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Abstract
Diastolic dysfunction (DD) with preserved left ventricular (LV) ejection fraction (EF) has been
linked to obesity. Adiponectin is a cytokine related to obesity and obesity-linked cardiovascular
complications. The authors aimed to determine the independent association of DD with
adiponectin. Fifty patients with impaired relaxation DD and a normal EF and age-matched normal
controls were recruited. Plasma levels of total and high molecular weight (HMW) adiponectin
were measured. Mid and low molecular weight (MMW+LMW) fractions of adiponectin were
calculated by subtracting HMW fraction from total adiponectin. The DD group had significantly
lower total (median, 4.4 vs 12.7 μg/mL; P=.001), HMW fraction (median, 1.3 vs 3.4 μg/mL; P=.
02), and MMW+LMW fraction of adiponectin (median, 3.8 vs 7.2 μg/mL; P=.01). Body mass
index (BMI) negatively correlated with total (r:−0.46, P=.003), HMW (r:−0.32, P=.038), and
MMW+LMW (r:−0.40, P=.006) fractions of adiponectin. DD had an independent association with
both BMI (P<.05) and total adiponectin (P<.001) in linear regression model using sex, BMI, blood
pressure, and total adiponectin as covariates. DD was associated with BMI (P=.02), HMW fraction
(P=.03), and MMW+LMW fraction (P=.004) in similar linear regression analyses. Adiponectin
deficiency may be one explanation for the adiposity-related cardiac oxidation known to be
involved in the pathogenesis of DD.

Diastolic dysfunction (DD) with preserved ejection fraction (EF) accounts for half of all
heart failure (HF) presentations.1,2 Morbidity and mortality from DD are similar to HF with
reduced EF,3 yet therapies that show benefit in the latter have not been found effective in the
former.4,5

DD is characterized by impairment in ventricular relaxation and chamber stiffness during
diastole.6 The pathogenesis of DD is still incompletely understood; however, it is well
known that DD is associated with obesity, hypertension, and insulin resistance,7-9 conditions
associated with oxidative stress. Recently, it has been shown that nitric oxide (NO) and NO
synthase (NOS) have a role in cardiac relaxation, with a reduction in cardiac NO
contributing to DD.10

Adiponectin, an adipocyte-derived cytokine, is exclusively expressed in adipose tissue and is
believed to be regulated by adiposity.11 It circulates in the plasma as different oligomers:
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low molecular weight (LMW), medium molecular weight (MMW), and high molecular
weight (HMW) forms.12 Hypoadiponectinemia has been shown to be associated with
obesity and obesity-related disorders such as diabetes, insulin resistance, and coronary artery
disease.13-15 Hypo-adiponectinemia has also been linked to endothelial dysfunction and
oxidative stress. Adiponectin stimulates NO production through AMP-activated protein
kinase (AMPK)–dependent and AMPK–independent phosphorylation of endothelial NOS.16

It is postulated that adiponectin further decreases NO inactivation by blocking superoxide
production.17

Adiponectin can modify cardiac hypertrophy, fibrosis, and remodeling.18,19 Shibata
colleagues20 demonstrated severe concentric cardiac hypertrophy and increased mortality in
adiponectin knockout mice in response to pressure overload when compared with wild-type
and diabetic mice. It has also been shown that infusion of adiponectin attenuates cardiac
hypertrophy.18

We aimed to determine whether there was an association of plasma adiponectin levels with
DD in humans when compared with age-matched controls.

METHODS
In a cross-sectional, case-control design, 25 patients with New York Heart Association
(NYHA) class I or II HF symptoms and echocardiographic evidence of early DD and 25
age-matched controls were recruited from the outpatient clinics at the Atlanta Veterans
Affairs Medical Center and Emory University Hospital. DD was defined by preserved LVEF
of >50% and abnormal echocardiographic parameters consistent with diastolic dysfunction
as determined by 2-dimensional echocardiography with tissue Doppler imaging.21 Early
diastolic dysfunction was described as impaired relaxation with an E/A wave ratio of <1.21

Tissue Doppler imaging was used for measuring mitral valvular motion.22 The protocol was
approved by the Emory University institutional review board. Early DD was chosen to
minimize changes in adiponectin known to occur with acute HF exacerbations.23 No patient
in our study had greater than NYHA class II HF, and it is unclear what factors predict who
will go on to develop signs and symptoms of HF with DD. Nevertheless, reduced cardiac
relaxation is thought to be a prerequisite to HF with preserved LVEF, and our aim was to
study early biomarkers of reduced cardiac relaxation. Moreover, since adiponectin levels can
be altered during the clinical syndrome of HF, we focused on relatively asymptomatic
patients.

Eligibility criteria for both groups included age 18 years and older, an echocardiogram with
mitral valve inflow velocities and tissue Doppler measurements within 6 months of
enrollment, normal sinus rhythm, LVEF between 50% and 70%, and normal systolic and
diastolic cardiac dimensions on qualifying echocardiogram. Exclusion criteria included
systemic inflammatory disease, malignant neoplasm, severe valvular heart disease, HF
NYHA class III or IV, untreated hyperthyroidism or hypothyroidism, greater than mild
cardiac hypertrophy, cardiomyopathy of any etiology, blood pressure (BP) >180/100 mm Hg
while taking medications, any concurrent illness resulting in a life expectancy <1 year, and
current illicit drug or alcohol abuse.

Demographic and clinical data were collected from review of medical records, history and
physical examination upon enrollment, and the qualifying echocardiogram. A single blood
draw was obtained from patients in both groups. Plasma adiponectin was quantitatively
determined using multimeric enzyme-linked immunosorbent assay (ALPCO Diagnostics,
Salem, NH). LMW and MMW adiponectin levels were obtained by subtracting the HMW
adiponectin from the total adiponectin.
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Statistical analyses were performed using SPSS version 16 (SPSS Inc, Chicago, IL). A
sample size of 25 patients in each group was sufficient to detect a 2-μg/mL difference in the
adiponectin levels at a power >85%, keeping the 2-tailed level of significance at .05.
Categorical data are presented as numbers (percentages). Continuous data with normal
distribution are presented as mean ± standard deviation (SD) while those with a skewed
distribution are presented as median (interquartile range [IR]). General linear models were
used to evaluate univariate association of baseline variables with DD. Linear regression
analysis was performed to evaluate the independent association of predictive variables with
DD. Linear regression model 1 evaluated the independent association of baseline variables
found to be significant on univariate analysis. Linear regression model 2 evaluated the
independent association of adiponectin or its fractions using age, sex, BP, and body mass
index (BMI) as predictive covariates. All investigators had direct access to the primary data.

RESULTS
The baseline demographic and clinical characteristics of patients with early DD and age-
matched controls are shown in Table I. Univariate analysis using general linear models
showed that male sex (P=.04) and a higher mean BMI (P=.003) were the only two baseline
variables associated with early DD (Table I). There was no association of DD with race,
hypertension, hypercholesterolemia, use of different classes of anti-hypertensive agents and
the use of statins. Only BMI retained significant association with DD in a linear regression
analysis using variables significant on univariate analysis as covariates (model 1, r2=0.46; t
score=3.4; P=.006).

Figure 1 compares total, HMW, and MMW+LMW adiponectin levels among the cases and
controls. Patients with DD had a significantly lower total adiponectin (median [IR], 4.4
[3.4–8.0] vs 12.7 [6.2–18.7] μg/mL, P=.001), lower HMW fraction of adiponectin (median
[IR], 1.3 [0.04–3.4] vs 3.4 [1.0–9.5] μg/mL, P=.02), and lower MMW+LMW fraction of
adiponectin (median [IR], 3.8 [2.7–5.1] vs 7.2 [3.8–10.4] μg/mL, P=.01). There was a
moderately negative correlation of BMI with total (r:−0.46, P=.003), HMW (r:−0.32, P=.
038), and MMW+LMW (r:−0.40, P=.006) adiponectin levels in the study sample (Figure 2).

Patients with DD had an independent association with both BMI (P<.05) and total
adiponectin (P<.001) in linear regression analysis (model 2A) using age, sex, BMI, systolic
and diastolic BPs, and total adiponectin as covariates (Table II). DD was independently
associated with BMI (P=.02), HMW adiponectin (P=.03), and MMW+LMW adiponectin
(P=.004) in linear regression analyses (models 2B and 2C, respectively). DD had a stronger
association with total adiponectin than BMI (model 2A), similar association with both
HMW adiponectin and BMI (model 2B), and was only associated with MMW+LMW
adiponectin (model 2C).

DISCUSSION
This study shows an association of low plasma adiponectin with DD. This association is
independent of age, BMI, and the existence of diabetes or hypertension. Our results are
consistent with recent literature. In a recent study, Fukuta and colleagues24 have shown that
decreased adiponectin levels are associated with LV DD in patients with known or suspected
coronary artery disease. We confirmed this result in a more diverse cohort studying
subfractions of adiponectin. Sam and colleagues25 showed that hypoadiponectinemia in
hypertension-induced diastolic HF exacerbates LV hypertrophy and DD in mice. In
observational studies in humans, it has been shown that low levels of adiponectin are
associated with progression of LV hypertrophy and LV remodeling.18,19 McManus and
colleagues,26 in a cross-sectional epidemiologic study derived from the Framingham
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offspring cohort, found that higher levels of adiponectin were associated with lower LV
mass.

Mechanisms of cardioprotective effects of adiponectin in DD have been conjectured. The
most plausible explanation is the effect of reduced adiponectin on cardiac oxidation. It has
been reported that the relaxation defect seen in DD is, at least in part, associated with
cardiac oxidation and reduced NO production by NOS.27 It is believed that reduced NO
leads to phospholamban changes that are consistent with increased cytosolic calcium,
impaired myocardial relaxation, and DD.25 Adiponectin increases NO production from
endothelial NOS under physiologic conditions,26 possibly contributing to its
cardioprotective effects in DD. In pathologic conditions where inducible NOS expression is
stimulated, adiponectin inhibits NO overproduction by inhibition of inducible NOS
expression and protects tissues from nitrative stress.28 In summary, the lack of adiponectin
can contribute to DD by facilitating cardiac oxidative/nitrative stress.

In our study, we observed an association between obesity and DD. Obesity has been linked
to hypoadiponectinemia.13 It has been shown that visceral rather than subcutaneous fat is
more closely related to low adiponectin levels.29 DD has been associated similarly with
obesity and epicardial fat accumulation.30 Epicardial fat is a pathologic determinant of
cardiovascular disease and DD in the metabolic syndrome.31 These effects of visceral and
epicardial fat are believed to be mediated by the lack of adiponectin.32 This may explain the
observed associations. Nevertheless, adiponectin was associated with DD even when BMI
was included in the statistical models, suggesting that adiponectin may be regulated by other
factors aside from obesity.

Systolic HF and HF with preserved EF are different pathologic entities that may clinically
present in a similar fashion,33 but their response to conventional HF therapies and outcomes
are different.34 It is known that chronic systolic HF leads to up-regulation of plasma
adiponectin levels,35 and higher BMI is protective in this population. Thus, the finding of a
low adiponectin level might be useful in differentiating the 2 types of HF when
echocardiography is unavailable.

Study Limitations
Our study had some limitations. The sample size was small. Nevertheless, we were able to
show statistically significant association of low adiponectin levels with DD, and the results
are similar to a recent report in patients with DD and coronary artery disease.24 The blood
samples were obtained in a nonfasting state. It is shown that fasting and postprandial
adiponectin levels do not differ significantly in healthy individuals; however, it is not known
whether this is true in diabetic patients.36 In addition, we did not follow the patients over
time to determine the association of adiponectin levels with clinical outcomes in either
group. These findings will need to be further confirmed in larger clinical trials.

Conclusions and Future Directions
Deficiency of adiponectin may be a link between adiposity and DD. The mechanism could
be through adiponectin deficiency–related cardiac oxidation known to be involved in the
pathogenesis of DD. In chronic HF, it may be possible to use adiponectin levels to
differentiate diastolic from systolic HF, and raising adiponectin levels may form a potential
pharmacologic target in DD.
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FIGURE 1.
Comparison of (top) total, (center) high molecular weight (HMW), and (bottom) mid
molecular weight (MMW) + low molecular weight (LMW) adiponectin levels between
patients with and without diastolic dysfunction. DD indicates diastolic dysfunction.
Horizontal bars show median levels, boxes show interquartile range, and vertical error bars
show 95% confidence intervals for the median; P value derived from nonparametric
comparison.
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FIGURE 2.
Correlation of body mass index with (top) total, (center) high molecular weight (HMW), and
(bottom) mid molecular weight (MMW) + low molecular weight (LMW) adiponectin levels.
DD indicates diastolic dysfunction. Dotted lines show 95% confidence intervals for
individual cases.
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TABLE I

Comparison of Baseline Characteristics Between Patients With and Without Diastolic Dysfunction
a

Cases Controls Univariate
Analysis

Variables (n=25) (n=25) F Score P Value

Demographic

 Age, y 64.8±10.8 65.0±11.3 0.003 .9

 Male sex, No. (%) 18 (72) 11 (44) 4.2 .04

 White race, No. (%) 13 (54) 12 (48) 0.08 .8

Clinical

 BMI, kg/m2 29.6±4.8 25.3±4.7 9.9 .003

 SBP, mm Hg 135.4±19.2 127.4±16.7 2.5 .1

 DBP, mm Hg 75.8±13.0 74.0±10.3 0.3 .6

 Smoking, No. (%) 10 (40) 10 (40) 0.0 1.0

 Diabetes, No. (%) 8 (32) 9 (36) 0.09 .8

 Hypercholesteremia,
  No. (%)

14 (56) 10 (40)

Medications, No. (%)

 β-Blocker 15 (60) 10 (40) 2.0 .2

 ACE inhibitor 12 (48) 9 (36) 0.7 .4

 ARB 4 (16) 1 (4) 2.0 .2

 Diuretic 4 (16) 8 (32) 1.7 .2

 Statin 14 (56) 16 (64) 0.3 .6

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; DBP, diastolic blood pressure;
SBP, systolic blood pressure. Bold values indicate significance.

a
Univariate association of baseline characteristics with diastolic dysfunction shown by general linear models.
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