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Abstract

Public reporting and payment programs in the United States have embraced thirty-day
readmissions as an indicator of between-hospital variation in the quality of care, despite limited
evidence supporting this interval. We examined risk-standardized thirty-day risk of unplanned
inpatient readmission at the hospital level for Medicare patients ages sixty-five and older in four
states and for three conditions: acute myocardial infarction, heart failure, and pneumonia. The
hospital-level quality signal captured in readmission risk was highest on the first day after
discharge and declined rapidly until it reached a nadir at seven days, as indicated by a decreasing
intracluster correlation coefficient. Similar patterns were seen across states and diagnoses. The
rapid decay in the quality signal suggests that most readmissions after the seventh day
postdischarge were explained by community- and household-level factors beyond hospitals’
control. Shorter intervals of seven or fewer days might improve the accuracy and equity of
readmissions as a measure of hospital quality for public accountability.

Reducing the number of preventable hospital readmissions has become a national health
policy priority.1 In an effort to achieve this goal, the Affordable Care Act authorized the
Centers for Medicare and Medicaid Services (CMS) to penalize acute care hospitals for
excessive unplanned readmissions. Through this authority, CMS created the Hospital
Readmission Reduction Program (HRRP) and developed methods to measure and publicly
report the hospital-wide all-cause, unplanned readmission rates occurring within thirty days
of discharge for each hospital.2 The National Quality Forum has endorsed all of these
measures and several other readmission measures for adults, focusing on acute myocardial
infarction,3 heart failure,# pneumonia,® chronic obstructive pulmonary disease,8 hospital-
wide readmission,’ vascular procedures,® cardiac stent interventions,® coronary bypass graft
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surgery,19 and total hip and knee replacement.! The use of all-cause, unplanned
readmission measures!? for quality measurement is being extended to accountable care
organizations.13

The CMS condition-specific technical reports state: “Outcomes occurring within 30 days...
can be influenced by hospital care and the early transition to the outpatient setting.”1415 The
HRRP was built on this premise that hospitals’ scope of responsibility should include
postdischarge care coordination, although essentially no empirical evidence supports the use
of a thirty-day readmission interval for assessing hospital-modifiable quality in all settings
and clinical domains.16:17 Despite substantial economic impact on facilities, and potential
impact on the care that patients receive, it is not clear whether hospitals can practicably
affect care for such a long period after discharge. For this reason, many researchers remain
skeptical about the use of a thirty-day readmission interval for all conditions and
procedures,18.19

Hierarchical models provide a statistical method to account for patient characteristics and to
separate the readmission risk component associated with hospitals from the readmission risk
associated with nonhospital sources.2? The conventional parameter to quantify this
relationship is the intracluster correlation coefficient (ICC), which represents the proportion
of risk explained by hospitals (between-hospital variation) compared to the total risk in the
population (all variation).2! If readmissions are heavily influenced by hospital practices (for
example, inpatient care, discharge planning, or care coordination), then between-hospital
variation should be large compared to total variation, and the ICC should be relatively large.
Conversely, if patient or household characteristics (for example, educational attainment,
access to primary care, family support, or community resources) are dominant drivers of
readmission risk, then the ICC should be relatively small. For example, the team that
developed CMS’s methods for analyzing both thirty-day mortality and readmissions
reported hospital ICCs of 4.8-5.3 percent for mortality measures and 1.5-2.6 percent for
readmission measures.??

Given this conceptual framework, we calculated the ICC across a range of postdischarge
time intervals and conditions, while adjusting for the contribution of patient-level clinical
risk factors. This analytic approach allowed us to measure how hospital-level variation in
readmission risk changes over time after discharge, independent of patient characteristics.
We hypothesized that hospital-level variation would rapidly decrease within ten days after
discharge in a diverse population of older adults and that this decrease would occur more
quickly after medical admissions than after surgical admissions, as a result of late
postoperative blood clots and infections that might reflect the quality of inpatient care.

Study Data And Methods
DATA SOURCES

Using the State Inpatient Databases and State Emergency Department Databases from the
Healthcare Cost and Utilization Project,16 we constructed an all-payer data set from Arizona
(2005-07), California (2005-11), Florida (2005-12), and New York (2006-11).We selected
these states and years because they offered large, diverse populations that accommodated
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longitudinal patient-level analysis and their data were relatively inexpensive to purchase.
The University of California, Davis, Institutional Review Board approved the study protocol.

POPULATION

Patients discharged from any nonfederal hospital in Arizona, California, Florida, and New
York during the study years were eligible for inclusion. We adapted source code developed
by the Yale School of Medicine’s Center for Outcomes Research and Evaluation (CORE) for
measuring risk-standardized readmission rates,3>7 as defined by the inpatient prospective
payment system Final Rule,! to create three encounter-based cohorts: acute myocardial
infarction, heart failure, and pneumonia. Hospital encounters in these cohorts were mutually
exclusive, but individual patients might cross between cohorts. Similarly, we applied CORE
criteria from the hospital-wide all-cause, unplanned readmission measure to create five
mutually exclusive cohorts: medicine, surgery and gynecology, cardiorespiratory,
cardiovascular, and neurology.23 All encounters in the three risk-standardized readmission
rate cohorts were also selected for one of the five hospital-wide all-cause, unplanned
readmission cohorts.

Following CMS and CORE specifications, a hospital encounter was eligible for inclusion if
the patient was discharged alive at age sixty-five or older. We excluded encounters that
occurred in psychiatric, rehabilitation, long-term care, or prospective payment system—
exempt cancer hospitals. Patients discharged against medical advice; patients transferred to
another acute care facility; and patients admitted for a primary psychiatric diagnosis,
rehabilitation, or medical treatment of cancer were also excluded. Additional methodological
details are provided in on-line Appendix 1a.24

OUTCOMES

We adapted the CORE source code to determine whether a patient experienced an unplanned
readmission for all risk-standardized readmission rate and hospital-wide all-cause,
unplanned readmission cohorts; we repeated this determination each day, from one to ninety
days after the index discharge. This range was chosen not only to contain the entire thirty-
day interval used in CMS measures but also to capture later readmissions that might or
might not be related to care during the prior hospitalization.25:26

STATISTICAL ANALYSIS

We calculated summary statistics for the demographic and clinical characteristics of hospital
encounters in the acute myocardial infarction, heart failure, and pneumonia cohorts and a
composite of all hospital-wide all-cause, unplanned readmission cohorts. As described by
CMS and CORE, we estimated the base readmission measures separately using hierarchical
logistic regression models. The acute myocardial infarction, heart failure, and pneumonia
models were adjusted for age, sex, and clinical risk factors (see Appendices 2a, 2b, and 2¢
for risk-standardized readmission rate risk factor prevalence).24 Each of the hospital-wide
all-cause, unplanned readmission models— medicine, surgery and gynecology,
cardiorespiratory, cardiovascular, and neurology—was adjusted for age, clinical risk factors
(see Appendix 2d for hospital-wide all-cause, unplanned readmission risk factor
prevalence),24 and principal diagnosis.” For each postdischarge interval, from one day to
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ninety days, we fitted a separate model and estimated the ICC, which represents the
proportion of variation in readmission risk associated with the hospital, compared to
variation associated with all other factors.2’-2% Additional statistical details are reported in
Appendix 1b.24

We evaluated the consistency of our findings across states for the risk-standardized
readmission rate cohorts and performed a stratified analysis to calculate the ICC for seven-
and thirty-day readmissions. We also determined how much a hospital’s performance
changed between day seven and day thirty (measured by risk-standardized readmission rate
percentile), to determine whether some hospitals appear to affect readmission over longer
intervals.

ROBUSTNESS ANALYSES INCLUDING GEODEMOGRAPHIC FACTORS

To explore the robustness of our primary findings, we extended the base models to include
additional factors that might affect readmission risk but are outside the hospital’s influence
and not directly related to clinical care processes. These factors included fixed effects for
hospital location (state), patient-level rural-urban continuum category,39 and median
household income quartile for patient ZIP code.3! We fitted a geodemographic-extended
model for each cohort, adjusted for these additional covariates, and then compared the ICCs
from these models to the ICCs from our base models, at each interval from one to ninety
days.

To evaluate the impact of hospital discharge practices (for example, short length-of-stay), we
calculated the correlation (weighted by hospital volume) between median length of stay and
the risk of readmission at intervals from one to ten days. Finally, to verify data validity, we
used “admission source” and “point of origin” variables to assess the percentage of
readmissions in our analysis that the receiving hospital reported as incoming transfers,
stratified by the length of the time-to-readmission interval.

LIMITATIONS

Several limitations should be noted. Although our study population included four
demographically and geographically diverse states, these states might not be representative
of the United States, and most of our data predate implementation of the HRRP. Identifiers
used to link unique patients across multiple encounters are state-specific; therefore, out-of-
state readmissions could not be detected, potentially leading to underestimation of
readmission rates. We used all-payer data to capture both fee-for-service and managed care
enrollees in Medicare, given that Medicare Advantage plans have more than 35 percent of
the market in these four states.32 Our findings should be confirmed using Medicare fee-for-
service data and post-HRRP all-payer claims data sets.

We employed the ICC as a measure of the hospital quality signal, in accord with
recommendations from the Committee of Presidents of Statistical Societies.2! Although this
measure has been used in similar research,2227.29 hospital quality is a complicated construct
that might not be fully captured by any single metric. For example, low ICCs could indicate
that all hospitals have similarly excellent (or poor) quality, or that all patients have similar
risk of readmission (at any hospital), although the latter interpretation is less plausible.
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Study Results

HOSPITAL AND PATIENT CHARACTERISTICS

Of the 66,741,340 hospital discharge records available, our study sample included
15,212,575 index hospitalizations for 6,768,057 unique patients at 910 hospitals.
Considering all hospital-wide all-cause, unplanned readmission measures, the median
number of encounters per hospital was 10,942 (interquartile range: 2,904 to 24,796).
Patients’ median age was seventy-eight (IQR: 71-84), 56.5 percent were female, 71.7
percent were white, and 89.7 percent had Medicare as the primary expected payer (Exhibit
1) (see Appendix 3 for additional descriptive statistics).24

READMISSION MEASURES

Unplanned readmissions accounted for 90.1 percent of all-cause readmissions. The observed
thirty-day unplanned readmission rate was 17.5 percent for acute myocardial infarction, 23.6
percent for heart failure, 17.6 percent for pneumonia, and 15.5 percent for hospital-wide all-
cause, unplanned readmissions. Among subcategories of the latter, observed thirty-day
unplanned readmission rates were 17.1 percent for medicine, 11.3 percent for surgery and
gynecology, 20.6 percent for cardiorespiratory, 12.5 percent for cardiovascular, and 13.7
percent for neurology.

Patients who resided in ZIP codes in the lowest household income quartile had higher thirty-
day readmission risk (odds ratio: 1.1 relative to the highest household income quartile; p <
0:001) in all cohorts (see Appendix 4 for geodemographic risk estimates).2* Similarly,
patients residing in the smallest rural communities, compared to the largest urban
communities, experienced at least 41 percent greater thirty-day readmission risk (for
example, pneumonia odds ratio: 1.41; p= 0.01). State-level ICCs for California, Florida, and
New York were similar to that of the multistate population, but Arizona’s ICCs were
consistently larger in all cohorts (see Appendices 5, 6a, 6b, and 6¢ for state-level
comparisons).24 Mean hospital volume was consistently lowest in Arizona and highest in
New York.

BETWEEN-HOSPITAL VARIATION

The ICC for all three specific medical conditions dropped rapidly from 2.7 percent (acute
myocardial infarction), 1.6 percent (heart failure), and 3.2 percent (pneumonia) on the first
day after discharge, to less than 1.0 percent (all three cohorts) by day four, reaching a
minimum of 0.8 percent or less at seven days after discharge (Exhibit 2). Across all of these
measures, most of the hospital quality signal dissipated by the seventh day after discharge—
for example, the ICC decreased between the first day and the seventh day by 78 percent, 49
percent, and 76 percent among patients admitted with acute myocardial infarction, heart
failure, and pneumonia, respectively. Hospital-level variation in models with
geodemographic adjustments followed the same trend but was lower than that in the base
models (Exhibit 3; see Appendix 7 for hospital-wide all-cause, unplanned readmission
models).24
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After the tenth day, hospital-level variation rose slightly but steadily in the base models for
risk-standardized and hospital-wide readmissions to 0.84—1.10 percent at the thirtieth day
and 1.01-1.23 percent at the ninetieth day after discharge (mean ICC difference between day
ninety and day ten: 0.38 percent; 95% confidence interval: 0.30, 0.45). However, hospital-
level variation did not rise, or rose only minimally, between the tenth and ninetieth days in
the eight models extended to include geodemographic covariates (mean ICC difference
between day ninety and day ten: 0.16 percent; 95% CI: 0.11, 0.20). The acute myocardial
infarction cohort differed from other cohorts, with an earlier rise in hospital-level variation
between the tenth and twentieth postdischarge days (Exhibit 3; see Appendix 7 for hospital-
wide all-cause, unplanned readmission models).2* Among state-stratified analyses,
readmissions within seven days were too rare to determine the hospital-level variation. When
we compared seven-versus thirty-day readmissions, the median hospital rank change was
11.4-11.8 percent (see Appendices 8a, 8b, and 8c for ranked differences).24

ROBUSTNESS ANALYSIS

A weak correlation between the hospital-level median length of stay and readmission rate
was found on the first post-discharge day in the cardiovascular cohort (r = —0.08; p = 0:026);
this relationship was not significant in other cohorts (see Appendix 9 for hospital-level
readmission rates versus length-of-stay).24 Among readmissions in our analysis, only 2.2—
2.6 percent were reported by the receiving/admitting hospital as incoming transfers (see
Appendix 10 for validation of discharge disposition),24 which suggests that this problem was
rare and cannot account for observed ICC changes over time.

Discussion

Readmission rates were first introduced in 1953 to characterize risk among neuropsychiatric
patients discharged from Department of Veterans Affairs (VA) hospitals®3 but gained
prominence in 2010 with CMS’s adoption for use in the Hospital Risk Reduction Program.?
Previous studies have reported the percentage of patients readmitted within various
intervals,3 but these studies did not address the untested assumption that thirty days is the
optimal interval for ascertaining hospital-level (that is, between-hospital) variation.3® To
understand whether shorter or longer intervals would better identify the hospital quality
signal, we implemented the hierarchical models developed by CMS3-57 across three
reported patient cohorts and ascertainment intervals from one day to ninety days.

PRIMARY FINDINGS

Our analysis revealed four primary findings: First, hospital-level variation was low at the
conventional thirty-day cutoff for all patient cohorts, ranging from 1.1 percent for surgery to
0.8 percent for pneumonia. Second, hospital-level variation was consistently and
substantially higher within the first several days after discharge (with values as high as 3.2
percent for the pneumonia cohort on the first postdischarge day), reaching a nadir around
seven days. Taken together, these findings suggest that a five-to-seven-day ascertainment
interval would better capture hospital-attributable readmissions, particularly when compared
to intervals of thirty, sixty, or ninety days.26

Health Aff (Millwood). Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Chin et al.

Page 7

Third, the optimal interval for capturing hospital-level variation in the risk of readmission
appears to vary across conditions. For example, the acute myocardial infarction cohort (in
which 47 percent of patients had at least one major procedure) manifested the greatest
increase in hospital-level variation after the tenth post-discharge day.

Fourth, CMS’s current risk-standardized readmission models (which adjust only for patient
age, sex, and clinical characteristics) unexpectedly showed increasing hospital ICCs with
longer ascertainment periods, from seven to ninety days. However, this effect largely
disappeared after adjustment for geodemographic effects outside the hospital’s control
(state, rural-urban designation, and median household income). This suggests that much of
the presumed hospital quality signal at thirty days and beyond could be attributable to
characteristics of the communities within which hospitals are situated.

CONTEXT AND COMPARABILITY

We used all-payer linked claims data, but our estimates of thirty-day readmission rates were
consistent with estimates based on Medicare fee-for-service claims data (17 percent for
acute myocardial infarction, 24 percent for heart failure, 17 percent for pneumonia, and 16
percent for hospital-wide all-cause, unplanned readmission).2:22:23.26 Similarly, our
estimates of hospital-level variation were consistent with prior work on thirty-day
readmissions (ICC for acute myocardial infarction, 1.5 percent; ICC for heart failure, 2.6
percent)22 and comparable to readmission models previously described for coronary artery
bypass graft surgery.2’ In contrast, studies of risk-adjusted mortality have generally reported
hospital-level variation in the range of 4-6 percent,22 and as high as 10.1 percent for
hospitals performing coronary artery bypass grafting in Italy.38 One notable exception (ICC
= 0.6 percent) was a study limited to mechanically ventilated patients at VA hospitals.3’
Hospital-level variation for process measures such as blood transfusions®® and use of critical
care39 has been estimated as high as 30 percent.40

Consistent with findings from our geodemographic-extended models, two recent studies
found patient and community characteristics affected readmission risk,*142 and readmission
rates differed when safety-net hospitals were compared to other hospitals.43 Other
investigators274244 have reported that facility-level variation is markedly decreased by
adjusting for additional clinical and social characteristics of patients. One group sought to
determine the best interval for using intensive care unit (ICU) readmission as a quality
indicator, hypothesizing that variables measuring ICU circumstances (for example, percent
of beds occupied) would become less strongly associated with readmission risk at longer
intervals, while variables representing chronic diseases would become more strongly
associated with readmission risk.4 Their analyses also supported a relatively short interval
of two calendar days.

Implications

Our finding that the hospital quality signal is higher in the first five days after discharge than
at longer time periods, such as thirty days, suggests that hospitals’ practices with respect to

care coordination and postdischarge follow-up could have the greatest impact within the first
few days after discharge. This finding is consistent with previous observations that “stability
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at discharge” is a key predictor of early readmissions after medical hospitalizations#® and
that early postdischarge follow-up appointments might be associated with lower readmission
risk.46

Patients with acute myocardial infarction were the most likely to have had major surgical
procedures during their index encounters, when compared to our heart failure and
pneumonia cohorts. Therefore, the unique increase in ICC in this cohort beginning at ten
days after discharge (Exhibit 3) might reflect postoperative complications following major
surgery, as reported previously.4” These findings suggest that the optimal readmission
interval in which to measure the strongest hospital quality signal could be related to the
cohort’s clinical attributes, although additional analysis is needed to better understand this
relationship.

Readmissions occurring after seven days appear to be more susceptible to geodemographic
characteristics that reflect the inherent social and community-related factors in the patient’s
environment after hospital discharge.*® These findings might, in part, explain why
readmission rates appear to have decreased only modestly since the implementation of the
HRRP penalty,49-52 and these decreases have been partially offset by increases in rates of
observation stay.23 If nonhospital factors have a greater impact on readmissions after seven
days, then hospitals may have limited opportunity to prevent these outcomes.

Efforts to improve hospital quality have largely focused on motivating individual facilities to
reduce their readmission rates, while little attention has been paid to the role of health care
providers outside the hospital setting. Although some authors have examined the association
between readmission rates and facility or patient characteristics within postacute care
settings,>*°° these efforts have not separated the proportion of risk attributable to multiple
facilities. Therefore, the relative proportions of risk attributable to hospitals, postacute care,
or non-health care factors are unknown, and additional efforts are needed to understand how
different settings and types of care affect readmission rates, after adjustment for patient
characteristics.

Extending our view of readmission to include risk contributed by other care providers after
hospital discharge could enhance the alignment of quality improvement goals, hospital
incentives, and national policy.5® Future research and policy discussions should consider
shared attribution of readmissions, especially after five to seven days, among postdischarge
care providers such as skilled nursing facilities, dialysis facilities, and primary care
providers.

Conclusion

Thirty-day risk-standardized, all-cause, unplanned readmission rates have become widely
used to measure hospitals’ performance for public reporting and to impose financial
penalties on facilities with excess readmissions,? despite little evidence that these rates
reflect aspects of care that are under hospitals’ direct or indirect control. We found that the
hospital quality signal, or hospital-level effect, is strongest within the first seven days after
discharge. Factors outside the hospital’s control (community or household characteristics)
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might have a relatively large effect on readmission risk at longer intervals and reflect the
cumulative quality of health care provided to patients.

If the goal of current public policy is to encourage hospitals to assume responsibility for
post-discharge adherence and primary care follow-up, then penalties assessed for
readmissions within thirty days or longer periods might align appropriately. However, if the
goal is empowering patients and families to make health care choices informed by true
differences in hospital performance, then a readmission interval of seven days or fewer
might be more accurate and equitable.

Supplementary Material
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EXHIBIT 2. Intracluster correlation coefficient estimates at specific readmission intervals from
oneto ten days, for acute myocardial infarction, heart failure, and pneumonia

SOURCE Authors’ analysis of data from the Healthcare Cost and Utilization Project, State
Inpatient Database, and State Emergency Department Database: Arizona (2005-07);
California (2005-11); Florida (2005-12); and New York (2006-11).

NOTE Data represent unadjusted base models by cohort.
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EXHIBIT 3. Intracluster correlation coefficient estimates at specific readmission intervalsfrom
oneto ninety days for acute myocardial infarction, heart failure, and pneumonia

SOURCE Authors’ analysis of data from the Healthcare Cost and Utilization Project, State
Inpatient Database, and State Emergency Department Database: Arizona (2005-07);
California (2005-11); Florida (2005-12); and New York (2006-11).

NOTE Base and geodemographic-extended models by cohort; see text for explanation.
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Characteristics of hospital encounters among acute myocardial infarction, heart failure, pneumonia, and

combined hospital-wide readmission cohorts

EXHIBIT 1

Characteristic Acute myocardial infarction Heart failure Pneumonia Hospital-wide readmission
No. of patient encounters 363,534 900,632 648,371 15,212,575
No. of hospitals 558 750 784 910
Mean age? (years) 78.2 80.2 79.8 78.0
Female 47.2% 53.4% 53.5% 56.5%
Race or ethnicityb
White 73.3% 68.4% 72.8% 71.7%
Hispanic 11.7 13.2 12.4 12.1
Black 6.3 11.0 6.3 8.3
Other€ 8.7 7.4 8.4 7.9
Mean no. of comorbidities? 28 33 1.9 18
State®
Arizona 2.3% 1.8% 2.5% 2.3%
California 354 35.7 41.6 36.4
Florida 42.0 39.5 34.2 39.2
New York 20.3 23.0 21.7 22.2
Hospital typeb
Nonprofit 75.2% 74.9% 76.5% 79.8%
Investor-owned 18.7 19.6 18.4 18.1
Missing 6.1 55 51 2.1

Page 15

SOURCE Authors’ analysis of data from the Healthcare Cost and Utilization Project, State Inpatient Database, and State Emergency Department
Database: Arizona (2005-07); California (2005-11); Florida (2005-12); and New York (2006-11).

aStandard deviation for age was 8.2 for acute myocardial infarction, 8.1 for heart failure, 8.1 for pneumonia, and 8.0 for hospital-wide all-cause

unplanned readmission.

bNot included in the geodemographic-extended models.

Includes Asian or Pacific Islander, Native American, other race, and missing.

dEIixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with administrative data. Med Care. 1998;36(1):8-27.

61Models adjusted for ZIP code did not converge.
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