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Abstract
Background—Since heart failure (HF) is the final common pathway for most heart diseases, we
examined its 10-year prevalence trend by race, gender, and age in Tennessee.

Methods and Results—HF hospitalization data from the Tennessee Hospital Discharge Data
System were analyzed by race, gender and age. Rates were directly age-adjusted using the Year
2000 standard population. Adult (age 20+) in-patient hospitalization for primary diagnosis of HF
(HFPD) increased from 4.2% in 1997 to 4.5% in 2006. Age-adjusted hospitalization for HF (per
10,000 population) rose by 11.3% (from 29.3 in 1997 to 32.6 in 2006). Parallel changes in
secondary HF admissions were also noted. Age-adjusted rates were higher among blacks than
whites and higher among men than women. The ratios of black to white by gender admitted with
HFPD in 2006 were highest (9:1) among the youngest age categories (20-34 and 35-44 years).
Furthermore, for each age category of black men below 65 years, there were higher HF admission
rates than for white men in the immediate older age category. In 2006, the adjusted rate ratios for
HFPD in black to white men aged 20-34 and 35-44 years were OR=4.75, CI (3.29-6.86) and OR
5.10, CI (4.15-6.25) respectively. Hypertension was the independent predictor of HF admissions in
black men age 20-34 years.

Conclusions—The higher occurrence of HF among young adults in general, particularly among
young black men, highlights the need for prevention by identifying modifiable biological and
social determinants in order to reduce cardiovascular health disparities in this vulnerable group.
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Heart failure (HF) is a leading cause of morbidity and mortality, and represents the final
common pathway for most forms of heart disease. It affects 5.8 million Americans with an
annual diagnosis of 670,000 adults, and approximately 20% of the newly diagnosed die
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within a year.1 In 2006, HF was regarded as a contributing cause of mortality among
282,754 Americans.1 Advances in pharmaco-therapeutics have shown remarkable mortality
benefits, 2-21 but have not stemmed the tide of HF as a 21st century epidemic.22, 23 In fact,
improvement in survival from these therapeutic agents has contributed to the observed
increase in HF prevalence and the economic burden of treating the aging United States (US)
population. 24, 25 In the most recent analysis of the US national hospital bill, congestive HF
ranked second among the top twenty most expensive conditions billed to Medicare, and was
among the top five most expensive conditions treated in the US overall.26 The economic
burden of HF in 2010 (including the healthcare and lost productivity) is estimated to be
$39.9 billion.1

Racial disparities in HF and cardiovascular disease (CVD) in general are well documented,
as are the special vulnerabilities of the elderly, immigrant and other low-income
populations, and those with chronic mental and/or physical health conditions.27, 28 The
southeastern US is also disproportionately affected by CVD.29 A recent report from the
Coronary Artery Risk Development in Young Adults (CARDIA) study,30 also showed
remarkable racial differences in incident heart failure (HF) among young adults (< 50 years
of age). Specifically, the likelihood of African Americans developing HF was 20 times
higher than that of comparable whites. Hypertension, obesity, kidney disease, and systolic
dysfunction before the age of 40 years were all significant antecedents.

Tennessee, located in the southeastern US, is one of the unhealthiest states in the US.25

Additionally, Tennessee's rate of diabetes (pre-clinical HF–Stage A) exceeds that of all other
states in America according to a recent Behavioral Risk Factor Surveillance System Report
(BRFSS), which evaluated trends for specific risk factors from 1997 to 2007. 27 The
projected 2010 diabetes prevalence of 13.2% in Tennessee is in excess of the Healthy People
2010 target goal of 2.5%.31 In addition, more than one-third of Tennesseans suffer from
hypertension, another qualifier for HF Stage A. In the present report we describe
contemporary, ten-year trends for HF hospitalization in Tennessee (1997-2006) and discuss
potential policy implications.

Methods
Data

We used ten-year Hospital Discharge Data System (HDDS) inpatient information for 1997
to 2006. The Division of Health Statistics, Tennessee Department of Health (TDH),
compiles the HDDS. One aim is to ensure horizontal equity in the analyses and comparison
of services. All hospitals licensed by the TDH are required by law to report patient-level
discharge information.32 All data are reported on a uniform billing form developed by the
National Uniform Billing Committee. Although the current version of the data collection
form (UB-04) was launched in 2007, the data for the ten-year period analyzed was collected
using the preceding version (UB-92).32 Regardless, all variables collected in the HDDS
conform to the national standards of the Uniform Hospital Discharge Data Set (UHDDS) put
forth by the Department of Health and Human Services.33, 34, These variables include but
are not limited to: date of birth; gender; race/ethnicity; county and US Postal Zip Code of
residence; date of admission; type of admission and discharge; admitting and discharge
principal and secondary diagnosis codes (ICD-9); discharge status; principal procedure
code; principal procedure date; total charges and expected sources of payment.32

We used ICD-9 codes 402, 404, and 428 for HF (see Table 1) as previously employed by
Fang et al.25 For each year, we identified cases with at least one admission in which HF was
a principal (primary). While an individual may appear in more than one year, each
individual appears only once in the analyses for any one year. We also identified cases of
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secondary diagnoses of HF (HFSD) to determine whether they parallel trends in admissions
for primary HF diagnosis (HFPD). In order to assure that the primary and secondary groups
were mutually exclusive, the primary group (HFPD) was defined as beneficiaries with either
a primary diagnosis alone or both a primary and a secondary diagnosis of HF. The
secondary group (HFSD) was defined as beneficiaries with admissions for which HF was
only a secondary diagnosis with the primary diagnosis always being other than HF (e.g.,
cancer). Relevant inpatient data were extracted with a focus on gender, categories of age,
and race, that is, non-Hispanic whites and blacks who constitute 95% of Tennessee
population. Yearly race-gender specific rates were also obtained for hypertension and
diabetes among heart failure patients. There were no significant changes in the definitions or
coding for hypertension and diabetes during the period of observation. Since comparable
data for obesity were not consistently available from the hospital discharge data, we used
results from the US Centers for Disease Control and Prevention Behavioral Risk Factor
Surveillance System (BRFSS)35 for this purpose.

Statistical analysis—All rates (per 10,000) were age-standardized by the direct method
and indexed to the Year 2000 Standard Population per methodology provided by the US
Centers for Disease Control and Prevention.36 Numerators for hospitalization rates for 1997
through 2006 were the estimated number of hospitalizations according to Department of
Health and Human Services (DHHS). Denominators were from the US Census.37 Age-
specific rates and trends in gender and race were evaluated in conjunction with estimation of
relative percentage changes between 1997 and 2006. Fishers Exact Test was utilized for
comparison of prevalence of comorbidities by race and gender. Percentages of HF
admissions in each period were compared using a Pearson chi-square test with Yates'
correction for continuity and odd ratios were obtained through logistic regression analyses,
which controlled for age, hypertension, diabetes, and any coronary heart disease. SPSS
(Statistical Package for the Social Sciences, version 11, McGraw Hill Publishers, 2002)
software was utilized for all analyses. A p-value of <0.05 was the accepted threshold for
statistical significance.

Results
Overall Trends in HF Hospitalization

During the 10-year period, the proportion of hospitalized patients (aged 20+) with a primary
diagnosis of HF (HFPD) increased from 4.2% in 1997 (15,614 of 371,646) to 4.5% (20,459
of 455,753) in 2006 (see columns one and two in Table 2). The age-adjusted rate (per 10,000
population) for HFPD jumped from 29.3 in 1997 to 32.6 in 2006, corresponding to an
increase of 11.3%.

We compared selected characteristics of HFPD hospitalizations for 1997 and 2006 (Table
2). The average age in 1997 was 72 years, and 71 years in 2006. The proportion of elderly
(aged 65+) with HFPD dropped from 74.5% in 1997 to 69.7% in 2006. Furthermore, the
HFPD patients had a high prevalence of co-morbid conditions including hypertension (60%
in 1997 and 78% in 2006), diabetes (37% in 1997 and 44% in 2006), and coronary heart
diseases (59% in 1997 and 46% in 2006).

HF Rates By Race, Gender, & Age categories
There were racial and gender differences in the age-adjusted hospitalization rates (Figure 1a)
for HFPD, with higher rates among blacks compared to whites and among males compared
to females during this 10-year period. Furthermore, within each gender there were racial
differences in the age-adjusted hospitalization rates for HFPD, with higher rates among
black males than white males, and among black woman than white women (Figure 1b).

Husaini et al. Page 3

Circ Heart Fail. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



These noted intra-gender racial differences in age-adjusted hospitalization rates were most
profound for HFPD. A breakdown of these age-adjusted rates in Table 2 further
substantiates the observation in that the rates of hospitalization for HFPD among blacks and
males were higher compared to whites and females respectively, in both 1997 and 2006.
However, both graphs (in Figure 1a) show that rates for blacks follow a complicated pattern,
with declines in 2000 and 2001.

Table 3 shows both the unadjusted and adjusted ratios of black to white hospitalization rates
for HFPD. In both 1997 and 2006, the black to white ratio was significantly >1.0 for all ages
except 85+. The highest values for the black to white rate ratio occurred among 20 to 34 and
35 to 44 year olds. Further analysis revealed that the HF rates were 3 to 8 times higher
among blacks (under the age of 65) compared to their white peers. These higher black to
white rate ratios (unadjusted) were reduced to 5 times in logistic regression models that
controlled for age, hypertension, diabetes, and coronary heart disease. Even so, in 2006 the
black to white adjusted ratios for HFPD hospitalization were 4.70 (95% CI 3.52, 6.29) and
4.78 (95% CI 4.08, 5.60) among blacks ages 20 to 34 and 35-44 respectively.

The higher ratio of HF admissions amongst blacks was preserved when further analyzed by
gender (Table 4). In 2006, a significant trend in HF hospitalization was noted amongst black
males relative to white males (HF admissions 3 to 10 times higher before the age of 65; see
column 6). In fact, both in 1997 and 2006, high black to white admission ratios for HFPD
were noted in the young and middle-aged categories. These race and gender relationships
were preserved in 2006 adjusted rate ratios comparing black males to white males [in
column 9, patients aged 20-34, OR=4.75, CI (3.29-6.86, and among patients aged 35-44, OR
5.10, CI (4.15-6.25)]. Similar higher adjusted ratios emerged for black females to white
females [among 20-34 year olds, OR=4.60, CI (2.86-7,41) and among females aged 35-44
year olds, OR=4.21, CI (3.28-5.40)].

The age-adjusted hospitalization rates for HF by race from 1997 through 2006 show higher
rates for both HFPD among blacks by gender in every year (Figure 1b). Through this 10
year period, the rates for young black males 20-34 & 35-44 years old increased nearly two-
and six-fold respectively, compared to their white counterparts; while higher rates of HF
admission existed among black females compared to white females, the pattern is less
striking (Table 4). Analyses of admissions for HFSD revealed changes that paralleled trends
in HFPD (Figures 1a and b), with similar characteristics of hospitalized patients, race and
gender relationships (detailed data not shown)

HF Co-morbidities
Since HF rates had significantly increased from 1997 to 2006, we evaluated the prevalence
of co-morbid conditions associated with HFPD. Black in-patients with HFPD (Table 2,
column 3 and 5) had higher rates than whites for hypertension (in 1997, 75.5% for blacks
versus 55.7% for whites), diabetes (40.5% versus 35.6%) and lower rates for coronary heart
disease (44.0% versus 62.6%); this pattern was preserved in 2006 (see column 4 and 6)
except that there was a higher percentage of coronary heart disease among blacks (52.4%)
compared to whites (44.5%). The trend in HF co-morbidities by race and gender for each
age category is shown in Table 5. In 2006, younger black men admitted for HFPD had
higher rates of hypertension compared to their white peers and those in older age categories;
this was not observed for diabetes and coronary heart disease. Similar trends were observed
for 1997 (not shown here). Collectively, this suggests that hypertension is the dominant co-
morbidity linked with the observed HF disparity (see Figure 2 indicating higher prevalence
of hypertension among blacks compared to whites from 1997 to 2006). Similar trends
existed for diabetes among HF patients (see Figure 2). Comparable data for obesity on these
patients were not consistently available. However, BRFSS data relative to obesity in

Husaini et al. Page 4

Circ Heart Fail. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Tennessee (see Figure 3) shows that obesity rates were higher among blacks compared to
whites over a number of years. This appears to be consistent with observations for diabetes
among HF patients.

Discussion
In a recent report by Fang et al. 25 the nation-wide number of hospitalization for HF had
increased over the past 2-3 decades; however, they did not report on racial differences due to
data limitations. Our findings indicate that the pattern of HF hospitalizations in Tennessee
mirrors reported national trends, demonstrating an overall increase in all HFPD
hospitalizations. Also, HFPD hospitalizations increased exponentially with age, and 75% of
all admissions in 1997 and 70% in 2006 were among Medicare patients (>65 years).

Overall, blacks (under 65) had greater rates for HFPD than whites, and men greater than
women. Similarly, in both men and women there was an exponential increase in the ratio of
black to white hospitalization rates for every decade drop in age below 85 years. However,
the remarkably higher rates of HFPD admissions among black men, with higher HFPD
hospitalization rates among blacks relative to whites for each age category below 65 years
are particularly alarming. Furthermore, among young adults aged 20-34 and 35-44 years the
rates for black males increased nearly 2 and 6 times respectively, during the 10-year period
unlike their white peers. These findings add to a growing body of evidence on the increasing
incidence and prevalence of HF amongst younger men as well as the racial differences
therein. In a recent report from the CARDIA study for example, incident HF among young
adults (< 50 years) was 20 times more likely in blacks compared with their white peers, and
hypertension and obesity were some of the noted antecedents manifest before age 40 years.
30

Elimination of CV health disparities involves a systematic assessment of behavioral and
lifestyle choices, environmental factors, healthcare access limitations, health literacy and
numeracy levels, cultural factors, and genetic and gene-environment interactions.38, 39

These factors may explain some of the observed HF health disparities. However, the high
prevalence of apparently modifiable risk factors provides great opportunity for the
prevention and treatment. In our study, a significant proportion of the patients admitted with
HF suffered from hypertension and diabetes, with a statistically significant difference in
prevalence between blacks and whites. Another contributory factor to health disparity is the
fact that despite advances in pharmacologic treatment for HF, 2-21 the translation of
evidenced-based therapy has been poor.40, 41 This, in turn, is consistent with the observation
by Phelan et al. 42 that black-white disparities in US mortality are greatest for conditions we
know how to treat or prevent.

In Tennessee, the State Department of Health has taken a first step by developing a
comprehensive Heart Disease and Stroke Prevention Plan.43 This is consistent with the
observations of various models of care 44 including those of Rust et al.45, which show that
the greatest successes in reducing US mortality during the 20th century came about with
public health and medical care collaboration – particularly as regards primary care.

Limitations and Strengths
There are important limitations of the HDDS data, which do not compromise data validity or
internal accuracy but are worthy of mention. The HDDS being an administrative file is
devoid of clinical data to verify diagnoses, measure severity of illness or identify
pharmaceutical treatment. Also, while co-morbidity analyses would have benefitted from
inclusion of obesity, the low percentages of patients discharged with such a diagnosis (3.3%
for white males, 2.8% for black males, 4.0% for white females and 5.8% for black females
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suggested severe under-ascertainment, most probably because in-patient evaluation and
management for obesity was not rendered as part of the admission. A major strength of
HDDS data, however, is the opportunity for describing long-term hospitalization trends
along with the cost of hospitalization based on a large representative data set derived from
standardized methodology.

Conclusion
In summary, the overall prevalence of HFPD hospitalizations in Tennessee has increased
over the last ten years, and it mirrors previously reported pattern of HF hospitalizations
nation-wide. However, younger black men (aged 20-34 years) had higher rates of
hospitalization for HF, which nearly doubled during a 10-year period. Even more
concerning is the fact that within each age category there were higher HFPD hospitalization
rates for blacks. Similar trends were noted for HFSD hospitalizations. In general,
hypertension and diabetes were co-morbidities independently associated with HFPD;
however, amongst younger black men (aged 20-34 years) hypertension was the only
independent risk factor. The higher prevalence of hypertension and diabetes (HDDS data),
and obesity (BRFSS data) amongst blacks in Tennessee indicate important areas of focus.
Granting the overarching importance of social determinants of health, these observations
also highlight the need for prevention as well as aggressive risk factor modulation in our
clinical care settings. It also calls for a renewed philosophy in our care delivery approach to
vulnerable populations to reduce the tide of cardiovascular health disparities.
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Figure 1.
Figure 1a: Age-adjusted Hospitalization Rates for Heart Failure by Race and Gender,
1997-2006 (HDDS)
Figure 1b: Age-adjusted Intra-gender Hospitalization Rates for Primary and Secondary
Diagnosis of Heart Failure by Race, 1997-2006 (HDDS)
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Figure 2. Racial Disparities in the 10-year Prevalence Trend of Hypertension and Diabetes in
Tennessee (HDDS)
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Figure 3. Racial Disparities in the 10-year Prevalence Trend of Obesity in Tennessee (BRFSS)
HDDS, Hospital Discharge Data System; BRFSS, Behavioral Risk Factor Surveillance System
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Table 1
ACC/AHA Heart Failure Performance Measures ICD-09-CM Diagnostic Codes

ICD-9-CM Code Description

402.01 Malignant, hypertensive heart disease with heart failure

402.11 Benign, hypertensive heart disease with heart failure

402.91 Unspecified, hypertensive heart & renal disease with heart failure

404.01 Malignant, hypertensive heart & renal disease with heart failure

404.03 Malignant, hypertensive heart & renal disease with heart failure & renal failure

404.11 Benign, hypertensive heart & renal disease with heart failure

404.13 Benign, hypertensive heart & renal disease with heart failure & renal failure

404.91 Unspecified, hypertensive heart & renal disease with heart failure

404.93 Unspecified, hypertensive heart & renal disease with heart failure & renal failure

428.00 Unspecified, congestive heart failure

428.01 Left heart failure

428.09 Unspecified, heart failure

428.20 Unspecified, systolic heart failure

428.21 Acute systolic heart failure

428.22 Chronic systolic heart failure

428.23 Acute or chronic systolic heart failure

428.30 Unspecified, diastolic heart failure

428.31 Acute diastolic heart failure

428.32 Chronic diastolic heart failure

428.33 Acute or chronic diastolic heart failure

428.40 Unspecified, combined systolic & diastolic heart failure

428.41 Acute combined systolic & diastolic heart failure

428.42 Chronic combined systolic & diastolic heart failure

428.43 Acute or chronic combined systolic & diastolic heart failure

ACC/AHA = American College of Cardiology/American Heart Association; ICD-09-CM = International Classification of Diseases-Ninth
Revision-Clinical Modification
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