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breakthrough phenomenon. In contrast with PRA, plasma
aldosterone was not a risk factor for worse prognosis in the
present patients (data not shown), as in past studies.” The
precise reason for the discrepancy in prognostic ability between
PRA and plasma aldosterone concentration in patients with
ADHEF treated with RAS inhibitors is unclear. One intriguing
hypothesis is that renin itself may play a role in the develop-
ment of HF via renin receptor-mediated pathways independent
of the classical RAS.?7:28

Some earlier studies reported the clinical significance of
plasma active renin concentration (PARC) instead of PRA in
HF patients. One study showed that PARC was superior to
PRA in predicting outcome. In that study, patients with pre-
served EF (245%) or renal failure (serum creatinine >2.0mg/dl)
were excluded, but such patients were included in the present
study. In the present study we did not measure PARC. There-
fore, further studies are needed to investigate whether PRA or
PARC is a better biomarker for survival.

In the NARA-HF 2 study, as described here, PRA
>2.0ng-ml-1-h-! was not significantly associated with poor
prognosis in patients who had not been treated with RAS
blockers, not consistent with previous work reported in the
1970s-1990s. At that time therapy with S-blockers as well as
RAS blockers was not accepted as an effective therapy for HF.
In the present study approximately 20% of patients had been
treated with -blocker, although they had not been treated with
RAS blockers. Moreover the RAS blocker and f3-blocker treat-
ment was started during hospitalization and continued after
discharge. It is possible that these factors more strongly affect
the prognosis.

Study Limitations

There are several limitations to this study. The major limita-
tion is that the sample size was moderate, the study was retro-
spective in nature, and it was based at a single center. We did
not collect data on variables that can potentially influence
prognosis in ADHF, such as respiratory function and QRS
complex width on admission. We could not compare the doses
of ACEI or ARB between the 2 groups because there are no
official dose conversion formulas for RAS inhibitors.

With respect to PRA, there were also some limitations.
First, it is generally recommended that PRA is measured while
in the supine position for >30min, but the supine position
might have exacerbated HF in the present patients with emer-
gency admission for ADHF. Therefore, most blood samples
were not obtained after 30min at rest. Second, we did not
collect data on factors that could influence PRA, such as sym-
pathetic activity and intravascular volume depletion, because
we had no data on catecholamine level or serum osmolality.

Conclusions

PRA is associated with increased risk for all-cause and cardio-
vascular mortality in ADHF patients on RAS inhibitors, sug-
gesting that PRA is a useful biomarker in ADHF.
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ORIGINAL ARTICLE

Heart Failure

Left Ventricular Ejection Fraction (EF) of 55% as Cutoff for
Late Transition From Heart Failure (HF) With Preserved

EF to HF With Mildly Reduced EF

Tomoya Ueda, MD; Rika Kawakami, MD; Taku Nishida, MD; Kenji Onoue, MD;
Tsunenari Soeda, MD; Satoshi Okayama, MD; Yukiji Takeda, MD; Makoto Watanabe, MD;
Hiroyuki Kawata, MD; Shiro Uemura, MD; Yoshihiko Saito, MD

Background: Heart failure (HF) with preserved (HFpEF) left ventricular ejection fraction (LVEF) is a syndrome with
complex pathophysiology. Little is known about changes in LVEF that occur over time in HFpEF patients. A funda-
mental clinical question about HFpEF is whether HFpEF is an early manifestation of HF with reduced LVEF (HFrEF).
If so, which patients with HFpEF are likely to show a decline in LVEF to less than 50%? The aim of the present study
was to examine longitudinal changes in LVEF in patients with HFpEF.

Methods and Results: Among 279 consecutive HFpEF patients admitted as emergencies, we examined 100 who
underwent echocardiography at least 1 year after discharge. EF >50% was used as the definition of HFpEF. During
a mean duration from hospitalization to follow-up echocardiography of 31.5 months, 11% of patients had LVEF <50%
(mildly reduced LVEF), known as mildly reduced (HFmrEF). The utility of LVEF during hospitalization to predict
HFmrEF was assessed with receiver-operating characteristic curve analysis. A cutoff value of 55% had sensitivity
of 90.9% and specificity of 97.7%. Logistic regression analysis indicated that LVEF <55% and ischemic etiology were
strong predictors of progression from HFpEF to HFmrEF (odds ratio [OR] 435, 95% confidence interval [Cl] 52.65—
10,614, P<0.0001 and OR 10.9, 95% CIl 2.60-74.80, P=0.0007, respectively).

Conclusions: The present study suggests that HFpEF patients with LVEF <55% may progress to HFmrEF in the

future. (Circ J 2015; 79: 2209-2215)

Key Words: Cutoff value; Echocardiography; Heart failure; Left ventricular ejection fraction

worldwide. Until now, most large clinical studies

have targeted HF with reduced (HFrEF) left ven-
tricular ejection fraction (LVEF).!* However, HF with pre-
served LVEF (HFpEF) has recently gained attention because
many large clinical studies have demonstrated that half of HF
patients have HFpEF*7 and they have a similar poor prognosis
as those with HFrEF 31! even though various lines of evidence
suggest that the pathophysiology of HFpEF is different from
that of HFrEF.

H eart failure (HF) is an important public health issue

Editorial p2108

HFpEF is a complex syndrome, of which the molecular
mechanisms and clinical characteristics remain unclear. Recently,
some studies'>!* have reported changes in LVEF that occur
over time in patients with HFpEF; a substantial number of

patients with HFpEF showed a decline to LVEF <50%. How-
ever, it is unclear which patients with HFpEF are more likely
to show such a decline. In this context, we performed a longi-
tudinal assessment of LVEF based on echocardiography in
patients with acute decompensated HF (ADHF) in the Nara
Registry and Analyses for Heart Failure 2 (NARA-HF 2
Study) cohort study.

Methods

Study Population and Data Collection

The NARA-HF 2 Study recruited 611 consecutive patients
admitted as emergencies with documented ADHF (either acute
new-onset or acute-on-chronic HF) between January 2007 and
December 2012.14-16 The diagnosis of HF was based on the
Framingham criteria.!” The study population included both
HFrEF and HFpEF patients, but patients with acute myocar-
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Table 1. Baseline Characteristics of Patients Admitted With Acute Decompensated HF in the NARA-HF 2
Study
Total 50%<LVEF<55% LVEF >55% Pyalie
(n=100) (n=13) (n=87)
Demographic
Age, years 70.3+12.1 69.2+12.8 70.5+12.0 0.8056
Female, % 48.0 385 49.4 0.4605
Body mass index, kg/m? 24.2+4.0 25.5+4.3 24.0+3.9 0.2699
Etiology of HF, %
Ischemic 35.0 84.6 27.6 <0.0001
Valvular 15.0 7.7 16.1 0.4289
Hypertensive 10.0 0.0 11.5 0.1976
Hypertrophic cardiomyopathy 6.0 0.0 6.9 0.3288
Medical history, %
Hypertension 85.0 84.6 85.1 0.9668
Diabetes mellitus 53.0 61.5 51.7 0.5084
Dyslipidemia 40.0 38.5 40.2 0.8528
Old myocardial infarction 19.0 53.9 13.8 0.0006
Atrial fibrillation 33.0 231 345 0.4146
Procedures, %
PCI 23.0 53.9 18.4 0.0046
CABG 3.0 0.0 3.5 0.4966
NYHA class on admission, %
llor IV 78.0 76.9 782 0.9200
Vital signs at discharge
SBP, mmHg 121.5+17.0 117.1211.2 122.2+17.7 0.3563
Heart rate, beats/min 68.9+9.4 71.245.9 68.6+9.8 0.2435
Laboratory data at discharge
Hemoglobin, g/dl 11.0+1.9 10.9+1.4 11.1x2.0 0.8922
eGFR, ml/min/1.73m?* 32.5 (12.4-58.3) 25.6 (11.0-46.2) 35.4 (12.4-58.4) 0.3822
Sodium, mEq/L 138.9+3.4 139.1+4.9 139.8+3.5 0.5005
Plasma BNP, pg/ml* 191 (131-348) 347 (206-536) 184 (122-324) 0.0524
Medication at discharge, %
ACE inhibitor or ARB 80.0 69.2 81.6 0.2980
B-blocker 39.0 46.2 37.9 0.5707
MR blocker 20.0 15.4 20.7 0.6466
Diuretic 78.0 76.9 78.2 0.9203

*Data are shown as percentage, meanz+standard deviation, or median (interquartile range). ACE, angiotensin-
converting enzyme; ARB, angiotensin-receptor blocker; BNP, B-type natriuretic peptide; CABG, coronary artery
bypass grafting; eGFR, estimated glomerular filtration rate; HF, heart failure; LVEF, left ventricular ejection fraction;
MR, mineralocorticoid receptor; NARA-HF 2 Study, the Nara Registry and Analyses for Heart Failure 2; NYHA, New
York Heart Association; PCI, percutaneous coronary intervention; SBP, systolic blood pressure.

dial infarction (AMI), acute myocarditis, and acute HF with
acute pulmonary embolism were excluded.

The NARA-HF Study 2 included 279 patients with LVEF
>50%. We analyzed data from 100 patients who underwent
follow-up with echocardiography at least 1 year after discharge.
The remaining 179 patients were not enrolled in the present
investigation: 15 patients died in the hospital during the emer-
gency admission, 55 patients died within 1 year of discharge,
7 patients were lost to follow-up, and 102 patients were not
able to undergo follow-up echocardiography in at the study
hospital. None of the 100 patients had severe valvular disease
(aortic or mitral stenosis or regurgitation) or developed new-
onset AMI during the follow-up period. For each patient,
baseline data included age, sex, body mass index (BMI), HF
etiology, medical history, as well as vital signs, laboratory data,
medications, and echocardiography results during hospitaliza-
tion and at follow-up.

Circulation Journal

The study was approved by the Ethics Committee of Nara
Medical University, and written informed consent was given
by all patients according to the Declaration of Helsinki Ethical
Principles for Medical Research Involving Human Subjects.

Definitions

Using echocardiography, we measured LVEF at admission
and at follow-up at least 1 year after discharge. We adopted
the generally accepted criteria of LVEF >50%%1218 as the
definition for HFpEF in this study. Receiver-operating charac-
teristic (ROC) curve analysis was performed on LVEF data
obtained during hospitalization to define a cutoff for predict-
ing LVEF <50% at follow-up.

Echocardiography
All echocardiography was performed at Nara Medical Univer-
sity Hospital. For each patient, echocardiograms obtained

Vol.79, October 2015
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during hospitalization and at follow-up (at least 1 year after
discharge) included measurements of LV end-diastolic dimen-
sion (LVEDD), LV end-systolic dimension (LVESD), LV
end-diastolic volume (LVEDV), LV end-systolic volume
(LVESV), left atrial dimension (LAD), interventricular septal
(IVS) and LV posterior wall (LVPW) thickness by 2D echo-
cardiography or M-mode. LVEF assessment was based on 2D
echocardiography using the quantitative 2D biplane volumet-
ric Simpson method from 4- and 2-chamber views. LV hyper-
trophy (LVH) was defined as IVS and LVPW thicknesses
>12mm. If there echocardiography was performed multiple
times during the hospitalization, we used the data from the
examination performed closest to discharge, because data
immediately after admission might be incorrect because of
tachycardia or inadequate positioning. All measurements were
calculated separately by 1 echocardiologist and 1 expert sonog-
rapher. The variation in measurements between the 2 investi-
gators was 3.1% in the present study.

Statistical Analysis

Continuous variables are expressed as mean tstandard devia-
tion or median (interquartile range [IQR]), and between-group
differences were compared using Student’s t-test. Categorical
variables were summarized as percentages and analyzed using
the chi-square test. To evaluate the progression from HFpEF
to HFrEF, results are reported as odds ratio (OR), 95% confi-
dence interval (CI), and P values using logistic regression.
JMP version 10 for Windows (SAS Institute Inc, Cary, NC,
USA) was used for all statistical analyses. P<0.05 was consid-
ered statistically significant.

Results

Baseline Characteristics of the Study Patients

The mean duration between echocardiography during hospi-
talization for ADHF and follow-up echocardiography was
31.5 months. During this interval, LVEF fell to <50% in
11.0% (n=11) of patients. The mean age at hospital admission
was 70.3112.1 years, and 48.0% of the patients were women.
Regarding the etiology of HF, 35.0 % of patients had ischemic
causes, 15.0% had valvular causes, 10.0% had hypertensive
heart disease, and 6.0% had hypertrophic cardiomyopathy.
The New York Heart Association (NYHA) function class on
admission was IIl or IV in 78.0% of patients. The median
(IQR) plasma B-type natriuretic peptide concentration at dis-
charge was 191 (131-348) pg/ml (Table 1).

Changes in LVEF

The mean LVEF was 67.0£9.2% during hospitalization and
67.4111.1% at follow-up. During the follow-up period, LVEF
decreased in 50.0% of patients (n=50), increased in 45.0%
(n=45), and did not change in 5.0% (n=5). The median annual
change in LVEF was —0.1%, with 25% and 75% percentiles
of -1.9% and +2.6%, respectively. Among patients with a
decline in LVEF from hospitalization to follow-up, LVEF
decreased to below 50% in 11 patients. Based on ROC curve
analysis for LVEF <50% at follow-up, the area under the ROC
curve was 0.9893. The LVEF cutoff value was 55%, with
sensitivity of 90.9% and specificity of 97.7% (Figure 1).

As shown by the distribution of LVEF during hospitaliza-
tion and follow-up (Figure 2), 10 of 11 patients with LVEF
<50% at follow-up had LVEF between 50% and <55% during
hospitalization. Consequently, the proportion of patients with
50%<LVEF<55% decreased dramatically, from 13.0% during
hospitalization to 4.0% at follow-up. Only 1 of 87 patients

Progress to HFrEF

Sensitivity

20+ AUC = 0.9893
10— P=0.0046

O+rT1TrrrrTrrTTTTT T
0 20 40 60 80 100

100-Specificity

Figure 1. Receiver-operating characteristic curve analysis
for progress to heart failure with mildly reduced ejection frac-
tion (HFmrEF). At the optimal cutoff of left ventricular EF 55%,
sensitivity was 90.9% and specificity was 97.7%. The area
under the curve (AUC) was 0.9893.

with LVEF>55% during hospitalization had a follow-up LVEF
<50%.

Comparison of Clinical Characteristics of Patients With
50%<LVEF<55% and LVEF >55%

To identify other clinical predictors of LVEF <50% during
follow-up, we compared the baseline clinical characteristics
of patients with 50%<LVEF<55% with those with LVEF
>55% (Table 1). Age, BMI, and the proportion of females
were similar in both groups. With regards to HF etiology, the
proportion of patients with ischemic causes was significantly
higher in patients with 50%<LVEF<55% compared with
patients with LVEF>55%. The prevalence of old MI was
significantly higher in patients with 50%<LVEF<55% than in
patients with LVEF>55%. There were no significant differ-
ences in the prevalence of comorbidities other than old MI
between the 2 groups. NYHA functional class was similar.
Systolic blood pressure and heart rate at discharge were simi-
lar in both groups. There were also no significant differences
in laboratory findings or medications at discharge.

Table 2 shows the echocardiographic parameters. The
mean follow-up duration in both groups was similar. There
was a significant difference in the annual change in LVEF
between patients with 50%<LVEF<55% and LVEF >55%.
LVEDD and LVESD were significantly higher in patients
with 50%<LVEF<55% than in patients with LVEF >55%
at both measurement points. Regarding LV volume, both
LVEDYV and LVESV were significantly larger in patients with
50%<LVEF<55% than in patients with LVEF >55% during
hospitalization as well as at follow-up. In patients with LVEF
>55%, LVEDV and LVESV were unchanged during hospital-
ization to follow-up, but LVEDV increased by 10.1% and
LVESYV by 28.6% in patients with 50%<LVEF<55%. LAD
and the prevalence of LVH were similar between the 2 groups
(data not shown).

Circulation Journal Vol.79, October 2015
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Echocardiographic parameter (::1[33)
Time to follow-up echocardiography, months 31.5+17.0
LVEF during hosp, % 67.0+9.2
LVEF at follow-up, % 67.4+11.1

LVEF change per year, %*
LVEDD during hosp, mm
LVEDD at follow-up, mm
LVEDD change per year, ml
LVESD during hosp, mm
LVESD at follow-up, mm
LVESD change per year, ml
LVEDV during hosp, ml
LVEDV at follow-up, ml
LVEDV change per year, ml
LVESV during hosp, ml
LVESV at follow-up, ml
LVESV change per year, ml

49.6+7.7
49.4+6.5

33.1+£7.2
32.4+6.6

71.9+31.4
70.3+34.4

24.9+15.3
24.9+20.3

-0.1 (-1.9to +2.6)

0.0 (-1.4to +1.6)

0.0(-1.6t0+1.2)

-0.5(-5.6 to +8.0)

+0.1 (-2.7 to +2.9)

Table 2. Comparison of Echocardiographic Parameters Between HF Patients With 50%<LVEF<55% or LVEF >55%

o < EE 5
50 /o<(|l.1\£$:::)_55 % LV(IiF= ;%5 % Bl
37.3+16.6 30.6+17.0 0.1426
51.9+1.9 69.247.5 <0.0001
46.0+4.1 70.647.7 <0.0001
-4.3(-6.0t0 -1.5) +0.5 (1.4 0 +2.7) <0.0001
55.4+6.1 48.8+7.5 0.0031
57.3+6.3 48.3+5.7 <0.0001

+0.3 (<0.4 10 +2.9) 0.0 (-1.51t0 +1.6) 0.1987
40.445.6 32.06.7 <0.0001
42.8+5.6 30.9+5.2 <0.0001

0.0 (-1.11t0 +2.2) 0.0 (-1.7 to +1.0) 0.2500
100.8+30.7 67.5+29.2 0.0006
111.4+48.9 64.2+27.2 <0.0001
+3.0 (7.0 to +10.4) -0.5 (5.4 t0 +8.0) 0.5610
49.3+16.1 21.2+11.3 <0.0001
62.1+28.4 19.3+11.0 <0.0001

+3.4 (2.0 10 +8.6) 0.0 (-2.8 10 +2.5) 0.0614

*Data are shown as percentage, mean +standard deviation or median (interquartile range). LVEF/LVEDV/LVESV change=change between
hosp and follow-up. EDD, end-diastolic dimension; EDV, end-diastolic volume; EF, ejection fraction; ESD, end-systolic dimension; ESV, end-

systolic volume; hosp, hospitalization; LV, left ventricular.

Next, we examined which factors were associated with the
transition of LVEF from >55% to <55%. As shown in Table 3,
50%<LVEF<55% during hospitalization and ischemic etiol-
ogy were strong predictive factors (OR 435, 95% CI 52.65—
10,614, P<0.0001 and OR 10.9, 95% CI 2.60-74.80, P=0.0007,
respectively). Other than these 2 factors, LVEDD, LVESD,
LVEDYV and LVESYV were significantly associated with pro-

gression to HF with mildly reduced EF (HFmrEF). Regarding
the change in LV volume from baseline to follow-up, the
annual change in LVESV was a predictor (OR 1.12, 95% CI
1.02-1.26, P=0.0232) but the change in LVEDV was not. In
contrast, none of age, sex and medications was associated with
progression to HFmrEF (Table 3).
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Tahle 3. Predictors of Progression From HF With Preserved EF to HF With Reduced EF

OR 95% CI P value
50%<LVEF<55% 435.0 52.65-10,614 <0.0001
Age, years 0.98 0.93-1.03 0.3696
Female sex 0.89 0.24-3.17 0.8577
HF of ischemic etiology 10.9 2.60-74.80 0.0007
LVEDD during hosp, mm 1.14 1.04-1.28 0.0066
LVESD during hosp, mm 1.15 1.05-1.28 0.0018
LVEDV during hosp, ml 1.04 1.01-1.06 0.0007
LVEDV change per year, mi 1.02 0.98-1.06 0.4224
LVESV during hosp, ml 1.16 1.09-1.28 <0.0001
LVESV change per year, mi 1.12 1.02-1.26 0.0232
ACE inhibitor or ARB at discharge 0.63 0.16-3.10 0.5368
B-blocker at discharge 1.35 0.36—4.81 0.6442
MR blocker at discharge 0.88 0.13-3.79 0.8717
Diuretic at discharge 1.35 0.36—4.81 0.6442

LVEDV/LVESV change=change between hosp and follow-up. Cl, confidence interval; OR, odds ratio. Other abbrevi-

ations as in Tables 1,2.

Discussion

HF is classified simply by LVEF into 2 (HFrEF and HFpEF)
or 3 (HFrEF, HF-borderline EF, and HFpEF) categories.?11920
As for HFpEF, both the European Society of Cardiology
(ESC) and the American College of Cardiology Foundation
(ACCF)/American Heart Association (AHA) guidelines state
that HFpEF is defined as LVEF >50%,182! but large clinical
trials on HFpEF have enrolled patients with LVEF >40% or
45%. Therefore, the definition of HFpEF is not still strictly
fixed, so we used LVEF >50% as the cutoff for HFpEF in the
present study. The present study results indicated that approx-
imately 10% of patients with HFpEF at baseline had a decline
in LVEF to less than 50% but above 40% after a mean follow-
up of 31.5 months. Thus, approximately 10% of patients change
from HFpEF to HFmrEF, or HF-borderline EF. It is unclear
from the present study whether these patients will further
progress to HFEF over a longer period of time.

The present study found LVEF of 55% as a cutoff for the
transition from HFpEF to HFmrEF with high sensitivity and
specificity based on ROC curve analysis. Although HFpEF is
commonly thought to represent diastolic dysfunction with
normal systolic function, through a more sensitive method,
LV strain, subtle impairment of LV systolic contractility was
recently already demonstrated in some patients with HFpEF.22.23
However, given that normal LVEF as measured is 64.9+4.9%**
by echocardiography and 61% in women and 55% in men by
MRI,? systolic function with LVEF<55% on echocardiogra-
phy is moderately reduced rather than normal. The ESC guide-
lines propose that patients with LVEF in the range of 35-50%
are in a “grey area” and most likely have primary mild systolic
dysfunction.!® However, this “grey area” might be wider.

The clinical syndrome of acute HF diagnosed by Framingham
criteria occurs in patients with any level of LVEF. Earlier
studies have demonstrated that there is a bimodal distribution
of LVEF among patients with acute HF, with a lower pro-
portion of patients with 40%<LVEF<55%.1226 Because the
present study enrolled only patients with LVEF >50%, LVEF
at baseline did not show a bimodal distribution, but in the
overall NARA-HF Study 2 there was a similar a bimodal
distribution (Figure S1).

The clinical characteristics of patients with SO%<LVEF<55%

%
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Figure 3. Change in left ventricular ejection fraction (LVEF)
from hospitalization to follow-up. The median change (inter-
quartile range) was —1.40% (-3.03 to +2.23) in patients with
ischemia and +0.90% (-1.31 to +2.65) in patients with heart

failure of non-ischemic etiology (P=0.0174).

were different from those with LVEF >55%. Consistent
with prior studies,®!>!3 there was a much higher proportion
of patients with ischemic etiology among patients with
50%<LVEF<55%. Ischemic etiology was a strong predictor
for transition from HFpEF to HFmrEF in the present study, as
reported previously.!>!3 In fact, the rate of LVEF decline was
much higher among patients with ischemic etiology than in
those with non-ischemic etiology (Figure 3). In addition, in
patients with 50%<LVEF<55%, LVEDV and LVESV during
hospitalization were larger than in patients with LVEF >55%,
and the percent increment of LVESV between the 2 echocar-
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diography examinations was much greater than that of LVEDV.
Thus, decline of LVEF in patients with 50%<LVEF<55% was
probably related to the increase in LVESV. These findings all
suggest that there are qualitative differences in the patho-
physiology and time course of LV dysfunction between
patients with LVEF >55% and those with LVEF <55%.

Patients whose LVEEF had fallen to below 50% at follow-up
were not confirmed as having a clinical episode of ischemic
disease during follow-up. Moreover, the proportion of read-
mission for worsening of HF during follow-up was similar in
patients with LVEF <50% at follow-up and those with LVEF
>50% at follow-up (45% and 36%, respectively, P=0.5427).
Also, in the univariate logistic regression analysis, readmis-
sion for worsening of HF was not a predictor of the decline in
LVEF. Therefore, it is unlikely that additional ischemic events
or worsening of HF during follow-up was the cause of the
decline in LVEF in this study.

Recently, some large randomized clinical trials in HFpEF
patients with various therapeutic agents such as angiotensin-
receptor blockers (CHARM-preserved, I-preserved),”?” and
mineralocorticoid receptor blocker (TOPCAT),? failed to show
beneficial effects of these drugs in HFpEF, although these
agents have been proven to effectively reduce cardiovascular
events in HFrEF. Of note, the inclusion criteria was LVEF
>40% for the CHARM-preserved study and LVEF >45% for
the I-preserved and TOPCAT studies; because a substantial
number of patients with “grey area” LVEF were included,
further analyses or subanalyses should be conducted with
consideration of this.

Study Limitations

The major limitations are that the sample size was small, the
study was retrospective in nature, and based at a single center.
Approximately half of potentially eligible subjects were
excluded for lack of echocardiography at follow-up, which
might be a potential source of bias. Furthermore, we did not
collect information on medications after discharge that can
potentially affect LVEF. These factors underscore the need for
future prospective studies of greater power, ideally controlled
for medication regimens, that could further elucidate the natu-
ral history of HFpEF.

Conclusions

The present study showed that HFpEF patients with LVEF
<55% were more likely to progress to HFmrEF in the future
than those with LVEF >55%. This finding provides insights to
the pathophysiology of HFpEF and suggests that patients with
ischemic disease, who show 50%<LVEF<55%, may actually
have HFrEF and not HFpEF. A large-scale prospective study
is necessary to confirm this hypothesis.
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Nakada Y, Kawakami R, Nakano T, Takitsume A, Nakagawa
H, Ueda T, Nishida T, Onoue K, Soeda T, Okayama S, Takeda Y,
Watanabe M, Kawata H, Okura H, Saito Y. Sex differences in
clinical characteristics and long-term outcome in acute decompen-
sated heart failure patients with preserved and reduced ejection frac-
tion. Am J Physiol Heart Circ Physiol 310: H813-H820, 2016. First
published January 8, 2016; doi:10.1152/ajpheart.00602.2015.—In pa-
tients with acute decompensated heart failure (ADHF), sex differences
considering clinical and pathophysiologic features are not fully un-
derstood. We investigated sex differences in left ventricular (LV)
ejection fraction (LVEF), plasma B-type natriuretic peptide (BNP)
levels, and prognostic factors in patients with ADHF in Japan. We
studied 748 consecutive ADHF patients of 821 patients registered in
the ADHF registry between January 2007 and December 2014.
Patients were divided into four groups based on sex and LVEF
[reduced (ejection fraction, or EF, <<50%, heart failure with reduced
EF, or HFEF) or preserved (EF =50%, heart failure with preserved
LVEF, or HFpEF)]. The primary endpoint was the combination of
cardiovascular death and heart failure (HF) admission. The present
study consisted of 311 female patients (50% HFrEF, 50% HFpEF) and
437 male patients (63% HFEF, 37% HFpEF). There was significant
difference between sexes in the LVEF distribution profile. The ratio of
HFpEF patients was significantly higher in female patients than in
male patients (P = 0.0004). Although there were no significant sex
differences in median plasma BNP levels, the prognostic value of
BNP levels was different between sexes. Kaplan-Meier analysis
revealed that the high BNP group had worse prognosis than the low
BNP group in male but not in female patients. In multivariate analysis,
log transformed BNP at discharge predicted cardiovascular events in
male but not in female HF patients (female, hazard ratio: 1.169; 95%
confidence interval: 0.981-1.399; P = 0.0806; male, hazard ratio:
1.289; 95% confidence interval: 1.120-1.481; P = 0.0004). In pa-
tients with ADHF, the distribution of LV function and the prognostic
significance of plasma BNP levels for long-term outcome were
different between the sexes.

acute decompensated heart failure; B-type natriuretic peptide; sex
differences; preserved ejection fraction

NEW & NOTEWORTHY

In acute decompensated heart failure patients, plasma B-type
natriuretic peptide (BNP) levels, hemodynamics, renal func-
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tion, and cardiovascular event rates were similar between
sexes. However, the left ventricular ejection fraction distribu-
tion and etiology of heart failure differed between sexes.
Additionally, the present study is the first to demonstrate sex
differences in the prognostic significance of plasma BNP levels
for long-term outcome.

GENERALLY, WOMEN HAVE LOWER incident rates of cardiovascular
events and longer lifespans than men. In addition, it has been
reported that the prevalence and mortality rates of ischemic
heart disease were higher in male than in female patients (24,
25). Recently, as is the case with heart failure (HF) patients, the
impact of sex difference has received considerable attention.
Several studies have reported cases of HF with preserved left
ventricular (V) ejection fraction (HFpEF) in as many as half
of all HF patients (3, 18, 20). To date, patients with HFpEF are
older, mostly women, and more likely to have hypertension.

Plasma B-type natriuretic peptide (BNP) levels are elevated
in HF patients and are believed to be predictive of mortality
(10, 19, 29). Plasma BNP levels were higher in female than in
male HF patients with similar LV functions. However, plasma
BNP levels were lower in HFpEF than in HF with reduced EF
(HFrEF) patients (7, 26). Previous studies have suggested that
there were no significant differences in the ability of plasma
BNP levels to predict in-hospital mortality despite sex and
ejection fraction (EF) differences (4, 6). It remains to be fully
elucidated, however, whether sex differences exist in patients
with acute decompensated HF (ADHF). We therefore investi-
gated sex differences in LVEF, plasma BNP levels, and prog-
nostic factors in patients with ADHF.

MATERIALS AND METHODS

Patient population. The present study recruited ADHF patients
from the NARA-HF 2 study (23). The NARA-HF 2 study recruited
821 consecutive patients with emergency admission to our department
for ADHF between January 2007 and December 2014. The diagnosis
of HF was based on the criteria of the Framingham study (16).
Patients with acute myocardial infarction, acute myocarditis, and
acute HF with acute pulmonary embolism were excluded from this
registry.

Among the 821 enrolled patients, we excluded 37 who died during
the current hospitalization, 15 who were lost to follow-up, and 21 with
missing LVEF reports. Thus we analyzed 748 patients with ADHF.
Patients were divided into four groups based on sex and LVEF: 1)
female patients with reduced EF (EF <50%); 2) male patients with
reduced EF; 3) female patients with preserved EF (EF =50%); and 4)
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male patients with preserved EF. We divided the patients according to
high and low BNP groups based on the median plasma BNP levels in
each group.

The present study was approved by the Nara Medical University
Institutional Ethics Committee and was performed in accordance with
the 1975 Declaration of Helsinki rules for clinical research protocols.
Written, informed consent was obtained from all patients.

Outcomes. The primary endpoint was the combination of cardiovas-
cular death and HF admission. Cardiovascular death was defined as death
due to HF, myocardial infarction, sudden death, stroke, or vascular
disease. We checked patient medical records to determine vital status and
the cause of death. When this information was unavailable in the medical
records, we telephoned the patients or their families.

Measurement of BNP. Plasma samples for BNP measurements
were collected on admission and at discharge. Plasma BNP levels
were measured using a chemiluminescent immunoassay kit (Siemens

A Age

% of Patients

B LVEF

% of Patients

SEX DIFFERENCES IN ACUTE DECOMPENSATED HEART FAILURE

Healthcare diagnostics, Tokyo, Japan). Intra- and interassay coeffi-
cients of variation for measurements were 1.8—4.3% and 0.5-2.1%,
respectively.

Estimated glomerular filtration rate calculation. The Modification
of Diet in Renal Disease (MDRD) study equation is commonly used
for glomerular filtration rate (GFR) estimation worldwide, but the
equation is less accurate for Japanese populations. In this study, the
estimated GFR (eGFR) was calculated according to the published
equation for Japanese persons: 194 X serum creatinine” 0% X
age ~%287 X (0.739 for women) (15).

Echocardiography. Ultrasound examinations were performed us-
ing the Sonos 7500 systems (Philips, Best, the Netherlands) and
Acuson Sequoia systems (Siemens, Erlangen, Germany). LVEF was
calculated by using the modified Simpson’s method. The LV end-
diastolic diameter (LVDd) and LV end-systolic diameter were mea-
sured by using the M-mode echocardiography. LV end-diastolic
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Fig. 1. Sex differences in the distribution of age, left
ventricular ejection fraction (LVEF), plasma B-type natri-
uretic peptide (BNP) levels, log transformed BNP (In-
BNP), and systolic blood pressure (SBP). Female patients
and male patients are shown. A: plot of age distribution. B:
plot of LVEF distribution. CI: plots of plasma BNP levels
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volume was calculated according to the formula by Teichholz et al.
(21): end-diastolic volume (ml) = [7/(2.4 + LVDd)]-LVDd>.
Statistical analysis. Normally distributed data are presented as
means = SD and nonnormally distributed data as the median and
interquartile range. Natural log transformation was performed for
plasma BNP levels owing to nonlinear distribution. Differences be-
tween the groups were compared using the x?-square test for categor-
ical variables. The Student r-test (normally distributed data) or Wil-
coxon rank sum test (nonnormally distributed data) was used for the
comparison of continuous variables between the two groups. Cumu-
lative event-free rates during follow-up were assessed using the
Kaplan-Meier method. Univariate and multivariate analyses of event-
free survival were examined using the Cox proportional hazard
models. P < 0.05 was considered statistically significant. We used

H815

JMP software for Windows version 11 (SAS Institute, Cary, NC) for
all statistical analyses.

RESULTS

Baseline characteristics. The present study consisted of 311
female patients (HFrEF: 156, HFpEF: 155) and 437 male
patients (HFrEF: 276, HFpEF: 161). The ratio of HFpEF
patients was significantly higher in female patients than in male
patients (P = 0.0004). Figure 1 shows the distribution of age,
LVEF, plasma BNP levels, log transformed BNP (InBNP), and
systolic blood pressure (SBP) in female and male patients.
There were apparent differences in the age and LVEF distri-

Table 1. Comparison of sex-specific baseline characteristics for HF patients with rEF and pEF

LVEF <50% (EF) LVEF =50% (pEF) tEF vs. pEF, P Value

Female Male P Value Female Male P Value Female Male
n 156 276 155 161
Demographic
Age, y 729 £ 125 70.6 = 12.1 0.0327 750 £12.0 732 +115 0.1077 0.1321 0.0377
BMI, kg/m? 2277 4.1 237 *39 0.0033 234 =47 238 39 0.2370 0.1691 0.7260
Causes of HF, % 0.0131 0.0484 <0.0001 <0.0001
Ischemic heart disease 40.4 55.8 17.5 30.6
Dilated cardiomyopathy 26.9 25.0 2.0 38
Hypertensive heart disease 2.6 22 14.9 138
Valvular heart disease 11.5 8.3 325 194
Medical history, %
Previous HF hospitalization 212 25.7 0.2866 17.4 273 0.0352 0.4053 0.7140
Hypertension 69.9 76.1 0.1586 84.5 82.0 0.5488 0.0021 0.1498
Diabetes mellitus 37.8 44.6 0.1733 34.8 47.8 0.0194 0.5857 0.5100
Atrial fibrillation 36.5 319 0.3259 37.4 36.0 0.7980 0.8730 0.3768
Vital sign on admission
Heart rate, beats/min 101.5 £259 98.8 +26.2 0.2375 89.8 =263 90.3 £ 26.6 1.0000 <0.0001 0.0004
SBP, mmHg 138.1 = 35.1 1408 = 35.1 0.6824 1520 £379 1525 +£37.8 0.8907 0.0013 0.0010
DBP, mmHg 802 =226 840 =22.6 0.1032 79.6 £21.5 82.0 =238 0.3608 0.6858 0.3951
Vital sign at discharge
Heart rate, beats/min 72.8 109 70.7 £ 109 0.0778 68.8 = 10.3 71.6 £11.1 0.0720 0.0066 0.4584
SBP, mmHg 109.1 = 17.8 108.0 = 17.8 0.3842 1183 =175 117.7 £ 18.8 0.9060 <0.0001 <0.0001
DBP, mmHg 615 =109 61.6 = 109 0.9804 634 =110 64.1 = 10.6 0.4459 0.2003 0.0097
Echocardiographic parameters
LVDd, mm 556 + 82 60.1 =9.2 <0.0001 471 =70 50.8 7.5 <0.0001 <0.0001 <0.0001
LVDs, mm 456 = 8.6 50.0 = 104  <0.0001 310 =62 33674 0.0027 <0.0001 <0.0001
LVEDVi 106.8 = 359 110.3 £ 39.3 0.5254 731 +259 75.6 £24.8 0.2882 <0.0001 <0.0001
LVEF, % 354 =85 33292 0.0134 63.1 = 18.0 62.8 = 8.7 0.5272
Laboratory data on admission
BNP, pg/ml 1,210 [652-1925] 1,043 [616-1817] 0.2716 584 [296-1295] 637 [312-1046] 0.9303 <0.0001  <0.0001
Laboratory data at discharge
BNP, pg/ml 307 [168-591}) 295 [153-582] 0.9193 196 [103-420] 176 [108-391] 0.5691 0.0040 0.0001
Hemoglobin (g/dl) 113+17 120 +23 0.0013 106 = 1.6 11.0 £22 0.2784 0.0011  <0.0001
eGFR, ml'min-1.73 m? 433 *=26.6 442 237 0.2847 39.5 = 26.5 38.7 =274 0.7448 0.2137 0.0067
BUN, mg/dl 319 = 182 335185 0.4019 349 =175 359 =194 0.9349 0.0747 0.2365
Creatinine, mg/dl 16 =18 20*+19 <0.0001 21x23 27+28 0.0002 0.3184 0.0151
BUN/Cre ratio 255 =107 21287 <0.0001 254 122 18.9 £89 <0.0001 0.8727 0.0094
Sodium, mEq/l 1384 =40 137.6 = 3.8 0.0422 138.5 = 4.0 137.7 3.7 0.0245 0.5928 0.7073
Medication at discharge, %
B-Blockers 69.7 72.5 0.5396 355 46.0 0.0586 <0.0001 <0.0001
ACE-VARBs 95.3 95.9 0.7702 87.9 90.1 0.5507 0.0238 0.0202
Diuretics 85.2 86.2 0.7604 80.6 76.4 0.3596 0.2922 0.0090
Loop diuretics dose, mg 231+228 258 =254 0.5432 22.1 =237 20.8 = 27.6 0.3400 0.6099 0.0251
Loop diuretics dose,
mg/BSA 157 £15.6 153 = 14.8 0.5325 15.0 = 157 123 £16.5 0.0860 0.7740 0.0209
Follow-up period
The length of follow-up, mo 18.3 [8.3-43.9] 14.4 [5.3-37.9] 0.0252 243 [8.4-48.1] 203 [6.8-43.3]  0.2595 0.4998 0.1034

Values are means * SD for continuous normally distributed variables, the median (25th to 75th interquartile range [IQR]) for continuous nonnormally
distributed variables, or n (%). BMI, body mass index; HF, heart failure; EF, ejection fraction; SBP, systolic blood pressure; DBP, diastolic blood pressure;
LVDd; left ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVEDVi, left ventricular end-diastolic volume index; LVEF, left
ventricular EF; pEF, preserved EF; rEF, reduced EF; BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; BSA, body surface area; BUN,
blood urea nitrogen; BUN/Cre ratio, BUN-to-creatinine ratio; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker.
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bution profile between sexes. The distributions of plasma BNP
levels, InBNP, and SBP were quite similar between the sexes.

Table 1 summarizes the characteristics of the ADHF patients
according to sex and LVEF. Female patients were significantly
older than male patients in the HFrEF group and tended to be
older in the HFpEF group. In both the EF groups, female
patients were more likely to have valvular heart disease and
were less likely to have ischemic heart disease. Heart rate,
SBP, and diastolic blood pressure on admission and at dis-
charge were similar in both groups. There were no significant
sex differences in the median plasma BNP levels on admission
and at discharge for both patient groups. The blood urea
nitrogen to creatinine (BUN/Cre) ratio and sodium levels were
significantly higher in female than in male patients in both EF
groups. Table 1 also shows the statistical information between
HFpEF and HFrEF within the same sex. The HFpEF group has
lower plasma BNP levels and higher SBP than the HFfEF
group in both sexes. In male patients, the average dose of loop
diuretics was smaller in the HFpEF group than in the HFfEF
group. However, in female patients it is similar in both the
HFpEF and HFEF groups.

Sex differences in long-term outcome. There were 376 car-
diovascular events during a median follow-up of 18.5 (7.1-
42.2) mo. Out of them 72 were cardiovascular deaths (28 in
women and 44 in men) and 274 were admissions due to HF
(108 women and 166 men). The incidence of cardiovascular
death and admission due to HF tended to be lower in female
than in male groups, but the difference was not statistically
significant [Cox regression analysis, hazard ratio (HR): 0.809;
95% confidence interval (CI): 0.651-1.002; Log rank P =
0.0531; Fig. 2A]. As shown in Fig. 2B, the Kaplan-Meier
event-free survival curves were similar between patients with
HFrEF and HFpEF (Log rank P = 0.3113).

Figure 3 shows the Kaplan-Meier analysis for each subgroup
based on the median BNP levels on admission and at dis-
charge. Plasma BNP levels on admission were not a predictive
factor for cardiovascular events in four groups of patients by
sex and EF (Fig. 3, a, b, e, and f). The plasma BNP levels at
discharge were a prognostic marker in male patients with
HFrEF and HFpEF groups (Cox regression analysis, HR:
1.454; 95% CI: 1.021-2.077; Log rank P = 0.0381 in HFEF;
and Cox regression analysis HR, 1.650; 95% CI: 1.010-2.731;
Log rank P = 0.0454 in HFpEF). However, in female patients,
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plasma BNP levels higher than the median level were not
associated with cardiovascular events in either the HFtEF or
HFpEF groups (Cox regression analysis, HR: 1.217; 95% CI:
0.730-2.041; Log rank P = 0.4506 in HFrEF;, and Cox
regression analysis, HR: 1.335; 95% CI: 0.796-2.257; Log
rank P = 0.2732 in HFpEF).

The results of the multivariate analysis are exhibited in
Table 2. The history of HF hospitalization was a predictive
marker in both sex groups. In female HF patients, taking
angiotensin-converting enzyme inhibitor and/or angiotensin 1I
receptor blocker, eGFR, and BUN/Cre ratio was significant
prognostic factors, but these were not in male patients. How-
ever, InBNP at discharge predicted cardiovascular events in
male HF patients but not in female HF patients.

DISCUSSION

The present study focused on sex difference in clinical
characteristics and prognosis of patients with ADHF and dem-
onstrated three sex differences, that is, EF distribution pattern,
prognostic significance of plasma BNP levels, and clinical
factors that predict cardiovascular events.

Although some cohorts of HFpEF reported that the female
sex is dominant in patients with HFpEF (13, 27), in the present
study the proportion of female and male in the patients with
HFpEF was almost the same. The proportions of the females
were 42% in the Japanese Diastolic Heart Failure Study (J-
DHF) (30) and 45% in the Japanese Cardiac Registry of Heart
Failure in Cardiology (JCARE-CARD) (5), both of which
enrolled Japanese patients. However, the proportion of HFpEF
in female HF patients was significantly higher than that in male
HF patients in the present study. The predominance of HFpEF
in females is observed in every cohort. One possible explana-
tion for this would be the difference of etiology of HF between
the sexes. An earlier work speculated that reactive oxygen
species would be more easily produced in the female (31),
which may lead to high frequency of HFpEF in females. To
investigate the molecular mechanism of HFpEF, the develop-
ment of animal models, which are similar to human HFpEEF,
would be needed.

Generally, BNP is accepted as the most useful prognostic
biomarker of HF (1, 9, 22). van Veldhuisen et al. (26) also
documented that BNP was a prognostic factor for outcome
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Fig. 2. A: sex-stratified Kaplan-Meier curves for cardiovascular events. B: Kaplan-Meier curves for cardiovascular events according to LVEF. EF, ejection

fraction.

AJP-Heart Circ Physiol » doi:10.1152/ajpheart.00602.2015 - www.ajpheart.org



SEX DIFFERENCES IN ACUTE DECOMPENSATED HEART FAILURE H817
A HFrEF Female Male
a 100 — <1210 pg/ml B 1004 — <1043 pg/ml
80 we21210pg/ml g0 dy v 21043 pg/ml
2l TN . High BNP o
admission % 601 oo % 60
§ 40 4 LOW BNP .......... :3:) 40 -
= 7
2 20 2 20
w Log rank P = 0.5321 v Log rank P = 0.8331
O O 500 1000 1500 2000 2500 (Days) 0 0 500 1000 1500 2000 2‘5oo(Days)
c 1004 d 1004
<80 LowBNP —<307pg/ml g = <295 pg/ml
< vy > 307 pa/ml < M LowBNP . 2 295 pg/ml
§ 60 "‘-......_ Pa £ 60 1 P9
discharge é 40 High BNP s L 40 S
' £ £ High BNP vy e
2 20 2 20
. Log rank P = 0.4501 v Log rank P = 0.0375
0 5 500 1000 1500 2000 2'500'(Days) 0 0 500 1000 1500 2000 2éoo(Days)
B HFpEF Female Male
€ 100 f 100 —_
— <584 pg/mi <637 pg/ml
<801 Low BNP == 2584 pg/ml <801 LowBNP 2637 pg/ml
£ 60 - ’ hBN 260
o < i L z )
admission § 40 g 840 High BNP
g 20 - g 20 -
. Log rank P = 0.6267 “‘ Log rank P = 0.3422
O 0 500 1000 1500 2000 2500 Days) 0 0 500 1000 1500 2000 2500 (Days)
g 100 h 100
g0 —<196pg/ml  _ . I% — <176 pg/ml
9 x k
Ol AT e 2196 pg/ml = | T ENT e 2176 pg/ml
_‘g god e 8 60
discharge 840 f b - 8 40- Ty
£ frrerreernens z High BNP :
5 20 | 0 e .
- Log rank P = 0.2729 - Log rank P = 0.0450
0 0 500 1000 1500 2000 2500 (Days) ° 500 1000 1500 2000 2éoo(DayS)

Fig. 3. A: sex-stratified Kaplan-Meier curves for cardiovascular events in the heart failure with reduced left ventricular ejection fraction (HFrEF) group. This was
based on the median BNP levels on admission for female (a) and male (b) patients, as well as on the median BNP levels at discharge for female (c¢) and male
(d) patients, respectively. B: sex-stratified Kaplan-Meier curves for cardiovascular events in the heart failure with preserved left ventricular ejection fraction

(HFpEF) group. This was based on the median BNP levels on admission for female (e) and male (f) patients, as well as on the median BNP levels at discharge
for female (g) and male (h) patients.
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Table 2. Predictors of cardiac event with cardiovascular death and HF admission

Female Male
Univariate Multivariate Univariate Multivariate
Covariate HR 95% CI P Value HR 95% CI P Value HR 95% CI P Value HR 95%C1 P Value

Age, per 1y 1.032 (1.016-1.049) <0.0001 1.015 (0.996-1.033) 0.1189 1.009 (0.997-1.020) 0.1345
BMI, per 1 kg/m? 0.986 (0.925-1.043) 0.6390 0.987 (0.923-1.050) 0.6873
Previous HF

hospitalization 2175 (1.476-3.142) 0.0001 1.549 (1.012-2.323) 0.0442 2.081 (1.557-2.759) <0.0001 1.814 (1.330-2.454) 0.0002
Hypertension 1.710 (1.099-2.799) 0.0164 1.555 (0.954-2.683) 0.0778 1.125 (0.815-1.588) 0.4814 .
Diabetes mellitus 0.972 (0.681-1.371) 0.8719 1.199 (0.913-1.573) 0.1918
Atrial fibrillation 1.321 (0.932-1.857) 0.1165 1.149 (0.859-1.524) 0.3453
Heart rate, per 1

beat/min 0.996 (0.981-1.012) 0.6369 1.004 (0.990-1.017)  0.5855
SBP, per 10 mmHg 0911 (0.823-1.007) 0.0675 0.946 (0.878-1.017)  0.1351
LVEF, per 1 % 1.000 (0.989-1.010) 0.9586 0.996 (0.988-1.004) 0.3552
Log transformed BNP

at discharge 1.169 (0.981-1.399) 0.0806 1.343 (1.173-1.535) <0.0001 1.289 (1.120-1.481) 0.0004
Hemoglobin, per 1 g/dl 0.922 (0.831-1.020) 0.1149 0.923 (0.869-0.979)  0.0072 0.943 (0.883-1.006) 0.0776
Sodium, per 1 mEq/1 0.958 (0.920-1.000) 0.0504 0.993 (0.956-1.032)  0.7053
eGFR, per 1

ml-min-1.73 m? 0.994 (0.987-1.000) 0.0484 0.986 (0.976-0.995) 0.0032 0.998 (0.993-1.003)  0.4437
BUN/Cre ratio 1.035 (1.020-1.051) < 0.0001 1.044 (1.023-1.064) <0.0001 1.015 (1.000-1.029) 0.0539
B-Blockers 1.137 (0.810-1.597) 0.4570 1.130 (0.857-1.501)  0.3893
ACE-T/ARBs 0.483 (0.281-0.904) 0.0247 0.413 (0.233-0.789) 0.0092 0.827 (0.471-1.617)  0.5518
Diuretics 2257 (1.345-4.108) 0.0014 1.607 (0.875-3.252) 0.1315 1.237 (0.862-1.835) 0.2563

HR, hazard ratio; CI, confidence interval.

both in the patients with HFpEF and HFrEF. However, we
showed that prognostic significance of BNP is differential
between the sexes in patients with ADHF, although median
levels of BNP were similar in both sexes. BNP levels at
discharge were a significant predictor for cardiovascular events
in whole patients or in male patients in the present study, but
BNP levels were not in female patients, suggesting the prog-
nostic power of BNP is weaker in females than in males in
certain populations. The reasons why BNP levels were not
significantly associated with cardiovascular events in female
patients are not clear, but there would be several possible
reasons. First, the sample size is small to reach statistical
significance, because the P value is 0.0806 in female patients
by the univariate Cox regression analysis. Second, the range of
plasma BNP levels was small. Even in female patients, when
we set 300 pg/ml for a cutoff value, high BNP group had a
significantly worse prognosis than the low BNP group in
female patients (Log rank P = 0.0438), which cannot explain
the sex difference of predictive significance of BNP. Third,
there existed the difference in medication, especially diuretics,
between the sexes. Although absolute dose of loop diuretics
was similar in both sexes; the dose of loop diuretics corrected
by body surface area tended to be higher in females than in
males. In male patients the dose of loop diuretics was lower in
HFpEF than in HFrEF, but in female patients the dose of loop
diuretics was not changed between HFrEF and HFpEF. More-
over, the ratio of BUN to creatinine was significantly higher in
female than in male patients, indicting more hemoconcentra-
tion in females. In all these findings, there was a relatively
higher overdose of loop diuretics used in female patients than
in male patients, which might affect BNP levels at discharge.

In this study, there was no significant difference in plasma
BNP levels between the sexes. Until today, some reported the
sex difference in plasma levels of BNP or relating peptides in
certain populations, but it is still uncertain. Lam et al. (8)

reported that NT-proBNP levels in females was higher than
those in males in the Framingham Heart study, but Meyer et al.
(17) reported that NT-proBNP levels were similar between the
sexes in heart failure patients. Masson et al. (14) also reported
the higher NT-proBNP levels but similar BNP levels in fe-
males than in males in the Valsartan Heart Failure Trial
(Val-HeFT) study.

In the present study of either male or female patients, BNP
levels on admission were not associated with cardiovascular
events. Some earlier reports (12, 28) showed that BNP levels
even in the acute phase predict cardiovascular events; others
did not (2, 11). In the acute phase of HF, BNP levels are
influenced by multifactor compared with those in the chronic
phase. Some HF patients suffered from infection at the same
time, which may stimulate BNP production through inflamma-
tory cytokine productions, such as IL-6 or IL-13. Other HF
patients were associated with worsening of renal function,
which affects BNP levels.

GFR values in this study were lower than those in previous
reports (4, 26). We included a relatively large number of
hemodialysis patients (6.4%) and slightly higher average age
(72.6 years). These may be related to the difference.

The multivariate Cox regression analysis indicates the sex
difference in predictive factors, specific to the sex of each
patient. In male patients, cardiac factors (i.e., plasma BNP
levels and the history of HF admission) were strongly associ-
ated with cardiovascular events, rather than in female patients,
as were renal factors (i.e., eGFR and BUN/Cre ratio). Given
that male patients more likely have HFYEF than HFpEF, it may
be plausible that cardiac factors are significant predictors. As
above mentioned, a relatively higher overdose of loop diuretics
used in female patients rather than in male patients might be
related to this difference.

Clinical implication and future direction. Women and men
have different clinical courses, and in this study we revealed
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sex differences in EF distribution pattern, prognostic signifi-
cance of plasma BNP levels, and clinical factors that predict
cardiovascular events. In the management of ADHF patients, it
is necessary to pay attention to sex differences and L'V function
(reduced EF or preserved EF).

As patients with HF become elderly, the prevalence of
HFpEF increases. Because of the widespread primary preven-
tion of ischemic heart disease, the incidence of ischemic heart
disease is becoming lower in not only the United States but
also Japan. Given these findings, future baseline characteristics
of HF will be changed to those similar to current female
patients. Thus better understanding of the complex pathophys-
iology of the sex-oriented difference of HF is one way to make
the prognosis of HF better.

Limitations. The present study had following limitations.
First, this was a single-center study involving a relatively small
number of ADHF patients that included both HFrEF and
HFpEF patients. Second, this study was designed as a dy-
namic cohort and had a relatively short follow-up period than
those in previous reports. Third, this study was performed in
Japan with Japanese patients, and so we did not assess Western
populations.
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