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BACKGROUND: Patients frequently experience subopti-
mal transitions from the hospital to the community,
which can increase the likelihood of readmission. It is
not known which care coordination services can lead to
improvements in readmission rates.
OBJECTIVE: To evaluate the effects of two care coordina-
tion interventions on 30-day readmission rates.
DESIGN: Prospective multicenter observational study of
hospitalized patients eligible for two care coordination
services between January 1, 2013, and October 31,
2015. Readmission rates were compared for patients
who received each care coordination intervention versus
those who did not using multivariable generalized esti-
mating equation logistic regression models.
PARTICIPANTS: A total of 25,628 patients hospitalized in
medicine, neurosciences, or surgical sciences units.
INTERVENTIONS: Patients discharged home and
deemed to be at high risk for readmission were assigned
a nurse Transition Guide (TG) for 30 days post-discharge.
All other patients were assigned the Patient Access Line
(PAL) intervention, which provided a post-discharge
phone call from a registered nurse.
SETTING: Two large academic hospitals in Baltimore,MD.
MAIN MEASURES: Thirty-day all-cause readmission to
any Maryland hospital.
KEY RESULTS: Among all patients, 14.2% (2409/16,993)
of those referred for the PAL intervention and 22.8%
(1973/8635) of those referred for the TG intervention were
readmitted. PAL-referred patients who did not receive the
intervention had an adjusted odds ratio (aOR) for readmis-
sion of 1.27 (95% confidence interval [95% CI] 1.12–1.44,
p < 0.001) compared with patients who did. TG-referred
patients who did not receive the TG intervention had an
aOR of 1.83 (95% CI 1.60–2.10, p < 0.001) compared with
patients who received the intervention. Younger age, male
sex, having more comorbidities, and being discharged from
a medicine unit were associated with not receiving an
assigned intervention. These characteristics were also asso-
ciated with higher readmission rates.

CONCLUSIONS: PAL and TG care coordination interven-
tionswereassociatedwith lower rates of 30-day readmission.
Our findings underscore the importance of determining the
appropriate intervention for the hardest-to-reach patients,
who are also at the highest risk of being readmitted.
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INTRODUCTION

Over 30 million patients are discharged from US hospitals each
year.1 Many of these patients experience deficits in care that
result in poor outcomes. In particular, suboptimal transition
from the hospital to the community setting has been recognized
as a common source of care deficit.2 The Centers for Medicare
& Medicaid Services (CMS) has sought to promote strategies
that reduce healthcare costs, improve the quality of care, and
improve the health of hospitalized patients.3

Hospitals often fail to integrate care processes when patients
transition to receiving community-based services. Poor coordi-
nation of care transitions increases the risk of post-discharge
complications, which sometimes result in unplanned rehospi-
talization.4 There are many reasons for avoidable readmission,
including complex factors such as underlying comorbid condi-
tions, socioeconomic characteristics, and health behaviors.5–7 A
number of demonstration projects implemented by CMS and
others have been shown to improve transitions of care through
better communication within the healthcare team and with the
patient around the time of discharge.8–12 These strategies in-
clude early risk screening to identify patients who warrant
intensified post-discharge support services, promoting follow-
up with primary or specialty care, patient education, optimized
medication management, post-discharge phone calls, and tran-
sition coaches.13–16 While some studies have suggested im-
proved outcomes, systematic reviews have reported mixed
results overall. Thus it is unclear which interventions are
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effective in improving 30-day readmissions and whether it
would be more effective to combine different interventions.16

This study was part of a larger effort evaluating a bundle of
care coordination strategies implemented within the Johns Hop-
kins Health System.17 Efforts to improve care transitions began
in 2010 andwere augmented in 2012 through an award from the
Center for Medicare & Medicaid Innovation (CMMI) to im-
prove access to healthcare and care coordination processes for
patients cared for at Johns Hopkins Hospital and Johns Hopkins
BayviewMedical Center. The bundle of inpatient and post-acute
care transition strategies was built on early demonstration pro-
jects and focused on interdisciplinary planning and prioritizing
provider hand-offs. The interventions we evaluate here were the
Transition Guides (TG) and Patient Access Line (PAL) inter-
ventions. Broad inclusion criteria were used, so that all patients
discharged home without home care services were eligible to
receive one of the two interventions. In brief, higher-risk patients
were assigned to the TG intervention, which connected the
patient with an RN who facilitated care and stayed in contact
with the patient for 30 days following discharge, and when
appropriate, would visit the patient at home to assist in self-
care management. All other patients were assigned to the PAL
intervention, which consisted in phone calls from specialized
nurses to patients within 48 h of discharge to review the dis-
charge instructions and identify potential problems (e.g. new
symptoms or inability to get prescriptions filled). These calls
often took over 20 min to complete and were intended to review
discharge instructions in detail; if problemswere identified, PAL
nurses reached out to the discharging team.
In this study we sought to evaluate whether these coordina-

tion strategies were associated with a reduction in 30-day
readmission to any hospital in the state of Maryland. We also
sought to describe patient characteristics that were associated
with receipt of an intervention, since not all patients assigned
to interventions received them.

METHODS

Study Design, Population, and Setting

We conducted a prospective multicenter observational study
of patients who were discharged from two urban academic
medical centers and who were eligible for care coordination
services to reduce 30-day readmissions. The two centers—The
Johns Hopkins Hospital (JHH), a 1000-bed hospital, and the
Johns Hopkins BayviewMedical Center (JHBMC), a 428-bed
hospital—are urban academic medical centers in Baltimore,
MD. Although the two provide similar levels of care, there are
differences in the populations served. JHBMC provides care
to an older patient population with a greater number of co-
morbid, chronic conditions and a higher proportion of Medic-
aid patients. Clinical units involved in this study were primar-
ily in the departments of medicine, neurosciences, and surgical
sciences across both campuses. Discharges occurred between
January 1, 2013, and October 31, 2015, for patients referred for

TG services, and between July 1, 2013, and October 31, 2015,
for patients referred for PAL services. Patients discharged to
other healthcare facilities (acute or subacute) and patients re-
ceiving skilled home care services were not eligible for these
interventions, to avoid duplication of effort (Fig. 1).

Care Coordination Strategies

The approach to transforming care coordination at both insti-
tutions included the goals of aligning daily care processes
around the needs of all hospitalized patients, increasing ac-
countability for patient outcomes, selecting an evidenced-
based bundle of strategies based on patient risk, and engaging
patients and families in taking responsibility for their own
healthcare outcomes. The TG and PAL interventions were
developed within this framework.
For both interventions, the interdisciplinary team, including

care coordination case managers and social workers, partici-
pated in daily multidisciplinary rounds on the project nursing
units and identified eligible patients. During these rounds, the
care coordination team provided advice on transitional care to
the inpatient providers and recommended post-discharge ser-
vices. To help target the appropriate intervention, all patients
admitted to the units underwent an early risk screening process
using the Early Screen for Discharge Planning (ESDP), a
decision support tool for identifying patients at high risk for
post-discharge complications who might benefit from post-
acute services and referrals.15 In general, patients with high
ESDP scores (≥10) and those identified as high-risk through
discussion at multidisciplinary rounds were offered higher-
intensity services at discharge.
The TG intervention was targeted to patients identified as

high risk for readmission, but who lacked skilled nursing
needs to qualify for home care services or placement in a
skilled nursing facility. TGs were home care nurses who were
assigned tomonitor, communicate, and, when needed, visit the
patient at home for up to 30 days post-discharge. The role of
the TG, modeled after the Btransition coaches^ used in Eric
Coleman’s care transition program,13 was to assist patients and
caregivers with post-discharge self-care management, includ-
ing setting goals and identifying behaviors or barriers that
might lead to self-care management failure. This was accom-
plished through individualized care: reinforcing discharge in-
structions, performing medication reconciliation, ensuring re-
ceipt of critical medication prescriptions, ensuring provider
follow-up and transportation to post-discharge appointments,
referring patients to post-acute care appointments for ongoing
or new problems, recommending patient safety measures for
the home environment, referring patients to community agen-
cies for social needs, and facilitating hand-offs to primary care
and medical home services.
Patients who were not deemed to be at high risk for post-

discharge care management failure and those high-risk pa-
tients who refused the TG intervention were assigned to the
PAL intervention: a single, structured post-discharge phone

622 Hoyer et al.: Improving Outcomes After Hospitalization: A Prospective JGIM



call from a trained nurse within 24–48 h after discharge. The
PAL intervention was informed by prior studies such as Pro-
ject RED (Re-Engineered Discharge).18,19 Using a structured
survey tool, and guided by discharge instructions documented
in the electronic health record, PAL nurses reviewed with
patients key components of the discharge instructions. During
the phone calls, nurses and patients discussed discharge med-
ications, self-care management instructions, Bred flag^ signs
and symptoms, and follow-up appointments and patients’
ability to keep them. Nurses were trained to use motivational
interviewing and Bteach-back^ techniques to reinforce instruc-
tions and highlight important aspects of self-care manage-
ment.20 When problems were discovered, PAL nurses could
intervene by notifying the discharging providers and, if avail-
able, outpatient providers, and by making referrals for addi-
tional post-acute support, such as home care services. PAL
calls typically lasted 20–30 min.

Primary Outcome: 30-Day Readmission
The primary outcome was unplanned rehospitalization to any
acute-care hospital in Maryland within 30 days of discharge
from the two project hospitals. All unplanned readmissions in
Maryland are tracked, enabling the calculation of readmissions
to both the same hospital and other hospitals.21 Unplanned
readmissions were defined by the Maryland Health Services
Cost Review Commission (HSCRC) using an algorithm to
exclude readmissions that were likely scheduled, based on the
index admission diagnosis and readmission diagnosis; this

algorithm is based on the CMS all-cause readmission
measure.22,23

Data Source and Covariates
Data were derived from several sources. Documentation of
patient eligibility and receipt of the PAL and TG interventions
were recorded in a Research Electronic Data Capture
(REDCap) database. These data were updated daily. The Johns
Hopkins Hospital CaseMix/Data Mart database, used for man-
datory reporting to the state of Maryland, provided the follow-
ing patient data: age, gender, race/ethnicity, payer (Medicare,
Medicaid, other) as a proxy for socioeconomic status,24 hospital
service upon discharge, hospital length of stay (LOS), Agency
for Healthcare Research and Quality (AHRQ) comorbidity
index (an updated version of the Elixhauser index25), and All-
Patient–Refined Diagnosis-Related Group (APR-DRG) and
severity of illness (SOI) combinations (3M Health Information
Systems, Salt Lake City, UT).26 The Maryland HSCRC pro-
vided the state’s readmission rates for each APR-DRG/SOI
combination, which served as the expected readmission rate.
This risk stratification methodology is similar to the approach
used in previous studies.27,28

Statistical Analysis

Analyses were performed separately for patients referred for
PAL and TG interventions. Descriptive statistics were calcu-
lated for patient characteristics. Multivariable generalized es-
timating equation (GEE) logistic regression models were used

Figure 1 Thirty-day readmission rates based on receipt or non-receipt of care coordination intervention. The diagram shows the number of
patients who were referred for each intervention, based on risk screening (e.g. Early Screen for Discharge Planning [ESDP] score, care
coordination rounds), as well as the unadjusted readmission scores for patients receiving versus not receiving the two interventions.

Abbreviations: SNF, skilled nursing facility.
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to predict 30-day readmission while controlling for covariates:
age, sex, race, payer, hospital service, AHRQ comorbidity
index, LOS, HSCRC APR-DRG/SOI expected 30-day read-
mission rate, whether patients received the intervention, and
the facility. The GEE models were used to account for the
correlation between repeated observations occurring when a
single patient had multiple admissions. Additionally, a pro-
pensity score analysis was performed as a sensitivity analysis.
A patient’s propensity for receiving the intervention was cal-
culated using GEE logistic regression, with the same covari-
ates as noted above (entered non-parsimoniously) used as
independent variables. The propensity score for each patient
was then used as an adjustor variable to predict readmissions
with each intervention. Separate multivariable GEE logistic
regression models were also used to predict patient receipt
versus non-receipt of the intervention while controlling for the
covariates mentioned above. Adjusted odds ratios (ORs) were
calculated for each regression model. Before its inclusion in
the logistic regression model, we confirmed a lack of
multicollinearity in the multivariable regression model using
variance inflation factors. To determine the number needed to
treat for each intervention, the GEE logistic regression models
were used to calculate the absolute adjusted 30-day readmis-
sion rates for the patients who received the intervention versus
those who did not. Statistical significance was defined as a
two-sided p < 0.05. Data were analyzed with R (version 3.1;
http://www.r-project.org). This study was approved by the
Johns Hopkins Institutional Review Board.

RESULTS

Patient Characteristics

A total of 8635 and 16,993 patients were referred for the TG
and PAL interventions, respectively. Figure 1 shows the num-
ber of patients who were referred for each intervention based
on their risk assessment, as well as the unadjusted readmission
rates for patients who received versus did not receive an
intervention. The proportion of referred patients receiving
the interventions was similar between the PAL and TG groups,
with 64% and 60%, respectively. Consistent with the pro-
gram’s risk stratification procedures, 78% (13,293/16,993) of
PAL-referred patients had ESDP scores of <10, suggesting
they were at lower risk for readmission prior to receiving the
intervention than those receiving TGs, of whom 65%
(5593/8635) had ESDP scores of <10. In addition to higher
ESDP scores, patients referred to the TG intervention also had
higher unadjusted readmission rates, as shown in Figure 1.
Table 1 shows the demographic and clinical characteristics

of patients referred for PAL and TG interventions. Based on
APR-DRG-designated severity of illness, TG-referred patients
had a higher AHRQ comorbidity index, longer LOS, and a
higher expected readmission rate than patients referred for
PAL.

Patient Characteristics Associated with
Receiving the Interventions

Table 2 shows the results of the adjusted analyses examining
patient characteristics associated with not receiving the TG or
PAL intervention. Among referred patients, factors signifi-
cantly associated with a higher likelihood of not receiving
the TG intervention included younger age, male sex, discharge
from a medicine unit, having a greater number of comorbid-
ities, and a higher expected readmission rate based on their
APR-DRG-designated severity of illness. Similarly, factors
significantly associated with a higher likelihood of not receiv-
ing the PAL intervention were younger age, male sex, black
race, Medicaid insurance, discharge from a medicine unit, and
having a greater number of comorbidities. We also observed a
small but significant difference between hospital sites, in that
patients at the JHBMC campus were less likely than JHH
patients to receive either intervention.

Association Between Intervention Received
and 30-Day Readmission

Table 3 summarizes the multivariable adjusted and propensity-
adjusted analyses. Patients who received no intervention had a
significantly higher likelihood of readmission than patients re-
ceiving an intervention. For PAL-referred patients, compared
with patients who received the intervention, patients who did
not receive the intervention had an adjusted OR and 95% confi-
dence interval (95% CI) of 1.27 (95% CI 1.12–1.44, p < 0.001)
and 1.24 (1.08–1.43, p = 0.003) of being readmitted within
30 days in the adjusted and propensity score-adjusted analyses,
respectively. The number of patients needed to receive the PAL
intervention to prevent one readmission was 50.0 (95%CI 43.5–
58.8). Compared with TG-referred patients who received the
intervention, patients who did not receive the intervention had
an adjusted OR of 1.83 (95% CI 1.60–2.10, p < 0.001) and 1.81
(1.58–2.07, p < 0.001) of being readmitted within 30 days in the
adjusted and propensity score-adjusted analyses, respectively.
The number of patients needed to receive the TG intervention
to prevent one readmission was 11.2 (95% CI 9.9–12.8).

DISCUSSION

We investigated the impact that two care coordination inter-
ventions had on 30-day readmissions in two academic medical
centers in Maryland. Receipt of the TG intervention was
associated with significantly lower readmission rates, which
persisted after adjustment. The PAL intervention was associ-
ated with modestly lower readmission rates. Overall, this
finding is consistent with the notion that managing patients
with varying levels of care coordination interventions, based
on risk assessment, may be an effective strategy for improving
transitions from the hospital and reducing readmissions.
Although the causes of hospital readmission are numerous,

preventing readmissions is largely dependent on a patient’s
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ability and willingness to carry out a series of complex and
multifaceted self-care activities. We reasoned that the care coor-
dination interventions at our institutions were successful because
they were designed to assess a patient’s ability to perform self-
caremanagement and to assist patients when theywere unable to
do this for themselves. Patients targeted to receive the more
intensive TG intervention frequently demonstrated poor health
literacy, problemswith activation, or socioeconomic barriers that

rendered them likely to benefit from continuous nurse support.
In comparison, the PAL intervention operated on the premise
that all patients were potentially at risk for care transition failure
soon after hospital discharge based on factors such as confusing
or incomplete instructions, challenges in filling prescriptions for
medications, or the presence of new signs or symptoms. Thus, in
addition to assessing self-management skills, PAL nurses also
identified problems that could increase patient risk for

Table 1 Characteristics of Patients Referred for Care Coordination Services According to Receipt or Non-Receipt of Intervention

Characteristics PAL-referred
(N = 16,993)

TG-referred
(N = 8635)

Received
(n = 10,597)

Not received
(n = 6396)

Received
(n = 5560)

Not received
(n = 3075)

Age 53.0 (16.5) 50.2 (16.0) 57.5 (16.1) 55.2 (16.0)
Male 4866 (45.9%) 3217 (50.3%) 2800 (50.4%) 1625 (52.8%)
Race
White 6242 (58.9%) 3069 (48.0%) 2794 (50.3%) 1515 (49.3%)
Black 3476 (32.8%) 2822 (44.1%) 2349 (42.2%) 1409 (45.8%)
Other 879 (8.3%) 505 (7.9%) 417 (7.5%) 151 (4.9%)

Payer
Medicare 3365 (31.8%) 1795 (28.1%) 2501 (45.0%) 1329 (43.2%)
Medicaid 1808 (17.1%) 2078 (32.5%) 1568 (28.2%) 1080 (35.1%)
Other 5424 (51.2%) 2523 (39.4%) 1491 (26.8%) 666 (21.7%)

Unit type
Medicine 6111 (57.7%) 4574 (71.5%) 3403 (61.2%) 2238 (72.8%)
Neurosciences 3159 (29.8%) 1350 (21.1%) 426 (7.7%) 182 (5.9%)
Surgical sciences 854 (8.1%) 282 (4.4%) 1532 (27.6%) 592 (19.3%)
Other 473 (4.5%) 190 (3.0%) 199 (3.6%) 63 (2.0%)

Seven Zip* 2176 (20.5%) 2004 (31.3%) 2270 (40.8%) 1438 (46.8%)
AHRQ Comorbidity Index 2.6 (1.5) 2.9 (1.6) 3.2 (1.8) 3.6 (2.0)
Length of stay 3.3 (3.2) 3.4 (3.4) 5.8 (5.8) 5.9 (6.7)
HSCRC APR-DRG/SOI expected readmission rate 14.8 (8.2) 15.9 (8.3) 18.2 (7.8) 19.3 (7.7)
Facility
JHH 9007 (85.0%) 5206 (81.4%) 3749 (67.4%) 1853 (60.3%)
JHBMC 1590 (15.0%) 1190 (18.6%) 1811 (32.6%) 1222 (39.7%)

Binary and categorical data are presented as number (%), and continuous variables are represented as mean (standard deviation). Proportions may not
add to 100% due to rounding
Abbreviations: AHRQ, Agency for Healthcare Research and Quality; HSCRC, Health Services Cost Review Commission; APR-DRG, All-Patient–
Refined Diagnosis-Related Group; JHH, Johns Hopkins Hospital; JHBMC, Johns Hopkins Bayview Medical Center; SOI, severity of illness
*Refers to the ZIP Codes in close proximity to the project hospitals with a high proportion of indigent residents

Table 2 Adjusted Model Predicting Intervention Non-Receipt

Variables PAL Transition Guide

OR
(95% CI)

p-value OR
(95% CI)

p-value

Age, by decade 0.92 (0.90–0.94) <0.001 0.90 (0.87–0.93) <0.001
Male 1.19 (1.12–1.28) <0.001 1.13 (1.03–1.24) 0.01
Race
White Reference Reference
Black 1.25 (1.16–1.35) <0.001 0.92 (0.82–1.03) 0.13
Other 1.10 (0.98–1.25) 0.12 0.66 (0.54–0.82) <0.001

Payer
Medicare Reference Reference
Medicaid 1.68 (1.52–1.87) <0.001 1.13 (0.99–1.28) 0.07
Other 0.93 (0.85–1.02) 0.11 0.94 (0.82–1.07) 0.34

Unit type
Medicine Reference Reference
Neurosciences 0.75 (0.69–0.82) <0.001 0.75 (0.61–0.90) 0.003
Surgical sciences 0.60 (0.52–0.70) <0.001 0.70 (0.62–0.80) <0.001
Other 0.64 (0.53–0.78) <0.001 0.56 (0.41–0.76) <0.001

AHRQ comorbidity index, by 1 comorbidity 1.06 (1.03–1.08) <0.001 1.08 (1.05–1.11) <0.001
Length of stay, by day 1.01 (1.00–1.02) 0.26 1.01 (1.00–1.02) 0.06
HSCRC APR-DRG/SOI expected 30-day readmission, by 1% 1.09 (0.69–1.73) 0.70 1.01 (1.00–1.01) 0.02
JHH facility (vs. JHBMC) 0.77 (0.70–0.84) <0.001 0.79 (0.72–0.88) <0.001

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; APR-DRG, All-Patient–Refined Diagnosis-Related Group; CI, confidence interval;
HSCRC, Health Services Cost Review Commission; OR, odds ratio; SOI, severity of illness. Multivariable generalized estimating equation (GEE)
logistic regression models were used to calculate the odds of not receiving the care coordination intervention while controlling for shown covariates
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rehospitalization, such as identification of errors in medications,
incorrect or faulty equipment, or difficulty making it to post-
discharge follow-up appointments. These problems were able to
be addressed in a timely manner by linking patients with pro-
viders, offering additional education, or connecting patients with
resources in the community.
Our study has limitations. Although the findings suggest an

association between the care coordination interventions and
30-day readmissions, our study design does not allow us to
establish causation with certainty. Patients were not randomly
allocated to receipt versus non-receipt of interventions, and we
used as controls the patients we intended to reach but could
not. Thus there may have been differences in unmeasured
factors such as social or socioeconomic context that were
important in determining whether the patient could be reached
after discharge.29,30 We sought to minimize the risk for resid-
ual confounding by adjusting for a number of potentially
important variables, and we did identify significant predictors
of intervention receipt versus non-receipt. Interestingly, many
of the same variables that predicted non-receipt of the assigned
intervention (such as young age, male sex, and more comor-
bidities) also predicted higher readmission rates. This suggests
that the most vulnerable patients may also be the hardest to
reach and to engage in care coordination interventions. Hence,
we recognize that the patients who received the interventions
may have been more engaged in their care and more willing to
work with the healthcare team to improve their health, leading
to potential confounding by indication. This may explain why
the magnitude of the reduction in risk for readmission that we
observed for the TG intervention was larger than might have
been expected based on previously reported research.16

These findings underscore the importance of determining
how best to engage these hardest-to-reach patients. A large
body of evidence shows that engaged patients tend to have
better outcomes.31–33 We found that nearly two-thirds of re-
ferred patients received the interventions, which is higher than
the conversion rates typically reported in the literature. Al-
though we did not directly evaluate patient engagement in this
study, it is important to identify strategies that care coordina-
tion teams can use to engage patients.

CONCLUSIONS

We showed that it was feasible to risk-stratify patients and to
assign higher-risk patients to a more intensive care transition
intervention. Further, successful delivery of care coordination
interventions was associated with reduced 30-day
readmissions. However, patients at highest risk for rehospital-
ization were also the least likely to receive the assigned care
coordination intervention. This highlights the importance of
finding ways to engage the hardest-to-reach patients in efforts
to improve the transition from hospital to home.
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