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Abstract
IMPORTANCE Falls represent a leading cause of preventable injury in hospitals and a frequently
reported serious adverse event. Hospitalization is associated with an increased risk for falls and
serious injuries including hip fractures, subdural hematomas, or even death. Multifactorial strategies

Key Points
Question Is a fall-prevention tool kit
that engages patients and families
associated with a reduction in falls?
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prevention in hospitals is lacking.

controlled trial including 37 231 patients
from 14 medical units within 3 academic
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medical centers, an interrupted time
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Meaning The findings suggest that
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INTERVENTIONS A nurse-led fall-prevention tool kit linking evidence-based preventive
interventions to patient-specific fall risk factors and designed to integrate continuous patient and
family engagement in the fall-prevention process.

throughout hospitalization in the fallprevention process may be associated
with a reduction in falls and fall-related
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MAIN OUTCOMES AND MEASURES The primary outcome was the rate of patient falls per 1000
patient-days in targeted units during the study period. The secondary outcome was the rate of falls
with injury per 1000 patient-days.
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before the intervention (mean [SD] age, 60.56 [18.30] years; 9723 [54.17%] women) and 19 283
after the intervention (mean [SD] age, 60.92 [18.10] years; 10 325 [53.54%] women). There was an
overall adjusted 15% reduction in falls after implementation of the fall-prevention tool kit compared
with before implementation (2.92 vs 2.49 falls per 1000 patient-days [95% CI, 2.06-3.00 falls per
1000 patient-days]; adjusted rate ratio 0.85; 95% CI, 0.75-0.96; P = .01) and an adjusted 34%
reduction in injurious falls (0.73 vs 0.48 injurious falls per 1000 patient-days [95% CI, 0.34-0.70
injurious falls per 1000 patient-days]; adjusted rate ratio, 0.66; 95% CI, 0.53-0.88; P = .003).
CONCLUSIONS AND RELEVANCE In this nonrandomized controlled trial, implementation of a fallprevention tool kit was associated with a significant reduction in falls and related injuries. A patient–
care team partnership appears to be beneficial for prevention of falls and fall-related injuries.
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Introduction
Falls represent a leading cause of preventable injury.1 Hospitalized patients are at an increased risk for
falls, which may result in serious injuries, such as hip fractures, subdural hematomas, or even
death.2,3 Injurious falls are associated with increased hospital stays of 6 to 12 days,4 and the costs of
serious episodes of injury range from $19 376 to $32 215 (2019 USD).5 Patient falls and related injuries
are considered nursing-sensitive indicators because fall prevention depends on the quantity and
quality of nursing care.6-8 Most falls in hospitals are preventable,9 and resultant injuries are not
reimbursed by the Centers for Medicare & Medicaid Services.10 Multifactorial strategies can reduce
rates of falls in hospitals, although the evidence for reducing fall-related injuries is inconclusive owing
to the limited number of clinical trials that have assessed this outcome.11 To our knowledge, no prior
multisite evaluation in acute care hospitals has shown a significant reduction in injurious falls.
A previous study12 theorized that fall prevention in hospitals was a 3-step process: (1) assessing
fall risk, (2) developing a personalized prevention plan, and (3) executing the plan consistently. Our
team developed the Fall Tailoring Interventions for Patient Safety (TIPS) tool kit, a nurse-led,
evidence-based fall-prevention intervention that uses bedside tools to communicate patient-specific
risk factors for falls and a tailored prevention plan. The tool kit provides care team members with the
information they need to routinely engage in the fall-prevention process.12 In a randomized clinical
trial within a single health care system, Fall TIPS reduced patient falls by 25%, but there was no
difference noted in fall-related injuries.13 A follow-up case-control study suggested that falls within
the intervention units were largely attributable to patients’ nonadherence to their fall-prevention
plan14 and that further strategies are needed for engaging patients in the 3-step fall-prevention
process during hospitalization.
In collaboration with Northeastern University’s Healthcare Systems Engineering Institute, we
conducted observational and qualitative research with hospitalized inpatients, family members, and
health care professional to make the Fall TIPS tool kit more patient-centered and to address barriers
to engaging patients and families in the 3-step fall-prevention process.15,16 The project was divided
into the 5 following iterative phases using the Reach, Effectiveness, Adoption, Implementation, and
Maintenance (RE-AIM) framework17 (Figure 1): (1) problem analysis using workflow observations and
individual and group interviews18; (2) design using knowledge gained in phase 1 to plan a patientcentered Fall TIPS tool kit with multiple modalities18,19; (3) development using participatory design,

Figure 1. Five-Phase Intervention Development and Evaluation
Focus groups, interviews,
and workflow observations

1. Problem analysis: learn about the needs and preferences
of patients and providers and other social-technical factors
that relate to fall prevention

Participatory design, icon
validation with patients and
families, usability testing,
rapid prototyping, and piloting
prototype refinement

2. Design and 3. Development: implement content, display,
and workflow integration strategies most likely to address
requirements and overcome barriers18,19

Laminated
paper poster

6-mo Pilot test on patient care
units and compliance audits

Patient activation survey and
efficacy analysis 21 mo before
and after intervention

EHR toolkit

e-Bedside
display

4. Implementation: conduct a pilot test of fall TIPS and
compare for effectiveness in engaging patients and
families in the 3-step fall prevention process15,20

5. Evaluation: evaluate the toolkit’s efficacy on patient
activation,21 falls, and injurious falls
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rapid prototyping, computer modeling, and simulation methods to construct the patient-centered
Fall TIPS tool kit18,19; (4) implementation and pilot testing of the tool kit in patient care units19,20; and
(5) evaluation of the association of the tool kit with patient activation.21 The end result was a tool kit
that included high-tech and low-tech Fall TIPS modalities, can be used by nursing staff and integrated
into various hospital workflows, and supports patient activation and engagement in the 3-step fallprevention process.20,21 Modalities included (1) a laminated paper poster,19 (2) a tool kit integrated
with the electronic health record (EHR),13 and (3) an electronic bedside screen (e-bedside) display.20
From September 2014 to September 2015, unit staff were involved in developing, refining, and
piloting the intervention, testing its association with patient activation in the fall-prevention plan
(phases 1-5 above and Figure 1) and selecting the modality they would implement. At the end of this
period, the laminated paper poster and the refined EHR-integrated tool kit modalities were
complete. The e-bedside display design was complete, but this modality required additional EHR
integration and was not available for implementation until October 1, 2016. Nine units chose to
implement the laminated paper poster, 2 chose the EHR-integrated tool kit, and 3 chose the
e-bedside display modality. The goal of the trial was to assess whether a fall-prevention tool kit that
engages patients and families in the fall-prevention process throughout hospitalization is associated
with reduced falls and injurious falls.

Methods
Overall Design
This nonrandomized controlled trial (NCT02969343) used a stepped-wedge design (Figure 2). The
trial protocol is given in Supplement 1. Owing to active staff engagement in the problem analysis, design,
development, pilot implementation, and evaluation phases (Figure 1), data from these phases were
not included in the analysis. Each unit served as its own control. Randomization of unit start dates was
not done for practical reasons, including constraints in unit operations owing to pending go-live dates
of new EHR systems at all 3 hospitals and other concurrent projects. The research team assigned start
dates to each unit based on the Fall TIPS modality selected, and these constraints (ie, EHR modalities)
were tied to EHR go-live dates. Regardless of start date, each unit contributed 21 weeks of
preintervention data and was followed up for 21 weeks after a 2-month implementation and wash-in

Figure 2. Nonrandomized Stepped-Wedge Design for Fall Tailoring Interventions for Patient Safety (TIPS) Implementation by Modality
Preintervention period (21 mo)

Postintervention period (21 mo)

Site 2/1 unita

Dec 2012-Sep 2014

Sep 2014-Nov 2015

Site 1/2 unitsc

Dec 2012-Sep 2014

Sep 2014-Jan 2016

Site 1/2 unitsc

Dec 2012-Sep 2014

Sep 2014-Feb 2016

Site 1/3 unitsc

Dec 2012-Sep 2014

Sep 2014-Apr 2016

Site 1/2 unitsc

Dec 2012-Sep 2014

Sep 2014-Jun 2016

Site 1/3 unitsd

Dec 2012-Sep 2014

Sep 2014-Dec 2016

Site 3/1 unita

Dec 2012-Sep 2014

Sep 2014-Jan 2017

b

Nov 2015-Aug 2017
b

Jan 2016-Oct 2017
b

Feb 2016-Nov 2017
b

Apr 2016-Jan 2018
b

Jun 2016-Mar 2018
b

Dec 2016-Sep 2018
b

Jan 2017-Oct 2018

Intervention development/refinement/piloting period

Problem analysis, design, development, pilot implementation, and evaluation periods
were inserted into the interrupted time-series analysis to account for potential
confounders associated with developing the intervention. Start dates were assigned to
each unit based on the selected Fall TIPS modality and unit-based constraints. Regardless
of start date, each unit contributed 21 weeks of preintervention data and was followed
up for 21 weeks after a 2-month implementation and wash-in period.

a

Electronic health record.

b

Two-month implementation and wash-in period.

c

Laminated paper poster.

d

Electronic bedside display.
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period (Figure 2). The study was approved by the Partners HealthCare Human Subjects Committee
of Brigham and Women’s Hospital, the Human Research Protection Office of Columbia University, and
the Montefiore Einstein Office of Clinical Trials. Owing to the quality-improvement nature of the
intervention, a waiver of informed consent was granted by the institutional review boards of Brigham
and Women’s Hospital, New York–Presbyterian, and Montefiore Medical Center. The study followed
the Transparent Reporting of Evaluations With Nonrandomized Designs (TREND) reporting guideline.22

Unit Selection and Participants
An interrupted time-series evaluation of the patient-centered Fall TIPS tool kit was conducted among
37 231 patients in 14 adult medical units in 3 academic medical centers: site 1 (Boston,
Massachusetts), site 2 (Bronx, New York), and site 3 (New York, New York) between November 1,
2015, and October 31, 2018. The purpose was to evaluate the tool kit’s effectiveness and compare the
rates of falls and falls with injury from a 21-month preintervention period and a 21-month
postintervention period (Figure 2). Site 1 agreed to implement Fall TIPS in all 12 medical units. Sites 2
and 3 each agreed to implement Fall TIPS in 1 acute care medical unit with rates of falls and injuries
that were above average for their institutions.

Study Design and Intervention
In collaboration with unit leadership, the study team assigned the month when the intervention
would go live between September 2015 and November 2016 based on the modality selected and
associated constraints (Figure 2). Previous testing revealed that all modalities were effective in
facilitating patient engagement in the 3-step fall-prevention process.20 An 11-by-17-inch laminated
Fall TIPS poster was displayed at the bedside and used color-coded clinical decision support to link
the Morse Fall Scale9 risk factors to evidence-based interventions. Nurses completed the poster with
a dry-erase marker at admission and during each shift with the patient and family (if available) and
posted it at the bedside. Using the Fall TIPS EHR-integrated tool kit, nurses identified patient-specific
risk factors using the Morse Fall Scale,9 and clinical decision support automatically linked each risk
factor with the appropriate preventive interventions. Nurses could further tailor prevention plans
based on their knowledge of the patient. Once completed, posters (8.5 × 11 in) detailing the risk
factors and fall-prevention plan were generated and printed from the EHR system, hung at the
bedside (sites 2 and 3), or automatically displayed on the bedside computer screensaver (e-bedside
display, site 1) and reviewed with the patient and family at admission and during each shift.
Methods for stakeholder engagement and implementation in study units are described
elsewhere.19 In brief, study staff engaged leadership at institutional and care-unit levels through
presentations on the evidence supporting Fall TIPS. We used a peer-champion model of existing unitbased nursing staff for education and training.19 Nurse champions who completed competency
training were involved in continuous engagement of staff nurses, monitoring of fidelity, and
reinforcement, with the intention of successful integration of the intervention into practice.19 Study
staff visited study units to provide training during the go-live week.19 Unit-based nurse champions
measured adherence to the protocol with patient engagement audits consisting of 3 questions: (1) Is
the Fall TIPS poster updated with the correct patient information? (2) Can the patient/family express
their fall risk factors? and (3) Can the patient/family express their fall-prevention plan? Based on
continuous feedback from unit champions, barriers to adoption and spread were addressed.19 After
the go-live date, nurse champions completed 5 random audits per month and provided peer
feedback to the nurses caring for the audited patients.

Outcomes
The primary outcome measure was the overall rate of patient falls per 1000 patient-days during the
study period. The overall rate of falls with injury per 1000 patient-days was the secondary outcome.
Data on falls and resulting injury levels are routinely recorded in an event reporting system at all
participating hospitals and were used in the analysis.
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Statistical Analysis
The association between the intervention and the rate of patient falls and falls with injury per 1000
patient-days on the unit was analyzed using Poisson regression (for rates) estimated with
overdispersion via generalized estimating equations to account for clustering within a unit using an
exchangeable correlation for patients within the same unit. In the Poisson regression models, we fit
segmented lines for the 2 periods (before and after intervention) to test for the statistical significance
of observed changes in the fall rates in the interrupted time series associated with the intervention.
In the Poisson regression model for rates with clustering by unit, we adjusted for the following
patient-level characteristics: sex (as classified in the EHR), race/ethnicity, insurance (public or
private), age at admission, and binary Charlson Comorbidity Index score (0-1 or ⱖ2). For the Poisson
regression parameters to be interpreted as log rate ratios, unit length of stay was used as an offset
term with Poisson modeling.
In a secondary analysis to assess whether the changes before vs after intervention differed by
age group (younger than 65 years vs 65 years or older), we fit the adjusted Poisson regression model
for rates with an interaction between age group and period. In another secondary analysis to assess
whether the changes from before the intervention to after the intervention differed by site, we fit the
adjusted Poisson regression model for rates with an interaction between site and period.
Patient characteristics in the 2 periods are presented as means for continuous variables and
proportions for categorical variables. Balance in patient characteristics in the 2 periods was assessed
using standardized differences. All analyses used the intention-to-treat principle. Statistical
significance was set at P < .05 using a 2-sided test. We used SAS statistical software, version 9.4 (SAS
Institute), for the analyses.23,24

Results
The study included 37 231 patients and 277 655 patient-days; 17 948 patients were included in the
preintervention period and 19 283 in the postintervention period (Table). Patients in both periods
were similar regarding age, sex, race/ethnicity, primary insurance type, hospital and unit length of
stay, and Charlson Comorbidity Index score at admission. A total of 9723 (54.17%) patients during the

Table. Patient Characteristics and Standardized Differences Before and After Implementation of the Fall TIPS
Tool Kit Intervention
Characteristics

Before the
intervention, No.

After the
intervention, No.

Standardized
difference (%)a

Patient-days, No.

135 163

142 492

NA

Patients, No.

17 948

19 283

NA

Hospital length of stay, mean (SD)

7.53 (9.04)

7.39 (10.03)

1.47

Unit length of stay, mean (SD)

5.86 (6.07)

5.88 (7.45)

–0.29

Age, mean (SD)

60.56 (18.30)

60.92 (18.10)

–1.98

Women, No. (%)

9723 (54.17)

10 325 (53.54)

1.26

Race/ethnicity, No. (%)
White

9760 (62.57)

10 521 (60.17)

4.93

Otherb

5843 (37.46)

6971 (39.87)

–4.93

Missing

2349

1797

NA

Public

12 455 (70.84)

12 754 (70.14)

1.53

Private

5126 (29.16)

5429 (29.86)

–1.53

Missing

285

1797

NA

0-1

8039 (44.79)

7953 (41.25)

7.15

≥2

9909 (55.21)

11 328 (58.75)

–7.15

Missing

0

2

NA

Primary insurance, No. (%)

Total Charlson Comorbidity Index score
at admission, No. (%)
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preintervention period and 10 325 (53.54%) during the postintervention period were women, and
9760 (62.57%) patients during the preintervention and 10 521 (60.17%) during the postintervention
period were White. The mean (SD) age of patients was 60.56 (18.30) years in the preintervention
period and 60.92 (18.10) years in the postintervention period. The mean (SD) hospital length of stay
was 7.53 (9.04) days in the preintervention period and 7.39 (10.03) days in the postintervention
period. All standardized differences comparing demographics across periods were less than 10%
(Table), suggesting that the demographics were well balanced over periods.23,24 Nevertheless, to
protect against possible confounding, we adjusted for all demographics in the interrupted timeseries analyses. There were no statistically significant trends from month to month within the
preintervention or postintervention periods in relation to falls or falls with injury. Therefore, we
compared adjusted rates across the preintervention and postintervention periods. After Fall TIPS
implementation, site 1 had a mean compliance rate of 86% on the 3-question audit, and sites 2 and 3
had mean compliance rates greater than 95%. This translated into a clinically significant patientcentered Fall TIPS intervention in all study units.20
In the adjusted analysis, the overall fall rate in study units decreased from 2.92 falls per 1000
patient-days (95% CI, 2.53-3.36 falls per 1000 patient-days) before implementation to 2.49 falls per
1000 patient-days (95% CI, 2.06-3.0 falls per 1000 patient-days) in the postintervention period.
After adjustment for demographics in the Poisson regression model, study units using the patientcentered Fall TIPS tool kit achieved a 15% reduction in patient falls in the postintervention period
(adjusted rate ratio [RR], 0.85; 95% CI, 0.75-0.96; P = .01). In the subanalysis by age, the decrease in
falls was largest for patients younger than 65 years; units achieved an 18% reduction in patient falls
in this age group in the postintervention period (adjusted RR, 0.82; 95% CI, 0.70-0.97; P = .02) vs a
10% reduction for patients age 65 and older (adjusted RR, 0.90; 95% CI, 0.74-1.09; P = .28), with
the latter difference not being statistically significant.
In the adjusted analysis, the overall injurious fall rate in study units decreased from 0.73
injurious falls per 1000 patient-days (95% CI, 0.59-0.92 falls per 1000 patient-days) before
implementation to 0.48 injurious falls per 1000 patient-days (95% CI, 0.34-0.70 falls per 1000
patient-days) in the postintervention period. After adjustment for demographics in the Poisson
regression model, study units achieved a 34% reduction in overall falls with injury in the
postintervention period (adjusted RR, 0.66; 95% CI, 0.53-0.88; P = .003). The rate ratios for falls
and injurious falls before and after the intervention are shown in Figure 3. In the subanalysis by age,
the decrease in injurious falls was largest for patients aged 65 years or older, among whom units
achieved a 48% reduction in the postintervention period (adjusted RR, 0.52; 95% CI, 0.34-0.82;
P = .004) vs a 19% reduction for patients younger than 65 (adjusted RR, 0.81; 95% CI, 0.54-1.19;
P = .28), with the latter difference not being statistically significant.

Figure 3. Adjusted Rate Ratios of Falls and Injurious Falls by Site Before vs After Fall Tailoring Interventions for Patient Safety (TIPS) Intervention
A Falls

B

Favors
fall TIPS

Adjusted rate
ratio (95% CI)

Favors
usual care

Injurious falls
Favors
fall TIPS

Adjusted rate
ratio (95% CI)

P value

Favors
usual care

P value

Overall

0.85 (0.75-0.96)

.01

Overall

0.66 (0.49-0.89)

.01

Site 1

0.88 (0.74-1.05)

.16

Site 1

0.58 (0.38-0.89)

.01

Site 2

0.81 (0.62-1.06)

.13

Site 2

0.69 (0.36-1.31)

.25

Site 3

0.83 (0.63-1.11)

.21

Site 3

0.97 (0.44-2.18)

.96

0.5

1

0.2

2

The adjusted rate ratios were obtained from a Poisson regression model with
overdispersion and clustering by unit, adjusted for the following patient-level
characteristics: sex, race/ethnicity, insurance (public vs private), age at admission, and

3

binary Charlson comorbidity score (0-1; ⱖ2). Unit length-of-stay was used as an offset
term with Poisson modeling so rates could be interpreted as events per patient length
of stay.
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Discussion
We evaluated a nurse-led intervention focused on engaging patients and families with the care team
at 3 institutions and found that the intervention was associated with overall reduced rates of falls
and fall-related injuries. Previous quality improvement studies25-27 have shown a reduction in injuries
but not in acute-care units in multiple geographic locations. This study suggests that hospital-based
fall-prevention interventions are associated with reduced rates of falls when they routinely engage
patients and families in the fall-prevention plan.
These findings build on research supporting patient engagement in safety initiatives, which has
been associated with improved quality, safety, patient experience, and empowerment.28,29 Patients
are prepared to carry out specific and actionable interventions recommended by health care
professionals when they are engaged in the process.30,31 As shown in previous work,20,21 both hightech and low-tech tools can facilitate patient engagement in the fall-prevention plan. Patient
engagement in the 3-step fall-prevention process results in a partnership between the patient and
care team and strengthens the Fall TIPS tool kit13 intervention.
In the subanalysis, we found that the intervention was associated with reduced falls in younger
patients and with reduced fall-related injuries in older patients. These results differ from another
evaluation,13 in which the tool kit was associated with reduced falls in older patients and there was no
difference in the injurious fall rate. Interviews with younger patients revealed that they did not
believe that they were at risk for falls in the hospital, especially those who were independent at
home.32 We refined the tool kit to improve patient engagement in the 3-step fall-prevention process.
Our rationale was that if patients were included in risk assessment and the development of their
prevention plan, they would be more likely to believe that they are at risk for falls in the hospital and
perhaps more likely to follow their prevention plan. The findings suggest that engaging patients in
the fall-prevention process is important because this simple practice was associated with fewer falls
among younger patients and substantially fewer fall-related injuries among older patients—those at
greatest risk of injury.

Strengths and Limitations
This study has strengths. Inclusion of 3 academic medical centers with many patients and different
patient populations enhanced the generalizability of the Fall TIPS tool kit. Engagement of leadership
at both the institutional and care-unit levels was important for the integration of the intervention
into practice. Fidelity was high owing to unit champions and staff nurse engagement through
continuous monitoring and peer feedback. Unit-based nurse champions had a key role in discovering
and addressing barriers to use of the tool kit, which proved to be vital to the success and
sustainability of the intervention.
This study also has limitations. There are challenges to conducting pragmatic studies that engage
stakeholders in intervention development in complex clinical settings. Despite evidence that participatory design and development with end users strengthen interventions, they also make quantifying the
association between the intervention and a reduction in falls more difficult.33 Methods in the early
phases of this project included extensive clinician and patient involvement in developing, refining, and
pilot testing the patient-centered Fall TIPS tool kit (Figure 1). Iteratively changing processes could have
impacted practice and outcomes. To account for this, we evaluated the intervention using an interrupted time series design and removed the problem analysis, design, development, and pilot implementation phases that began before the first prototypes of the Fall TIPS tool kit were developed and
extended until the Fall TIPS tool kit modalities’ design was complete. We included a wash-in period 2
months after going live in each study unit. This was the time it took nurses on clinical units to fully integrate the tool kit and consistently submit compliance audits.
We assessed the effectiveness of the patient-centered Fall TIPS tool kit within existing
institutional infrastructures and workflows. One limitation is that support from hospital leadership
and unit champions, communication channels, timing of implementation, and nurse and patient

JAMA Network Open. 2020;3(11):e2025889. doi:10.1001/jamanetworkopen.2020.25889 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 11/17/2020

November 17, 2020

7/10

JAMA Network Open | Public Health

Evaluation of a Patient-Centered Fall-Prevention Tool Kit

adherence to the protocol were variables that could not be fully controlled. We had originally planned
to randomize the go-live dates for site 2 (Supplement 1), but the decision to implement a new EHR
at each site after the start of the study and the decision to allow clinicians to select the Fall TIPS
modality that best fit unit workflow limited the ability to randomize. Although the study design did
not allow for perfect comparability, it revealed valuable information about the generalizability of the
tool kit and its effectiveness in diverse, real-world acute care environments for a relatively long
duration (21 months). Although the multisite evaluation is a strength of the study, limiting the
evaluation to a single unit at sites 2 and 3 is a limitation. A larger evaluation is needed to fully evaluate
generalizability. We acknowledge that there are overlapping 95% CIs in the secondary analyses by
site and age. However, examining the overlap between 95% CIs is a conservative approach to testing
whether 2 groups are significantly different (compared with the P value for testing for differences in
2 groups). Others have shown that if the two 95% CIs overlap, it does not mean that the 2 groups are
not significantly different.34,35

Conclusions
In this nonrandomized controlled trial, implementation of a nurse-led, patient-centered fallprevention tool kit was associated with reduced rates of falls and injurious falls. The fall-prevention
tool kit helped link patient-specific risk factors to interventions most likely to prevent a fall.20 Various
modalities of the tool kit allow for integration into existing clinical workflows in diverse hospital
settings. This tool kit appears to addresses the gap among nursing assessment of fall risk, tailored fallprevention interventions, and engagement of patients throughout the fall-prevention process.13,36

ARTICLE INFORMATION
Accepted for Publication: September 18, 2020.
Published: November 17, 2020. doi:10.1001/jamanetworkopen.2020.25889
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Dykes PC
et al. JAMA Network Open.
Corresponding Author: Patricia C. Dykes, PhD, RN, Center for Patient Safety, Research and Practice, Division of
General and Internal Medicine and Primary Care, Brigham and Women’s Hospital, 1620 Tremont St, 3rd Floor,
Boston, MA 02120 (pdykes@bwh.harvard.edu).
Author Affiliations: Center for Patient Safety, Research and Practice, Division of General and Internal Medicine
and Primary Care, Brigham and Women’s Hospital, Boston, Massachusetts (Dykes, Burns, Lipsitz, Shaykevich,
Bates); Harvard Medical School, Harvard University, Boston, Massachusetts (Dykes, Lipsitz, Bates); School of
Nursing, Columbia University, New York, New York (Adelman, Carter); Columbia University Irving Medical
Center/New York–Presbyterian, New York, New York (Adelman, Carter); Institute of Healthcare Systems
Engineering, Boston, Massachusetts (Benneyan); Montefiore Medical Center Hospitals, Bronx, New York
(Bogaisky, Lindros, Scanlan); Kennesaw State University, Kennesaw, Georgia (Ergai).
Author Contributions: Drs Dykes and Lipsitz had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.
Concept and design: Dykes, Adelman, Ergai, Lindros, Lipsitz, Bates.
Acquisition, analysis, or interpretation of data: Dykes, Burns, Adelman, Benneyan, Bogaisky, Carter, Lipsitz,
Scanlan, Shaykevich, Bates.
Drafting of the manuscript: Dykes, Burns, Ergai, Lipsitz.
Critical revision of the manuscript for important intellectual content: Dykes, Burns, Adelman, Benneyan, Bogaisky,
Carter, Lindros, Lipsitz, Scanlan, Shaykevich, Bates.
Statistical analysis: Lipsitz, Shaykevich.
Obtained funding: Dykes, Carter.
Administrative, technical, or material support: Dykes, Burns, Adelman, Benneyan, Bogaisky, Scanlan.
Supervision: Dykes, Burns, Adelman, Lipsitz.

JAMA Network Open. 2020;3(11):e2025889. doi:10.1001/jamanetworkopen.2020.25889 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 11/17/2020

November 17, 2020

8/10

JAMA Network Open | Public Health

Evaluation of a Patient-Centered Fall-Prevention Tool Kit

Conflict of Interest Disclosures: Drs Dykes, Adelman, Benneyan, and Carter reported receiving grants from the
Agency for Healthcare Research and Quality (AHRQ) during the conduct of the study. Dr Bates reported receiving
grants from AHRQ during the conduct of the study and grants and personal fees from EarlySense; personal fees
from the Center for Digital Innovation–Negev; equity from Valera Health, CLEW, and MDClone; personal fees and
equity from AESOP; and grants from IBM Watson outside the submitted work. No other disclosures were reported.
Funding/Support: This study was funded by grant #P30HS023535 from the Agency for Healthcare Research
and Quality.
Role of the Funder/Sponsor: The AHRQ had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
Additional Contributions: We acknowledge the contributions of our collaborators at Northeastern University’s
Healthcare Systems Engineering Institute and the unit champions at sites 1, 2, and 3 for their role in implementing
and sustaining the Fall TIPS tool kit. Paul Bain, PhD, MLIS, at Countway Library of Medicine (an alliance of the
Harvard Medical School and Boston Medical Library) assisted with the literature review. None of the contributors
received financial compensation.
Data Sharing Statement: See Supplement 2.
REFERENCES
1. National Quality Forum. Serious reportable events in healthcare: 2011 update. Published 2011. Accessed October
12, 2020. http://www.qualityforum.org/topics/sres/serious_reportable_events.aspx
2. Centers for Disease Control and Prevention. WISQARS—Web-based Injury Statistics Query and Reporting
System. Updated July 1, 2020. Accessed October 7, 2020. https://www.cdc.gov/injury/wisqars/index.html
3. Burns Z, Khasnabish S, Hurley AC, et al. Classification of injurious fall severity in hospitalized adults. J Gerontol A
Biol Sci Med Sci. 2020;glaa004. doi:10.1093/gerona/glaa004
4. Wong CA, Recktenwald AJ, Jones ML, Waterman BM, Bollini ML, Dunagan WC. The cost of serious fall-related
injuries at three Midwestern hospitals. Jt Comm J Qual Patient Saf. 2011;37(2):81-87. doi:10.1016/S1553-7250(11)
37010-9
5. Spetz J, Brown DS, Aydin C. The economics of preventing hospital falls: demonstrating ROI through a simple
model. J Nurs Adm. 2015;45(1):50-57. doi:10.1097/NNA.0000000000000154
6. Heslop L, Lu S, Xu X. Nursing-sensitive indicators: a concept analysis. J Adv Nurs. 2014;70(11):2469-2482. doi:
10.1111/jan.12503
7. Lucero RJ, Lake ET, Aiken LH. Nursing care quality and adverse events in US hospitals. J Clin Nurs. 2010;19(1516):2185-2195. doi:10.1111/j.1365-2702.2010.03250.x
8. Kutney-Lee A, Stimpfel AW, Sloane DM, Cimiotti JP, Quinn LW, Aiken LH. Changes in patient and nurse
outcomes associated with magnet hospital recognition. Med Care. 2015;53(6):550-557. doi:10.1097/MLR.
0000000000000355
9. Morse JM. Preventing Patient Falls: Establishing a Fall Intervention Program. Vol 2. Springer; 2008.
10. Inouye SK, Brown CJ, Tinetti ME. Medicare nonpayment, hospital falls, and unintended consequences. N Engl
J Med. 2009;360(23):2390-2393. doi:10.1056/NEJMp0900963
11. Cameron ID, Gillespie LD, Robertson MC, et al. Interventions for preventing falls in older people in care facilities
and hospitals. Cochrane Database Syst Rev. 2012;12:CD005465. doi:10.1002/14651858.CD005465.pub3
12. Dykes PC, Carroll DL, Hurley AC, Benoit A, Middleton B. Why do patients in acute care hospitals fall? can falls be
prevented? J Nurs Adm. 2009;39(6):299-304. doi:10.1097/NNA.0b013e3181a7788a
13. Dykes PC, Carroll DL, Hurley A, et al. Fall prevention in acute care hospitals: a randomized trial. JAMA. 2010;
304(17):1912-1918. doi:10.1001/jama.2010.1567
14. Dykes PC, I-Ching EH, Soukup JR, Chang F, Lipsitz S. A case control study to improve accuracy of an electronic
fall prevention toolkit. AMIA Annu Symp Proc. 2012;2012:170-179.
15. Dykes PC, Duckworth M, Cunningham S, et al. Pilot testing Fall Trends Pharmacol Sci (Tailoring Interventions
for Patient Safety): a patient-centered fall prevention toolkit. Jt Comm J Qual Patient Saf. 2017;43(8):403-413. doi:
10.1016/j.jcjq.2017.05.002
16. Carter EJ, Khasnabish S, Adelman JS, et al. Adoption of a patient-tailored fall prevention program in academic
health systems: a qualitative study of barriers and facilitators. OBM Geriatrics. 2020;4(2). doi:10.21926/obm.
geriatr.2002119

JAMA Network Open. 2020;3(11):e2025889. doi:10.1001/jamanetworkopen.2020.25889 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 11/17/2020

November 17, 2020

9/10

JAMA Network Open | Public Health

Evaluation of a Patient-Centered Fall-Prevention Tool Kit

17. Glasgow RE, McKay HG, Piette JD, Reynolds KD. The RE-AIM framework for evaluating interventions: what can
it tell us about approaches to chronic illness management? Patient Educ Couns. 2001;44(2):119-127. doi:10.1016/
S0738-3991(00)00186-5
18. Katsulis Z, Ergai A, Leung WY, et al. Iterative user centered design for development of a patient-centered fall
prevention toolkit. Appl Ergon. 2016;56:117-126. doi:10.1016/j.apergo.2016.03.011
19. Leung WY, Adelman J, Bates DW, et al. Validating fall prevention icons to support patient-centered education.
J Patient Saf. 2017. doi:10.1097/PTS.0000000000000354
20. Duckworth M, Adelman J, Belategui K, et al. Assessing the effectiveness of engaging patients and their
families in the three-step fall prevention process across modalities of an evidence-based fall prevention toolkit: an
implementation science study. J Med internet Res. 2019;21(1):e10008. doi:10.2196/10008
21. Christiansen TL, Lipsitz S, Scanlan M, et al. Patient activation related to fall prevention: a multisite study. Jt
Comm J Qual Patient Saf. 2020;46(3):129-135. doi:10.1016/j.jcjq.2019.11.010
22. Des Jarlais DC, Lyles C, Crepaz N, TREND Group. Improving the reporting quality of nonrandomized
evaluations of behavioral and public health interventions: the TREND statement. Am J Public Health. 2004;94(3):
361-366. doi:10.2105/AJPH.94.3.361
23. Austin P. Using the standardized difference to compare the prevalence of a binary variable between two
groups in observational research. Commun Stat Simul Comput. 2009;38(6):1228-1234. doi:10.1080/
03610910902859574
24. Austin PCSE, Stuart EA. Moving towards best practice when using inverse probability of treatment weighting
(IPTW) using the propensity score to estimate causal treatment effects in observational studies. Stat Med. 2015;
34(28):3661-3679. doi:10.1002/sim.6607
25. Weinberg J, Proske D, Szerszen A, et al. An inpatient fall prevention initiative in a tertiary care hospital. Jt
Comm J Qual Patient Saf. 2011;37(7):317-325. doi:10.1016/S1553-7250(11)37040-7
26. Cuttler SJ, Barr-Walker J, Cuttler L. Reducing medical-surgical inpatient falls and injuries with videos, icons and
alarms. BMJ Open Qual. 2017;6(2):e000119. doi:10.1136/bmjoq-2017-000119
27. Lohse GR, Leopold SS, Theiler S, Sayre C, Cizik A, Lee MJ. Systems-based safety intervention: reducing falls
with injury and total falls on an orthopaedic ward. J Bone Joint Surg Am. 2012;94(13):1217-1222. doi:10.2106/JBJS.
J.01647
28. Clavelle JT. Leveraging technology to increase patient and family engagement and improve outcomes. Nurs
Adm Q. 2018;42(3):246-253. doi:10.1097/NAQ.0000000000000301
29. Hibbard JH, Greene J. What the evidence shows about patient activation: better health outcomes and care
experiences; fewer data on costs. Health Aff (Millwood). 2013;32(2):207-214. doi:10.1377/hlthaff.2012.1061
30. Trier H, Valderas JM, Wensing M, Martin HM, Egebart J. Involving patients in patient safety programmes:
a scoping review and consensus procedure by the LINNEAUS collaboration on patient safety in primary care. Eur J
Gen Pract. 2015;21(suppl):56-61. doi:10.3109/13814788.2015.1043729
31. Burrows Walters C, Duthie EA. Patients’ perspectives of engagement as a safety strategy. Oncol Nurs Forum.
2017;44(6):712-718. doi:10.1188/17.ONF.712-718
32. Carroll DL, Dykes PC, Hurley AC. Patients’ perspectives of falling while in an acute care hospital and
suggestions for prevention. Appl Nurs Res. 2010;23(4):238-241. doi:10.1016/j.apnr.2008.10.003
33. Pallmann P, Bedding AW, Choodari-Oskooei B, et al. Adaptive designs in clinical trials: why use them, and how
to run and report them. BMC Med. 2018;16(1):29. doi:10.1186/s12916-018-1017-7
34. Schenker N, Gentleman JF. On judging the significance of differences by examining the overlap between
confidence intervals. Am Stat. 2001;55(3):182-186. doi:10.1198/000313001317097960
35. Cornell Statistical Consulting Unit. Overlapping Confidence Intervals and Statistical Significance: StatNews #73.
Updated September 2020. Accessed October 7, 2020. https://www.cscu.cornell.edu/news/statnews/73_ci.pdf
36. Coussement J, De Paepe L, Schwendimann R, Denhaerynck K, Dejaeger E, Milisen K. Interventions for
preventing falls in acute- and chronic-care hospitals: a systematic review and meta-analysis. J Am Geriatr Soc.
2008;56(1):29-36. doi:10.1111/j.1532-5415.2007.01508.x
SUPPLEMENT 1.
Trial Protocol
SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open. 2020;3(11):e2025889. doi:10.1001/jamanetworkopen.2020.25889 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 11/17/2020

November 17, 2020

10/10

