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BACKGROUND: Although early follow-up after discharge
from an index admission (IA) has been postulated to re-
duce 30-day readmission, some researchers have ques-
tioned its efficacy, which may depend upon the likelihood
of readmission at a given time and the health conditions
contributing to readmissions.
OBJECTIVE: To investigate the relationship between
post-discharge services utilization of different types and
at different timepoints and unplanned 30-day readmis-
sion, length of stay (LOS), and inpatient costs.
DESIGN, SETTING, AND PARTICIPANTS: The study
sample included 583,199 all-cause IAs among 2014
Medicare fee-for-service beneficiaries that met IA inclu-
sion criteria.
MAIN MEASURES: The outcomes were probability of 30-
day readmission, average readmission LOS per IA dis-
charge, and average readmission inpatient cost per IA
discharge. The primary independent variables were 7
post-discharge health services (institutional outpatient,
primary care physician, specialist, non-physician provid-
er, emergency department (ED), home health care, skilled
nursing facility) utilized within 7 days, 14 days, and 30
days of IA discharge. To examine the association with
post-discharge services utilization, we employed multi-
variable logistic regressions for 30-day readmissions and
two-part models for LOS and inpatient costs.
KEY RESULTS: Among all IA discharges, the probability
of unplanned 30-day readmission was 0.1176, the aver-
age readmission LOS per discharge was 0.67 days, and
the average inpatient cost per discharge was $5648. In-
stitutional outpatient, home health care, and primary
care physician visits at all timepointswere associatedwith
decreased readmission and resource utilization. Con-
versely, 7-day and 14-day specialist visits were positively
associated with all three outcomes, while 30-day visits
were negatively associated. ED visits were strongly asso-
ciated with increases in all three outcomes at all
timepoints.

CONCLUSION: Post-discharge services of different types
and at different timepoints have varying impacts on 30-
day readmission, LOS, and costs. These impacts should
be considered when coordinating post-discharge follow-
up, and their drivers should be further explored to reduce
readmission throughout the health care system.
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INTRODUCTION

Early follow-up after hospital discharge provides an opportu-
nity to assess patient health and to provide care to reduce
adverse health outcomes and 30-day readmissions.1–8 Medical
researchers have therefore identified barriers to early follow-
up (e.g., limited resources to coordinate follow-up care, patient
non-compliance) and designed interventions to promote fol-
low-up.1,7,9–15

However, some researchers have questioned the value of
early follow-up because its efficacy may depend upon the
likelihood of readmission at a given time after discharge9,16–
18 and upon the health conditions contributing to readmis-
sions.7,16 Among Medicare patients in the Centers for Medi-
care and Medicaid Services (CMS)’ initial Hospital Readmis-
sion Reduction Program (HRRP), approximately one-third of
30-day readmissions occurred within 7 days of discharge from
the index admission (IA), and two-thirds occurred within 15
days, which might be earlier than scheduled follow-up care.2

Furthermore, 30-day readmissions occur for a wide range of
diagnoses different from the primary diagnosis of IA because
recently discharged patients frequently experience changes in
comorbidities or develop new health conditions.2,19–24
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Nonetheless, most prior studies have focused on the poten-
tial benefits of early follow-up care. Little is known about
patients’ patterns of post-discharge services utilization and
their outcomes, although patients utilize post-discharge serv-
ices of different types and at different times to address various
health care needs, and their effects on readmission and read-
mission resource utilization vary. Indeed, post-discharge serv-
ices could improve health to reduce 30-day readmission or,
alternatively, could identify post-discharge health problems
that should be treated in the inpatient setting rather than
office-based clinics. For example, prior research has shown
that intensive primary care follow-up increased readmission
among sicker patients, potentially due to physicians’ detection
or patients’ complaints ofmedical problems unresolved during
IA.25

The present study used Medicare claims data for all-cause
IA to examine how post-discharge services of 7 different types
(institutional outpatient, primary care physician (PCP), spe-
cialist, non-physician provider, emergency department (ED),
home health care, skilled nursing facility) and at 3 different
timepoints were associated with 30-day unplanned readmis-
sion, readmission length of stay (LOS), and readmission inpa-
tient costs.

METHODS

Data Sources and Study Population

Our study used 2014 Medicare claims including data from the
Master Beneficiary Summary File, Medicare Provider Analy-
sis and Review (inpatient and skilled nursing facilities), insti-
tutional outpatient services, carrier services (ED and office-
based health services across various medical provider special-
ties), and home health care. The initial study sample included
Medicare fee-for-service (FFS) patients hospitalized for acute
illness between February 1 and November 30. Health services
utilization that occurred in January and December was used to
account for health services 30 days prior to IA and 30 days
after discharge, respectively.
We defined all-cause IA using criteria from the CMS 2014

Measure Updates and Specification Report (CMS-
MUSR).26,27 These criteria excluded admissions if (i) the
primary diagnosis was medical treatment of cancer, rehabili-
tation, or psychiatric in nature; (ii) the discharge status was
dead in hospital, left hospital against medical advice, or trans-
ferred to another acute care facility; and (iii) the patient unen-
rolled in Medicare FFS plans or died within 30 days of
discharge. The unit of analysis was IA, and only admissions
subsequent to IA were used to identify readmissions. When a
patient was readmitted multiple times within 30 days of dis-
charge from IA, only the first readmission was counted, and
additional readmissions within this period were not counted as
either new IA or readmission per CMS criterion.2,26 An indi-
vidual could have multiple IAs if subsequent admissions

occurred more than 30 days after a prior discharge and met
inclusion criteria.
We assessed readmission resource utilization per IA dis-

charge among all IA discharges. Some researchers have mea-
sured resource utilization among readmitted patients only.
However, this methodology does not assess the effect of
post-discharge services utilization adequately because
changes in readmission resource utilization depend upon both
the probability of readmission and resources utilized by read-
mitted patients.
The University of Nebraska Medical Center Institutional

Review Board approved this study.

Data Elements
Outcomes. The study had 3 co-primary outcomes: a binary
outcome of unplanned 30-day readmission, average readmis-
sion LOS per IA discharge, and average readmission inpatient
cost per IA discharge. Planned readmission was identified
using the CMS-MUSR planned readmission algorithm, which
specified diagnoses and procedures for which admissions
were frequently planned.26 Inpatient cost was measured as
total charges allowed by CMS, which were the sum of CMS
reimbursements and beneficiaries’ out-of-pocket payments.

Primary Independent Variables. The primary independent
variables were 7 binary variables of post-discharge health
services: institutional outpatient services (e.g., hospital outpa-
tient department), office-based PCPs (general practice, family
practice, internal medicine, obstetrics/gynecology, geriatrics),
office-based specialists, office-based non-physician providers
(e.g., nurse practitioner, physician assistant, physical therapist,
rehabilitation), ED visit that did not result in readmission,
home health care, and skilled nursing facility.
Utilization of each post-discharge service was measured

within 7 days, 14 days, and 30 days of IA discharge to
investigate the relationship between post-discharge services
at different times and 30-day readmission, LOS, and costs.
Given that 30-day readmission was defined as occurring any-
time between 0 and 30 days of discharge, we defined 30-day
post-discharge service as utilization occurring between IA
discharge and unplanned 30-day readmission for patients
who were readmitted or within 30 days of IA discharge for
patients who were not readmitted. Services utilized on the
readmission date (or 1 day prior to readmission for ED visits)
were excluded. We defined 7-day and 14-day post-discharge
services utilization similarly.
The outcome variable of readmission competes with the

primary independent variable of health services utilization by
necessity. For example, for a patient readmitted 9 days after IA
discharge, 14-day post-discharge services were defined as
service utilized between IA discharge and readmission at 9
days because any post-discharge services utilized after read-
mission could not influence this readmission despite occurring
within 14 days of IA discharge. If a patient was not readmitted
within 14 days of IA discharge, 14-day post-discharge services
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were defined as any services utilized within 14 days of
discharge.

Other Explanatory Variables. Explanatory variables included
pre-IA health services utilization of the 7 types listed above
and characteristics of IA (weekend admission, surgical inter-
vention, LOS during IA, discharge status). We also controlled
for age categories, gender, race/ethnicity, the 20 most frequent
IA discharge diagnoses by ICD-9 codes, Elixhauser comor-
bidity index, health insurance status (dual eligibility for Medi-
care and Medicaid, participation in Medicare Part D), and
geographic region (Northeast, Midwest, South, West).

Statistical Analysis

To examine the association of post-discharge services utiliza-
tion with unplanned 30-day readmission, we employed multi-
variable logistic regressions. To analyze the association of
post-discharge services utilization with LOS and inpatient
costs, we used multivariable two-part models28,29 because
the overwhelming majority of patients were not readmitted
and thus had zero readmission LOS and costs. In the first part
of the two-part model, logistic regression was used to estimate
whether patients had no readmission versus readmission (in-
dicated by zero versus any LOS or costs). In the second part of
the model, generalized linear models with a log-link function
and gamma distribution accounted for LOS and costs condi-
tional upon any positive outcome, to control skewed nature
and outliers of these variables.30 The estimation coefficients of
two-part models were converted into average marginal effects
(AMEs), which represent the differences in adjusted predicted
outcome between a comparison group and a reference group.
AME allows us to combine the effects of post-discharge
services in both parts and to interpret them in terms of the
outcome value (i.e., days for LOS, dollars for cost).
For each outcome variable, we ran three estimations in

which 7-day, 14-day, and 30-day post-discharge services uti-
lizations were primary independent variables, respectively.
We performed a subsample analysis for the 6 conditions

included in the HRRP (acute myocardial infarction, heart
failure, pneumonia, coronary artery bypass graft surgery,
chronic obstructive pulmonary disease, total hip arthroplasty
and/or total knee arthroplasty). We also conducted a sensitiv-
ity analysis by constructing a categorical variable for each
post-discharge service (0, 1, 2, 3–5, ≥6 visits) and comparing
its effects with the estimates from the main analysis. All
estimates were adjusted with a robust option and clustered
by county.

RESULTS

The study population included 583,199 all-cause IAs. The
probability of 30-day unplanned readmission was 0.1176.
Among these readmissions, 33.9% and 58.8% occurred within
7 days and 14 days of discharge, respectively, similar to the

trends for 3 diseases included in the CMS’ initial HRRP.2

Among readmitted patients, the average LOS and inpatient
costs were 5.67 days and $48,030, respectively. As a result,
among all IA discharges, the average readmission LOS and
inpatient costs per IA discharge (i.e., probability of readmis-
sion multiplied by LOS or costs conditional on readmission)
were 0.67 days and $5648, respectively (Table 1).
The mean age was 78.2 years, 57.8% were female, and

83.2% were non-Hispanic white. Fifty-eight percent (58.4%)
of IAs was attributable to the 20 most frequent primary IA
diagnoses (Table 2). Utilization of each post-discharge service
is detailed in Figure 1.
In multivariable logistic regressions (Fig. 2), institutional

outpatient visits were most substantially associated with de-
creased unplanned 30-day readmission, with odds ratio (OR)
0.74 (95% confidence interval (CI) 0.72 to 0.75) at 7 days
post-discharge and OR 0.40 (95% CI 0.39 to 0.41) at 30 days
post-discharge. Conversely, 7-day (OR 1.22; 95% CI 1.20 to
1.25) and 14-day (OR 1.06; 95% CI 1.04 to 1.08) specialist
visits were associated with increased readmission, while 30-
day visits (OR 0.77; 95% CI 0.75 to 0.79) were associated
with decreased readmission.
The multivariable two-part models for LOS (Fig. 3A)

showed that average readmission LOS per IA discharge was
lower by 0.15 days (AME −0.15; 95% CI −0.17 to −0.14)
among patients with institutional outpatient visits within 7
days of discharge compared to those without. The AME of
7-day institutional outpatient visits on LOS is a difference in
adjusted predicted LOS with and without visits. In our analy-
sis, adjusted predicted LOS per IA discharge was 0.56 days
and 0.71 days with and without visits, yielding AME −0.15
days. The AME is statistically significant at the 0.05 level if
the 95% CI does not include zero. The AME of 30-day
institutional outpatient visits was strengthened to −0.46 days
(95% CI −0.48 to −0.44). Specialist visits within 7 days of IA
discharge increased LOS by 0.12 days (AME 0.12; 95% CI
0.10 to 0.13), but negative association was observed with
visits within 30 days of IA discharge (AME −0.18; 95% CI
−0.20 to −0.16).
For inpatient costs (Fig. 3B), 7-day and 30-day post-dis-

charge institutional outpatient visits reduced average readmis-
sion inpatient costs per IA discharge by $1345 (AME −1345;
95% CI −1516 to −1173) and $3977 (AME −3977; 95% CI
−4203 to −3750), respectively. On the contrary, 7-day (AME
1829; 95% CI 1648 to 2011) and 14-day (AME 1099; 95% CI

Table 1 Unplanned 30-Day Readmission, Hospital Length of Stay,
and Inpatient Costs (n = 583,199)

Among all-cause index admissions (IAs)

Unplanned 30-day readmission, n (probability) 68,508 (0.1176)
Average readmission length of stay

per IA discharge, days (SD)
0.67 (2.59)

Average inpatient costs per IA discharge,
dollars (SD)

5648 (27,426)
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934 to 1263) post-discharge specialist visits were associated
with increased costs, while 30-day visits were associated with
decreased costs (AME −492; 95% CI −674 to −309).
Home health care and PCP visits exhibited pattern similar to

institutional outpatient visits for 30-day unplanned readmis-
sions, LOS, and costs. Notably, ED visits were strongly asso-
ciated with increases in three outcomes at all timepoints. There
were no significant trends in readmission associated with non-
physician provider visits and skilled nursing facilities. Full
estimation results are presented in Appendix Tables 1, 2, and
3, panel A.
Estimates of subsample analyses showed that utilization of

institutional outpatient, specialist, and skilled nursing facility
care was more effective to reduce LOS and costs for the 6
conditions included in the HRRP than for all-cause IA. Full
estimation results are presented in Appendix Tables 1, 2, and
3, panel B. Sensitivity analysis estimates were similar to those
from the main analyses except that increases in the number of
7-day institutional outpatient visits did not continuously re-
duce 30-day readmission and costs.

DISCUSSION

Using Medicare claims data for all-cause IA, we found that
institutional outpatient, home health care, and PCP visits at all
post-discharge timepoints were associated with reduced 30-
day unplanned readmissions, LOS, and inpatient costs. For
specialist visits, 7-day and 14-day post-discharge visits were
associated with an increase in readmission and resource utili-
zation while 30-day visits were associated with a decrease in
outcomes. ED visits at all timepoints were associated with
increases in three outcomes.
As such, this study suggests that efforts to coordinate and

encourage utilization of post-discharge services may be most
effective if focused on certain types of services and timepoints.
This focus is particularly important given that diverse health
problems such as post-discharge syndrome, varying severity
of unresolved illness, and new conditions,2,19–24,31,32 as well
as poor quality care during IA,1,8,25,31,33–35 contribute to read-
missions. Of note, in our study, only 18.1% of readmissions
occurred for the same primary diagnosis as IA. Furthermore,
previous, nationally representative inpatient data suggest that
the leading diagnoses contributing to 7-day and 30-day read-
missions are largely the same but their ranks vary, implying
that changes in severity of illness or principal diagnosis over
time contribute to readmission.2,17

This study makes several novel contributions to the litera-
ture. First, we accounted for all-cause IA because theMedicare
Payment Advisory Commission has proposed expanding its
readmission penalty program to cover all-cause IA.36 Most
readmission studies have focused on the 6 specific diagnoses
covered under the HRRP and provided no data regarding the
generalizability of interventions or outcomes for other health
conditions.1,2,8,22,31,35,37 Second, our study is the first to

Table 2 Patient Sociodemographics, Health Services Utilization
Prior to Index Admission (IA), Characteristics of IA, Primary

Diagnoses, Elixhauser Comorbidity Index, and Geographic Regions
(n = 583,199)

n (%)

Age category
65–70 132,545 (22.7)
71–75 113,286 (19.4)
76–80 106,854 (18.3)
81–85 99,183 (17.0)
86–90 80,294 (13.8)
91 or above 51,037 (8.8)

Women 336,832 (57.8)
Race/ethnicity
Non-Hispanic white 485,045 (83.2)
Black 50,140 (8.6)
Hispanic 29,208 (5.0)
Other 18,806 (3.2)

Health services in 30 days prior to IA
Institutional outpatient 274,104 (47.0)
Office-based primary care physician 306,110 (52.5)
Office-based specialist 413,136 (70.8)
Office-based non-physician provider 289,266 (49.6)
Emergency department 135,837 (23.3)
Home health care 33,831 (5.8)
Skilled nursing facility 5767 (1.0)

IA weekend admission 142,047 (24.4)
Surgical intervention during IA 338,613 (58.1)
Length of stay category in IA
1 day 75,890 (13.0)
2 days 111,008 (19.0)
3 days 128,902 (22.1)
4–5 days 131,637 (22.6)
6–10 days 102,066 (17.5)
11 days or longer 33,696 (5.8)

Discharge status in IA
Home, self-care 294,818 (50.6)
Home, with care 113,334 (19.4)
Skilled nursing facility 136,696 (23.4)
Rehabilitation 33,616 (5.8)
Hospice 4735 (0.8)

20 most frequent diagnoses in IA
All other diagnoses (reference) 242,868 (41.6)
Osteoarthritis and allied disorders 44,328 (7.6)
Septicemia 33,343 (5.7)
Heart failure 30,473 (5.2)
Cardiac dysrhythmias 25,551 (4.4)
Pneumonia 23,046 (4.0)
Chronic bronchitis 17,185 (2.9)
Other disorders of urethra and urinary tract 16,645 (2.9)
Acute myocardial infarction 16,418 (2.8)
Fracture of neck of femur 15,764 (2.7)
Acute renal failure 15,156 (2.6)
Occlusion of cerebral arteries 14,898 (2.6)
Complications peculiar to certain specified

procedures
12,579 (2.2)

Other forms of chronic ischemic heart disease 12,205 (2.1)
Other cellulitis and abscess 10,476 (1.8)
General symptoms 9935 (1.7)
Intestinal obstruction without mention of hernia 9602 (1.6)
Diverticula of intestine 9427 (1.6)
Disorders of fluid, electrolyte, and acid-base

balance
8642 (1.5)

Other diseases of lung 7780 (1.3)
Symptoms involving respiratory system and other

chest
6878 (1.2)

Elixhauser comorbidity index (mean (SD)) 3.7 (2.1)
Dual eligibility for Medicare and Medicaid 104,851 (18.0)
Participation in Medicare Part D 396,019 (67.9)
Region
Northeast 118,898 (20.4)
Midwest 135,885 (23.3)
South 238,988 (41.0)
West 89,428 (15.3)
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characterize 7 different types of post-discharge services and
investigate their impact at 3 different timepoints. Most previ-
ous research has focused only on 7-day follow-up interven-
tions conducted either by PCPs or any type of medical pro-
viders.1,8,25,31–35,37 However, their results have been mixed,
partly because a single component or the aggregate of all care
did not accurately assess the role of each type of service.1,35 In
our analyses, utilization of 7 different types of post-discharge
services was interdependent, and estimates of each service
varied substantially when certain post-discharge services were
excluded from multivariable regression. Third, we assessed

the association of post-discharge services utilization with LOS
and inpatient costs. Although a major goal of HRRP is reduc-
tion of unnecessary readmission resource utilization, most
prior studies used unplanned 30-day readmission rate as a
proxy due to lack of information.1,6–8,10,13,16,31,35,37

This is an observational study, and we cannot explicitly
determine why the impact of post-discharge services varies
by service types and timing. However, one potential explana-
tion is that varying health conditions and needs determine
patients’ choice of service types and timepoints, which, in
turn, explain their associations with readmissions and resource

Figure 1 Post-discharge health services utilization within 7 days, 14 days, and 30 days of discharge from index admission (n = 583,199).

Figure 2 Association of post-discharge health services utilization within 7 days, 14 days, and 30 days of discharge from index admission with
unplanned 30-day readmission (n = 583,199). Notes: (i) In multivariable logistic models, odds ratio (OR) and 95% confidence interval (CI) were

adjusted for 7 different types of post-discharge care (institutional outpatient, primary care physician, specialist, non-physician provider,
emergency department, home health care, skilled nursing facility) and all other explanatory variables listed in Table 2. (ii) p <0.05 if 95% CI

does not include one. (iii) Full estimation results are presented in Appendix Table 1, panel A.
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utilization. Intuitively, patients with specific, high-risk con-
cerns would be more likely to seek early visits to specialists,
who might identify health problems for which inpatient care is
necessary.38 Then, at timepoints further from IA discharge,
patients may visit specialists due to less urgent health condi-
tions, which would contribute to improved health status and
reduced readmission. On the other hand, early PCP visits have
the potential to provide holistic care to address multiple lin-
gering health concerns and mitigate both the effects of poten-
tial relapse and post-discharge syndrome. Home health care
was strongly associated with decreased readmission and re-
source utilization at all times, potentially because patients need
these services for general health problems, not that these
services were specifically effective to control particular read-
mission risks. Overall, the effects of post-discharges services
of different types varied at early timepoints following dis-
charge. However, their cumulative effects became similar at
timepoints further from IA, contributing to reduced readmis-
sion and resource utilization regardless of the type of services.
ED visits are different than all other services as they are not

scheduled, and generally, patients try to avoid them. In our
study, ED visits were positively associated with all 3 outcomes
at all timepoints, possibly due to high health risks and poor
access to other post-discharge services.
Despite patients’ and providers’ best intentions, post-

discharge follow-up can be delayed for many reasons. As a
result, in 2013, the CMS adopted transitional care manage-
ment services, which provide payment incentives for schedul-
ing follow-up appointments within 14 days of discharge.39,40

However, in 2015, only 7.0% of eligible discharges among
Medicare FFS beneficiaries included billing for this service,15

possibly implying limited clinical capacity for early follow-up

or slow uptake of this billing code. Despite limited use of these
billing codes, in our study, patients usually utilized post-
discharge services, and approximately two-thirds of patients
visited PCPs or specialists within 14 days of IA discharge. Of
note, the rate of home health care utilization was approximate-
ly one-third of PCP visits, but both were similarly effective to
reduce readmission and resource utilization. Accordingly, ex-
pansion of home health care could be an effective tool to
reduce expensive post-discharge services and readmission
resource utilization.
In 2011, the estimated annual Medicare cost of readmission

was $26 billion, of which $17 billion was considered poten-
tially avoidable.41,42 While the rate of unplanned readmission
decreased substantially in the last decade,43 most readmissions
remain unplanned1,33,43,44 and impose a significant economic
burden on the health care system.15,31,34,35,37,45 Nonetheless,
very few prior studies have investigated factors influencing
LOS and costs associated with readmission,38,46,47 and due to
the lack of information, researchers have often used readmis-
sion rates as a proxy for readmission resource utilization. Our
study suggests that changes in readmission rates are not pro-
portional to readmission resource utilization and alone cannot
provide adequate knowledge to design interventions to contain
costs.
Our study has several important limitations. First, in an

observational study, we cannot control for potential unob-
served confounders that may influence post-discharge services
utilization (e.g., changes in post-discharge health status) and
readmissions (e.g., patient engagement and compliance with
treatment plan). Second, we do not have information on pa-
tient socioeconomic status that may influence readmission
patterns.31,48 In this vein, we included two insurance status

a b

Figure 3 Association of post-discharge health services utilization within 7 days, 14 days, and 30 days of discharge with 30-day readmission
hospital length of stay (a) and readmission inpatient costs (b) (n = 583,199). Notes: (i) In multivariable two-part models, average marginal effect
(AME) and 95% confidence interval (CI) were adjusted for 7 different types of post-discharge care (institutional outpatient, primary care
physician, specialist, non-physician provider, emergency department, home health care, skilled nursing facility) and all other explanatory

variables listed in Table 2. (ii) The AME represents the difference in adjusted predicted outcome (i.e., 30-day readmission hospital length of stay
per IA discharge, and inpatient costs per IA discharge) between patients who did and did not utilize each post-discharge service. (iii) p <0.05 if
95% CI does not include zero. (iv) Full estimation results for 30-day readmission length of stay, and costs are presented in Appendix Tables 2

and 3 (panel A), respectively.
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variables and clustered the observations by county, reasoning
that the residents of each county would have similar dwelling,
social, and medical infrastructure characteristics. Third, our
results may not be generalizable beyond Medicare FFS bene-
ficiaries because Medicare FFS does not require PCP referral
or care within a provider network, thereby allowing flexibility
in post-discharge services.
In summary, this study highlights the association of post-

discharge services of different types and at different timepoints
with unplanned 30-day readmission and resource utilization.
These findings may inform strategies to reduce unplanned 30-
day readmission and to guide medical resource utilization
more effectively.
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