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Abstract
Background: Population-based secular trends in survival of patients with congestive heart failure
(CHF) are central to public health research on the burden of the syndrome.

Methods: Patients 35–79 years old with a CHF discharge code in 1995 or 2000 were identified in
22 Minneapolis-St. Paul hospitals. A sample of the records was abstracted (50% of 1995 records;
38% of 2000 records). A total of 2,257 patients in 1995 and 1,825 patients in 2000 were determined
to have had a CHF-related hospitalization. Each patient was followed for one year to ascertain vital
status.

Results: The risk profile of the 2000 patient cohort was somewhat worse than that of the 1995
cohort in both sex groups, but the distributions of age and left ventricular ejection fraction were
similar. Within one year of admission in 2000, 28% of male patients and 27% of female patients have
died, compared to 36% and 27% of their counterparts in 1995, respectively. In various Cox
regression models the average year effect (2000 vs. 1995) was around 0.75 for men and 0.95 to
1.00 for women. The use of angiotensin converting-enzyme inhibitors and beta-blockers was
associated with substantially lower hazard of death during the subsequent year.

Conclusion: Survival of men who were hospitalized for CHF has improved during the second half
of the 1990s. The trend in women was very weak, compatible with little to no change. Documented
benefits of angiotensin converting-enzyme inhibitors and beta-blockers were evident in these
observational data in both men and women.

Background
Congestive heart failure (CHF), a common syndrome in
the US [1], has been called the new epidemic of cardiovas-
cular disease due to a recent increase in its prevalence [2,3]
and the associated high mortality risk [4]. Trends in the
public health burden of CHF are often attributed to three
main factors: a shift in the age distribution of Western
populations [5], favorable trends in survival after a myo-

cardial infarction [6], and longevity of patients with
hypertension [7-9].

Improved understanding of the pathophysiology of the
failing heart coupled with new therapies should have led
to improved survival of CHF patients in the last decade. In
particular, beneficial drugs such as beta-blockers and angi-
otensin converting-enzyme (ACE) inhibitors assumed a
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dominant role in the management of the syndrome [10].
Nonetheless, it is still difficult to estimate the magnitude
of survival trends in population-based samples.

We report here trends in mortality of hospitalized heart
failure in a large metropolitan area in the Midwest region
of the U.S.

Methods
Study design
This study was an epidemiological investigation of hospi-
talizations involving CHF among residents of metropoli-
tan Minneapolis-St. Paul, Minnesota (a total of seven
counties) [11]. The source population comprised over one
million men and women (mostly Caucasians) who were
served by 23 hospitals. Heart failure-related hospitaliza-
tions were identified from lists of discharge diagnoses,
(International Classification of Diseases, 9th revision 428 and
eleven other codes), from which patient-based sampling
frames were constructed. Of the 23 hospitals, 22 agreed to
participate. The single non-participating hospital was
small, estimated to account for 1% of the patients. After
stratifying on hospital and sex, samples of 50% and 38%
of the records were reviewed in 1995 and 2000, respec-
tively. (Changes in state and federal regulations concern-
ing the use of medical records for research accounted for
the smaller fraction in 2000.)

Trained study nurses abstracted information from the
medical records and entered the data onto computerized
forms. The nurses followed a manual of operation,
resolved ambiguous information in consultation with the
study physician (ES), and used a short screening form to
exclude patients for whom a heart failure discharge code
indicated a historical diagnosis, unrelated to the index
hospitalization. To ascertain death following discharge
from the hospital, the patient identifiers were linked to a
statewide death certificate registry [6,12].

Analysis
In the absence of a gold standard diagnosis of heart fail-
ure, numerous research groups have proposed various
definitions for epidemiological studies and clinical trials.
To allow for that diversity, six classification algorithms
were applied to each record in the data set, adapting crite-
ria used by six studies: the Framingham criteria [13], the
Boston criteria [14], the Rotterdam criteria [15], the heart
failure endpoint in the Antihypertensive and Lipid-Lower-
ing Treatment to Prevent Heart Attack Trial (ALLHAT)
[16], the National Health and Nutrition Examination Sur-
vey (NHANES) criteria [5], and the criteria proposed by
the European Society of Cardiology [17]. For this analysis,
a heart-failure related hospitalization should have met at
least four of these six definitions (the majority).

Characteristics of patients in the two period cohorts (1995
and 2000) were compared by computing proportions,
means and standard deviations, or medians and inter-
quartile ranges (for skewed distributions.) Hazard ratios
of death for the year effect and for various other variables
were estimated by Cox regression. Covariates were
selected on the basis of prior knowledge of their relation
to mortality and their influence on the coefficient of the
time variable. Finally, the associations of death with sex,
age, and left-ventricular ejection fraction were estimated
in year-specific Cox regression models. Point estimates
and 95% confidence intervals are reported.

Ethical considerations
The study was approved by the IRB of the University of
Minnesota (IRB file 9711S00170) and the IRBs of partici-
pating hospitals in Minneapolis-St. Paul.

Results
A total of 2,257 patients in 1995 and 1,825 patients in
2000 were determined to have had a CHF-related hospi-
talization. The male to female ratio was about 1.2:1 in
both years. In both sexes, the two period cohorts dis-
played similar distributions of age, left-ventricular ejec-
tion fraction (when available) and length of hospital stay,
but the 2000 cohorts had a somewhat worse cardiovascu-
lar risk profile – higher prevalence of ever-smoking,
hypertension, diabetes, coronary disease, and previously
diagnosed CHF (Table 1.) With few exceptions, patients
hospitalized in 2000 were more likely than patients hos-
pitalized in 1995 to be treated with ACE inhibitors, beta-
blockers, and spironolactone during the hospital stay, and
to be prescribed these drugs at discharge.

In the first six months following a CHF-related hospitali-
zation in 2000, 21% of male patients and 18% of female
patients have died, as compared with 27% and 21%,
respectively, in 1995 (Table 1). By one year of admission
in 2000, 28% of male patients and 27% of female patients
have died, compared to 36% and 27% of their counter-
parts in 1995, respectively. After taking age and history of
CHF into account (Figure 1), the favorable secular trend
remained apparent in men. Early separation of the cumu-
lative mortality curves was evident in women as well, but
there was no consistent divergence toward the end of the
one-year follow up.

Table 2 shows the effect of the year of hospitalization on
death, as estimated by several Cox regression models.
Again, the secular trend was clear in men, though modest,
and not so clear in women. As expected, having CHF prior
to the index admission conferred greater hazard of death,
whereas the prescription of ACE inhibitors and beta-
blockers was associated with substantially lower hazard of
death in the following year. Because only few patients
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received spironolactone in 1995, the hazard ratios (and
95% confidence intervals) were estimated only for 2000
patients: men, 1.02 (0.77–1.35); women, 0.70 (0.48–
1.02). Prescription of digoxin at discharge was associated
with lower hazard of death (HR = 0.72 in men and HR =
0.83 in women), but adding this variable to the models
did not change the year effect (data not shown). Including
diabetes status in these models did not materially affect
the results, either.

Viewed differently, a weaker secular trend in women than
in men should mathematically correspond to a weaker
effect of sex on mortality in 2000 than in 1995. Indeed, as
shown in Table 3, the hazard ratio of death comparing
men to women has diminished from 1.41 in 1995 to 1.09
in 2000. The effect of age on death increased in both sexes
whereas that of left-ventricular ejection fraction increased
in men and decreased in women. In both years, missing
ejection fraction was associated with poor survival, likely
serving as a surrogate for disease severity.

Discussion
It is often a challenge to estimate the magnitude of secular
trends using epidemiological measures of cardiovascular
disease. In particular, changes in the case mix and in diag-

nostic classification make it difficult to separate true
changes in population-based samples from artificial com-
ponents. Nonetheless, public health research naturally
follows breakthrough in therapy to determine whether
medical care has changed, and whether such a change has
translated into detectable secular trends [18]. In this anal-
ysis of two surveillance years – 1995 and 2000 – we found
modest survival improvement of male patients who were
hospitalized for CHF, and little to no improvement in
female patients. At least part of the favorable trend in sur-
vival of CHF patients may be attributed to greater use of
well-tested drugs whose benefits were generally evident in
this analysis as well (Table 2.)

Several studies, employing various designs and various
sampling methods, have investigated secular trends in
CHF survival in the US. The Framingham study reported
improved survival of cohort members with CHF in succes-
sive decades since the 1950s [19]. The Rochester Epidemi-
ology Project in Minnesota, reported no change in CHF
survival in 1991 versus 1981; [20] overall improved sur-
vival between 1979 and 2000; yet a smaller gain for
women than men [21]. Local and national studies of
Medicare beneficiaries reported some or no improvement
in mortality following hospitalized CHF during the 1990s

Table 1: Characteristics of hospitalized heart failure patients, by sex and year (1995 and 2000)

Variable Men Women

1995 2000 1995 2000
(N = 1,216) (N = 987) (N = 1,041) (N = 838)

Age (years, mean ± SD) 67 ± 10 66 ± 11 68 ± 9 68 ± 10
Ever Smoker (%) 68 72 53 57
LVEF (%, mean ± SD) 33 ± 15 33 ± 15 41 ± 17 41 ± 17

Missing (%) 54 46 56 50
Documented Medical History (%)

Hypertension 62 68 67 74
Diabetes 35 37 36 40
Coronary Artery Disease 59 63 43 51
Congestive Heart Failure 65 69 59 70

In-Hospital Medication (%)
ACE Inhibitor 62 65 57 55
Beta Blocker 19 54 20 50
Spironolactone 3 22 3 17

Discharge Medication (%)
ACE Inhibitor 53 56 47 47
Beta Blocker 13 45 13 42
Spironolactone 2 19 1 16

Length of Hospital Stay (days, median, Q1–Q3) 5,3–8 5,3–8 5,3–9 5,3–8
Mortality (%)

30 days 14 9 10 9
6 months 27 21 21 18
1 year 36 28 27 27

LVEF = left ventricular ejection fraction;
ACE = angiotensin converting enzyme
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[22,23], whereas one hospital-based study in the US
reported modest, but significant, survival improvement
particularly after 1998 [24]. Studies from Italy [25], Swe-
den [26], Scotland [27] and the United Kingdom [28]
have generally found favorable trends in survival of CHF
patients, paralleled by documented increased use of beta-
blockers and ACE inhibitors during the 1990s [10].

Several studies have reported higher death rates of male
patients with heart failure than death rates of their female
counterparts [27,29-32]. That association was evident in
the 1995 cohort, but greatly weakened in the 2000 cohort.
Stated differently, the weaker secular trend in survival of

female patients with CHF than male patients (Figure 1
and Table 2) may reciprocally be viewed as narrowing of
the sex gap in survival over time (Table 3). The reasons for
the latter trend remain speculative. Possible explanations
include secular trends in co-morbidity, pharmacological
therapy, and severity of CHF, which were not captured in
the models. For example, it is possible that secular trends
in CHF with preserved LVEF were different in men and
women.

Three methodological difficulties have challenged
attempts to describe the epidemiology of heart failure.
First, heart failure is a syndrome – not a morphologically

Table 2: Sex-specific hazard ratios of death within one year of a heart failure-related hospitalization

Hazard Ratio (95% Confidence Interval)

Variable Model 1 Model 2 Model 3 Model 4 Model 5

Men (N = 2,203)

Year 2000 (vs. 1995) 0.76 (0.65–0.88) 0.77 (0.67–0.90) 0.75 (0.65–0.88) 0.75 (0.65–0.88) 0.82 (0.70–0.96)
Age (per 1 year) -- 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02–1.04)
History of CHF -- -- 1.61 (1.35–1.91) 1.67 (1.41–1.99) 1.56 (1.31–1.85)
ACE inhibitor (in hospital) -- -- -- 0.52 (0.45–0.60) --
Beta blocker (in hospital) -- -- -- -- 0.76 (0.63–0.90)

Women (N = 1,879)

Year 2000 (vs. 1995) 0.99 (0.83–1.18) 1.00 (0.84–1.19) 0.96 (0.80–1.14) 0.93 (0.78–1.11) 1.13 (0.94–1.36)
Age (per 1 year) -- 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02–1.04) 1.03 (1.02–1.04)
History of CHF -- -- 1.44 (1.18–1.75) 1.45 (1.20–1.77) 1.40 (1.15–1.70)
ACE inhibitor (in hospital) -- -- -- 0.61 (0.51–0.73) --
Beta blocker (in hospital) -- -- -- -- 0.56 (0.45–0.69)

ACE = angiotensin converting enzyme

Age and CHF-history adjusted cumulative mortality of hospitalized CHF patients by sex and yearFigure 1
Age and CHF-history adjusted cumulative mortality of hospitalized CHF patients by sex and year.
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defined pathology, and therefore it is not always simple to
diagnose this condition. Second, numerous definitions
have been proposed for epidemiological research [33-35].
Third, many patients are diagnosed and treated in outpa-
tient clinics, a setting that is less accessible to population-
based research. Such limitations are inherent in every epi-
demiological research of secular trends in CHF burden,
including the present work.

Some types of cases were not available to this study:
patients who were not hospitalized for heart failure in the
target year; symptom-free people with left ventricular
systolic or diastolic dysfunction [36,37]; and hospitalized
patients with heart failure but no sampled code [38]. It is
likely, however, that these categories of missed cases were
skewed toward mild forms of the syndrome and should
not have greatly affected survival analysis of patients with
moderate-to-severe CHF. Finally, after 1995 regulatory
changes have put greater constraint on the use of medical
records for research, so we could not access some selected
records from 2000. Preliminary and sensitivity analyses,
however, showed no major distortion of the 2000 sample.

Conclusion
This analysis provides evidence for a favorable secular
trend in survival of male patients following a CHF-related
hospitalization. The reasons for modification of the secu-
lar trend by sex (or alternatively, modification of the sex
effect by time-related factors) remain speculative. Docu-
mented benefits of ACE inhibitors and beta-blockers were
evident in these observational data in both men and
women.

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
ES contributed to the design and conduct of the study,
developed the analysis plan, and drafted the manuscript.
SL established the database, contributed to the analysis
plan, analyzed the data, and commented on the manu-
script. Both authors read and approved the final manu-
script.

Acknowledgements
This study was supported by the U.S. National, Heart, Lung, and Blood 
Institute (RO1 HL60959)

References
1. Ni H: Prevalence of self-reported heart failure among US

adults: results from the 1999 National Health Interview Sur-
vey.  Am Heart J 2003, 146:121-8.

2. Ansari M, Massie BM: Heart failure: How big is the problem?
Who are the patients? What does the future hold?  Am Heart
J 2003, 146:1-4.

3. Haldeman GA, Croft JB, Giles WH, Rashidee A: Hospitalization of
patients with heart failure: National Hospital Discharge Sur-
vey, 1985 to 1995.  Am Heart J 1999, 137:352-60.

4. van Jaarsveld CH, Ranchor AV, Kempen GI, Coyne JC, van Veldhuisen
DJ, Sanderman R: Epidemiology of heart failure in a commu-
nity-based study of subjects aged > or = 57 years: incidence
and long-term survival.  Eur J Heart Fail 2006, 8:23-30.

5. Schocken DD, Arrieta MI, Leaverton PE, Ross EA: Prevalence and
mortality rate of congestive heart failure in the United
States.  J Am Coll Cardiol 1992, 20:301-6.

6. McGovern PG, Jacobs DR Jr, Shahar E, Arnett DK, Folsom AR, Black-
burn H, Luepker RV: Trends in acute coronary heart disease
mortality, morbidity, and medical care from 1985 through
1997: the Minnesota heart survey.  Circulation 2001, 104:19-24.

7. Garg R, Packer M, Pitt B, Yusuf S: Heart failure in the 1990s: evo-
lution of a major public health problem in cardiovascular
medicine.  J Am Coll Cardiol 1993, 22:3A-5A.

8. Coats AJ: Is preventive medicine responsible for the increas-
ing prevalence of heart failure?  Lancet 1998, 352(Suppl
1):SI39-41.

9. Mosterd A, Hoes AW, Grobbee DE: Epidemiology of heart fail-
ure: contours of an impending epidemic?  Neth J Med 1998,
53:235-44.

10. Lee DS, Mamdani MM, Austin PC, Gong Y, Liu PP, Rouleau JL, Tu JV:
Trends in heart failure outcomes and pharmacotherapy:
1992 to 2000.  Am J Med 2004, 116:581-9.

11. Shahar E, Lee S, Kim J, Duval S, Barber C, Luepker RV: Hospitalized
heart failure: rates and long-term mortality.  J Card Fail 2004,
10:374-9.

Table 3: Year-specific hazard ratios of death within one year of a heart failure-related hospitalization

Hazard Ratio (95% Confidence Interval)
Men Women All

Variable 1995 (N = 1,216) 2000 (N = 987) 1995 (N = 1,041) 2000 (N = 838) 1995 (N = 2,257) 2000 (N = 1,825)

Sex Women -- -- -- -- Ref. Ref.
Men -- -- -- -- 1.41 (1.21–1.64) 1.09 (0.91–1.30)

Age (years) 35–64 Ref. Ref. Ref. Ref. Ref. Ref.
65–74 1.22 (0.96–1.55) 1.87 (1.37–2.55) 1.68 (1.20–2.33) 2.57 (1.76–3.75) 1.38 (1.14–1.68) 2.13 (1.67–2.70)
75–79 1.89 (1.47–2.42) 2.32 (1.70–3.18) 1.92 (1.37–2.70) 2.44 (1.65–3.60) 1.90 (1.56–2.33) 2.35 (1.84–2.99)

LVEF (%) >45 Ref. Ref. Ref. Ref. Ref. Ref.
26–45 0.67 (0.43–1.03) 1.29 (0.77–2.16) 1.98 (1.24–3.17) 1.30 (0.81–2.10) 1.11 (0.81–1.53) 1.25 (0.89–1.76)
≤25 1.32 (0.88–1.96) 1.59 (0.97–2.60) 1.83 (1.08–3.10) 1.24 (0.76–2.02) 1.62 (1.18–2.22) 1.43 (1.03–2.00)
Missing 1.20 (0.83–1.72) 1.78 (1.12–2.80) 1.88 (1.24–2.84) 1.67 (1.16–2.41) 1.52 (1.16–2.00) 1.70 (1.28–2.26)

LVEF = left ventricular ejection fraction
Page 5 of 6
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9924171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9924171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9924171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16209932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16209932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16209932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1634664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1634664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1634664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11435332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11435332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11435332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8376694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8376694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8376694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9736479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9736479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9883000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9883000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15093753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15093753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15093753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15470646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15470646


BMC Cardiovascular Disorders 2007, 7:2 http://www.biomedcentral.com/1471-2261/7/2
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

12. Edlavitch SA, Baxter J: Comparability of mortality follow-up
before and after the National Death Index.  Am J Epidemiol
1988, 127:1164-78.

13. McKee PA, Castelli WP, McNamara PM, Kannel WB: The natural
history of congestive heart failure: the Framingham study.  N
Engl J Med 1971, 285:1441-6.

14. Carlson KJ, Lee DC, Goroll AH, Leahy M, Johnson RA: An analysis
of physicians' reasons for prescribing long-term digitalis
therapy in outpatients.  J Chronic Dis 1985, 38:733-9.

15. Mosterd A: Heart failure in the population at large; news from
the real world.  Eur Heart J 1999, 20:398-9.

16. Davis BR, Cutler JA, Furberg CD, Wright JT, Farber MA, Felicetta JV,
Stokes JD: Relationship of antihypertensive treatment regi-
mens and change in blood pressure to risk for heart failure in
hypertensive patients randomly assigned to doxazosin or
chlorthalidone: further analyses from the Antihypertensive
and Lipid-Lowering treatment to prevent Heart Attack
Trial.  Ann Intern Med 2002, 137:313-20.

17. The Task Force on Heart Failure of the European Society of
Cardiology. Guidelines for the diagnosis of heart failure.  Eur
Heart J 1995, 16:741-51.

18. Goldberg RJ, Konstam MA: Assessing the population burden
from heart failure: need for sentinel population-based sur-
veillance systems.  Arch Intern Med 1999, 159:15-7.

19. Levy D, Kenchaiah S, Larson MG, Benjamin EJ, Kupka MJ, Ho KKL,
Murabito JM, Vasan RS: Long-term trends in the incidence of
and survival with heart failure.  N Engl J Med 2002, 347:1397-402.

20. Senni M, Tribouilloy CM, Rodeheffer RJ, Jacobsen SJ, Evans JM, Bailey
KR, Redfield MM: Congestive heart failure in the community:
trends in incidence and survival in a 10-year period.  Arch Intern
Med 1999, 159:29-34.

21. Roger VL, Weston SA, Redfield MM, Hellermann-Homan JP, Killian J,
Yawn BP, Jacobsen SJ: Trends in heart failure incidence and sur-
vival in a community-based population.  JAMA 2004,
292:344-50.

22. Baker DW, Einstadter D, Thomas C, Cebul RD: Mortality trends
for 23,505 Medicare patients hospitalized with heart failure
in Northeast Ohio, 1991 to 1997.  Am Heart J 2003, 146:258-64.

23. Kosiborod M, Lichtman JH, Heidenreich PA, Normand SL, Wang Y,
Brass LM, Krumholz HM: National trends in outcomes among
elderly patients with heart failure.  Am J Med 2006,
119(616):e1-7.

24. Feinglass J, Martin GJ, Lin E, Johnson MR, Gheorghiade M: Is heart
failure survival improving? Evidence from 2323 elderly
patients hospitalized between 1989–2000.  Am Heart J 2003,
146:111-4.

25. Senni M, De Maria R, Gregori D, Gonzini L, Gorini M, Cacciatore G,
Gavazzi A, Pulignano G, Porcu M, Maggioni AP: Temporal trends in
survival and hospitalizations in outpatients with chronic
systolic heart failure in 1995 and 1999.  J Card Fail 2005,
11:270-8.

26. Schaufelberger M, Swedberg K, Koster M, Rosen M, Rosengren A:
Decreasing one-year mortality and hospitalization rates for
heart failure in Sweden; Data from the Swedish Hospital Dis-
charge Registry 1988 to 2000.  Eur Heart J 2004, 25:300-7.

27. MacIntyre K, Capewell S, Stewart S, Chalmers JWT, Boyd J, Finlayson
A, Redpath A, Pell JP, McMurray JJV: Evidence of improving prog-
nosis in heart failure: trends in case fatality in 66 547 patients
hospitalized between 1986 and 1995.  Circulation 2000,
102:1126-31.

28. Elliott PM, Gimeno JR, Thaman R, Shah J, Ward D, Dickie S, Tome
Esteban MT, McKenna WJ: Historical trends in reported survival
rates in patients with hypertrophic cardiomyopathy.  Heart
2006, 92:785-91.

29. Ho KK, Anderson KM, Kannel WB, Grossman W, Levy D: Survival
after the onset of congestive heart failure in Framingham
Heart Study subjects.  Circulation 1993, 88:107-15.

30. Adams KF Jr, Sueta CA, Gheorghiade M, O'Connor CM, Schwartz
TA, Koch GG, Uretsky B, Swedberg K, McKenna W, Soler-Soler J,
Califf RM: Gender differences in survival in advanced heart
failure. Insights from the FIRST study.  Circulation 1999,
99:1816-21.

31. Vaccarino V, Chen YT, Wang Y, Radford MJ, Krumholz HM: Sex dif-
ferences in the clinical care and outcomes of congestive
heart failure in the elderly.  Am Heart J 1999, 138:835-42.

32. Mosterd A, Cost B, Hoes AW, de Bruijne MC, Deckers JW, Hofman
A, Grobbee DE: The prognosis of heart failure in the general
population: The Rotterdam Study.  Eur Heart J 2001,
22:1318-27.

33. Mosterd A, Deckers JW, Hoes AW, Nederpel A, Smeets A, Linker
DT, Grobbee DE: Classification of heart failure in population
based research: an assessment of six heart failure scores.  Eur
J Epidemiol 1997, 13:491-502.

34. Cowie MR: Annotated references in epidemiology.  Eur J Heart
Fail 1999, 1:101-7.

35. Adams KF Jr, Zannad F: Clinical definition and epidemiology of
advanced heart failure.  Am Heart J 1998, 135:S204-15.

36. Davis RC, Hobbs FD, Kenkre JE, Roalfe AK, Hare R, Lancashire RJ,
Davies MK: Prevalence of left ventricular systolic dysfunction
and heart failure in high risk patients: community based epi-
demiological study.  BMJ 2002, 325:1156.

37. Petrie M, McMurray J: Changes in notions about heart failure.
Lancet 2001, 358:432-4.

38. Goff DC Jr, Pandey DK, Chan FA, Ortiz C, Nichaman MZ: Conges-
tive heart failure in the United States: is there more than
meets the I(CD code)? The Corpus Christi Heart Project.
Arch Intern Med 2000, 160:197-202.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2261/7/2/prepub
Page 6 of 6
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3369416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3369416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5122894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5122894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4030999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4030999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4030999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10213340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10213340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12204014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12204014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12204014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7588917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7588917
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12409541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15265849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12891193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12891193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12891193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16828634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16828634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12851617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15880335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15880335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15880335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14984918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14984918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14984918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16216855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16216855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8319323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8319323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8319323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10199877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10199877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10539813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10539813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10539813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11465964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11465964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9258559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9258559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10937987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9630086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9630086
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11513900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10647758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10647758
http://www.biomedcentral.com/1471-2261/7/2/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Analysis
	Ethical considerations

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

