was 74% (range 49 to 
100%). Of 18 studies reporting on fracture history (i.e., 
before the one(s) assessed in the study, when applicable), 
the average proportion of participants with a prior frac-
ture was 34%. Median sample size was 217 (IQR 140 to 
396; range 53 to 6548). Of 40 studies from single coun-
tries, 14 came from Sweden (6 studies used 3 similar but 
not substantially overlapping populations); 4 each came 
from Australia, Germany, and Spain; 3 from Canada; 2 
from the Netherlands and UK; and 1 each from Estonia, 
Iran, Ireland, Mexico, Portugal, the USA, and Turkey. 
There were four studies using data from multiple coun-
tries, three using similar but not substantially overlapping 
populations or reporting different data (e.g., timing after 
hip fracture) from the same sample. Overall, 5 (11%), 20 
(46%), and 19 studies (43%) were rated at low, moderate, 
and high risk of bias, respectively. The main reasons for 
a rating of high risk of bias were incomplete data and/or 
inadequate use of the measurement instrument (e.g., use 
of a tariff for the HSUV measurement tool that did not 
come from the same country as the participants).

Thirty-four studies measured HSUVs using the EQ-5D 
index measure, 1 used the EQ-5D visual analogue scale, 
2 used time trade-offs, and 2 used the Health Utilities 
Index Mark II (1 also used SF-6D and a standard gam-
ble). In all studies measuring HSUVs but one which used 
a time trade-off [75], participants had experienced the 
event(s) being assessed rather than basing their answers 
on hypothetical scenarios. Five studies did not meas-
ure HSUVs but measured preferences in discrete choice 
(n = 4) or another conjoint experiment using hypothetical 
scenarios.

Neither industry funding nor missing outcome data 
were found to be a serious concern for any outcome.

Findings
Table  5 contains the summary of findings for all out-
comes including the results of the meta-analyses and our 
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Table 5 Summary of findings for outcome valuation (KQ2)

Abbreviations: ADL activity of daily living, CA conjoint analysis, DCE discrete choice experiment, FT feelings thermometer, SG standard gamble, TTO time trade-off. 
*Non-hip fracture refers to any fracture other than hip fracture; studies contributing to this health state reported on distal forearm, humerus, and clinical vertebral 
fractures (weighted average used for analysis). **This study measured utility using HUI Mark II in individuals with and without impairment in ≥ 1 ADL; participants 
were not asked how long they had been ADL impaired. Explanation of GRADE ratings: Lowercase superscript indicates rating down once, and an uppercase superscript 
indicates rating down twice. A, inconsistency in estimates across multiple studies. B, > 50% of sample size is from studies rated at high risk of bias. C, concerns about 
indirectness due to mean age > 80 years in the single study. D, concerns about lack of consistency due to evidence from single study. E, concerns about indirectness 
due to outcome measure other than EQ-5D. F, concerns about inconsistency due to lack of agreement between utility ranking and relative importance studies

Number of included studies; sample size Disutility (95% CI)
0 (no decrease in HRQoL) to 1 (HRQoL equal to death)

GRADEꝉ What does the evidence say?

Disutility from hip fracture

16 studies; n = 7409 EQ-5D, at time of fracture (< 3 months)
0.53 (0.44 to 0.62)

 ⊕ ⊕ ⊕ ⊝ 
Moderatea

The disutility of a hip fracture is probably 0.53 immedi-
ately after injury

27 studies; n = 9399 EQ-5D, 12-month post-fracture
0.16 (0.12 to 0.20)

 ⊕ ⊕ ⊕ ⊕ 
High

The disutility of a hip fracture is 0.16 at 12 months 
after injury

Disutility from non-hip* fracture

4 studies; n = 1792 EQ-5D, at time of fracture (< 3 months)
0.57 (0.43 to 0.71)

 ⊕ ⊕ ⊝ ⊝ 
Lowab

The disutility of a non-hip fracture may be 0.57 immedi-
ately after injury

4 studies; n = 1792 EQ-5D, 12-month post-fracture
0.19 (0.10 to 0.28)

 ⊕ ⊕ ⊕ ⊝ 
Moderateb

The disutility of a non-hip fracture is probably 0.19 at 12 
months after injury

Disutility from any injurious fall

0 study No evidence Not applicable The disutility of an injurious fall is uncertain

Disutility from a fall (within last 12 months)

6 studies;
n = 4653

EQ-5D
0.09 (− 0.04 to 0.22)

 ⊕ ⊕ ⊝ ⊝ 
LowA

The disutility after a fall may be 0.09

Disutility from functional impairment (impairment in at least one ADL**)

1 study;
n = 123

HUI Mark II
0.12 (0.05 to 0.19)

 ⊕ ⊕ ⊝ ⊝ 
Lowcd

The disutility from impairment in one or more ADLs may 
be 0.12

Disutility of LTC admission (compared to full health)

1 study;
n = 194

TTO
Median (IQR): 1 (1, 1)
“80% of participants said they would rather be dead"

 ⊕ ⊕ ⊝ ⊝ 
Lowcd

The disutility from a long-term care admission (compared 
to full health) may be 1

Relative importance across health states

EQ-5D unless otherwise specified
Disutility, LTC admission: 1 (TTO)
Disutility, non-hip fracture (< 3 mos): 0.57
Disutility, non-hip fracture (12 mos): 0.19
Disutility, hip fracture (< 3 mos): 0.53
Disutility, hip fracture (12 mos): 0.16
Disutility, ADL impairment: 0.12 (HUI Mark II)
Disutility, fall: 0.09
Disutility, injurious fall: unknown
Also see below rows for findings from other preference-based studies, used for comparison

 ⊕ ⊕ ⊝ ⊝ 
Lowe,f

LTC admission may be more important than all other 
outcomes

 ⊕ ⊕ ⊕ ⊝ 
Moderatea

Fracture (hip or non-hip) is probably more important 
than falls and functional impairment

 ⊕ ⊕ ⊝ ⊝ 
Lowe,f

Functional impairment may be somewhat more impor-
tant than a fall

Findings of relative importance between health states

50% decrease in fracture risk:50% decrease in fall risk: ratio, SMD of coefficients: 2.43 (Milette 2013, Franco 2015; DCE)
50% improvement in daily functioning:50% decrease in fall risk: ratio, SMD of coefficients: 2.11 (Franco 2015; DCE)
Ability to manage domestic activities:HRQoL: ratio, relative importance score: 1.58 (Hilingsman 2020; CA)
Ability to manage domestic activities:fall frequency: ratio, relative importance score: 1.20 (Hilingsman 2020; CA)
LTC admission:falls risk: ratio, relative importance score: 1.18 (Robinson 2015; CA)
50% decrease in fracture risk:50% improvement in daily functioning (Milette 2013, Franco 2015; DCE): ratio, SMD of coefficients: 1.14

Data from other utility instruments, disutilities

Hip fracture; disutility at time closest to injury
Average of HUI Mark II, SF-6D, SG, & FT
1 study; n = 80
0.25 (0.20 to 0.30)
Hip fracture; disutility at time closest to 12 mos
TTO
2 studies; n = 471
0.57 (0.32 to 0.82)
Average of HUI Mark II, SF-6D, SG, & FT
1 study; n = 80
0.12 (0.07 to 0.17)
Falls: disutility any time after event
TTO
1 study; n = 203
0.33 (0.26 to 0.40)
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certainty assessments. Supplementary file 3 contains the 
forest plots (Figures S3.2 and S3.3) and tables with find-
ings from subgroup analyses (Tables S3.2 and S3.3).

Admission to LTC had the highest disutility 
(median = 1 [equivalent to death]), indicating that it 
is the most important health state considered in this 
review. However, this health state utility was measured 
using time trade-off in a single study (n = 194) in a sam-
ple of adults ≥ 75 years old (mean age 83 years), and the 
evidence was rated as low certainty. Both hip (moderate 
certainty) and non-hip (e.g., means across distal fore-
arm, humerus, and clinical vertebral fractures; low cer-
tainty) fracture may result in substantial disutility (0.53 
and 0.57) in the first 3 months after injury. Disutilities for 
both hip and non-hip fractures are probably lower at 12 
months after injury (0.16 and 0.19, with high and moder-
ate certainty, respectively) compared to within the first 3 
months. No study measured the disutility of an injurious 
fall. Based on the much higher disutility, fracture (of any 
type) is probably more important than either falls (0.09 
over 12 months) or functional status (0.12 for impair-
ment in at least 1 ADL). Functional status may be some-
what more important than falls; this conclusion is also 
supported by findings from other HSUV measurement 
tools and utility-based experiments (Table 5).

Examination of subgroups by age (mean age < 80 years 
vs. ≥ 80 years), sex (< 80% vs. ≥ 80% female), timing of 
measurement (within 1 week vs. 1 week to 3 months after 
event), and proportion with previous fracture (30% vs. 
30–99% vs. unknown) did not explain heterogeneity in 
either hip or non-hip fracture disutilities within the first 
3 months from injury. Stratifying by whether the frac-
ture was attributed to a fall led to a significant interaction 
(p < 0.0001) and marginally reduced heterogeneity for 
attributed non-hip fracture, though the disutility among 
studies where the attribution was present was only 
slightly lower than the estimate across all studies (0.52 vs. 
0.57), and this result did not change our conclusions.

At 12 months after injury, subgroup analyses by age 
and sex did not explain heterogeneity in either hip or 
non-hip fracture. For non-hip fractures, there was a sig-
nificant difference (p < 0.0001) in disutility between stud-
ies that attributed the fracture to a fall (0.22) and those 
that did not (0.09, one study), though the finding when 
there was attribution to a fall was close to our overall 
estimate (0.19). For hip fractures, there was a significant 
difference (p = 0.03) between studies with > 30% previous 
fracture (0.12) versus 30–99% previous fracture (0.18) 
and previous fracture unknown (0.18); again, the over-
all estimate (0.16) was close to these subgroup values, 
and findings did not change our conclusions. Subgroup 
analyses by age, sex, and previous fracture did not reveal 
any subgroup differences for disutility of a fall within 

the last 12 months. The large degree of variability due to 
between-study heterogeneity (I2 > 90%) in our analyses 
was likely due to precise study findings and was not con-
sidered serious because most findings agreed well with 
our pooled estimates and conclusions.

When examining data related to populations that may 
require equity or other contextual considerations, none 
of the studies reported relevant subgroup analysis; in 
three studies [76–78] where a large proportion (> 60%) of 
participants reported low income, the disutilities of hip 
fracture were quite similar to the average across all stud-
ies. None of the trials exclusively recruited, or reported 
on subgroup effects, for Indigenous peoples, newcomers, 
or Black Canadians.

Preferences for interventions (KQ3)
Study selection and characteristics
Our database searches for KQs 2 and 3 (n = 9025) and 
other sources for KQ3 (n = 154) identified 9179 citations 
to screen, with 354 being retrieved for full-text screening 
and inclusion of 29 studies described in 30 reports (Fig-
ure S3.4). Three studies were also included in either KQ1 
[79, 80] or KQ2 [27]. Supplementary file 3 has the char-
acteristics and risk-of-bias assessments by study (Tables 
S3.4 and S3.5) and lists of included and excluded studies. 
The average mean age across studies was 76.6 years, and 
proportion of females was 67%. Of 18 studies reporting 
on fall history, 4 enrolled samples having > 50% fallers in 
past year, and 3 exclusively enrolled previous fallers. Of 
20 studies reporting quantitative data, the median sample 
size was 177 (IQR 96 to 270); the median size of 9 studies 
reporting qualitative data was 69 (IQR 19 to 187). Multi-
ple studies came from Australia (n = 7), the USA (n = 7), 
the UK (n = 4), Canada (n = 2), and the Netherlands 
(n = 2); single studies came from each of Denmark, Ger-
many, Sweden, Belgium, Malaysia, India, and one study 
was carried out across multiple European countries. Of 
the quantitative studies, 9 (45%) were rated at high, 11 
(55%) at moderate, and none at low risk of bias. Most rat-
ings of high risk came from sampling strategies judged as 
possibly or likely biased in the selection of participants 
and/or low response rates. For one (11%), five (56%), and 
three (33%) of the qualitative studies, we had significant, 
some, and few concerns about the quality. The signifi-
cant concerns in one study came from unclear theoreti-
cal underpinnings and lack of specifying the qualitative 
approach.

Most (16/20) of the quantitative studies employed a 
survey approach with questions about attitudes (e.g., 
using Likert scales) or preferences/choices for differ-
ent programs or their attributes; in four of these stud-
ies, some of the participants had experienced the 
program(s), and in another four, participants had been 
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offered the program, whereas in other studies, the pro-
gram was hypothetical for mostly general populations 
of community-dwelling older adults. One study used a 
preference-based discrete choice experiment to calcu-
late utility values for different types and formats of exer-
cise among those with a previous fall or mobility-related 
disability. Three other studies enrolled participants of 
exercise programs, reporting results of questions about 
program acceptance. Of the nine qualitative studies, 
three conducted their interviews with participants (one 
also interviewed those who had withdrawn or refused the 
intervention) of a specific fall prevention program. In the 
other six studies, the program was hypothetical with par-
ticipants among a general population (n = 2), interested 
in a program (n = 1), or with one or more risk factors for 
falls (e.g., walking aid, previous fall; n = 3).

Industry funding was not found to be a concern in 
this KQ. One study included in KQ1 [81] was excluded 
for measuring but not reporting on preferences between 
interventions, but we did not consider this to be a serious 
concern for any of the KQ3 comparisons in our synthesis.

Findings
Table 6 contains the summary of findings for preferences 
among interventions and their attributes. Supplemen-
tary file 3 contains the individual study data and evidence 
profile (Table S3.6). Studies reported on 17 relevant com-
parisons; we did not identify any studies specifically eval-
uating preferences for virtual versus in-person delivery of 
interventions or between different multicomponent (with 
exercise) or mixed interventions. Above the diagonal in 
Table  6, the direction and number of arrowheads indi-
cate the preferred option and its strength, respectively; a 
small circle indicates variable preference, and gray shad-
ing indicates very low certainty evidence with no conclu-
sions made about the comparison. Below the diagonal are 
the certainty ratings for the corresponding findings above 
the diagonal with indication of the GRADE domains for 
which we rated down. Empty cells indicate no data were 
available.

Balance/resistance exercise, particularly when offered 
using an individual format, appears to be clearly pre-
ferred among exercise interventions including over tai chi 
and, slightly more so, other forms of exercise (e.g., yoga, 

Table 6 Summary of findings on preferences for interventions and their attributes (KQ3)

Abbreviations: B&R balance and resistance (exercise), CBT cognitive behavioral therapy, Indiv individual, NS not specified. Explanation for preference findings: 
▲▲▲strong preference to intervention in direction of arrow, ▲▲clear preference (to intervention in direction of arrow), ▲slight preference (to intervention 
in direction of arrow), ●variable preferences, orange symbols indicate evidence from qualitative studies. Cell shading reflects certainty in evidence: green, high; 
blue, moderate; yellow, low; gray, very low; white, no evidence. Explanation of GRADE ratings: lowercase superscript indicates rating down once, and an uppercase 
superscript indicates rating down twice for that reason/domain. A, > 50% of sample size from studies rated at high risk of bias. B, concerns due to inconsistency in 
direction of preference across studies. C, concerns of imprecision due to sample size < 380. D, indirectness due to lack of specificity of proposed intervention (e.g., not 
specified whether exercise program is group or individual) or because of the population (e.g., all >80 years)
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aerobic). For exercise programs in general, preferences 
for group or individual delivery probably vary, though 
individual balance/resistance programs were clearly pre-
ferred over group programs with high certainty. Strong 
preferences were shown favoring individual balance/
resistance programs to group “other” (yoga in the study) 
[27] programs, though findings were of low certainty. 
Delivered in a group setting, there may be variable pref-
erences between tai chi and other forms of exercise. Bal-
ance/resistance exercise may be preferred over education, 
though the evidence was low certainty and did not exam-
ine preferences for delivery format. Evidence from two 
other comparisons between education and exercise was 
rated as very low certainty. Evidence was uncertain about 
preference between balance/resistance exercise and CBT, 
though there was low certainty for a slight preference for 
education over CBT. Group education may be preferred 
over individual education. Data on the attribute of cost 
was rated as having very low certainty (Table S3.6).

Scarce data were available in relation to populations 
that may require equity or other contextual considera-
tions. In a study among a rural US population (n = 369) 
[82] and at high risk of bias, there was a strong prefer-
ence for a free exercise program (55% willing to register) 
versus one of low cost (19% willing). A large UK study of 
primarily low-income participants (n = 5328) [26] found 
a clear preference for individual versus group balance/
resistance exercise (61% vs. 41% willing), which aligned 
with the findings from other studies in the review. Finally, 
a small study of a US Latino, Spanish-speaking popula-
tion (n = 103) [83] found more interest (78%) in an indi-
vidual education session compared with a group balance/
resistance program (65%); no other studies reported on 
this comparison. None of the trials exclusively recruited 
or reported on subgroup effects for Indigenous peoples, 
newcomers, or Black Canadians.

Discussion
Summary of principal findings within and across questions
Falls in older, community-dwelling adults lead to sub-
stantial burden to the health care system and individuals 
from resulting injuries, fractures, and reduced function-
ing and quality of life. Many interventions for preventing 
falls have been studied, and determining which interven-
tions to use in primary care may be influenced by their 
effectiveness, factors relevant to their implementation, 
and by patient preferences. We systematically reviewed 
evidence on benefits and harms for various types of fall 
prevention interventions and examined the relative 
importance placed by patients on the potential outcomes 
and their preferences between interventions shown to 
offer benefit. Findings will inform national recommen-
dations in Canada and other decision-makers, such as 

primary care providers and policy makers, on fall preven-
tion interventions.

Benefits and harms
For benefit outcomes, we defined 59 interventions inter-
ventions, including the main comparator of usual care, 
and ran 8 network meta-analyses. Approximately, half of 
the interventions in each network had at least low cer-
tainty for benefit in one or more outcome. The fallers 
outcome had the highest number of interventions with 
moderate certainty for benefit (18/57). For the non-fall 
outcomes (fractures, hip fracture, long-term care admis-
sion, functional status, HRQoL), there were many inter-
ventions with very low certainty evidence, many from 
lack of data. Although this review did not directly exam-
ine effects by level of risk for falling, because almost 70% 
of studies enrolled participants with an elevated risk for 
falling (based on previous fall history and/or other risk 
factors, the evidence may be most applicable to older 
community-dwelling adults at elevated risk for falling.

When examining interventions with moderate or high 
certainty of some benefit (n = 21), the majority included 
a structured exercise component, and the supervised (> 2 
sessions), long-duration balance/resistance and group tai 
chi interventions had at least low certainty evidence for 
benefit across more outcomes than any other exercise 
or single-component intervention. None of the inter-
ventions with moderate certainty evidence focused on 
walking. Other beneficial interventions included the fol-
lowing: whole-body vibration, high-intensity/dose edu-
cation, cognitive-behavioral therapy (CBT), and mixed 
interventions combining comprehensive multifactorial 
assessment with home-hazard assessment (HHA), or 
with HHA plus exercise or education. Overall, adding 
other interventions to exercise does not appear to sub-
stantially increase benefits for falls prevention. No multi-
factorial intervention showed moderate certainty for any 
benefit.

Six interventions offered low-certainty evidence for 
little-to-no difference or some harm across all outcomes. 
Of note, these included multifactorial interventions with 
limited assessment as well as brief (< 3 months) super-
vised group walking; no data was found for supervised 
longer-duration walking programs. To our knowledge, 
no comprehensive meta-analysis of benefits and harms 
of walking programs in older adults has been undertaken; 
the potential signals of harm for single-component walk-
ing interventions found in our review suggest caution 
may be advisable when considering these programs for 
individuals, especially those at elevated risk of falls.

Two interventions, universal visual assessment and 
treatment provided to a general population ("universal 
VAT") and multifactorial intervention with a focus on 
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exercise and HAA (when indicated), had moderate cer-
tainty for some harm, though the populations across 
studies of the multifactorial intervention were at high 
risk of falls. Vitamin D and most single-component exer-
cise interventions are probably associated with minimal 
harm. Uncertainty exists about possible harm from other 
interventions.

Outcome valuation
For outcome valuation, admission to long-term care had 
the highest disutility (1.0), but evidence was rated as low 
certainty. Fractures (hip and non-hip fracture disutilities 
0.53 and 0.57 in the first 3 months but substantially lower 
at 12 months) are probably more important than either 
falls (0.09 over 12 months) or functional status (0.12). The 
findings on fracture disutility are applicable to fractures 
resulting from falls. Functional status may be somewhat 
more important than falls. Considering this data along-
side the findings on the benefits of interventions, findings 
for fractures may be important. Among the interventions 
with moderate certainty for one or more benefit, inter-
ventions where there was some certainty for reducing 
fractures (at least 0.6 fewer per 100 treated) included, 
with moderate and high certainty evidence, mixed inter-
ventions adding HHA or education to a multifactorial 
intervention and, with low certainty, supervised, long-
duration balance/resistance or group tai chi interven-
tions, long-duration CBT, and whole-body vibration.

Intervention preferences
For intervention preferences, exercise focusing on bal-
ance/resistance, particularly when offered using an indi-
vidual format, appears to be clearly preferred over tai chi 
and, slightly more so, other forms of exercise (e.g., yoga, 
aerobic). Preferences for group versus individual deliv-
ery of exercise programs in general probably vary among 
people, though there was high certainty that individual 
balance/resistance programs were clearly preferred over 
group-based programs. Balance/resistance exercise may 
be preferred over education. There was low certainty for 
a slight preference for education over CBT, and group 
education may be preferred over individual education. 
Findings from our analysis on intervention benefits 
showed that both group and individual balance/resist-
ance and education interventions (all of long duration/
high intensity) are probably beneficial; all of these options 
could be offered with allowance for patient preference. 
Some people may prefer tai chi over balance/resistance 
programs, and offering this choice (in group sessions) 
seems suitable, if available. Evidence was lacking for pref-
erences between exercise and mixed or multicomponent 

interventions; however, mixed interventions with HHA 
may be a suitable alternative for patients not motivated 
or able to enrol in exercise, education, or CBT classes. As 
mentioned above, multicomponent interventions includ-
ing exercise and/or education may not offer added ben-
efit to these single-component interventions.

Comparison with other reviews and guidelines
Although we used another review [29] to locate stud-
ies before 2016 and avoid duplication of work in cer-
tain areas (mainly risk-of-bias assessment), that review’s 
scope, eligible population, and method for classifying 
interventions differed substantially from ours, and com-
paring findings may not be very informative. We also 
considered factors other than effect size and statistical 
significance when making conclusions. Some interven-
tions found effective in that review lacked data in our 
review. A 2020 subgroup analysis of the previous review 
focused on types of exercise components, and these 
findings may be useful for those implementing exercise 
programs [84]. Another review based on and in collabo-
ration with the review’s lead authors updated the search 
and limited eligibility to community-dwelling adults 
without specific conditions [85]. They used a very similar 
taxonomy to the original review, again making compari-
son with our findings difficult, but found that exercise 
reduced fallers, fall rates, and fractures. In sensitivity 
analysis, they combined all multifactorial interventions 
into one intervention, which was shown to reduced fall 
rates and not fallers. The findings of this review helped 
inform (with other reports and reviews including the two 
Cochrane reviews discussed below) the Task Force on 
Global Guidelines for Falls in Older Adults when devel-
oping recommendations for community-dwelling older 
adults within the World Guidelines for Falls [86]. The 
guidance recommends risk stratification—via opportun-
istic case finding using three questions about falls over 
past year, balance, and fear/worry about falling—and 
then (i) for individuals at low fall risk, provision of advice 
on how to maintain safe mobility and optimize physical 
functioning; (ii) if at intermediate risk (e.g., a single non-
severe fall and have gait and/or balance problems), exer-
cise programs (supervised, at least 3 sessions per week 
for at least 12 weeks) focusing on functional balance and 
resistance, or tai chi; and (iii) for those at high risk, multi-
domain (multicomponent) interventions, informed by 
a multi-professional, multifactorial falls risk assessment 
(several recommendations for the assessment includ-
ing HHA with provision of modifications). Other single-
component interventions (e.g., medication review, VAT, 
HHA, CBT) are not recommended unless part of a multi-
domain intervention. It is not clear what evidence was 
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used to differentiate between recommendations based on 
risk or how they determined the specific recommenda-
tions about exercise.

Two Cochrane reviews about fall prevention in com-
munity-dwelling populations used a fairly similar inter-
vention classification to ours. Authors of the review on 
multifactorial and multiple component interventions 
compared with usual care or exercise found among mul-
tifactorial interventions (44 trials) low certainty evidence 
for a reduction in fall rates but little-to-no difference for 
fallers and injurious falls (leading to hospitalization or 
medical attention), and that multicomponent interven-
tions (18 trials, usually with exercise and education or 
HHA) reduced fallers and fall rates with moderate cer-
tainty but had very low certainty for fractures and inju-
rious falls [18]. Very little evidence was examined for 
comparisons with exercise. Our search added 6 years 
of studies to the evidence base for these interventions. 
Further, we separated out interventions only offering 
multifactorial assessment with needs-based treatment 
from those adding one or more interventions provided 
to everyone (which we have termed “mixed”), which may 
have further impacted any differences found. The second 
Cochrane review, focusing on exercise as a single inter-
vention, found evidence of high certainty for a reduction 
in fallers and fall rates and of low certainty for fractures 
and injurious falls [19]. Subgroup findings were signifi-
cant based on type of exercise, identifying benefit from 
balance/resistance, balance/functioning, and tai chi, but 
uncertainty around interventions focused on resistance 
training or dance or walking. Our findings have hopefully 
clarified questions about intensity, delivery format, and 
need for supervision; however, uncertainty around the 
impact of single-component walking programs remains.

The United States Preventive Services Task Force 
recently released final recommendations for fall pre-
vention in community-dwelling older adults [87]. With 
a B grade, they recommend exercise among those at 
increased risk for falls, and with a C grade, they rec-
ommend clinicians individualize the decision to offer 
multifactorial interventions to prevent falls to com-
munity-dwelling adults 65 years or older who are at 
increased risk for falls. The C grade is clarified with a 
statement that existing evidence indicates that the overall 
net benefit of routinely offering multifactorial interven-
tions to prevent falls is small. The commissioned sys-
tematic review sought trials of multiple interventions in 
comparison with non-active control groups and under-
took pair-wise meta-analysis where suitable [88]. Assis-
tive technology and vitamin D and other supplement 
interventions were excluded. The authors approached 

injurious falls differently than we did, using the most 
inclusive outcome rather than most serious. For multi-
factorial interventions, the authors reported moderate 
certainty for a reduction in falls and low certainty for no 
reduction in fallers, injurious falls/injured fallers, and 
fall-related fractures. They comment on the potential 
challenges of implementing this type of complex multi-
step intervention in any setting and hypothesize that the 
limited benefit may be due to the contemporary standard 
of care (fall risk assessment, medication review, exercise 
referrals) modifying risk in the control group. The two 
major differences between their review and ours are as 
follows: (i) their reliance on statistical significance when 
making conclusions about direction of effect and (ii) the 
handling of multifactorial interventions. They classified 
several interventions as multifactorial that we included 
in our mixed intervention category, stating that several 
but not all of their multifactorial interventions provided 
intervention components (e.g., HHA, education, exer-
cise) to all participants. We also distinguished between 
comprehensive and limited risk assessment. Exercise 
interventions were given moderate certainty for reduc-
ing falls and fallers and low certainty for reducing inju-
rious falls and for not offering benefit for fractures. For 
exercise interventions, the authors examined potential 
effect modifiers including intervention components, the 
presence of a behavior change component, the presence 
of cognitive task exercises, and delivery format. They 
concluded that no single “best” exercise/physical therapy 
program protocol appeared, but that nearly all examined 
interventions included gait/balance/functional training 
and strength/resistance, and that adherence to exercise 
classes may be variable in real-world settings. Our review 
examined the presence of supervision and duration of 
exercise interventions and allowed us to conclude that 
supervised and long-duration interventions may be most 
beneficial. Their conclusions of low and often very low 
(“insufficient”) strength of evidence about exercise com-
bined with education, education alone (n = 1 of group, 
high-intensity education), exercise and environmental 
interventions, environmental interventions alone, medi-
cation review, and psychological interventions differ in 
some instances from ours. It is unclear to what extent 
this difference comes from review methodology (i.e., 
intervention classifications, use of network meta-anal-
ysis) versus study findings. During our CINeMA assess-
ments, we did not rate down for single studies (either 
for heterogeneity or indirectness), and we rated down a 
maximum of two levels for imprecision when at times 
there were very imprecise findings (hence why we focus 
on findings of moderate or high certainty). This review, 
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as well as others, used longest follow-up duration (as did 
we) for their main analysis.

Limitations of the evidence, research gaps, 
and implications for practice
While there are many trials of interventions to prevent 
falls, evidence from trials for interventions, such as long-
duration walking, medication review, multicomponent 
interventions without exercise, and mobility aids, was 
either lacking or came from studies with small samples 
leading to high imprecision. Limited comparisons of 
virtual interventions were available, and the effects of 
virtual interventions remain uncertain. One large, ongo-
ing cluster RCT (n = 12,238 enrolled, to be completed in 
late 2025) in the USA, Electronic Strategies for Tailored 
Exercise to Prevent FallS (NCT04993781), will provide 
evidence about whether exercise programs can be suc-
cessfully tailored and supervised using a web application. 
Intervention-related adverse effects were uncommonly 
reported; trials should actively ascertain and report on 
these outcomes. More data on fractures, long-term care 
admissions, and from patient-reported outcome meas-
ures would also strengthen the evidence base.

Although many trials measured outcomes over 12 
months, the durability of effects over several years is less 
certain. Further, not all interventions will work for eve-
ryone. Large trials of the most promising interventions, 
i.e., balance/resistance exercise, should compare differing 
lengths and approaches, for example, whether “instruc-
tional booster sessions” are as effective as continual 
supervision, and follow participants over several years to 
better determine effect durability. Frequent assessment of 
a patient’s fall status and other risk factors may be pru-
dent to provide high-quality patient care. It is unclear if 
the findings apply well to people at average/low risk of 
falling, as are many older community-dwelling adults. 
Strategies determining for whom to offer interventions 
should likely be considered. There were few trials focused 
on, or reporting effects specific to, populations where 
equity factors should be considered, such as among 
Indigenous peoples, Black Canadians or newcomers. 
Future trials should purposively recruit equity-deserv-
ing populations and investigate possible differences in 
effects.

We did not locate preference data for several compari-
sons of interest, including exercise or education versus 
mixed interventions or multicomponent interventions 
(e.g., with exercise and education or medication review). 
The high-certainty preference for individual over group 
balance/resistance programs may need to be considered 
alongside the availability of and resources required for 
individual program. It is uncertain what people think 

about whole-body vibration, particularly at the intensity 
of the protocol studied in this review; attending sessions 
5 days per week for 18 months may not be feasible or 
acceptable for many older adults. Likewise, if mixed or 
multicomponent interventions are not available and/or 
difficult to implement, seeking local preferences for these 
may be useful.

Limitations of the reviews
We implemented rigorous searches to locate all poten-
tially relevant studies, but may have missed some studies, 
particularly if unpublished. Some decisions for eligibility, 
data extraction, and analysis were revised after the pro-
tocol was developed, but these are described herein and 
were made without consideration of any study findings 
or analyses. We performed meta-regressions and sub-
group analyses to investigate potential effect modifiers, 
though not all potential variables were considered. Fur-
ther, meta-regressions for the non-fall outcomes were not 
conducted, and our full networks were quite large, with 
some interventions reported by one or few studies, such 
that power to detect differences may have been insuffi-
cient. Because of this, we ran meta-regressions on sim-
plified networks to further inform our investigations of 
transitivity and certainty assessments. Heterogeneity in 
the analyses for disutilities was not considered serious. 
We used verification, rather than duplicate independ-
ent data extraction, for results data and, in the reviews 
on outcome valuation and intervention preferences, 
for risk-of-bias assessments. Our team is highly trained 
in systematic reviews and uses pilot exercises to ensure 
understanding to prevent errors and biases; nevertheless, 
some errors may have occurred.

As the last search was run August 25, 2023, the evi-
dence used in these reviews may not be fully up to date. 
For complex reviews such as these, updates are time and 
resource intensive. Especially for reviews with a large evi-
dence base for which new findings are not anticipated to 
substantially change the review conclusions, extended 
timelines are justifiable, particularly when the risk of not 
publishing outweighs the need to provide up-to-date evi-
dence [89].

Not all decision-makers would choose the same cod-
ing framework as ours, and this could impact how find-
ings are interpreted. In general, findings of the most 
benefit for supervised balance/resistance and group tai 
chi exercise, mixed interventions, and multicomponent 
interventions with exercise align with the findings from 
the simplified networks where there were larger effects 
and more precise findings for these versus other inter-
ventions (Supplementary file 2), though we did not rate 
the certainty of those findings. Effectiveness may vary 
based on variables we did not investigate, such as delivery 
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provider or intensity of strength training, though the task 
force considered the variables examined to be highly rel-
evant to implementation of programs and national rec-
ommendations. Topics related to fall risk assessment, 
engagement of patients, and policy or organizational 
factors that may impact implementation were not exam-
ined. Some guidance exists on these important aspects 
that may be useful to consult [90]. Our review findings 
may not be applicable for populations with specific con-
ditions placing them at heightened risk for falls or subse-
quent sequelae of falls (e.g., severe dementia or visually 
impaired, stroke) and where the interventions may need 
to be highly tailored to the condition. Findings on inter-
vention preferences by age, gender, or fall risk level would 
have been interesting to explore, though very few studies 
reported subgroup findings for these variables. 

Conclusions
To prevent falls among community-dwelling older adults, 
evidence is most certain for benefit, at least over 1–2 
years, from supervised, long-duration balance/resistance 
and group tai chi interventions, whole-body vibration, 
high-intensity/dose education or cognitive-behavioral 
therapy, and interventions combining comprehensive 
multifactorial assessment and targeted treatment with 
HHA, HHA and exercise, or education provided to eve-
ryone. Adding other interventions to exercise does not 
appear to substantially increase benefits, and effects 
overall appear most applicable to those with elevated 
falls risk. Choice among available effective interventions 
should consider patient preferences. If implementing 
new balance/resistance programs, offering individual 
rather than group sessions when feasible may be most 
acceptable. Data on more patient-important outcomes 
including fall-related fractures would be beneficial, as 
would studies on virtual delivery of programs and differ-
ing approaches to maintain protection.
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