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BACKGROUND: Rehospitalization is a prominent target for
healthcare quality improvement and performance-based
reimbursement. The generalizability of existing evidence on
best practices is unknown.

OBJECTIVE: To determine the effect of Project BOOST
(Better Outcomes for Older adults through Safe Transitions)
on rehospitalization rates and length of stay.

DESIGN: Semicontrolled pre–post study.

SETTING/PARTICIPANTS: Volunteer sample of 11 hospi-
tals varying in geography, size, and academic affiliation.

INTERVENTION: Hospitals implemented Project BOOST-
recommended tools supported by an external quality
improvement physician mentor.

METHODS: Pre–post changes in readmission rates and
length of stay within BOOST units, and between BOOST
units and site-designated control units.

RESULTS: The average rate of 30-day rehospitalization in
BOOST units was 14.7% prior to implementation and
12.7% 12 months later (P 5 0.010), reflecting an absolute
reduction of 2% and a relative reduction of 13.6%. Rehospi-
talization rates for matched control units were 14.0% in the
preintervention period and 14.1% in the postintervention
period (P 5 0.831). The mean absolute reduction in readmis-
sion rates in BOOST units compared to control units was
2.0% (P 5 0.054 for signed rank test comparing differences
in readmission rate reduction in BOOST units compared to
site-matched control units).

CONCLUSIONS: Participation in Project BOOST appeared
to be associated with a decrease in readmission rates. Jour-
nal of Hospital Medicine 2013;8:421–427. VC 2013 Society of
Hospital Medicine

Enactment of federal legislation imposing hospital reim-
bursement penalties for excess rates of rehospitaliza-
tions among Medicare fee for service beneficiaries
markedly increased interest in hospital quality improve-
ment (QI) efforts to reduce the observed 30-day reho-
spitalization of 19.6% in this elderly population.1,2 The
Congressional Budget Office estimated that reimburse-
ment penalties to hospitals for high readmission rates
are expected to save the Medicare program approxi-
mately $7 billion between 2010 and 2019.3 These pen-
alties are complemented by resources from the Center
for Medicare and Medicaid Innovation aiming to
reduce hospital readmissions by 20% by the end of
2013 through the Partnership for Patients campaign.4

Although potential financial penalties and provision of
resources for QI intensified efforts to enhance the qual-
ity of the hospital discharge transition, patient safety

risks associated with hospital discharge are well docu-

mented.5,6 Approximately 20% of patients discharged

from the hospital may suffer adverse events,7,8 of which

up to three-quarters (72%) are medication related,9 and

over one-third of required follow-up testing after dis-

charge is not completed.10 Such findings indicate oppor-

tunities for improvement in the discharge process.11

Numerous publications describe studies aiming to
improve the hospital discharge process and mitigate
these hazards, though a systematic review of interven-
tions to reduce 30-day rehospitalization indicated that
the existing evidence base for the effectiveness of tran-
sition interventions demonstrates irregular effective-
ness and limitations to generalizability.12 Most studies
showing effectiveness are confined to single academic
medical centers. Existing evidence supports multifac-
eted interventions implemented in both the pre- and
postdischarge periods and focused on risk assessment
and tailored, patient-centered application of interven-
tions to mitigate risk. For example Project RED (Re-
Engineered Discharge) applied a bundled intervention
consisting of intensified patient education and
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discharge planning, improved medication reconcilia-
tion and discharge instructions, and longitudinal
patient contact with follow-up phone calls and a dedi-
cated discharge advocate.13 However, the mean age of
patients participating in the study was 50 years, and it
excluded patients admitted from or discharged to
skilled nursing facilities, making generalizability to the
geriatric population uncertain.

An integral aspect of QI projects is the contribution
of local context to translation of best practices to dis-
parate settings.14–16 Most available reports of success-
ful interventions to reduce rehospitalization have not
fully described the specifics of either the intervention
context or design. Moreover, the available evidence
base for common interventions to reduce rehospitali-
zation was developed in the academic setting. Valida-
tion of single academic center studies in a broader
healthcare context is necessary.

Project BOOST (Better Outcomes for Older adults
through Safe Transitions) recruited a diverse national
cohort of both academic and nonacademic hospitals
to participate in a QI effort to implement best prac-
tices for hospital discharge care transitions using a
national collaborative approach facilitated by external
expert mentorship. This study aimed to determine the
effectiveness of BOOST in lowering hospital readmis-
sion rates and impact on length of stay.

METHODS
The study of Project BOOST was undertaken in ac-
cordance with the SQUIRE (Standards for Quality
Improvement Reporting Excellence) Guidelines.17

Participants

The unit of observation for the prospective cohort study
was the clinical acute-care unit within hospitals. Sites
were instructed to designate a pilot unit for the inter-
vention that cared for medical or mixed medical–surgi-
cal patient populations. Sites were also asked to provide
outcome data for a clinically and organizationally simi-
lar non-BOOST unit to provide a site-matched control.
Control units were matched by local site leadership
based on comparable patient demographics, clinical
mix, and extent of housestaff presence. An initial cohort
of 6 hospitals in 2008 was followed by a second cohort
of 24 hospitals initiated in 2009. All hospitals were
invited to participate in the national effectiveness analy-
sis, which required submission of readmission and
length of stay data for both a BOOST intervention unit
and a clinically matched control unit.

Description of the Intervention

The BOOST intervention consisted of 2 major sequential
processes, planning and implementation, both facilitated
by external site mentors—physicians expert in QI and
care transitions—for a period of 12 months. Extensive
background on the planning and implementation com-
ponents is available at www.hospitalmedicine.org/

BOOST. The planning process consisted of institutional
self-assessment, team development, enlistment of stake-
holder support, and process mapping. This approach
was intended to prioritize the list of evidence-based tools
in BOOST that would best address individual institu-
tional contexts. Mentors encouraged sites to implement
tools sequentially according to this local context analysis
with the goal of complete implementation of the BOOST
toolkit.

Mentor engagement with sites consisted of a 2-day
kickoff training on the BOOST tools, where site teams
met their mentor and initiated development of struc-
tured action plans, followed by 5 to 6 scheduled
phone calls in the subsequent 12 months. During these
conference calls, mentors gauged progress and sought
to help troubleshoot barriers to implementation. Some
mentors also conducted a site visit with participant
sites. Project BOOST provided sites with several col-
laborative activities including online webinars and
an online listserv. Sites also received a quarterly
newsletter.

Outcome Measures

The primary outcome was 30-day rehospitalization
defined as same hospital, all-cause rehospitalization.
Home discharges as well as discharges or transfers to
other healthcare facilities were included in the dis-
charge calculation. Elective or scheduled rehospitaliza-
tions as well as multiple rehospitalizations in the same
30-day window were considered individual rehospital-
ization events. Rehospitalization was reported as a ra-
tio of 30-day rehospitalizations divided by live
discharges in a calendar month. Length of stay was
reported as the mean length of stay among live dis-
charges in a calendar month. Outcomes were calcu-
lated at the participant site and then uploaded as
overall monthly unit outcomes to a Web-based
research database.

To account for seasonal trends as well as marked
variation in month-to-month rehospitalization rates
identified in longitudinal data, we elected to compare
3-month year-over-year averages to determine relative
changes in readmission rates from the period prior to
BOOST implementation to the period after BOOST
implementation. We calculated averages for rehospi-
talization and length of stay in the 3-month period
preceding the sites’ first reported month of front-line
implementation and in the corresponding 3-month pe-
riod in the subsequent calendar year. For example, if
a site reported implementing its first tool in April
2010, the average readmission rate in the unit for Jan-
uary 2011 through March 2011 was subtracted from
the average readmission rate for January 2010
through March 2010.

Sites were surveyed regarding tool implementation
rates 6 months and 24 months after the 2009 kickoff
training session. Surveys were electronically completed
by site leaders in consultation with site team
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members. The survey identified new tool implementa-
tion as well as modification of existing care processes
using the BOOST tools (admission risk assessment,
discharge readiness checklist, teach back use, mandate
regarding discharge summary completion, follow-up
phone calls to >80% of discharges). Use of a sixth
tool, creation of individualized written discharge
instructions, was not measured. We credited sites with
tool implementation if they reported either de novo
tool use or alteration of previous care processes influ-
enced by BOOST tools.

Clinical outcome reporting was voluntary, and sites
did not receive compensation and were not subject to
penalty for the degree of implementation or outcome
reporting. No patient-level information was collected
for the analysis, which was approved by the North-
western University institutional review board.

Data Sources and Methods

Readmission and length of stay data, including the
unit level readmission rate, as collected from adminis-
trative sources at each hospital, were collected using
templated spreadsheet software between December
2008 and June 2010, after which data were loaded
directly to a Web-based data-tracking platform. Sites
were asked to load data as they became available.
Sites were asked to report the number of study unit
discharges as well as the number of those discharges
readmitted within 30 days; however, reporting of the
number of patient discharges was inconsistent across
sites. Serial outreach consisting of monthly phone calls
or email messaging to site leaders was conducted
throughout 2011 to increase site participation in the
project analysis.

Implementation date information was collected
from 2 sources. The first was through online surveys
distributed in November 2009 and April 2011. The
second was through fields in the Web-based data
tracking platform to which sites uploaded data. In
cases where disagreement was found between these 2
sources, the site leader was contacted for clarification.

Practice setting (community teaching, community
nonteaching, academic medical center) was deter-
mined by site-leader report within the Web-based
data tracking platform. Data for hospital characteris-
tics (number of licensed beds and geographic region)
were obtained from the American Hospital Associa-
tion’s Annual Survey of Hospitals.18 Hospital region
was characterized as West, South, Midwest, or
Northeast.

Analysis

The null hypothesis was that no pre–post difference
existed in readmission rates within BOOST units, and
no difference existed in the pre–post change in read-
mission rates in BOOST units when compared to site-
matched control units. The Wilcoxon rank sum test
was used to test whether observed changes described

above were significantly different from 0, supporting
rejection of the null hypotheses. We performed similar
tests to determine the significance of observed changes
in length of stay. We performed our analysis using
SAS 9.3 (SAS Institute Inc., Cary, NC).

RESULTS
Eleven hospitals provided rehospitalization and
length-of-stay outcome data for both a BOOST and
control unit for the pre- and postimplementation peri-
ods. Compared to the 19 sites that did not participate
in the analysis, these 11 sites were significantly larger
(559 6 188 beds vs 350 6 205 beds, P 5 0.003), more
likely to be located in an urban area (100.0%
[n 5 11] vs 78.9% [n 5 15], P 5 0.035), and more
likely to be academic medical centers (45.5% [n 5 5]
vs 26.3% [n 5 5], P 5 0.036) (Table 1).

The mean number of tools implemented by sites
participating in the analysis was 3.5 6 0.9. All sites
implemented at least 2 tools. The duration between
attendance at the BOOST kickoff event and first tool
implementation ranged from 23 months (first tool
implemented prior to attending the kickoff) and 9
months (mean duration, 3.3 6 4.3 months) (Table 2).

The average rate of 30-day rehospitalization among
BOOST units was 14.7% in the preimplementation
period and 12.7% during the postimplementation pe-
riod (P 5 0.010) (Figure 1). Rehospitalization rates for
matched control units were 14.0% in the preinterven-
tion period and 14.1% in the postintervention period
(P 5 0.831). The mean absolute reduction in readmis-
sion rates over the 1-year study period in BOOST
units compared to control units was 2.0%, or a rela-
tive reduction of 13.6% (P 5 0.054 for signed rank
test comparing differences in readmission rate reduc-
tion in BOOST units compared to site-matched con-
trol units). Length of stay in BOOST and control
units decreased an average of 0.5 days and 0.3 days,
respectively. There was no difference in length of stay
change between BOOST units and control units
(P 5 0.966).

DISCUSSION
As hospitals strive to reduce their readmission rates to
avoid Centers for Medicare and Medicaid Services pen-
alties, Project BOOST may be a viable QI approach to
achieve their goals. This initial evaluation of participa-
tion in Project BOOST by 11 hospitals of varying sizes
across the United States showed an associated reduc-
tion in rehospitalization rates (absolute 5 2.0% and rel-
ative 5 13.6%, P 5 0.054). We did not find any
significant change in length of stay among these hospi-
tals implementing BOOST tools.

The tools provided to participating hospitals were
developed from evidence found in peer-reviewed litera-
ture established through experimental methods in well-
controlled academic settings. Further tool development
was informed by recommendations of an advisory
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board consisting of expert representatives and advocates
involved in the hospital discharge process: patients,
caregivers, physicians, nurses, case managers, social
workers, insurers, and regulatory and research agen-
cies.19 The toolkit components address multiple aspects
of hospital discharge and follow-up with the goal of
improving health by optimizing the safety of care transi-
tions. Our observation that readmission rates appeared
to improve in a diverse hospital sample including nona-
cademic and community hospitals engaged in Project
BOOST is reassuring that the benefits seen in existing
research literature, developed in distinctly academic set-
tings, can be replicated in diverse acute-care settings.

The effect size observed in our study was modest
but consistent with several studies identified in a
recent review of trials measuring interventions to

reduce rehospitalization, where 7 of 16 studies show-
ing a significant improvement registered change in the
0% to 5% absolute range.12 Impact of this project
may have been tempered by the need to translate
external QI content to the local setting. Additionally,
in contrast to experimental studies that are limited in
scope and timing and often scaled to a research
budget, BOOST sites were encouraged to implement
Project BOOST in the clinical setting even if no new
funds were available to support the effort.12

The recruitment of a national sample of both aca-
demic and nonacademic hospital participants imposed
several limitations on our study and analysis. We rec-
ognize that intervention units selected by hospitals
may have had unmeasured unit and patient character-
istics that facilitated successful change and contributed

TABLE 1. Site Characteristics for Sites Participating in Outcomes Analysis, Sites Not Participating, and Pilot Cohort
Overall

Enrollment

Sites, n 5 30

Sites Reporting

Outcome Data, n 5 11

Sites Not Reporting

Outcome Data, n 5 19

P Value for Comparison

of Outcome Data Sites

Compared to Others*

Region, n (%) 0.194
Northeast 8 (26.7) 2 (18.2) 6 (31.6)
West 7 (23.4) 2 (18.2) 5 (26.3)
South 7 (23.4) 3 (27.3) 4 (21.1)
Midwest 8 (26.7) 4 (36.4) 4 (21.1)

Urban location, n (%) 25 (83.3) 11 (100) 15 (78.9) 0.035
Teaching status, n (%) 0.036

Academic medical center 10 (33.4) 5 (45.5) 5 (26.3)
Community teaching 8 (26.7) 3 (27.3) 5 (26.3)
Community nonteaching 12 (40) 3 (27.3) 9 (47.4)

Beds number, mean (SD) 426.6 (6 220.6) 559.2 (6 187.8) 349.79 (6 204.48) 0.003
Number of tools implemented, n (%) 0.194

0 2 (6.7) 0 2 (10.5)
1 2 (6.7) 0 2 (10.5)
2 4 (13.3) 2 (18.2) 2 (10.5)
3 12 (40.0) 3 (27.3) 8 (42.1)
4 9 (30.0) 5 (45.5) 4 (21.1)
5 1 (3.3) 1 (9.1) 1 (5.3)

NOTE: Abbreviations: SD, standard deviation.

*Comparisons with Fisher exact test and t test where appropriate.

TABLE 2. BOOST Tool Implementation

Hospital Region Hospital Type

No. Licensed

Beds

Kickoff–

Implementation*

Risk

Assessment

Discharge

Checklist

Teach

Back

Discharge

Summary

Completion

Follow-up

Phone Call Total

1 Midwest Community teaching <300 8 � � � 3
2 West Community teaching >600 0 � � � � 4
3 Northeast Academic medical center >600 22 � � � � 4
4 Northeast Community nonteaching <300 9 � � 2
5 South Community nonteaching >600 6 � � � 3
6 South Community nonteaching >600 23 � � � � 4
7 Midwest Community teaching 300–600 1 � � � � � 5
8 West Academic medical center 300–600 1 � � � � 4
9 South Academic medical center >600 4 � � � � 4
10 Midwest Academic medical center 300–600 3 � � � 3
11 Midwest Academic medical center >600 9 � � 2

NOTE: Abbreviations: BOOST, Better Outcomes for Older adults through Safe Transitions.

*Negative values reflect implementation of BOOST tools prior to attendance at kickoff event.
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to the observed improvements. However, because
external pressure to reduce readmission is present
across all hospitals independent of the BOOST inter-
vention, we felt site-matched controls were essential
to understanding effects attributable to the BOOST
tools. Differences between units would be expected to
be stable over the course of the study period, and
comparison of outcome differences between 2 differ-
ent time periods would be reasonable. Additionally,
we could not collect data on readmissions to other
hospitals. Theoretically, patients discharged from
BOOST units might be more likely to have been reho-
spitalized elsewhere, but the fraction of rehospitaliza-
tions occurring at alternate facilities would also be
expected to be similar on the matched control unit.

We report findings from a voluntary cohort willing
and capable of designating a comparison clinical unit
and contributing the requested data outcomes. Pilot
sites that did not report outcomes were not analyzed,
but comparison of hospital characteristics shows that
participating hospitals were more likely to be large,
urban, academic medical centers. Although barriers to
data submission were not formally analyzed, reports
from nonparticipating sites describe data submission
limited by local implementation design (no geographic
rollout or simultaneous rollout on all appropriate clin-
ical units), site specific inability to generate unit level

outcome statistics, and competing organizational pri-
orities for data analyst time (electronic medical record
deployment, alternative QI initiatives). The external
validity of our results may be limited to organizations
capable of analytics at the level of the individual clini-
cal unit as well as those with sufficient QI resources
to support reporting to a national database in the ab-
sence of a payer mandate. It is possible that additional
financial support for on-site data collection would
have bolstered participation, making the example of
participation rates we present potentially informative
to organizations hoping to widely disseminate a QI
agenda.

Nonetheless, the effectiveness demonstrated in
the 11 sites that did participate is encouraging, and
ongoing collaboration with subsequent BOOST
cohorts has been designed to further facilitate data
collection. Among the insights gained from this
pilot experience, and incorporated into ongoing
BOOST cohorts, is the importance of intensive
mentor engagement to foster accountability among
participant sites, assist with implementation trou-
bleshooting, and offer expertise that is often partic-
ularly effective in gaining local support. We now
encourage sites to have 2 mentor site visits to fur-
ther these roles and more frequent conference calls.
Further research to understand the marginal benefit

FIG. 1. Trends in rehospitalization rates. Three-month period prior to implementation compared to 1-year subsequent. (A) BOOST units. (B) Control units.

Abbreviations: BOOST, Better Outcomes for Older adults through Safe Transitions.
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of the mentored implementation approach is
ongoing.

The limitations in data submission we experienced
with the pilot cohort likely reflect resource constraints
not uncommon at many hospitals. Increasing pressure
placed on hospitals as a result of the Readmission
Reduction Program within the Affordable Care Act as
well as increasing interest from private and Medicaid
payors to incorporate similar readmission-based pen-
alties provide encouragement for hospitals to enhance
their data and analytic skills. National incentives for
implementation of electronic health records (EHR)
should also foster such capabilities, though we often
saw EHRs as a barrier to QI, especially rapid cycle
trials. Fortunately, hospitals are increasingly being
afforded access to comprehensive claims databases to
assist in tracking readmission rates to other facilities,
and these data are becoming available in a more
timely fashion. This more robust data collection,
facilitated by private payors, state QI organizations,
and state hospital associations, will support additional
analytic methods such as multivariate regression mod-
els and interrupted time series designs to appreciate
the experience of current BOOST participants.

Additional research is needed to understand the
role of organizational context in the effectiveness of
Project BOOST. Differences in rates of tool imple-
mentation and changes in clinical outcomes are
likely dependent on local implementation context at
the level of the healthcare organization and individ-
ual clinical unit.20 Progress reports from site men-
tors and previously described experiences of QI
implementation indicate that successful implementa-
tion of a multidimensional bundle of interventions
may have reflected a higher level of institutional
support, more robust team engagement in the work
of reducing readmissions, increased clinical staff sup-
port for change, the presence of an effective project
champion, or a key facilitating role of external men-
torship.21,22 Ongoing data collection will continue
to measure the sustainability of tool use and
observed outcome changes to inform strategies to
maintain gains associated with implementation. The
role of mentored implementation in facilitating gains
also requires further study.

Increasing attention to the problem of avoidable
rehospitalization is driving hospitals, insurers, and
policy makers to pursue QI efforts that favorably
impact readmission rates. Our analysis of the BOOST
intervention suggests that modest gains can be
achieved following evidence-based hospital process
change facilitated by a mentored implementation
model. However, realization of the goal of a 20%
reduction in rehospitalization proposed by the Center
for Medicare and Medicaid Services’ Partnership for
Patients initiative may be difficult to achieve on a
national scale,23 especially if efforts focus on just the
hospital.
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