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Abstract

Background—Cardiovascular outcomes vary between urban and rural hospitals, with worse 

outcomes in rural settings.

Objectives—To examine if in-hospital mortality for hospitalization for atrial fibrillation (AF) 

varied between urban and rural hospitals.

Methods—A cross-sectional examination of patients who were hospitalized for AF was 

performed in the National Inpatient Sample (NIS) between 2012 and 2014 to compare in-hospital 

mortality in patients admitted to urban versus rural hospitals. Patients with a principal 

International Classification of Diseases, 9th Revision discharge diagnosis of AF were included. 

Hospitals were classified as urban or rural based on core-based statistical areas. In-hospital 

mortality was defined as death due to any cause.

Results—A total of 248,731 (mean age=69 years; 78% white; 48% female) admissions for AF 

were identified. Of these, 218,946 (88%) were from urban hospitals and 29,785 (12%) were from 

rural hospitals. Patients admitted to rural hospitals had a 17% increased risk of death compared 

with urban hospitals in a multivariable model which accounted for differences in patient 

characteristics and potential confounders (OR=1.17, 95%CI=1.04, 1.32). Similar results were 

obtained in a propensity score-matched analysis, and in subgroup analyses by sex, race, and 

region.
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Conclusions—In-hospital mortality for AF is higher in rural compared with urban hospitals. 

Further research is needed to understand this finding, and to develop targeted strategies to reduce 

mortality in patients admitted for AF in rural hospitals.
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INTRODUCTION

Atrial fibrillation (AF) is the most common arrhythmia encountered by the practicing 

clinician, with an estimated prevalence of 3 to 6 percent in the United States.1 A recent 

examination of national hospitalization rates for AF has shown that AF hospitalizations have 

increased exponentially in the United States from 2000 to 2010.2 Despite the reported 

increases in AF hospitalizations, the in-hospital mortality among those admitted has 

decreased.2

Several reports have suggested that the quality of care, and subsequently the outcomes for 

patients admitted for cardiovascular diseases, varies between urban and rural hospitals.3–8 

Whether differences for in-hospital mortality also exist in patients admitted for AF is 

currently unknown. Less than optimal care of AF patients has been reported in rural 

compared with urban areas,9 which supports the possibility of poorer outcomes in AF 

patients admitted to rural hospitals. Therefore, we examined the influence of rurality on in-

hospital mortality among patients hospitalized for AF using data from the National Inpatient 

Sample (NIS), a national all-payer administrative database.

METHODS

Study Design and Cohort

NIS is a database of a sample of discharged patients from United States community 

hospitals. The NIS approximates a 20-percent stratified sample of all discharges, and 

excludes rehabilitation and long-term acute care hospitals. NIS data is drawn from 44 states, 

plus the District of Columbia, representing more than 96 percent of the United States 

population. Due to the complex study design, sampling weights are provided to compute 

national estimates. NIS contains clinical and nonclinical data elements for each hospital stay, 

including the following: primary and secondary diagnoses and procedures; patient 

demographic data; hospital characteristics; expected payment source; total charges; 

discharge status; length of stay; and severity and comorbidity measures. Inpatient data are 

typically available from discharge abstracts. The NIS contains information on all patients, 

regardless of payer. Researchers and policymakers use the NIS to make national estimates of 

health care utilization, access, charges, quality, and outcomes, and data are available from 

1988 through 2014. The database is maintained by the Agency for Healthcare Research and 

Quality (AHRQ). Annual data quality assessments of the NIS are routinely performed to 

guarantee the internal validity of the database.
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This analysis was a cross-sectional examination of the NIS database of AF hospitalizations 

between 2012 and 2014 to determine if admission to a rural hospital was associated with an 

increased risk of in-hospital mortality compared with patients admitted to urban hospitals. 

Hospitalizations with a primary diagnosis code of AF were included, and we did not 

consider patients with secondary codes for AF. AF diagnoses were identified by 

International Classification of Diseases, 9th Revision Codes 427.31 and 427.32. We included 

all AF hospitalizations in patients ≥18 years of age. Patients with missing age, sex, or in-

hospital mortality data were excluded. Additionally, to obtain accurate in-hospitality 

mortality data for the hospital of admission, patients who were transferred to another acute 

care hospital at the time of discharge were excluded. This included transfer to a different 

acute care hospital or other health facility (e.g., skilled nursing facility). This study was 

approved by the institutional review board at Emory University.

Hospital and Patient Characteristics

Patient data included age, sex, race (e.g., white, black, and other), and insurance status (e.g., 

Medicare, Medicaid, Private, Self-pay/other). Urban-rural classification of hospitals was 

based on core based statistical area (CBSA) codes. Hospitals residing in counties with a 

CBSA type of metropolitan (areas that contain at least 1 urbanized area of 50,000 or more 

population) were considered urban, while hospitals with a CBSA type of micropolitan (at 

least one urban cluster that has a population of 10,000–50,000) or non-core (not 

metropolitan or mircopolitan) were classified as rural.10 Hospitals were also classified 

according to Census regions: Northeast; Midwest; South; and West. Comorbid conditions 

were identified by the AHRQ comorbidity database. The identification of these conditions 

are based on International Classification of Diseases-9-CM diagnoses and diagnosis-related 

group information listed on the discharge record. Using the standard logic of the Elixhauser 

Comorbidity Software,11 coexisting medical conditions are identified that are not directly 

related to the principal diagnosis, or main reason for admission, and are likely to represent 

conditions that originated prior to admission. Comorbid conditions identified from 

administrative claims data generally agree with patient chart data for recording of 

comorbidities,12 and similar methods were used by the Centers for Medicare and Medicaid 

Services for calculating their 30-day heart failure mortality measure.13 The following 

comorbid conditions were included in this analysis: obesity, hypertension, diabetes, heart 

failure, chronic lung disease, peripheral vascular disease, renal failure, liver disease, 

hypothyroidism, depression, alcohol abuse, and anemia.

Outcomes

The main outcome of interest was in-hospital mortality which was defined as death due to 

any cause during hospitalization. AF procedures during the same hospitalization were 

identified by International Classification of Diseases, 9th Revision Codes and included 

external electrical cardioversion (99.61) and catheter ablation (37.34). We also examined the 

5 most common secondary diagnoses for patients hospitalized for AF. International 

Classification of Diseases, 9th Revision Codes were used to identify these diagnoses, and the 

following were identified in the overall AF cohort: heart failure (428.xx), hypertension 

(401.xx), hyperlipidemia (272.xx), diabetes (250.xx), and acute kidney injury (584.xx).
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Statistics

Baseline characteristics were compared by urban-rural status. Survey-specific statements 

(SURVEYFREQ, SURVEYMEANS) were used to obtain descriptive statistics. Statistical 

significance for continuous variables was tested using the t-test procedure and the Rao-Scott 

chi-square method for categorical variables. The frequencies of external electrical 

cardioversions and catheter ablations also were compared by rural versus urban status, and 

in subgroups of sex (men vs. women), race (white, black, other), and region (Northwest, 

Midwest, South, and West). A multivariable logistic regression model for survey data 

(SURVEYLOGISTIC) was used to compute the multivariable risk of death in patients 

admitted for AF in rural versus urban hospitals, accounting for hospital-level clustering of 

patients and the sampling design using CLUSTER and STRATA statements, respectively. 

The multivariable model included the following covariates: age, sex, race, insurance, 

hospital region, obesity, hypertension, diabetes, heart failure, chronic lung disease, 

peripheral vascular disease, renal failure, liver disease, hypothyroidism, depression, alcohol 

abuse, and anemia. We also performed a propensity score-matched analysis using 

multivariable logistic regression to predict the probability of being seen in rural versus urban 

hospitals using the same covariates in the primary analysis, and a 1:1 matching was 

performed (N=58,896). The primary analysis was then repeated in the propensity score-

matched cohort. A sensitivity analysis was performed by excluding patients who had either 

external electrical cardioversion or catheter ablation due to the relatively low mortality rate 

associated with these procedures. Secondary analyses were performed to determine if the in-

hospital risk of death associated varied by sex, race, or region, by computing interaction 

terms. An additional analysis also was performed to determine if the 5 most common 

secondary diagnoses identified in the total cohort varied by rural versus urban hospital 

status. Statistical significance, including interaction terms, was defined as p < 0.05. Data 

were analyzed using SAS Version 9.4 (Cary, NC).

RESULTS

A total of 285,138 admissions with a primary AF diagnosis were identified between 2012 

and 2014. There were 36,407 patients who were transferred to different facilities at 

discharge. Patients from rural hospitals were more likely to be transferred to a different acute 

care hospital at discharge than those seen in urban hospitals (18% vs. 12%; p<0.001). The 

final sample included 248,731 (mean age=69 years; 78% white; 48% female) admissions for 

AF. There were 218,946 (88%) AF admissions from urban hospitals and 29,785 (12%) AF 

admissions from rural hospitals. The baseline characteristics of AF hospitalizations stratified 

by rural versus urban status are shown in Table 1. The baseline characteristics of the 

propensity score-matched cohort are shown in Supplemental Table 1.

Urban hospitals were more likely to report direct external electrical cardioversion and 

catheter ablation procedures than rural hospitals (Table 2). The percentage of AF admissions 

that used these procedures did not vary by sex, race, or region (Table 2).

The proportion of patients who died during hospitalization for AF in rural and urban 

hospitals are shown in (Figure 1). A higher percentage of patients admitted for AF died in 

rural versus urban hospitals (1.3% vs. 1.0%, p<0.001) (Figure 1). Patients admitted to rural 
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hospitals (OR=1.17, 95%CI=1.04, 1.32) had an increased risk of death compared with urban 

hospitals in our multivariable model which accounted for differences in patient 

characteristics (Table 3). The risk of death among patients admitted to rural hospitals 

remained increased compared with urban hospitals after exclusion of patients who had either 

external electrical cardioversion or catheter ablation procedures performed (OR=1.14, 

95%CI=1.01, 1.28). Similar results were observed in a propensity score-matched cohort, and 

in subgroup analyses by sex, race, and region (Table 3). Additionally, differences were 

observed in the 5 most common secondary diagnoses. Patients admitted to urban hospitals 

for AF were more likely to have secondary diagnoses of heart failure, hyperlipidemia, and 

acute kidney injury than those from rural hospitals (Table 4).

DISCUSSION

In this analysis from NIS, the risk of in-hospital mortality for patients admitted for AF was 

higher in rural compared with urban hospitals. Our findings did not vary by sex, race, or 

region. Additionally, we observed urban-rural differences in the utilization of common AF 

procedures. Overall, our data suggest that urban-rural differences exist in the care for 

patients who are hospitalized for AF.

The risk of in-hospital mortality for patients admitted for AF has decreased over recent 

years.2 Explanations for the observed decline, despite an increasing number of 

hospitalizations,2 are related to temporal differences in AF treatment. For example, rates of 

external electrical cardioversion have increased, and this therapy was associated with 

reductions in hospital mortality for patients admitted for AF.14 Additionally, the use of 

catheter ablation has increased in the United States.15 Furthermore, due to the fact that 

patients hospitalized for AF are likely to die from cardiovascular complications,16 

improvements in overall cardiovascular care in the United States possibly explain the 

mortality reduction observed in AF hospitalization.17, 18

Despite recent reductions in hospital mortality for patients with AF, the findings of the 

current analysis suggest that urban-rural differences exists in the risk of death among 

patients who are hospitalized for AF. The reasons for the increased risk of death in rural 

hospitals are unclear. However, differences in practice patterns possible explain this finding. 

The utilization of external electrical cardioversion and catheter ablation varied greatly 

between urban and rural hospitals. Although the indications for these procedures will depend 

on individual patient characteristics (e.g., elective versus non-elective admission), the urban-

rural differences observed in the percentage of patients who received these therapies likely 

reflects variation in treatment selection. Additionally, patients in rural communities are less 

likely to receive care from specialists,19 and this would explain the lower proportion of 

patients who received these common AF procedures in rural hospitals. This also suggests 

that urban-rural differences exist in the overall care for hospitalized patients with AF. 

Furthermore, we identified heart failure as the most common secondary diagnosis in rural 

and urban patients. Due to the known urban-rural differences in the care of heart failure 

patients,6, 8 it is possible that the care for this common comorbid condition varied between 

rural and urban patients, and negatively influenced hospital survival in AF patients from 

rural settings.
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Urban-rural differences in the care for patients with cardiovascular diseases have been well-

described.3–8 Our data extend prior literature to include the care for the hospitalized patient 

with AF. This finding has important implications for clinical care, as we have identified a 

group of patients in which hospital outcomes vary greatly by urban-rural status. Therefore, 

hospitalization for AF possibly represents an area for practice improvement in rural 

hospitals. This is extremely important as patients in rural regions do not rely on the majority 

of their care from urban centers.19 Additionally, these data are of interest to policy makers 

with aims to reduce mortality in rural regions. Residents from rural regions are more likely 

to rely on public sources of health insurance, and variation in quality of cardiovascular care 

and access to medical care exist.5, 20 This would result in AF patients who are more likely to 

present to a hospital for AF care rather than an outpatient clinic. Therefore, reductions in 

hospital mortality for AF possibly would be observed with improvements in access to care in 

rural regions, as they would be less likely to rely on hospital care for AF.

The current analysis should be interpreted in the context of several limitations. 

Hospitalizations for AF were identified by International Classification of Diseases, 9th 

Revision Codes, and despite the accuracy of these codes to identify AF events,21 

misclassification remains a possibility. We were unable to distinguish between cases of new-

onset and preexisting AF, and the results may vary by this factor. The duration of AF events 

(e.g., paroxysmal) was not available in our dataset, and the findings of this analysis possibly 

vary by this factor. Urban-rural classification of hospitals was based on CBSA codes, and 

this classification scheme possibly is incomplete. The AHRQ comorbidity database was 

used to identify comorbid conditions, and the misclassification of these conditions is 

possible. Additionally, we were unable to determine the cause of death, and it is possible 

that some of the deaths were unrelated to AF. We were not able to account for the severity of 

comorbid conditions that were included in our multivariable model. In an attempt to obtain 

accurate in-hospitality mortality data for the hospital of admission, patients were excluded if 

they were transferred to another acute care hospital at the time of discharge, and this method 

possibly was incomplete. Furthermore, the absolute mortality rates were relatively small 

between rural and urban hospitals, and the clinical significance remains uncertain.

In conclusion, patients admitted for AF to rural hospitals have an increased risk of mortality 

compared with patients admitted to urban hospitals. Further research is needed to understand 

the reasons for this finding, and suggest that improvement in AF care in rural hospitals is 

needed to further reduce the risk of mortality associated with hospital admission for AF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. In-Hospital Morality Associated with Atrial Fibrillation Hospitalization, 2012–2014
*Statistically significant difference (p<0.05) and comparisons made using the Rao-Scott chi-

square test.

AF=atrial fibrillation.
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Table 1

Patient Characteristics (N=248,731)

Characteristic Urban Hospital
(n=218,946)

Rural Hospital
(n=29,785)

P-value*

Age, mean, years (SE) 69 (0.04) 70 (0.08) <0.001

Female (%) 48 52 <0.001

Race

 White (%) 77 84

 Black (%) 8 4

 Other (%) 15 12 <0.001

Payment type

 Medicare (%) 64 70

 Medicaid (%) 5 4

 Private (%) 25 20

 Self-pay or other (%) 6 6 <0.001

Region

 Northeast (%) 21 14

 Midwest (%) 24 32

 South (%) 39 45

 West (%) 16 9 <0.001

Obesity (%) 18 16 <0.001

Hypertension (%) 70 70 0.20

Diabetes (%) 26 27 <0.001

Heart failure (%) <1 <1 0.69

Chronic lung disease (%) 22 26 <0.001

Peripheral vascular disease (%) 7 6 0.010

Renal failure %) 14 13 <0.001

Liver disease (%) 1.9 1.6 <0.001

Hypothyroidism (%) 16 17 <0.001

Depression (%) 8 10 <0.001

Alcohol abuse (%) 5 4 <0.001

Anemia (%) 12 12 0.38

*
Statistical significance tested using the t-test procedure for continuous data and the Rao-Scott chi-square test for categorical data.

SE=standard error.
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Table 2

Atrial Fibrillation Procedures Performed during Hospitalization

Procedure Urban Rural P-value*

External Electrical Cardioversion (%) 8 4 <0.001

 Sex

  Men (%) 9 5 <0.001

  Female (%) 6 3 <0.001

 Race

  White (%) 8 4 <0.001

  Black (%) 6 2 <0.001

  Other (%) 6 4 0.001

 Region

  Northwest (%) 9 6 <0.001

  Midwest (%) 9 5 <0.001

  South (%) 7 2 <0.001

  West (%) 6 3 <0.001

Catheter Ablation (%) 9 1 <0.001

 Sex

  Men (%) 11 2 <0.001

  Female (%) 7 1 <0.001

 Race

  White (%) 9 1 <0.001

  Black (%) 8 1 <0.001

  Other (%) 9 1 <0.001

 Region

  Northwest (%) 9 3 <0.001

  Midwest (%) 9 1 <0.001

  South (%) 9 1 <0.001

  West (%) 9 <1 <0.001

*
Statistical significance tested using the Rao-Scott chi-square test.

AF=atrial fibrillation.
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Table 3

Risk of In-Hospital Mortality Associated with Hospitalization for Atrial Fibrillation in Rural versus Urban 

Hospitals*

Group OR†
(95%CI)

P-interaction OR‡
(95%CI)

P-interaction

All 1.17 (1.04, 1.32) 1.19 (1.01, 1.39)

Sex

 Men 1.26 (1.06, 1.50) 0.30 1.41 (1.10, 1.80) 0.10

 Women 1.11 (0.96, 1.29) 1.06 (0.87, 1.30)

Race

 White 1.18 (1.04, 1.34) 0.75 1.23 (1.03, 1.46) 0.48

 Black 1.13 (0.66, 1.94) 0.68 (0.31, 1.48)

 Other 1.07 (0.77, 1.49) 1.12 (0.72, 1.74)

Region

 Northwest 1.12 (0.83, 1.52) 0.78 1.17 (0.76, 1.79) 0.60

 Midwest 1.25 (1.01, 1.54) 1.39 (1.03, 1.86)

 South 1.12 (0.94, 1.33) 1.11 (0.88, 1.41)

 West 1.26 (0.88, 1.80) 1.11 (0.68, 1.81)

*
Estimates represent the odds of death in rural compared with urban hospitals in the overall sample and in subgroups.

†
Adjusted for age, sex, race, insurance, hospital region, obesity, hypertension, diabetes, heart failure, chronic lung disease, peripheral vascular 

disease, renal failure, liver disease, hypothyroidism, depression, alcohol abuse, and anemia.

‡
Results of 1:1 propensity score-matched analysis. Propensity score was computed using multivariable logistic regression with the following 

variables: age, sex, race, insurance, hospital region, obesity, hypertension, diabetes, heart failure, chronic lung disease, peripheral vascular disease, 
renal failure, liver disease, hypothyroidism, depression, alcohol abuse, and anemia (N=58,896).

CI=confidence interval; OR=odds ratio.
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Table 4

Five Most Common Secondary Diagnoses

Diagnosis Total Urban Rural P-value*

Heart failure (428.XX) 16.7 16.7 16.1 0.048

Hypertension (401.XX) 7.0 6.9 7.9 <0.001

Hyperlipidemia (272.XX) 4.4 4.5 3.2 <0.001

Diabetes (250.XX) 3.8 3.8 3.6 0.38

Acute kidney injury (584.XX) 2.9 3.0 2.2 <0.001

*
Statistical significance tested using the Rao-Scott chi-square test. Comparisons made between urban and rural AF hospitalizations.

AF=atrial fibrillation.
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