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Abstract

Background: Various medications are cleared by the kidney, therefore patients with impaired 

renal function, especially dialysis patients are at risk for adverse drug events (ADEs). There are 

limited studies on ADEs in maintenance dialysis patients.

Methods: We utilized a nationally representative database, the Nationwide Emergency 

Department Sample, from 2008 to 2013 to compare emergency department (ED) visits for dialysis 

and propensity matched non-dialysis patients. Log binomial regression was used to calculate 

relative risk of hospital admission and logistic regression to calculate odds ratios for in-hospital 

mortality while adjusting for patient and hospital characteristics.

Results: While ED visits for ADEs decreased in both groups, they were over 10-fold higher in 

dialysis patients than non-dialysis patients (65.8–88.5/1000 patients vs. 4.6 to 5.4 /1000 patients 

respectively, p<0.001). The top medication category associated with ED visits for ADEs in 

dialysis patients is agents primarily affecting blood constituents, which has increased. After 

propensity matching, patient admission was higher in dialysis patients than non-dialysis patients, 

(88% vs 76%, p<0.001). Dialysis was associated with a 3 percent increase in risk of admission and 

three times the odds of in-hospital mortality (aOR 3, 95% CI 2.7 – 2.3.3).

Conclusions: ED visits for ADEs are substantially higher in dialysis patients than non-dialysis 

patients. In dialysis patients, ADEs associated with agents primarily affecting blood constituents 

are on the rise. ED visits for ADEs in dialysis patients have higher inpatient admissions and in-

hospital mortality. Further studies are needed to identify and implement measures aimed at 

reducing ADEs in dialysis patients.

Corresponding authors: Girish N. Nadkarni, MD, MPH, CPH, Icahn School of Medicine at Mount Sinai, One Gustave L Levy Place, 
Box 1243, New York, NY 10029, Telephone number: (212) 241-1385, Fax number: (212) 849-2643, girish.nadkarni@mountsinai.org. 
Pranav S. Garimella, MD, University of California - San Diego, 9500 Gilman Dr, 9111H, La Jolla, CA 92093, Telephone number: 
858-552-8585, Fax number: 858-552-7549, pgarimella@ucsd.edu. 

Disclosures:

HHS Public Access
Author manuscript
Am J Nephrol. Author manuscript; available in PMC 2019 June 12.

Published in final edited form as:
Am J Nephrol. 2018 ; 47(6): 441–449. doi:10.1159/000489703.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

Adverse drug events; dialysis; emergency department

Introduction:

Many medications such as antibiotics, blood thinners, and pain medications are cleared by 

the kidneys; which places patients with impaired renal function at risk for adverse drug 

events (ADEs).[1] Patients on dialysis are at especially high risk of developing ADEs due to 

variable medication clearance, high comorbidity burden, and high pill burden.[1] Prior 

small, single center studies have evaluated the complications associated with polypharmacy 

in dialysis patients but have not evaluated the added burden associated with emergency room 

visits for ADE and its consequences in dialysis patients. [1,2] While studies have looked at 

reasons for emergency visits and hospitalizations after inpatient admissions in dialysis 

patients, little is known on the epidemiology, trends, risk factors, and outcomes of dialysis 

patients presenting to emergency departments (ED) with ADE.

Utilizing a nationally representative all-payer database, the Nationwide Emergency 

Department Sample (NEDS), we compared ED visits for ADES between dialysis and non-

dialysis patients. We hypothesized that dialysis patients will have more ED visits for ADEs 

then propensity matched non-dialysis patients, and that rates of hospitalization and mortality 

will be higher in dialysis patients.

Materials and Methods:

Data sources and study population:

We utilized the NEDS to identify outpatient dialysis patients who presented to the ED with 

an ADE. The NEDS is part of a group of databases developed for the Healthcare Cost and 

Utilization Project (HCUP).[3] The NEDS contains discharge data for ED visits from 945 

hospitals located in 33 states and the District of Columbia which approximates a 20-percent 

stratified sample of the U.S. hospital-based ED. The database contains a weight variable 

which allows for the generation of national estimates. As the NEDS is a publically available, 

de-identified database the study was considered to be institutional review board exempt.

We excluded patients who had acute short term dialysis, pregnancy, and those with a renal 

transplant. A study flow diagram is included as Supplemental figure 1. We obtained 

estimates of prevalent dialysis patients for a specific year from the United States Renal Data 

System[4].We calculated non-dialysis patients as general population from the United States 

Census Bureau minus the number of prevalent dialysis patients.[5]

We used the propensity scoring method to reduce bias due to confounding covariates 

between dialysis and non-dialysis patients. Analyses done prior to propensity matching are 

presented as weighted numbers, while analyses done after propensity matching are presented 

as raw unweighted numbers. A propensity score for dialysis was assigned to each ED visit 

which was computed by a multivariate logistic regression model that included age, gender, 

and comorbidities of congestive heart failure (CHF), diabetes mellitus (DM), liver disease, 
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AIDS, hypertension (HTN), chronic lung disease, and peripheral vascular disease. Patients 

with similar propensity scores in the dialysis and non-dialysis groups were matched using a 

one-to-one scheme without replacement using the greedy algorithm. We chose to do 

propensity matching instead of comparing with CKD patients as ICD codes for CKD alone 

not on dialysis has poor sensitivity.[6]

Definition of variables

ADEs were identified utilizing International Classification of Diseases-9 codes (ICD-9-CM) 

with the exclusion of recreational drugs such as heroin and cocaine. For a full list of codes, 

please refer to Supplemental table 1. Dialysis patients were identified if they had codes for 

ESRD (585.6), hemodialysis (39.95, V45.x, V56.0, V56.1) without a concurrent code for 

AKI, and peritoneal dialysis (54.98, 996.68, V56.2, V56.8, V56.32).

We identified patient comorbidities using the HCUP tool, the Elixhauser Comorbidity 

Software which identifies comorbidities in hospital discharge records using ICD-9-CM 

codes.[7] We grouped medications categories using ICD-9-CM codes as per Supplemental 

table 2.

Analytic approach

Raw rates were calculated as ED visits in dialysis patients divided by number of prevalent 

dialysis patients for that year and rates in non-dialysis patients as ED visits for ADEs in non-

dialysis patients divided by all non-dialysis patients as per above. We assessed trends of ED 

visits for ADEs over time between dialysis and non-dialysis patients and also in a priori 

defined subgroups of age, gender, and dialysis modality. As incidence rates are confounded 

by differences between dialysis and non-dialysis patients, we did direct adjustment or 

standardization which stratifies within each group and calculates a weighted average of the 

stratum specific rate, where weights are the numbers of persons in each stratum from the 

USRDS for dialysis patients and from the U.S. Census for non-dialysis patients. This 

method only allows for adjustment to a small number of demographic variables (age and 

gender); however it is the method done by the USRDS.[8] We defined severity of comorbid 

conditions using Deyo’s Charlson Comorbidity Index (CCI) for each admission.[9] Renal 

failure was excluded from the calculation as dialysis status was included as a covariate in the 

model. We then used log binomial regression to calculate relative risk of hospital admission 

while adjusting for valvular heart disease, alcohol abuse, drug abuse, depression, CCI, 

primary payer, income quartile by zip, hospital teaching status, and hospital urban/rural 

designation. Log binomial regression was used instead of logistic regression as odds ratio 

estimates diverge from relative risk estimates when the risk of the event (hospital admission) 

is high as in this case. We used logistic regression to calculate odds ratios for in-hospital 

mortality while adjusting for the variables listed above.)..[10] All analyses were conducted 

using SAS 9.4 (SAS Institute, Cary NC, USA).
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Results:

Unmatched analysis:

Patient characteristics of patients who presented to the ED for ADEs are presented in Table 

1. Dialysis patients were older (mean age 63.3±0.1 vs. 57.8±0.01years, p<0.001); with 

higher prevalence of CHF(23.89 vs. 7.6%, p<0.001), HTN (83.4 vs. 42.8%, p<0.001) and 

DM (47.9 vs. 19.6%, p<0.001). ED visits for ADEs increased with increasing number of 

comorbidities in dialysis patients, but plateaued after 4 comorbidities. (Supplemental Figure 

2)

Between 2008 and 2013, the incidence of ED visits for ADEs decreased in both the dialysis 

and the non-dialysis population but remained over ten-fold higher in dialysis patients than 

non-dialysis patients (84.3/1000 dialysis patients in 2008 to 73.1/1000 dialysis patients in 

2013 vs. 5.4/1000 non-dialysis patients in 2013 to 4.6/1000 non-dialysis patients in 2013, 

p<0.001). While there was a larger absolute decrease in ED visits for ADE in dialysis 

patients (11.2/1000 patients vs 0.8/1000 patients), there was a larger percent change in the 

non-dialysis patients (15% vs. 13%). There were 190,203 HD patients, while there were 

only 7,447 PD patients. Hemodialysis patients had a two-fold higher incidence of ED visits 

for ADEs than peritoneal dialysis patients (69.2 – 92.7/1000 patients vs. 30.6 – 40.4/1000 

patients, p<0.001). ED visits for ADEs in dialysis patients were more common in HD 

patients, females, and in age ≥65 years. (Figure 1) When adjusted for age and gender, rates 

of ER visits for dialysis patients were 6 times higher than in non-dialysis patients. 

(Supplemental Figure 3)

Of the top 10 medications categories leading to ED visits for ADEs, agents primarily 

affecting blood constituents was the top category and accounted for 20% of all ED visits for 

ADEs in the dialysis population. (Figure 2a) 94% of medications in this category were 

anticoagulants. On analysis of trends by medication category, agents primarily affecting 

blood constituents increased sharply from 2012 to 2013, while all other categories were 

stable or decreased over time. (Figure 2b) Within this category, oral anticoagulants was the 

main driver of this increase, with an absolute increase from 5430 in 2012 to 7377 in 2013, a 

36% increase in ED visits for ADE due to oral anticoagulants. This accounts for 44% of the 

difference between all ED visits for ADE in dialysis patients between 2012 and 2013.

173,250 (88%) ED visits in dialysis patients resulted in a hospital admission while 

5,461,916 (58%) ED visits for ADEs in non-dialysis patients resulted in a hospital 

admission. Once admitted to the hospital, dialysis patients had longer length of stay (LOS) 

(4.2 vs 3.1 days, p<0.001) and were more likely to be discharged to a skilled nursing facility 

(SNF) or intermediate care facility (ICF) (25.4% vs 18.8%, p<0.001). Of those who were 

admitted to the hospital, 7,446 (4%) dialysis patients died in the hospital while only 

91,517(1%) died in the non-dialysis group.

Propensity Matched Analysis:

After propensity matching, there was no significant difference between dialysis and non-

dialysis patients on age, gender, or comorbidities of CHF, PVD, HTN, liver disease (Table 

2), AIDS. However, dialysis patients had significant higher prevalence of comorbidities of 
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valvular disease (5.6% vs 5.2%, P=0.005), and lower prevalence of comorbidities such as 

alcohol abuse (1.2% vs. 3.7%, p <0.001), drug abuse (2.8% vs 4%, p<0.001), and depression 

(7.3% vs. 11.6%, p<0.001). Additionally, more dialysis patients had a CCI score of 2 

compared to non-dialysis patients, 50.9% vs 47.4%, p<0.001.

In the propensity matched group, dialysis patients had higher rates of hospital admission 

than matched non-dialysis patients (88% vs. 76%, p<0.001). Propensity matching did not 

change the results of inpatient LOS (5 vs. 4 days, P<0.001) or transfer to SNF or ICF (25.4% 

vs. 18.3%, p<0.001). On multivariate analysis, dialysis was associated with an increased risk 

of admission, adjusted relative risk 1.03 95% CI 1.02–1.04. Dialysis patients also had higher 

rates of in-hospital mortality, 4% vs. 1%, p<0.001. Dialysis was associated with over 3 times 

the odds of in-hospital mortality (adjusted odds ratio 3 95% CI 3.1 – 3.8) (Figure 3).

Discussion:

Utilizing a large nationally representative all-payer database, we found that while ED visits 

for ADEs have decreased, they remain 10 times higher in the dialysis population compared 

to the non-dialysis population. The top medication category associated with ED visits for 

ADEs was agents that primarily affected blood constituents which increased in frequency 

while other medication categories decreased. Even after propensity matching and 

multivariate adjustment, ED visits for ADEs in dialysis patients had significantly higher 

rates of hospital admission and in-hospital mortality compared to non-dialysis patients.

Overall ED visits for ADEs have decreased between 2008 and 2013. One potential 

explanation for the decrease in ED visits for ADEs may be related to the increased use of 

electronic health records (EHR). In 2011, the Centers for Medicare and Medicaid (CMS) 

established the Medicare and Medicaid Electronic Health Record Incentive Program which 

has significantly grown EHR use across health systems. EHR allows for e-prescriptions, and 

the higher use of e-prescribing has been associated with a significantly lower number of ED 

visits and hospitalizations for ADEs in patients with diabetes.[11]

The widespread use of EHR allows for interventions such as a computer-based program to 

notify prescribers of patients at high risk of ADEs. One study in the general population 

found that such a computer program had a sensitivity of 60.4% to 91.7% at identifying 

criteria associated with high risk of ADEs.[12] Additionally, studies evaluating clinical 

decision support systems (CDSSs) on reducing ADEs while not statistically significant are 

suggestive towards reducing ADE’s.[13] Lastly, the addition of a clinical pharmacist to the 

multidisciplinary care of dialysis patients may be of potential benefit at identifying and 

reducing drug related problems.[2,14] In a study of 45 hemodialysis patients over a one 

month period identified 126 drug related problems.[2] Another study done in the 

Netherlands found that community pharmacist review of medications over a four month 

period reduced potential drug related problems by an average of 16.3% (95% confidence 

interval 8.3 – 24.3).[14]

The high proportion of dialysis patients who presented to the ED for ADE likely reflects the 

higher co-morbidity burden and pill burden that dialysis patients’ face. A chart review of 
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outpatient HD patients found that over 90% of patients had three or more medical problems, 

and nearly 90% of patients were prescribed six or more medications.[1] While admissions 

were significantly higher in the dialysis group, the difference was substantially decreased 

after propensity matching. This suggests that patient comorbidities and demographics, and 

hospital characteristics are a large contributor to in-patient admissions for ADEs. However, 

even after propensity matching and additional adjustments, dialysis was associated with a 

3% increased risk of hospital admission. Unfortunately date of last dialysis prior to ED visit 

and route of medication delivery is not included in the NEDS and we are unable to 

determine the effect of these dialysis specific factors on outcomes of ED visits for ADEs.

We found double the number of ED visits for ADEs in patients on HD compared to PD. It 

has well been documented that HD patients are older, with more comorbidities than PD 

patients.[15] Less comorbidities translates to fewer medications. Additionally, clearance of 

medications differs between HD and PD due to the use of biocompatible membranes in HD 

versus peritoneal membrane in PD and the thrice-weekly HD prescription as compared to 

the daily PD prescription. Lastly, medications administered to PD and HD patients differ, 

with HD patients receiving more intravenous medications such as erythrocyte stimulating 

agents and vitamin D analogs. Due to the small percentage of patients on PD in this study 

(<4% of the HD population), comparisons between HD and PD patients were not done.

In attempts to identify a subgroup of patients with similar comorbidity and pill burden as 

dialysis patients, we performed a propensity match analyses which matched on patient 

demographics and comorbidities which are common and contribute to the high pill burden of 

dialysis patients. A surprising finding was that before and after matching, ED visits for non-

dialysis patients had significantly higher rates of depression and drug abuse. Depression has 

been found in multiple populations to be associated with increased ADEs.[16–18] It is 

currently unclear why depression was higher in ED visits for ADE in non-dialysis patients.

For those ED visits which lead to a hospital admission, LOS was significantly longer for 

dialysis patients compared to non-dialysis patients. Factors such as age, race, gender, 

dialysis vintage, and inpatient provider type may affect the LOS of dialysis patients.[19–21] 

Even after propensity matching, there was no substantial change in the difference in LOS 

between dialysis and non-dialysis patients. As dialysis treatment days cannot be identified 

from the NEDs, to what extent the need for the dialysis treatment delayed discharge is 

currently unclear. Additionally, dialysis patients were more likely to be discharged to SNF, 

which may be due to the older age of dialysis patients and the increased care required for 

dialysis patients. The higher rate of discharge to SNF did not change after propensity 

matching. Unfortunately, we are unable to determine how many patients were already 

residing in SNFs prior to admission.

An interesting finding is that agents that primarily affected blood constituents was the 

number one medication category to cause ED visits for ADEs, with most of the drugs being 

anticoagulants. While ADEs for the other categories were stable or declining, ED visits for 

agents that primarily affecting blood constituents was the only medication category that 

increased. This is temporally correlated with the Food and Drug Administration (FDA) 

approval of new oral anticoagulants (NOACSs) such as dabigatran in 2010, rivaroxaban in 
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2011, and apixaban in 2012. Most trials of the NOACS excluded patients with renal failure. 

Of the currently available oral anticoagulants on the market, only apixaban is approved for 

use in patients on dialysis, however this is based off of a study which was conducted on 8 

hemodialysis patients.[22,23] There is an ongoing trial (RENAL-AF) which is testing the 

safety of apixaban in dialysis patients.[24] Despite the lack of safety and efficacy data in 

dialysis patients, the use of NOACs was found to be increasing, with a point prevalence for 

use of dabigatran and rivaroxaban to be 4.6 per 100 atrial fibrillation patients on dialysis.[25] 

In the same study, dabigatran and rivaroxaban was associated with a 48% and 38%, 

respectively, increased risk of major bleeding and a 78% and 71% increased risk of 

hemorrhagic death compared to warfarin. The increase in agents that primary affected blood 

constituents is a large contributor to the increase in ED visits for ADEs in dialysis patients 

between 2012 and 2013. However, since we are unable to assess specific anticoagulants 

responsible for this temporal increase, further studies utilizing more granular data are 

needed.

This study has several limitations. While the use of the NEDS allows for national 

estimations to be made, the administrative nature of the database does not allow for 

identification of exact medications associated with ADEs and important clinical factors such 

as residual renal function, and timing of medication initiation. We are unable to identify the 

reasons patients are admitted from the ED to the hospital. Identification of ADEs was done 

utilizing ICD codes, which while highly specific (98–99%) have relatively low sensitivity 

(28%), however this is likely to underestimate the impact of ADEs in both dialysis and non-

dialysis groups equally.[26] Additionally, it does not contain outpatient data; therefore we do 

not have information on the number of medications patients were taking at the time of ADE 

or the reasons these medications were started. Unfortunately, outpatient mortality data is not 

available and therefore we are unable to assess the association between ADEs and out of 

hospital mortality. We only had NEDS data until 2013, and therefore the current burden of 

ADE is unclear. As the NEDS unit of analyses is at the discharge level, it is possible that we 

are seeing multiple ED visits in the same person. Lastly, as this is an observation study, we 

cannot determine causality. Despite these limitations, the use of a nationally representative 

database yields results which are generalizable to the United States dialysis population.

In conclusion, ED visits for ADEs in dialysis patients have decreased over time but remain 

substantially higher than in the general population. Nearly 90% of all ED visits for ADEs in 

dialysis patients results in a hospital admission. Further research is needed to identify 

specific reasons for ADEs and potential interventions to decrease this avoidable 

complication.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Trends of adverse drug events between (A) dialysis and non-dialysis; (B) hemodialysis 

(HD), peritoneal dialysis (PD), non-dialysis; (C) female vs male; (D) age groups.
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Figure 2: 
(A) Top 10 medication categories associated with emergency department visits for adverse 

drug events. (B) Trends of top 10 medication categories associated with emergency visits for 

adverse drug events.
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Figure 3: 
Comparison of hospital admission and in-hospital mortality between matcheda dialysis and 

non-dialysis patients who present to the emergency department for an adverse drug effect. 
aMatched for age, gender, congestive heart failure, diabetes mellitus, liver disease, AIDS, 

hypertension, chronic lung disease, and peripheral vascular disease. bAdjusted for valvular 

heart disease, alcohol abuse, drug abuse, depression, CCI, primary payer, income quartile by 

zip, hospital teaching status, and hospital urban/rural designation
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Table 1:

Characteristics of patients presenting to the emergency department for adverse drug events.

Dialysis
(197,650)

Non-dialysis
(9,474,763)

P

Age (Mean ± SE) 63.3 ± 0.1 57.8 ± 0.01 <0.001

Female 101,823 (51.5) 5,779,778 (61) <0.001

Comorbidities

CHF 47,030 (23.8) 719,356 (7.6) <0.001

Valvular disease 11,076 (5.6) 316,171 (3.3) <0.001

Peripheral vascular
disease

24,126 (12.2) 326,667 (3.5) <0.001

Hypertension 164,812 (83.4) 4,055,164(42.8) <0.001

Chronic pulmonary
disease

36,537 (18.5) 1,610,845(17) <0.001

Diabetes mellitus 94,649(47.9) 1,859,001 (19.6) <0.001

Liver disease 8,219(4.2) 190,811 (2) <0.001

AIDS 1,945 (1) 21,329 (0.2) <0.001

Alcohol abuse 2,395 (1.2) 308,548 (3.3) <0.001

Drug abuse 5,503(2.8) 423,496 (4.5) <0.001

Depression 14395 (7.3) 946747 (10) <0.001

CCI <0.001

0 43252 (21.9) 4733959 (50)

1 53555 (27.1) 2298943 (24.3)

2 100842 (51) 2441861 (25.8)

Inpatient LOS
(Median IQR)

4.2 (2.1 – 8) 3.13 (1.6 – 5.7) <0.001

Primary Payer <0.001

Medicare 156832 (79.4) 4492740 (47.4)

Medicaid 17857 (9) 1270448 (13.4)

Private Insurance 18922 (9.6) 2545951 (26.9)

Other 3878 (2) 1149026 (12.1)

Missing 161 (0.1) 16599 (0.2)

Inpatient Discharge
Disposition (% of
those admitted)a

<0.001

Routine/Home
health care

115,842 (66.9) 4166730 (76.3)

Transfer to short-
term hospital

3528(2) 105449 (1.9)

Transfer to SNF,
ICF, another type of

facility

44039 (25.4) 1026556 (18.8)

AMA 2166 (1.3) 64835 (1.2)

Died in hospital 7446 (4.3) 915174 (1.7)
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Dialysis
(197,650)

Non-dialysis
(9,474,763)

P

Missing 228 (0.1) 6829 (0.1)

Income Quartile by
Zip Codeb

<0.001

1 63394 (32.1) 2630288 (27.8)

2 50485 (25.5) 2528477 (26.7)

3 43932 (22.2) 2195790 (23.2)

4 35473 (18) 1901992 (20.1)

Missing 4367 (2.2) 218217 (2.3)

Hospital Teaching
Statusc

<0.001

Metropolitan non-
Teaching

84,487 (42.8) 4278393 (45.2)

Metropolitan
teaching

95,291 (48.2) 3600750 (38)

Non-metropolitan
hospital

17,872 (9) 1595620 (16.8)

Urban-Rural
Designationd

<0.001

Large metropolitan
areas with at least 1

million residents

110,735 (56) 4436647 (46.8)

Small metropolitan
areas with less than
1 million residents

51,944 (26.3) 2710911 (28.6)

Micropolitan areas 12,703 (6.4) 1016375 (10.7)

Not metropolitan or
micropolitan (non-

urban residual)

2,377 (1.2) 454413 (4.8)

Other 19,891 (10.1) 856418 (9)

All values are n (%) except where indicated. CHF, congestive heart failure; AIDS, acquired immunodeficiency syndrome; CCI, Charlson 
comorbidity index; LOS, length of stay; SNF, skilled nursing facility; ICF, intermediate care facility

a
Percentages were calculated with the number of patients who were admitted as the denominator

b
This represents a quartile classification of the estimated median household income of residents in the patient’s ZIP Code. These values are derived 

from ZIP Code-demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest 
populations.

c
The hospital’s teaching status was obtained from the AHA Annual Survey of Hospitals. A hospital is considered to be a teaching hospital if it has 

an AMA-approved residency program, is a member of the Council of Teaching Hospitals (COTH) or has a ratio of full-time equivalent interns and 
residents to beds of .25 or higher.

d
Urban-rural designation of the hospital and is based on the county of the hospital, as identified by the American Hospital Association.
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Table 2:

Characteristics of patients after propensity matching

Dialysis
(44,392)

Non-dialysis
Propensity

Matched (44,392)

P

Age (Mean ± SE) 63.4 (15) 63.5 (14.9) 0.11

Female 22775 (51.3) 22783 (51.3) 0.96

Comorbidities

CHF 10479 (23.6) 10454 (23.55) 0.84

Valvular disease 2490 (5.6) 2302 (5.2) 0.005

Peripheral vascular
disease

5471 (12.32) 5465 (12.31) 0.95

Hypertension 37030 (83.42) 37042 (83.44) 0.91

Chronic pulmonary
disease

8235 (18.55) 8311 (18.72) 0.51

Diabetes mellitus 10396 (23.42) 10419 (23.47) 0.86

Liver disease 1838 (4.14) 1865 (4.2) 0.65

AIDS 426 (1.0) 384 (0.9) 0.14

Alcohol abuse 519 (1.2) 1637 (3.7) <.0001

Drug abuse 1223 (2.8) 1774 (4) <.0001

Depression 3235 (7.3) 5149 (11.6) <.0001

CCI <.0001

0 9779 (22.0) 11532 (26.0)

1 12019 (27.1) 11826 (26.7)

2 22594 (50.9) 21034 (47.4)

Inpatient LOS
(Median IQR)

5 (3,8) 4 (2,6) <.0001

Primary Payer <.0001

Medicare 35288 (79.5) 26574 (59.9)

Medicaid 4004 (9.0) 5179 (11.7)

Private Insurance 4189 (9.4) 9247 (20.9)

Other 877 (2.0) 3336 (7.5)

Missing 34 (0.1) 56 (0.1)

Inpatient
Discharge
Disposition (% of
those admitted)a

<0.0001

Routine/Home
health care

26015 (66.8) 26072 (77.2)

Transfer to short-
term hospital

777(2) 629 (1.9)

Transfer to SNF,
ICF, another type of

facility

9907 (25.4) 6189(18.3)

AMA 507 (1.3) 381 (1.1)
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Dialysis
(44,392)

Non-dialysis
Propensity

Matched (44,392)

P

Died in hospital 1682 (4.3) 459 (1.4)

Missing 52 (0.1) 36 (0.1)

Income Quartile by
Zip Codeb

<.0001

1 14102 (31.8) 13032 (29.4)

2 11393 (25.7) 11708 (26.4)

3 9965 (22.45) 10130 (22.9)

4 7982 (18.0) 8440 (19.0)

Missing 950 (2.1) 1082 (2.4)

Hospital Teaching
Statusc

<.0001

Metropolitan non-
teaching

20443 (46.1) 21125 (47.6)

Metropolitan
teaching

20276 (45.7) 17332 (39.0)

Non-metropolitan
hospital

3673 (8.3) 5935 (13.4)

Urban-Rural
Designationd

<.0001

Large metropolitan
areas with at least 1

million residents

25583 (57.6) 22705 (51.2)

Small metropolitan
areas with less than
1 million residents

11844 (26.7) 12805 (28.9)

Micropolitan areas 2904 (6.5) 4169 (9.4)

Not metropolitan or
micropolitan (non-

urban residual)

539 (1.2) 1587 (3.6)

Other 3522 (7.9) 3126 (7.0)

All values are n (%) except where indicated. CHF, congestive heart failure; AIDS, acquired immunodeficiency syndrome; CCI, Charlson 
comorbidity index; LOS, length of stay; SNF, skilled nursing facility; ICF, intermediate care facility

a
Percentages were calculated with the number of patients who were admitted as the denominator

b
This represents a quartile classification of the estimated median household income of residents in the patient’s ZIP Code. These values are derived 

from ZIP Code-demographic data obtained from Claritas. The quartiles are identified by values of 1 to 4, indicating the poorest to wealthiest 
populations.

c
The hospital’s teaching status was obtained from the AHA Annual Survey of Hospitals. A hospital is considered to be a teaching hospital if it has 

an AMA-approved residency program, is a member of the Council of Teaching Hospitals (COTH) or has a ratio of full-time equivalent interns and 
residents to beds of .25 or higher.

d
Urban-rural designation of the hospital and is based on the county of the hospital, as identified by the American Hospital Association.
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