
hronic heart failure (CHF) is a leading cause of mor-
tality in most developed countries.1 The prognosis
of CHF patients is still poor despite the recent

progress in treatment from both the pharmacological and
non-pharmacological aspect. Furthermore, ongoing rapid
aging of populations in westernized countries will increase
the number of CHF patients. The Japanese population has
also been aging rapidly over the past few decades. The per-
centage of the population aged 65 years or older was 19.9%
in 2005 and is expected to reach almost 30% by 2030.2
Japanese physicians urgently need an effective treatment
strategy to improve the prognosis of elderly CHF patients
and effective measures to prevent the development of con-
gestive heart failure in these patients. Other developed
countries, including the United States, will experience the
same problem of aging in the near future.

Guidelines for CHF treatment have been developed based
on accumulating scientific evidence obtained in randomized
controlled trials with thousands of patients, but the entry

Circulation Journal   Vol.72, December 2008

criteria usually exclude minorities such as females or elder-
ly patients.3 Most female CHF patients are elderly and many
of those are categorized as CHF with preserved systolic
function, for which there is currently no ideal treatment.
These patients have many comorbidities and unsolved treat-
ment problems, and CHF in female patients is an emerging
serious problem that we have to manage urgently. In our
previous reports we have already noted that the sex differ-
ence was not significantly associated with the mortality of
patients with CHF,4,5 but there is still insufficient investiga-
tion of female CHF patients in Japan. Thus, the present
study was designed to evaluate the current characteristics
and prognosis of Japanese female patients with CHF in a
CHF cohort, termed the Chronic Heart Failure Registry and
Analysis in the Tohoku District (CHART) Study.4,5

Methods
The CHART Study and the Study Population

The CHART Study is a prospective cohort of CHF pa-
tients that was started in February 2000 in cooperation with
26 affiliated hospitals in the Tohoku region, located in the
northeastern area in Japan.4,5 Patients were registered in the
cohort when at least 1 of the following 3 criteria was ful-
filled: (1) certain organic heart diseases in which the echo-
cardiographic left ventricular ejection fraction (LVEF) was
50% or less, (2) organic heart disease in which the echocar-
diographic left ventricular (LV) end-diastolic dimension was
55mm or more, or (3) organic heart disease and a docu-
mented history of clinical congestive heart failure defined
by the Framingham criteria.6 We performed annual follow-
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up surveys. Most patients usually visited the outpatient
clinic of the 26 hospitals. We also conducted a telephone
survey to minimize the drop out rate in cases of patients
who changed their addresses. The 1-, 2-, and 3-year follow-
up rates were 97.4%, 93.0%, and 87.4%, respectively.4 The
endpoint of this study was the all-cause mortality and hospi-
tal admission for a cardiovascular cause was also recorded.
The major outcome and other details of the CHART Study
have previously been reported.4,5 Of 1,278 CHF patients
who were registered in the CHART Study, the study popu-
lation consisted of 1,166 symptomatic CHF patients with
sufficient data.

Data Analysis
Comparisons of the baseline characteristics of male and

female patients were performed using unpaired t-test or
chi-square test. Numerical data are presented as the mean
value±standard deviation (SD). Cumulative survival curves
were constructed by the Kaplan-Meier method and the dif-
ference between the curves was evaluated for significance
using the log-rank test. Multivariate Cox regression analy-
sis was used to estimate the factors that were significantly
associated with the prognosis of the study population. The

endpoint of the analysis was a composite event of admis-
sion because of congestive heart failure and all-cause mor-
tality. The selection of covariates was performed using the
backward stepwise method. The covariates evaluated in the
model were age ≥75 years, anemia as defined by the WHO
criteria, atrial fibrillation, diabetes, dyslipidemia, LVEF
<50%, history of congestive heart failure, hypertension,
ischemic etiology of CHF, serum creatinine level, the use of
angiotensin-converting-enzyme inhibitors (ACEI) or angio-
ntensin II receptor blockers (ARB), the use ofβ-blockers,
and ventricular tachycardia. The association between disuse
of CHF medication and patients’ background factors was
evaluated using multivariate logistic regression analysis.
The covariates included in the model were age, anemia,
atrial fibrillation, body mass index, diabetes, diastolic blood
pressure, dyslipidemia, ejection fraction (EF), female sex,
history of admission because of congestive heart failure,
hypertension, ischemic etiology of CHF, New York Heart
Association functional class, serum creatinine level, systolic
blood pressure, and ventricular tachycardia. The selection
of covariates was performed using the backward stepwise
method.

All statistical analyses were performed using SPSS 15.0J

Male Female p value

n 749   417   
Age (years) 66.3±13.7 72.2±12.0 <0.001
    ≥75 years (%) 28.1   46.6 <0.001
Follow-up period (years) 3.3±1.6 3.1±1.7 NS
NYHA class 2.0±0.6 2.1±0.6 <0.05  
BMI (kg/m2) 23.3±3.9  22.3±3.9  <0.05  
    BMI <18.5 kg/m2 (%)     6.6   15.1 <0.01  
Blood pressure (mmHg)
    Systolic 126.1±19.2  126.9±18.8  NS
    Diastolic 72.3±10.8 70.2±11.2 <0.05  
Heart rate (beats/min) 74.5±14.1 75.4±14.9 NS
LV end-diastolic dimension (mm) 58.1±9.2  52.8±10.0 <0.01  
LVEF (%) 47.2±14.9 52.2±17.0 <0.001
    ≥50% (%)   39.3   53.1 <0.05  
Etiology of CHF (%) <0.001
    Ischemic cardiomyopathy   28.0   17.0
    Valvular heart disease   22.0   34.1
    LV hypertrophy   13.4   16.5
    Nonischemic cardiomyopathy   31.5   25.4
Medical treatment (%)
    ACEI/ARB   74.7   61.7 <0.001
    β-blocker   32.1   20.2 <0.001
    Diuretics   78.7   82.5 NS
    Digitalis   47.3   50.1 NS
    Calcium antagonist   30.4   29.8 NS
    Nitrate   17.0   15.3 NS
    Antiarrhythmic   18.3   17.3 NS
Medical history
    Hypertension (%)   38.9   41.0 NS
    Diabetes (%)   18.7   19.4 NS
    Dyslipidemia (%)   16.3   14.9 NS
    Atrial fibrillation (%)   40.3   37.2 NS
    Ventricular tachycardia (%)   18.6   13.9  0.05
    Admission for congestive heart failure (%)   74.8   80.3 <0.05  
Hemoglobin (g/dl) 13.6±2.2  12.0±1.9  <0.001
    Anemia (%)   35.5   48.1 <0.01  
Serum creatinine (mg/dl) 1.1±0.8 1.0±0.8 <0.05  
    GFR (ml ·min–1·1.73 m–2) 60.0±35.2 60.4±33.4 NS
B-type natriuretic peptide (pg/ml) 244±332 313±360 <0.05  

Table 1 Baseline Characteristics of Patients

NYHA, New York Heart Association; BMI, body mass index; LV, left ventricular; LVEF, LV ejection fraction; CHF, chronic heart 
failure; ACEI, angiotensin-converting-enzyme inhibitor; ARB, angiotensin II receptor blocker; GFR, glomerular filtration rate 
calculated by the Cockcroft-Gault equation.
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for Windows (SPSS, Chicago, IL, USA) and statistical sig-
nificance was defined as a p-value less than 0.05.

Results
Baseline Characteristics and Characteristics of Female 
CHF Patients

Mean follow-up period was 3.2±1.6 years and female
patients accounted for 35.8% of the study population.
Baseline characteristics of the CHF patients are shown in
Table1. The mean age of the female patients at the entry
was significantly older than that of the male patients (72.2±
12.0 vs 66.3±13.7 years). The prevalence of patients aged
75 years or older was 46.6% in the females and 28.1% in the
males (p<0.001). Fig1 shows the frequency of CHF patients
by age and sex. Patients aged 79 years or younger were
more frequently male; however, patients aged 80 years or
older were relatively more often female. Female patients
had significantly more different etiologies of CHF com-
pared with male patients (Table 1). Valvular heart disease
and LV hypertrophy were more frequently observed in
female patients, whereas ischemic cardiomyopathy was a
significantly less common etiology of CHF. More than half
of the female patients had LVEF ≥50% and the mean LVEF
was significantly higher in female patients than in male pa-
tients (Table1: 52.2±17.0 vs 47.2±14.9%, p<0.001). Medi-
cation for CHF in the study population is shown in Table1.
The overall usage rates of ACEI, ARB, andβ-blockers were
surprisingly low at the entry of patients. Furthermore, sex-
related differences in the prescribed CHF medications were
noted for ACEI/ARB, andβ-blockers.

Prognosis of Female CHF Patients
Unadjusted survival analyses using the Kaplan-Meier

method were performed to evaluate the prognosis of female
CHF patients using 2 endpoints: (1) composite event of all-
cause mortality plus admission because of congestive heart
failure and (2) composite event of cardiac-cause mortality
plus admission because of congestive heart failure. These
analyses clearly showed significantly increased crude event
rates in female CHF patients during the follow-up period
(Fig2).

Prognostic Risks in Female and Male CHF Patients
Separate multivariate Cox regression analyses were also

performed for the female (Table2) and male (Table3) pa-
tients to seek the factors associated with the composite event
of admission because of congestive heart failure and all-
cause mortality. Older age, diabetes, ventricular tachycardia,
and anemia were significantly associated with the com-
posite endpoint in both male and female patients. Reduced
LVEF was a significant prognostic predictor in male pa-
tients; however, the significant association between LVEF
and the composite endpoint was lost in female patients
(Table2).

Factors Associated With Disuse of the Authorized CHF 
Treatment

We constructed multivariate logistic regression analyses
to examine which factors were related to disuse of standard
CHF medical treatments such as ACEI/ARB andβ-blockers.
Initial analysis was performed using the overall study popu-
lation and then we also separately analyzed the relationship
between such disuse of medication and background charac-
teristics in female and male patients. When using the overall

Fig2. Unadjusted survival analyses of patients with chronic heart
failure by sex. Endpoint: (a) composite event of all-cause mortality
plus admission because of congestive heart failure, and (b) composite
event of cardiac-cause mortality plus admission because of conges-
tive heart failure.
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patient group, there was a significant association between
the disuse of ACEI/ARB and renal insufficiency, elderly
patients, and absence of hypertension (Table 4). Similarly,
the disuse ofβ-blockers was significantly associated with
elderly patients. Importantly, these analyses in the overall
study population did not show a significant relationship
between sex and disuse of standard CHF treatment. When
only female patients were included in the analysis, renal
insufficiency, absence of hypertension, and higher LVEF
were associated with disuse of ACEI/ARB, and elderly pa-
tients and non-ischemic etiology were associated with disuse
ofβ-blockers. When only male patients were included, the
significant association between disuse of standard CHF
medications and elderly patients was also observed, but such
an association was lost in female patients regarding the use
of ACEI/ARB (Table 4).

Discussion
We clarified the characteristics of female CHF patients

in our CHART cohort study. The major findings of the
present study are as follows: (a) elderly patients, CHF with
preserved systolic function, and non-ischemic etiology of
CHF were frequently observed among the female patients,
(b) the penetration rate of standard CHF treatment, such as
ACEI/ARB andβ-blockers, was relatively low in female pa-
tients, (c) although the sex difference was not a significant
prognostic factor as presented in our previous study,4,5 the
crude incidence rates of cardiovascular events were appar-
ently higher in female patients after study entry, and (d)
most of the characteristics exclusively observed in female
patients may originate in the dominance of female patients
in the elderly. These findings suggest an emerging problem
of female CHF patients because the population in most de-
veloped countries is rapidly aging, with a resultant increase
in the number of CHF patients.

Sex Difference and the Prognosis of CHF Patients
Cardiovascular disease is the second leading cause of

death in Japan. Many retrospective studies suggest that there

are some clinically relevant differences between female and
male patients in terms of prevalence, appearance, manage-
ment and prognosis of the disease. For instance, women
with atrial fibrillation have a greater risk of stroke than men
with atrial fibrillation and women with diabetes have a sig-
nificantly higher mortality from cardiovascular disease than
men with diabetes.7,8 However, little is known of the reasons
why cardiovascular disease affects female and male indi-
viduals differently.

The impact of sex differences on the prognosis of CHF
patients is still controversial. Several observational studies
and subanalyses of randomized controlled trials have re-
ported that female patients have a better prognosis than
male patients.9–16 The most recent report using the popula-
tion of the CHARM Program showed that fewer women
(30.4%) than men (33.3%) experienced cardiovascular
death or heart failure hospitalization during the study period
and that this prognostic advantage in females was main-
tained after adjustment for other background variables in-
cluding age.17 In contrast to those findings, there are several
reports that describe a comparable prognosis between male
and female CHF patients.18–20 Furthermore, the SOLVD
study revealed that male patients have a significantly better
prognosis than female patients.21 Although our previous
study failed to show that the sex-difference was a significant
predictor of all-cause mortality,4,5 in the present study the
unadjusted survival analyses constructed by Kaplan-Meier
method showed that the crude event rates of the combined
outcomes in female patients were apparently higher com-
pared with male patients in a real clinical setting (Fig2).
The reason for these inconsistent results remains unknown;
however, different background factors of the study popula-
tions may have influenced the results, because the sex is
not a factor that can be randomized and the adjustment by
multivariate analysis may not be perfect to eliminate the
influence of confounding factors such as the etiology of
heart failure and the age of patients. We speculate that the
high proportion of elderly population in female patients in
the present study is the main reason for the apparently poor
prognosis in female CHF patients.

Covariate Hazard ratio (95%CI) p value

Age≥75 years 2.012 (1.461–2.771) <0.001   
Diabetes 1.638 (1.141–2.352) 0.007
Ventricular tachycardia 1.522 (1.017–2.276) 0.041
Anemia 1.399 (1.019–1.921) 0.038

Table 2 Results of Multivariate Cox Regression Analysis: Factors 
Associated With Composite Endpoint of Admission for Congestive 
Heart Failure and All-Cause Mortality in 379 Female Patients

CI, confidence interval.

Covariate Hazard ratio (95%CI) p value

Age ≥75 years 2.264 (1.761–2.911) <0.001   
Anemia 1.855 (1.454–2.366) <0.001   
Ventricular tachycardia 1.536 (1.173–2.011) 0.002
LVEF <50% 1.391 (1.077–1.798) 0.012
Diabetes 1.357 (1.003–1.837) 0.048

Table 3 Results of Multivariate Cox Regression Analysis: Factors 
Associated With Composite Endpoint of Admission for Congestive 
Heart Failure and All-Cause Mortality in 668 Male Patients

Abbreviations see in Tables 1,2.

Table 4 Results of Multivariate Logistic Regression Analysis: Factors Associated With Disuse of CHF Medication

Medication Covariate
Overall Female Male

OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value

ACEI/ARB Serum creatinine (mg/dl) 1.336 (1.046–1.707)  0.02 2.009 (1.071–3.769)  0.03
Age (years) 1.030 (1.013–1.047) <0.001 1.036 (1.014–1.058) 0.001
Hypertension 0.496 (0.326–0.754)  0.01 0.289 (0.135–0.618)    0.001
LVEF (%) 1.026 (1.005–1.048)  0.02

    β-blocker Age (years) 1.041 (1.025–1.057) <0.001 1.081 (1.046–1.116) <0.001 1.030 (1.012–1.049) 0.001
Ischemic etiology 0.312 (0.121–0.805)  0.02

OR, odds ratio. Other abbreviations see in Tables 1,2.
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Prognostic Risks in CHF Patients
There have been many investigations of the prognostic

predictors in patients with CHF, including our previous re-
ports.4,5 The present study results suggest that reduced LVEF
may not be associated with the prognosis of female CHF pa-
tients. The real mechanism of such sex-specific difference
is unknown; however, the higher incidence of patients with
preserved LVEF among females may be a reason. Bhatia et
al have reported that CHF patients with preserved EF are
more likely to be older and female, and the adjusted 1-year
mortality was similar between patients with LVEF <50%
and those with LVEF ≥50%.22 Owan et al also reported that
survival did not improve over time for CHF patients with
preserved EF, despite recent progress in CHF treatment.23

Characteristics of Female CHF Patients
Previous studies have demonstrated that female CHF pa-

tients are characterized by the following: (1) many of them
are elderly, (2) LV systolic function is preserved in many pa-
tients, and (3) non-ischemic etiology of CHF is frequent.11–21

The present findings are consistent with those results. We
also found that cachexia was frequent among the female
patients, and the usage rates of standard CHF medications
were lower. Most of the profiles observed in the female CHF
patients were considered to be characteristics commonly
found in elderly CHF patients.

CHF Treatment in Female Patients
Female CHF patients in the present study showed the

lower usage rates of standard CHF treatments such as
ACEI/ARB orβ-blocker (Table1). Previous reports showed
that the association between sex and reduced prescription
rates of evidence-based cardiovascular medications was in-
consistent, as with heart failure; however, there was a strong
decline in ACEI andβ-blocker prescription with increasing
age in most studies.24–27 Masoudi et al reported that under-
use of ACEI was commonly observed in elderly patients
with CHF and they also revealed that patient, physician, and
hospital factors were not strongly associated with underuse
of ACEI/ARB, except for serum creatinine level.28

Several investigators have reported possible reasons for
the underuse of standard treatment in CHF patients. Komajda
et al showed that the low prescription rates of ACEI and
β-blockers could be explained by the several factors: (1)
underestimation of the poor prognosis of CHF patients, (2)
underestimation of the benefit of such CHF treatment, (3)
concerns about the potential adverse reactions, (4) elderly
population, who are commonly CHF patients, tend to have
many comorbidities such as asthma, pulmonary disease, dia-
betes, and stroke, (5) the etiology of the CHF might influ-
ence the prescription rate, (6) the medical specialty, such as
cardiology or general practice, may influence the prescrip-
tion rate, and (7) the high proportion of CHF patients with
preserved LVEF, often because of hypertension, may be
treated by calcium-channel blockers rather than the recom-
mended CHF drugs.29 The underuse of such CHF treatment
was significantly associated with age in our analysis using
the overall population (Table 4). The analysis using only
female patients revealed that disuse of ACEI/ARB was
significantly associated with renal dysfunction and pre-
served LVEF, but was not associated with elderly patients.
The reason of this inconsistency remains unknown, but we
speculated the following: (1) physicians were reluctant to
prescribe ACEI/ARB in female CHF patients with renal
dysfunction or preserved LVEF regardless of whether they

were elderly or not, (2) because both renal dysfunction and
preserved LVEF were frequently observed in elderly pa-
tients, these factors might have acted as confounding varia-
bles in our multivariate model.

Aging Society and Female CHF Patients
For the past 3 decades, Japanese people have been en-

joying the longest life expectancy, 79.0 years in males and
85.8 years in females.30 The most important contributory
factor in the longevity of Japanese people is the reduced
death rate in the elderly population,31 which suggests an
explosive increase in the number of elderly CHF patients in
the near future in Japan. The most evident characteristic of
the female CHF patients in the present study was older age,
which might cause many of the other characteristics of
female CHF patients. Female and elderly would be the com-
mon profile of future CHF patients, in whom we still need
scientific evidence for the effective treatment of CHF and
the prevention of congestive heart failure.

Study Limitations
In the multivariate Cox regression model used in the

present study, 38 female patients and 81 male patients were
excluded because of missing baseline data, which might
have influenced the correct analysis of the difference be-
tween female and male CHF patients. The percentage of
female patients who had coronary angiography before the
entry might be different from that of male patients. Because
our CHF cohort has no baseline data regarding coronary
angiography, our diagnosis of ischemic heart disease may
be not perfect in a small number of patients. This possible
misdiagnosis of ischemic heart disease might influence the
findings. Our CHF cohort did not include data regarding ex-
ercise tolerance in patients with CHF, which is considered
to be an important prognostic predictor in these patients.
Furthermore, the results cannot be extrapolated to the gen-
eral population or patients with noncardiovascular diseases
because the study population was a subpopulation of a
cohort of CHF patients.

Conclusion
Most developed countries are currently rapidly aging with

a resultant explosive increase in the number of CHF patients,
many of whom are elderly and female, which is a group
that has not been enrolled in randomized controlled trials.
We urgently need scientific evidence in order to improve
the prognosis and quality of life for these patients.
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