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Abstract

Background—Relatively little contemporary data are available that describe differences in acute 

heart failure (AHF) hospitalization expenditures as a function of patient and hospital 

characteristics, especially from a population-based investigation. This study aimed to evaluate 

factors associated with variations in hospital expenditures for AHF in the United States.

Methods—A cross-sectional analysis using discharge data from the 2011 Nationwide Inpatient 

Sample, Healthcare Cost and Utilization Project, was conducted. Discharges with primary 

International Classification of Diseases, Ninth Revision, Clinical Modification, diagnosis codes 

for AHF in adults were included. Costs were estimated by converting Nationwide Inpatient 

Sample charge data using the Healthcare Cost and Utilization Project Cost-to-Charge Ratio File. 

Discharges with highest (≥80th percentile) versus lowest (≤20th percentile) costs were compared 

for patient characteristics, hospital characteristics, utilization of procedures, and outcomes.

Results—Of the estimated 1 million AHF hospital discharges, the mean cost estimates were 

$10,775 per episode. Younger age, higher percentage of obesity, atrial fibrillation, pulmonary 

disease, fluid/electrolyte disturbances, renal insufficiency, and greater number of cardiac/

noncardiac procedures were observed in stays with highest versus lowest costs. Highest-cost 

discharges were more likely to be observed in urban and teaching hospitals. Highest-cost AHF 
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discharges also had 5 times longer length of stay, were 9 times more costly, and had higher in-

hospital mortality (5.6% vs 3.5%) compared with discharges with lowest costs (all P < .001).

Conclusions—Acute heart failure hospitalizations are costly. Expenditures vary markedly 

among AHF hospitalizations in the United States, with substantial differences in patient and 

hospital characteristics, procedures, and in-hospital outcomes among discharges with highest 

compared with lowest costs.

Heart failure (HF) is a growing health and economic burden, and patients with HF are at 

high risk for hospital admission, morbidity, and mortality.1 Approximately 1 million acute 

HF (AHF) discharges occur in the United States per year.1 In 2012, an estimated 5.8 million 

American adults had HF, with a prevalence of 2.4%.1 Projected total medical costs for HF 

medical care are expected to increase from $20.9 billion in 2012 to $53.1 billion in 2030 

with 80% of expenditures attributed to hospitalization.1 Despite the magnitude and impact 

of HF in the United States, there has been limited examination of the factors associated with 

inpatient resource utilization and expenditures for hospitalization for AHF. Understanding 

patient and health system factors associated with higher expenditure hospitalizations would 

aid medical providers, health service researchers, and policy makers in developing strategies 

for providing high-quality, value-driven care.

This study examined the demographic, clinical, and hospital factors of AHF patients 

associated with variations in hospital expenditures nationally. The analysis used discharge 

data from the 2011 Nationwide Inpatient Sample (NIS), Healthcare Cost and Utilization 

Project (HCUP), Agency for Healthcare Research and Quality, the largest all-payer acute 

care hospitalization database in the United States.2

Methods

Data sources

The NIS is sponsored by the Agency for Healthcare Research and Quality through HCUP 

and is the largest all- payer inpatient database available publically in the United States 

containing discharge data from about 1,000 hospitals across 46 states in 2011. The database 

includes charge information regardless of payer or insurance status, as well as clinical and 

resource use information included in a typical discharge abstract. Approximately 8 million 

hospitalizations per year are selected from a 20% stratified random sample of community 

hospitals representing over 97% of the American population. All discharges from sampled 

hospitals are included in the NIS database.2 We used the 2011 NIS to study AHF discharges 

and their costs in the United States. All hospital stays with a primary discharge International 

Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), code for 

AHF for patients ≥18 years of age were included; patients<18 years of age were excluded. 

The unit of analysis in NIS is a discharge; therefore, readmissions are not identified.2

Statistical analysis

The NIS provides hospital and discharge weights to calculate national estimates for 

variables of interest. Patient hospitalizations were organized into nationally representative 

quintiles by hospital cost estimates. The NIS provides total charges, which reflect the 
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amount a hospital billed for services, rather than actual costs or the amount a hospital 

received in payment. In this study, we used the HCUP Cost-to-Charge Ratio (CCR) File 

developed by the Agency for Healthcare Research and Quality to translate total charges into 

cost estimates.3 This file provides hospital-specific CCR for 88% of HCUP hospitals in 

states that give permission to participate in CCR. The remainder of hospitals are imputed 

from the weighted average in a group defined by state, urban/rural, investor-owned/other, 

and bed size.3 We reweighted all discharges to account for cases where CCR values were 

missing as suggested by HCUP and Mach to gain national estimates.3,4 Studies show that 

hospital-specific CCRs alone do not account for cost variation observed among hospital 

service departments.5 We further adjusted expenditures from the CCR (hospital-specific or 

weighted group average) by multiplying by the appropriate adjustment factor for the 

discharge's Medicare Severity Diagnosis Related Groups or Clinical Classifications 

Software (CCS) category to obtain the more accurate final hospitalization cost estimates.

Discharges in the highest 80th percentile (highest quintile) for hospital costs were compared 

with the lowest 20th percentile (lowest quintile). Patient variables of interest included 

demographic (age, sex, race, median income by ZIP code), primary payer (Medicare, 

Medicaid, private, uninsured, other), source of admission (ie, emergency room), 

comorbidities present on admission, and common hospital procedures. The top 10 prevalent 

comorbidities and procedures in the full HF sample were screened for inclusion in the 

model. Procedures were collated into clinical meaning groups using the HCUP Clinical 

Classification Software for ICD-9-CM procedures (available at www.hcup-us.ahrq.gov/

toolssoftware/ccs/ccs.jsp). Hospital variables included region of the country, rural versus 

urban density, hospital ownership, teaching status, and bed size.

The complex sampling design and sample discharge weights were taken into account in all 

analyses.2 After appropriate weighting, continuous variables were described using mean and 

standard error and categorical variables using frequency and percentages. Bivariate analyses 

of differences in characteristics between the highest and lowest quintiles were evaluated 

using Pearson χ2 test for categorical variables and the adjusted Wald test for continuous 

variables. Hospital and patient variables were evaluated in multivariable logistic regression 

models to identify factors associated with the highest quintile of AHF hospitalizations in 

comparison with the lowest quintile. All data management and analysis were done using 

SAS 9.3 (Cary, NC) and Stata 13 (College Station, TX) programs. Novartis Pharmaceuticals 

(East Hanover, NJ) provided funding and review of manuscript prior to submission. The 

authors are solely responsible for the design and conduct of this study, all study analyses, the 

drafting and editing of the paper, and its final contents.

Results

The NIS data set for 2011 includes 8 million discharges. There were 217,449 discharges 

with a primary diagnosis of AHF for patients <18 years of age. After weighting, we 

estimated that there were approximately 1 million AHF discharges in the United States in 

2011 (Figure 1). The mean national cost estimates for AHF were $10,775 per AHF 

hospitalization episode, which was about one-third the amount of mean hospital charges. 

Inpatient costs for 2011 AHF hospitalizations were right-skewed, with a median cost of 
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$7,000 (Figure 2). The mean inpatient costs by percentile and by quintile are shown in 

Figure 3. When stratified into quintiles of hospitalization-level costs, the mean cost for the 

lowest 20th percentile was $2,946 (range $100 to $4,000) and for the highest 80th percentile 

was $28,588 (range $13,200 to <$1 million; ranges rounded to nearest $100).

With regard to patient characteristics, slightly more than one-half of the AHF cohort was 

≥75 years of age (Table I). Patients were 50.8% women and primarily white (60.4%), with 

76.0% of AHF hospitalizations covered by Medicare. Comorbid conditions were frequent: 

68.3% with hypertension, 44.4% with diabetes, 41.9% with renal insufficiency, and 38.4% 

with atrial fibrillation. Hospital characteristics of the weighted sample classified 62.6% as 

large by bed size, 84.2% as urban, and 41.3% as teaching hospitals. In-hospital mortality 

averaged 3.1%, and a U-shaped relationship was noted with the highest rate of mortality in 

the lowest and highest hospital cost groups (online Appendix Supplementary material).

After multivariable risk adjustment for patient and hospital characteristics, patients aged ≥65 

years were less likely to have been in the highest-cost quintile, with an adjusted odds ratio 

(OR) of 0.88 and 95% CI of 0.81 to 0.96 (Table II). Patients of Hispanic origin (OR 1.36, 

95% CI 1.05-1.76) and other minority status (OR 1.42, 95% CI 1.17-1.72) were more likely 

to have been in the highest cost cohort when compared with white patients. Being in the 

wealthiest median income quartile was predictive of higher costs (OR 1.65, 95% CI 

1.35-2.03) when compared with the poorest median income quartile.

Of the comorbid conditions examined, AHF hospitalizations of patients with comorbid fluid 

and electrolyte disorders (OR 2.52, 95% CI 2.37-2.68) or with obesity (OR 1.69, 95% CI 

1.58-1.81) had larger odds of being in the highest-cost quintile (Table II). Several additional 

comorbid conditions (atrial fibrillation, anemia, renal insufficiency, diabetes, chronic 

pulmonary disease, and peripheral vascular disorders) had ORs in the range of 1.14 to 1.52. 

Hypertension, however, had smaller odds of being in the highest-cost quintile (OR 0.69, 

95% CI 0.66-0.73). Procedures with larger odds of being in the highest cost hospitalizations 

included blood transfusions (OR 8.57, 95% CI 7.58-9.68), thoracentesis (OR 8.46, 95% CI 

7.35-9.74), mechanical ventilation (OR 5.87, 95% CI 5.16-6.69), echocardiograms (OR 

2.89, 95% CI 2.20-3.79), and hemodialysis (OR 1.75, 95% CI 1.55-1.97).

Differences in hospital size or private, nonprofit status were not significant when controlling 

for other factors (Table II). Treatment in private, investor-owned hospitals had a statistically 

significant lower odds of being in the highest-cost quintile (OR 0.59, 95% CI 0.43-0.82) 

when compared with treatment in public hospitals. Treatment in an urban center had higher 

odds of higher-cost hospitalizations (OR 1.46, 95% CI 1.12-1.88). Hospital stays in the 

Midwest and South had lower odds of highest-cost hospitalizations when compared with the 

Northeast.

The C-statistic for our final model was 0.82 (95% CI 0.80-0.83), which suggests that the 

model had good discrimination for distinguishing highest- and lowest-cost hospitalizations 

based on the included covariates.6 An analysis comparing the lowest 10th percentile and 

highest 10th percentile by hospital costs is presented in the online Appendix Supplementary 

material, with similar findings.
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Discussion

Hospital expenditures varied substantially among patients in the United States hospitalized 

with AHF in 2011, with highest-cost AHF inpatient stays having approximately 9-fold 

higher expenditures and 5 times longer length of stay compared with lowest-cost stays. 

Substantial differences were found in patient and hospital characteristics, procedures, and in-

hospital outcomes among AHF hospitalizations with highest versus lowest costs. In-hospital 

mortality was higher for highest-cost compared with lowest-cost hospitalizations (5.6% vs 

3.5%). These findings provide important insights into those factors that are independently 

associated with AHF hospitalization expenditures and have important implications for 

providing value-driven care to patients hospitalized with AHF in the United States.

After controlling for multiple factors, we found that select demographic and comorbid 

factors were predictive of lowest- and highest-expenditure hospitalizations for AHF. 

Although certain racial/ethnic minorities, such as Hispanics, were associated with highest-

expenditure hospitalizations, prior research suggests that Hispanic patients have better in-

hospital survival rates compared with non-Hispanic whites.7 We did not find any strong 

associations between insurance status and AHF hospitalization expenditures, which may 

suggest that the level of care provided at hospitals across the country does not vary 

considerably based on type or lack of insurance. On the other hand, income was more 

strongly associated with highest expenditure hospitalizations. Patients in the highest quartile 

for median household income zip codes received care that was more costly when compared 

with patients in the lowest quartile. The strength of this relationship between income and 

medical expenditures has been described and attributed to ability to pay for services.8 

Underlying expectations or cultural factors of both patients and medical providers may be 

driving forces in the relationship.

All comorbid conditions examined, with the exception of hypertension, were associated with 

the highest-cost AHF hospitalizations. Prior studies have shown that hospital length of stay 

and outcomes are influenced by comorbid conditions.9 The importance of fluid and 

electrolyte disturbances as AHF hospitalization cost drivers in the present analysis reflects 

that these are more likely in patients with worse cardiac systolic dysfunction and cardiorenal 

syndrome. Interestingly, we found that obesity was predictive of more costly 

hospitalizations. The obesity paradox is well described, wherein higher–body mass index 

(BMI) patients have a lower risk of in-hospital mortality.10 The relationship between BMI 

and mortality is U-shaped, with the lowest-risk group between a BMI of 30 and 35 kg/m2.11 

Although mortality rates may be lower for obese patients, the observed higher expenditures 

may be a function of longer and more complicated hospitalizations, which increase costs. 

That hypertension is associated with less advanced HF and cardiac compensation is more 

readily achieved in hypertensive HF patients may explain the finding that hypertensive HF 

patients were more likely to be in the lowest quintile for AHF hospitalization costs.9,12

Certain cardiovascular and noncardiovascular procedures are clearly a direct correlate with 

higher-cost hospitalizations. Mechanical ventilation in AHF is a marker of severe life-

threatening disease that is rarely an elective procedure in this population. However, other 

procedures performed may have been more discretionary. Blood transfusions and their 
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frequency of use have been more controversial in AHF and other cardiovascular conditions. 

There are limited studies examining the use of blood transfusions in both stable and 

decompensated AHF, with insufficient evidence to direct recommendations.13

A prior study measuring annual cost variations among Medicare patients with HF found that 

comorbidities were associated with increased medical costs.14 Variations in AHF 

hospitalization expenditures were noted in an analysis with 1997 NIS data where 

comorbidities and hospital characteristics were also correlated with higher expenditures.15 

Increasingly, HF patients have additional comorbidities that require hospital-based 

treatments. Research suggests that the bulk of costs incurred by HF patients overall is for 

non–HF-related conditions.16 Our approach was to characterize AHF hospitalizations 

specifically and not hospitalizations for other primary diagnoses among HF patients. A 

primary AHF hospitalization should be a cause for alarm, as it portends future adverse 

health effects and increased expenditures following the event.17,18

The most striking hospital characteristic predictive of hospitalization expenditures was 

region, with smaller odds of being in the highest-cost quintile for hospitals in the Midwest 

and South when compared with the Northeast as a reference. The western region of the 

United States was not considerably different from the Northeast. Our study attempted to 

control for patient characteristics that included demographics and comorbidities, as well as 

commonly used procedures that may be considered a surrogate for health care utilization. 

Although an unexplained difference in patient characteristics and health care utilization is 

possible, other factors outside of our model are likely driving the difference. Prior work on 

regional variations by hospital referral regions, most notably through the Dartmouth Atlas of 

Health Care, suggests that unknown regional differences may be driving the variation, with 

concern for differences in provider practices and incentives.19–21 More recent work using 

models with expanded patient characteristics has noted that most regional variation may be 

explained by patient characteristics and burden of disease.22,23 The recent Institute of 

Medicine report on variations in health care spending notes that differences in price markups 

between geographic regions are a larger factor in differential cost when compared to 

differences in utilization, specifically in relation to the commercial insurance market; 

however, unexplained differences persist.24 The regional differences we detected using only 

4 national regions may reflect underlying assumptions in hospital charge calculations. 

Alternative methods quantifying expenditures using standardized costs may assist in 

understanding this issue further.25

Limitations

The NIS data set unit is based on hospitalizations and lacks individual patient identifiers; 

consequently, readmissions are not identified. Rehospitalization rates are estimated to 

approach 30% for HF.12 We are therefore not able to distinguish variation in costs between 

AHF hospitalizations and AHF rehospitalizations. We only included hospitalizations with a 

primary discharge diagnosis for AHF and not secondary diagnoses, and the degree of 

variation in expenditures and associated factors may differ in patients with AHF as 

secondary diagnosis. Because the NIS is limited to billing (charge) data for comorbid 

conditions, differences in underlying patient characteristics may not have been well 

Ziaeian et al. Page 6

Am Heart J. Author manuscript; available in PMC 2015 August 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



captured. Residual measured and unmeasured confounding may have influenced these 

findings. Total charges reflect what a hospital billed for services and not what costs a 

hospital incurred or received in payment. The analysis is dependent upon CCR conversions 

to accurately make comparisons between specific hospitals and medical services. Data on 

organization and structural differences for hospitals were not available in the NIS, and the 

extent that these factors contributed to the observed variation could not be determined. The 

data do not include laboratory tests ordered or medications prescribed, which might be 

factors associated with the highest quintile of hospitalizations. Several states did not supply 

race/ethnicity data, with approximately 10% missing the information in 2011.

Conclusions

This study provides insights into the high cost and variation in hospital expenditures among 

AHF hospitalizations in the United States and identifies factors associated with higher and 

lower expenditures. Select demographic factors and comorbidities are independently 

associated with variations in hospital expenditures, as are certain in-hospital procedures. 

Expenditures also vary by hospital characteristics, including geographic location. These 

findings may assist in further understanding resource utilization in patients hospitalized with 

AHF and encourage further studies for improving the value of inpatient care provided for 

AHF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Acute heart failure hospitalization study selection.
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Figure 2. 
Distribution of inpatient cost estimates among weighted AHF hospitalizations. Top-coded 

costs at $100,000; p20 = the value of the 20th percentile = $4,000; median = $7,000; p80 = 

the value of the 80th percentile = $13,200; rounded to nearest $100.
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Figure 3. 
Weighted mean inpatient cost estimates for AHF by percentile.
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Table I

Patient and hospitalcharacteristics among AHF discharges overalland for the lowest- and highest-cost quintiles

Characteristics Total sample (N = 

956745
*
)

≤ 20th percentile 

($100-4000) (n = 191350
*
)

≥ 80th percentile ($13200- 

> 1000000) (n = 191350
*
)

Length of stay, d, mean (SE) 5.2 (0.1) 2.1 (0.03) 10.9(0.2)

Total costs, US $, mean (SE) 10775 (311) 2946 (14) 28588 (853)

Demographics

    Age group, y

        18-44 4.0% 4.3% 3.9%

        45-54 8.2% 8.3% 8.6%

        55-64 14.7% 13.7% 17.1%

        65-74 20.3% 19.0% 23.6%

        75-84 27.7% 27.3% 28.2%

        85+ 25.0% 27.4% 18.6%

    Gender

        Female 50.8% 49.3% 47.3%

    Race

        White 60.4% 62.0% 59.2%

        Black 19.0% 20.1% 18.4%

        Hispanic 7.3% 5.3% 8.9%

        Asian/Pacific Islander/Native American/other 4.2% 3.1% 5.7%

        Missing/invalid/NA 9.1% 9.5% 7.8%

    Median household income by ZIP code

        First quartile (the poorest) 33.0% 38.6% 28.8%

        Second quartile 25.4% 26.4% 23.2%

        Third quartile 24.3% 21.8% 25.7%

        Fourth quartile 17.4% 13.2% 22.3%

        Emergency department admission 75.9% 71.6% 71.2%

    Primary expected payer

        Medicare 76.0% 76.0% 73.9%

        Medicaid 7.6% 7.0% 8.9%

        Private insurance 11.4% 11.3% 12.7%

        Self-pay/no charge/other 5.0% 5.8% 4.5%

Comorbidities

    Hypertension 68.3% 70.3% 64.0%

    Diabetes 44.4% 40.9% 46.5%

    Renal insufficiency 41.9% 36.1% 48.1%

    Atrial fibrillation 38.4% 36.0% 41.6%

    Chronic pulmonary disease 37.1% 31.0% 40.0%

    Anemia 31.2% 23.1% 36.2%

    Fluid and electrolyte disorders 29.4% 19.5% 42.1%

    Obesity 17.1% 13.0% 20.3%
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Characteristics Total sample (N = 

956745
*
)

≤ 20th percentile 

($100-4000) (n = 191350
*
)

≥ 80th percentile ($13200- 

> 1000000) (n = 191350
*

)

    Peripheral vascular disorders 11.9% 10.6% 13.6%

    Died in hospital 3.1% 3.5% 5.6%

Hospital characteristics

    Bed size

        Small 13.8% 13.9% 11.3%

        Medium 23.6% 24.6% 22.0%

        Large 62.6% 61.5% 66.7%

    Control/ownership

        Government, nonfederal (public) 11.6% 12.0% 10.6%

        Private, not-for-profit (voluntary) 74.2% 68.9% 78.4%

        Private, investor-owned (proprietary) 14.2% 19.1% 11.0%

    Location (urban/rural) of hospital

        Rural 15.8% 20.3% 9.4%

        Urban 84.2% 79.7% 90.6%

    Region

        1: Northeast 18.3% 11.6% 24.7%

        2: Midwest 24.2% 25.0% 20.1%

        3: South 43.2% 54.3% 36.8%

        4: West 14.4% 9.1% 18.4%

    Teaching status

        Teaching 41.3% 36.1% 51.0%

*
National estimates based on NIS weighted samples; all differences at P < .001, except bed size (P = .065) and emergency department admission 

(P = .811).
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Table II

Adjusted ORs of most expensive quintile hospitalization cost estimates (compared with least expensive 

quintile)

Demographics Unadjusted OR (95% 
CI)

P value 
(unadjusted 

OR)

Adjusted OR (95% 
CI)

P value 
(adjusted 

OR)

Age ≥65 y 0.85 (0.78-0.92) .0001 0.88 (0.81-0.96) .0035

Female 0.92 (0.89-0.96) .0002 0.91 (0.87-0.95) <.0001

    White (ref.)

        Black 0.96 (0.81-1.13) .6052 1.04 (0.89-1.20) .6378

        Hispanic 1.76 (1.43-2.18) <.0001 1.36 (1.05-1.76) .0199

        Asian/Pacific Islander/Native American/other 1.93 (1.42-2.62) <.0001 1.42 (1.17-1.72) .0004

        Missing 0.86 (0.67-1.10) .2284 1.03 (0.77-1.37) .8463

    Medicare (ref.)

        Medicaid 1.31 (1.15-1.50) <.0001 1.04 (0.92-1.16) .5546

        Private insurance 1.16 (1.06-1.28) .0022 1.12 (1.00-1.25) .0496

        Self-pay/no charge/other 0.80 (0.70-0.92) .0017 0.91 (0.80-1.04) .1562

    Median household income by ZIP code: 1st quartile (the poorest) (ref.)

        Median household income: 2nd quartile 1.18 (1.04-1.34) .0094 1.07 (0.95-1.21) .2569

        Median household income: 3rd quartile 1.58 (1.36-1.83) <.0001 1.22 (1.05-1.40) .0072

        Median household income: 4th quartile 2.27 (1.87-2.74 <.0001 1.65 (1.35-2.03) <.0001

        Emergency department admission 0.98 (0.85-1.14) .8107 0.69 (0.60-0.80) <.0001

Comorbidities

    Hypertension 0.75 (0.71-0.80) <.0001 0.69 (0.66-0.73) <.0001

    Renal insufficiency 1.64 (1.54-1.74) <.0001 1.17 (1.11-1.24) <.0001

    Diabetes 1.26 (1.19-1.33) <.0001 1.14 (1.08-1.19) <.0001

    Fluid and electrolyte disorders 3.00 (2.78-3.24) <.0001 2.52 (2.37-2.68) <.0001

    Atrial fibrillation 1.27 (1.20-1.33) <.0001 1.22 (1.16-1.27) <.0001

    Chronic pulmonary disease 1.48 (1.38-1.58) <.0001 1.52 (1.44-1.60) <.0001

    Anemia 1.89 (1.74-2.05) <.0001 1.28 (1.2-1.37) <.0001

    Obesity 1.71 (1.59-1.83) <.0001 1.69 (1.58-1.81) <.0001

    Peripheral vascular disorders 1.33 (1.24-1.42) <.0001 1.23 (1.16-1.31) <.0001

Procedures

    Mechanical ventilation 8.94 (7.86-10.16) <.0001 5.87 (5.16-6.69) <.0001

    Blood transfusion 11.55 (10.13-13.17) <.0001 8.57 (7.58-9.68) <.0001

    Echocardiogram 3.85 (2.72-5.45) <.0001 2.89 (2.20-3.79) <.0001

    Hemodialysis 2.73 (2.45-3.04) <.0001 1.75 (1.55-1.97) <.0001

    Thoracentesis 9.83 (8.52-11.34) <.0001 8.46 (7.35-9.74) <.0001

    Other therapeutic procedures 5.19 (3.28-8.23) <.0001 3.05 (1.99-4.66) <.0001

Hospital characteristics

    Bed size: small (ref.)

    Bed size: medium 1.10 (0.84-1.45) .4837 0.86 (0.64-1.15) .3154

    Bed size: large 1.34 (1.06-1.68) .0146 1.08 (0.86-1.37) .5004
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Demographics Unadjusted OR (95% 
CI)

P value 
(unadjusted 

OR)

Adjusted OR (95% 
CI)

P value 
(adjusted 

OR)

    Government, nonfederal (public) (ref.)

        Private, not-for-profit (voluntary) 1.29 (0.97-1.71) .0796 0.79 (0.61-1.04) .0881

        Private, investor-owned (proprietary) 0.65 (0.47-0.90) .0101 0.59 (0.43-0.82) .0014

    Location of hospital: rural (ref.)

        Location of hospital: urban 2.46 (1.96-3.08) <.0001 1.46 (1.12-1.88) .0044

    Northeast (ref.)

        Midwest 0.38 (0.25-0.57) <.0001 0.42 (0.28-0.62) <.0001

        South 0.32 (0.21-0.48) <.0001 0.38 (0.25-0.57) <.0001

        West 0.94 (0.6-1.47) .7941 1.02 (0.66-1.59) .919

        Teaching status: teaching hospital 1.84 (1.46-2.32) <.0001 1.56 (1.23-1.98) .0003

C-statistic = 0.82, 95% CI 0.80-0.83, P < .0001.

Unweighted sample size = 75986 discharges; weighted population = 382700.
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