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Abstract

Background: Falls remain the leading cause of injury, long-term disability, premature institutionalization, and
injury-related mortality in the older adult population. Home modifications, when delivered by occupational
therapists, can reduce falls among high-risk community-dwelling older adults by 39%. However, home-modification
implementation is not standard practice in the United States. The goal of the Home Hazard Removal Program (HARP)
study is to implement an evidence-based home modification intervention for older adults designed to reduce the
incidence of falls through an aging services network.

Methods: We will conduct a hybrid effectiveness/implementation trial of 300 older adults at risk for a fall
who are randomized and followed for 12 months. Participants who are randomized to treatment will receive the home
modification intervention provided by an occupational therapist in addition to usual care, defined as continued services
from the area agency on aging. We will compare the effectiveness of the program and usual care using survival analysis
with the time to the first fall over 12 months as the primary outcome of interest. Secondary outcomes include
daily activity performance, fall self-efficacy, and health-related quality of life. Fidelity, dose, adherence, safety, cost,
and health care utilization will also be examined in the implementation component of this study.

Discussion: This intervention targets an underserved, difficult to reach population of older adults. The tailored
approach of the study intervention is a strength in improving adherence, as each recommendation is individualized to
be acceptable to the participant. The effectiveness/implementation design of the study allows for rapid dissemination
of results and implementation of the intervention in a United States social services agency.

Trial registration: Clinicaltrials.gov identifier: NCT02392013. Retrospectively registered on March 5, 2015.
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Background
Falls remain the leading cause of injury, long-term
disability, premature institutionalization, and injury-
related mortality in the older adult population [1–4].
Falls are the most common cause of traumatic brain
injury and fracture for older adults [5], and they have serious
complications such as institutionalization [6], functional

dependence, paralyzing fear of falling, and death [7–9]. Falls
are an eminent threat to a frail older adult’s ability to main-
tain independence in the community. Approximately 1 in 3
community-dwelling adults aged 65 years and older fall each
year [10, 11], and those older than age 70 have an especially
high fall risk [3]. Older adults who have experienced a
previous fall are at a greater risk of falling again [12].
The majority of falls experienced by older adults, par-
ticularly more frail, high-risk older adults, occur in the
home [1, 13, 14], and measurable home hazards are as-
sociated with an increased risk of older persons falling
in the US [15]. Falls are costly: $30 billion a year is
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spent treating older adults for the effects of falls [16].
As the population ages, costs associated with falls are
projected to reach $59.6 billion by 2020 [11], making
fall prevention a public health priority.
Home modifications include installation of stairway

railings, grab bars, slip-resistant surfacing in the bath-
room, and provision of lighting [17]. Efficacy studies
conducted in Australia and Europe and results from
our own efficacy trial suggest that home modifications,
when delivered by occupational therapists (OTs), can
reduce falls among high-risk community-dwelling older
adults by 39% [17–20]. Despite these findings and rec-
ommendations from the American Geriatrics Society
that home modifications and home hazard removal be
routine for community-dwelling older adults at high
risk for a fall [21], home-modification implementation
is not standard practice in the US. New models of care
must be developed to effectively implement this strat-
egy nationally.
Home modifications to improve daily activity per-

formance have been studied in the US [22, 23], and
there is promising preliminary evidence of the efficacy
of home hazard removal to reduce the risk of falls (in-
cluding our unpublished trial). However, no evidence
shows the pragmatic effectiveness of home modifica-
tions to prevent falls in the US. To our knowledge, this
trial represents the first time an effective home modifi-
cation intervention to prevent falls will be imple-
mented through a US social service delivery system, a
regional area agency on aging (AAA). Community-
engaged research approaches [24–27] will be used to
determine adaptations necessary to deploy a home
modification intervention to prevent falls in the US
within a reliable aging services network. We will re-
duce barriers to program participation by involving
key stakeholders as part of the research team [28, 29]
and clarifying the benefits of the research to the com-
munity [30].
The Home Hazard Removal Program (HARP) study

is a hybrid effectiveness/implementation trial of 300
older adults at high risk for a fall, along with a
process evaluation [31] of the intervention to aid in
dissemination and interpretability of the trial by evaluat-
ing acceptability, feasibility, safety, and cost. We
hypothesize that older adults who receive the program
will have a lower rate and risk of falls and improved
self-efficacy, daily activity performance, and quality of life
compared with the usual care group. We also predict that
home modification interventions will have high accept-
ability (80% retention), high fidelity by therapists (95% of
elements; 90% of dose delivered), low safety risk (no in-
creased rate of falls compared with the usual care group),
and high adherence (80% of modifications in use) at
12 months.

Methods/design
Research design overview
To examine the effect of a home modification (home
hazard removal) program, we will conduct a hybrid ef-
fectiveness/implementation trial of 300 older adults at
risk for a fall who will be randomized to a home hazard
removal program or usual care and then followed for
12 months. Fig. 1 outlines the flow of events for this study.

Setting
This intervention will be implemented and evaluated in
the urban core of St. Louis, Missouri, an area of high
need for an effective fall prevention program. In Missouri,
the fall death rate for older adults is consistently higher
than the national average. The rate nearly doubled
between 2000 and 2009 from 38 to 72.32 per 100,000
older adults [32]. Falls are the leading cause of uninten-
tional injury-related hospitalizations and emergency depart-
ment visits among older Missourians; older adults account
for 64% of all ED visits and hospitalizations resulting from
falls, a rate that is higher than national rates [33, 34].

Study participants
We will recruit from a cohort of older adults who are
“at high risk for a fall” [35]. The inclusion criteria are as
follows: 1) aged 65 years or older; 2) self-report of one
or more previous falls in the preceding 12 months or
self-report as “worried about falling;” and 3) currently
receiving services from St. Louis Area Agency on Aging
(SLAAA). The exclusion criteria are as follows: 1) resi-
dents of nursing homes; and 2) individuals with severe
cognitive impairment who are unable to give consent to
participate (as determined by a score of greater than 10
on the Short Blessed Test) [36].

Recruitment
We will recruit participants by utilizing services provided
by St. Louis Area Agency on Aging (SLAAA) and the
National Aging Program Information System (NAPIS).
SLAAA offers unprecedented access to a population of
older adults who are difficult to reach in the traditional
health care system and could benefit from the interven-
tion. The NAPIS is a database of information collected
annually by the AAA describing the general health, nutri-
tional, financial, functional, and environmental status of
an older adult. In the current cohort of 1331 older adults
screened in 2013 by SLAAA, the average age of the cohort
is 77 years, 67% are female and 74% are African American.
More than 25% reported a fall in the past 12 months, and
40% are “worried about falling.” The average score on per-
formance of activities of daily living (ADLs) was 4 (range
1–7), indicating moderate ADL impairment). We estimate
more than 800 older adults will meet eligibility criteria in
the cohort [37, 38].
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We will receive referrals from the older adults assessed
annually by SLAAA via NAPIS who have reported fallen
in the past 12 months or are worried about falling, and
invite them to participate by telephone. SLAAA will also
distribute our study flyer to recipients of home delivered
meals to generate calls from interested older adults who
are likely homebound and at risk for falling. Interested
older adults will be screened for eligibility.

Randomization and blinding
Upon signed consent, a study interventionist will elicit
randomization. Participants will be allocated using a 1:1
ratio via randomization sequences generated a priori
using a computerized formal probability model. Groups
will be balanced with regard to race (self-reported African
American or “other”) and sex. Randomization sequence
concealment will be achieved by the Research Electronic
Data Capture (REDCap) system [39]. Outcome raters and
data analysis staff will be blinded to group allocation.
However, the nature of the study does not allow for study
interventionists and participants to be blinded to group
allocation.

Intervention
During the treatment phase of the study, each participant
randomized to the control group will receive usual care
from SLAAA, which includes an annual in-home NAPIS
evaluation and individualized referrals to services based
on identified need.
Participants who are randomized to treatment will

receive the home modification (home hazard removal)

intervention in addition to usual care. The intervention,
based on a competence/press theoretical framework [40],
will be provided by registered and licensed OT. Home
modifications include changes to the physical environment
(both spaces and objects within the environment), educa-
tion about the physical environment and how to use it in a
safer or more efficient way, and changing the social support
to compensate for environmental barriers. A blend of all
three approaches will be used in this intervention.
To ensure treatment fidelity, all participants will receive

identical intervention components. During the initial
evaluation, a 1-h home assessment is conducted by an OT
in the participant’s home using the Westmead Home
Safety Assessment (WeHSA) [41]. A comprehensive clin-
ical assessment is also performed with each participant to
determine functional limitations that may interact with
hazards in the home and result in a fall. Environmental
hazards and unsafe behaviors will be identified. A tailored
home modification prescription is developed collabora-
tively during the first visit and assistance in removing the
home hazards is provided by the occupational therapist in
visits 1 through 3 (Fig. 2). Education about fall risks and
self-management strategies to address fall risks are pro-
vided to participants throughout the intervention. A
barrier removal plan will be provided to the older adult.
The OT will facilitate obtaining home modifications,
train the participant to use the recommended equipment
and home modifications, and provide follow-up 2 weeks
after the initial home visit to ensure that the participant
adopted the recommended modifications. A booster session
is provided 6 months following the intervention to identify

Intervention group: 
Home hazard removal

(n=150)

Control group:
Usual care

(n=150)

12-month follow-up period:
- Fall monitoring
- Evaluation and intervention 

booster at 6 months
- Phone follow-up at 12 months

12-month follow-up period:
- Fall monitoring
- Phone follow-up at 12 

months

Recruitment and 
screening

Baseline 
evaluation

Randomization
(n=300)

Fig. 1 Flow diagram showing design overview for HARP study
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and remove any new home hazards and identify/prob-
lem solve through any lack of adherence with previous
modifications.
The three active components of this intervention are

tailoring, self-management, and motivational enhance-
ment. Home modifications are tailored to the participant’s
needs and expressed wishes. Tailoring involves two key
strategies: evaluating personal and environmental factors
and shared decision making between the therapist and the
participant. All aspects of the environmental intervention
will be approved by the participant. Additionally, no part
of the assessment or training will take place if the inter-
ventionist deems the activity or modification to be unsafe.
Tailoring supports the next active component of self-
management—the participant learns to make decisions
and play an active part in the solution process, which
will be ultimately carried out without the aid of an
occupational therapist in the future. In self-management,
individuals take an active role in their health, developing
the capacity to define their own goals and create concrete
plans to solve day-to-day problems [42]. The purpose of
self-management in this intervention is to develop strat-
egies to bring awareness to fall risks in everyday life, and
to teach generalization of strategies. The third active
component, motivational interviewing (MI), is a client-
centered, semi-directive method of enhancing intrinsic
motivation to change behavior by developing discrep-
ancy and exploring and resolving ambivalence within
the client [43]. MI recognizes and accepts that clients
who need to make changes in their lives (in this case,
removing fall hazards and minimizing fall risk behaviors)
approach interventions at different levels of readiness to
change their behavior.

Data collection
Primary endpoint
We will capture the incidence of falls over a 12-month
monitoring period. Prospective daily recording and sur-
veillance of falls will be used at least once per month, as
recommended by the ProFaNE consensus conference
[44]. To record falls, an individually customized calendar
journal will be designed for each participant for daily
recording of the primary outcome (fall or no fall) [45].

Our method of tailoring the calendar journal includes
life event date anchors, incentives, and personalization
[46]. If a participant falls, they will be instructed to
complete a fall form. Calendar journal pages and fall
forms will be collected monthly via U.S. mail. Falls will
be verified with a follow-up telephone interview by a
community coordinator. Participants who are unable to
complete the calendar journal (due to low vision, severe
arthritis affecting writing, etc.) receive weekly phone
calls from the study coordinator to ascertain falls.

Outcome measures
Important patient-reported outcomes [47] related to this
intervention include daily activity performance, fall self-
efficacy, and health-related quality of life. These will be
assessed in the home at baseline and by phone at
12 months.
The Older Americans Resources and Services (OARS)

ADL scale [48] will be used to screen for functional
performance. Participants are asked about their ability
to perform each of 14 activities (no help, some help, or
unable to do). Responses are scored on a 0 to 2 scale,
with higher scores indicating greater independence.
The Falls Efficacy Scale-International (FES-I) Short

Form [49] will be used to assess participants’ self-
efficacy in performing daily activities without falling.
The FES-I has good test-retest reliability and validity
and consists of a list of 7 daily activities (e.g., getting in
and out of a chair) on which respondents rate their
concern about falling while completing each of the
daily activities with scores from 1 (no concern) to 4
(very concerned). Total FES-I score is the sum of each
activity score, with higher scores indicating greater fear
of falling.
Self-rated health will be measured using the 36-Item

Short Form Survey (SF-36) [50]. The SF-36 is a com-
monly used tool to examine 8 dimensions of health in-
cluding 1) physical functioning, 2) role limitation due
to physical health problems, 3) bodily pain, 4) role limi-
tation due to mental health problems, 5) energy/fatigue,
6) emotional well-being, 7) social functioning, and 8)
general health perceptions. Each domain is scored from
0 (poor health) to 100 (optimal health).

Session 1
• Identify home hazards 
to completing 
problematic activities

• Determine baseline 
abilities

• Provide  initial 
recommendations for 
home modifications

• Teach awareness/self-
management strategies

Sessions 2-3
• Implement additional 
modifications

• Training on 
modifications

• Continue to educate 
client and caregiver on 
awareness/self-
management strategies

Booster session
• Identify and remove 
new home hazards

• Problem solve 
adherence with 
previous modifications

Fig. 2 Overview of HARP intervention sessions
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Covariates of interest
Covariates of interest, including recognized risks for fall-
ing [51], will be collected at baseline, with the exception of
the Westmead Home Safety Assessment (WeHSA), which
will be collected at baseline and at the conclusion of the
intervention in the treatment group. Demographic and
other pertinent information, including assistance received,
adaptive equipment usage, and falls, will be collected.
The Westmead Home Safety Assessment (WeHSA)

[41] will be used to identify the number of environmental
hazards in all areas of the home (e.g., seating, bedroom,
medication management) via 72 categories. Each category
is specified with explicit descriptors to qualify a given
hazard with a score of 0 for absent and 1 for present.
Total hazards are summed.
The Short Michigan Alcoholism Screening Test -

Geriatric Version (S-MAST-G) [52] will be used to
screen for the presence of an alcohol problem in partic-
ipants. The Geriatric Depression Scale Short Form
(GDS-SF) [53] will be used to assess depression levels
in participants. The Short Blessed Test (SBT) [36] will
be used to screen for severe cognitive impairment. The
SBT has good validity for older adults [36] and corre-
lates well with the Mini-Mental State Exam [54]. This
brief, six-item questionnaire assesses cognition, memory,
and orientation. Total scores range from 0 to 28; scores of
10 or more are consistent with dementia and other cogni-
tive difficulties. Individuals who receive a SBT score 10 or
more are not eligible to participate in the study.
A medication inventory will be collected to evaluate

prescription medication use. Mobility and balance will
be assessed using the Performance Oriented Mobility
Assessment (POMA) [55], a task-oriented gait and balance
assessment that has been validated for the older adult
population. Range of motion and strength of the upper
extremity will be assessed using group muscle tests and
scored as within normal limits, within functional limits,
or impaired [56].
We will measure visual contrast sensitivity using

the Pelli-Robson test [57]. We will score participants’
binocular contrast sensitivity letter by letter. Protective
behavioral factors to prevent falls will be assessed using
the Falls Behavioral Scale for Older People (FaB) [58].

Implementation outcomes

Recruitment Enrollment and retention will be tracked
by the research coordinator using REDCap. Recruitment
information for each participant will include potential
participants’ demographic characteristics, enrollment
status, and reason for decline.

Fidelity In order to guarantee treatment fidelity, or our
ability to provide the same treatment as planned to each

participant, we follow similar methods of Weersing, et al.
[59] and use a Visit-by-Visit Treatment Grid. This grid is a
checklist of the pre-, during, and post-treatment visit re-
quirements for each treatment session. During weekly
interventionist meetings, the lead therapist will review the
treatment grid for each participant to guarantee the neces-
sary components of the intervention are being delivered.

Dose In order to effectively measure the dose of treat-
ment provided for each participant, we will measure both
the dose that was delivered to each person (minutes of
each treatment session and number of sessions) as well as
the dose received (recommendations implemented/total
recommendations). We will use a Time Log to track mi-
nutes spent in each treatment session and a Prescription
Log to track the recommendations made and imple-
mented for each participant.

Adherence Adherence measures the participant’s contin-
ued use of the implemented modifications. We will calcu-
late adherence using the standardized approach that
Cumming, et al. [60] used: adherence = recommendations
used/total recommendations. Interventionists will rate
adherence with intervention at the final session by using
the Prescription Log to track recommendations made, im-
plemented, and reasons any recommendations were not
implemented. Adherence will also be measured 6 months
post-intervention. Reasons for abandoning strategies will
be examined using the Adherence Log, in which the
participant will report on current level of use for each
modification: very useful, somewhat useful, not at all
useful, or no longer use equipment. Any independence
that was regained by improved sensorimotor perform-
ance will not detract from the adherence rating.

Safety To evaluate the safety of our study, we will measure
the number of falls and the circumstances surrounding the
falls with a self-report Fall Form used at the 6-month
follow up visit. The rate and severity of the falls will be
calculated using a standardized algorithm established
by Tinetti, et al. [1].

Cost The cost of the treatment will be measured by
tracking cost of modifications and adaptive equipment
for each participant. This will be tracked using an Invoice
Form which includes costs from the contractor as well as
costs of any equipment ordered from a medical supply
company or obtained from a community resource
(e.g., medical equipment lending program).

Health care utilization To determine health care
utilization for each participant during the study, questions
from the Stanford Chronic Disease Self-Management
Study [61] will be asked at 6 and 12 months. These
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questions track number of emergency room and out-
patient visits, number of hospitalizations, and number of
days in therapy.

Statistical analyses
We will compare the effectiveness of the intervention
and usual care with the time to the first fall over 12 months
as the primary outcome of interest. Survival analysis tech-
niques will be used where time zero is the date on which
the intervention is completed, and the ending time is
12 months after the intervention. Participants who do not
have a fall will be censored at the end of the study. Partici-
pants who drop out of the study will be censored on the
date participation concludes. Kaplan-Meier product limit
estimates will be used to describe the fall experiences for
the intervention and control groups, with the log-rank
statistic testing for significant difference. Pre-specified
covariates (e.g., age, race, sex, number of reported medica-
tions, mobility, ADL scores, and visual acuity) will be
adjusted using the Cox proportional hazards model. We
will test the interventions effect using the Cox propor-
tional hazards model and adjusting for covariates. The
regression coefficient of the indicator variable quanti-
fies the difference in the log hazard of time to first fall
between intervention and control groups. We will de-
termine whether fall-prevention treatment is superior
to usual care on secondary outcomes (total number of
falls, number of injurious falls) and participant-reported
outcomes (daily-activity performance, fall self-efficacy,
and global health).
A data monitoring committee (DMC) will not be used

due to the low risk of the proposed home modification
intervention. Previous efficacy studies suggest that OT-
delivered home modifications can reduce falls among
high-risk community-dwelling older adults [17–20].

Sample size calculations
A study by Cumming et al. [35] utilized a sample that is
most similar to our target sample and also used daily
calendars for fall ascertainment. On this basis, we assume
that approximately 61% of control group participants will
fall during 1 year of follow-up. For a meaningful reduction
in fall risk, an intervention needs to demonstrate at least
30% reduction in falls [62, 63]. Because our target sample
can be defined as “high risk,” and because our interven-
tion can be defined as a high-intensity home modification,
we project a 30% or greater reduction in fall risk at
12 months after treatment. Fig. 3 displays the power as a
function of total sample size given a fall rate of 42%
(event-free rate of 0.58) in the intervention group and a
fall rate of 0.61 (event-free rate of 0.39) in the control
group, with a 20% attrition rate. A two-sided log-rank test
with an overall sample size of 300 participants (150 in
each group) achieves 84% power at a 0.05 significance

level to detect a difference of 0.19 between 0.39 and
0.58—the proportions without falls in the control and
intervention groups, respectively.

Discussion
This intervention is grounded in sound theory and
evidence, allowing it to be effective for the target study
population of underserved, difficult to reach older
adults. The tailored approach of the study intervention
is a strength in improving adherence, as each recom-
mendation is individualized to be acceptable to the
participant. Community engagement is a strength of
this study. An advisory board has been established to
counsel the research team in each phase of the study.
The board has contributed to the development of the
proposal, has actively participated in focus groups to
prepare for the study including aspects of recruitment
and intervention, and will continue to be involved
throughout the study duration. The membership in-
cludes 2 to 3 service providers at the local, state, and
national levels; 2 to 3 community leaders; and 2 to 5
older adults at high risk for falling. Finally, the design
of the study allows for rapid dissemination of results
and implementation of the intervention in a United
States social services agency.
One limitation of this study is the inability to blind

study participants and interventionists to group allocation.
However, because the evaluators are blinded to group
allocation, possible biases are reduced. Additionally, the
control group lacks a time-equivalent social interven-
tion. Although this is unlikely to affect the primary out-
come of falls, there is a possibility that other variables
of interest such as self-rated health may be improved in
the intervention group as a result of social interaction
with the therapists. Furthermore, participation in the
study may increase awareness of falls for control group
participants, causing them to seek resources or change
behaviors to reduce the risk of falls.
Participants in the treatment group of this study benefit

from home modifications that potentially improve safety
and independence in the home. Participants also receive
information on resources as well as training to increase
awareness of fall risks and implement strategies for fall
prevention in their homes. An unlikely risk of this
study is the accidental disclosure of confidential partici-
pant information.

Minimization of risks and confidentiality
REDCap is a secure, Web-based application designed to
support data capture for research studies. REDCap servers
are securely housed in an onsite, limited-access data center
managed by the Division of Biostatistics at Washington
University. All Web-based information transmission is
encrypted. All data are stored on a private, firewall
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protected network. All users are given individual user
IDs and passwords, and their access is restricted on a
role-specific basis. REDCap was developed specifically
around Health Insurance Portability and Accountability
Act security guidelines and is implemented and main-
tained according to Washington University guidelines.
Study data will be collected via tablet in the field and
managed using REDCap electronic data-capture tools
hosted at Washington University.

Adverse event reporting and safety monitoring
All adverse event information is collected on an electronic
Adverse Event (AE) Form. All AEs experienced by the par-
ticipant from the start of intervention through the end of
the study are to be reported.
Serious adverse events (SAEs) will be reported to the

Human Research Protection Office (HRPO) in the
following time frames: a) death – immediately; b) life-
threatening – within 7 calendar days; c) all other SAEs –
within 15 calendar days using the Electronic Serious
Adverse Event Reporting System. Should there be a ser-
ious adverse event that occurs that increases the risks to
the participants, the study will be stopped, an investigation
will be conducted, and a findings report will be generated
before the study is resumed.

Dissemination
Results of the study will be submitted to peer-reviewed
journals and disseminated at conferences on aging, oc-
cupational therapy, and public health. On publication of
the study results, older adult participants will be invited
to attend a community meeting during which the results
of the study will be reported.
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