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Abstract

Reduced plasma adiponectin has been associated with abnormal lipid profile, reduced left ventricle (LV) function, and the extent of
coronary atherosclerosis in coronary artery disease. The aim of this study was to assess these relationships in patients with dilated
cardiomyopathy (DCM) without overt heart failure. Plasma adiponectin was measured in 55 DCM patients (age, 59 + 12 years; male, 36;
body mass index [BMI], 26.9 + 0.49 kg/m?; LV ejection fraction, 39.8% + 1.3%; New York Heart Association class I-II) and in 40 age- and
BMI-matched healthy controls. In a subset of 25 patients, myocardial blood flow (MBF) was measured at rest and during intravenous
dipyridamole (0.56 mg/kg in 4 minutes) by positron emission tomography and '*N-ammonia as a flow tracer. Adiponectin was 6.6 % 0.34
pg/mL in controls and 10.9 + 0.85 ug/mL in DCM patients (P < .001), where it was related inversely with BMI (P =.009) and directly with
brain natriuretic peptide (P = .017), high-density lipoprotein (HDL) cholesterol (P = .002), and MBF dipyridamole (P = .020). Adiponectin
lesser than median value in patients was associated with higher total to HDL cholesterol ratio (4.8 + 0.24 vs 3.9 = 0.18, P = .009) and lower
MBEF reserve (1.76 £ 0.16 vs 2.43 £ 0.19, P = .01). These results could suggest that down-regulation of the adiponectin levels and reduced

HDL cholesterol have a key role in causing impaired coronary function and myocardial perfusion in DCM.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Adiponectin is a multifunctional protein with insulin-
sensitizing effects and antiatherogenic and anti-inflammato-
ry properties [1] resulting in important protective effects at
cardiovascular level [2]. Accordingly, it has been involved in
the pathogenesis of different cardiovascular diseases and has
been also suggested as a potential new therapeutic target [2].
As to the peripheral circulation, the levels of this effector
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have been demonstrated to be a relevant biomarker with
diagnostic/prognostic value in cardiovascular diseases [2].

In coronary artery disease (CAD), adiponectin has been
extensively studied [3-5]; and lower levels of this cytokine
have been associated with early onset [4] and severity of the
disease [3-5]. A study in 1174 patients with angiographically
documented CAD showed a correlation with high-density
lipoprotein (HDL) cholesterol, triglycerides, and N-terminal
pro—brain natriuretic peptide (BNP), suggesting that dysli-
pidemia could be a link between adiponectin and athero-
sclerosis progression [6]. Finally, Frystyk and coworkers [5],
in a 10-year follow-up study in a group of healthy elderly
subjects, recently showed that elevated circulating concen-
trations of adiponectin are associated with a lower risk for
CAD independently of other well-known risk factors.
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In heart failure (HF), adiponectin plasma levels increase
as a function of disease severity (New York Heart
Association class), correlate with BNP and tumor necrosis
factor—o. (TNFa) [7], and represent a predictor of death
independently of other risk markers [8]. It has been
suggested that a receptor-mediated “functional adiponectin
resistance” may ensue in overt HF, reducing the protective
effects of this adipokine [9].

Little is known about the possible involvement of
adiponectin system in nonatherosclerotic cardiac diseases
such as dilated cardiomyopathy (DCM) before the onset
of overt HF. In this condition, an increase of inflam-
matory markers and abnormalities in lipid profile (reduction
of HDL cholesterol and apolipoprotein A-I and -II) were
observed [10]. Moreover, DCM patients may frequently
show insulin resistance, suggesting a pathogenetic link
between impaired glucose metabolism and left ventricle
(LV) dysfunction [11]. Both lipoproteins abnormalities and
insulin resistance may negatively affect macro- and
microvascular structure and function [12] and have been
recently related with adiponectin signal. In particular, it has
been hypothesized that adiponectin may directly influence
the concentration of circulating lipids and especially plasma
HDL cholesterol [6,13]. Actually, HDL directly regulates
endothelial function, influencing the control mechanisms
of myocardial blood flow (MBF) [14]. As a matter of
fact, MBF abnormalities at rest as well as in response to
metabolic or pharmacologic stimulations have been observed
in DCM patients with angiographically normal coronary
arteries. These abnormalities were interpreted as due to
endothelial/microvascular dysfunction preceding the onset
of HF [15] and were demonstrated to independently predict
prognosis [16].

We hypothesized that adiponectin plasma levels could be
related with both an abnormal lipid and/or metabolic profile
and coronary microvascular dysfunction in DCM. To test
this hypothesis, adiponectin levels, as well as inflammatory
markers, serum lipids, and glucose profile, were measured in
patients with DCM without overt HF to avoid the
confounding effects of generalized biohumoral activation.
The relationship between adiponectin levels and coronary
microvascular function was analyzed in a subset of patients
with DCM submitted to positron emission tomography
(PET) to measure MBF.

2. Materials and methods

2.1. Patients

We enrolled 55 consecutive patients (age, 59 + 12 years)
with DCM. All patients had come to medical attention
because of dyspnea on effort and/or ventricular arrhythmias
and/or chest pain and/or conduction disturbances, with
evidence of LV systolic dysfunction at 2-dimensional (2D)
echocardiographic evaluation leading to coronary angiogra-
phy. Inclusion criteria were (1) LV ejection fraction (EF) less

than 50% at 2D echocardiography; (2) functional New York
Heart Association class I to II; (3) angiographically normal
coronary arteries; (4) exclusion of vasospastic angina,
congenital or valvular heart disease, hypertrophic cardiomy-
opathy, myocarditis, pericarditis, lung disease, and primary
thyroid disease; (5) presence of sinus rhythm; and (6)
exclusion of alcohol abuse or other systemic diseases.

Local ethics review committee approved the study, and
the investigation conformed to the principles outlined in the
Declaration of Helsinki.

Blood samples were also obtained in the same conditions
in 40 age-matched healthy subjects included as a control
group. All healthy subjects were asymptomatic, were not
obese, had normal arterial blood pressure, had a low risk of
CAD, and were free from acute diseases, as determined by an
interview with a clinician. All of them had normal values for
the main plasma parameters and normal leukocyte count.
Furthermore, they denied the use of any drug during the 4
weeks before the study.

All subjects gave their written informed consent to be
involved in the study including PET and blood sampling.

2.2. LV function and coronary functional profiles

Left ventricular EF, LV end-diastolic diameter (LVEDD,
in millimeters), and LV mass index were obtained by 2D
echocardiographic evaluation according to international
standards. In 25 patients, coronary microvascular function
was assessed by rest/stress PET MBF study. Absolute MBF
was measured, using 13N-ammonia as a flow tracer, at rest
and during intravenous dipyridamole (dip) (0.56 mg/kg in 4
minutes). Coronary resistance was computed in each
condition as the ratio of mean aortic pressure over MBF.
Myocardial blood flow and resistance reserve were obtained
as the ratio of stress to rest MBF and rest to stress resistance,
respectively. Both the PET protocol and the data analysis
have been described elsewhere [16]. Data obtained in DCM
patients were compared with those obtained in a population
of 15 healthy subjects previously studied and already
published [16]. These subjects (6 men, 49 + 7 years of
age) presented atypical chest pain, angiographically normal
epicardial coronary arteries, normal LV function by contrast
ventriculography, and no other detectable heart or systemic
disease. The historical PET control group and the tested
group of DCM patients submitted to PET study are slightly
even if not significantly different as to age, sex, body mass
index (BMI), and smoking habit.

2.3. Biohumoral profile

Adiponectin was determined on 1:500 dilution of plasma
EDTA samples by using a specific immunometric assay
(Linco Research, St Charles, MO): sensitivity, 0.14 + 0.05
ng/mL; working range, 1.5 to 100 ng/mL; within-assay
variability, 5.6%; and between-assay variability, 15.0%.
Two monoclonal antihuman adiponectin antibodies recog-
nizing 2 different epitopes of the molecule are used, whereas
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Table 1
Clinical and MBF data at enrollment

Mean values + SEM

Age,y 587+13
Men, % 67%

LVEF, % 398+1.3
LVEDD, mm 60.4+1.0
LVEDP, mm Hg 129+13
LV mass index, g/m? 1442 +£5.8
MBF b, mL min~" g 0.69 +0.13
MBEF dip, mL min ' g~ 1.46 £0.13
MBF reserve 2.11+0.14
Res bas, mm Hg mL ™" min~' g~ 151.54 £ 8.55
Res dip, mm Hg mL ™' min~" g! 78.63 £ 7.68
Res reserve 2.14£0.15

LVEDP indicates LV end-diastolic pressure; bas, baseline; res, microvas-
cular resistance.

the dose-response curve was built by using, as calibrator,
recombinant human adiponectin.

High—molecular weight (HMW) adiponectin was mea-
sured by enzyme-linked immunosorbent assay (ELISA)
technique after pretreatment with a specific protease (ALPCO
Diagnostics, Salem, NH) as previously described [17].

Plasma level of interleukin-6 (IL-6) was measured by a
high-sensitivity ELISA technique (Diaclone Research,
Besancon, France). Sensitivity level was 0.33 + 0.04 pg/mL.

Plasma levels of TNFo were determined by an ELISA
technique (Invitrogen, Carlsbad, CA); lower detection limit
was about 0.09 pg/mL.

C-reactive protein (CRP) was measured in human serum
by a high-sensitivity ELISA method (Diagnostics Biochem
Canada, London, Ontario, Canada); lower detection limit
was about 0.001 mg/dL.

Brain natriuretic peptide was measured with a 2-site
immunoradiometric assay (Shionogi, Osaka, Japan).

Lipid, glucose, and insulin profiles were obtained by
standard measurements.

2.4. Statistical analysis

All the results are reported as mean + SEM. All the values
of sample concentration were calculated by using a 4-
parameter logistic function to interpolate dose-response
curve.

All statistical calculations were performed with SPSS
10.5 statistical software package (SPSS, Chicago, IL).
Analysis of variance followed by Fisher test was used to
compare continuous variables after a logarithmic transfor-
mation of the original values if not normally distributed.
Simple regression analysis was performed to correlate
different variables. A P value < .05 was considered
significant.

Multivariate analysis was performed to evaluate the
effects of the various metabolic and inflammatory para-
meters on microvascular function.

3. Results

3.1. Characteristics of the study population

Clinical characteristics of the study population and MBF
data are summarized in Table 1. Patients showed moderately
depressed LV systolic function, moderately increased LV
dimensions and mass, and increased BNP plasma levels. In
the subgroup studied with PET, patients had significantly
depressed MBF as compared with previously published
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Fig. 1. Myocardial blood flow variables in DCM patients and in controls.
Myocardial blood flow b (A), MBF dip (B), and MBF reserve (C) are
significantly reduced in DCM patients with respect to controls [16].
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values in healthy people (MBF b, 1.04 = 0.22 mL min™' g ';
MBF dip, 3.67 + 0.86 mL min~ g_l; MBEF reserve, 3.63 +
0.97) (P < .001, DCM patients vs healthy people) [16]
(Fig. 1). As to the treatment regimens, angiotensin-convert-
ing enzyme inhibitors were being taken by 89% of patients,
p-blockers by 56%, digitalis by 31%, diuretics by 64%,
amiodarone by 24%, and statins by 13%. Cardiovascular risk
profile of the study population is shown in Table 2. Overall,
92% of patients had at least one abnormal metabolic risk
factor; but only 9% had evidence of metabolic syndrome
according to published criteria [18].

3.2. Relationships between adiponectin, inflammatory
profile, cardiovascular risk profile, LV function, and MBF

Plasma adiponectin values in DCM patients were
significantly higher than those found in healthy controls
(10.9 £ 0.85 vs 6.6 = 0.34 pug/mL, mean = SEM; P <.001).
High—molecular weight adiponectin was 2.51 + 0.24 and
1.76 £ 0.15 pg/mL (P = .036) in DCM patients and in
controls, respectively. Inflammatory markers were increased
in DCM patients with respect to controls: IL-6 was 1.49 +
0.26 in DCM patients and 0.78 £ 0.41 pg/mL in controls (P <
.001), whereas CRP was 0.34 = 0.08 and 0.11 + 0.033 mg/
dL, respectively (P = not significant [NS]). Tumor necrosis
factor—o was 7.3 £0.21 in DCM group and 7.2 + 0.45 pg/mL
in controls (P = NS).

In DCM patients, adiponectin levels were not related with
inflammatory markers or echocardiographic LV functional
parameters. However, a significant direct correlation was
found between adiponectin and BNP plasma concentration
(r = 0.321, P = .017). Among cardiovascular risk factors,
adiponectin was negatively correlated with BMI (P = .009,
standard error of estimate [SEE]=0.516) (Fig. 2A) and
positively correlated with HDL cholesterol (P = .003, SEE =

Table 2
Cardiovascular risk factors at enrollment
Mean value + Range %
SEM Abnormal®
SBP, mm Hg 133.1+2.5 100-175 38.2
DBP, mm Hg 754+ 1.5 52-115 10.9
Total cholesterol, mg/dL 197.0£5.9 105-335 44.4
HDL cholesterol, mg/dL 472+ 1.6 28-79 352
LDL cholesterol, mg/dL 125.5+5.6 50-225 283
Total cholesterol to HDL 43+0.16 2.3-7.8 37.0
cholesterol
Plasma triglycerides, mg/dL  114.6 £ 11.0 41-473 16.7
BMI, kg/m? 26.9 + 0.49 19.5-37.8 17.0
Insulin, uIU/mL 9.7 +0.58 2.8-238 0
Glucose, mg/dL 108.6 + 4.2 67-252 42.6
HOMA index 2.7+0.49 0.65-7.9 22.6

SBP indicates systolic blood pressure; DBP, diastolic blood pressure; LDL,
low-density lipoprotein; HOMA, Homeostasis Model Assessment.

# Systolic blood pressure >140; DBP >90; total cholesterol >200 mg/
dL; LDL cholesterol >150 mg/dL; HDL cholesterol <35 (male) and <39
(female) mg/dL; triglycerides >150 mg/dL; BMI >30 kg/m?; insulin >27
pIU/mL; glucose >100 mg/dL; HOMA index <3.8.
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Fig. 2. Relationship between adiponectin, and metabolic and MBF variables.
In patients with DCM, adiponectin correlates negatively with BMI (A), and
positively with HDL cholesterol (B) and MBF dip (C). Logarithmic
transformation of the original values was performed when variables were not
normally distributed.

0.507) (Fig. 2B). In the subgroup studied with PET,
adiponectin was positively correlated with MBF dip (P =
.0197, SEE = 0.495) (Fig. 2C). Similarly to total adiponectin,
HMW adiponectin positively correlated with HDL choles-
terol; but no correlation was found with either BMI or MBF
parameters. The DCM patients were subdivided into 2
groups according to the median value of plasma adiponectin
concentration (9.1 ug/mL; interquartile range, 7.625).
Clinical, LV functional, metabolic, and inflammatory
markers are compared in the 2 groups in Table 3. The
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Table 3
Clinical, functional, cardiovascular risk, and inflammatory markers as a
function of plasma adiponectin

Group 1 Group 2 Significance
Age,y 56.6+2.2 609+13 NS
SBP, mm Hg 1299 +3.4 136.5+3.7 NS
DBP, mm Hg 744 +1.9 76.4+24 NS
LV function data
LVEF% 39.6+1.9 399+£19 NS
LVEDD, mm 619+1.5 589+14 NS
LVEDP, mm 106 £ 1.4 151+2.1 NS
LV mass index, g/m? 140.0 £ 6.8 149.3 £10.0 NS
BNP, pg/mL 5314129 163.9+424 NS
Cardiovascular risk factors
Total cholesterol, mg/dL 202.4 £ 8.1 191.6 £9.7 NS
HDL cholesterol, mg/dL 444 +2.1 50.1+23 P=.07
LDL cholesterol, mg/dL 131.5+£8.1 119573 NS
Total to HDL cholesterol 4.8 +0.24 39+0.18 P=.009

Plasma triglycerides, mg/dL  118.8 £ 12.7 1104+ 18.1 NS

BMI, kg/m® 27.9 +£0.69 259+ 0.65 P=.037
Glucose, mg/dL 108.0 £ 6.1 109.0+£59 NS
HOMA index 2.82+0.27 2.61 £0.39 NS
Inflammatory markers

IL-6, pg/mL 1.2+£0.27 1.8+ 045 NS
TNFa, pg/mL 7.3£0.19 74+042 NS
CRP, mg/dL 0.22+0.052 0.52+0.17 NS

treatment regimens are similar in the 2 groups of patients.
The patients with plasma adiponectin lower than the median
value (group 1) had lower HDL cholesterol and significantly
higher total to HDL cholesterol ratio and BMI as compared
with patients with plasma adiponectin higher than the
median value (group 2). Moreover, lower adiponectin levels
in DCM were associated with an evident impairment of
coronary microvascular function as demonstrated by de-
pressed MBF values and reduced MBF reserve (Fig. 3).
Finally, multivariate analysis indicates that adiponectin
plasma levels (P = .05) are the factors mainly affecting
MBF dip values in DCM patients with respect to HDL
cholesterol, I1L-6, and BMI.

4. Discussion

The present study clearly indicates that, in the DCM
population, subjects with relatively lower plasma levels of
adiponectin show reduced HDL cholesterol and a severe
impairment of myocardial perfusion.

Our data strongly suggest that a relative down-regulation
of the adiponectin signal and reduced HDL cholesterol may
be involved in the pathogenesis of coronary endothelial/
microvascular dysfunction in DCM.

4.1. Adiponectin, CAD, LV dysfunction, and HF

It is well known that low levels of adiponectin are
associated with increased risk of CAD [5]. In patients with
established CAD, reduced adiponectin levels are associated
with disease severity and increased risk of acute coronary
events [3]. To explain this apparent protective role of

adiponectin on coronary atherosclerotic damage, different
mechanisms have been hypothesized mainly including
the anti-inflammatory and metabolic properties of this
adipokine [1].

In patients with CAD, adiponectin strongly correlates
with triglycerides (negative correlation) and HDL cholester-
ol (positive correlation), even after adjustment for many
influencing factors such as age, sex, BMI, history of
hypertension or diabetes, and smoking habit [6]. These
observations suggested that the antiatherosclerotic actions of
adiponectin could be due to its effects on lipids. Adiponectin
is associated with key enzymes in lipid metabolism [19,20]
and may directly influence the concentrations of circulating
lipids in particular HDL cholesterol [13].

In patients with CAD, increased levels of adiponectin are
associated with LV dysfunction and plasma levels of BNP
[7,21], possibly expressing a compensatory response to
prevent further deterioration in systolic function, thus
contributing to preserving myocardial function [22]. When
LV dysfunction progresses and HF ensues, adiponectin

0.9
0.8 1
0.7 1
0.6
0.5
0.4
0.3
0.2
0.1
0

2 ’7 [P
1.5

i

P=.072

MBF b, ml/min/g

0.5

MBF dip, ml/min/g

3 P=.010

2.5 1

MBF reserve

Group 1 Group 2

Fig. 3. Myocardial blood flow and adiponectin. Myocardial blood flow b
(top), MBF dip (middle), and MBF reserve (bottom) are severely reduced in
patients of group 1 (ie, with adiponectin lower than the median value, 9.1
pug/mL; interquartile range, 7.625) with respect to patients of group 2 (ie,
with adiponectin higher than the median value). Mean values and SEM are
shown.
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levels increase proportionally and correlate with markers of
disease severity and mortality [7,8], suggesting that in HF the
adiponectin signal might lose its efficacy because of a
“functional adiponectin resistance” [9].

4.2. DCM, coronary microvascular dysfunction,
and adiponectin

A potential pathogenetic role for functional abnormalities
of the coronary macro- and microcirculation has been
recently hypothesized in DCM [23] as well as in other
cardiovascular disorders [24]. Different clinical studies have
demonstrated a clear impairment of coronary endothelial
function in DCM as part of a systemic alteration of the
vascular endothelium [25]. Endothelial dysfunction is able to
strongly limit the coronary vasodilatory response to stress.
This condition is potentially able to cause an imbalance
between myocardial oxygen demand and blood flow
delivery, setting the “scene” for possible myocardial
ischemia even in the absence of overt CAD. Actually,
myocardial flow and metabolic patterns characteristic of
ischemic myocardial dysfunction have been described in
clinical DCM [26] and in experimental models [27]. The
MBEF abnormalities can be documented early in the natural
history of DCM [15] and are able to predict the unfavorable
evolution of the disease toward progressive ventricular
dysfunction and HF [16].

Among the possible mechanisms leading to abnormal
coronary macro- and microvascular function in DCM,
preliminary evidences suggest a role for abnormal lipid
profile. In a recent study from our group [10], patients with
DCM, as compared with a matched population of healthy
controls, were characterized by lower HDL levels associated
with increase in CRP. The PET flow studies in non-DCM
populations demonstrated that lower plasma HDL choles-
terol was associated with reduced MBF response to both
sympathetic and pharmacologic stimulation at the coronary
microvascular level [28].

Because of the known relationships between adiponectin,
lipid, coronary atherosclerosis, and LV function in CAD, it
can be hypothesized that a similar pathogenetic link may
exist with myocardial and vascular dysfunction in DCM. No
data exist in this population because published data are
mainly related to patients with severe HF where the effects of
neurohumoral activation might confound the observations.
Accordingly, in the present study, we carefully selected a
population with LV dysfunction and angiographically
normal coronary arteries without overt HF. In this very
selected cohort of patients, adiponectin levels were signif-
icantly increased with respect to a control group of healthy
individuals. Although adiponectin was inversely related with
BMI, as expected [29,30], and directly related with BNP
levels, no correlation with inflammatory markers was found,
probably because of the complex reciprocal interplay
between adiponectin and inflammatory mediators. These
findings are very similar to those described in CAD patients

or in patients with cardiovascular risk factors without HF.
Present results underline the similarity between DCM, CAD,
and ischemic LV dysfunction and the potential protective
role of adiponectin also in this population. Changes in HMW
adiponectin reflected similar changes in total adiponectin
concentrations. The lower significance level of correlations
between this active form and lipid profile or myocardial flow
parameters may be due to methodological features of the
HMW assay [17]. This observation is in tune with previously
found data in HF patients [8].

The main observation of this study, however, is that in
DCM patients lower levels of adiponectin were associated
with reduced HDL cholesterol and evidence of severe
impairment of MBF and MBF reserve. By contrast, patients
with lower or higher levels of adiponectin did not differ in
any other LV functional, metabolic, or inflammatory
parameter. This finding strongly indicates that in DCM
adiponectin exerts protective functions on the coronary
vessels and that a relative down-regulation of its signal is
associated with severe endothelial/microvascular dysfunc-
tion. The resulting depression of myocardial perfusion and
impairment of coronary vasodilating capability during stress
may significantly contribute to disease progression and
worse prognosis [16].

4.3. Limitations of the study

The major limitation of the present study is the relatively
low number of patients submitted to PET, which may not be
optimal for a multivariate analysis to assess independent
predictors of MBF abnormalities. However, the PET
subgroup was representative of the whole DCM group for
all the analyzed variables and also superimposable to
previously published populations of DCM patients evaluated
by PET.

Another limitation is the lack at present of a prolonged
follow-up, which could have provided evidence of the
prognostic impact of observed abnormalities in lipid profile
and adiponectin levels as compared with the known
prognostic value of microvascular variables.

4.4. Conclusions

Because coronary endothelial/microvascular dysfunction
has been recently recognized as a key pathogenetic factor
of progressive LV dysfunction not only in DCM but also
in other cardiovascular disorders, the understanding of
the pathogenetic mechanisms involved may reveal new
therapeutic targets to prevent HF. In this contest, adipo-
nectin pathway is gaining increasing attention. Although
low adiponectin influences the concentrations of HDL
cholesterol, both these factors are associated with endo-
thelial dysfunction [13,31], suggesting synergistic actions.
As a matter of fact, the known beneficial effects of statin
and fibrate therapy in CAD have been reproduced in
DCM and appear to be related with increase in adiponectin
levels [32].
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