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Background: Circulating adiponectin concentration increases in patients with chronic heart failure (HF). We sought

to explore the prognostic value of temporal changes in adiponectin concentration following treatment for chronic

HF.

Methods: Serum adiponectin levels were measured at baseline and after a 3-month anti-failure treatment in 124

patients with symptomatic chronic systolic HF. Major adverse cardiac events (MACE) including death, heart

transplantation, or hospitalization with worsening HF during a median follow-up period of 752 days were determined.

Results: Univariate and multivariate analysis showed that high levels of adiponectin after a 3-month treatment

were associated with a 3.8-fold increased risk of MACE (p = 0.03), independent of amino-terminal pro-B-type

natriuretic peptide (NT-proBNP) levels. Moreover, the combining of circulating levels of adiponectin with NT-

proBNP provided independent and additional prognostic value in identifying high risk patients with MACE during

follow-up.

Conclusions: Changes in adiponectin and NT-proBNP over time provide prognostic information. When adiponectin

is used in conjunction with NT-proBNP in chronic HF, the prognostic value may be better than if each biomarker is

used separately.
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INTRODUCTION

It is hypothesized that neurohormones and inflam-

matory cytokines produced in response to heart failure

(HF) contribute to progressive deterioration of cardiac

performance.
1-3

In support of these hypotheses, poor

outcomes linked to elevated circulating biomarkers of

myocardial wall stress and inflammation were found.
3-9

Recent studies suggest that elevated levels of adi-

ponectin, an adipokine, in HF patients may be linked to

metabolic and cardiovascular abnormalities, energy wast-

ing, and exercise intolerance, and are related to adverse

outcomes.
4-9

Increased levels of adiponectin have been

reported in patients with both chronic and acute HF, and

are associated with the severity of HF, cachexia, and

higher mortality.
5,10-13

In acute decompensated HF, se-

rum adiponectin levels decreased following treatment,

and the treatment-induced decrease in serum adi-

ponectin concentration is also an important determi-

nant of positive outcome.
13

However, previous studies

showed inconsistent results concerning the effects of

anti-HF drugs on circulating adiponectin levels.
14-19

Beta-

blockers decrease plasma adiponectin concentration,
14,15

while renin-angiotensin system blocking agents signifi-

cantly increase adiponectin levels.
16-19

Moreover, an as-

sociation between circulating adiponectin levels and
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cardiovascular morbidity or mortality cannot be ascer-

tained in some studies.
20,21

Such discrepant findings

clearly demand further research into the clinical rele-

vance of adiponectin in HF.

We hypothesize that treatment of chronic HF with

guideline-directed medical therapy may, in general, in-

fluence neurohormonal and inflammatory function, and

help prevent HF exacerbations. The purpose of this

study was to ascertain whether the circulating levels of

adiponectin can be lowered over time, and the decrease

of adiponectin levels following treatment can provide

prognostic information concerning patients with chronic

HF, compared to the amino-terminal pro-B-type natri-

uretic peptide (NT-proBNP), a well-established prognos-

tic biomarker of myocardial stress.
3

METHODS

Patient population

Between January 2009 and December 2010, we en-

rolled 124 consecutive patients with mild to moderate

chronic stable HF (96 men, 28 women, aged 58 � 15

years) from the outpatient clinic of the cardiology de-

partment at Cheng Hsin General Hospital, presenting

with New York Heart Association (NYHA) functional class

II-III symptoms of HF, and a left ventricular ejection frac-

tion (LVEF) < 40% by echocardiography.

Patients excluded from this study were those with

acute decompensated HF, hemodynamically significant

obstructive valvular heart disease, corpulmonale, re-

strictive or hypertrophic cardiomyopathy, myocarditis,

constrictive pericarditis, congenital heart disease, signi-

ficant liver (defined as liver enzymes > 3 times the nor-

mal) or renal diseases (defined as serum creatinine > 2.0

mg/dL), concurrent infection or any documented inflam-

matory illness, such as arthritis or connective tissue dis-

eases, or any other malignancy.

The etiology of HF was determined to be ischemic

when coronary angiography revealed > 50% luminal dia-

meter narrowing in at least two major epicardial coro-

nary arteries, when there was documented myocardial

infarction, or when there was HF caused by post-infarc-

tion ventricular aneurysm. In those patients with ch-

ronic HF without coronary artery disease, where the

endomyocardial biopsy revealed findings compatible

with dilated cardiomyopathy, the cause of HF was deter-

mined to be dilated cardiomyopathy or non-ischemic HF.

This study complied with the Declaration of Hel-

sinki, and the Cheng Hsin General Hospital’s institutional

committee on human research approved the research

protocol. All patients involved have submitted their in-

formed consents.

Clinical evaluation and blood sampling

Baseline clinical evaluations of all 124 patients with

chronic HF were conducted by a physician. Blood sam-

pling and echocardiography were done at baseline and

at the 3-month follow-up after continuous anti-HF treat-

ment. Throughout the 3-month period, those patients

were in stable condition and their anti-HF medications

were not changed. After blood sampling, the serum was

separated by centrifugation and then frozen to under

-20 �C and then stored at that same temperature until

analysis. Additionally, LVEF was measured by 2-dimen-

sional echocardiography.

Measurement of circulating levels of biomarkers

The NT-proBNP was determined with Roche Elecsys

�NT-proBNP (Roche Diagnostics GmbH), a quantitative

electrochemiluminescence immunoassay. Measurements

were performed with the Elecsys 2010 immunoassay an-

alyzer (Roche Diagnostics GmbH). Serum concentrations

of adiponectin were measured with commercial sand-

wich enzyme-linked immunosorbent assays (R&D Sys-

tems, Inc., Minneapolis, MN, USA).

Clinical follow-up

Clinical information regarding major adverse cardiac

events (MACE), including cardiac death, requirement for

heart transplantation, and hospitalization with worsen-

ing HF, was gathered during a median follow-up of 752

days after enrollment. The information was collected by

the treating cardiologists unaware of the patients’ bio-

marker levels.

Data analysis

All values are expressed as mean � SD. Because

plasma concentrations of NT-proBNP and adiponectin

were not normally distributed, they were transformed

logarithmically before analysis. Linear regression analy-

sis was used to determine the correlation between the
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circulating levels of biomarkers and LVEF.

For survival analysis, the HF patients were divided

into two groups, depending upon whether or not MACE

occurred during follow-up. Univariate comparisons of

clinical characteristics and laboratory measurements be-

tween the two groups were made with appropriate tests.

In the Kaplan-Meier analyses, the differences between

event-free curves were tested by log-rank test. In the

multivariate Cox proportional hazards analyses, the in-

dependent predictors of MACE in the study patients was

determined.

All variables are two-tailed, and p < 0.05 was con-

sidered statistically significant. The statistical software

package SPSS version 12.0 (SPSS Inc, Chicago, IL, USA)

was used for all analyses.

RESULTS

Patient characteristics

The characteristics of the 124 patients meeting the

study criteria were shown in Table 1. There were more

men than women in this study population. The causes

of chronic HF were of ischemic origin in 39 (32%) of the

study subjects. The incidences of comorbidities were

demonstrated and a total of 44 (35%) of the study popu-

lation had type II diabetes mellitus. Because those pa-

tients were in stable conditions, their anti-HF medica-

tions were basically unchanged throughout the 3 months

and were also demonstrated. As to the glucose-lowering

agents, the most commonly used were sulfonylureas in

24/44 (55%), followed by biguanides in 22/44 (50%), al-

pha-glucosidase in 9/44 (20%), insulin in 6/44 (14%),

meglitinides in 2/44 (5%), and thiazolidinediones in 2/44

(5%). However, in 2011, the U.S. Food and Drug Admin-

istration implemented a stringent “restricted access pro-

gram” for the prescription of rosiglitazone. Since HF ap-

pears to be a class-specific adverse effect with respect

to thiazolidinediones, they were no longer used for HF

patients in our institution after 2011.

At baseline, mean body mass index (BMI) was 26 � 5

kg/m
2
, mean LVEF was 29 � 11%, and 65 (52%) patients

were in NYHA class II and 59 (48%) were in class III. At the

3-month follow-up, mean BMI was 26 � 5 kg/m
2
, mean

LVEF was 34 � 12%, and 94 (76%) patients were in NYHA

class II and 30 (24%) were in class III. The mean log NT-

proBNP levels and log adiponectin levels at baseline and at

3 months were 2.74 � 0.76 pg/mL, 2.66 � 0.77 pg/mL,

3.88 � 0.52 ng/mL, and 3.82 � 0.52 ng/mL, respectively.

Prognosis

The median follow-up period was 752 days (475 to

986 days, 25th to 75th percentiles). There was a 32%
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Table 1. Clinical characteristics of the 124 patients with chronic

stable heart failure

Age, years 58 � 15

Male, n (%) 96 (77%)

Ischemic heart failure, n (%) 39 (32%)

Diabetes mellitus, n (%) 44 (35%)

Hypertension, n (%) 71 (57%)

Smoking, n (%) 40 (32%)

Dyslipidemia, n (%) 113 (91%)0

Previous myocardial infarction, n (%) 15 (12%)

Previous stroke, n (%) 9 (7%)

Chronic kidney disease, stage 3, n (%) 64 (52%)

Anemia, n (%) 4 (3%)

Medications

Diuretics, n (%) 102 (82%)0

Aldosterone antagonist, n (%) 54 (44%)

ACEI/ARB, n (%) 70 (57%)

Beta-blockers, n (%) 72 (58%)

Digitalis, n (%) 58 (47%)

Vasodilators, n (%) 51 (41%)

Statins, n (%) 33 (27%)

Body mass index at baseline, kg/m
2

26 � 50

Body mass index at 3-month, kg/m
2

26 � 50

LVEF at baseline, % 29 � 11

LVEF at 3-month, % 34 � 12

NYHA functional class at baseline

II, n (%) 65 (52%)

III, n (%) 59 (48%)

NYHA functional class at 3-month

II, n (%) 94 (76%)

III, n (%) 30 (24%)

Log NT-proBNP at baseline, pg/mL 2.74 � 0.76

Log NT-proBNP at 3-month, pg/mL 2.66 � 0.77

Log Adiponectin at baseline, ng/mL 3.88 � 0.52

Log Adiponectin at 3-month, ng/mL 3.82 � 0.52

Total MACE, n (%) 40 (32%)

Mortality, n (%) 17 (14%)

ACEI/ARB, angiotensin-converting enzyme inhibitors or

angiotensin II receptor blockers; LVEF, left ventricular ejection

fraction; MACE, major adverse cardiac events; NT-proBNP,

amino-terminal pro-B-type natriuretic peptide; NYHA, New

York Heart Association.



(40/124) overall event rate in the HF population. Eleven

of the 124 patients died of cardiac causes, and all of

them were of intractable end-stage HF; whereas, there

were two other patients died of pneumonia, during the

follow-up period. Four patients underwent heart trans-

plantation and 23 were re-hospitalized for worsening HF.

When the 124 chronic HF patients were divided into

two groups depending on whether a patient had MACE or

not during follow-up (Table 2), significant differences in the

use of diuretics, the mean LVEF at 3 months, and the

NYHA functional class at baseline and at 3 months were

detected between the two groups. The concentrations of

NT-proBNP at baseline and at 3 months and the concentra-

tions of adiponectin at 3 months in the group with MACE

were significantly higher than those in the event-free

group. In multivariable Cox proportional hazards analyses,

high levels of adiponectin at 3 months after treatment was

an independent predictor of clinical outcomes and were
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Table 2. Patient characteristics of those who had major adverse cardiac events during the follow-up, and those who experienced

event-free follow-up

MACE (+)

(N = 40)

MACE (-)

(N = 84)

Univariate

p value

Multivariate

p value

Age, years 61 � 16 57 � 14 0.15

Male, n (%) 29 (73%) 67 (80%) 0.37

Ischemic heart failure, n (%) 16 (40%) 23 (27%) 0.16

Diabetes mellitus, n (%) 13 (33%) 31 (37%) 0.63

Hypertension, n (%) 25 (63%) 46 (55%) 0.42

Smoking, n (%) 10 (25%) 30 (36%) 0.23

Dyslipidemia, n (%) 35 (88%) 78 (93%) 0.52

Previous myocardial infarction, n (%) 6 (15%) 9 (11%) 0.70

Previous stroke, n (%) 4 (10%) 5 (6%) 0.66

Chronic kidney disease, stage 3, n (%) 26 (65%) 38 (45%) 0.06 0.850

Anemia, n (%) 0 (0%) 4 (5%) 0.39

Medications

Diuretics, n (%) 37 (93%) 65 (77%) 0.04 0.490

Aldosterone antagonist, n (%) 21 (53%) 33 (39%) 0.23

ACEI/ARB, n (%) 20 (50%) 50 (60%) 0.32

Beta-blockers, n (%) 21 (53%) 51 (61%) 0.39

Digitalis, n (%) 20 (50%) 38 (45%) 0.62

Vasodilators, n (%) 19 (48%) 32 (38%) 0.32

Statins, n (%) 09 (23%) 24 (29%) 0.48

Body mass index at baseline, kg/m
2

26 � 4 26 � 5 0.52

Body mass index at 3-month, kg/m
2

26 � 4 26 � 5 0.54

LVEF at baseline, % 27.18 � 9.97 30.44 � 10.69 0.11

LVEF at 3-month, % 26.83 � 10.83 37.44 � 10.80 < 0.001 *0.001*

NYHA functional class at baseline

II, n (%) 13 (33%) 52 (62%) 00.004

III, n (%) 27 (67%) 32 (38%) 00.004

NYHA functional class at 3-month

II, n (%) 14 (35%) 80 (95%) < 0.001

III, n (%) 26 (65%) 4 (5%) < 0.001

Log NT-proBNP at baseline, pg/mL 2.97 � 0.68 2.63 � 0.77 0.02

Log NT-proBNP at 3-month, pg/mL 3.10 � 0.77 2.44 � 0.68 < 0.001 0.008

Log Adiponectin at baseline, ng/mL 3.99 � 0.39 3.83 � 0.56 0.11

Log Adiponectin at 3-month, ng/mL 4.08 � 0.42 3.70 � 0.52 < 0.001 0.030

Follow-up, days 508 � 275 866 � 296 < 0.001

ACEI/ARB, angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers; LVEF, left ventricular ejection fraction;

MACE, major adverse cardiac events; NT-proBNP, amino-terminal pro-B-type natriuretic peptide; NYHA, New York Heart

Association.

* LVEF and NYHA functional class at 3-month are confounding to each other, so only LVEF at 3-month was included in the final

analysis.



associated with an about 3.8-fold increase risk of MACEassociated with an about 3.8-fold increase risk of MACE

(p = 0.03). Multivariate analysis also identified that ele-

vated NT-proBNP levels at 3 months (HR = 2.24, p =

0.008) and improved LVEF at 3-month (HR = 0.941, p =

0.001) to be independently associated with MACE.

When we divided the HF patients into two groups,

depending upon whether their circulating adiponectin

levels were above or below the median at their 3-month

follow-up (Figure 1), those patients with adiponectin

levels above the median had a significantly worse out-

comes compared to those whose adiponectin levels

were below the median (log-rank p = 0.005).

Relationship between levels of the adiponectin and

NT-proBNP, and LVEF at 3-month

At 3 months, significant positive correlation, with

the correlation coefficient between adiponectin and

NT-proBNP of 0.512 (p < 0.001) was noted (Figure 2A).

Significant negative correlation, with the correlation co-

efficients between adiponectin and LVEF of -0.216 (p =

0.02), was also noted (Figure 2B).

Prognostic stratification according to the coupling

between adiponectin and NT-proBNP

To test whether simultaneous assessment of bio-

markers enables clinicians to stratify risk more effec-

tively among patients with chronic HF, we have con-

structed survival curves after dividing the study partici-

pants into three groups as showed in Figure 3. The study

patients were categorized on the basis of whether they

had a log adiponectin at 3 months higher or lower than

the median value of 3.91 ng/mL and a log NT-proBNP

level at 3 months higher or lower than the median level

of 2.64 pg/mL. Forty-eight of the 124 patients (39%) had

no elevation in either adiponectin or NT-proBNP (Group

1); 28 (22%) had an elevation in one (Group 2); and 48

(39%) had elevations in two (Group 3). The differences

in event-free survival curves between Group 1 and Group
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Figure 1. The 124 chronic heart failure patients were divided into two

groups, depending upon whether or not their circulating adiponectin

levels were above or below the median at 3-month follow-up. Those pa-

tients with adiponectin levels above the median had a significant worse

outcomes compared to those adiponectin levels were below the median

(log-rank p = 0.005).

Figure 2. Relationship between levels of the adiponectin and amino-

terminal pro-B-type natriuretic peptide (NT-proBNP), and left ventricular

ejection fraction (LVEF) at 3-month was demonstrated. Significant posi-

tive correlation, with the correlation coefficient between adiponectin

and NT-proBNP of 0.512 (p < 0.001) was noted (A). Significant negative

correlation, with the correlation coefficients between adiponectin and

LVEF of -0.216 (p = 0.02) was also noted (B).

A

B



3, and Group 2 and Group 3 were significant (log-rank p

< 0.001 and p = 0.01, respectively). These findings sug-

gest the combination of the serum level of adiponectin

with NT-proBNP may provide independent and additive

prognostic value in identifying high risk patients hospi-

talized with acute HF.

Changes in adiponectin over time following

treatment in patients with chronic stable HF and the

possible pathophysiologic basis to these changes

Although the majority of the patients had stable

adiponectin levels below or above the threshold of 8138

ng/mL (log adiponectin = 3.91ng/mL) from baseline to 3

months, some moved across the median value as shown

in Figure 4. Of the total number of patients, 12 (9.6%)

were in the high�low group (adiponectin from above

to below the median) and 5 (4%) were in the low�high

group (adiponectin from below to above the median).

As shown in Table 3, the incidence of chronic kidney

disease were significantly higher in the low�high and

high�high groups. It is also worth noting that the use

of angiotensin-converting enzyme inhibitors or angio-

tensin II receptor blockers was significantly lower in the

low�high group, and the prescription rate of beta-

blockers was significantly lower in the high�high group.

Patients had different outcomes regarding mortality

and MACE rates according to the type of change in adi-

ponectin (p = 0.002 and p = 0.005, respectively). Pa-

tients whose adiponectin levels improved from above to

below the median (high�low), had a similar mortality

and MACE rates compared with the low�low patients.

Patients whose adiponectin concentration worsened

(low�high) had a significantly higher mortality and
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Figure 3. The study patients were categorized on the basis of whether

they had a Log adiponectin level at 3 months higher or lower than the

median value of 3.91 ng/mL and a Log NT-proBNP level at 3 months

higher or lower than the median baseline level of 2.64 pg/mL. Fourty-

eight of the 124 patients (39%) had no elevation in either adiponectin or

NT-proBNP (Group 1); 28 (22%) had elevation in one (Group 2); and 48

(39%) had elevations in two (Group 3). The difference in event-free sur-

vival curves among the 3 groups was significant.

Figure 4. Serum levels of adiponectin in the study patients grouped according to changes of adiponectin over time following treatment. The num-

ber of patients (left) and subsequent mortality and MACE rates (right) are presented for the four subgroups of adiponectin changes, from baseline to

3 months. MACE, major adverse cardiovascular events.



MACE rates than patients in the low�low and high�

low groups, and indistinguishable from the high�high

group.

Changes in LVEF and NYHA functional class from

baseline to 3 months according to the type of changes

in adiponectin are presented in Figure 5A and 5B. Signi-

ficant improvements in LVEF and NYHA functional class

at 3 months were observed both in the patients with

adiponectin levels stable below the median (low�low)

and in the patients with improved adiponectin from

above to below the median (high�low). Changes in

LVEF and NYHA functional class were similar in both

groups at 3 months. Patients who worsened in terms of

adiponectin levels (low�high) were the only ones dis-

playing reduction in LVEF at 3 months, although the 95%

confidence intervals do not cross the zero line. Also, the
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Table 3. Clinical characteristics of the 124 patients with chronic stable heart failure stratified by changes in adiponectin over time

following treatment

Low�low

(N = 57)

High�low

(N = 12)

Low�high

(N = 5)

High�high

(N = 50)
p value

Age, years 52 � 13 63 � 14 58 � 15 63 � 15 0.001

Male, n (%) 47 (83%) 10 (83%)0 3 (60%) 36 (72%) 0.430

Ischemic heart disease, n (%) 18 (32%) 4 (33%) 2 (40%) 15 (30%) 0.970

Diabetes mellitus, n (%) 22 (39%) 5 (42%) 1 (20%) 16 (32%) 0.750

Hypertension, n (%) 31 (54%) 7 (58%) 3 (60%) 30 (60%) 0.950

Smoking, n (%) 22 (39%) 3 (25%) 1 (20%) 14 (28%) 0.550

Dyslipidemia, n (%) 56 (98%) 12 (100%) 4 (80%) 41 (82%) 0.010

Previous MI, n (%) 07 (12%) 0 (0%)0 2 (40%) 06 (12%) 0.150

Previous stroke, n (%) 5 (9%) 1 (8%)0 1 (20%) 2 (4%) 0.530

CKD, stage 3, n (%) 20 (35%) 5 (42%) 4 (80%) 35 (70%) 0.002

Anemia, n (%) 1 (2%) 1 (8%)0 0 (0%)0 2 (4%) 0.650

Medication

Diuretics, n (%) 42 (74%) 12 (100%) 05 (100%) 43 (86%) 0.070

Aldosterone antagonist, n (%) 26 (46%) 5 (42%) 2 (40%) 21 (42%) 0.980

ACEI/ARB, n (%) 30 (53%) 11 (92%) 1 (20%) 28 (56%) 0.030

Beta-blockers, n (%) 38 (67%) 9 (75%) 4 (80%) 21 (42%) 0.024

Digitalis, n (%) 24 (42%) 9 (75%) 2 (40%) 23 (46%) 0.220

Vasodilators, n (%) 24 (42%) 5 (42%) 2 (40%) 20 (40%) 1.000

Statins, n (%) 17 (30%) 4 (33%) 3 (60%) 09 (18%) 0.150

Body mass index at baseline, kg/m
2

27.11 � 4.64 26.00 � 4.710 24.60 � 3.97 24.97 � 5.250 0.140

Body mass index at 3-month, kg/m
2

27.43 � 4.90 26.35 � 4.95 25.27 � 3.78 25.09 � 5.230 0.120

LVEF at baseline, % 30.91 � 10.44 27.25 � 9.80 23.60 � 7.93 28.74 � 10.94 0.340

LVEF at 3-month, % 37.25 � 10.38 36.83 � 10.28 20.40 � 11.10 31.02 � 12.42 0.002

NYHA functional class at baseline

II, n (%) 37 (65%) 7 (58%) 0 (0%) 21 (42%) 0.010

III, n (%) 20 (35%) 5 (42%) 5 (100%) 29 (58%) 0.010

NYHA functional class at 3-month

II, n (%) 47 (83%) 11 (92%)0 2 (40%) 34 (68%) 0.042

III, n (%) 10 (17%) 1 (8%) 3 (60%) 16 (32%) 0.042

Log NT-proBNP at baseline, pg/mL 2.43 � 0.72 2.91 � 0.73 2.70 � 0.52 3.05 � 0.70 < 0.001 <

Log NT-proBNP at 3-month, pg/mL 2.22 � 0.63 2.58 � 0.74 3.07 � 0.66 3.12 � 0.65 < 0.001 <

Log Adiponectin at baseline, ng/mL 3.48 � 0.46 4.11 � 0.12 3.72 � 0.19 4.30 � 0.20 < 0.001 <

Log Adiponectin at 3-month, ng/mL 3.42 � 0.43 3.71 � 0.24 4.06 � 0.08 4.28 � 0.21 < 0.001 <

Total MACE, n (%) 16 (28%) 0 (0%)0 4 (80%) 20 (40%) 0.005

Mortality, n (%) 4 (7%) 0 (0%)0 3 (60%) 10 (20%) 0.002

ACEI/ARB, angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers; CKD, chronic kidney disease; LVEF, left

ventricular ejection fraction; MACE, major adverse cardiac events; MI, myocardial infarction; NYHA, New York Heart Association.



NYHA functional class was unchanged after treatment.

Although LVEF was only minimally improved, the NYHA

functional class was improved in patients with adipo-

nectin stable above the median (high�high) at 3 months.

In other words, worsening of adiponectin (i.e., low�

high group) was not associated with improvement in

LVEF and NYHA functional class after treatment. Actu-

ally, a significant negative correlation, with the correla-

tion coefficients between changes in adiponectin and

changes in LVEF of -0.369 (p < 0.001) was noted (Figure

5C).

DISCUSSION

In patients with chronic stable symptomatic HF, the

present study confirmed that changes in adiponectin

levels over time with respective to a threshold value of

8138 ng/mL (log adiponectin = 3.91 ng/mL) convey sig-

nificant additional prognostic information on top of

baseline adiponectin values. Moreover, simultaneous

assessment of adiponectin and NT-proBNP provided

complementary information and enabled powerful pre-

diction of a patient’s risk of MACE in patients with ch-

ronic HF.

As far as we know, although experimental studies

have suggested that adiponectin has a cardioprotective

effect,
4,6,8,19,22

administration of adiponectin can never-

theless increase energy expenditure and decrease body

weight in lab animals.
23,24

Moreover, globular adiponec-

tin may activate nuclear factor – kB and activating pro-

tein-1, resulting in expression of proinflammatory genes

and enhancement of angiotensin II – induced prolifera-

tion in cardiac fibroblasts, which may in turn play a role

in HF progression.
25,26

The positive correlation between

adiponectin and NT-proBNP is in keeping with the iden-

tified lipolytic and lipid-mobilization effects of natriure-

tic peptides.
27

It suggests that high levels of BNP might,

through their lipolytic effect, exaggerate the wasting

process in HF and increase adiponectin levels. Hence,

rather than merely being a biomarker reflecting changes

in body composition, adiponectin may be involved in

the metabolic and endocrine imbalances and inflamma-

tion accompanying HF and negatively affect the progno-

sis in patients with established HF.
2,4,7-9,23-25

Therefore,

adiponectin may be considered as a cardio-metabolic,

and BNP or NT-proBNP a hemodynamic, biomarker in

patients with HF; in fact, they are interrelated but can

provide complimentary information.
28

Because circulating natriuretic peptides are among

the most sensitive and specific biomarkers of HF and

subsequent outcomes,
29,30

whether measurements of

adiponectin can provide additional prognostic informa-

tion to the NT-proBNP levels or not, is a major concern.

In our previous report, we demonstrated that a single

measurement of adiponectin level at baseline is an inde-

pendent predictor of prognosis in chronic HF patients,

especially in those with an elevated NT-proBNP level.
5

The present study further demonstrated that high adi-

ponectin levels after treatment may convey significant

additional prognostic information on top of baseline

adiponectin values, and the combined evaluation of

both parameters as a method of risk detection is supe-

rior to the use of either adiponectin or NT-proBNP alone.

The present study has demonstrated a proof of con-

cept that changes in adiponectin and NT-proBNP levels
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Figure 5. Changes in left ventricular ejection fraction (LVEF) (A) and New York Heart Association (NYHA) functional class (B) by the 4 subgroups of

changes in adiponection from baseline to 3 months were illustrated. Changes are expressed as least square means (95% confidence limits). A signifi-

cant negative correlation, with the correlation coefficients between changes in adiponectin and changes in LVEF of -0.369 (p < 0.001) was also noted (C).
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is related to prognosis in chronic HF. The clinical mes-

sage that can be applied is that once a particular anti-HF

treatment has been initiated, serial measurements of

both adiponectin and NT-proBNP may help to indicate

how patients respond to the treatment. Subsequent ad-

justments should be made according to the responses

indicated by the changes in biomarker levels. If both the

adiponectin and NT-proBNP levels either remain or be-

come low, supported by similar clinical features, then

the treatment can be considered to be beneficial or

satisfactory, and should be continued. If the biomarker

levels remain or become high, then alternative thera-

pies should be considered, and instituted as required in

an attempt to improve the condition of the patients

with HF progression. However, although the prognostic

value of repeated determinations of adiponectin has

been shown in patients in acute decompensated HF
13

and chronic stable HF as in the present study, it was dif-

ficult to prove convincingly just how much additional in-

formation in terms of outcome serial measurements

was conveyed because of the limited sample size and

the heterogeneity of the patients being studied. The

bottom line is that our study ascertained the course of

time allowing adiponectin to reflect the progression of

HF and the outcomes by coupling adiponectin and NT-

proBNP, which may improve the accuracy of the prog-

nostic stratification of patients treated for chronic HF.

Regarding the possible pathophysiologic basis to

those changes in adiponectin over time following treat-

ment in patients with chronic stable HF, our data de-

monstrated that similar concentrations of adiponectin

can have profoundly different prognostic values, de-

pending on the trend over time in these patients. For ex-

ample, patients with baseline adiponectin values below

the median have significant lower mortality hazards of

those with baseline adiponectin values above the me-

dian, but the subgroup of those whose adiponectin in-

creased to above median (low�high) at 3 months, had

a remarkably high risk for mortality and adverse out-

comes compared with those whose adiponectin levels

remained below median (low�low). Similarly, those

with elevated baseline adiponectin levels had really low

hazards if their adiponectin levels decreased below the

median at 3 months (high�low), compared with the

subgroup whose adiponectin remained elevated (high�

high). Simplistically, a trend in adiponectin to decrease

seems to reflect an improvement in HF possibly because

of effective treatment; while an increase in adiponectin

suggests progression of HF. The findings of the present

study are consistent with those reported in patients

with acute decompensated HF showing that serum adi-

ponectin concentrations was elevated in acute decom-

pensated HF and decreased following the treatment,

and how much adiponectin decreases in response to

treatment is an important determinant of the prognosis.
13

Those observations receive further support from the

consistency of our findings in terms of a broader spec-

trum of chronic stable HF patients being recruited and

measurements of adiponectin over a longer period of

time after treatment.

The fact that patients whose adiponectin decreases

over 3 months from above to below the median (high�

low) may have a mortality and MACE rates similar to

those who have been constantly below (low�low) sug-

gests that outcome improvement can be detected in

some patients with chronic HF in relatively short times.

On the other hand, patients whose adiponectin levels

worsened from below to above the median (low�high)

had a worse outcome suggests that patients whose adi-

ponectin increases over time (HF progression) carry a

significant higher risk than those patients with advanced

HF, but in stable condition after treatment. Our findings

regarding the worsening or improving of adiponectin

over time is associated with qualitatively similar changes

in LVEF and NYHA functional class provide physiologic

and clinical support to the present analysis and extend

the previous observations.
13,14

In particular, given the

overall trend toward improvement over time in LVEF

and NYHA functional class, the group low�high shows a

poor response in terms of improvement of LVEF and

NYHA class after treatment. This finding supports the

close relationship not only between LV structural changes

and clinical symptoms and circulating adiponectin, but

also outcome in HF.
5-15

Last but not least, we demonstrated in Table 3 that

the prescription rate of angiotensin-converting enzyme

inhibitors or angiotensin II receptor blockers was signifi-

cantly lower in the low�high group, and that of the

beta-blockers was significantly lower in the high�high

group. Although the higher incidence of chronic kidney

disease in the low�high and high�high groups may

partially explain the underuse of evidence-based thera-
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pies in those patients, the low rates of prescription of

drugs based on evidence in the study patients as a whole

suggest that searching for a better therapy for HF is ur-

gently necessary. Actually, reliable data from certain re-

cent studies have reported that Taiwanese HF patients

have inferior outcomes to those from other countries,

with reduced quality of life, more re-hospitalizations,

and a greater incidence of cardiovascular death, which

might have resulted from underperformance of hospital

physicians in HF diagnosis and management, especially

the underuse and under-dosing of evidence-based ther-

apies.
31-33

Therefore, there is a major unmet need for

better therapies for HF in Taiwan. How to overcome the

possible underlying obstacles facilitating underperfor-

mance of HF treatment in Taiwan remains of paramount

importance, such as unfamiliarity with the impact of HF

and exaggerated concerns over treatment risks and

side-effects, so as to provide timely and appropriate

anti-HF treatments not just relieving the symptoms but

also improving the overall morbidity and mortality.

Several limitations have to be acknowledged. First,

the current study is limited by its modest sample size.

The relationship of these biomarkers to prognosis on

the basis of the limited numbers of MACE is relatively

weak. Therefore, further studies on a larger scale will be

needed to confirm and to refine these findings. Second,

the cutoff points used for adiponectin and NT-proBNP in

the present study population may not be applicable to

other HF populations, although these significant cross-

sectional associations suggest that our assay methods

were reasonably robust. Finally, although potentially

clinically relevant, the value of changes of adiponectin

over time intervals of longer than 3 months also cannot

be assessed. More serial measurements are needed to

quantify and correct for possible underestimation or

overestimation of associations due to fluctuations of

adiponectin values within an individual over time.

CONCLUSIONS

Even if a single adiponectin measurement may pro-

vide prognostic information in HF, the present study

demonstrated evidence in favor of the use of changes in

adiponectin over time in the management of patients

with chronic stable HF, and provides a pathophysiologic

basis to these changes. When adiopnectin is used in

conjunction with NT-proBNP in chronic HF settings, the

prognostic value may be better than using each bio-

marker separately. The decision-making process out-

lined above should be tested in studies of larger scale

and with longer term of follow-up.
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