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Abstract

Introduction—Although differences in heart failure hospitalization rates by race and sex are

well documented, little is known about geographic variations in hospitalization rates for heart

failure among Medicare beneficiaries.

Methods—Using exploratory spatial data analysis techniques, we examined hospitalization rates

for heart failure as the first-listed discharge diagnosis among Medicare beneficiaries in a 10-state

Tennessee catchment area, based on the resident states reported by Tennessee hospitals from 2000

to 2004.

Results—The age-adjusted heart failure hospitalization rate (per 1,000) among Medicare

beneficiaries was 23.3 (95% confidence interval [CI], 23.3–23.4) for the Tennessee catchment

area, 21.4 (95% CI, 21.4 -21.5) for the non-catchment US area and 21.9 (95% CI, 21.9–22.0) for

the overall US. The age-adjusted HF hospitalization rates were also significantly higher in the

catchment area than the non catchment US area and the overall US, among men, women, and

whites, whereas rates among the blacks were higher outside the catchment area. Beneficiaries in

the catchment area also had higher age-specific HF hospitalization rates. Among states in the

catchment area, the highest mean county-level rates were in Mississippi (30.6±7.6) and Kentucky

(29.2±11.5), and the lowest were in North Carolina (21.7±5.7), closely and Virginia (21.8±6.6).

Conclusions—Knowledge of geographic differences in rates of hospitalization for heart failure

can be useful in identifying needs of health care providers, allocating resources, developing
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comprehensive heart failure outreach programs, and formulating policies designed to reduce these

differences.
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Although heart failure (HF) is the most common principal (i.e., first-listed) hospital

discharge diagnosis among Medicare beneficiaries, little is known about geographic

variations in rates of hospitalizations for HF beyond recent findings that rates are highest in

the southeastern United States.1,2 Relatively high HF hospitalization rates among women

and African-Americans as well as an increasing national trend in HF hospitalizations have

been well documented.4-9 Because most cardiovascular diseases ultimately lead to HF10, HF

exerts a huge financial toll.11 Despite this, only a few accredited centers, in the southeastern

United States provide comprehensive, high-quality care for patients with all stages of HF.12

In one accredited medical center in Tennessee, we observed that a large number of patients

admitted for HF were from outside the metropolitan area and, that the outcomes of these

patients may vary with their access to care. With this background, these states were defined

as the Tennessee catchment area and we examined HF hospitalizations and geographical

differences in HF hospitalization rates among Medicare beneficiaries, in order to inform the

development and expansion of heart failure disease management programs. We hypothesize

that Tennessee catchment area will have high heart failure hospitalization rates since it lies

within the “Stroke Belt”13-15 and the “Coronary Valley”16 -- regions known for high stroke

and heart disease mortality rates.

METHODS

Data Source

We analyzed US Medicare hospital claims and beneficiary enrollment record data for

2000-2004 from the Centers for Medicare and Medicaid Services, specifically data from the

Medicare Provider Analysis and Review (MEDPAR) file, Part A, which contains billing

information on inpatient care records for Medicare beneficiaries who filed hospital claims.

The claims data included admission and discharge information about patients such as their

age at admission, race, sex, county and state of residence, source of admission, admission

diagnosis, discharge destination, and up to 10 discharge diagnoses. Beneficiary enrollment

records included data on beneficiaries’ race, sex, county and state of residence, date of birth,

date of death (for those who died during the year), monthly status regarding type of

Medicare eligibility, and monthly status regarding membership in a health management

organization.

Study Population

We limited our study population to patients who were aged ≥65 years, resided in the 50

states or the District of Columbia (DC), were entitled to Medicare Part A benefits on July 1,

were not members of health maintenance organizations, and had a first-listed (principal)

hospital discharge diagnosis of HF as indicated by code 428 of the International

Classification of Diseases, 9th Revision—Clinical Modification (ICD-9-CM).17 The number
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of hospitalizations among patients who met these criteria in Tennessee hospitals ranged

from 16,152 in 2000 to 17,858 in 2004; of these, 90–91% occurred among Tennessee

residents, and 8–9% among residents from Alabama, Arkansas, Florida, Georgia, Kentucky,

Mississippi, Missouri, North Carolina, and Virginia, which were defined as the Tennessee

catchment area. Less than 1% of Medicare patients treated for HF in Tennessee hospitals

during the study period were from outside the catchment area.

Patient Characteristics

We examined the distribution of the following characteristics following characteristics

among our study population stratified by catchment area status: race (white, black, Hispanic,

or other), age group (65-74, 75-84, or ≥85 years), sex, admission source (emergency room,

physician’s office/clinic, another hospital, skilled nursing facility, or other), discharge

destination (home, skilled nursing facility, other care facility including short-term and

intermediate, in-hospital death, or other), and presence of conditions as indicated by ICD-9-

CM codes for patients’ discharge diagnoses: hypertension (401-405), coronary heart disease

(410–414), diabetes mellitus (250), atrial fibrillation (427.3), cardiomyopathy (425),

valvular heart disease (394–397 or 424.0-424.3), chronic renal failure (585), and any

arrhythmias (427). We also calculated the proportion the proportion of patients who had an

admission diagnosis of HF and the proportion of HF patients who died within 30 days of

admission (i.e., the case fatality rate).

Statistical Analysis

We used SAS software, version 9.1 (SAS Institute Inc., Cary, NC) for all statistical analyses.

Hospitalization rates (per 1000 Medicare beneficiaries) were age-adjusted to the 2000 U.S.

standard population ≥ 65 years.18 We calculated rates for each state within the catchment

area, for the entire catchment area, for the non-catchment US area, and for the entire United

States. The denominators for our rates were from Medicare enrollment records. We used

chisquare tests to determine whether differences in rates were significant and considered p

values <0.05 to be indicative of significant differences.

Spatial Analysis

Using exploratory spatial data analysis techniques, which describe and provide insights into

processes operating in space,19, 20 we also analyzed county-level HF rates among

beneficiaries who resided within the catchment area. By using a local indicator of spatial

association (LISA) rather than a global measure of spatial autocorrelation such as Moran’s I
21 to compare the HF rates of counties with the rates of nearby counties, we were able to

assess the degree to which rates were spatially autocorrelated at the local level and more

precisely identify spatial clustering of unusually high or low county-level HF rates within

the study area. On the basis of the results of these analyses, we assigned counties in the

catchment area to one of the following five categories: 1) not part of a spatial cluster of

counties with high or low HF rates; 2) in a cluster of counties with high HF rates; 3) in a

cluster of counties with low HF rates: 4) a county with a high HF rate surrounded by

counties with low rates; and 5) a county with a low HF rate surrounded by counties with

high rates. The latter two categories can be considered spatial outliers, as the HF rates in
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these counties are atypical of the rates of contiguous and nearby areas. There are 1014

counties in the catchment area. This represents one-third (32.3%) of the total number (3141)

of counties and county-equivalent areas in the United States in 2010. We characterized the

population density of counties in the catchment area by combining the sixcategory Urban-

Rural Classification Scheme for Counties, developed by the National Center for Health

Statistics.22

RESULTS

Of 3,091,542 eligible hospital claims records with a first-listed discharge diagnosis of HF

that were submitted for Medicare reimbursement during 2000-2004, 845,421 (27.3%) were

for patients residing in the catchment area. Selected characteristics of Medicare beneficiaries

for all three geographic aggregations are also shown in Table 1. The age-adjusted HF

hospitalization rate within the catchment area was 23.3 per 1000 Medicare beneficiaries

(95% CI, 23.3–23.4) per 1000 Medicare beneficiaries), which was significantly higher than

the rate of 21.4 (95% CI, 21.4-21.5) outside the catchment area and 21.9 (95% CI, 21.9–

22.0) for the overall United States. This difference was observed each year. Significant

differences in the distribution of patient characteristics included patients aged 65-74 (30.8%

in the catchment area vs. 27.8 % outside the area; black patients (15.5% in vs. 10.3%

outside); patients with hypertension, the most common comorbidity in this population

(53.2% in vs. 52.6% outside); patients with cardiomyopathy (17.5% in vs. 14.8% outside);

beneficiaries admitted directly from a physician’s office (30.2% in vs. 26.8% outside);

beneficiaries admitted from an emergency room (66.6% in vs. 69.2% outside); beneficiaries

discharged home (71.1% in vs. 68.5% outside); and beneficiaries discharged to a skilled

nursing facility (13.6% in vs. 15.9% outside) (all p was <0.05).

Age-adjusted HF hospitalization rates among men, women, and whites were higher in the

catchment area than outside the catchment area as well as the United States, whereas rates

among the blacks were higher outside the catchment area (Figure 1). Rates in all the three

age groups were also higher (Figure 2).

The unadjusted mean HF hospitalization rate (per 1000 Medicare beneficiaries) was 25.1 in

counties within the catchment area and 21.9 in all U.S. counties. County-level rates in the

catchment area ranged from 6.3 in Randolph County, Georgia, to 76.7 in Clay County,

Tennessee (Figure 3). Rates were generally higher in rural counties than in urban counties

(Figure 4). Mean county-level rates for states in the catchment area ranged from 30.6 (± 7.6

standard deviation) in Mississippi to 21.7 (±5.7 standard deviation) in North Carolina, and

the within-state range in county-level rates ranged from 61.3 in Tennessee to 24.2 in Florida

(Table 2). As shown in Figure 5, counties within the catchment area that had HF

hospitalization rates (per 1,000 Medicare beneficiaries) at least two standard deviations

above the mean county-level rate for the catchment area (>42.1) were concentrated in

eastern Kentucky, western Virginia, north central Tennessee, south central Alabama,

southern Mississippi, and portions of the Mississippi River delta along the borders of

Missouri, Arkansas, and Mississippi. Conversely, counties with rates at least one standard

deviation below the mean county-level rate for the catchment area (<16.7) were

concentrated in portions of Virginia, North Carolina, eastern and south western Georgia
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north central Kentucky, central Tennessee, north central and south eastern Missouri, central

and western Arkansas, and portions of Florida.

As shown in Figure 6, the ratio of primary care physicians (PCPs) to Medicare beneficiaries

was generally higher in urban counties than in rural counties except for Appalachian regions

in eastern Kentucky and portions of western Virginia, where the ratio was generally higher

in rural counties. HF rates were generally lower in counties with high PCP-to-beneficiary

ratios except in Appalachian regions of Kentucky and Virginia, which had a high ratio of

PCPs to beneficiaries and high HF rates.

DISCUSSION

Our most notable finding was that HF hospitalization rates among Medicare beneficiaries in

the catchment area were generally higher in rural areas than in urban areas. Possible

explanations for this difference include generally greater access to physicians in urban areas,

as shown in Figure 4. However, other factors such as differences in the socioeconomic

characteristics of Medicare beneficiaries in urban and rural areas may also have contributed

to the generally higher rates in rural areas. Further analyses will be necessary to quantify the

strength of the relationship between population density and HF hospitalization rates.

Our finding that more than 50% of the patients in the catchment area who were hospitalized

for HF also had hypertension, 23 a major risk factor for the development of HF, suggests the

need to promote adherence to hypertension treatment guidelines by healthcare providers in

this region.24, 25 Our study provides first estimates of rural versus urban differences in HF

hospitalizations. Although county-level HF hospitalization rates within the catchment area

have not been assessed previously, our findings are consistent with those of prior studies of

geographic variations in HF hospitalization and readmission rates among Medicare

beneficiaries, that found higher hospitalization and readmission rates along the Mississippi

River Valley and the Appalachian region.2, 26

Our main study limitation was its exclusion of Medicare beneficiaries <65 years of age and

those enrolled in managed care plans. However, >80% of US hospital patients with a

primary diagnosis of HF are aged ≥ 65 years,9 and approximately 17% of all Medicare

enrollees were members of managed care organizations in 2004,27 which suggests that we

can generalize our results to most patients with HF. A second limitation was that because

our study was based on an analysis of Medicare hospital claims data, which does not

indicate disease severity, we were unable to estimate HF hospitalization rates by disease

severity or rates of mild HF that did not require hospitalization.

Despite these limitations, our results suggest how knowledge of geographical differences in

HF hospitalization rates may help in identifying needs of health care providers, including

staffing and education needs, as well as provide guidance in developing government

strategies to reduce these differences.2 Such strategies might include the formation of

partnerships between relevant stakeholders, such as partnerships between health care

organizations and hospitals to provide cardiac services to rural areas. A direct result of this

study, for example, was the development of an HF outreach program in a region that we
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identified as having one of the highest rates of HF hospitalization. Although follow-up

assessments of HF hospitalization rates in this region will be necessary in order to determine

the value of this program, such heart disease management programs have been shown to

reduce the burden of disease and overall use of resources,28-30 and these programs should

arguably be focused on areas where the heart disease burden is greatest.
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Figure 1.
Age-adjusted hospitalization rates (per 1000 Medicare beneficiaries) with heart failure

(ICD-9-CM 428) as the first-listed discharge diagnosis, by gender, race and catchment area:

2000-2004
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Figure 2.
Age-specific hospitalization rates (per 1000 Medicare beneficiaries) with heart failure

(ICD-9-CM 428) as the first-listed discharge diagnosis, by catchment area: Medicare,

2000-2004
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Figure 3.
Hospitalization rates for heart failure (ICD-9-CM 428) as the first-listed discharge diagnosis

among Medicare beneficiaries, by county: Tennessee Catchment Area, 2000–2004

Ogunniyi et al. Page 10

Am J Med Sci. Author manuscript; available in PMC 2014 June 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 4.
Hospitalization rates for heart failure (ICD-9-CM 428) as the first-listed discharge diagnosis

among Medicare beneficiaries, stratified by urban and rural counties: Tennessee Catchment

Area, 2000–2004
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Figure 5.
Spatial clustering of hospitalization rates for heart failure (ICD-9-CM 428) as first-listed

discharge diagnosis among Medicare beneficiaries, by county: Tennessee Catchment Area,

2000–2004.

Ogunniyi et al. Page 12

Am J Med Sci. Author manuscript; available in PMC 2014 June 30.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 6.
Number of primary care physicians per 10,000 Medicare beneficiaries, by county:

Tennessee Catchment Area, 2004.
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Table 1
Selected characteristics of Medicare beneficiaries with heart failure (ICD-9-CM 428) as
the first-listed discharge diagnosis, by Tennessee Catchment Area, 2000–2004

Characteristic 
a

Tennessee Catchment

Area 
b

[N=845,421]

Non-Catchment Area
[N=2,246,121] United States

[N=3,091,542]

Hospitalization Rates per 1000
c
 (95 %CI)

23.3 (23.3–23.4) 21.4 (21.4–21.5) 21.9 (21.9–22.0)

Hospitalization Rates per 1000c (95 %CI)
Year

 2000 23.4 (23.3–23.6) 21.8 (21.7–21.9) 22.2 (22.2–22.3)

 2001 23.2 (23.1–23.3) 21.5 (21.4–21.5) 21.9 (21.9–22.0)

 2002 22.6 (22.5–22.7) 21.0 (21.0–21.0) 21.4 (21.4–21.5)

 2003 23.7 (23.6–23.8) 21.6 (21.5–21.7) 22.1 (22.1–22.2)

 2004 23.7 (23.6–23.8) 21.2 (21.1–21.2) 21.8 (21.8–21.9)

Age (years)(%)

 65–74 30.8 27.8 28.6

 75–84 41.3 42.0 41.8

 85+ 27.9 30.2 29.6

Women (%) 57.6 57.3 57.4

Race/Ethnicity (%)

 White 82.0 84.9 84.1

 Black 15.5 10.3 11.8

 Hispanic 1.1 2.1 1.8

Other 1.4 2.7 2.4

Selected Comorbidities [ICD-9-CM] (%)

Hypertension [401–405] 53.2 52.6 52.8

Coronary Heart Disease [410–414] 47.3 48.3 48.0

Any Arrhythmias [427] 43.3 43.8 43.7

Atrial Fibrillation [427.3] 36.1 37.0 36.8

Diabetes Mellitus [250] 36.1 36.0 36.0

Valvular Heart Disease 20.6 20.6 20.6

[394–397, 424.0–424.3]

Cardiomyopathy [425] 17.5 14.8 15.5

Chronic Renal Failure [585] 3.1 3.7 3.6

Admission Diagnosis of Heart Failure (%) 67.9 67.1 67.3

Admission Source (%)

Emergency Room 66.6 69.2 68.5

Physician’s office/Clinic 30.2 26.8 27.7

Hospital Transfer 2.4 2.5 2.5

Skilled Nursing Facility 0.7 1.3 1.2

Other 0.1 0.2 0.1

Discharge Destination (%)

Home 71.1 68.5 69.2
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Characteristic 
a

Tennessee Catchment

Area 
b

[N=845,421]

Non-Catchment Area
[N=2,246,121] United States

[N=3,091,542]

Skilled nursing facility 13.6 15.9 15.3

Other facility 8.4 8.5 8.5

Died 5.2 5.0 5.0

Other 1.7 2.1 2.0

30–day Case Fatality Rate (%) 10.3 10.1 10.1

a
All p was significant (p<0.05)for all comparisons

b
Tennessee catchment consists of AL, AK, FL, GA, KY, MO, MS, NC, TN, and VA.

c
Rates per 1000 and 95% CI are age-adjusted to the 2000 U.S standard population.
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