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Abstract

Background—Safety net and teaching hospitals are somewhat more likely to be penalized for 

excess readmissions, but the association of other hospital characteristics with readmission rates is 

uncertain and may have relevance for hospital-centered interventions.

Objective—To examine the independent association of 8 hospital characteristics with hospital-

wide 30-day risk-standardized readmission rate (RSRR).
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Design—Retrospective cross-sectional multivariable analysis

Subjects—US hospitals

Measures—Center for Medicare and Medicaid Services specification of hospital-wide RSRR 

from July 1, 2013 through June 30, 2014 with race and Medicaid dual-eligibility added.

Results—We included 6,789,839 admissions to 4,474 hospitals of Medicare fee-for-service 

beneficiaries aged over 64 years. In multivariable analyses, there was regional variation: hospitals 

in the Mid-Atlantic region had the highest RSRRs (0.98 percentage points higher than hospitals in 

the Mountain region, 95% CI 0.84–1.12). For-profit hospitals had an average RSRR 0.38 

percentage points (95% CI, 0.24–0.53) higher than public hospitals. Both urban and rural hospitals 

had higher RSRRs than those in medium metropolitan areas. Hospitals without advanced cardiac 

surgery capability had an average RSRR 0.27 percentage points (95% CI, 0.18, 0.36) higher than 

those with. The ratio of registered nurses per hospital bed was not associated with RSRR. 

Variability in RSRRs among hospitals of similar type was much larger than aggregate differences 

between types of hospitals.

Conclusions—Overall, larger, urban, academic facilities had modestly higher risk-standardized 

readmission rates than smaller, suburban, community hospitals, although there was a wide range of 

performance. The strong regional effect suggests that local practice patterns are an important 

influence. Disproportionately high readmission rates at for-profit hospitals may highlight the role 

of financial incentives favoring utilization.
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Introduction

Reducing hospital readmissions has become a major focus of payers, policymakers and 

hospitals. Numerous studies have demonstrated that a variety of patient characteristics are 

associated with readmission.1 Nevertheless, despite focusing on high risk patients, many 

hospitals and communities are still struggling to reduce readmission rates.

Hospital readmission rates vary even after risk-adjustment for patient characteristics,2–4 

suggesting that healthcare system factors play a role in readmission outcomes. As 

Donabedian noted 30 years ago, quality outcomes are influenced by both structural aspects 

of care and processes of care.5 Some studies have shown that certain structural 

characteristics (such as being a teaching or safety net hospital) are associated with 

readmission risk for individual conditions,6,7 and that hospitals with more nurses have fewer 

readmissions.2,7,8 However, these studies have focused on care for specific medical 

conditions and have not examined readmissions for all patients; they also have not always 

simultaneously controlled for other hospital characteristics.

A clearer understanding of the influence of structural effects – that is, which types of 

hospitals are succeeding at achieving lower readmission rates in both the general hospital 

population and among specific types of patients – may help in designing strategies to reduce 
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readmissions. We have, for example, previously found that lower volume hospitals on 

average have lower overall readmission rates than higher volume hospitals, suggesting that 

there may be an advantage to a smaller setting in terms of organizing transitional care 

effectively.9 Understanding the magnitude of hospital-level differences is also important 

from a clinical and policy perspective. Given that risk-standardized hospital readmission 

rates have a relatively narrow range of performance (nationally the difference between the 

25th percentile hospital and the 75th percentile hospital-wide RSRR is only 0.9 percentage 

points), and that hospitals above the mean for certain conditions are subject to financial 

penalties, even clinically small differences may have implications for payment in the current 

policy environment.

The Center for Medicare & Medicaid Services (CMS) publicly reports risk-standardized 

hospital-wide readmission rates for older patients with Medicare fee-for-service insurance in 

US acute care hospitals using a measure developed by these investigators and endorsed by 

the National Quality Forum.4 The hospital-wide readmission measure includes more than 

90% of older hospitalized patients, and also characterizes admissions according to the likely 

inpatient treatment team, such as surgery, cardiology or medicine. Accordingly, we based 

our investigation on this measure, adding risk adjustment for race and dual eligibility status, 

to explore the association of hospital financial, structural and operational characteristics with 

risk-standardized readmission rates overall and for individual specialty cohorts.

Methods

Study cohort

To construct the hospital study cohort, we first identified all discharges between July 1, 

2013–June 30, 2014 from United States short-term acute care or critical access hospitals for 

patients over 65 years with Medicare fee-for-service insurance who qualified for the CMS 

hospital-wide readmission measure. This measure specifications have previously been 

described in detail.4,10 Briefly, it includes discharges for patients who were discharged alive, 

not against medical advice, and not transferred to another acute care hospital. The measure 

excludes discharges in which the patients were admitted for medical treatment of cancer or 

primary psychiatric disease. In addition, it excludes discharges of patients without one year 

of prior enrollment in Medicare FFS and/or one month of post-discharge enrollment, and all 

discharges from FFS-exempt cancer hospitals. Patients could have more than one eligible 

discharge during the study period. The initial study cohort was all hospitals that had at least 

25 eligible discharges in the study period. Of these, we excluded those which could not be 

matched to the American Hospital Association (AHA) annual survey file for 2013 and those 

which could not be matched to National Center for Health Statistics regional classifications 

(largely, hospitals in US territories).

Study data

We used 2012–2014 Medicare inpatient claims data combined with the Medicare enrollment 

file to obtain data on discharges, 12-month comorbidity history, and outcomes.
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Outcome measure

Our primary outcome was the hospital-specific all-condition risk-standardized 30-day 

unplanned readmission rate (RSRR). We excluded planned readmissions according to a 

previously-described algorithm that takes into account major procedures occurring during 

readmission and the principal diagnosis of the readmission.11,12 The RSRR is defined as the 

geometric mean of standardized readmission ratios (SRRs) for five mutually exclusive 

specialty cohorts, multiplied by the overall crude readmission rate.4,10 The specialty cohorts 

are surgery/gynecology, cardiorespiratory, cardiovascular, neurology and medicine. These 

are defined based on the clinical specialty most likely to be caring for the patient based on 

principal diagnosis or, in the case of the surgery/gynecology cohort, major in-hospital 

procedures.4,10 We calculated each SRR using a hierarchical logistic regression model, 

adjusting for age, race (African American vs. non-African American), dual-eligibility status 

(Medicaid eligible vs. not), principal diagnosis condition and 30 comorbidity indicators 

based on Part A claims during the year prior to admission. Comorbidities present only 

during the index admission are included if they are not likely to be in-hospital complications 

of care. Of note, the publicly-reported RSRR does not include race and dual eligibility risk 

variables. For this analysis, we added these variables to reduce the possibility that any 

hospital-level effects were due to unmeasured differences in patient populations. Each model 

includes a random effect for hospital. The standardized readmission ratio (SRR) for each 

hospital was calculated as the (sum of the predicted readmission risks)/(sum of the expected 

readmission risks), where the sums were over all patients in the hospital; predicted risk is 

predicted probability including the hospital specific random effect, while expected risk is the 

predicted probability when the random effect is zero. The RSRR for each hospital is then 

constructed as the geometric mean of the specialty cohort SRRs for that hospital.

Independent variables

We assessed eight hospital characteristics, identified from the 2013 AHA annual survey, and 

based on prior evidence of importance to hospital performance: safety net status (a public 

hospital, or a private hospital with a Medicaid caseload more than one standard deviation 

above the state average13),6,14 hospital ownership (not-for-profit, for-profit or public),7 

teaching status (major teaching [member of Council of Teaching Hospitals], minor teaching 

hospital, non-teaching),6 availability of cardiac procedures (capable of cardiac bypass 

surgery, capable only of cardiac catheterization, not capable of either) as a proxy for overall 

advanced surgical or procedural capacity, metropolitan status (defined according to the 

National Center for Health Statistics classification15), geographic region (US Census Bureau 

division),16 bed size (divided by AHA into 8 categories with smallest 6–24 beds and largest 

500 or more),6 and RN/bed ratio.2,7,8

Statistical analysis

We used standard descriptive statistics to describe mean RSRRs according to hospital 

characteristics. We then constructed a volume weighted linear regression model including all 

hospital characteristics simultaneously to determine the adjusted association of each with 

RSRR. In secondary analyses, we replicated the main model for each specialty cohort 

separately. To assess whether inclusion of race and DE status affected the results, we also 
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replicated all models using RSRRs that omit those two variables, consistent with public 

reporting.

Results

Demographics

We identified 4,772 hospitals in total, of which 4,593 had at least 25 eligible cases; 4,474 of 

those could be matched to the AHA survey. These 4,474 hospitals discharged 6,789,839 

eligible admissions. We identified 1,035,239 unplanned readmissions (15.2% of all 

discharges) and 74,876 planned readmissions (7.2% of all readmissions). The mean age was 

78.3 (SD 8.29). A total of 3,843,413 (56.6%) discharges were of female patients, 642,817 

(9.5%) were of African American patients, and 995,521 (14.7%) were of dual-eligible 

patients. The largest specialty cohort was medicine with 2,841,458 discharges, and the 

smallest was neurology with 429,605.

Hospital characteristic results

The mean composite hospital RSRR was 15.23 (SD 0.80). The lowest specialty cohort mean 

RSRR was 10.96 for surgery/gynecology and the highest was 19.35 for cardiorespiratory 

conditions (Table 1).

Hospitals were majority non-safety net (70.3%), non-teaching (74.0%), did not have 

advanced cardiac procedure capability (60.3%), and were relatively evenly geographically 

dispersed (Table 2). Overall, major teaching hospitals (mean RSRR 15.87) and mid-Atlantic 

hospitals (mean RSRR 15.75) had the highest RSRRs, while hospitals in the Mountain 

region (mean RSRR 15.00) and Pacific regions (mean RSRR 15.02) and those in small or 

medium metropolitan regions (mean RSRR 15.07) had the lowest RSRRs.

All hospital characteristics were also significantly associated with RSRR in multivariable 

analysis (Table 3, Figure 1). In multivariate analysis, RSRRs varied most by region, with 

hospitals in the mid-Atlantic region having RSRRs on average 0.98 percentage points higher 

than those in the Mountain region (95% CI, 0.84–1.12): 1 excess readmission per 102 

discharges. Hospital RSRRs also varied significantly by population density: hospitals in 

either large metropolitan regions or in more rural areas had significantly higher RSRRs than 

hospitals in medium metropolitan areas (counties in metropolitan statistical areas with 

populations of 250,000 to 999,999). Major teaching hospitals had an average RSRR 0.35 

percentage points higher than non-teaching hospitals (95% CI, 0.24–0.46; 1 excess 

readmission for every 286 discharges), and 0.51 percentage points higher than minor 

teaching hospitals (95% CI, 0.41, 0.60; 1 excess readmission for every 196 discharges). 

Safety net hospitals had an average RSRR 0.21 percentage points higher than non-safety net 

hospitals (95% CI, 0.11–0.32; 1 excess readmission for every 476 discharges), but for profit 

hospitals had an average RSRR 0.38 percentage points higher than public hospitals (95% CI, 

0.24–0.53; 1 excess readmission for every 263 discharges). Nursing staff ratio was not 

associated with RSRR.

Analysis of hospital characteristic association with readmission rates when stratified by 

specialty cohort yielded very similar results overall, though with some notable exceptions 
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(eFigure Panels A–E). Cardiac procedure capability was not a significant predictor in 

surgery patients. RN/bed ratio was a significant predictor for medicine, cardiovascular and 

neurology patients; however, increasing nurses per bed was associated with slight increases 

in readmission rate in medicine and neurology patients, and with slight decreases in 

cardiovascular patients (eTable A). Finally, analysis of hospital characteristic association 

with readmission rates without adding race and dual eligibility status (i.e. using the measure 

as publicly reported) did not materially change the results (eTables B, C).

Discussion

We identified a number of system-level characteristics that are associated with risk-

standardized readmission rates in the general hospital population. Geographic variation was 

more marked than variation by hospital characteristics. Moreover, variation within hospitals 

of a particular type (i.e., non-profit hospitals) was generally larger than differences between 

types. Moreover, the magnitude of differences in readmission rates was relatively small: 

generally less than half a percentage point except for regional variation. Nonetheless, on an 

individual hospital basis, these differences may be meaningful from a reporting and policy 

standpoint given the current penalty structure and the narrow range of risk-standardized 

performance.

Consistent with many other studies of regional differences in outcomes, we observed 

substantial differences in readmission rates by geographic region.16 Other studies have 

demonstrated the importance of local practice patterns in readmission rates. For example, 

one such study found that propensity to admit is associated with readmission rates,17 

suggesting that efforts to change local standards of practice may be important mechanisms 

of reducing readmission rates nationally. Another study found that increased numbers of 

primary care physicians in the locality was strongly related to lower hospital readmission 

rates, highlighting the importance of healthcare access and capacity.18 The regions with low 

readmission rates in this study are similar to regions found in other studies to have improved 

access and lower healthcare utilization in general.

Hospital readmission rates appear to have fallen significantly only after the announcement of 

financial penalties by Medicare for excess readmission rates, suggesting that hospitals are 

sensitive to financial incentives, and that insurers’ efforts to alter the business case for 

reducing readmissions have been a valuable policy lever.19–21 In this study, however, we 

found that for-profit hospitals had higher readmission rates than non-profit and public 

hospitals. This might suggest that the current penalty structure is insufficient to induce 

hospitals to avoid revenue-generating readmissions in order to avoid relatively small 

financial penalties.22,23 It might, however, also be a consequence of different quality of care 

at such hospitals. We cannot distinguish between the two potential explanations; however, a 

future study examining whether readmission rates at for-profit hospitals facing substantial 

penalties fall more rapidly than non-profit hospitals facing similar penalties would help to 

disentangle these effects.

Several studies have found an association between increased RN staffing ratios and reduced 

readmission rates, including a study of heart failure alone,7 a study of medical-surgical 
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patients at a group of four hospitals,24 and a study of surgical patients in four states.8 By 

contrast, we did not find an association of nurse staffing ratios with readmission rates 

overall, and observed inconsistent effects within specialty cohorts that did not correlate well 

with expected nursing needs. It may be that the ways in which nurses are deployed in terms 

of delivering patient care and education are more important than the absolute ratio of nurses 

to patients.

On an unadjusted basis, hospitals with advanced cardiac surgery capability had higher 

readmission rates than those without. However, after adjustment for other hospital structural 

characteristics, we observed that readmission rates were substantially lower at hospitals with 

advanced cardiac surgery capability, perhaps because more experience with procedures 

improves outcomes. Surprisingly, however, this variable was not associated with reduced 

readmission risk in the surgery cohort, and even in the cardiovascular cohort, the effect size 

was smaller than in medicine and cardiorespiratory cohorts, whose patients generally do not 

undergo cardiac procedures. It is likely therefore that this variable is serving as a proxy for 

some other hospital characteristic, such as advanced radiology capacity, rather than as a 

causal factor.

A notable finding is that major teaching hospitals (representing <6% of the sample) had 

readmission rates 0.35 points higher on average than non-teaching hospitals and 0.51 points 

higher on average than minor teaching hospitals. Of note, variability among major teaching 

hospitals was even greater: the standard deviation of performance among major teaching 

hospitals was 1.03 points. Nonetheless, other studies have noted a disproportionate penalty 

rate among major teaching hospitals in the federal Hospital Readmission Reduction 

Program, a reflection of the policy relevance of even small differences.6 This small average 

difference may be a consequence of confounding unmeasured patient risk, for example from 

transferred patients. In this study, we did adjust for race and dual eligibility status, which are 

not included in the quality measurement, but could in part represent unmeasured clinical and 

social risk factors that may be distributed differently across hospitals.25–27 These differences 

could also be due to different care by trainees, who may not yet have an appreciation of the 

importance of transitions in care;28,29 and/or competing mortality risk, since teaching 

hospitals tend to be larger, and high volume centers generally have lower mean 30-day 

mortality.30,31 Previous studies, however, have not found strong associations between 

mortality and readmission rates.32

Our findings should be considered in light of study limitations. All our analyses are cross-

sectional in nature and cannot establish causality; the characteristics we measured may be 

proxies for other, unmeasured, hospital characteristics and may not have any causal 

relationship with readmission. We could not account for all patient-level risk factors, 

including education, income, function, cognition, social support and other factors, which 

may differ systematically at different types of hospitals. We apply the risk-standardization 

approach used in public reporting, which creates more stable estimates for small hospitals 

and is more policy relevant, but makes it difficult to distinguish differences in performance 

by size. Finally, we use only fee-for-service Medicare data; results for managed Medicare, 

commercially-insured or younger patients may be different.
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Overall, we find risk-standardized hospital-wide readmission rates to vary somewhat by 

hospital characteristics, with generally larger, urban, academic facilities faring worse than 

smaller, suburban, community hospitals. There was a strong regional effect, suggesting that 

local practice patterns are an important influence on hospital readmissions. However, 

differences within groups were relatively small.
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Figure 1. 
Difference in mean adjusted RSRR from reference level, multivariate model, overall. Error 

bars represent 95% confidence interval.
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Table 2

Characteristics and mean RSRRs of included hospitals (N=4,554)

Characteristic N Obs (%) Mean (Std Dev)

Safety net status

 Non-safety net hospital 3147 (70.3%) 15.21 (0.82)

 Safety net hospital 1327 (29.7%) 15.28 (0.73)

Ownership

 Not for profit 2694 (60.2%) 15.21 (0.81)

 For profit 806 (18.0%) 15.29 (0.87)

 Public 974 (21.8%) 15.25 (0.67)

Teaching status

 Major teaching 252 (5.6%) 15.87 (1.03)

 Minor teaching hospital 912 (20.4%) 15.18 (0.88)

 Non-teaching 3310 (74.0%) 15.20 (0.73)

Cardiac procedure capacity

 CABG capability 1100 (24.6%) 15.24 (0.96)

 Cardiac catheterization capability 677 (15.1%) 15.27 (0.84)

 Neither 2697 (60.3%) 15.22 (0.71)

Metropolitan status

 Large central metropolitan 731 (16.3%) 15.46 (1.02)

 Large fringe metropolitan 664 (14.8%) 15.37 (0.85)

 Medium metropolitan 686 (15.3%) 15.07 (0.87)

 Small metropolitan 461 (10.3%) 15.07 (0.80)

 Micropolitan 822 (18.4%) 15.15 (0.68)

 Non-core (rural) 1110 (24.8%) 15.23 (0.55)

Census region

 East North Central 700 (15.7%) 15.18 (0.79)

 East South Central 375 (8.4%) 15.42 (0.75)

 Mid-Atlantic 384 (8.6%) 15.75 (1.01)

 Mountain 366 (8.2%) 15.00 (0.69)

 New England 176 (3.9%) 15.32 (0.80)

 Pacific 489 (10.9%) 15.02 (0.73)

 South Atlantic 661 (14.8%) 15.35 (0.87)

 West North Central 649 (14.5%) 15.10 (0.60)

 West South Central 674 (15.1%) 15.14 (0.71)

Bed size

 6 – 24 beds 485 (10.8%) 15.10 (0.47)

 25 – 49 beds 1016 (22.7%) 15.17 (0.60)

 50 – 99 beds 746 (16.7%) 15.14 (0.70)

 100 – 199 beds 930 (20.8%) 15.21 (0.85)
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Characteristic N Obs (%) Mean (Std Dev)

 200 – 299 beds 533 (11.9%) 15.28 (0.92)

 300 – 399 beds 316 (7.1%) 15.37 (0.98)

 400 – 499 beds 176 (3.9%) 15.32 (0.95)

 500 or more 272 (6.1%) 15.69 (1.11)

Nursing/bed ratio, mean (SD)

 Quartile 1 (0.04–0.77) 1064 (23.8%) 15.24 (0.67)

 Quartile 2 (0.78–1.19) 1136 (25.4%) 15.27 (0.75)

 Quartile 3 (1.20–1.65) 1144 (25.6%) 15.21 (0.85)

 Quartile 4 (1.66–6.67) 1127 (25.2%) 15.21 (0.90)
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Table 3

Association of hospital characteristics with RSRR, multivariable analysis

Characteristic Parameter estimate (95% CI) P value

Safety net status <.0001

 Safety net hospital 0.21 (0.11, 0.32)

 Non-safety net hospital REF

Ownership <.0001

 Not for profit 0.07 (−0.06, 0.20)

 For profit 0.38 (0.24, 0.53)

 Public REF

Teaching status <.0001

 Major teaching 0.51 (0.41, 0.60)

 Non-teaching 0.16 (0.09, 0.23)

 Minor teaching hospital REF

Cardiac procedure capability <.0001

 Neither 0.27 (0.18, 0.36)

 Cardiac catheterization capability 0.16 (0.08, 0.25)

 CABG capability REF

Metropolitan status <.0001

 Small metropolitan 0.15 (0.05, 0.24)

 Micropolitan 0.17 (0.07, 0.28)

 Non-core (rural) 0.36 (0.19, 0.54)

 Large Fringe Metro 0.37 (0.29, 0.45)

 Large central metropolitan 0.41 (0.33, 0.49)

 Medium metropolitan REF

Census region <.0001

 Pacific 0.11 (−0.04, 0.25)

 West South Central 0.29 (0.14, 0.43)

 West North Central 0.32 (0.16, 0.47)

 East North Central 0.56 (0.42, 0.69)

 South Atlantic 0.58 (0.45, 0.71)

 East South Central 0.66 (0.51, 0.82)

 New England 0.68 (0.51, 0.85)

 Mid-Atlantic 0.98 (0.84, 1.12)

 Mountain REF

Bed size <.0001

 25 – 49 beds 0.10 (−0.20, 0.40)

 50 – 99 beds 0.13 (−0.16, 0.42)

 100 – 199 beds 0.28 (−0.01, 0.57)

 200 – 299 beds 0.37 (0.08, 0.66)
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Characteristic Parameter estimate (95% CI) P value

 300 – 399 beds 0.42 (0.13, 0.72)

 400 – 499 beds 0.53 (0.23, 0.84)

 500 or more 0.60 (0.30, 0.91)

 6 – 24 beds REF

Nursing/bed ratio 0.02 (−0.03, 0.08) 0.3699
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