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BACKGROUND: Poorly-executed transitions out of the
hospital contribute significant costs to the healthcare
system. Several evidence-based interventions can reduce post-discharge utilization.
OBJECTIVE: To evaluate the cost avoidance associated
with implementation of the Care Transitions Intervention (CTI).
DESIGN: A quasi-experimental cohort study using
consecutive convenience sampling.
PATIENTS: Fee-for-service Medicare beneficiaries hospitalized from 1 January 2009 to 31 May 2011 in six
Rhode Island hospitals.
INTERVENTION: The CTI is a patient-centered
coaching intervention to empower individuals to better
manage their health. It begins in-hospital and continues for 30 days, including one home visit and one to
two phone calls.
MAIN MEASURES: We examined post-discharge total
utilization and costs for patients who received coaching
(intervention group), who declined or were lost to followup (internal control group), and who were eligible, but
not approached (external control group), using propensity score matching to control for baseline differences.
KEY RESULTS: Compared to matched internal controls
(N=321), the intervention group had significantly lower
utilization in the 6 months after discharge and lower
mean total health care costs ($14,729 vs. $18,779, P=
0.03). The cost avoided per patient receiving the intervention was $3,752, compared to internal controls. Results
for the external control group were similar. Shifting of
costs to other utilization types was not observed.
CONCLUSIONS: This analysis demonstrates that the
CTI generates meaningful cost avoidance for at least 6
months post-hospitalization, and also provides useful
metrics to evaluate the impact and cost avoidance of
hospital readmission reduction programs.
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INTRODUCTION

Poorly-executed transitions from the hospital contribute to
readmissions at an estimated $15–17 billion annual cost to
Medicare,1,2 in addition to the physical and emotional toll
on patients and families.3,4 A significant number of
readmissions may be preventable,2 and the Congressional
Budget Office has identified improving care transitions as a
key component of advancing healthcare quality and
reducing spending.5
Several evidence-based interventions can improve patients’ transitions from the hospital and have decreased
readmission rates in randomized, controlled trials.6–10
While effective, these interventions require varying levels
of intensity and time commitment from both the patient and
from intervention personnel. Previous trials have demonstrated reductions in costs associated with hospital
readmissions, but have not explored cost shifting to other
types of utilization, such as observation stays, emergency
department (ED) visits, skilled nursing facilities (SNFs),
and other outpatient services.11,12
In 2008, the Centers for Medicare & Medicaid (CMS)
contracted with Rhode Island’s Medicare Quality Improvement Organization, Healthcentric Advisors, to improve care
transitions across the state. Healthcentric Advisors implemented the Care Transitions Intervention (CTI) patient
coaching model, further demonstrating that the CTI can
reduce readmissions in a fee-for-service (FFS) Medicare
population.13,14 Using claims data from that prior study, we
aimed to demonstrate whether, given the achieved decrease
in readmissions, receipt of the intervention was also
associated with overall cost avoidance, without significant
cost shifting.
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METHODS

Design and Setting
We implemented this quality improvement initiative as a
quasi-experimental cohort study. From 1 January 2009, to
31 May 2011, we recruited FFS Medicare patients to
receive the CTI, using consecutive convenience sampling.
Patients were recruited from the general medicine service at
six Rhode Island acute care hospitals. The intervention
continued through 30 June 2011, and we analyzed data
through 31 December 2011.13 Two hospitals’ institutional
review boards (IRBs) approved this study; the remaining
four hospitals’ IRBs accepted these determinations.

Participants
Transitions Coaches used inpatient census lists to identify
general medicine FFS Medicare beneficiaries and approached a
convenience sample of consecutively identified individuals
with planned discharges to the community. Logistical constraints of the CTI team, including the time and day of patient
discharge and the coaches’ ability to speak to patients directly
without interfering with clinical care or the hospital discharge
process, drove convenience. The coaches’ caseload and
scheduling also affected sampling; coaches worked 18–24 hours
per week, with an average caseload of 12 to 15 patients per
coach, comparable to the caseload reported by Coleman et al.6
Transitions Coaches approached eligible hospitalized
patients (and family caregivers, if present) to explain the
intervention and obtain informed consent. As in Coleman et
al.’s randomized, controlled trial of the CTI,6 we excluded
patients whose discharge plans included a long-term care or
skilled nursing facility; who were referred to hospice; and
who had limited English proficiency or documented
impaired cognitive function, unless a family caregiver
agreed to receive the intervention as a proxy. We have
reported additional logistical details elsewhere.13
During the study period, 321 patients received the CTI
(intervention group). An additional 919 patients who were
eligible declined to participate or were lost to follow-up before
completing the home visit (internal control group). Patients
who were lost to follow-up fell into two categories: 1) they
never scheduled a home visit after consenting to the
intervention, or 2) they scheduled a home visit, but were not
available when the coaches attempted that visit.
Because of potential selection bias, we also constructed an
external control group of 11,357 FFS Medicare patients from
the same six hospitals who would have been eligible for
participation, but were not approached (Fig. 1). The same
criteria applied to the comparison populations, although we
could not exclude individuals with limited English proficiency
or those with undiagnosed cognitive impairment from the
external control group. We excluded patients being discharged
to SNF from the external control group using the discharge
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status code in the claims data. For the internal control group
and the intervention group, coaches excluded patients with
planned discharge to SNF before approaching them for
consent. Prior to data analysis, we checked the discharge
status code of every patient who was approached to participate
(both in the intervention and in internal control group), to
ensure that none of those patients was unexpectedly
discharged to SNF after the coach had approached the patient.

Intervention
The CTI is a patient-centered coaching intervention to
empower patients to better manage their health and to
communicate more effectively with their providers.6,13,15,16
It begins with a hospital visit; the full intervention includes
a home visit shortly after discharge and two or three followup telephone calls during the 30-day post-discharge period.
A trained Transitions Coach focuses on skills transfer for a
core set of transition-related skills, such as using a personal
health record, making follow-up appointments, and
responding to worsening signs and symptoms.6,15

Outcomes and Data Sources
We conducted an analysis based on Medicare claims data,
Medicare enrollment data, and a coaching database (developed by the investigators). Medicare Part A and B claims
data provided information on costs and healthcare utilization, as well as the following covariates: 1) diagnoses based
on ICD-9 codes, 2) discharge date, and 3) self-reported
race. Race was included as a covariate because of reported
differences in access to care by race for Medicare
beneficiaries.17 Medicare enrollment data identified individuals with dual-eligibility status. Information captured in
coaching database included, among other things, demographics, presence of a family caregiver, whether patients
accepted the intervention, the extent of the intervention
received, topics discussed during the coaching interactions,
and the number of minutes for each coaching interaction.

Statistical Analysis
This is a secondary analysis of Rhode Island’s efficacy trial of
the CTI, in which subjects who received coaching experienced
fewer 30-day readmissions (12.8 %; OR: 0.61, 95 % CI: 0.42–
0.88).13 In this analysis, we included all post-discharge
utilization; we employed an extended time frame (6 months
post-discharge vs. 30 days) to examine the durability of the
intervention; used propensity score matching to account for
differences between groups; and calculated the cost avoidance
associated with receiving the CTI.
First, we identified two 6-month periods for each patient:
the 6-month baseline period leading to and including the
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Fig. 1. Study population. FFS = fee-for-service.

patient’s index hospitalization, and the 6-month period
following discharge. Next, we used propensity score
matching to control for baseline differences between the
intervention and control groups.18 Using one-to-one
matching, we identified 321 matches from each of the
internal and the external control groups, through multivariate adjustment by subclassification on the propensity score.
Key control variables included year, age, sex, race, dualeligible status, site of index hospitalization (with smaller
hospitals grouped together) and pre-existing conditions and
comorbidities based on the CMS Hierarchical Condition
Category (HCC) risk adjustment model.19 We controlled for
the top 11 HCC groups (Appendix Table 1, available online)
and three severity levels based on individual risk scores.
Third, we examined utilization and total costs for 6
months following hospital discharge. Utilization included
all hospital admissions during that time period (which were
considered readmissions from the initial, index hospitalization), ED visits, and observation stays per 1,000 Medicare
beneficiaries. Costs were defined as Medicare payments and

included inpatient admissions, ED visits, observation stays,
post-acute care (i.e., home health visits, skilled nursing
facility stays, and hospice), outpatient physician costs (e.g.,
office visits), and miscellaneous other outpatient costs. We
did not have access to outpatient prescription costs.
Finally, we estimated cost avoidance by calculating the
gross difference in total costs between intervention and
control subjects and then subtracting intervention costs for
the 6-month period following hospital discharge. The total
intervention cost was calculated by multiplying the Transitions Coaches’ average hourly rate ($72/hour) by the
number of minutes spent with intervention patients, plus
estimated average travel time per encounter.
Differences between intervention and control groups
were compared using χ2 tests for categorical variables and
two-tailed t tests for continuous variables. All analyses were
conducted using SAS 9.2.20
This study was supported by a contract from CMS. CMS
reviewed the manuscript and provided comments, but did
not have any role in the design and conduct of the study;
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collection, management, analysis, or interpretation of the
data; or preparation or approval of the manuscript.

RESULTS

Internal Control Group Characteristics
Compared with internal controls (n=919), patients in the
intervention group (n=321) were more often female (63.2 % vs.
54.3 %, P=0.01) and more often classified as having a medium
HCC risk severity level (38.0 % vs. 31.5 %, P=0.03). After
propensity score matching, there were no statistically significant
differences in any of the patient characteristics between the
intervention group and the internal control group (Table 1).

significance (Table 2).
Compared to matched internal control group subjects, the
intervention group had significantly lower mean total health
care costs for 6 months post-discharge ($14,729 vs. $18,779,
P=0.03). The intervention group also had lower mean 6month readmission costs ($8,011 vs. $11,671, P=0.01). Mean
ED visit, observation stay, skilled nursing facility, and
outpatient physician visit costs in the 6-month post discharge
period were lower in the intervention group compared with the
internal controls, but these differences did not achieve
statistical significance. The mean gross savings of all costs
for 6 months post-discharge is $4,050 for each intervention
subject, or $675 per case per month (Table 3).
We calculated the average intervention cost for each
beneficiary to be $298. Thus, on average, the costs avoided
per patient receiving the intervention is $3,752 for 6 months
post-discharge, compared to the internal control group.

Internal Control Group Utilization and Costs
Mean 6-month readmissions per 1,000 persons were significantly lower for the intervention group than the internal
control group (651 per 1,000 vs. 931 per 1,000, P=0.01), after
adjustment. Mean ED visits and mean observation stays were
also lower in the intervention group compared to internal
controls, but these differences did not achieve statistical

External Control Group Characteristics,
Utilization and Costs
We performed the same analyses to compare utilization and
costs between the intervention group and the external control
group (Appendix Table 2, available online). Compared to

Table 1. Patient Characteristics
Propensity Score Matched*

Unadjusted
Characteristics

Age, mean (SD), y
Female, No. (%)
Race, No. (%)
White
Black
Other race
Dual eligible, No. (%)
Hospital of index admission
Hospitals 1–3, No. (%)
Hospital 4, No. (%)
Hospital 5, No. (%)
Hospital 6, No. (%)
HCC risk severity level
Low, No. (%)
Medium, No. (%)
High, No. (%)
Comorbidities
Congestive heart failure, No. (%)
COPD, No. (%)
Heart arrhythmias, No. (%)
Vascular disease, No. (%)
Renal failure, No. (%)
Diabetes (no complications), No. (%)
Cardio-respiratory failure, No. (%)
Acute myocardial infarction, No. (%)
Diabetes with renal or circulatory manifestation, No. (%)
Angina/old MI, No. (%)
Breast, prostate, colorectal and other cancers, No. (%)

Internal
Control

Intervention

(n=919)

(n=321)

75 (13.4)
499 (54.3)

76 (11.9)
203 (63.2)

845 (92.0)
41 (4.5)
31 (3.4)
213 (23.2)
302
292
161
164

P value

Internal
Control

Intervention

P value

(n=321)

(n=321)

0.33
0.01

76 (11.9)
196 (61.1)

76 (11.9)
203 (63.2)

0.96
0.57

298 (92.8)
15 (4.7)
7 (2.2)
79 (24.6)

0.61
0.88
0.29
0.60

296 (92.2)
16 (5.0)
8 (2.5)
77 (24.0)

298 (92.8)
15 (4.7)
7 (2.2)
79 (24.6)

0.76
0.85
0.79
0.85

(32.9)
(31.8)
(17.5)
(17.9)

123 (38.3)
50 (15.6)
58 (18.1)
90 (28.0)

0.08
<0.001
0.82
<0.001

129 (40.2)
43 (13.4)
71 (22.1)
78 (24.3)

123 (38.3)
50 (15.6)
58 (18.1)
90 (28.0)

0.63
0.43
0.20
0.28

187 (20.4)
289 (31.5)
443 (48.2)

61 (19.0)
122 (38.0)
138 (43.0)

0.60
0.03
0.11

68 (21.2)
120 (37.4)
133 (41.4)

61 (19.0)
122 (38.0)
138 (43.0)

0.49
0.87
0.69

475 (51.7)
430 (46.8)
356 (38.7)
260 (28.3)
296 (32.2)
203 (22.1)
213 (23.2)
98 (10.7)
133 (14.5)
110 (12.0)
98 (10.7)

164 (51.1)
160 (49.8)
120 (37.4)
114 (35.5)
103 (32.1)
81 (25.2)
66 (20.6)
52 (16.2)
50 (15.6)
35 (10.9)
34 (10.6)

0.85
0.35
0.67
0.02
0.97
0.25
0.33
0.01
0.63
0.61
0.97

174 (54.2)
144 (44.9)
126 (39.3)
108 (33.6)
100 (31.2)
82 (25.6)
58 (18.1)
44 (13.7)
46 (14.3)
32 (10.0)
35 (10.9)

164 (51.1)
160 (49.8)
120 (37.4)
114 (35.5)
103 (32.1)
81 (25.2)
66 (20.6)
52 (16.2)
50 (15.6)
35 (10.9)
34 (10.6)

0.43
0.21
0.63
0.62
0.80
0.93
0.42
0.38
0.66
0.70
0.90

HCC Hierarchical Condition Categories; COPD chronic obstructive pulmonary disease; MI myocardial infarction
*
Control variables included year, age, sex, race, site of index hospitalization, dual-eligible status, risk severity index, and pre-existing conditions and
comorbidities based on the Medicare HCC risk adjustment model
Percentages may not sum to 100 due to rounding
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Table 2. Healthcare Utilization in the 6 Months After Discharge, Adjusted*
Type of Utilization

Emergency department visits per 1000 beneficiaries
Observation stays per 1000 beneficiaries
6-month readmissions per 1,000 beneficiaries

Internal Control

Intervention

(n=321)

(n=321)

495 (1,512)
140 (407)
931 (1,383)

439 (1,096)
87 (325)
651 (1,153)

Difference

P value

56 (1,321)
53 (368)
280 (1,273)

0.55
0.07
0.01

*

All data are presented as mean (SD). Control variables included year, age, sex, race, site of index hospitalization, dual-eligible status, risk severity
index, and pre-existing conditions and comorbidities based on the Medicare HCC risk adjustment model

matched external controls, 6-month readmissions per 1,000
persons were significantly lower for those in the intervention
group (651 per 1,000 vs. 856 per 1,000, P=0.03) (Appendix
Table 3, available online), and the intervention group had
significantly lower mean total health care costs ($14,729 vs.
$21,248, P<0.001) (Appendix Table 4, available online). The
average costs avoided per patient receiving the intervention
are estimated at $6,221, compared to the external control
group. External control group utilization and costs were
consistent with those of the internal control group and are
available online in the Appendix.

DISCUSSION

We found that implementing the CTI in a FFS Medicare
population was associated with significant 6-month cost
avoidance, with an average of $3,752 avoided for each
patient who received the intervention relative to an internal
control group. This cost avoidance was driven by significantly lower 6-month rates of hospital admissions, as well
as lower ED visits and observation stays, for intervention
subjects than for patients in two control populations. The
lower rates of ED visits and observation stays in the
intervention group suggest that shifting of costs to other
types of healthcare utilization did not occur, although these
differences did not reach statistical significance. Our study
is the first to report on a more comprehensive picture of

healthcare utilization in the 6 months following CTI
implementation, and to estimate cost avoidance using those
data.
Our findings add to previous evidence about the efficacy
and effectiveness of the CTI,6,7,13,15 and attest to the
durability of the intervention and its financial implications.
These findings suggest that the full impact of readmissions
reductions programs, such as the CTI, should be captured
with measures that broaden the focus from 30-day
readmissions to unplanned care over 6 months or more. A
recent commentary by four of the present authors and others
discusses the potential limitations of focusing solely on
hospital readmissions, arguing that doing so not only fails
to fully capture post-discharge care and costs, but may also
lead to unintended consequences.
Several other hospital-initiated interventions to improve
care transitions in a general medicine population have also
addressed cost.8,9,21–28 Reported intervention costs have
ranged from $166 to $1,820 per patient, and reported cost
savings have ranged from $430 to $5,314 per patient
(converted to 2012 US dollars). We find even more
variability in reports of cost savings for hospital-initiated
interventions, making it difficult for healthcare administrators and policymakers to compare the cost implications of
various transitional care interventions. Various studies
included costs for a year post-discharge,24,28 four21 or 6
months,9,22 or 30 days.8 Additionally, some investigators
included most healthcare expenditures,8,9,24,26 while others
included only hospital costs21,28 or a combination of

Table 3. Healthcare Costs per Person in the 6 Months After Discharge, Adjusted*
Type of Cost

Total costs
Emergency department visits
Observation stays
Inpatient readmissions
Post-acute care
Home health
Skilled nursing facility
Hospice
Outpatient physician visits
Outpatient procedures
*

Gross savings†

Savings per case per month

P value

$14,729 (21,937)
$142 (329)
$172 (993)
$8,011 (16,532)

$4,050 (23,736)
$35 (389)
$155 (1,514)
$3,660 (18,760)

$675 (3,956)
$5 (64)
$25 (252)
$610 (3,126)

0.03
0.25
0.19
0.01

$2,337 (2,818)
$1482 (5,411)
$127 (1,154)
$1,447 (2,937)
$1,007 (2,700)

−$246 (2,915)
$250 (5,644)
−$12 (1,000)
$276 (2,960)
−$71 (2,550)

−$41 (485)
$41 (940)
−$2 (166)
$46 (493)
−$12 (425)

0.29
0.57
0.88
0.24
0.73

Internal Control

Intervention

(n=321)

(n=321)

$18,779 (25,407)
$177 (441)
$328 (1,897)
$11,671 (20,750)
$2,092 (3,009)
$1,732 (5,867)
$116 (817)
$1,724 (2,984)
$937 (2,390)

All data are presented as mean (SD) in US dollars. Control variables included year, age, sex, race, site of index hospitalization, dual-eligible status,
risk severity index, and pre-existing conditions and comorbidities based on the Medicare HCC risk adjustment model
The difference between internal control group costs and intervention group costs may not exactly equal the gross savings figure due to rounding

†
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hospital and ED costs.22 Some used actual costs and others
used the average cost of a hospitalization at their facility.22
In addition, many of these interventions were performed in
other countries,22–24,26,27 limiting generalizability to the US
healthcare system.
A large proportion of patients we approached either
declined to participate or were lost to follow-up. Our consent
rates are consistent with participation in the CTI efficacy trial
and with overall estimates of RCT participation, which range
from 35 to 50 %.29,30 To learn how patients who consent and
decline differ, we administered a five-question screening tool
to a subset of 260 eligible patients approached in this study,
prior to consenting them to participate. We found that patients
who subsequently declined to participate differed from those
who consented in three important ways: they reported higher
perceived stress, lower recovery expectation, and higher
health literacy.31 These findings further the discussion of
how to identify and approach hospitalized patients for
participation in complex behavioral interventions, both for
research purposes and in routine clinical care. Our high
attrition rate may also provide actionable information. This
intervention involved study personnel (unaffiliated with their
healthcare providers) visiting patients at home, requiring
patients to answer a scheduling phone call from a number
they did not recognize and to allow a home visit; both the call
and visit could be perceived as intrusive or burdensome to
patients recovering from an acute illness. Others might
consider approaches to mitigate these barriers.
The real-world application of the CTI is one of the
strengths of this study. Additionally, we used actual
intervention expenses and claims data, rather than estimating post-hospital utilization or costs. Other strengths are the
relatively large sample size and control group for this type
of intervention and that we were able to capture
readmissions, observation stays, and ED visits at any
hospital. Finally, using both external and internal control
groups mitigates likelihood of the measured benefit being
attributable to selection bias.
This study has some limitations. First, because this
intervention was implemented as a quality improvement
initiative, the design is quasi-experimental, without randomization. Because we used a consecutive convenience sampling
method, we were able to approach only 8 % of the eligible
population. Those we approached are likely to differ from
those we were unable to approach, introducing a sampling
bias. Additionally, a large proportion of patients we
approached either declined to participate or were lost to
follow-up. As a result, there is likely some confounding for
which we cannot fully adjust in our analysis, even with our
propensity score case matching approach and our inclusion of
both internal and external controls. However, others
implementing the CTI as a quality improvement intervention
are likely to encounter similar logistical constraints and
limitations.
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Additional limitations include the fact that this work was
performed among FFS Medicare beneficiaries in Rhode
Island, which may limit generalizability to other patient
populations and to regions with different utilization patterns
of post-acute services. Finally, we did not evaluate other
health outcomes, such as mortality.
In conclusion, this analysis demonstrates significant cost
avoidance associated with implementation of the CTI. Our
findings are particularly timely for hospitals, given a confluence of policies to improve care transitions, including financial
penalties for high readmission rates. Operationalizing true
patient-centered care and patient engagement with interventions such as the CTI is essential to lowering healthcare costs.
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