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Abstract

Purpose

Model-based economic evaluations require conceptualization of the model structure. Our
objectives were to identify important health states, events, and patient attributes to be
included in a model-based cost-effectiveness analysis of fall prevention interventions, to
develop a model structure to examine cost-effectiveness of fall prevention interventions,
and to assess the face validity of the model structure.

Methods

An expert panel comprising clinicians, health service researchers, health economists, a
patient partner, and policy makers completed two rounds of online surveys to gain consen-
sus on health states, events, and patient attributes important for fall prevention interven-
tions. The surveys were informed by a literature search on fall prevention interventions for
older adults (>65 years) including economic evaluations and clinical practice guidelines.
The results of the Delphi surveys and subsequent discussions can support the face validity
of a state-transition model for an economic evaluation of fall prevention interventions.

Results

In total, 11 experts rated 24 health states/events and 41 patient attributes. Consensus was
achieved on 14 health states/events and 26 patient characteristics. The proposed model
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structure incorporated 12 of the 14 selected health states/events. Panelists confirmed the
face validity of the model structure during teleconferences.

Conclusions

There is a dearth of studies presenting the model conceptualization process; consequently, this
study involving multiple end user partners with opportunities for input at several stages adds to
the literature as another case study. This process is an example of how a fall prevention eco-
nomic model was developed using a modified Delphi process and assessed for face validity.

Introduction

Falls are the most common cause of injury hospitalizations in American and Canadian older
adults (> 65 years) [1, 2]. Fall prevention interventions can decrease these events. A network
meta-analysis (NMA) published in 2017 identified seven effective fall prevention interven-
tions: exercise; combined exercise and vision assessment; combined exercise, environmental
assessment, and vision assessment; combined environmental assessment and vision assess-
ment; combined environmental assessment and exercise; combined exercise, electromagnetic
field therapy and whole body vibration, and calcium and vitamin D supplementation; and
combined multifactorial assessment and patient-level quality improvement strategies [3].
Existing cost-effectiveness analyses comparing fall prevention interventions among each other
or to no intervention have not examined the relative economic value of the aforementioned
interventions [4-16].

One of several methods to assess the cost-effectiveness of fall prevention interventions is
decision analytic modeling which allows the comparison of multiple interventions and extrap-
olation of trial data [17]. Although many decision analytic models for fall prevention interven-
tions exist and there are guidelines for best practices in modeling falls, few modelers provide
details on the choice of model structure and the associated assumptions [18]. Without infor-
mation on model assumptions and their justifications, we could not properly assess whether
an existing model is appropriate for our decision problem and instead developed a de novo
model.

Guidelines on model conceptualization recommend a transparent and explicit process that
involves different end user partners, including health economic modelers and health profes-
sionals [19, 20]. Few economic evaluations were found to have documented the model concep-
tualization process and none were specific to falls [21-24].

Therefore, this study had three objectives:

1. to identify important health states events, and patient attributes for fall prevention
interventions;

2. to propose a model structure based on the outcomes of objective 1 to be used in an eco-
nomic evaluation of fall prevention interventions; and

3. to assess the face validity of the model structure.

Methods and analysis

In accordance with health economics guidelines and following the process outlined by Afzali
and colleagues in their 2019 publication on the conceptualization of a frailty model [21], we
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formed a planning committee comprising four individuals with expertise in economic evalua-
tions and knowledge synthesis [19, 20]. Our work was conducted in three stages: 1) a literature
review on economic evaluations of fall prevention interventions and clinical practice guide-
lines for falls to inform survey items; 2) a modified Delphi process consisting of two online sur-
veys to obtain high agreement on model states, events, and patient attributes to inform the
model structure; and 3) virtual teleconferences to obtain feedback on the overall face validity
and assumptions imposed by the model structure.

Literature review

We conducted literature reviews on economic evaluations of fall prevention interventions and
risk factors for falls in older adults to inform the initial list of health states, events, and patient
attributes to be used in the modified Delphi process.

Economic evaluations. The economic evaluation search was conducted by an informa-
tion specialist using Ovid Medline, Embase, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effects,
Cochrane Methodology Register, Health Technology Assessment, National Health Service
Economic Evaluation Database, and AgeLine, from inception to May 13, 2019. The search
strategies, adapted for each database, used a comprehensive combination of subject headings
and keywords for fall prevention, combined with a search filter developed by the Centre for
Reviews and Dissemination National Health Service Economic Evaluation Database to capture
economic evaluations (S1 File). The search was limited to the English or Thai languages. The
literature search results were screened for model-based economic evaluations on fall preven-
tion interventions and the model type and health states were summarized for each included
study.

Clinical Practice Guidelines. We also reviewed the literature on fall risk factors by
searching for Clinical Practice Guidelines on preventing falls in older adults. Clinical Practice
Guidelines were selected as an appropriate source for risk factors as they summarized key risk
factors for screening according to setting. The search was conducted in Ovid Medline from
inception to October 23, 2019 using the search strategy for falls from the economic evaluation
search, clinical guidelines search terms published by the Canadian Agency for Drugs and
Technologies in Health [25] and limited to English language publications (S2 File). Included
studies were reviewed for information on risk factors.

Delphi process

We conducted a modified Delphi process to obtain input on model conceptualization from a
wide range of end user partners. The Delphi process, used by three previously identified eco-
nomic evaluation model conceptualization studies [21, 22, 24], is a method of consensus-
building that typically consists of an iterative process of obtaining feedback from a panel of
experts. We used a modified online Delphi process in which the initial survey was developed
using the literature review rather than an open-ended questionnaire [26].

The aim of the Delphi process was to gain high agreement on the set of health states, events,
and patient attributes to include in our model. An individual-level, state transition (microsi-
mulation) model was selected for our analysis, as it allows us to introduce heterogeneity and
patient history into our model [27].

Health states are conditions a person can be in and are required to be mutually exclusive
and exhaustive [27]. To help respondents identify health states for fall prevention interven-
tions, we asked them to consider whether a health state would have an impact on costs, health-
related quality of life, mortality, and progression to other states. Events are experiences that
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also impact costs, health-related quality of life, mortality, and progression to other states but
are distinguished from health states by their temporary nature. Because some conditions and
experiences could be considered either a health state or an event, particularly depending on
the time horizon of the model, we asked about these items together, including the option to
provide input on whether the item should be considered a health state or event.

We used the term “patient attributes” to refer to heterogeneous patient characteristics
which may be associated with the risk of a fall, risk of injury after a fall, type of injury after a
fall, cost of treating an injury after a fall, disease progression, clinical pathway after a fall (e.g.,
treatment, hospitalization, rehabilitation hospitalization, admittance to long-term care), qual-
ity of life, resource use, or mortality.

Panel members. Experts for the Delphi panel were recruited from the project grant team
and invited via email in October 2019. The project grant team comprised 19 individuals with
experience in economic evaluations, decision modeling, knowledge synthesis, applied geriatric
research, fall prevention, and health policy decision-making representing Alberta (n = 4), Brit-
ish Columbia (n = 1), and Ontario (n = 14). We aimed to have the maximum number of panel
members within the constraint of our recruitment pool. Panel members provided written con-
sent to participate in the modified Delphi process via email and surveys were administered
using SurveyMonkey, a cloud-based software that supports online survey development and
distribution [28].

Surveys. Surveys were developed in SurveyMonkey [28] by the planning committee,
guided by the format used by Afzali and colleagues and using the literature review results [21,
28]. The first survey was pilot tested with four people recruited from research teams at our
institution and not included on the panel. Pilot testers provided feedback on the questions and
suggested rewording. The first survey was circulated on February 10, 2020 with a deadline of
February 24, 2020. The second survey was circulated on March 30, 2020 with a deadline of
April 27, 2020. All definitions for high agreement, criteria to drop items and stopping criteria
were determined a priori, using the definition of high agreement established by Schneider and
colleagues (Table 1) [29].

An introduction to the survey presented concepts of economic evaluations such as state
transition models, time horizon and cycle length. The first survey consisted of eight questions
and a conflict of interest declaration (S3 File). In the first question, panel members were asked
to rate potential health states/events on a Likert scale from 0 to 5 representing no impact to
very strong impact. Panel members rated patient attributes based on the strength of their
potential association with falls from 0 to 5 representing no association to very strong associa-
tion. A “Don’t Know” option was given to dissuade non-informative responses. There was an
opportunity for respondents to suggest additional health states, events, and patient attributes.

Table 1. Criteria for Delphi methods adapted from Schneider and colleagues [29].

Definition of high agreement

4 Inclusion: > 80% of respondents rate an item four or greater on a scale from zero to five

¢ Exclusion: > 80% of respondents rate an item two or less on a scale from zero to five

¢ Non-consensus: All other possibilities

Criteria to drop items

¢ Excluded items based on above criteria will not move forward to next round.

Stopping criteria

# The modified Delphi process will end when high agreement is reached or after three rounds of surveys, whichever
comes first. If high agreement is not reached, the planning committee will make a final determination for items for

which high agreement was not reached based on survey responses and by reaching out to individuals with
contrasting scores for discussion.

https://doi.org/10.1371/journal.pone.0280572.t001
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The second survey was personalized for each panel member, such that their rating and the
group mean ratings from the first survey were indicated for each item (54 File). Items that
reached high-agreement on the first survey were presented as a table with no rating required.
Items that met criteria for non-consensus and newly proposed items were rerated.

We planned to administer a third survey, personalized for each panel member, to present
their ratings and the group mean ratings on the second survey.

For each survey, the planning committee used the distribution of ratings to group items
into inclusion, exclusion, and non-consensus categories according to the pre-defined criteria.
Item categories and mean values were shared via email with the project team including the
panel.

Initial model development

Five team members with experience in economic evaluation and decision modeling who were
not on the Delphi panel reviewed the list of health states and events for inclusion from the
online modified Delphi process. This group met in June 2020 to discuss and draft a model
structure.

Face validity

The project team met virtually to assess the face validity of the proposed model structure and
assumptions. Face validity, an important and iterative step in the model development process,
is assessed by clinical experts to determine whether the structure, pathways, and assumptions
of a model accurately reflect clinical and scientific understanding of the condition [30, 31].
Prior to the virtual meeting, a walk-through of the model including audio was created and cir-
culated using Prezi, a presentation software (https://prezi.com/l__rx5dnv6i3/final_model-
intro-and-pathway/?utm_campaign=share&utm_medium=copy) [32]. The model walk-
through reiterated relevant concepts of economic evaluations first introduced in the surveys
and described the target population, states, and transitions. Following circulation of the pro-
posed model structure and Prezi walk-through, meetings were held in July 2020 with the proj-
ect team to present survey results and discuss the proposed model structure. Feedback on
whether the model appropriately represents the clinical pathway of community-dwelling older
adults at risk of falling was obtained to assess the face validity of the model structure. Targeted
clinical questions were asked during the meetings to assess face validity of the model. Ques-
tions were asked about the model pathway, fall-related injuries, and model assumptions.

Ethics

This study received an exemption from the St. Michael’s Hospital Research Ethics Board
because all participants and panel members were members of the research team.

Results
Literature review

Economic evaluations. During the economic evaluation search the information specialist
identified a systematic review on economic evaluations of fall prevention interventions pub-
lished in 2018 [33]. Consequently, we limited our screening to publication dates after 2017 to
identify studies that could not have been included by the previous systematic review. We iden-
tified 13 economic evaluations that used state-transition models, including 9 that were
included in the identified systematic review [4-6, 9, 10, 12-15] and 4 additional economic
evaluations [7, 8, 11, 16] (S1 Table).
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Most models (8/13, 62%) defined states based on a combination of fall risk and setting [4-8,
10, 15, 16], one model separated states by fall with or without fear of falling [12], three eco-
nomic evaluations defined states based on fractures [11, 13, 14] and one defined states based
solely on fall risk [6], although this model was for a population already living in residential
aged care.

Clinical Practice Guidelines. The initial search resulted in 399 articles. Thirty-three arti-
cles were included for full-text screening. During the screening process, guidelines by the Reg-
istered Nurses” Association of Ontario were found [34]. These guidelines were comprehensive
and Ontario-focused and became the main source of information for the initial set of risk fac-
tors. In the guidelines, risk factors for falls were presented in four categories: behavioral or psy-
chological; biological; environmental or situational, socio-economic. The guidelines also
included a list of health conditions associated with an increased risk of falls or fall injuries,
which formed the initial set of patient attributes in the first survey.

Delphi process

Panel members. Eleven of the 15 individuals who were engaged in the project and not on
the planning committee agreed to participate in the modified Delphi process. Panelists
included seven members from Ontario, three from Alberta, and one from British Columbia.
The panel comprised four clinicians, four geriatricians, one patient partner, six policy-makers,
one health service researcher, one clinical operational leader, and two health economists with
most panelists representing more than one area of expertise.

Survey results. The response rates were 100% (11/11) and 91% (10/11) on the first and
second surveys, respectively. We deviated from our protocol and did not administer a third
survey due to time constraints related to the COVID-19 pandemic.

First survey. All eleven panelists responded to the first survey and the distribution of ratings
is shown in Tables 2 and 3. Using the pre-determined criteria for high agreement, the follow-
ing 9 out of 20 possible health states/events met criteria for inclusion: hip fracture; surgery for
hip fracture; head injury; fall; long-term care housing; vertebral fracture; hospitalization; reha-
bilitation hospitalization; and specialized dementia care or memory care in supportive hous-
ing. The following 18 patient attributes out of 38 met inclusion criteria: gait, balance, or
mobility difficulties; history of falls/ previous falls; impaired vision; age, older age; dementia/
cognitive impairment; physical inactivity; fear of falling; substance use; use of certain medica-
tions (anticonvulsants, tranquilizers, antihypertensives, opioids/narcotics); need for transfer
assistance; home hazards (e.g., loose carpets, pets, stairs); use of restraints; overall frailty, older
age; Parkinson’s disease; stroke; dementia/cognitive impairment; multiple sclerosis; and
osteoporosis.

Dementia/cognitive impairment was included as both a biological risk factor and a health
condition and thus was rated by everyone twice. Although dementia/cognitive impairment
met inclusion criteria both times it was rated, the rating differed slightly and it had a mean rat-
ing of 4.40 and 4.50 when rated as a biological factor and health condition, respectively
(Table 3).

Second survey. The second survey asked about 11 health states/events that did not reach
high agreement and 4 newly proposed health states/events. Twenty patient attributes that did
not reach high agreement and three newly proposed patient attributes were also included.
Almost all (10/11, 91%) panelists responded to the second survey and the distribution of rat-
ings is shown in Tables 4 and 5. The following five health states/events met inclusion criteria
in the second survey: post-fall; wrist fracture; emergency department visit; independent hous-
ing (e.g., own home); and death due to fall. The following eight patient attributes met inclusion
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Table 2. Summary of health states/events ratings from the first Delphi survey.

Panel Average Distribution of ratings (%)
Rating No impact | Very weak Weak Moderate Strong Very strong | Don’t
(0) impact (1) impact (2) |impact (3) impact (4) |impact (5) know

Health states/events that met inclusion criteria
Hip fracture 4.89 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1(9%) 8 (73%) 2 (18%)
Surgery for hip fracture 4.80 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (18%) 8 (73%) 1 (9%)
Head injury 4.70 0 (0%) 0 (0%) 0 (0%) 1 (9%) 1(9%) 8 (73%) 1 (9%)
Fall 4.60 0 (0%) 0 (0%) 0 (0%) 1 (9%) 2 (18%) 7 (64%) 1 (9%)
Long-term care housing (e.g., nursing home) 4.40 0 (0%) 0 (0%) 1(9%) 0 (0%) 3 (27%) 6 (55%) 1 (9%)
Vertebral fracture 4.40 0 (0%) 0 (0%) 1(9%) 1 (9%) 1 (9%) 7 (64%) 1 (9%)
Hospitalization 4.40 0 (0%) 0 (0%) 1 (9%) 1 (9%) 1 (9%) 7 (64%) 1 (9%)
Rehabilitation hospitalization 4.40 0 (0%) 0 (0%) 0 (0%) 0 (0%) 6 (55%) 4 (36%) 1 (9%)
Specialized dementia care or memory care in 4.20 0 (0%) 0 (0%) 1 (9%) 1 (9%) 3 (27%) 5 (45%) 1 (9%)

Supportive housing (e.g., retirement home)

Health states/events that did not meet inclusion or exclusion criteria (non-consensus)

Post-fall 420 0 (0%) 0 (0%) 1 (9%) 2 (18%) 1(9%) 6 (55%) 1(9%)
Wrist fracture 4.00 0 (0%) 0 (0%) 0 (0%) 4 (36%) 2 (18%) 4(36%) 1(9%)
Emergency department visit 4.00 0 (0%) 1(9%) 0 (0%) 2 (18%) 2 (18%) 5 (45%) 1(9%)
Independent housing (e.g., own home) 3.70 1(9%) 0 (0%) 0 (0%) 2 (18%) 4 (36%) 3 (27%) 1 (9%)
Independent supported living service in 3.70 0 (0%) 0 (0%) 0 (0%) 4 (36%) 5 (45%) 1(9%) 1(9%)
Supportive housing

Assisted living in Supportive housing (e.g., 3.70 0 (0%) 0 (0%) 0 (0%) 4 (36%) 5 (45%) 1 (9%) 1 (9%)
retirement home)

Death due to fall 3.73 1(9%) 2 (18%) 0 (0%) 0 (0%) 1(9%) 7 (64%) 0 (0%)
Short term stay in Supportive housing (e.g., 3.50 0 (0%) 0 (0%) 0 (0%) 6 (55%) 3(27%) 1 (9%) 1 (9%)
retirement home)

Death 3.55 1(9%) 2 (18%) 0 (0%) 1 (9%) 1(9%) 6 (55%) 0 (0%)
Fear of falling 3.50 0 (0%) 0 (0%) 2 (18%) 4 (36%) 1 (9%) 3(27%) 1 (9%)
No fall history 2.90 1(9%) 2 (18%) 1 (9%) 2 (18%) 1(9%) 3 (27%) 1(9%)

https://doi.org/10.1371/journal.pone.0280572.t1002

criteria in the second survey: incorrect use of assistive devices; wearing unsupportive footwear;
polypharmacy; prolonged hospital stay; unable to afford supportive footwear; no social sup-
ports, isolated; unable to afford certain medications, nutritious foods; and psychiatric illness
(including depression).

Initial model development

There were 14 health states/events selected for inclusion after both surveys (Table 6). Using
these results, a proposed model structure was developed with members of the planning com-
mittee and discussions with a geriatrician with decision modeling experience and a health
economist.

It was not possible to use the resulting list of health states/events as model health states
since they would not meet the criteria of mutual exclusivity. For example, someone could have
a hip fracture and be hospitalized. We chose to use a subset of health states that represent set-
tings for our model’s states, which ensured mutual exclusivity and aligned with many previous
studies that used community setting (independent housing) and residential aged care (long-
term care housing) states [4, 5, 7-11, 15, 16]. All of the fall prevention interventions of interest
occur in the community setting so another advantage of using settings as health states is that
this setup simplifies the modelling of the interventions; everyone at the start of the model will
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Table 3. Summary of patient attributes ratings from the first Delphi survey.

Distribution of ratings (%)

Panel No Very weak Weak Neutral Strong Very strong Don’t

Average association association (1) |association (2) | association (3) | association (4) | association (5) |know

Rating (0)
Patient attributes that met inclusion criteria
Gait, balance, or mobility difficulties 5.00 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 10 (91%) 1(9%)
History of falls/previous falls 4.80 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (18%) 8 (73%) 1 (9%)
Impaired vision 450 0 (0%) 0 (0%) 0 (0%) 1(9%) 3 (27%) 6 (55%) 1(9%)
Age, older age 436 0 (0%) 0 (0%) 0 (0%) 1(9%) 5 (45%) 5 (45%) 0 (0%)
Dementia/cognitive impairment 4.40 0 (0%) 0 (0%) 0(0%) 1(9%) 4 (36%) 5 (45%) 1(9%)
Physical inactivity 4.60 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4(36%) 6 (55%) 1(9%)
Fear of falling 422 0 (0%) 0 (0%) 0 (0%) 1(9%) 5 (45%) 3 (27%) 2 (18%)
Substance use 4.10 0 (0%) 0 (0%) 0 (0%) 2 (18%) 5 (45%) 3 (27%) 1(9%)
Use of certain medications 4.80 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (18%) 8 (73%) 1(9%)
(anticonvulsants, tranquilizers,
antihypertensives, opioids/narcotics)
Need for transfer assistance 4.40 0 (0%) 0 (0%) 0 (0%) 0 (0%) 6 (55%) 4 (36%) 1(9%)
Home hazards (e.g., loose carpets, 4.30 0 (0%) 0 (0%) 0 (0%) 1(9%) 5 (45%) 4 (36%) 1(9%)
pets, stairs)
Use of restraints 4.20 0 (0%) 0 (0%) 1 (9%) 0 (0%) 5 (45%) 4 (36%) 1 (9%)
Overall frailty, older age 4.60 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4 (36%) 6 (55%) 1(9%)
Parkinson’s disease 4.60 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4 (36%) 6 (55%) 1 (9%)
Stroke 4.60 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4 (36%) 6 (55%) 1 (9%)
Dementia/cognitive impairment 4.50 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (45%) 5 (45%) 1 (9%)
Multiple sclerosis 4.44 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (45%) 4 (36%) 2 (18%)
Osteoporosis 3.88 0 (0%) 1 (9%) 0 (0%) 0 (0%) 5 (45%) 2 (18%) 3 (27%)
Patient attributes that did not meet inclusion or exclusion criteria (non-consensus)
Malnutrition and related sarcopenia 3.88 0 (0%) 0 (0%) 0 (0%) 3(27%) 3 (27%) 2 (18%) 3(27%)
Sex 3.43 0 (0%) 0 (0%) 0 (0%) 5 (45%) 1(9%) 1(18%) 4 (36%)
Incontinence 3.33 0 (0%) 0 (0%) 1(9%) 4 (36%) 4 (36%) 0 (0%) 2 (18%)
Hurrying, not paying attention 3.80 0 (0%) 0 (0%) 0 (0%) 4 (36%) 4 (36%) 2 (18%) 1 (9%)
Incorrect use of assistive devices 3.80 0 (0%) 0 (0%) 0 (0%) 4 (36%) 4 (36%) 2 (18%) 1 (9%)
Dual tasking 3.67 0 (0%) 0 (0%) 1 (9%) 3 (27%) 3 (27%) 2 (18%) 2 (18%)
Wearing unsupportive footwear 3.67 0 (0%) 0 (0%) 0 (0%) 5 (45%) 2 (18%) 2 (18%) 2 (18%)
Taking risks 3.60 0 (0%) 0 (0%) 0 (0%) 4 (36%) 6 (55%) 0(0%) 1 (9%)
Gender 2.67 0 (0%) 0 (0%) 3(27%) 2 (18%) 1 (9%) 0 (0%) 5 (45%)
Polypharmacy 4.20 0 (0%) 0 (0%) 1 (9%) 2 (18%) 1 (9%) 6 (55%) 1 (9%)
Prolonged hospital stay 4.00 0 (0%) 0 (0%) 0 (0%) 2 (18%) 5 (45%) 2 (18%) 2 (18%)
Side rails 3.67 0 (0%) 0 (0%) 2 (18%) 2 (18%) 2 (18%) 3(27%) 2 (18%)
Unable to afford supportive footwear 3.78 0 (0%) 0 (0%) 0 (0%) 3(27%) 5 (45%) 1(9%) 2 (18%)
No social supports, isolated 3.80 0 (0%) 0 (0%) 1 (9%) 2 (18%) 5 (45%) 2 (18%) 1 (9%)
Unable to afford certain medications, 3.67 0 (0%) 0 (0%) 0 (0%) 4 (36%) 4 (36%) 1 (9%) 2 (18%)
nutritious food
Unable to read 3.00 1 (9%) 1 (9%) 1 (9%) 2 (18%) 2 (18%) 2 (18%) 2 (18%)
Psychiatric illness (including 3.70 0 (0%) 0 (0%) 2 (18%) 2 (18%) 3 (27%) 3 (27%) 1(9%)
depression)
Osteoarthritis 3.38 0 (0%) 0 (0%) 1(9%) 3 (27%) 4 (36%) 0 (0%) 3 (27%)
Cancer 3.33 1 (9%) 0 (0%) 0 (0%) 3 (27%) 4 (36%) 1 (9%) 2 (18%)
Hemophilia 3.00 1 (9%) 0 (0%) 1 (9%) 1 (9%) 2 (18%) 1 (9%) 5 (45%)
https://doi.org/10.1371/journal.pone.0280572.t1003
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Table 4. Summary of health states/events ratings from the second Delphi survey.

Panel Average Distribution of ratings (%)
Rating No impact | Very weak Weak Moderate Strong Very strong Don’t
0) impact (1) impact (2) | impact (3) impact (4) impact (5) know

Health states/events that met inclusion criteria
Post-fall 438 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (50%) 3 (30%) 2 (20%)
Wrist fracture 3.89 0 (0%) 0 (0%) 0 (0%) 1 (10%) 8 (80%) 0 (0%) 1 (10%)
Emergency department visit 4.10 0 (0%) 0 (0%) 0 (0%) 1 (10%) 7 (70%) 2 (20%) 0 (0%)
Independent housing (e.g., own home) 3.70 0 (0%) 0 (0%) 1 (10%) 1 (10%) 8 (80%) 0 (0%) 0 (0%)
Death due to fall 411 0 (0%) 0 (0%) 0 (0%) 1 (10%) 6 (60%) 2 (20%) 1(10%)
Health states/events that did not meet inclusion or exclusion criteria (non-consensus)
Independent supported living service 3.70 0 (0%) 0 (0%) 0 (0%) 3 (30%) 7 (70%) 0 (0%) 0 (0%)
in Supportive housing
Assisted living in Supportive housing 3.70 0 (0%) 0 (0%) 0 (0%) 3(30%) 7 (70%) 0 (0%) 0 (0%)
(e.g., retirement home)
Short term stay in Supportive housing 3.40 0 (0%) 0 (0%) 0 (0%) 6 (60%) 4 (40%) 0 (0%) 0 (0%)
(e.g., retirement home)
Death 3.78 0 (0%) 0 (0%) 0 (0%) 4 (40%) 3 (30%) 2 (20%) 1 (10%)
Fear of falling 3.44 0 (0%) 0(0%) 0 (0%) 5(50%) 4 (40%) 0 (0%) 1 (10%)
No fall history 2.60 0 (0%) 1 (10%) 3 (30%) 5(50%) 1(10%) 0 (0%) 0 (0%)
Ankle fracture 3.80 0 (0%) 0(0%) 0 (0%) 4 (40%) 4 (40%) 2 (20%) 0 (0%)
Humerus fracture 3.89 0 (0%) 0(0%) 0 (0%) 2 (20%) 6 (60%) 1 (10%) 1 (10%)
Alternate level of care 3.78 0 (0%) 0 (0%) 0 (0%) 4 (40%) 3 (30%) 2 (20%) 1(10%)
Transitional care unit 3.78 0 (0%) 0 (0%) 0 (0%) 4 (40%) 3(30%) 2 (20%) 1 (10%)

https://doi.org/10.1371/journal.pone.0280572.t1004

be in the community setting and receiving one of seven interventions. Hospital and rehabilita-
tion hospital were included as health states since they represent settings in which people may
stay for longer periods of time. Specialized dementia care or memory care in Supportive hous-
ing (e.g., retirement home) was not included as a health state because data on such a special-
ized setting is limited. Additionally, other specialized settings were not included and it would
have been inconsistent to add complexity for only one setting. Instead the independent hous-
ing setting was broadened to a community setting state including own home, retirement
homes, supportive housing and assisted living. Furthermore, dementia/cognitive impairment
met inclusion criteria in the patient attribute question. Although not selected for inclusion by
the Delphi panel, death was included as a health state to ensure states were exhaustive (Fig 1).
Many of the previous models also separated health states into low-, medium-, and high-risk
fallers based on previous falls and fall injuries [4-9, 16]. Only two of the previous models
included medical contact or treatment as part of the risk criteria [8, 16]. Because we used a
microsimulation model, we had the ability to track previous falls, fall injuries, medical contact
(such as emergency department visits), and treatments (such as surgery). This allowed us to
use a reduced number of health states without sacrificing detail [27]. Based on the results from
the surveys, the following events will be tracked: fall; hip fracture; vertebral fracture; wrist frac-
ture; head injury; surgery for hip fracture; and emergency department visit. To account for
other fall-related injuries, we added “minor injury” based on recommendations by Schwenk
and colleagues on reporting fall injuries in randomized controlled trials [35], and fall-related
injuries reported in the Canadian Community Health Survey, an annual, cross-sectional sur-
vey that collects information on health status, health care utilization, and health determinants
for the Canadian population [36].
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Table 5. Summary of patient attributes ratings from the second Delphi survey.

Distribution of ratings (%)

Panel No Very weak Weak Neutral Strong Very strong Don’t
Average association (0) | association (1) association (2) |association (3) |association (4) |association (5) know
Rating
Patient attributes that met inclusion criteria
Incorrect use of assistive 4.00 0 (0%) 0 (0%) 0 (0%) 1(10%) 8 (80%) 1 (10%) 0 (0%)
devices
Wearing unsupportive 4.00 0 (0%) 0 (0%) 0 (0%) 0 (0%) 9 (90%) 0 (0%) 1 (10%)
footwear
Polypharmacy 4.30 0 (0%) 0 (0%) 0 (0%) 0 (0%) 7 (70%) 3 (30%) 0 (0%)
Prolonged hospital stay 4.10 0 (0%) 0 (0%) 0 (0%) 0 (0%) 9 (90%) 1 (10%) 0(0%)
Unable to afford supportive 3.89 0 (0%) 0 (0%) 0 (0%) 1 (10%) 8 (80%) 0 (0%) 1(10%)
footwear
No social supports, isolated 4.00 0 (0%) 0 (0%) 0 (0%) 0 (0%) 10 (100%) 0 (0%) 0 (0%)
Unable to afford certain 3.90 0 (0%) 0 (0%) 0 (0%) 1 (10%) 9 (90%) 0 (0%) 0 (0%)
medications, nutritious food
Psychiatric illness 3.80 0 (0%) 0 (0%) 0 (0%) 2 (20%) 8 (80%) 0 (0%) 0 (0%)

(including depression)

Patient attributes that did not meet inclusion or exclusion criteria (non-consensus)

Malnutrition and related 3.89
sarcopenia

Sex 3.30
Incontinence 3.40
Hurrying, not paying 3.78
attention

Dual tasking 3.56
Taking risks 3.78
Gender 2.90
Side rails 3.78
Unable to read 3.30
Osteoarthritis 3.40
Cancer 3.20
Hemophilia 3.10
Diabetes 3.70
Cardiac disease 3.40
Hypertension 3.40

https://doi.org/10.1371/journal.pone.0280572.1005

0 (0%) 0 (0%) 0 (0%) 2 (20%) 6 (60%) 1 (10%) 1 (10%)
0 (0%) 0 (0%) 0 (0%) 7 (70%) 3 (30%) 0 (0%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 6 (60%) 4 (40%) 0 (0%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 2 (20%) 7 (70%) 0 (0%) 1(10%)
0 (0%) 0 (0%) 0 (0%) 4 (40%) 5 (50%) 0 (0%) 1(10%)
0 (0%) 0 (0%) 0 (0%) 2 (20%) 7 (70%) 0 (0%) 1(10%)
0 (0%) 0 (0%) 2 (20%) 7 (70%) 1(10%) 0 (0%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 2 (20%) 7 (70%) 0 (0%) 1(10%)
0 (0%) 0 (0%) 1 (10%) 5 (50%) 4 (40%) 0 (0%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 6 (60%) 4 (40%) 0 (0%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 9 (90%) 0 (0%) 1 (10%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 9 (90%) 1(10%) 0 (0%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 4 (40%) 5 (50%) 1 (10%) 0 (0%)
0 (0%) 0 (0%) 1 (10%) 5 (50%) 3 (30%) 1(10%) 0 (0%)
0 (0%) 0 (0%) 0 (0%) 6 (60%) 4 (40%) 0 (0%) 0 (0%)
Face validity

Summary results of the modified Delphi process were emailed to the project team including
panel members after the first and second surveys. Subsequently, three meetings were held via
Zoom [37] in July 2020 to relay findings, discuss the proposed model structure and assess its
face validity. Experts who participated in face validity meetings included clinician-researchers
with active practices, decades of experience, and over one hundred peer-reviewed publications.
Between eight to ten people attended each meeting.

Pathway. Specific questions about the clinical pathways in the model were asked such as
how an individual in Canada may navigate the health system after a fall. For example, admis-
sion to hospital for someone living in a community setting would be through the emergency
department. Accordingly, our model pathway reflects this healthcare service use and cost.
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Table 6. Included health states/events as selected by Delphi panel.

Health state/event

Independent housing (e.g., own home)
Specialized dementia care or memory care in Supportive housing (e.g., retirement home)
Long-term care housing (e.g., nursing home)
Fall

Post-fall

Hip fracture

Wrist fracture

Vertebral fracture

Head injury

Emergency department visit

Hospital

Surgery for hip fracture

Rehabilitation hospital

Death due to fall

https://doi.org/10.1371/journal.pone.0280572.t006

Injuries. During the meetings, the potential fall-related injuries were expanded to include
moderate injuries. Definitions of injuries were clarified such that a head injury refers specifi-
cally to an intracranial bleed, moderate injuries are dislocations or fractures not already
included and minor injuries include soft tissue injuries such as cuts, scrapes, bruises, and
sprains.

Model assumptions. The main assumption of our model imposed by the structure is that
there can be a maximum of one fall per cycle and one injury per fall. Discussions with clinical
experts revealed that for some frequent fallers, the assumption of one fall per two weeks is falla-
cious; however, the assumption is reasonable when considering the average number of falls for
our target population. Our results may not apply to the small population of people who are
very frequent fallers. The assumption about one injury per fall was highlighted as a limitation
since people may sustain more than one injury in a fall event; however, Canadian data showed
only 1.9% of older adults reported multiple injuries due to a fall [36]. Given the less frequent
nature of multiple injuries, the decision was made to proceed with the given structure and
highlight the assumption as a limitation.

Discussion

A model conceptualization process was undertaken to develop a state-transition model for an
economic evaluation of fall prevention interventions. Over twenty people contributed to
model conceptualization process including eleven comprising the Delphi panel. Twenty-three
health states/events and 41 patient attributes were rated. Of those, 14 health states/events and
26 patient attributes met high agreement criteria for inclusion.

The model structure used 5 of the 14 health states/events as health states (community set-
ting; residential aged care setting; hospitalization; rehabilitation hospitalization; and death due
to a fall) and 7 as events (fall, hip fracture, vertebral fracture, wrist fracture, head injury, sur-
gery for hip fracture, and emergency department visit). During the Delphi process death was
not selected by the panel although the proposed model time horizon was over the lifetime. Dis-
cussions later revealed potential reasons for the low ratings such as no events following death,
interpreting death as an end point rather than an outcome in itself, and emphasis placed on
morbidity in terms of quality of life and function rather than mortality in frail older adults
who may have a short life expectancy.
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Fig 1. Model structure. Community setting;: includes people who are living in settings such as their own home, retirement home,
supportive housing or assisted living; Residential aged care setting: includes people living in settings such as long-term care facilities,
nursing homes or residential care; Hospital: includes hospital inpatient Rehabilitation hospital: includes rehabilitation hospital inpatients;
Death due to a fall: represents those who died as a result of a fall; Death: represents those who died by any cause other than a fall; ED:
emergency department visit; Injury: includes hip fracture, vertebral fracture, wrist fracture, and head injury; Surgery: hip fracture surgery.

https://doi.org/10.1371/journal.pone.0280572.9001

The specific fracture outcomes (hip, vertebral, and wrist) that were identified as important
by our Delphi panel were consistent with the recommended injurious outcomes in guidelines
on conducting falls CEAs [18]. Another outcome listed by the guidelines was traumatic brain
injury. Although our Delphi panel selected “head injury” for inclusion, this was later clarified
to mean intracranial bleed by our geriatricians because an intracranial bleed is a more severe
subtype of traumatic brain injuries.

Health economic modeling guidelines recommend developing a model without consider-
ation of data availability, thus all patient attributes identified through the literature review
were included on the surveys [20]. In total, 26 patient attributes met criteria for inclusion in
our model. Once we obtained the list of patient attributes, data on some variables (such as
wearing unsupportive footwear or incorrect use of assistive devices) were not available in the
databases. Furthermore, many existing resources address one risk factor at a time which pre-
vents us from incorporating all risk factors in the presence of each other. Therefore, the final
list of patient attributes to be included in the model were those which were believed to be rele-
vant and had available data.

This work was strengthened by a greater than 90% response rate on both surveys and
the continual engagement of multiple end user partners throughout the process. There
were limitations that should be considered when interpreting the results. First, we did not
conduct a systematic review of the literature on economic evaluations of falls. We limited
our searches to languages comprehended by the planning committee (English and Thai),
and risk factors searches to clinical practice guidelines. This may have resulted in relevant
health states, events, and patient attributes being excluded from input into the surveys.
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Second, our Delphi panel did not achieve consensus on all items and a third survey was not
completed. We chose not to prepare and circulate a third survey due to time constraints on
the planning committee and panel members related to the COVID-19 pandemic [38].
Additional items may have reached high agreement for inclusion with additional surveys
and may have resulted in changes to our proposed model structure. The use of “Don’t
Know” which was intended to dissuade uninformative responses, was used less frequently
in the second compared to the first survey. One major difference between the first and sec-
ond survey was the inclusion of the panel average from the first survey on the second.
Many respondents who selected don’t know on the first survey provided a response on the
second survey consistent with the panel average. Finally, our Delphi panel included 11 peo-
ple living in mainly urban settings in 3 Canadian provinces who may not be reflective of
the diversity of the Canadian population nor an international perspective. Furthermore,
we included limited specialists on our panel and the inclusion of other specialists such as
physiotherapists, occupational therapists, and kinesiologists, and other panels may pro-
duce different results.

There were limitations to our process that should be considered by others embarking on
similar work. Unlike other studies that underwent modified Delphi processes, we drafted a
state-transition model rather than a conceptual model [21, 22, 24]. Furthermore, aligned
with Afzali and colleagues’ work [21], we engaged our Delphi panel after the literature
search such that the panel rated all items independently of each other. This contrasted with
other methods in which a conceptual model was first drafted and then the panel had the
opportunity to comment on the importance of items but also how they relate to the overall
picture [22, 24]. This method could have been a more informative approach to determine
the clinical pathway of patients.

Conclusions

This study demonstrated a transparent model conceptualization process, which resulted in a
six-state microsimulation model. Model conceptualization is a crucial step in economic evalu-
ations using decision modeling, but documentation and examples of the process is lacking.
The dissemination of this work allows others who are undergoing similar work to build on our
process. The transparency of the model development allows others to determine the reason-
ableness of the assumptions we used and determine for themselves whether this work or a sim-
ilar approach would be appropriate for their decision problem.

Supporting information

S1 File. Economic evaluation search strategy.
(PDF)

S2 File. Clinical practice guidelines search strategy.
(PDF)

$3 File. Survey 1.
(PDF)

$4 File. Survey 2.
(PDF)

$1 Table. Summary of model-based cost-effectiveness analyses.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0280572 January 27, 2023 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280572.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280572.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280572.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280572.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0280572.s005
https://doi.org/10.1371/journal.pone.0280572

PLOS ONE Developing a fall prevention intervention economic model

Acknowledgments

The authors gratefully acknowledge Brenda Hemmelgarn, Michael Campo, Petros Pechlivano-
glou, and Emre Yurga for contributions to the grant submission and modified Delphi process;
Kelly McDonald for contributions to the grant submission; Carolyn Ziegler for developing the
cost-effectiveness search strategy and conducting the cost-effectiveness search; Deena and Lisa
Masucci for screening cost-effectiveness articles; Shazia Siddiqui, Stephen Mac, Desmond
Loong, and Lisa Masucci for pilot testing the first Delphi survey; Eric Wong for clinical input
and discussions on the model structure; and Ba’ Pham for discussions on the model structure.

Author Contributions

Conceptualization: Hailey Saunders, Carol Anderson, Fabio Feldman, Barbara Liu, Sharon
Marr, Ahmed M. Bayoumi, Sharon E. Straus, Andrea C. Tricco, Wanrudee Isaranuwatchai.

Data curation: Hailey Saunders, Andrea C. Tricco, Wanrudee Isaranuwatchai.
Formal analysis: Hailey Saunders, Wanrudee Isaranuwatchai.

Funding acquisition: Hailey Saunders, Carol Anderson, Fabio Feldman, Jayna Holroyd-
Leduc, Ravi Jain, Barbara Liu, Sharon Marr, James Silvius, Jennifer Weldon, Ahmed M.
Bayoumi, Sharon E. Straus, Andrea C. Tricco, Wanrudee Isaranuwatchai.

Investigation: Hailey Saunders, Sharon E. Straus, Andrea C. Tricco, Wanrudee
Isaranuwatchai.

Methodology: Hailey Saunders, Fabio Feldman, Barbara Liu, Susan Macaulay, Ahmed M.
Bayoumi, Sharon E. Straus, Andrea C. Tricco, Wanrudee Isaranuwatchai.

Supervision: Ahmed M. Bayoumi, Sharon E. Straus, Andrea C. Tricco, Wanrudee
Isaranuwatchai.

Visualization: Hailey Saunders, Ahmed M. Bayoumi.
Writing - original draft: Hailey Saunders.

Writing - review & editing: Carol Anderson, Fabio Feldman, Jayna Holroyd-Leduc, Ravi
Jain, Barbara Liu, Susan Macaulay, Sharon Marr, James Silvius, Jennifer Weldon, Ahmed
M. Bayoumi, Sharon E. Straus, Andrea C. Tricco, Wanrudee Isaranuwatchai.

References

1. The Canadian Press. Falls the main reason seniors head to hospital, CIHI injury report indicates: CBC;
2019 [July 12, 2019]. Available from: https://www.cbc.ca/news/health/falls-seniors-cihi-1.5208253.

2. Moreland B, Kakara R, Henry A. Trends in nonfatal falls and fall-related injuries among adults aged> 65
years—United States, 2012—-2018. Morbidity and Mortality Weekly Report. 2020; 69(27):875.

3. Tricco AC, Thomas SM, Veroniki AA, Hamid JS, Cogo E, Strifler L, et al. Comparisons of interventions
for preventing falls in older adults: a systematic review and meta-analysis. Jama. 2017; 318(17):1687—
99. https://doi.org/10.1001/jama.2017.15006 PMID: 29114830

4. ChurchJ, Goodall S, Norman R, Haas M. An economic evaluation of community and residential aged
care falls prevention strategies in NSW. New South Wales public health bulletin. 2011; 22(3—4):60-8.
Epub 2011/06/083. https://doi.org/10.1071/NB10051 PMID: 21632001.

5. Church J, Goodall S, Norman R, Haas M. The cost-effectiveness of falls prevention interventions for
older community-dwelling Australians. Australian and New Zealand journal of public health. 2012; 36
(3):241-8. https://doi.org/10.1111/j.1753-6405.2011.00811.x PMID: 22672030

6. ChurchJ, Haas MR, Goodall S. Cost Effectiveness of Falls and Injury Prevention Strategies for Older
Adults Living in Residential Aged Care Facilities. PharmacoEconomics. 2015; 33(12):1301-10. Epub
2015/08/06. https://doi.org/10.1007/s40273-015-0313-8 PMID: 26242882.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280572 January 27, 2023 14/16


https://www.cbc.ca/news/health/falls-seniors-cihi-1.5208253
https://doi.org/10.1001/jama.2017.15006
http://www.ncbi.nlm.nih.gov/pubmed/29114830
https://doi.org/10.1071/NB10051
http://www.ncbi.nlm.nih.gov/pubmed/21632001
https://doi.org/10.1111/j.1753-6405.2011.00811.x
http://www.ncbi.nlm.nih.gov/pubmed/22672030
https://doi.org/10.1007/s40273-015-0313-8
http://www.ncbi.nlm.nih.gov/pubmed/26242882
https://doi.org/10.1371/journal.pone.0280572

PLOS ONE

Developing a fall prevention intervention economic model

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Deverall E, Kvizhinadze G, Pega F, Blakely T, Wilson N. Exercise programmes to prevent falls among
older adults: modelling health gain, cost-utility and equity impacts. Injury prevention. 2018:injuryprev-
2016-042309. https://doi.org/10.1136/injuryprev-2016-042309 PMID: 29363590

Medical Advisory Secretariat. The Falls/fractures economic model in ontario residents aged 65 years
and over (FEMOR). Ontario health technology assessment series. 2008; 8(6):1. PMID: 23074511

Pega F, Kvizhinadze G, Blakely T, Atkinson J, Wilson N. Home safety assessment and modification to
reduce injurious falls in community-dwelling older adults: cost-utility and equity analysis. Injury preven-
tion. 2016; 22(6):420-6. https://doi.org/10.1136/injuryprev-2016-041999 PMID: 27222247

Farag |, Howard K, Ferreira ML, Sherrington C. Economic modelling of a public health programme for
fall prevention. Age Ageing. 2015; 44(3):409—-14. Epub 2014/12/20. https://doi.org/10.1093/ageing/
afu195 PMID: 25523025.

Kunigkeit C, Stock S, Mlller D. Cost-effectiveness of a home safety intervention to prevent falls in
impaired elderly people living in the community. Archives of osteoporosis. 2018; 13(1):1-10. hitps://doi.
org/10.1007/s11657-018-0535-4 PMID: 30413893

Lee RH, Weber T, Colén-Emeric C. Comparison of Cost-Effectiveness of Vitamin D Screening with
That of Universal Supplementation in Preventing Falls in Community-Dwelling Older Adults. J Am Ger-
iatr Soc. 2013; 61(5):707—14. Epub 2013/05/02. https://doi.org/10.1111/jgs.12213 PMID: 23631393;
PubMed Central PMCID: PMC3656128.

Mori T, Crandall C, Ganz D. Cost-effectiveness of combined oral bisphosphonate therapy and falls pre-
vention exercise for fracture prevention in the USA. Osteoporosis international. 2017; 28(2):585-95.
https://doi.org/10.1007/s00198-016-3772-7 PMID: 27726000

Muller D, Borsi L, Stracke C, Stock S, Stollenwerk B. Cost-effectiveness of a multifactorial fracture pre-
vention program for elderly people admitted to nursing homes. The European Journal of Health Eco-
nomics. 2015; 16(5):517-27. https://doi.org/10.1007/s10198-014-0605-5 PMID: 24818587

Poole CD, Smith J, Davies JS. Cost-effectiveness and budget impact of Empirical vitamin D therapy on
unintentional falls in older adults in the UK. BMJ open. 2015; 5(9):e007910. Epub 2015/10/01. https://
doi.org/10.1136/bmjopen-2015-007910 PMID: 26419680; PubMed Central PMCID: PMC4593147.

Wilson N, Kvizhinadze G, Pega F, Nair N, Blakely T. Home modification to reduce falls at a health dis-
trict level: Modeling health gain, health inequalities and health costs. PloS one. 2017; 12(9):e0184538.
https://doi.org/10.1371/journal.pone.0184538 PMID: 28910342

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the economic evalua-
tion of health care programmes: Oxford university press; 2015.

Davis JC, Robertson MC, Comans T, Scuffham PA. Guidelines for conducting and reporting economic
evaluation of fall prevention strategies. Osteoporosis international: a journal established as result of
cooperation between the European Foundation for Osteoporosis and the National Osteoporosis Foun-
dation of the USA. 2011; 22(9):2449-59. Epub 2010/11/26. https://doi.org/10.1007/s00198-010-1482-0
PMID: 21104231.

Kaltenthaler E, Tappenden P, Paisley S, Squires H. NICE DSU technical support document 13: identify-
ing and reviewing evidence to inform the conceptualisation and population of cost-effectiveness mod-
els. Sheffield: Decision Support Unit, SCHARR, University of Sheffield. 2011.

Roberts M, Russell LB, Paltiel AD, Chambers M, McEwan P, Krahn M. Conceptualizing a model: a
report of the ISPOR-SMDM modeling good research practices task force—2. Medical Decision Making.
2012; 32(5):678-89. https://doi.org/10.1177/0272989X12454941 PMID: 22990083

Haiji Ali Afzali H, Karnon J, Theou O, Beilby J, Cesari M, Visvanathan R. Structuring a conceptual model
for cost-effectiveness analysis of frailty interventions. PloS one. 2019; 14(9):e0222049. https://doi.org/
10.1371/journal.pone.0222049 PMID: 31509563

Tabberer M, Gonzalez-McQuire S, Muellerova H, Briggs AH, Rutten-van Mélken MP, Chambers M,
et al. Development of a conceptual model of disease progression for use in economic modeling of
chronic obstructive pulmonary disease. Medical Decision Making. 2017; 37(4):440-52. https://doi.org/
10.1177/0272989X16662009 PMID: 27486218

Ramos GFP, Kuiper S, Dompeling E, Van Asselt AD, de Grauw WJ, Knottnerus JA, et al. Structuring
and validating a cost-effectiveness model of primary asthma prevention amongst children. BMC medi-
cal research methodology. 2011; 11(1):150. https://doi.org/10.1186/1471-2288-11-150 PMID:
22070532

Gonzalez-McQuire S, Dimopoulos M-A, Weisel K, Bouwmeester W, Hajek R, Campioni M, et al. Devel-
opment of an initial conceptual model of multiple myeloma to support clinical and health economics
decision making. MDM policy & practice. 2019; 4(1):2381468318814253. https://doi.org/10.1177/
2381468318814253 PMID: 30729167

CADTH. Strings attached: CADTH database search filters [Internet] Ottawa2016. Available from:
/resources/finding-evidence.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280572 January 27, 2023 15/16


https://doi.org/10.1136/injuryprev-2016-042309
http://www.ncbi.nlm.nih.gov/pubmed/29363590
http://www.ncbi.nlm.nih.gov/pubmed/23074511
https://doi.org/10.1136/injuryprev-2016-041999
http://www.ncbi.nlm.nih.gov/pubmed/27222247
https://doi.org/10.1093/ageing/afu195
https://doi.org/10.1093/ageing/afu195
http://www.ncbi.nlm.nih.gov/pubmed/25523025
https://doi.org/10.1007/s11657-018-0535-4
https://doi.org/10.1007/s11657-018-0535-4
http://www.ncbi.nlm.nih.gov/pubmed/30413893
https://doi.org/10.1111/jgs.12213
http://www.ncbi.nlm.nih.gov/pubmed/23631393
https://doi.org/10.1007/s00198-016-3772-7
http://www.ncbi.nlm.nih.gov/pubmed/27726000
https://doi.org/10.1007/s10198-014-0605-5
http://www.ncbi.nlm.nih.gov/pubmed/24818587
https://doi.org/10.1136/bmjopen-2015-007910
https://doi.org/10.1136/bmjopen-2015-007910
http://www.ncbi.nlm.nih.gov/pubmed/26419680
https://doi.org/10.1371/journal.pone.0184538
http://www.ncbi.nlm.nih.gov/pubmed/28910342
https://doi.org/10.1007/s00198-010-1482-0
http://www.ncbi.nlm.nih.gov/pubmed/21104231
https://doi.org/10.1177/0272989X12454941
http://www.ncbi.nlm.nih.gov/pubmed/22990083
https://doi.org/10.1371/journal.pone.0222049
https://doi.org/10.1371/journal.pone.0222049
http://www.ncbi.nlm.nih.gov/pubmed/31509563
https://doi.org/10.1177/0272989X16662009
https://doi.org/10.1177/0272989X16662009
http://www.ncbi.nlm.nih.gov/pubmed/27486218
https://doi.org/10.1186/1471-2288-11-150
http://www.ncbi.nlm.nih.gov/pubmed/22070532
https://doi.org/10.1177/2381468318814253
https://doi.org/10.1177/2381468318814253
http://www.ncbi.nlm.nih.gov/pubmed/30729167
https://doi.org/10.1371/journal.pone.0280572

PLOS ONE

Developing a fall prevention intervention economic model

26.

27.

28.
29.

30.

31.

32.
33.

34.

35.

36.

37.
38.

Hsu C-C, Sandford BA. The Delphi technique: making sense of consensus. Practical assessment,
research & evaluation. 2007; 12(10):1-8.

Siebert U, Alagoz O, Bayoumi AM, Jahn B, Owens DK, Cohen DJ, et al. State-transition modeling: a
report of the ISPOR-SMDM modeling good research practices task force—3. Medical Decision Making.
2012; 32(5):690-700. https://doi.org/10.1177/0272989X12455463 PMID: 22990084

SurveyMonkey Inc. San Mateo, California, USA.

Schneider P, Evaniew N, Rendon JS, McKay P, Randall RL, Turcotte R, et al. Moving forward through
consensus: protocol for a modified Delphi approach to determine the top research priorities in the field
of orthopaedic oncology. BMJ open. 2016; 6(5):e011780. https://doi.org/10.1136/bmjopen-2016-
011780 PMID: 27221129

Eddy DM, Hollingworth W, Caro JJ, Tsevat J, McDonald KM, Wong JB. Model transparency and valida-
tion: a report of the ISPOR-SMDM Modeling Good Research Practices Task Force—7. Medical Decision
Making. 2012; 32(5):733—43. https://doi.org/10.1177/0272989X 12454579 PMID: 22990088

Canadian Agency for Drugs Technologies in Health. Guidelines for the economic evaluation of health
technologies: Canada. CADTH, 2017.

Prezi. Hungary: Prezi Inc.

Olij BF, Ophuis RH, Polinder S, Van Beeck EF, Burdorf A, Panneman MJ, et al. Economic evaluations
of falls prevention programs for older adults: a systematic review. Journal of the American Geriatrics
Society. 2018; 66(11):2197-204. https://doi.org/10.1111/jgs.15578 PMID: 30325013

Preventing Falls and Reducing Injury from Falls: clinical best practice guidelines ( 4th ed.) In: Registered
Nurses’ Association of Ontario, editor. Toronto: Registered Nurses’ Association of Ontario; 2017.

Schwenk M, Lauenroth A, Stock C, Moreno RR, Oster P, McHugh G, et al. Definitions and methods of
measuring and reporting on injurious falls in randomised controlled fall prevention trials: a systematic
review. BMC medical research methodology. 2012; 12(1):50. https://doi.org/10.1186/1471-2288-12-50
PMID: 22510239

Do M, Chang V, Kuran N, Thompson W. Fall-related injuries among Canadian seniors, 2005—-2013: an
analysis of the Canadian Community Health Survey. Health promotion and chronic disease prevention
in Canada: research, policy and practice. 2015; 35(7):99. https://doi.org/10.24095/hpcdp.35.7.01
PMID: 26378768

Zoom Cloud Meetings (Version 5.4.9). In: Communications ZVeditor.

WHO Director-General’s opening remarks at the media briefing on COVID-19-11 March 2020. 2020.

PLOS ONE | https://doi.org/10.1371/journal.pone.0280572 January 27, 2023 16/16


https://doi.org/10.1177/0272989X12455463
http://www.ncbi.nlm.nih.gov/pubmed/22990084
https://doi.org/10.1136/bmjopen-2016-011780
https://doi.org/10.1136/bmjopen-2016-011780
http://www.ncbi.nlm.nih.gov/pubmed/27221129
https://doi.org/10.1177/0272989X12454579
http://www.ncbi.nlm.nih.gov/pubmed/22990088
https://doi.org/10.1111/jgs.15578
http://www.ncbi.nlm.nih.gov/pubmed/30325013
https://doi.org/10.1186/1471-2288-12-50
http://www.ncbi.nlm.nih.gov/pubmed/22510239
https://doi.org/10.24095/hpcdp.35.7.01
http://www.ncbi.nlm.nih.gov/pubmed/26378768
https://doi.org/10.1371/journal.pone.0280572

