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Background: Emergency department visits and rehospitalization are
common after hospital discharge.
Objective: To test the effects of an intervention designed to minimize hospital utilization after discharge.
Design: Randomized trial using block randomization of 6 and 8.
Randomly arranged index cards were placed in opaque envelopes
labeled consecutively with study numbers, and participants were
assigned a study group by revealing the index card.
Setting: General medical service at an urban, academic, safety-net
hospital.
Patients: 749 English-speaking hospitalized adults (mean age, 49.9
years).
Intervention: A nurse discharge advocate worked with patients
during their hospital stay to arrange follow-up appointments, confirm medication reconciliation, and conduct patient education with
an individualized instruction booklet that was sent to their primary
care provider. A clinical pharmacist called patients 2 to 4 days after
discharge to reinforce the discharge plan and review medications.
Participants and providers were not blinded to treatment assignment.
Measurements: Primary outcomes were emergency department
visits and hospitalizations within 30 days of discharge. Secondary

O

ne in 5 hospitalizations is complicated by postdischarge adverse events (1, 2), some of which may lead
to preventable emergency department visits or readmissions. Despite this finding, hospital discharge procedures
have not been standardized (3). In addition, the declining
presence of primary care providers (PCPs) in hospitals has
not been adequately accompanied by systems to ensure
that patient data are transferred to subsequent caregivers
(4, 5). For example, discharge summaries frequently lack
critical data and are not sent to the PCP in a timely fashion
(6, 7), resulting in outpatient clinicians being unaware of
test results that were pending at discharge (8) and evalua-
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outcomes were self-reported preparedness for discharge and frequency of primary care providers’ follow-up within 30 days of
discharge. Research staff doing follow-up were blinded to study
group assignment.
Results: Participants in the intervention group (n ⫽ 370) had a
lower rate of hospital utilization than those receiving usual care
(n ⫽ 368) (0.314 vs. 0.451 visit per person per month; incidence
rate ratio, 0.695 [95% CI, 0.515 to 0.937]; P ⫽ 0.009). The intervention was most effective among participants with hospital utilization in the 6 months before index admission (P ⫽ 0.014). Adverse events were not assessed; these data were collected but are
still being analyzed.
Limitation: This was a single-center study in which not all potentially eligible patients could be enrolled, and outcome assessment
sometimes relied on participant report.
Conclusion: A package of discharge services reduced hospital utilization within 30 days of discharge.
Funding: Agency for Healthcare Research and Quality and National
Heart, Lung, and Blood Institute, National Institutes of Health.
Ann Intern Med. 2009;150:178-187.
For author affiliations, see end of text.
ClinicalTrials.gov registration number: NCT00252057.
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tions that were scheduled to be done after discharge not
being completed (9). Similarly, patients are often left unprepared at discharge; many do not understand their discharge medications and cannot recall their chief diagnoses
(10). With more than 32 million adult discharges in the
United States each year (11), these deficiencies in the transition of care increase illness, unnecessary hospital utilization, and cost.
Some peridischarge interventions have shown a reduction in hospital readmission rates and cost (12–14), emergency department visits (15), and postdischarge adverse
events (16), whereas some have shown little or no effect
(17–20). Peridischarge interventions have also shown improved PCP follow-up and outpatient work-ups (21) and
higher patient satisfaction (15). Most of these studies have
focused on specific diagnoses (14, 22, 23) or highly selected populations, such as geriatric adults (12, 13, 19, 24).
Some have focused on specific aspects of the discharge,
such as increasing access to primary care follow-up (25),
connecting with transitional nursing services (26), or improving patients’ ability to advocate for themselves after
discharge (12). To date, no study has evaluated a standard-
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Context
Emergency department visits and rehospitalizations are
common after hospital discharge.

Contribution
This trial demonstrated that a nurse discharge advocate
and clinical pharmacist working together to coordinate
hospital discharge, educate patients, and reconcile medications led to fewer follow-up emergency visits and rehospitalizations than usual care alone.

Caution
The trial was conducted at a single center, and not all
eligible patients were enrolled.

Implication
A systematic approach to hospital discharges can reduce
unnecessary health service use.
—The Editors

ized discharge intervention that includes patient education,
comprehensive discharge planning, and postdischarge telephone reinforcement in a general medical population.
In 2004, we began an in-depth examination of hospital discharge, for which we designed a package of services
to minimize discharge failures—a process called reengineered discharge (RED) (Table 1) (3, 27). We did a randomized, controlled trial to evaluate the clinical effect of
implementing RED among patients admitted to a general
medical service.

METHODS
Setting and Participants

We conducted a 2-group, randomized, controlled trial
of English-speaking patients 18 years of age or older who
were admitted to the medical teaching service of Boston
Medical Center, Boston, Massachusetts—a large, urban,
safety-net hospital with an ethnically diverse patient population. Patients had to have a telephone, be able to comprehend study details and the consent process in English,
and have plans to be discharged to a U.S. community. We
did not enroll patients if they were admitted from a skilled
nursing facility or other hospital, transferred to a different
hospital service before enrollment, admitted for a planned
hospitalization, were on hospital precautions or suicide
watch, or were deaf or blind. Boston University’s institutional review board approved all study activities.
Randomization

Each morning, a list of admitted patients was reviewed
for initial eligibility (hospital location, age, date and time
of admission, and previous enrollment). Last names of potential participants were ranked by using a random-number sequence to determine the order in which to approach
patients for enrollment. A trained research assistant then
www.annals.org
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approached each patient and further determined eligibility
according to inclusion and exclusion criteria (Figure 1).
By using block randomization (28) with varying block
sizes of 6 and 8, we randomly arranged index cards indicating either the usual care or intervention group. We
placed the cards in opaque envelopes labeled consecutively
with study numbers. We assigned eligible participants who
consented to enrollment to a study group by revealing the
concealed index card. This process continued until 2 participants were enrolled each day of the week (or 3 participants if the first 2 participants were randomly assigned to
the usual care group). This protocol ensured that research
assistants could not selectively choose potential participants
for enrollment or predict assignment. Participants randomly assigned to usual care received no further intervention. There were 40 participants in the usual care group
and 38 in the intervention group who were enrolled but no
longer met inclusion criteria at discharge (most commonly
because they were discharged to a nursing facility). Because
the primary analysis was by intention to treat, we included
these participants in the analysis, with the exception of
those who died before index discharge, requested to be
removed, or were previously enrolled (Figure 1).
Interventions

Nurse discharge advocates (DAs) carried out all aspects
of the in-hospital intervention. We hired 6 part-time DAs
to work with intervention participants to ensure coverage
by 1 DA 7 days a week, 5 hours a day. We trained all DAs
to deliver the RED intervention by using a manual containing detailed scripts, observation of relevant clinical interactions, and simulated practice sessions. The primary
goals of the DA were to coordinate the discharge plan with
the hospital team and educate and prepare the participant
for discharge. At admission, the DA completed the RED
intervention components outlined in Table 1. Additional
information about the DA training manual is published
elsewhere (3) and can be found on our Web site (www.bu
.edu/fammed/projectred/index.html).
With information collected from the hospital team
and the participant, the DA created the after-hospital care
plan (AHCP), which contained medical provider contact
information, dates for appointments and tests, an appointment calendar, a color-coded medication schedule, a list of
tests with pending results at discharge, an illustrated description of the discharge diagnosis, and information about
what to do if a problem arises. Information for the AHCP
was manually entered into a Microsoft Word (Microsoft,
Redmond, Washington) template, printed, and spiralbound to produce an individualized, color booklet designed to be accessible to individuals with limited health
literacy. By using scripts from the training manual, the DA
used a teach-back methodology (29) to review the contents
of the AHCP with the participant. On the day of discharge, the AHCP and discharge summary were faxed to
the PCP.
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Table 1. Components of Reengineered Hospital Discharge
In-hospital component (discharge advocate)
1. Educate patient about relevant diagnoses throughout hospital stay.
2. Make appointments for clinician follow-up and postdischarge testing.
Solicit input from patient about convenient date(s) and time(s) for
appointments.
Coordinate appointments with physicians, testing, and other services.
Discuss reason for and importance of physician appointments.
Confirm that patient knows location and transportation plan and review
barriers to keeping appointments.
3. Discuss with patient any pending in-hospital tests or studies completed
and who will follow-up with results.
4. Organize postdischarge services.
Be sure patient understands the importance of such services.
Make appointments at times convenient for patient.
Discuss the details about how to receive each service.
5. Confirm medication plan.
Reconcile the discharge medication regimen.
Explain what medications to take, emphasizing any changes in the
regimen.
Review each medication’s purpose, how to take it correctly, and
important side effects.
Be sure the patient has a realistic plan about how to obtain medications.
6. Reconcile the discharge plan with national guidelines and critical
pathways.
7. Review appropriate steps for what to do if a problem arises.
Instruct how to contact the primary care provider (or coverage) by
providing contact numbers for evenings and weekends.
Instruct on what constitutes an emergency and what to do in the case of
an emergency.
8. Transmit discharge summary to physicians and services accepting
responsibility of patient’s care that contains the following:
Reason for hospitalization with specific principal diagnosis.
Important findings.
Procedures done and care, treatment, and services provided to patient.
Patient’s condition at discharge.
Complete and reconciled medication list (including allergies).
List of acute medical issues, tests, and studies for which confirmed
results are pending at the time of discharge and require follow-up.
Information about input from consultative services, including
rehabilitation therapy.
When creating this document, the original source documents—
laboratory, radiology, operative reports, and medication
administration records—should be in the transcriber’s immediate
possession and be visible when it is necessary to transcribe
information from 1 document to another.
9. Assess the degree of understanding by asking the patient to explain in
his or her own words the details of the plan.
May require contacting family members who will share in the caregiving
responsibilities.
After-hospital care plan
10. Give the patient a written discharge plan at the time of discharge that
contains the following:
Reason for hospitalization (discharge diagnosis and significant comorbid
conditions).
Discharge medication list (how and when to take each medication and
how to obtain medication).
Contact information and picture of primary care provider and discharge
advocate.
Information for follow-up primary care, specialty care, and outpatient
test appointments.
Calendar, labeled with scheduled appointments and tests.
Information for tests and studies for which confirmed results are not
available at the time of discharge.
Pharmacist postdischarge telephone component
11. Call the patient to reinforce discharge plan, review medications, and
solve problems.

A clinical pharmacist telephoned the participants 2 to
4 days after the index discharge to reinforce the discharge
plan by using a scripted interview. The pharmacist had
access to the AHCP and hospital discharge summary and,
over several days, made at least 3 attempts to reach each
participant. The pharmacist asked participants to bring
their medications to the telephone to review them and
address medication-related problems; the pharmacist communicated these issues to the PCP or DA.
Outcomes Measures and Follow-up

At the time of recruitment, research assistants collected
baseline data, including sociodemographic characteristics;
the Short Form-12 Health Survey, Version 2 (30); the
depression subscale from the Patient Health Questionnaire-9 (31); and the Rapid Estimate of Adult Literacy in
Medicine (32). We calculated the Charlson Comorbidity
Index score by using primary and secondary diagnoses recorded on the index admission discharge summary (33).
We determined the number of hospital admissions and
emergency department visits in the 6 months before index
admission through medical record review (Boston Medical
Center hospital utilization) and participant report (all
other hospital utilization).
The primary end point was the rate of hospital utilization—the total number of emergency department visits
and readmissions per participant within 30 days of the
index discharge. Any emergency department visit in which
a participant was subsequently hospitalized was counted as
a readmission. Secondary end points were self-reported
preparedness for discharge, rate of primary care follow-up
visits, and knowledge of discharge diagnosis. We collected
outcome data by review of the hospital’s electronic medical
records (EMRs) and by contacting participants by telephone 30 days after discharge. We obtained dates of subsequent emergency department visits and readmissions at
Boston Medical Center from the EMRs and collected those
at other hospitals through participant report. For participants who could not be reached within 60 days after discharge, we assumed that they were alive and relied on hospital EMRs for primary outcomes. Research staff doing
follow-up telephone calls and reviewing hospital records
were blinded to study group assignment. Discharge advocates and pharmacists recorded time spent working with
each participant.
Statistical Analyses

On the basis of unpublished pilot data from the general medical service at Boston Medical Center from July
2003 to June 2004, we estimated that with a readmission
incidence rate of 0.197 visit per person per month and an
emergency department visit incidence rate of 0.17 visit per
person per month (combined hospital utilization rate of
0.367 visit per person per month), we needed to enroll 750
participants to detect an incidence rate reduction of 0.25
visit per person per month in the primary outcome and
achieve 80% power, with a 2-sided ␣ level of 0.05.
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For outcome data, we followed each participant for 30
days after index discharge. We measured person-time in
months, making total person-months equal to the number
of participants in each study group. We used the Poisson
test and proportions test to test for significance of primary
outcomes and secondary outcomes, respectively. We conducted a sensitivity analysis and excluded outliers with
high subsequent hospital utilization.
We generated cumulative hazard curves for time to
multiple events (emergency department visits and readmissions) and compared them by using a log-rank test. We
measured the time-to-event from the index discharge date.
This method corresponds to the Wei, Lin, and Weissfeld
(34) marginal data model for ordered multiple events,
which allows each event to have a separate underlying hazard (35).

Improving Patient Care

We did subgroup analysis with Poisson regression by
using total hospital utilization number per participant as
the dependent variable. We determined subgroups a priori
and included depression diagnosis (36), previous hospital
utilization (37), health literacy level (38), sex, and age. To
evaluate potential interactions between these variables and
the intervention, we included interaction terms in the Poisson regression. We used 2-sided significance tests. We considered P values less than 0.05 to be statistically significant.
All data were analyzed with S-Plus, version 8.0 (Insightful,
Seattle, Washington), and Intercooled Stata, version 10
(StataCorp, College Station, Texas).
Role of the Funding Source

The Agency for Healthcare Research and Quality and
the National Heart, Lung, and Blood Institute, National

Figure 1. Study flow diagram.

Admitted to medical service (n = 5489)
Assessed for eligibility (n = 3873)
Research staff unavailable (n = 1616)
Excluded (n = 3124)
Did not meet inclusion criteria: 1049*
Previously enrolled: 120
Declined to participate: 527
Participants unavailable: 474
Reached maximum participants
enrolled/d: 954
Enrolled and randomly
assigned (n = 749)

Allocated to usual care (n = 376)

Allocated to intervention (n = 373)

Received usual care (n = 376)
Did not meet eligibility criteria at discharge (n = 40)†

Received in-hospital intervention (n = 335)
Did not meet eligibility criteria at discharge (n = 38)‡
Received reinforcement telephone call (n = 228)§

30-day outcome assessment
Reached for telephone interview (n = 308)
Analyzed outcomes using medical record (n = 368)
Excluded from outcome analysis (n = 8)
Participant request: 5
Died before index discharge: 2
Previously enrolled: 1

30-day outcome assessment
Reached for telephone interview (n = 307)
Analyzed outcomes using medical record (n = 370)
Excluded from outcome analysis (n = 3)
Participant request: 2
Died before index discharge: 1

* Patients did not meet inclusion criteria if they were admitted from or planned discharge to an institutional setting (n ⫽ 74), planned hospitalization
(n ⫽ 3) or discharge to a non-U.S. community (n ⫽ 5), were transferred to different hospital service (n ⫽ 8), did not speak English (n ⫽ 371) or have
a telephone (n ⫽ 71), were on hospital precautions (n ⫽ 274) or suicide watch with a sitter (n ⫽ 10), were unable to consent (n ⫽ 181), had sickle cell
disease as the admitting diagnosis (n ⫽ 38), had privacy status (n ⫽ 8), were deaf or blind (n ⫽ 2), or other (n ⫽ 4).
† Usual care participants did not meet eligibility criteria if they were discharged to a nursing facility (n ⫽ 28), were transferred to another hospital service
(n ⫽ 1), were previously enrolled (n ⫽ 1), died during index admission (n ⫽ 2), requested to be removed (n ⫽ 5), or other (n ⫽ 3).
‡ Intervention participants did not meet eligibility criteria if they were discharged to a nursing facility (n ⫽ 21), were transferred to another hospital
service (n ⫽ 6), died during index admission (n ⫽ 1), requested to be removed (n ⫽ 2), or other (n ⫽ 8).
§ 107 intervention participants did not receive a reinforcement call because they could not be reached by telephone (n ⫽ 93), they were readmitted the
same or next day (n ⫽ 2), there was no staffing coverage (n ⫽ 8), or other (n ⫽ 4).
www.annals.org
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Institutes of Health, funded this work. The funding
sources had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the
data; or preparation, review, and approval of the manuscript.

RESULTS
Study Sample

During the study period from 3 January 2006 to 18
October 2007, we admitted 5489 patients and assessed
3873 for eligibility (Figure 1). Because of a lack of available research staff, we did not assess 1616 patients. Of
those assessed for eligibility, 1049 did not meet eligibility
criteria, 120 were previously enrolled, 527 declined to participate, 474 were unavailable in their hospital room at the
time of enrollment, and 954 were not approached because
the maximum number of enrolled participants was reached
that day. We enrolled and randomly assigned 749 participants: 376 in the usual care group and 373 in the intervention group (Figure 1). For primary and secondary outcome analyses, we excluded 11 participants on the basis of
participant request (n ⫽ 7), death before index discharge
(n ⫽ 3), and previous enrollment (n ⫽ 1), which left 368
in the usual care group and 370 in the intervention group.
Baseline demographic and clinical characteristics were similar across study groups (Table 2).
Process Measures

In the intervention group, we discharged 346 of 370
(94%) participants with a primary care appointment, 306
(83%) left with an AHCP, 197 (53%) had their medications reconciled with the ambulatory EMR and had their
updated medication list included in their AHCP, and 336
(91%) had their discharge information sent to their PCP
within 24 hours after discharge. The pharmacist reached
228 (62%) of the intervention participants a median of 4
days (interquartile range [IQR], 3 to 6 days) after discharge
and completed medication review with 195 (53%) intervention participants. The pharmacist found that 126 of
195 (65%) intervention participants who completed medication review had at least 1 medication problem and 103
(53%) needed corrective action by the pharmacist, such as
contacting the participant’s PCP.
In the usual care group, we discharged 127 of 368
(35%) participants with a primary care appointment; data
on medication reconciliation and discharge summary
transfer to the PCP were unavailable.
Outcome Follow-up

We obtained participant-reported outcome data by
telephone for 615 of 738 (83%) participants a median of
32 days (IQR, 30 to 36 days) after discharge. We reached
similar proportions of intervention (307 [83%]) and usual
care (307 [83%]) group participants (P ⫽ 0.87). Likewise,
similar proportions of intervention (12 [3%]) and usual
care (7 [2%]) group participants reported hospital utiliza-

tion at hospitals other than Boston Medical Center (P ⫽
0.36).
Hospital Utilization

In the intervention group, 56 (15.1%) participants
had 1 hospital utilization and 24 (6.5%) had more than 1
hospital utilization. These 80 (21.6%) participants had
116 hospital utilizations (61 emergency department visits
and 55 readmissions) during 370 person-months of follow-up (0.314 visit per person per month). In the usual
care group, 69 (18.8%) participants had 1 hospital utilization and 30 (8.1%) had more than 1 hospital utilization.
These 99 (26.9%) participants had 166 visits (90 emergency department visits and 76 readmissions) during 368
person-months of follow-up (0.451 visit per person per
month) (Table 3). Intervention participants had a lower
rate of hospital utilization than usual care participants (incidence rate ratio, 0.695 [95% CI, 0.515 to 0.937]); P ⫽
0.009). After we repeated the analysis excluding 1 usual
care participant with more than 8 hospital utilizations, hospital utilization between study groups remained statistically
significant (P ⫽ 0.028). Approximately 30% of participants in each study group with any subsequent hospital
utilization had more than 1 subsequent hospital utilization.
Figure 2 shows the cumulative hazard curves comparing hospital utilization in the 2 groups over the 30 days
after discharge (P ⫽ 0.004).
Subgroup analyses revealed that the intervention was
more effective at reducing hospital utilization for participants with greater hospital utilization in the previous 6
months (P for interaction ⫽ 0.014).
Secondary Outcomes

Participants receiving the intervention could identify
their index discharge diagnosis (242 [79%] vs. 217 [70%]
participants; P ⫽ 0.017) and PCP name (292 [95%] vs.
275 [89%] participants; P ⫽ 0.007) more often than usual
care participants. Intervention participants also reported a
higher PCP follow-up rate than usual care participants
(190 [62%]) vs. 135 [44%]; P ⬍ 0.001). Intervention
group participants reported being more prepared for discharge at 30 days (Table 3). Each component of the
AHCP tool was highly rated by intervention participants
(Appendix Table, available at www.annals.org).
Time Spent Providing Intervention

The DA spent a median of 42.5 minutes (IQR, 30 to
60 minutes) speaking directly with each participant, both
collecting participant information and teaching the AHCP
booklet. The DA made a median of 3 attempts (IQR, 2 to
5 attempts) per participant to call or page interns. An additional estimated 45 minutes was spent reviewing the participant’s EMR, communicating with the medical team,
and preparing the AHCP. Therefore, total DA time was
estimated to be 87.5 minutes per participant. Estimated
weekly DA time (following 14 participants per week) was
20.4 hours or approximately 0.5 full-time equivalent.
The pharmacist postdischarge telephone calls took a
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Table 2. Baseline Participant Characteristics*
Characteristic

Usual Care Group
(n ⴝ 376)

Intervention Group
(n ⴝ 373)

Men, n (%)
Mean age, (SD), y
Race, n (%)
White non-Hispanic
Black non-Hispanic
Hispanic
Other race or mixed race
Annual personal income, n (%)
⬍$10 000
$10 000–$19 999
$20 000–$49 999
ⱖ$50 000
Health insurance, n (%)
Private
Medicaid
Medicare
Free Care†
Education level, n (%)
Less than high school
Some high school
High school graduate or GED
Some college
4-year college graduate or higher
Health literacy level, n (%)‡
Grade 3 or below
Grade 4 to 6
Grade 7 to 8
Grade 9 or above
Current employment status, n (%)
Full-time
Part-time
Retired
Disabled
Unemployed
Other
Homeless in past 3 mo, n (%)
Mean previous hospital admissions (SD), n§
Mean previous emergency department visits (SD), n§
Mean length of stay (SD), d
PCP at enrollment, n (%)
Mean Charlson Comorbidity Index score (SD)㛳
Mean Physical Component Summary score (SD)¶
Mean Mental Component Summary score (SD)¶
Major depressive disorder, n (%)**
Minor depressive disorder, n (%)**

176 (47)
49.6 (15.3)

195 (52)
50.1 (15.1)

103 (27)
197 (52)
38 (10)
38 (10)

106 (28)
191 (51)
38 (10)
38 (10)

119 (32)
61 (16)
74 (20)
24 (6.4)

118 (32)
73 (20)
58 (16)
19 (5.1)

64 (17)
184 (49)
49 (13)
72 (19)

58 (16)
174 (47)
51 (14)
86 (23)

33 (8.8)
69 (18)
131 (35)
94 (25)
45 (12)

22 (5.9)
66 (18)
151 (40)
84 (23)
48 (13)

56 (15)
37 (9.8)
119 (32)
154 (41)

58 (16)
39 (10)
110 (29)
153 (41)

96 (26)
40 (11)
65 (17)
88 (23)
68 (18)
16 (4.3)
40 (11)
0.71 (1.4)
1.0 (1.8)
2.6 (3.0)
303 (81)
1.2 (2.0)
40.7 (7.4)
46.3 (9.8)
52 (14)
60 (16)

83 (22)
48 (13)
69 (18)
78 (21)
75 (20)
16 (4.2)
35 (9.4)
0.64 (1.1)
0.86 (1.6)
2.8 (3.4)
299 (80)
1.2 (1.8)
40.1 (7.3)
46.7 (9.3)
69 (18)
58 (16)

PCP ⫽ primary care provider; REALM ⫽ Rapid Estimate for Adult Literacy in Medicine.
* Not all column percentages sum to 100% because of missing values.
† Free Care is a Massachusetts state program for uninsured patients.
‡ Health literacy categories correspond to total REALM scores (32) of grade 3 or below (REALM score, 0 –18), grade 4 to 6 (REALM score, 19 – 44), grade 7 to 8 (REALM
score, 45– 60), and grade 9 or above (REALM score, 61– 66).
§ Previous hospital admissions and emergency department visits include those that occurred within 6 mo before index admission.
㛳 The Charlson Comorbidity Index (33) score reflects the cumulative increased likelihood of 1-year mortality. The higher the score, the more severe the comorbid condition.
A 35% increase in risk for death is reflected in a 1-point increase in weights. The minimum score is zero; there is no maximum score.
¶ From the Short Form-12 Health Survey (30). The Physical Component Summary score range is 0 –100. Mean score for U.S. population is 50 (SD, 10). Higher scores
suggest greater physical functional status. The Mental Component Summary score range is 0 –100. Mean score for U.S. population is 50 (SD, 10). Higher scores suggest
greater mental functional status.
** Determined by using the Patient Health Questionnaire-9, a 9-item, 4-point Likert scale, standard scoring algorithm to screen for major and minor depression (31).

median of 14 minutes (IQR, 10 to 19 minutes), with 10 (6
to 18) additional minutes spent on call preparation, missed
calls, and resolving problems identified during calls. It took
the pharmacist a median of 2 attempts (IQR, 1 to 3 attempts) to reach participants by telephone. Median total
pharmacist time was approximately 26 minutes (IQR, 18
to 36 minutes) per participant. Estimated weekly pharmawww.annals.org

cist time (following 14 participants per week) was 6.1
hours or approximately 0.15 full-time equivalent.
Outcome Cost Analysis

The actual cost of emergency department visits totaled
$21 389 for the usual care group and $11 285 for the intervention group. The actual cost of hospital visits totaled
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Table 3. Primary and Secondary Outcomes
P Value

Variable

Usual Care Group

Intervention Group

Primary outcomes <30 d after index hospitalization
Patients, n
Hospital utilizations, n (visits/patient/mo)*
IRR (95% CI)
Emergency department visits, n (visits/patient/mo)
IRR (95% CI)
Readmissions, n (visits/patient/mo)
IRR (95% CI)

368
166 (0.451)
1.0
90 (0.245)
1.0
76 (0.207)
1.0

370
116 (0.314)
0.695 (0.515–0.937)
61 (0.165)
0.674 (0.476–0.955)
55 (0.149)
0.720 (0.445–1.164)

308
217 (70)
275 (89)
135 (44)
108 (62)

307
242 (79)
292 (95)
190 (62)
129 (77)

–
0.017
0.007
⬍0.001
0.002

219 (79)

254 (86)

0.025

233 (83)

264 (89)

0.049

167 (57)

198 (66)

0.014

163 (55)

197 (65)

0.013

Secondary outcomes†
Patients, n
Able to identify discharge diagnosis, n (%)
Able to identify PCP name, n (%)
Visited PCP, n (%)
How well were your questions answered before you left
the hospital?‡
How well did you understand your appointments after
you left the hospital?‡
How well did you understand how to take your medications
after leaving the hospital?‡
How well did you understand your main problem or diagnosis
when you left the hospital?‡
How prepared were you to leave the hospital?‡

–
0.009
–
0.014
–
0.090
–

IRR ⫽ incidence rate ratio; PCP ⫽ primary care provider.
* Defined as the sum of emergency department visits plus rehospitalizations. An emergency department visit that leads to a rehospitalization is counted only as a
rehospitalization.
† Denominators were participants who were reached at the 30-day follow-up phone call and those who answered questions.
‡ Questions were answered on a 5-point Likert scale. The percentage reflects participants who responded with either of the top 2 categories on the scale (“very prepared” or
“prepared”).

Figure 2. Cumulative hazard rate of hospital utilization for
30 days after index hospital discharge.
0.4

Cumulative Hazard Rate

$412 544 for the usual care group and $268 942 for the
intervention group. Follow-up PCP appointments were
given an estimated cost of $55, on the basis of costs from
an average hospital follow-up visit at Boston Medical Center. The estimated cost of primary care outpatient visits
within 30 days after discharge totaled $8906 for 44% of
368 usual care participants and $12 617 for 62% of 370
intervention participants. The difference between study
groups in total cost (combining actual hospital utilization
cost and estimated outpatient cost) for 738 participants
was $149 995—an average of $412 per person who received the intervention. This represents a 33.9% lower observed cost for the intervention group.

0.3

0.2

P = 0.004

0.1

Usual care

DISCUSSION
The RED intervention decreased hospital utilization
(combined emergency department visits and readmissions)
within 30 days of discharge by about 30% among patients
on a general medical service of an urban, academic medical
center. More intervention group participants reported seeing their PCP for follow-up within 30 days and reported
higher levels of preparedness for discharge. In addition, the
intervention was successful in reducing hospital utilization
among participants who frequently used hospital services.
These data support implementation of a comprehensive
program for hospital discharge among similar hospitals.
Our intervention includes patient-centered education,
comprehensive discharge planning, and postdischarge rein-

Intervention
0.0
0

5
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Time After Index Discharge, d
Cumulative Events*
Usual care
Intervention

30

59

87

111

132

164†

30

51

63

75

97

110†

* The denominators for the events were 433 for usual care and 397 for
intervention. This represents the number of discharges for each group,
which includes index discharges and discharges from all subsequent admissions. At each discharge, the participant is returned to the risk pool.
The denominator is thus constant during the entire 30 days.
† Two events for the usual care group and 6 events for the intervention
group were removed from this analysis because the date of admission was
missing.
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forcement and is practical and easily applied to general
medical patients. The RED intervention has 3 core elements: the DA, the AHCP, and the follow-up telephone
call by those of the pharmacist. Because these elements
were bundled, we could not clearly determine the degree
that each part contributed to the effects demonstrated. No
previous studies have evaluated this trio of interventions
together, although the roles of the DA and the pharmacist
build on previous literature (12, 15, 16, 19). For example,
peridischarge nursing support services have been shown to
improve discharge for patients with heart failure (14, 23,
39, 40). Coleman and colleagues (12) used a nurse “transition coach” to demonstrate reduced readmissions at 30
and 90 days among elderly patients. Naylor and coworkers
(13, 19) found that nurse specialists involved during and
after discharge also effectively reduced acute readmissions.
Several studies have analyzed pharmacist interventions.
Dudas and colleagues (15) randomly assigned patients to
receive a telephone call by a pharmacist after discharge and
demonstrated fewer emergency department visits. Schnipper and coworkers (16) used pharmacist counseling before
and after discharge and showed reductions in preventable
adverse drug events and medication-related readmissions
and emergency department visits. Al-Rashed and colleagues (41) found that predischarge pharmacist-based
counseling for elderly patients followed by a postdischarge
home visit resulted in fewer unplanned primary care visits
and fewer readmissions.
The techniques used to teach the AHCP, its content,
and its format (for example, pictures, color, and large font)
were informed by the literature on limited health literacy
(42, 43). Overall, the intervention improved patient comprehension of key elements of self-care: 30 days after discharge, intervention participants were better able to identify their primary diagnosis and reported better
understanding of their diagnosis, medications, and appointments. The content, format, and teaching of discharge preparation tools deserve further attention because
few studies have assessed the effect of patient education on
subsequent hospital utilization.
Because intervention group participants were more
likely to report seeing their PCPs after discharge and we
transmitted discharge information to PCPs promptly after
discharge, the intervention optimized the chance that
PCPs could identify and address outstanding issues. In addition, the pharmacist follow-up telephone call identified
any problems that a patient was having after discharge and
relayed those issues to the PCP. Previous studies have suggested that improved access to community-based follow-up
alone may not be enough to reduce hospital readmissions
(18, 25). We provide evidence that when combined with
other elements of RED, improving PCP follow-up may
help reduce hospital utilization.
Implementing this discharge intervention required
about 1.5 hours of nursing time and 30 minutes of pharmacist time per participant. Because some of the DA acwww.annals.org
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tivities were redundant with those of existing hospital personnel, implementation of the RED intervention using
existing hospital staff would require less time per patient.
Also, because information was manually entered to create
each AHCP, hospital information technology solutions
could be developed to make this process more efficient.
Despite this, we demonstrated hospital utilization cost savings averaging $412 per discharge. These figures do not
include the cost of the intervention, which involved 0.5
full-time equivalent for a nurse and 0.15 full-time equivalent for a clinical pharmacist. If adopted broadly, this intervention could produce substantial effects on health care
financing (44). However, an important challenge for programs like RED is that health providers, who are best situated to implement such a program, may have no financial
incentive to do so. Hospitals serving capitation-based patient populations may benefit financially from reducing
unneeded rehospitalization. Under the fee-for-service
scheme, the payer will benefit even after paying the full
cost of the intervention. Hospitals will also benefit from
decreasing the rehospitalization rate as an important quality-improvement target, and investment in strategies
proven to work will be attractive to payers. The National
Quality Forum is reviewing new metrics of quality care
surrounding readmission rates (45), and programs like
RED may be used to improve health care organizations’
quality ratings.
Our study has limitations. Because of staffing limitations, we were only able to enroll 2 to 3 participants per
day, and we could not enroll participants on some weekends and holidays. Because of the nature of our urban,
underserved patient population and exclusion of patients
coming from nursing homes, the study sample was
younger and had fewer comorbid conditions than those in
other studies; thus, our results may not be generalizable to
all patient groups. Also, we relied on participant self-report
for outcomes that we could not gather from EMRs, notably data on PCP follow-up and visits at hospitals other
than Boston Medical Center. Previous studies have suggested that patient reports of emergency department and
hospital use correlate well with electronic records from 6
months to 1 year (46, 47). Ritter and colleagues (48) demonstrated that patients tended to underreport outpatient
visits over 6 months compared with electronic charts and
found no demographic or health-related predictors of underreporting. In our case, recall bias should be expected to
be nondifferential because our study was randomized, we
reached both study groups equally, and outcome assessors
were blinded to study assignment. We assumed that study
participants not reached by telephone for an outcome assessment were alive for 30 days after the index discharge,
and we relied on hospital EMRs to gather primary outcomes. Therefore, we did not capture deaths or hospital
utilizations at institutions other than Boston Medical Center for this limited number of participants. For the cost
analysis, we could not determine a generalizable cost for
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the intervention because costs vary widely by institution
and location. Similarly, we could not estimate the downstream cost implications of avoided emergency department
visits and readmissions. Still, we present the actual costs for
3 important types of directly related medical utilization.
The cost of hospital utilization and outpatient visits also
cannot be easily generalized. Our goal is to provide the
direct comparison that can be made for these key costs
between study groups, and we observed a 33.9% reduction
in these costs.
In summary, the RED program successfully reduced
hospital utilization, improved patient self-perceived preparation for discharge, and increased PCP follow-up. In
2007, the National Quality Forum Consensus Standards
Maintenance committee identified hospital discharge as a
critical area for improvement. The resulting National
Quality Forum “Safe Practice” was based largely on the
principles of the RED program (49). Our study provides
data supporting the implementation of the discharge standards promoted by the National Quality Forum.
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Appendix Table. Evaluation of the AHCP by Intervention
Participants 30 Days After Discharge
Question

Participant
Response, n (%)*

In the past 4 weeks, how often did you refer
to your AHCP?†
Daily
Frequently
Occasionally
Once or twice
Never

31 (12)
39 (14)
75 (28)
78 (29)
21 (7.8)

How useful was the AHCP booklet?†
Extremely useful
Very useful
Moderately useful
A little bit useful
Not at all useful

46 (17)
92 (34)
50 (19)
40 (15)
10 (3.7)

What was the most helpful part of the AHCP?†
RED medication schedule
Appointment page
Medical provider contact information
Appointment calendar
Diagnosis information
Other

51 (19)
41 (15)
26 (9.7)
24 (8.9)
29 (11)
29 (11)

How helpful was the RED medication
calendar?‡
Extremely helpful
Very helpful
Moderately helpful
A little bit helpful
Not at all helpful

26 (17)
46 (30)
15 (9.7)
10 (6.5)
4 (2.6)

AHCP ⫽ after-hospital care plan; RED ⫽ reengineered discharge.
* Not all percentages sum to 100% because of missing values (participants did not
answer the question—they either declined or ended the call early).
† The denominator was intervention participants who were reached for the 30-day
follow-up telephone call and received an AHCP (n ⫽ 269).
‡ The denominator was intervention participants who were reached for the 30-day
follow-up telephone call and received an RED medication calendar in their AHCP
(n ⫽ 155).
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