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Introduction

Adiponectin (APN) is one of the circulating adipocytokines
mainly produced by adipose tissue, and plays an important
role in regulating insulin sensitivity, lipid metabolism, and
systemic inflammation [1,2]. Circulating APN exists in blood
in several multimeric forms. Recent studies have suggested
that high molecular weight APN (HMW-APN) is the active
form of this hormone and that the HMW-APN level or the
ratio of HMW-APN to total APN (HMWR) are the superior pre-
dictors of metabolic abnormalities compared with total APN
[3].

Heart failure (HF) is a complex syndrome with a high
mortality that involves hemodynamic, neurohormonal, and
metabolic abnormalities [4]. Recent studies have demon-
strated that plasma total APN and HMW-APN levels increased
in patients with chronic HF, and the elevated plasma APN lev-
els identified patients with increased risk of dying, although
the underlying mechanisms have remained unclear [5-71.
Since APN is believed to be beneficial for both hypertrophic
and failing hearts [8,9], the elevated plasma APN levels may
be a compensatory response to HF. However, how plasma
total APN, HMW-APN, and HMWR respond to acute HF and
after its treatment are not known.

Therefore, we designed a prospective observational
study to investigate the changes in plasma total APN, HMW-
APN levels, and HMWR during the course of acute HF, along
with the hemodynamic, neurohormonal, and metabolic
parameters and the clinical outcome.

Methods

The study was conducted in accordance with the Declara-
tion of Helsinki, and was approved by the ethics committee
of the National Cerebral and Cardiovascular Center. Written
informed consent was obtained from each subject before
participation in this study.

Subjects

From February 2006 to July 2007, 20 consecutive patients
admitted with acute non-ischemic and non-valvular HF were
enrolled. Blood was sampled before the onset of any treat-
ment and at discharge. The median and interquartile range
of the time interval between the two blood sampling was 45
(21-70) days. The attending physicians treated the patients
according to the guidelines for the management of acute
HF issued by either the Japanese Circulation Society [10]
or the European Society of Cardiology [11]. Ten patients
admitted for the treatment of supraventricular arrhythmia
without organic heart disease (8 men, aged 45+ 13 years)
were included as the control.

Assays

The plasma concentration of total APN was measured with
a specific immunoradiometric assay [12]. Plasma HMW-
APN levels were measured with a sandwich enzyme-linked
immunoassay (ELISA) that employed a monoclonal antibody
for human HMW-APN (Fujirebio ELISA kit, Tokyo, Japan) [13].

The plasma B-type natriuretic peptide {BNP) level was mea-
sured with a specific immunoradiometric assay kit for human
BNP measurements (Shionoria; Shionogi Co., Ltd., Osaka,
Japan) [14]. The insulin resistance index was determined
by the homeostasis model assessment of insulin resistance
(HOMA-R} method and calculated as the product of the fast-
ing glucose (mg/dL) and fasting plasma insulin level (rU/mL)
divided by 405 [15].

Echocardiography

Most of the echocardiograms were performed at the same
day of the blood sampling but some of them were performed
when the clinical status was stabilized. The median and
interquartile range of the interval between the echocar-
diogram and the blood sampling was 0 (0—6) days. The
left atrial diameter, left ventricular end-diastotic and end-
systolic dimensions, left ventricular fractional shortening,
and left ventricular septal thickness, and posterior wall
thickness were determined by M-mode echocardiography.
Echocardiograms were read by physicians who were blinded
to any clinical information about the subjects. The left
ventricular mass was calculated with the parameters mea-
sured by M-mode echocardiography [16]. Indexed values
were obtained by dividing each parameter by the body sur-
face area which was calculated according to the method
of Mosteller [17]. Trans-mitral inflow profile was assessed
in the apical four-chamber view by pulsed-wave Doppler
echocardiography, with the Doppler beam parallel to the
direction of the flow and the sample volume set at the tips
of the leaflets. The peak velocity of early diastolic transmi-
tral flow, the peak velocity of late diastolic transmitrat flow,
and the early diastolic transmitral flow deceleration time
were measured [18]. Pulse wave tissue Doppler imaging was
performed in the apical four-chamber view to acquire early
diastolic mitral annular velocities [1 8]. The mean value of
the septal and lateral values was used.

Follow up

After discharge from the hospital, the occurrence of clinical
events was assessed by chart review or telephone interview.
All cause death and the admission for worsening of HF were
determined as clinical events.

Statistics

Numerical data are reported as either the mean = SD or the
median and interquartile range, as appropriate. The numer-
ical values at admission and at discharge were compared
by the paired t-test or Wilcoxon’s matched pairs signed rank
test, as appropriate. The categorical values at admission and
at discharge were compared by McNemar test. For compar-
ing the values at admission or at discharge with the values
of control, Mann—Whitney test was performed. To avoid
a type | error, a probability (p) value<0.025 was consid-
ered as significant in this analysis. In the other all analyses,
P <0.05 was accepted as indicating statistical significance.
The predictors of the plasma total APN and HAW-APN val-
ues at admission and at discharge were analyzed with simple
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linear regression analysis using the selected variables known
to relate with APN values in the previous reports. Vari-
ables are log-transformed as appropriate. For an exploratory
survival analysis, patients were divided into two groups
based on the median values of total APN, HMW-APN, and
HMWR at admission and discharge and their changes. Then
Kaplan—Meier survival curves were constructed for each of
the subgroups and compared by log-rank test. The SPSS soft-
ware package (16.0.2J; SPSS, Chicago, IL, USA) was used for
statistical analysis.

Results

Patient background

The baseline clinical, biochemical, and echocardiographic
data are summarized in Table 1. None of the patients took
either pioglitazone or fibrates, which can alter the plasma
APN levels. Our patients had mostly dilated left ventricle
and reduced systolic function. The results of transmitral flow
showed that they had mostly severely compromised diastolic
function. The majority of the patients were treated with
diuretics or vasodilators. A minority of the patients needed
positive inotropic agents. None of the patients received
non-invasive positive pressure ventilation or endotracheal
intubation.

Changes in plasma total APN, HMW-APN, and HMWR
values and other variables

The plasma totat APN, HMW-APN, and HMWR values at admis-
sion were 20.8 (14.5-38.9) ug/mL, 12.4 (7.7-23.3) ng/mL,
and 0.60 {0.50-0.69), respectively (Table 2). The plasma
total APN and HMW-APN values at admission were sig-
nificantly higher than those of controls. Plasma total
APN, HMW-APN, and HMWR values at discharge were
19.4 (7.2-27.3) ug/mL, 10.5 (3.2—12.8) pg/mL, and 0.52
(0.46—0.57), respectively, all of which were significantly
decreased compared with the admission levels (Tabte 2 and
Fig. 1). The plasma total APN value did not decrease to the
degree of the controls.

Other variables also changed along with the treatment
of HF (Tables 1 and 2). The body weight decreased by
6 kg. The BNP level was 677 (481—1206) pg/mL at admission
and decreased to 212 (116—422)pg/mL at discharge. C-
reactive protein levels, fasting glucose levels, and HOMA-R
decreased. On the other hand, total cholesterol, triglyc-
eride, and high-density lipoprotein (HDL) cholesterol levels
increased.

Predictors of the total APN and HMW-APN

The plasma total APN levels at admission were positively
related with age, but not with other factors known to relate
with APN in previous reports, such as body weight, BNP, or
HDL cholesterol (Table 3) [2,12,19—22]. On the other hand,
the plasma total APN levels at discharge positively related
with BNP and HDL cholesterol levels as well as age, and
negatively related with mean blood pressure. Other factors
known to relate with plasma APN in previous studies, such
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Figure 1 Changes of total adiponectin (APN} (a), high molec-
ular weight APN (HMW-APN) (b), the ratio of HMW-APN to total
APN (HMWR) (c) from admission to discharge.

as alanine aminotransferase, triglyceride, creatinine, C-
reactive protein, and hemoglobin levels did not relate with
the plasma total APN levels throughout the study [20—24].
The echocardiographic variables did not relate with the
plasma total APN levels.

The plasma HMW-APN levels positively related with age
at admission and positively related with HDL and age at
discharge (Table 4). We could not identify a significant pre-
dictor of HMWR at admission. The log-transformed plasma
total APN value was the only predictor of the HMWR at the
discharge (8=0.25, p=0.003). Women are known to have
higher total APN, HMW-APN, and HMWR [3,19], however, we
could not find sexual difference neither at admission nor at
discharge (data not shown).

Prognosis

The mean follow-up period after the index admission was
302 days (range: 67—584 days). After the discharge, 3
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Table 1 Patient characteristics.

At admission At discharge
Age, year 63411
Male gender, n (%) 17 (85)
Etiology, n (%)
Dilated cardiomyopathy 10 (50)
Dilated phase hypertrophic cardiomyopathy 4 (20)
Hypertensive heart disease 3 (15)
Others 3 (15)
Physical examination
Height, cm 163.8+8.5
Weight, kg 66.7+£11.9 60.24+11.1"
Body mass index, kg/m? 24.74+3.3 22.34+3.2°
Systolic blood pressure, mmHg 116+£17 110+ 11
Diastolic blood pressure, mmHg 70+14 6449
Mean blood pressure, mmHg 86413 79+8
Heart rate, bpm 81+£22 67 +10°
NYHA functional class, n (%)
1l 6 (30)
m 8 (40)
v 6 (30)
Baseline medications, n (%)
ACEl 7 (35) 10 (50)
ARB 9 (45) 8 (40)
Beta-blocker 13 (65) 19 (95)
Diuretics 12 (60) 19 (95)
Aldosterone blocker 5 (25) 13 (65)°
Digoxin 5 (25) 9 (45)
Nitrate 3(15) 0(0)
Oral inotropic agents 3 (15) 4 (20)
Acute phase treatment, n (%)
Dopamine 1(5)
Dobutamine 5 (25)
hANP 13 (65)
Phosphodiesterase inhibitor 4 (20)
Diuretics 13 (65)
Laboratory examination
AST, IU/L 31 (23-45) 26 (19-34)
ALT, 1U/L 32 (19-51) 25 (15—45)
Total cholesterol, mg/dL 163436 194+ 42"
Triglyceride, mg/dL 78 (66~115) 115 (96—148)°
HDL cholesterol, mg/dL 43410 504 11°
Sodium, mEq/L 13943 13844
Blood urea nitrogen, mg/dL 2149 23412
Creatinine, mg/dL 1.0+0.3 1.0+0.3
Uric acid, mg/dL 7.54+2.3 7.34+2

C-reactive protein, mg/dL
Fasting glucose, mg/dL
Insulin, pU/mL
HOMA-R
Hemoglobin, g/dL
Echocardiographic data
Left ventricular end-diastolic diameter, mm
Left ventricular end-systolic diameter, mm
Fractional shortening, %
Left atrial diameter, mm
Interventricular septal wall thickness, mm
Posterior wall thickness, mm
Left ventricular mass, g

0.45 (0.25-1.04)
141+ 48

8.3 (5.9-15.0)
2.5 (1.8-4.8)
13.0£2.2

61 (53-69)

52 (45—59)

13 (12—19)

53 (45—60)

10 (7-11)

9 (8-11)

231 (204—281)
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Table 1 (Continued)
At admission At discharge
Left ventricular mass index, g/m? 133 (117~176)
E wave velocity, cm/s 86 (77—108)
A wave velocity, cm/s 31 (22-36)

E/A ratio
Deceleration time, ms
Mean Ea, cm/s

Mean E/Ea ratio

2.97 (2.19-3.93)

130 (89—168)

6 (5~7)

16 (12-19)

Continuous values are shown as median (interquartile range)
NYHA, New York Heart Association , ACEl, angiotensin converti

or mean = SD, as appropriate.
ng enzyme inhibitor; ARB, angiotensin receptor blocker; hANP, human atrial

natriuretic peptide; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HDL, high-density lipoprotein; HOMA-R, homeostasis
model assessment of insulin resistance; E, early diastolic transmitral flow; A, late diastolic transmitral flow; Ea, early diastolic mitral

annular-velocity.

* Significantly changed from admission to discharge (P <0.05 with paired ¢-

test as appropriate).

Table 2 Total APN, HMW-APN, and HMWR.

test, Wilcoxon’s matched pairs signed rank test, or McNemar

Control (n=10) Heart failure (n=20) p
Admission Discharge

Total APN, ug/mL 7.1 (5.3-10.0) 20.8 (14.5-38.9)! 19.4 (7.2-27.3) 0.0008
HMW-APN, pg/mlL 3.8 (2.7-5.5) 12.4 (7.7-23.3)! 10.5 (3.2-12.8) 0.0003
HMWR 0.52 (0.39-0.68) 0.61 (0.50—0.69) 0.52 (0.46—0.57) 0.0021
BNP, pg/mL 17 (6-27) 677 (481—1206)! 212 (116—422)! 0.0001
APN, adiponectin; HMW, high molecular weight; HMWR, HMW-APN ratio to total APN; BNP, B-type natriuretic peptide.

* Wilcoxon signed rank test comparing the values at admission and discharge.

! p<0.025 vs. control compared with Mann—Whitney test.
Table 3 Predictors of total APN.

At admission At discharge
p p B p

Age 0.01 0.023 0.02 0.002
Weight 0.01 0.090 0.01 0.157
Mean blood pressure 0.00 0.539 -0.02 0.022
Log BNP 0.43 0.076 0.33 0.037
Log ALT 0.00 0.576 0.13 0.577
Log triglyceride 0.00 0.985 -0.59 0.132
HDL-cholesterol 0.01 0.068 0.02 0.003
Creatinine 0.12 0.566 0.19 0.467
HOMA-R 0.36 0.134 0.16 0.520
C-reactive protein 0.02 0.798 0.02 0.636
Hemoglobin 0.00 0.885 -0.03 0.303
Echocardiographic variables?

Left ventricular end-diastolic diameter 0.00 0.584 0.03 0.889

Fractional shortening -0.01 0.268 0.04 0.884

Left ventricular mass index 0.00 0.244 0.39 0.092

Mean E/Ea 0.00 0.832 —0.32 0.341

Dependant variable is log-transformed total APN.

APN, adiponectin; g, standardized coefficient; BNP, B-type natriuretic peptide; ALT, alanine aminotransferase; HDL, high-density lipopro-
tein; HOMA-R, homeostasis model assessment of insulin resistance; E, early diastolic transmitral flow; Ea, early diastolic mitral annular

velocity.
# Echocardiographic variables are the values at admission.
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Table 4 Predictors of HMW-APN,

At admission At discharge
B p B p
Age 0.01 0.047 0.02 0.005
Weight -0.01 0.142 -0.01 0.181
Mean blood pressure 0.00 0.557 -0.02 0.061
Log BNP 0.55 0.059 0.37 0.075
Log ALT -0.15 0.491 0.45 0.315
Log triglyceride -0.04 0.911 ~0.71 0.153
HDL-cholesterol 0.01 0.119 0.02 0.004
Creatinine 0.22 0.371 0.33 0.323
HOMA-R -0.40 0.092 0.17 0.494
C-reactive protein 0.04 0.653 0.04 0.567
Hemoglobin ~-0.01 0.665 —-0.05 0.175
Echocardiographic variables?
Left ventricular end-diastolic diameter 0.00 0.503 0.1 0.650
Fractional shortening ~0.01 0.217 0.07 0.782
Left ventricular mass index 0.00 0.371 0.42 0.068
Mean E/Ea 0.00 0.986 —-0.50 0.120

Dependent variable is log-transformed HMW-APN.

HMW-APN, high molecular weight adiponectin; B, standardized coefficient; BNP, B-type natriuretic peptide; ALT, alanine aminotrans-
ferase; HDL, high-density lipoprotein; HOMA-R, homeostasis model assessment of insulin resistance; E, early diastolic transmitral flow;

Ea, early diastolic mitral annular velocity. .
# Echocardiographic variables are the values at admission.

patients died and 6 patients were readmitted for worsen-
ing of HF. Exploratory survival analysis was performed with
the composite endpoint of cardiac death and readmission for
worsening of HF. The total APN and HMW-APN levels at the
time of admission or discharge had no significant impact on
the prognosis (data not shown). A higher value of HWWR at
admission but not at discharge was associated with a bet-
ter prognosis (Fig. 2a). A larger decrease in HMWR from
admission to discharge was associated with a better progno-
sis (Fig. 2b). The patients with a higher HMWR at admission
had a larger decrease in HMWR in response to the treat-
ment (Table 5). The patients with a larger decrease in HMWR
tended to have a higher HMWR at admission and were more
hypertrophic (Table 5).

Discussion

This prospective observational study showed that the plasma
total APN and HMW-APN were elevated at admission for
exacerbation of acute HF. The plasma total APN, HMW-APN
levels, and HMWR decreased in response to treatment. Fur-
thermore, the patients with the higher HAWR at admission
and those with the larger decrease in HMWR in response to
the treatment showed a better prognosis.

Our study clarified the how plasma APN levels changed
in the course of acute HF, which is consistent with a pre-
vious study showing that the total APN levels decreased
during acute HF treatment {25]. Our study showed that the
HMW-APN levels and HMWR as well as total APN decreased
following acute HF treatment.

The plasma APN levels in acute HF may be modulated dif-
ferently from in chronic HF. The plasma APN level is known
to relate with gender, age, blood pressure, triglyceride, HDL
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Figure 2 Kaplan—Meier event-free survival curves of groups

divided by the ratio of high molecular weight adiponectin to
total adiponectin (HMWR) at admission (a) and by the change of
HMWR from admission to discharge (AHMWR) (b).

cholesterol, renal function, liver function, hemoglobin, C-
reactive protein, and BNP [2,12,19-241. In this cohort, the
plasma APN levels did not relate with these conventional
predictors of APN other than age. The plasma total APN at
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Table 5 Patient background by HMWR at admission and AHMWR.

HMWR > 0.60 HMWR <0.60 p AHMWR < —0.06 AHMWR > —-0.06 p

Age, year 63+10 63412 0.984 60+ 14 66+6 0.231
Male 90% 80% 1.000 80% 90% 1.000
Body weight at admission, kg 68413 65+ 11 0.594 69.84+11.6 63.5+11.9 0.244
Body weight at discharge, kg 62+£12 59+10 0.598 63+11.3 57.4+10.7 0.271
Abody weight, kg ~7+3 —6+3 0.874 -6.9+3.1 ~6.143 0.598
Total APN at admission, mg/mL 29.1 (16.9 to 46.6) 17.8 (14.2 t0 28.2) 0.226 19.6 {13.9 to 46.6) 23.4 (14.2 to 37.2) 0.940
Total APN at discharge, mg/mL 26.23 (6.9 to 33.5) 10.86 (7.2 to 20.55) 0.112 13.2 (6.4 t0 29.7) 20.3 (9.1 to 26.9) 0.597
Atotal APN, mg/mL —6.1 (—=14.9 to —-3.8) —6.9 (~11.3to —1.8) 0.821 -9.5 (—14.9 to —3.8) ~35.1 (-10.5 to0 —1.8) 0.364
HMW-APN at admission, mg/mL 20.45 (10.65 to 31.9) 9.1 (7.1 to 14.15) 0.028 12.5 (8 to 31.9) 12.4 (7.1 to 22.3) 0.545
HMW-APN at discharge, mg/mL 12.7 (3.68 to 20) 5.3 (2.45to 11.35) 0.082 7.4 (2.5t0 14.1) 10.6 (4.7 to 14.5) 0.545
AHMW-APN, mg/mL ~5.6 (—17.2 to —3.3) —3.8 (—6.7 to —0.9) 0.199 ~5.9 (—17.2 to —3.3) —3.5 (=6.7 to —0.9) 0.112
HMWR at admission 0.69 (0.66 to 0.71) 0.51 (0.46 to 0.53) <0.001 0.67 (0.59 to 0.7) 0.52 (0.46 to 0.62) 0.082
HMWR at discharge 0.54 (0.49 to 0.6) 0.49 (0.36 to 0.52) 0.131 0.51 (0.36 to 0.56) 0.52 (0.47 t0 0.63) 0.364
AHMWR ~0.141 (—0.212 to —~0.068) —0.011 (—0.071 to 0.021) 0.005 —0.16 (-0.21 to —-0.11)  —~0.01 (-0.03 t0 0.02)  <0.001
BNP at admission, pg/mL 853 (637 to 1320) 538 (396 to 1114) 0.226 707 (445 to 1083) 677 (502 to 1538) 0.650
BNP at discharge, pg/mL 160 (99 to 893) 278 (123 to 395) 0.705 160 (99 to 532) 270 (123 to 372) 0.650
ABNP, pg/mL —516 (—679 to —190) —445 (—902 to —67) 0.650 —516 (=679 to —~139) —445 (902 ta —-172) 0.821
Fractional shortening, % 13 (12 to 17) 15 (11 to 21) 0.326 12 (10 to 17) 15 (13 to 21) 0.070

147 (117 to 189) 0.364 124 (97 to 137) 161 (125 to 189) 0.019

Left ventricular mass index, g/m?

131 (109 to 152)

APN, adiponectin; HMW, high molecular weight; HMWR, HMW-APN ratio to total APN; BNP, B-type natriuretic peptide.
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admission showed a borderline positive correlation with BNP
(8=0.43, p=0.076); however, they related with BNP and HDL
as well as age at discharge. The plasma HMW-APN levels
positively related only with age at admission; however they
positively related with HDL and age at discharge. Arelation-
ship between APN and BNP has been demonstrated in a wide
range of patients [6,7,20,25—30], and it has been shown that
BNP directly increased APN production in adipocytes [31].
However, the small number of patients in our study pre-
cluded showing a clear relationship between BNP and APN in
the acute phase. Invasive monitoring of hemodynamics was
not performed in this study. However, APN values did not
associate with the ratio of early diastolic transmitral flow
velocity to mitral annular velocity, which is known to relate
with the left ventricular end-diastolic pressure.

We found the higher the HMWR at admission and the
larger decrease in HMWR was associated with a prefer-
able prognosis on the exploratory survival analyses. The
decrease in HMWR may reflect the treatment responsiveness’
of patients with acute HF. Patients with a larger decrease in
HMWR had a lower left ventricular mass index, which may
indicate that they had less severe left ventricular remodel-
ing. The cardioprotective effect of APN via several cellular
pathways may mediate this better prognosis [8,9,32—34].

Our prognostic results may contradict several previous
studies. Several studies in chronic HF have shown that higher
APN levels were associated with a worse prognosis or future
deterioration of cardiac function [5—7,25,26,35]. Tsutamoto
et al. showed that higher total APN levels were associated
with higher mortality in chronic HF; however, HMW-APN lev-
els were less useful to predict mortality and HMWR levels
were not different between survivors and non-survivors [71.
HMW-APN may lose its functional predominance and its pre-
dictive value under specific pathophysiological conditions
[36]. In chronic HF, the relevance of increased plasma APN
levels as an indicator of disease severity may be more rele-
vant than its function as a pathophysiological mediator. Our
study suggested that in acute HF higher levels of HMWR and
their changes may exert their predominant cardioprotec-
tive effect and be better prognostic indicators in contrast to
chronic HF. Dieplinger et al. showed that the higher plasma
total APN level in acute HF related to a worse prognosis;
however, they did not evaluate the levels of HMW-APN [371.
Because the HMWR values varied substantially even among
subjects with similar total APN levels in ptasma, we have to
evaluate HWW-APN and HMWR levels in the future studies on
acute HF [3].

Limitations

The small number of patients means that this study lacks a
statistical power to conduct a_complex analysis. However,
the elevation of the plasma total APN and HMW-APN levels
at admission and the decrease of these values and HMWR
in response to treatment were evident even in this small
number of patients.

Our patients did not show marked hypertension at the
acute phase. Most of the patients could be classified as
having acute HF with normal or moderately elevated blood
pressure rather than with elevated blood pressure [38].
The former is predominantly accompanied with systemic

congestion and minimal pulmonary congestion, whereas the
latter is predominantly accompanied with pulmonary con-
gestion, more often accompanied with preserved ejection
fraction and thought to be caused by abnormal blood pres-
sure responses [39]. Our cases might have fewer symptoms
related with pulmonary congestion. Although 30% of the
cases were classified as New York Heart Association class i,
the relative paucity of symptoms does not necessarily mean
they had less severe heart failure. In fact, about half of the
patients had died or were readmitted during the follow-up
period. Our patients may not include most severe patients
in terms of the BNP values. The results of our study should
be confirmed in a wider range of patients in future studies.

Our control subjects were not completely normal.
They were admitted for the treatment of supraventricular
arrhythmia. They were free from symptoms of heart fail-
ure with normal range of BNP and their plasma APN levels
were similar to the values of normal subjects in the previous
report [13,20].

Conclusion and clinical implication

Plasma total APN and HMW-APN levels are elevated in
patients with acute HF. Total APN, HMW-APN levels, and
HMWR decrease in response to the treatment. The higher
HMWR at admission and larger decrease in HMWR may
predict a better prognosis of acute HF. Further study is war-
ranted to evaluate the prognostic impact of the dynamic
response of APN in acute HF.
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