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Abstract

Background: Many experts believe that hospitals with more frequent hospital readmissions 

provide lower quality of care, but little is known about how the preventability of readmissions 

might change over the post-discharge timeframe.

Objective: To determine whether readmissions within 7 days of discharge are different from 

readmissions between 8 and 30 days after discharge with respect to preventability.

Design: Prospective cohort study.

Setting: 10 US academic medical centers.

Patients: 822 adults readmitted to a general medicine service.

Measurements: At each site, 2 physician assessors used a structured survey instrument to 

determine whether each readmission was preventable and to measure other characteristics of the 

readmission.

Results: 36.2% of early readmissions versus 23.0% of late readmissions were preventable 

(median risk difference 13.0%, 25th, 75th percentile 5.5, 26.4). The hospital was identified as a 

better location to prevent an early readmission than a late readmission (47.2% vs. 25.5%, [median 

risk difference 22.8%, 25th, 75th percentile 17.9, 31.8]). In contrast, the outpatient clinic (15.2% 

vs. 6.6%, [median risk difference 10%, 25th, 75th percentile 4.6, 12.2]) and home (19.4% vs. 14%, 

[median risk difference 5.6%, 25th, 75th percentile −6.1, 17.1]) were identified as better locations 

to prevent late readmissions than early readmissions.

Limitations: Physician assessors were not blinded to readmission timing. In addition, 

community hospitals were not included in the study, and readmissions to non-study hospitals were 

not included in the results.

Conclusions: Early readmissions were more likely to be preventable and amenable to hospital-

based interventions. Late readmissions were less likely to be preventable and were more amenable 

to ambulatory and home-based interventions.

INTRODUCTION

Each year, hospital readmissions affect 18.2% of Medicare beneficiaries (1) and cost 

Medicare between $15 and $17 billion (2). Effective October 1, 2012, Section 3025 of the 

Patient Protection and Affordable Care Act established the Hospital Readmissions 

Reduction Program, authorizing the Centers for Medicare and Medicaid Services to impose 
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financial penalties on hospitals for excessive readmissions within 30 days of hospital 

discharge (3).

The Act specified 30 days because lawmakers sought to identify a window of time during 

which a hospital readmission was likely attributable to the quality of care during the index 

hospitalization, thus representing a preventable outcome. However, there is little scientific 

basis for this choice (2, 4–7). The 30-day period does not correlate with quality indicators 

(8,9) or inpatient mortality rates (10–12), and readmissions during this period are influenced 

by the ambulatory care environment, chronic illness burden, and social determinants of 

health (13–23). Furthermore, one recent single-center study found that readmissions within 7 

days of discharge were more highly associated with factors influenced by the index 

hospitalization than readmissions that occurred from 8–30 days after discharge (13). 

Moreover, it is uncertain whether preventability varies during the 30 days (24). One way to 

choose the ideal period would be to use a measure that identifies preventable readmissions 

that are directly influenced by hospital factors such as physician decision-making, processes 

of inpatient care, and transitional care planning while striking a balance between validity and 

simplicity (2). The lack of a clear relationship between preventability and the 30-day period 

has led experts to propose a 3-, 7-, or 14-day windows rather than a 30-day window (4–7, 

13) but without direct evidence on why these shorter periods may be better.

The aim of this study was to compare patients readmitted within 7 days of hospital discharge 

to patients readmitted 8–30 days after discharge using measures of preventability. We 

hypothesized that early readmissions would be more preventable than late readmissions and 

that more of them would be caused by factors directly related to the index hospitalization.

METHODS

Setting and Study Cohort

The Hospital Medicine Reengineering Network (HOMERuN) is composed of 12 US 

academic medical centers (25). Our study is limited to the 10 centers that include 

readmission timing in their databases (Appendix Table 1). Patients were eligible for 

inclusion in the study if they were at least 18 years of age; spoke English as their primary 

language; and were discharged from a general medicine service and had an unplanned 

readmission within 30 days between April 1, 2012 and March 31, 2013. We used a random-

digit generator to select up to 5 patients per week at each site. If a patient declined an 

interview, was too sick to participate, or was unavailable, we tried to enroll the next 

randomly selected patient.

Institutional review boards at UCSF (the data coordinating center) and all participating sites 

approved this study.

Data collection

Trained research assistants performed structured medical record review to collect 

demographic data and information regarding medical comorbidities, medications, and 

measures of transitions in care. We developed survey instruments to identify factors that 

might contribute to readmission, and research assistants administered these surveys to each 
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patient’s primary care physician, the attending physicians for the index hospitalization, and 

the attending physician for the readmission. Research assistants used similar survey 

instruments to interview readmitted patients (22, 25).

The primary outcome of this study was preventability, which we defined as a rating of ≥4 

out of 6 on an ordinal scale (26–30) (See footnote of table 2 for a description of the scale). 

At each site, 2 physicians from among the 3–10 physician adjudicators at the site used a 

standard approach (26–28) to review all available data and make a joint determination of the 

preventability rating for each readmission with adjudication by the lead physician when 

needed (22, 25). These physicians also decided the location where an intervention to prevent 

the readmission would have been most effective and identified factors that contributed to the 

readmission. These factors were based on the Ideal Transition in Care framework (29) and 

included the following categories: monitoring/managing symptoms after discharge, social 

and community supports, self-management instruction, continuity of care, end of life and 

advance care planning, diagnostic and therapeutic problems, decision-making concerning 

the readmission, and medication problems and adverse events. We defined an early 

readmission as occurring within days 0–7 days after discharge and a late readmission as 

occurring 8–30 days after discharge.

Analyses

We describe the preventability of early and late readmissions using the median of the risk 

differences and the 25th and 75th percentiles across study sites. We used logistic regression 

to model preventability of the readmission based on early versus late timing with hospital 

site as a fixed variable to adjust for site-specific differences in patient characteristics, 

hospital care processes, the adjudication process, and other unknown variables. We also 

included patient age and variables describing each patient’s transitions in care as covariates 

in our model. To identify the optimal cut-point for separating early vs. late readmissions, we 

visually inspected a graph of the adjusted probability of preventability by post-discharge 

day. We report the frequencies of each of the potential causative factors during the early and 

late periods, along with the median risk difference across sites with the 25th and 75th 

percentiles. We managed the data and conducted the analyses using SAS v.9.2 (Cary, NC).

Role of the Funding Source

None of the funding sources had a role in the design, conduct, collection, management, 

analysis, or interpretation of the data or in the preparation, review or approval of the 

manuscript.

RESULTS

We identified 890 patients who were eligible for the study, but we subsequently excluded 54 

patients with missing age values and 14 patients due to data entry errors for date of 

discharge, date of readmission, or both. Of the 822 patients who remained, 301 (36.6%) 

were readmitted 0–7 days post-discharge, and 521 (63.4%) were readmitted 8–30 days post-

discharge. Patients who were readmitted early and late had similar baseline characteristics, 

comorbidities, social factors, and process of care variables (Table 1). However, more results 
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of diagnostic studies were pending at hospital discharge for early readmissions (27.6%) 

versus late readmissions (20.0%) (Table 1). In addition, there were differences in patient 

characteristics and processes of care by study site (Appendix Table 2).

Overall, 229 (27.9%) readmissions were preventable. There was a difference in 

preventability for early versus late readmission: 36.2% of early readmissions versus 23.0% 

of late readmissions were preventable. There was variability in preventability between early 

and late readmissions across study sites (Figure 1, Appendix Table 2), although 

preventability was rated as higher for early readmissions for 9 of 10 study sites. The median 

risk difference across sites was 13.0% [25th,75th percentile 5.5, 26.4]) (Table 2). In adjusted 

analyses, early readmissions were significantly more likely to be preventable (OR 2.0 

[95%CI 1.5–2.8]) (Table 2). A sensitivity analysis using a more stringent cut-off for 

preventability produced similar results (Table 2). We observed a clear reduction in 

preventability after day 7 (Figure 2).

The hospital was more likely to be identified as the ideal location for an intervention to 

prevent early compared to late readmissions (47.2% vs. 25.5%, median risk difference 

22.8%). In contrast, the outpatient clinic (6.6% vs. 15.2%, median risk difference −10%) and 

home (14.0% vs. 19.4%, median risk difference −5.6%) were more likely to be identified as 

the ideal location for an intervention to prevent late compared to early readmissions (Table 

2). There was variability by study site for the ideal location for an intervention (Appendix 

Table 3), but hospital was more frequently identified as the ideal location for early versus 

late readmissions in 9 out of 10 study sites, and home and outpatient clinic were more 

frequently identified as the ideal location in late versus early readmissions in 7 and 9 

(respectively) out of 10 study sites.

Problems with physician decision making related to diagnosis and management were more 

frequently identified as causal factors for early versus late readmissions (28.9% vs. 11.5%, 

median risk difference 14.1%) (Table 3). The differences by specific problem were as 

follows: missed diagnoses (10.6 vs. 4.0%, median risk difference 6.7%), inadequate 

treatment of active medical conditions during the index admission (14.3 vs. 7.1%, median 

risk difference 4.6%) and patients being discharged too soon from the hospital (16.3 vs. 

3.7%, median risk difference 13.6%).

Issues with monitoring and managing symptoms after discharge (33.2 vs. 25.3%, median 

risk difference 11.8%) and issues with end of life care and advance care planning (13.8 vs. 

8.0%, median risk difference 3.9%) were more frequently identified as causal factors for late 

versus early readmissions. The differences by specific problem were inappropriately long 

wait times for post-discharge appointments (10.0 vs. 5.0%, median risk difference 2.9%) and 

patients not being able to keep their post-discharge follow-up visits (10.9 vs. 5.7%, median 

risk difference 5.3%). Patients nearing the end of life but still desiring hospitalization and 

full treatment measures were more frequently identified as causes of late versus early 

readmissions (8.6 vs. 5.3%, median risk difference 3.6%) (Table 3). An analysis of causation 

including only preventable readmissions produced similar results except issues with end of 

life care/advance care planning was no longer significantly different, and medication 
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problems/adverse drug events were more likely to be identified as causal factors for late than 

early readmissions (36.7 vs. 27.5%, median risk difference 2.9%; Appendix Table 4)

DISCUSSION

In this cohort derived from ten academic medical centers consisting of readmitted general 

medicine patients, we found a significant difference in rates of preventability between an 

early and late period within the 30 days following hospital discharge, with early 

readmissions associated with double the odds of preventability compared to late 

readmissions, and a clear decline in adjusted preventability rates after post-discharge day 7. 

Physician adjudicators were more likely to consider the hospital to be the optimal site to 

implement interventions to prevent early readmissions (between days 0–7), and the 

outpatient clinic and home environments to implement interventions to prevent late 

readmissions (between days 8–30). Lastly, we found that problems with physician decision 

making related to diagnosis and management during the index hospitalization and premature 

discharge were significantly more likely to be identified as the cause of the readmission in 

the early period, while problems with post-discharge follow-up and monitoring and end of 

life issues were more likely to be identified as the cause of readmissions in the late period. 

Taken together, these findings suggest that readmissions occurring within the week 

following hospital discharge are more preventable and more likely to be caused by factors 

over which the hospital has direct control than those occurring later in the 30-day window 

following hospital discharge.

These findings suggest that hospitals are more likely to be successful at preventing 

readmissions occurring within the first week after discharge, after which interventions to 

prevent readmission may be more effective when targeted to the ambulatory care 

environment. This is consistent with our prior work, which showed that factors related to the 

index hospitalization such as acute illness burden and discharge timing were more closely 

associated with early readmissions than late readmissions (13), and our follow-up work, 

which showed that mean preventability scores were significantly higher in this early period 

compared to the late period by blinded physician review in a single center study (31). In the 

current study, we were able to address our hypothesis directly with a geographically diverse 

multicenter sample, improving upon external validity. Our findings are also supportive of 

prior work by others’ who demonstrated the inter-hospital variability in readmissions is 

highest during post-discharge days 0–7, suggesting this is a more ideal timeframe to capture 

hospital-attributable readmissions (7).

Our assessment of causality provides more insight into potential targets to prevent 

readmissions in these two timeframes. Compared to late readmissions, early readmissions 

were more likely to be caused by problems with physician decision making related to 

diagnosis and treatment during the index admission. Specifically, the adjudicators cited 

missed diagnoses and inadequate treatment of the admitting condition as reasons for early 

readmissions significantly more frequently than for late readmissions. The adjudicators also 

cited premature discharge as more likely to be the cause for early readmissions. This may be 

explained by the fact that more patients in the early cohort had incomplete diagnostic work-

ups on the day of discharge than those in the late cohort. Although physician cognitive error 
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may play a role in premature discharge, hospitalists face a number of significant pressures in 

our current healthcare system that could be influencing discharge timing decisions, including 

external pressure to drive down length of stay and shift non-urgent evaluation and treatment 

from the inpatient to outpatient setting. This points to a potential source of bias regarding 

optimal discharge timing that is potentially harmful to patients and should be explored 

further.

The analysis of causality also found inadequate monitoring and management of symptoms 

post-discharge as significantly more prevalent for late readmissions. Specifically, we found 

the long wait times and inability to keep post-discharge follow-up appointments with 

primary care providers were more often cited as causing late readmissions than early 

readmissions. These findings also support our hypothesis that late readmissions are driven 

by factors outside of the hospital and in the ambulatory care environment, where post-

discharge monitoring and follow-up care could be better tracked and managed. This presents 

a potential area for intervention in ambulatory care clinics.

Finally, we found issues related to end of life care and advance care planning more likely to 

be cited as a cause for late readmissions. Specifically, we found that presence of a terminal 

illness with a preference to pursue aggressive medical care rather than palliative care was 

significantly more likely to be considered a contributing factor for late than early 

readmissions. These findings also support our conceptual model and prior work (13), in that 

a patient with a terminal illness who desires aggressive care has a high likelihood of being 

readmitted as a function of progression of their disease rather than hospital or ambulatory-

sensitive care processes, leading to inevitable readmissions rather than preventable ones.

The most important limitation of our study is that the physician adjudicators were not 

blinded to the timing of the readmission, as this was not a pre-specified analysis. While the 

adjudicators were not explicitly instructed to make note of readmission timing as an aim of 

the original study, knowledge of readmission timing could have biased their assessment of 

preventability or informed their choice of location where an intervention to prevent the 

readmission would have been most effective. It should be noted that while the possibility of 

bias is present, the current study is consistent with our findings in our prior single center 

study where the methodology for physician adjudication did involve blinding the 

adjudicators to the timing of the readmission (31). Additionally, all of the sites included in 

our population were academic medical centers, where patients are often not local, and 

carrying out usual transitions in care processes can be a challenge. These out-of-network 

patients were not included in the cohort unless they were readmitted to one of the sites in our 

dataset, thus potentially limiting generalizability. These findings should be validated in 

community hospitals and hospitals with full access to readmission data.

It is also important to note that there can be a great deal of disagreement among adjudicators 

in preventability determinations, which may have contributed to the heterogeneity in our 

outcomes across sites (32). Accordingly, differences in preventability by site can reflect 

either true differences in preventability, or differences in calibration of the adjudicators in 

their probability of assigning preventability. We attempted to mitigate this by employing an 

in-depth training process for adjudicators, a dual-physician review process to allow for some 
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degree of internal calibration, and providing descriptive analyses stratified by hospital site. 

Although we observed substantial site-level variability in the magnitude of differences in 

preventability and ideal location for an intervention between early and late readmissions, the 

direction of the relationship was consistent across the majority of sites. Nonetheless, we 

cannot rule out that differences in care processes or differences in preventability 

determinations between sites could have confounded our results.

Our findings have several additional implications. An ideal accountability metric should 

reflect a care process or system over which the organization or individual that is penalized 

has direct control. As such, the timeframe used for this accountability metric is critically 

important, specifically given the concerns that the 30-day readmission rate has introduced 

disparities in penalties, with the highest burden affecting hospitals caring for the most 

socially disadvantaged patients (33). The timeframe used must strike a balance between 

simplicity and validity (2). It is not feasible to recommend direct clinician review of the 

medical record to assess preventability. However, until hospital discharge is viewed as a 

population management task that will only succeed with successful integration between 

hospital and primary care teams, and where penalties are equally shared by the inpatient and 

ambulatory environments, a more evidence-based timeframe to capture this difficult 

construct could strike this balance.

We believe that using a 7-day cut-off would continue to incentivize hospitals to develop 

processes of care to reduce readmissions, while simultaneously avoiding inappropriate 

penalization. This idea is supported by our finding that the hospital was identified as the 

ideal location for an intervention to reduce early readmissions nearly half of the time 

compared to about one quarter for late readmissions. Taken together, we believe that our 

findings provide strong evidence for a 7-day readmission rate as a superior accountability 

measure for the hospital setting.

However, while changing the timeframe may address the problems faced by hospitals as a 

result of potentially undeserved financial penalties, a simple cut-off is unlikely to be the 

answer to providing our patients with the most high-quality and safe transitions in care at 

discharge. This effort will require a multi-faceted integration between hospitals and primary 

care offices, and better quality measurement. In addition to best practices for discharge 

planning, our results suggest that hospitalists should focus on interventions to reduce 

cognitive errors that affect diagnosis and treatment planning. The extent to which incentives 

imposed by hospital systems to increase throughput result in premature discharge and 

readmission should be further examined. Outpatient systems should prioritize the 

development of multi-disciplinary care management systems for post-discharge monitoring, 

and expanded access to the primary care team for timely post-discharge follow-up 

appointments. And finally, we believe that the quality metric used to measure and promote 

success in this realm must change. Shared accountability over the 30-days between hospitals 

and outpatient practices, possibly with weighted penalties by readmission timing, would 

engage outpatient practices in readmission reduction efforts, and reduce unfair financial 

penalties on hospitals, which have negative downstream effects on the patients they serve.
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In summary, in a cohort derived from 10 academic medical centers, we found that 

readmissions within the first seven days following hospital discharge were more likely to be 

preventable than those occurring within a late period of 8–30 days. Early readmissions were 

more likely to be amenable to interventions within the hospital, and more likely to be caused 

by factors for which the hospital is directly accountable, such as problems with physician 

decision-making and premature discharge. Late readmissions were more likely to be 

amenable to interventions outside of the hospital, and were more likely to be caused by 

factors for which the hospital has less direct control, such as appropriate monitoring and 

managing of patients’ symptoms after discharge by the primary care team, and end of life 

preferences. We believe it is time to change the model for patient outcomes after hospital 

discharge to one that recognizes shared accountability for readmissions among the entire 

spectrum of care. If this cannot be achieved in the short term, our findings suggest that a 7-

day readmission window will more accurately capture preventable hospital readmissions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Proportion of early and late readmissions that were preventable at each of the ten hospital 

sites.

Graham et al. Page 12

Ann Intern Med. Author manuscript; available in PMC 2018 December 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2: 
Pooled, adjusted proportion of readmissions ascertained as preventable using a standard 

algorithm and physician adjudication at all ten hospital sites. The bottom and top edges of 

the boxes represent the pooled 25th and 75th percentiles, the center horizontal line is drawn 

at the 50th percentile (median), and the vertical lines represent the most extreme 

observations.
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Table 1:

Initial Hospitalization and Patient Characteristics by Readmission Timing

Early
Readmissions

(0–7d post-
discharge)

n=301, 36.6%

Late
Readmissions
(8–30d post-
discharge)

n=521, 63.4%

Age mean, (SD) 54.7 (17.3) 55.5 (18.3)

Index length of stay, mean, (SD) 5.8 (7.7) 5.5 (4.9)

Pre-admission Disposition
*
 (%)

   Homeless 6.3 5.8

   Home without services 68.8 69.9

   Home with services 11.6 12.7

   Home Hospice 0.7 0.2

   Home, services unspecified 5.0 3.8

   Rehabilitation Facility 5.0 3.1

   Chronic Care Facility 1.0 2.9

   Other 1.0 1.5

Married or living as married (%) 36.5 33.2

Status of inpatient work-up (%)

   Studies pending at discharge
† 27.6 20.0

   Diagnostic work-up as outpatient
‡ 34.9 31.9

Did the patient have any of the following terminal
illnesses?

   Stage III or IV congestive heart failure 7.0 5.4

   Hemorrhagic or ischemic stroke, degenerative
   central nervous system disorder

7.3 6.1

   Cancer 2.0 3.3

   Severe COPD
§ 16.9 17.5

   Stable IV chronic renal failure
|| 5.7 6.1

   Stage III or IV congestive heart failure 15.0 12.9

Treatment indicating chronic illness

   Dialysis 7.6 6.0

   Chemotherapy 1.0 1.0

   Anticoagulation 14.3 14.8

   Opioids 49.2 51.6

   Insulin 17.3 17.9

   Lasix 17.3 18.2

English as a primary language (%) 90.4 93.5

Patient understood how to execute care plan (%) 92.0 91.5

Difficulty with transportation access (%) 20.3 21.6

Income vulnerability

   Homeless (%) 4.7 4.2
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Early
Readmissions

(0–7d post-
discharge)

n=301, 36.6%

Late
Readmissions
(8–30d post-
discharge)

n=521, 63.4%

   Difficulty meeting basic needs (%) 11.4 10.8

   Social supports lacking (%) 16.7 15.6

   Substance use disorder (%) 9.0 6.6

Process of care variables

   Primary MD contacted at admission 63.8 59.5

   Follow-up call to patient 13.6 14.8

   Discharge summary within 24h 78.1 75.8

   Post-discharge appointment made 66.8 61.0

   Medication reconciliation 86.7 84.3

   Primary MD contacted at discharge 48.5 41.3

*
At the time of the readmission

†
Did discharge documentation note that test results were pending at time of discharge?

‡
Were there directions in discharge documentation that additional diagnostic work-up was to be completed as an outpatient?

§
Chronic obstructive pulmonary disorder, oxygen-dependent or forced expiratory volume in 1second< 1L

||
Glomerular filtration rate< 30 or current hemodialysis

¶
Missing data for all variables was <3% (Length of stay- 0.5%, patient understood how to execute care plan- 0.7%, difficulty with transportation 

access- 2.8%, difficulty meeting basic needs-0.7%, social supports lacking-0.5%, substance use disorder-0.9%)
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Table 2:

Physician-adjudicated Readmission Preventability by Readmission Timing

Early
Readmissions

(0–7d post-
discharge)

n=301, 36.6%

Late
Readmissions
(8–30d post-
discharge)

n=521, 63.4%

Median of
Risk Differences

Across Sites
(25th,75th percentile)

Preventability (%)
* 36.2 23.0 13.0 (5.5, 26.4)

Preventability, alternate definition (%)
† 22.6 12.5 12.4 (1.6, 21.6)

Preventability (OR, 95% CI)
‡ 2.0 (1.5–2.8) Reference

Ideal location for an intervention to

prevent a readmission (%)?
||

   Hospital 47.2 25.5 22.8 (17.9, 31.8)

   Home 14.0 19.4 −5.6 (−17.1, 6.1)

   Outpatient Clinic 6.6 15.2 −10.0 (−12.2, −4.6)

   Emergency Department 3.7 4.0 −2.0 (−3.1, 1.5)

   Other 14.6 18.4 −6.6 (−11.8, 1.5)

*
Defined as a preventability score of ≥4 on a 6 point ordinal scale, (1= No evidence for preventability, 2= slight evidence of preventability, 3= 

preventability less than 50–50 but close call, 4= preventability more than 50–50 but close call, 5= strong evidence for preventability, 6= virtually 
certain evidence for preventability), which is the standard approach

†
Defined as a preventability score of ≥5 on this scale, presented as a sensitivity analysis

‡
Using logistic regression to model the odds of a preventable readmission for early vs. late readmissions, adjusted for hospital site, patient age, and 

all process of care variables listed in Table 1

||
After reviewing each admission and readmission pair, adjudicators determined where an intervention to prevent the readmission would have been 

most effective.
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