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Abstract

Objectives: To evaluate whether a fall prevention intervention reduces fall risk in older adults 

who have previously fallen.

Design: Randomized controlled pilot trial.

Setting: Participants’ homes.

Intervention: LIVE-LiFE, adapted from Lifestyle-Intervention Functional Exercise (LiFE) 

integrates strength and balance training into daily habits in eight visits over 12 weeks. The 

adaptations to LiFE were to also provide (a) US$500 in home safety changes, (b) vision contrast 

screening and referral, and (c) medication recommendations. Control condition consisted of fall 

prevention materials and individualized fall risk summary.

Measurement: Timed Up and Go (TUG) and Tandem stand. Falls efficacy, feasibility, and 

acceptability of the intervention.

Results: Sample (N = 37) was 65% female, 65% White, and average 77 years. Compared with 

the control group, each outcome improved in the intervention. The LIVE-LiFE intervention had a 

large effect (1.1) for tandem stand, moderate (0.5) in falls efficacy, and small (0.1) in the TUG.
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Conclusion: Simultaneously addressing preventable fall risk factors is feasible.
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accidental falls; lifestyle-integrated exercise; community-dwelling; home hazards; medication 
review

Introduction

Falls are the leading cause of fatal and nonfatal injuries among individuals aged 65 years 

and older (Centers for Disease Control and Prevention [CDC], National Center for Injury 

Prevention and Control, 2019; Sterling et al., 2001). Falls sequelae include hip fractures, 

loss of independence, and fall-related mortality which has increased 30% from 2007 to 2016 

for older adults, even controlling for population aging (Burns & Kakara, 2018). Besides the 

cost of human suffering, medical expenses for falls total more than US$50 billion per year 

(Florence et al., 2018).

The multifactorial causes for falls are well known. Less understood is how to meaningfully 

intervene. Exercise, such as strength and balance training, is effective in preventing falls 

but only 20% of individuals with fall risks participate in exercise fall prevention programs 

(Casteel et al., 2018; Christmas & Andersen, 2000) and, for those who do participate, 

adherence levels vary (Malik et al., 2020; Nyman & Victor, 2012). This low participation 

suggests the importance of seeking new ways to engage older adults in fall prevention 

exercise such as integrating fall prevention movements into incidental exercise (Weber et al., 

2018). Recent knowledge from neuroscience and behavioral science tells us that changing 

habits require multiple daily cues building from intrinsic motivation (Clemson & Munro, 

2017; Smith & Graybiel, 2016). The Lifestyle-Intervention Functional Exercise (LiFE) 

intervention is a novel evidence-based fall prevention approach which does exactly that. An 

occupational therapist (OT) assesses a person’s daily routines to design strength and balance 

exercises that are then integrated into daily activities, such as bending from the knees while 

unloading the dishwasher or standing in tandem (on one heel to the next toe) while brushing 

teeth (Clemson et al., 2014). Tested in a randomized control trial in Australia, the LiFE 

intervention decreased the number of falls in a sample of older adults who had previously 

fallen compared with a structured exercise program (Clemson et al., 2012). This intervention 

has not been tested in the U.S. context nor expanded to address other fall risk factors.

Beyond decreased strength and balance which exercise addresses, falls can be caused by 

other risks such as home hazards (e.g., uneven flooring or lack of banisters), polypharmacy 

(especially when drugs cause dizziness or sedation), and decreased ability to see contrast 

(such as between stairs and rug). Therefore, when we adapted LiFE to the U.S. context, we 

also added: (a) home modifications to remove hazards and to allow safe and confident 

performance of daily tasks, (b) identification of medications that put participants at 

increased fall risk and working with prescribers to change treatment, and (c) vision contrast 

screening and referral (Florence et al., 2018; Guirguis-Blake et al., 2018; Stevens & Burns, 

2015). To our knowledge, there is no intervention that addresses these multiple fall risks, is 

tailored to the individual, and addresses adherence challenges.
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The purpose of this single-blind, two-group pilot trial was to test feasibility and acceptability 

and obtain initial effect sizes of the intervention’s effect on objective measures of balance 

and strength and subjective perceptions of falls efficacy.

Method

The process for deriving adaptations for the LiFE program and the resultant Live-LiFE 

protocol is detailed elsewhere (Granbom et al., 2019). Figure 1 outlines the design and 

timeline of the pilot trial.

Recruitment and Randomization

The sample was recruited from multiple sources including flyers in senior housing and 

studies for which participants had been ineligible or participated in the control group. After 

receiving letters inviting participation, interested older adults were screened by telephone for 

fall history, age and then were further screened at an in-person visit for cognitive function 

and ability to stand. Eligible participants were community-dwelling people aged 70 or older 

who reported two or more falls or one injurious fall in the past 12 months. Exclusion criteria 

included moderate to severe cognitive problems based on the Short Portable Mental Status 

Questionnaire (Pfeiffer, 1975), no conversational English, inability to stand, resident in a 

nursing home or assisted living facility, hospitalized more than 3 times in the last year, or 

having a terminal diagnosis (<1 year expected survival or getting active cancer treatment). 

Trained evaluators assessed recruited persons who provided informed consent at baseline; 

participants were then randomized to treatment or control. Evaluators masked to study 

assignment reassessed all participants at 16 weeks (Figure 1).

Randomization was computer generated with a block size of six. Upon enrollment, the 

study coordinator was provided intervention or control assignment from a non-study 

staff member who retained the computer-generated assignment scheme. We used a 2:1 

allocation ratio for intervention and control which allowed us to better observe variability in 

intervention implementation for planning future research, while still providing similar power 

for preliminary between-group comparisons.

The LIVE-LiFE intervention.—The intervention consists of four components and was 

delivered by an OT, with referral to a pharmacist and vision specialist as needed. The first 

component was the LiFE intervention which involves learning and then integrating eight 

static and dynamic balance and six strength (hip, knee, and ankle) exercises into daily 

activities. The OT and participant collaborated to determine how best to integrate these 

exercises into their daily routines based on their own goals and schedules of activities. For 

example, participants learned to practice balance exercises while they were in a checkout 

line at a store, reduce their base of support to a tandem stand when folding laundry at 

home, squat every time they closed a drawer, or stand on toes to reach a mug in a cupboard 

(see quotations in Table 3). These exercises were tailored to the capacity of the person and 

upgraded slowly over time. The goal was to have daily activities trigger the use of exercises 

while carrying out the activities to build habits that in turn could maximize adherence.
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OTs are licensed to modify activity based on physical function and in fall prevention. 

They specialize in graded activity analysis to find the right challenge for participants. The 

intervention was delivered by an OT who had been trained in all components and conceptual 

underpinnings. The LiFE program is personally tailored to participants’ baseline activity 

levels. Activities are introduced in incremental steps with consideration for ability and 

opportunity to embed in daily routines. We expected the intervention to be safe because the 

original LiFE trial of 317 people older than 70 with a recent fall had only one adverse event 

and it was not study related. In this pilot study, there were no adverse events.

LIVE-LiFE also includes an overall motivational goal identified by the older adult that 

links the exercise to a personal goal they wanted to achieve. These goals, for example, to 

be able to go out more easily or reach for kitchen items without falling, were written on 

a whiteboard located on their refrigerator or other location that was visually accessible. 

Participants used the same whiteboard to keep track of exercises performed.

Occupational therapy home visits took place in eight 1-hr visits over 12 weeks: 

approximately once per week in Weeks 1 to 6 and in Week 8 and a booster visit at Week 12. 

The visits included checking in about the progress of what the participant chose to integrate 

into their habits and adjusting difficulty or brainstorming other activities to use if necessary. 

The 12-week booster visit is intended to boost the motivation of the participant and to 

modify the exercises by upgrading or making more challenging or other modification if 

appropriate and desired by the participant. Participants self-monitored their exercises using 

the goal whiteboard.

The second intervention component was modifying home safety hazards (Szanton et al., 

2019). The OT assessed the home for fall risk using the Home Safety Self-Assessment Tool 

(HSSAT). The OT then worked with the participant to identify fall hazards and problem­

solve environmental and behavioral solutions. Together, they prioritized home repairs and 

adaptations and agreed on which safety modifications were implemented by a licensed 

handyperson. Up to US$500 for parts and labor combined was provided as part of the study 

and with no cost to the participant.

The third intervention component was medication review. A list of all prescribed and 

over-the-counter medications obtained by the baseline data interviewer through a brown 

bag review was sent to a collaborating pharmacist for those in the intervention group. The 

pharmacist evaluated medications and medication combinations which place participants at 

heightened risk of falls (Fick et al., 2019). For any medications or medication combinations 

that increased the participant’s fall risk, the pharmacist provided a written assessment of 

the participant’s medication regimen for the participant to give to his or her primary care 

provider. The assessment also included recommendations for medication regimen changes 

that would decrease the risk of falls. The OT followed up with each participant to encourage 

that the list be shared with his or her primary care provider.

The fourth intervention component was a vision contrast screening using the Mars Letter 

Contrast Sensitivity Test (Dougherty et al., 2005) which can be performed anywhere with 

adequate light. Intervention participants who scored in the risky category of the Mars were 
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provided a letter at the first visit to give to their primary care provider or optician and then 

asked about follow-up at the third visit.

Control condition.—After randomization, the control group received a letter with their 

scores on the fall risk assessment to bring to their primary care providers. They also received 

a CDC pamphlet about fall prevention which included steps to take to reduce their fall risk 

(CDC, 2005, 2019).

Measures

Data collectors masked to treatment assignment obtained assessments at baseline (T0) and 

after pilot trial completion at approximately 16 weeks (T1).

Primary outcomes.—The objective Timed Up and Go (TUG) was gathered in continuous 

seconds by measuring the time taken for a participant to rise from a chair, walk 3 m, turn, 

return to the chair, and sit down with their cane or other assistive device if needed. The TUG 

is a predictor of falls in those with lower functioning such as the participants in our sample 

(Schoene et al., 2013).

Tandem stand is the time a participant can stand with one foot directly in front of the other, 

touching heel to toe. If an older adult cannot hold the tandem for 10 s, they are considered at 

high risk of falls (Guralnik et al., 1994). Tandem stand was measured continuously (number 

of seconds held) and dichotomously (whether or not participant was able to hold for 10 s).

Secondary outcomes.—Falls efficacy was measured with the Tinetti Falls Efficacy 

Scale which measures self-report of confidence on a scale of 1 to 10 in doing each of 

the following 10 activities without falling: cleaning house, getting dressed and undressed, 

preparing simple meals, bathing, shopping, getting into or out of a chair, going up and 

down stairs, walking in their neighborhood, reaching into cabinets or closets, and hurrying 

to answer the phone (Tinetti et al., 1990). Scores range from 0 to 100 and are measured 

continuously. The instrument has demonstrated validity and test–retest reliability (Tinetti et 

al., 1990) and is a strong predictor of future falls (Hadjistavropoulos et al., 2007).

Feasibility, acceptability, and enactment: We examined feasibility with recruitment, 

retention, and completion rates. We measured study acceptability by examining percentages 

of people who stayed in each arm of the study. Participants assessed their satisfaction with 

the LIVE-LiFE program with a 10-item survey including overall benefit, how the program 

addressed specific functional goals, and whether the program required too much work or 

effort. Participants could pick 1 of 3 responses for each question: not at all, some, or a great 

deal. Finally, we measured intervention enactment by asking open-ended questions about 

use of what they learned in daily life.

Sample Size Calculation and Analysis of Aims

As planned, we recruited 37 participants. At the 16-week follow-up time point, we had 35 

participants (23 intervention and 12 control) with outcome data to analyze. Because this was 

a pilot trial, we were primarily interested in feasibility and preliminary effect size estimation 
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and had not planned to have statistical power to find significant differences between the 

groups.

Analytic approach: We used intention-to-treat analysis (ITT): all participants were counted 

in their assigned study group once assignment was made. First, we evaluated the distribution 

of participants’ baseline characteristics. Then, we compared the balance between the 

intervention and control groups, using p values from the chi-square test between groups. 

Next, we examined the baseline fall risk and balance for the participants, using the 

TUG, Tandem stand, and the Falls Efficacy Scale. For the primary aim, the outcome was 

improvement in the TUG and Tandem stand balance test between baseline and 16 weeks. 

Effect sizes were estimated based on Cohen’s d (mean difference in change between the 

intervention and control groups divided by the pooled standard deviation) after baseline 

score adjustment. We conducted general linear regression with the change of outcome 

variables as the dependent variable and the group assignment as the independent variable, 

controlling for the corresponding baseline test scores for each outcome variables. We 

obtained the adjusted means and pooled standard deviation of the outcome change from the 

general linear regression models. The difference per unit change between the intervention 

and control groups and their p values were also extracted from the regression model. Finally, 

we evaluated the 16-week satisfaction among the participants. The p values were obtained 

from the crude association between satisfaction content and study group assignment with 

linear regression. We conducted all analyses using SAS 9.4® (SAS Institute, Inc., Cary, 

North Carolina).

Results

The 37 participants were 77.9 (SD = 6.4) years old on average, had a broad range of 

educational attainment, and were 32% African American, 65% White. Thirty-five percent of 

the sample were men (Table 1). All participants had fallen at least once in the last year but, 

at baseline, had strong falls efficacy of 91 of 100 on baseline and 7.5 s (SD = 2.3) of 10 on 

Tandem stand time and TUG score of 17.2 (SD = 9.7).

Feasibility and Acceptability Outcomes

Thirty-five of the 37 participants were retained at 16-week follow-up, resulting into a high 

retention rate of 95%. Figure 2 shows participants’ responses to satisfaction questions. Most 

participants (97%) found the length of visits appropriate. A significantly higher proportion 

of participants in the intervention group reported that the study helped to make their home 

safer compared with those in the control groups (p = .02). Sixty-eight percent of the 

intervention group answered the intervention had benefited them “a great deal,” 77% said it 

would benefit others in a similar situation “a great deal,” and 60% answered “a great deal” 

to it “made my home safer” and “kept me living at home.”

Initial Effect Sizes

All fall-related measures improved from baseline to 16-week follow-up in the intervention 

group but not in the control group. These improvements include the primary outcomes of 

TUG and the tandem stand test and secondary outcome of falls efficacy. The effect sizes 
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evaluated by Cohen’s d range from small (TUG at 0.1) to large (Tandem at 1.1) for the 

physical performance measures and were moderate for subjective confidence (falls efficacy 

at 0.5; Table 2). There was a statistically significant difference between the groups in tandem 

stand time (p = .02; Table 2). Table 3 displays sample enactment quotations relating to each 

program component.

Discussion

In this pilot study, we found that the LIVE-LiFE intervention was feasible and acceptable 

to most study participants. We estimated a strong effect size on one objective measure 

of fall risk (tandem stand time), a small effect on another (TUG), and moderate effect 

on falls efficacy in a group of older adults who had previously fallen compared with a 

control condition. The present findings are important because falls, while preventable, have 

interrelated risk factors that are often unaddressed. A recent Cochrane review found that 

the evidence base for multicomponent fall prevention trials is slim but that they “probably 

reduce that rate at which people fall” (Hopewell et al., 2018). This intervention, once further 

tested for efficacy, has the potential to add conclusively to that evidence.

There are several ways in which this pilot study is innovative. First, new knowledge on 

pathways to habit formation (Smith & Graybiel, 2016) tells us to build crucial strength 

and balance fall prevention movements into daily habits. Second, the intervention contains 

many of the components of the state of-the-art STRIDE fall prevention study (Reuben et 

al., 2017). This study refers people at fall risk to multiple services as a pragmatic trial but 

ours was a classic intervention trial providing the multiple components. Third, there is a long 

history of addressing both the individual (intrinsic) and the environment (extrinsic) factors to 

improve aging at home (Gitlin et al., 2006; Greenfield, 2012; Szanton et al., 2019) but few 

such programs directly targeted fall reduction. Because falls are a product of multiple risks, 

interventions need multiple components to simultaneously address these risks. Moreover, 

while exercise reduces falls, adherence to exercise regimes is low. This suggests the need to 

tailor programs and embed their components into older adults’ daily activities versus having 

stand-alone classes or exercise sessions.

Limitations include that it is a pilot study and is not powered for formal efficacy testing. The 

current findings are not generalizable to the larger population and the intervention requires 

additional evaluation. Also, the tandem stand improved the most, but it was also part of the 

actual intervention training. This improvement may be a result of the actual intervention 

rather than a general measure of fall risk. However, because tandem stand time is a strong 

predictor of falls, improving it is an important outcome. Finally, it is possible that the 

program satisfaction may have been improved by the home modifications. We are unable to 

test this as we did not have a factorial study design. Strengths of this pilot study include that 

it extends an already effective fall prevention intervention to include other contributing fall 

risk including the home environment where most falls occur. A second strength is that the 

intervention is tailored to each person yet replicable, standardized, and manualized. Third, 

given that falls are expensive for families and for Medicare, and pervasive in former fallers, 

this approach has the potential to save costs while improving health.

Szanton et al. Page 7

J Appl Gerontol. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion

Addressing the person and environment to reduce the risk of falls continues to have promise. 

We plan to test this approach in a well-powered efficacy trial that includes fall outcomes and 

health care utilization.
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Figure 1. 
LIVE-LiFE consort diagram.
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Figure 2. 
Program satisfaction survey responses by intervention and control.

Note. Percentage responding with “a great deal” for each item.
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