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BACKGROUND: Efforts to reduce hospital readmissions
include post-discharge interventions related to the illness
treated during the index hospitalization (IH). These efforts
maybe inadequate because readmissions are precipitated
by a wide range of health conditions unrelated to the
primary diagnosis of the IH.
OBJECTIVE: To investigate the relationship between
post-discharge health services utilization for the same or
a different diagnosis than the IH and unplanned 30-day
readmission.
DESIGN AND PARTICIPANTS: The study sample includ-
ed 583,199 all-cause IHs among 2014 Medicare fee-for-
service beneficiaries. For all-cause IH, as well as individ-
ually for heart failure, myocardial infarction, and pneu-
monia IH, we used multivariable logistic regressions to
investigate the association between post-discharge ser-
vices utilization and readmission.
MAIN MEASURES: The outcome was unplanned 30-day
readmission. Primary independent variables were post-
discharge services utilization, including institutional out-
patient, office-based primary care, office-based specialist,
office-based non-physician practitioner, emergency de-
partment, home health care, and skilled nursing facility
providers.
KEY RESULTS: Among all-cause IH, 11.7% resulted in
unplanned 30-day readmissions, and only 18.1% of
readmissions occurred for the same primary diagnosis
as IH. A substantial majority of post-discharge health
services were utilized for a primary diagnosis differing
from IH. Compared with no visit, institutional outpatient
visits for the same primary diagnosis as IH (odds ratio
[OR], 0.33; 95% confidence interval [CI], 0.31–0.34) and
for a different primary diagnosis than IH (OR, 0.36; 95%
CI, 0.35–0.37) were similarly strongly associated with de-
creased unplanned 30-day readmission. Primary care
physician, specialist, non-physician practitioner, and
home health care showed similar patterns. IH for heart

failure, myocardial infarction, and pneumonia manifest-
ed similar patterns to all-cause IH both in terms of post-
discharge services utilization and in terms of its impact on
readmission.
CONCLUSIONS: To reduce unplanned 30-day readmis-
sion more effectively, discharge planning should include
post-discharge services to address health conditions be-
yond the primary cause of the IH.
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INTRODUCTION

Unplanned 30-day hospital readmission is often considered a
marker of poor quality care during an index hospitalization
(IH) and constitutes a substantial proportion of potentially
avoidable health care expenditures.1–7 Medical practitioners
and policymakers have therefore implemented various inter-
ventions to improve the quality of inpatient care8–10 and to
reduce readmissions.3–6, 11–14

However, unplanned 30-day readmissions are not always
due to suboptimal IH care: recently discharged patients are
frequently readmitted for a wide range of health conditions
unrelated to the IH.7, 15–20 Therefore, current post-discharge
interventions primarily focusing on the acute illness treated
during IH may be insufficient.15, 16 Indeed, literature suggests
that, among patients whose primary diagnosis during IH
placed them in the Centers for Medicare and Medicaid Ser-
vices’ (CMS) initial Hospital Readmission Reduction Pro-
gram (HRRP), only 10.0–35.2% of readmissions were attrib-
utable to the same conditions as IH.17 While this CMS pro-
gram targets selected IH diagnoses, readmission may occur for
any cause, whether related to the IH diagnosis or not.7, 15–17

An understanding of patients’ post-discharge health ser-
vices utilization patterns and their impact on readmission is
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crucial to designing post-discharge interventions that are more
effective at reducing readmission.21 Indeed, discharged pa-
tients may access various post-discharge services for both
the IH diagnosis and other diagnoses. To our knowledge,
however, no prior study has systematically investigated the
relationship between post-discharge services utilization and
readmission incorporating the relatedness of diagnoses be-
tween IH and post-discharge services.
This study used Medicare claims data for all-cause IH

followed by all-cause unplanned 30-day readmission to exam-
ine the association between post-discharge services utilization
and readmissions. In particular, we documented the extent to
which post-discharge services were utilized for the same or a
different diagnosis than IH and whether the impact of post-
discharge services varied in terms of readmission prevention if
services were provided for the same or a different diagnosis
than IH.

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 (e.g., hospital outpatient departments, out-
patient rehabilitation facilities, Federally Qualified Health
Centers), carrier (emergency department [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. Hospitaliza-
tions that occurred in January and December were used to
account for health services 30 days prior to IH and 30 days
after discharge.
We defined all-cause IH using criteria from the CMS 2014

Measure Updates and Specification Report (CMS-MUSR).22,
23 These criteria excluded hospitalizations from classification
as an IH if (i) the primary diagnosis at discharge was medical
treatment of cancer, rehabilitation, or psychiatric in nature; (ii)
the discharge status was dead in hospital, left hospital against
medical advice, or transferred to another acute care facility;
and (iii) patients unenrolled in Medicare FFS plans or died
within 30 days of discharge. The unit of analysis was IH, and
only hospitalizations subsequent to the IH were used to iden-
tify readmissions. When a patient was readmitted multiple
times within 30 days of discharge from IH, only the first
readmission was counted and additional readmissions within
this period were not counted as either new IH or readmission
per CMS criteria.17, 22 An individual could have multiple IHs
if subsequent hospitalizations occurred more than 30 days
after a prior discharge and met the inclusion criteria.
The University of Nebraska Medical Center Institutional

Review Board approved this study.

Data Elements

The outcome of interest was a binary variable of unplanned
30-day readmission. Planned readmission was identified using
the CMS-MUSR planned readmission algorithm which clas-
sified a list of diagnoses and procedures that were always or
frequently planned and generally not considered to represent
poor-quality care during IH.22

The primary independent variables were utilization of 7 types
of post-discharge health services: institutional outpatient, office-
based primary care physician (PCP) (i.e., general practice,
family practice, internal medicine, obstetrics/gynecology, geri-
atrics), office-based specialist, office-based non-physician prac-
titioner (i.e., nurse practitioner, certified nurse midwife, physi-
cian assistant, physical therapist, rehabilitation, other), ED,
home health care, and skilled nursing facility. Given that 30-
day readmission was defined as occurring any time between 0
and 30 days of discharge, we defined each post-discharge
service as utilization occurring between IH discharge and the
unplanned 30-day readmission for patients who were
readmitted or within 30 days of IH discharge for patients who
were not readmitted. Services utilized on the readmission date
(or 1 day prior to readmission for ED visits) were excluded.
For each post-discharge service, we studied utilization in

two ways. First, we measured whether the patient utilized each
service or not, a binary variable of any visit versus no visit.
Second, we used the first three digits of International Classi-
fication of Diseases, 9th revision (ICD-9) codes to determine
whether the visit occurred for the same diagnosis or a different
diagnosis than the IH. Thus, post-discharge services were
categorized as no visit, visit for the same diagnosis as IH,
and visit for a different diagnosis than IH. We further assessed
care for the same diagnosis in two separate analyses given that
CMS collects up to 25 diagnosis codes per hospitalization: (a)
the primary diagnosis of IH was the same as any diagnosis for
post-discharge care and (b) any diagnosis of IH was the same
as any diagnosis for post-discharge care.
Other explanatory variables included pre-IH care of the 7

service types listed above as indicators of prior engagement in
care and characteristics of IH (i.e., weekend admission, surgical
intervention, length of stay [LOS], and discharge status). A
binary variable of surgical intervention during IHwas construct-
ed using any of up to 25 ICD-9 surgical procedure codes as
defined by CMS (e.g., total hip replacement, thoracentesis, non-
invasive mechanical ventilation). We also controlled for age
categories, gender, race/ethnicity, the 20 most frequent clinical
conditions by ICD-9 codes, the Charlson comorbidity index,
health insurance status (dual eligibility for Medicare and Med-
icaid, participation in Medicare Part D), and geographic region.

Statistical Analysis

We employed multivariable logistic regression to quantify the
association between post-discharge health services utilization
and unplanned 30-day readmission after controlling for the
explanatory variables listed above.24 We conducted our
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analysis for the complete study sample (all-cause IH) and
separately for the three clinical conditions initially targeted
by the HRRP (heart failure, acute myocardial infarction
[AMI], and pneumonia) to characterize post-discharge ser-
vices utilization and its impact on readmission. All estimates
were adjusted with a robust option and clustered by county.

RESULTS

The study sample included 583,199 patients with all-cause IH.
Within this sample, 68,508 (11.7%) had unplanned
readmissions within 30 days, and only 18.1% of these
readmissions shared the same primary diagnosis as the IH.
For patients with IH for heart failure, AMI, and pneumonia,
17.6%, 13.0%, and 12.4% experienced unplanned 30-day
readmission, respectively (Table 1).
Among patients with all-cause IH, the mean age was

78.2 years, 57.8% were female, and 83.2% were non-
Hispanic white. Fifty-eight percent (58.4%) of IHs were at-
tributable to the 20 most frequent primary diagnoses. For post-
discharge services utilization, 43.7%, 69.8%, and 71.4% re-
spectively had any institutional outpatient, PCP, and specialist
visits between discharge from IH and unplanned 30-day read-
mission or within 30 days of IH discharge. During the same
time period, 11.1% of patients visited the ED, while 46.5%,
23.9%, and 23.5% respectively used non-physician practi-
tioners, home health care, and skilled nursing facilities. When
compared with the 30 days post-IH, in the 30 days prior to IH,
a higher proportion of patients visited the ED, whereas a lower
proportion utilized PCPs, home health care, and skilled nurs-
ing facilities. Patients were hospitalized for an average of
4.4 days, 58.1% of patients received surgical interventions,
and half of patients were discharged home to self-care. Table 2
depicts sociodemographic characteristics, post-discharge ser-
vices utilization, pre-IH care, IH characteristics, primary diag-
noses, and geographic region for all-cause IH and the three
disease-specific cohorts.
Utilization of the 7 post-discharge services for the same or

different diagnoses than the IH is presented in Figure 1 for all-
cause IH. In the first analysis, where we matched primary
diagnosis of IH to any of up to 25 diagnoses for post-
discharge services, 12.7%, 33.8%, and 26.9% of institutional
outpatient, PCP, and specialist visits shared the same primary
diagnosis as IH. However, none of the post-discharge diagnoses
matched the primary diagnosis of IH among 31.0%, 35.8%, and
44.5% of institutional outpatient, PCP, and specialist visits. In

the second analysis, where we matched any IH diagnosis to any
diagnosis of post-discharge services, the proportion of visits for
a diagnosis matching the IH substantially increased. However,
9.7%, 5.6%, and 17.4% of institutional outpatient, PCP, and
specialist visits occurred for completely different diagnoses than
the IH. Non-physician practitioner visits followed a similar
pattern. These trends in post-discharge services utilization were
similar in the three disease-specific cohorts.
In multivariable logistic regression for all-cause IH, any

institutional outpatient visit was most strongly negatively as-
sociated with unplanned 30-day readmission (odds ratio [OR],
0.35; 95% confidence interval [CI], 0.34–0.36) followed by
home health care (OR, 0.62; 95% CI, 0.61–0.64), PCP (OR,
0.69; 95%CI, 0.68–0.71), and specialist visits (OR, 0.75; 95%
CI, 0.73–0.77). Non-physician practitioner visits (OR, 0.80;
95% CI, 0.78–0.82) also had a negative association with
readmission, while skilled nursing facilities had no statistically
significant association.
ED visits were strongly positively associated with readmis-

sion (OR, 4.75; 95% CI, 4.59–4.92). Readmission was also
positively associated with non-ED pre-IH care, hospital LOS,
Charlson comorbidity index, dual eligibility for Medicare and
Medicaid, and participation in Medicare Part D. There was a
statistically significant association between readmission and a
majority of the 20most frequent diagnoses, but the direction of
association varied among these diagnoses.
For the three disease-specific cohorts, institutional outpa-

tient visits were most strongly negatively associated with
readmission, followed by specialist visits for heart failure
(OR, 0.62; 95% CI, 0.57–0.67) and PCP visits for pneumonia
(OR, 0.58; 95% CI, 0.52–0.64). For AMI, PCP (OR, 0.65;
95% CI, 0.58–0.72), specialist, and non-physician practitioner
visits had similar magnitudes of negative association with
readmission. Table 3 details the results of these multivariable
logistic regressions.
Table 4 shows the results of the multivariable logistic re-

gressions exploring whether post-discharge services were uti-
lized for the same or a different diagnosis than IH. In the first
analysis, comparing the primary diagnosis for IHwith up to 25
diagnoses for post-discharge services, institutional outpatient
visits for the same diagnosis (OR, 0.33; 95% CI, 0.31–0.34)
and different diagnoses (OR, 0.36; 95% CI, 0.35–0.37) were
similarly negatively associated with readmission compared
with no visit. In the second analysis, comparing any diagnosis
for IH with any diagnosis for post-discharge services, institu-
tional outpatient visits for the same diagnosis (OR, 0.34; 95%
CI, 0.33–0.35) had a stronger negative association with

Table 1 Unplanned 30-Day Hospital Readmission: Index Hospitalization for All-Cause, Heart Failure, Acute Myocardial Infarction (AMI), and
Pneumonia (No. (%))

All-cause (n = 583,199) Heart failure (n = 30,473) AMI (n = 16,418) Pneumonia (n = 23,046)

Unplanned 30-day readmission 68,508 (11.7) 5357 (17.6) 2134 (13.0) 2862 (12.4)
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Table 2 Patient Sociodemographics, Post-Discharge Services Utilization Measured by Any Visit, Pre–Index Hospitalization (IH) Care,
Characteristics of IH, and Primary Diagnoses: IH for All-Cause, Heart Failure, Acute Myocardial Infarction (AMI), and Pneumonia (No. (%))

All-cause
(n = 583,199)

Heart failure
(n = 30,473)

AMI
(n = 16,418)

Pneumonia
(n = 23,046)

Age category
65–70 132,545 (22.7) 4351 (14.3) 4160 (25.3) 3783 (16.4)
71–75 113,286 (19.4) 4623 (15.2) 3347 (20.4) 3808 (16.5)
76–80 106,854 (18.3) 5195 (17.0) 2895 (17.6) 4153 (18.0)
81–85 99,183 (17.0) 6014 (19.8) 2669 (16.3) 4345 (18.9)
86–90 80,294 (13.8) 5924 (19.4) 1993 (12.1) 3947 (17.1)
91 or above 51,037 (8.8) 4366 (14.3) 1354 (8.3) 3010 (13.1)

Women 336,832 (57.8) 16,459 (54.0) 7490 (45.6) 12,630 (54.8)
Race/ethnicity
Non-Hispanic white 485,045 (83.2) 24,300 (79.7) 13,836 (84.3) 19,673 (85.4)
African American 50,140 (8.6) 3865 (12.7) 1185 (7.2) 1505 (6.5)
Hispanic 29,208 (5.0) 1477 (4.8) 799 (4.9) 1145 (5.0)
Other 18,806 (3.2) 831 (2.7) 598 (3.6) 723 (3.1)

Post-discharge health services utilization
Institutional outpatient 254,970 (43.7) 15,137 (49.7) 7910 (48.2) 10,483 (45.5)
Office-based primary care physician 406,835 (69.8) 23,158 (76.0) 10,792 (65.7) 18,224 (79.1)
Office-based specialist 416,411 (71.4) 23,830 (78.2) 13,147 (80.1) 16,317 (70.8)
Office-based non-physician practitioner 270,904 (46.5) 15,338 (50.3) 6796 (41.4) 10,288 (44.6)
Emergency department 64,997 (11.1) 3918 (12.9) 2069 (12.6) 2545 (11.0)
Home health care 139,428 (23.9) 8626 (28.3) 3154 (19.2) 5447 (23.6)
Skilled nursing facility 136,812 (23.5) 5887 (19.3) 2382 (14.5) 5160 (22.4)

Health services in 30 days prior to IH
Institutional outpatient 274,104 (47.0) 14,114 (46.3) 5577 (34.0) 9618 (41.7)
Office-based primary care physician 306,110 (52.5) 16,738 (54.9) 7046 (42.9) 11,932 (51.8)
Office-based specialist 413,136 (70.8) 21,396 (70.2) 9687 (59.0) 15,285 (66.3)
Office-based non-physician practitioner 289,266 (49.6) 15,285 (50.2) 6680 (40.7) 11,146 (48.4)
Emergency department 135,837 (23.3) 7209 (23.7) 4099 (25.0) 5310 (23.0)
Home health care 33,831 (5.8) 2759 (9.1) 491 (3.0) 1451 (6.3)
Skilled nursing facility 5767 (1.0) 408 (1.3) 87 (0.5) 299 (1.3)

IH weekend admission 142,047 (24.4) 7845 (25.7) 4580 (27.9) 6310 (27.4)
Surgical intervention during IH 338,613 (58.1) 11,125 (36.5) 13,630 (83.0) 6380 (27.7)
Length of stay category in IH
1 day 75,890 (13.0) 2352 (7.7) 1738 (10.6) 1311 (5.7)
2 days 111,008 (19.0) 5322 (17.5) 3914 (23.8) 3655 (15.9)
3 days 128,902 (22.1) 6129 (20.1) 3193 (19.4) 4903 (21.3)
4–5 days 131,637 (22.6) 8200 (26.9) 3210 (19.6) 6587 (28.6)
6–10 days 102,066 (17.5) 6667 (21.9) 3033 (18.5) 5280 (22.9)
11 days or longer 33,696 (5.8) 1803 (5.9) 1330 (8.1) 1310 (5.7)

Discharge status in IH
Home, self-care 294,818 (50.6) 15,078 (49.5) 10,746 (65.5) 12,145 (52.7)
Home, with care 113,334 (19.4) 8229 (27.0) 2598 (15.8) 4748 (20.6)
Skilled nursing facility 136,696 (23.4) 5832 (19.1) 2309 (14.1) 5250 (22.8)
Outpatient rehabilitation 33,616 (5.8) 851 (2.8) 609 (3.7) 630 (2.7)
Hospice 4735 (0.8) 483 (1.6) 156 (1.0) 273 (1.2)

Twenty most frequent diagnoses in IH(i)

All other diagnoses (reference) 242,868 (41.6) 0 (0.0) 0 (0.0) 0 (0.0)
Osteoarthritis and allied disorders 44,328 (7.6) 0 (0.0) 0 (0.0) 0 (0.0)
Septicemia 33,343 (5.7) 0 (0.0) 0 (0.0) 0 (0.0)
Heart failure 30,473 (5.2) 30,473 (100) 0 (0.0) 0 (0.0)
Cardiac dysrhythmias 25,551 (4.4) 0 (0.0) 0 (0.0) 0 (0.0)
Pneumonia 23,046 (4.0) 0 (0.0) 0 (0.0) 23,046 (100)
Chronic bronchitis 17,185 (2.9) 0 (0.0) 0 (0.0) 0 (0.0)
Other disorders of urethra and urinary tract 16,645 (2.9) 0 (0.0) 0 (0.0) 0 (0.0)
Acute myocardial infarction 16,418 (2.8) 0 (0.0) 16,418 (100) 0 (0.0)
Fracture of neck of femur 15,764 (2.7) 0 (0.0) 0 (0.0) 0 (0.0)
Acute renal failure 15,156 (2.6) 0 (0.0) 0 (0.0) 0 (0.0)

Charlson comorbidity index (mean (SD)) 1.9 (1.9) 3.3 (1.8) 2.9 (1.8) 2.2 (1.9)
Dual eligibility for Medicare and Medicaid 104,851 (18.0) 6348 (20.8) 2445 (14.9) 4959 (21.5)
Participation in Medicare Part D 396,019 (67.9) 21,067 (69.1) 10,418 (63.5) 16,002 (69.4)
Region
Northeast 118,898 (20.4) 6720 (22.1) 3171 (19.3) 4458 (19.3)
Midwest 135,885 (23.3) 7417 (24.3) 4157 (25.3) 5429 (23.6)
South 238,988 (41.0) 12,519 (41.1) 6578 (40.1) 9929 (43.1)
West 89,428 (15.3) 3817 (12.5) 2512 (15.3) 3230 (14.0)

(i)Eleventh to twentieth most frequent diagnoses included occlusion of cerebral arteries (2.6%), complications of certain specified procedures (2.2%),
other forms of chronic ischemic heart disease (2.1%), other cellulitis and abscess (1.8%), general symptoms (1.7%), intestinal obstruction without
mention of hernia (1.6%), diverticula of intestine (1.6%), disorders of electrolyte and acid-base balance (1.5%), other diseases of lung (1.3%), and
symptoms of respiratory system and other chest (1.2%)
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readmission than visits for different diagnoses (OR, 0.40; 95%
CI, 0.39–0.42). PCP, specialist, and non-physician practitioner
visits showed patterns similar to institutional outpatient visits.
For the three disease-specific cohorts, the association of

post-discharge services utilization with unplanned 30-day re-
admission showed similar patterns to those for all-cause IH in
most cases. However, compared with no visit, PCP visits for
different diagnoses were more strongly negatively associated
with readmission than visits for the same diagnosis for AMI
(in assessment (a)) and pneumonia (in assessment (b)).

DISCUSSION

We examined the association between post-discharge health
services utilization and unplanned 30-day readmissions for all-
cause IH and three health conditions included in CMS’s
HRRP. We found that a substantial proportion of patients uti-
lized post-discharge services for health conditions differing
from the primary diagnosis for IH. Furthermore, we provided
the first empirical evidence that post-discharge services for
diagnoses different than for IH were similarly or even more
strongly associated with preventing unplanned 30-day readmis-
sion than post-discharge services for the same diagnosis as IH.
Post-discharge care is often disproportionately focused on

the primary diagnosis of IH, which may represent a missed

opportunity to improve overall patient health and to prevent
readmission.15, 16 Previous research suggests that recently
discharged patients frequently develop new health problems
or experience a post-hospitalization syndrome characterized
by deconditioning and residual symptoms, which may lead to
readmission.6, 15, 16, 18–20, 25 Furthermore, difficulties with
independent daily living represent a major contributing factor
to readmission.26 Therefore, improvement in general health
status, as well as treatment of the acute illness that caused IH,
should both be targets of post-discharge care.27 The strong
negative association reported in our study between post-
discharge services utilization for numerous diagnoses and
readmission substantiates this recommendation.
We used administrative claims data to characterize the full

breadth of health services utilization per episode of IH including
pre-IH care, characteristics of IH, and post-discharge care. To
our knowledge, this is the first study to examine 7 different types
of health services for pre-IH and post-discharge care. Most prior
intervention studies have lacked information regarding pre-IH
care, had incomplete records of patients’ post-discharge care due
to an inability to track utilization outside of IH site, and focused
on single type of post-discharge care.1, 3–6, 28–32

This study makes two novel contributions to the literature.
First, we measured post-discharge services utilization occur-
ring for the same or a different diagnosis than IH. Previous

Figure 1 Post-discharge services utilization by the relatedness of diagnoses for index hospitalization and post-discharge care: all-cause index
hospitalization (n = 583,199).

Note: (a) Primary diagnosis of index hospitalization corresponded to any diagnosis of post-discharge care. (b) Any diagnosis of index
hospitalization corresponded to any diagnosis of post-discharge care.
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studies suggested that multidisciplinary post-discharge inter-
ventions (e.g., patient discharge instruction by nurses in the
hospital and follow-up health education in home health care)
were more effective than single-dimensional care due to the
diverse causes of readmission.5, 33–36 However, no previous
study has examined whether the post-discharge interventions
were targeted at the same or different diagnoses than IH. We
used ICD-9 codes to differentiate post-discharge services for

the same and different diagnoses than IH and to examine
systematically how services for the same or different diagno-
ses than IH were associated with readmission.
The HRRP definition of diagnosis may be unbalanced

because the Program targets selected primary diagnoses for
IH (e.g., heart failure, AMI, pneumonia), while the penalty is
applied for all-cause for readmission. As such, our first assess-
ment of care for the same diagnosis as IH (i.e., primary

Table 3 Association of Post-Discharge Services Utilization with Unplanned 30-Day Readmission: Index Hospitalization (IH) for All-Cause,
Heart Failure, Acute Myocardial Infarction (AMI), and Pneumonia

All-cause (n = 583,199) Heart failure (n = 30,473) AMI (n = 16,418) Pneumonia (n = 23,046)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Post-discharge health services utilization
Institutional outpatient 0.35 (0.34–0.36) 0.36 (0.33–0.38) 0.26 (0.22–0.29) 0.34 (0.30–0.37)
Office-based primary care physician 0.69 (0.68–0.71) 0.68 (0.63–0.73) 0.65 (0.58–0.72) 0.58 (0.52–0.64)
Office-based specialist 0.75 (0.73–0.77) 0.62 (0.57–0.67) 0.67 (0.59–0.75) 0.71 (0.64–0.78)
Office-based non-physician practitioner 0.80 (0.78–0.82) 0.71 (0.66–0.76) 0.65 (0.58–0.72) 0.77 (0.70–0.84)
Emergency department 4.75 (4.59–4.92) 4.45 (4.08–4.86) 5.27 (4.57–6.09) 4.47 (3.95–5.07)
Home health care 0.62 (0.61–0.64) 0.75 (0.69–0.81) 0.71 (0.61–0.83) 0.68 (0.59–0.77)
Skilled nursing facility 0.98 (0.94–1.02) 0.77 (0.64–0.91) 1.17 (0.85–1.61) 0.74 (0.61–0.90)

Health services in 30 days prior to IH
Institutional outpatient 1.33 (1.30–1.36) 1.31 (1.23–1.41) 1.35 (1.20–1.52) 1.44 (1.31–1.59)
Office-based primary care physician 1.15 (1.12–1.17) 1.21 (1.12–1.30) 1.18 (1.06–1.31) 1.15 (1.05–1.25)
Office-based specialist 1.19 (1.16–1.21) 1.13 (1.05–1.23) 1.17 (1.03–1.32) 1.25 (1.13–1.39)
Office-based non-physician practitioner 1.12 (1.10–1.14) 1.14 (1.06–1.22) 1.20 (1.08–1.35) 1.17 (1.07–1.29)
Emergency department 1.01 (0.99–1.03) 1.04 (0.97–1.12) 0.91 (0.80–1.03) 0.92 (0.82–1.02)
Home health care 1.12 (1.08–1.16) 1.17 (1.05–1.31) 1.16 (0.91–1.47) 1.22 (1.06–1.42)
Skilled nursing facility 1.47 (1.37–1.58) 1.21 (0.93–1.56) 1.09 (0.63–1.90) 1.47 (1.07–2.02)

IH weekend admission 1.00 (0.98–1.02) 0.97 (0.90–1.04) 0.93 (0.83–1.03) 0.99 (0.90–1.09)
Surgical intervention during IH 1.01 (0.99–1.03) 1.01 (0.94–1.08) 0.96 (0.83–1.11) 1.31 (1.19–1.43)
Length of stay category in IH
1 day 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
2 days 1.16 (1.12–1.19) 1.19 (1.03–1.38) 1.28 (1.04–1.58) 1.03 (0.83–1.29)
3 days 1.26 (1.22–1.30) 1.22 (1.06–1.40) 1.26 (1.01–1.57) 1.12 (0.91–1.38)
4–5 days 1.48 (1.43–1.53) 1.38 (1.20–1.58) 1.73 (1.40–2.14) 1.28 (1.05–1.57)
6–10 days 1.79 (1.73–1.85) 1.64 (1.42–1.90) 1.95 (1.56–2.44) 1.41 (1.15–1.73)
11 days or longer 2.42 (2.31–2.53) 2.06 (1.72–2.48) 2.38 (1.82–3.11) 1.78 (1.40–2.27)

Discharge status in IH
Home, self-care 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Home, with care 1.52 (1.48–1.56) 1.35 (1.24–1.48) 1.64 (1.38–1.95) 1.50 (1.31–1.71)
Skilled nursing facility 1.10 (1.06–1.15) 1.29 (1.08–1.54) 1.11 (0.80–1.53) 1.54 (1.26–1.89)
Outpatient rehabilitation 0.44 (0.40–0.48) 0.44 (0.33–0.58) 0.42 (0.30–0.58) 0.61 (0.43–0.85)
Hospice 0.19 (0.16–0.22) 0.12 (0.08–0.19) 0.07 (0.02–0.21) 0.08 (0.03–0.18)

Twenty most frequent diagnoses in IH
All other diagnoses (reference) 1.00 (reference) – – –
Osteoarthritis and allied disorders 0.42 (0.39–0.44) – – –
Septicemia 1.18 (1.13–1.22) – – –
Heart failure 1.43 (1.38–1.48) – – –
Cardiac dysrhythmias 1.24 (1.18–1.29) – – –
Pneumonia 1.04 (1.00–1.09) – – –
Chronic bronchitis 1.30 (1.24–1.36) – – –
Other disorders of urethra/urinary tract 1.18 (1.12–1.24) – – –
Acute myocardial infarction 1.11 (1.06–1.17) – – –
Fracture of neck of femur 0.84 (0.79–0.89) – – –
Acute renal failure 0.80 (0.75–0.84) – – –
Occlusion of cerebral arteries 1.29 (1.23–1.35) – – –
Complications of specified procedures 1.14 (1.08–1.21) – – –
Other chronic ischemic heart disease 1.00 (0.95–1.06) – – –
Other cellulitis and abscess 0.94 (0.88–1.01) – – –
General symptoms 0.87 (0.81–0.94) – – –
Intestinal obstruction without hernia 1.07 (1.01–1.14) – – –
Diverticula of intestine 1.05 (0.98–1.12) – – –
Disorders of electrolyte 1.29 (1.21–1.38) – – –
Other diseases of lung 1.34 (1.25–1.42) – – –
Symptoms of respiratory system 0.89 (0.82–0.97) – – –

Charlson comorbidity index 1.13 (1.13–1.14) 1.08 (1.06–1.10) 1.18 (1.15–1.22) 1.11 (1.09–1.14)
Dual eligibility for Medicare and Medicaid 1.14 (1.12–1.17) 1.20 (1.10–1.30) 0.93 (0.81–1.08) 1.08 (0.97–1.21)
Participation in Medicare Part D 1.10 (1.08–1.13) 1.08 (1.00–1.16) 1.22 (1.09–1.37) 1.09 (0.99–1.20)

In multivariable logistic regressions, odds ratio (OR) and 95% confidence interval (CI) were adjusted for age categories, gender, race/ethnicity, and
geographic region categories as well as for the variables listed in the table
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diagnosis of IH corresponded to any diagnosis of post-
discharge service) better reflects the current application of
the CMS HRRP, which was recently associated with increased
patient mortality.37 However, the second assessment of care
for the same diagnosis as IH (i.e., any diagnosis of IH
corresponded to any diagnosis of post-discharge care) could
provide a template for future readmission reduction interven-
tions given that not only the primary diagnosis of IH is
associated with readmission.
Second, our study population included all-cause IH and

compared whether patterns of post-discharge services utiliza-
tion and readmission were similar to the three disease-specific
cohorts initially included in the CMS HRRP. Most studies
relating readmission have focused on the three disease-
specific cohorts, which constituted only 12.0% of the sample
population in our study, and provided no data regarding the
generalizability of their interventions or outcomes for other
health conditions.4–7, 11, 17, 19, 29–31, 37, 38

All-cause IH is rarely a study target because it is difficult to
design preventative interventions, and very few studies ana-
lyzed all-cause IH using simple bivariate analysis.39, 40 How-
ever, the CMS HRRP was observed to have a spillover effect:

it reduced readmission for non-targeted diagnoses as well as
for targeted diagnoses.41, 42 Furthermore, the Medicare Pay-
ment Advisory Commission has proposed expanding its read-
mission penalty program to cover all-cause IH43 based upon
the broad readmission prevention benefits of post-discharge
care and the fact that current efforts target only a small fraction
of patients at risk of readmission.11, 17 Recently, CMS applied
a 30-day all-cause hospital readmission measures to medical
practitioners participating in a Medicare Shared Savings Pro-
gram Accountable Care Organization and included their per-
formance in the Annual Quality and Resource Use Reports
and in the Quality Composite Score for the 2017 Value Mod-
ifier.44, 45 These policy initiatives necessitate an expanded
understanding of disease-specific and all-cause IH and the
relationship of the full spectrum of post-discharge care to
readmission following all-cause IH.
Total 30-day readmission has markedly decreased in the last

decade.2, 42, 46 In 2003, 19.6% of total hospitalizations resulted
in 30-day readmission.1 However, in 2015, a study of Medi-
care beneficiaries showed readmission rates for HRRP-
targeted and non-targeted conditions of 17.8% and 13.1%
respectively.42 Furthermore, the Medicare Payment Advisory

Table 4 Association of Post-Discharge Services Utilization for the Same or Different Diagnosis Than Index Hospitalization with Unplanned 30-
Day Readmission: All-Cause, Heart Failure, Acute Myocardial Infarction (AMI), and Pneumonia

All-cause
(n = 583,199)

Heart failure
(n = 30,473)

AMI
(n = 16,418)

Pneumonia
(n = 23,046)

(a) (b) (a) (b) (a) (b) (a) (b)

OR OR OR OR OR OR OR OR

Institutional outpatient
No visit 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Visit for the same diagnosis 0.33* 0.34* 0.33* 0.35* 0.19* 0.24* 0.31* 0.33*
Visit for a different diagnosis 0.36* 0.40* 0.40* 0.43* 0.28* 0.34* 0.34* 0.39*

Office-based primary care physician
No visit 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Visit for the same diagnosis 0.69* 0.69* 0.67* 0.67* 0.72* 0.65* 0.58* 0.58*
Visit for a different diagnosis 0.69* 0.74* 0.68* 0.69* 0.60* 0.73* 0.57* 0.52*

Office-based specialist
No visit 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Visit for the same diagnosis 0.71* 0.73* 0.58* 0.59* 0.69* 0.62* 0.72* 0.68*
Visit for a different diagnosis 0.77* 0.82* 0.65* 0.77* 0.65* 1.03 0.71* 0.78*

Office-based non-physician practitioner
No visit 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Visit for the same diagnosis 0.75* 0.74* 0.67* 0.66* 0.59* 0.57* 0.67* 0.69*
Visit for a different diagnosis 0.82* 0.93* 0.74* 0.89† 0.67* 0.87† 0.79* 0.94

Emergency department
No visit 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Visit for the same diagnosis 5.21* 4.94* 5.59* 4.69* 6.62* 5.17* 4.62* 4.78*
Visit for a different diagnosis 4.65* 4.51* 4.04* 3.77* 5.14* 4.98* 4.42* 3.97*

Home health care
No visit 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Visit for the same diagnosis 0.71* 0.63* 0.76* 0.75* 0.75* 0.72* 0.75* 0.68*
Visit for a different diagnosis 0.57* 0.46* 0.67* 0.44 0.65* 0.46 0.62* 0.50

Skilled nursing facility
No visit 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Visit for the same diagnosis 0.97 0.98 0.80† 0.77* 1.02 1.16 0.78† 0.76*
Visit for a different diagnosis 0.99 1.03 0.71* 0.67 1.29 1.41 0.73* 0.61†

Notes: (a) Primary diagnosis of index hospitalization corresponded to any diagnosis of post-discharge care. (b) Any diagnosis of index hospitalization
corresponded to any diagnosis of post-discharge care
(ii) In multivariable logistic estimations, odds ratio (OR) and 95% confidence interval (CI) were adjusted for age categories, gender, race/ethnicity, 7
types of health services used in the 30 days prior to index hospitalization (IH), IH weekend admission, surgical intervention during IH, hospital length of
stay categories in IH, discharge status in IH, 20 most frequent diagnoses (all-cause IH only), Charlson comorbidity index, dual eligibility for Medicare
and Medicaid, participation in Medicare Part D, and geographic region categories as well as for the variables listed in the table
(iii) *P < 0.01, †P < 0.05, - reference
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Commission reported that the potentially preventable readmis-
sion rate for all-cause IH had declined to 11.0% in 2014.46

However, most readmissions are still unplanned and potential-
ly preventable,30 and reducing hospital readmission remains a
major area of health policy concern due to the potential for
large-scale health care cost savings.1, 47

Medicare has implemented diverse interventions such as
Transitional CareManagement to improve post-discharge care
and thereby reduce readmission rate and costs.13, 14 However,
hospitals have limited time and resources to coordinate follow-
up care,14, 30 and not all intervention strategies are effective.4–7

Sometimes, patients decline post-discharge interventions due
to perceived complexity and expense.4, 48, 49 Our study sug-
gests that physicians should consider a holistic approach to
post-discharge care because utilization of post-discharge ser-
vices of various types and for various diagnoses contributes to
reduced readmission. Furthermore, medical practitioners
should consider patients’ financial and non-financial (e.g.,
travel time) constraints when planning post-discharge care to
optimize access to the various health services required. Awide
range of health conditions causes readmissions, and general
health management in outpatient settings may prevent
readmissions. Indeed, some experts suggest that a model of
more nurse practitioners and physician assistants under physi-
cian supervision could improve access to and timeliness of
post-discharge care.30

Our study has several important limitations. First, in an
observational study, we could not control for potential unob-
served confounders such as selection of specific post-discharge
services. To mitigate this problem, we controlled for health
status including the 20 most frequent IH diagnoses and the
Charlson comorbidity index. Second,Medicare claims data lack
information regarding patients’ socioeconomic status that may
influence readmission patterns.6, 21, 50 In this vein, we included
two insurance status variables and clustered the observations by
county, reasoning that the residents of each county would have
similar dwelling, social, and medical infrastructure characteris-
tics. Third, our results may not be generalizable beyond Medi-
care FFS beneficiaries 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 role of post-discharge

services utilization for various diagnoses in reducing un-
planned 30-day readmission. These findings may inform strat-
egies to reduce unplanned 30-day readmissions more
effectively.
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