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Abstract
Objective—Elevated concentrations of adiponectin are associated with a favorable metabolic
profile but also with adverse cardiovascular outcomes. This apparent discrepancy has raised questions
about whether adiponectin is associated with an increased or decreased risk of coronary heart disease
(CHD). We sought to determine whether higher adiponectin levels are associated with exercise-
induced ischemia in patients with stable CHD.

Methods and results—We measured total serum adiponectin concentrations and evaluated
exercise-induced ischemia by stress echocardiography in a cross-sectional study of 899 outpatients
with documented stable CHD. Of these, 217 (24%) had inducible ischemia. Although adiponectin
levels correlated negatively with diabetes prevalence, body mass index, serum insulin, fasting
glucose, low-density lipoprotein cholesterol, and triglycerides and positively with high-density
lipoprotein cholesterol (all P< 0.005), elevated adiponectin concentrations were also associated with
a greater risk of inducible ischemia. Each standard deviation (0.08 μg/mL) increase in log adiponectin
was associated with a 35% greater odds of inducible ischemia (unadjusted odds ratio 1.35; 95%
confidence interval 1.15–1.57; P=0.0002). Although attenuated, this association remained present
after multivariable adjustment for traditional cardiovascular risk factors and other measures of
cardiac function (adjusted odds ratio 1.21; 95% confidence interval 1.02–1.43; P=0.03).

Conclusions—Elevated concentrations of adiponectin are independently associated with inducible
ischemia in patients with stable CHD. These findings raise the possibility that the presence of chronic
inducible ischemia may alter the cardio-protective effects afforded by adiponectin secretion in the
healthy population.
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1. Introduction
Adipose tissue produces and secretes several signaling molecules that are important for glucose
and lipid metabolism, inflammation, and other physiological functions [1]. Adiponectin, one
such hormone that is secreted abundantly and exclusively by adipocytes, has generated
particular interest as a potential biomarker in patients with coronary heart disease (CHD) [2].
Adiponectin has been shown to exert anti-inflammatory [3], anti-atherogenic [3–5], and
insulin-sensitizing [4] effects by modulating endothelial adhesion molecules and suppressing
the vascular inflammatory response [3,6]. Administered adiponectin improves insulin
sensitivity and decreases atherosclerosis in mouse models [4]. Furthermore, adiponectin is
involved in post-ischemic myocardial remodeling and protects against ischemia/reperfusion
injuries in mice via inflammatory, oxidative, and metabolic pathways to inhibit apoptosis and
reduce infarct size [7,8]. Thus, on the basis of these in vitro models and animal studies,
adiponectin appears to be cardio-protective against CHD and ischemic injuries.

Clinical studies on the relationship between adiponectin and CHD in humans have produced
inconsistent results. Although many studies have supported the notion that adiponectin may
be protective against both incident and prevalent CHD [9–11], a sizable number of studies have
failed to demonstrate an independent association [12,13], and indeed several large prospective
studies have found that elevated adiponectin levels predict a paradoxically increased risk of
CHD events and mortality [14–16]. The authors of one such study suggested that elevated
adiponectin may represent an enhanced secretory response of adipose tissue to the metabolic
environment present in the early development of macrovascular disease [14]. To further
evaluate the association of adiponectin with metabolic risk factors and cardiovascular function,
we measured serum adiponectin and performed stress echocardiography in a cross-sectional
study of 899 outpatients with stable CHD.

2. Methods
2.1. Study participants

The Heart and Soul study is an ongoing prospective cohort study designed to investigate the
effects of psychosocial factors on health outcomes of patients with stable CHD. Methods have
been previously described [17,18]. Patients were eligible if they had a documented history of
(1) myocardial infarction, (2) coronary revascularization, (3) angiographic evidence of ≥50%
stenosis in one or more coronary vessels, or (4) exercise-induced ischemia on treadmill
electrocardiogram (ECG) or nuclear perfusion imaging. Patients were excluded if they were
unable to walk one block, had an acute coronary syndrome within the previous six months, or
were likely to move out of the area within three years. Institutional Review Boards at each site
approved this study protocol. All participants provided written informed consent.

Between September 2000 and December 2002, a total of 1024 participants were recruited from
12 outpatient clinics in the San Francisco Bay Area, including 549 (54%) with a history of
myocardial infarction, 237 (23%) with a history of revascularization but not myocardial
infarction, and 238 (23%) with a diagnosis of coronary disease that was documented by their
physician, based on a positive angiogram or treadmill test in over 98% of the cases. All
participants completed a full-day study that included a comprehensive medical history and
physical examination, health status questionnaires, and an exercise treadmill test with baseline
and stress echocardiograms. 12-h fasting serum samples were obtained in the morning prior to
the stress test and frozen at −70 °C. We excluded 39 subjects for whom frozen serum was not
available and an additional 86 subjects who could not complete the stress test, resulting in a
final sample size of 899 participants for this analysis.
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2.2. Serum adiponectin
The primary predictor variable was serum adiponectin level as determined by immunoassay
of thawed fasting serum samples (Linco, Millipore, St. Charles, MO). Each sample was assayed
in duplicate, and adiponectin level was calculated as the average of the two measurements. The
lowest detectable measurement for adiponectin was 145.4 pg/mL. The inter-assay coefficient
of variation for this multiplexed immunoassay was 14.2–21.8%, and the intra-assay coefficient
of variation was 1.4–7.9%. No significant antibody cross-reactivity was observed within the
panel. The laboratory technicians who performed the assays were blinded to the patient
characteristics and echocardiographic results.

2.3. Stress echocardiography
The outcome variable was exercise-induced cardiac ischemia as measured by stress
echocardiography. After the blood draw, participants underwent a symptom-limited, graded
exercise treadmill test based on a standard Bruce protocol with continuous 12-lead ECG
monitoring until the patient experienced dyspnea, symptom-limited fatigue, chest discomfort,
or ECG changes suggestive of ischemia [19]. Exercise capacity was calculated as the total
number of metabolic equivalents (METs) achieved at peak exercise.

Complete resting two-dimensional echocardiograms with all standard views and subcostal
imaging of the inferior vena cava were performed immediately before and after the exercise
using an Acuson Sequoia ultrasound system (Siemens Medical Solutions, Mountain View,
CA) with a 3.5-MHz transducer and Doppler ultrasound examination. Prior to exercise,
standard two-dimensional parasternal short-axis and apical two- and four-chamber views were
obtained during held inspiration and were used to calculate the left ventricular ejection fraction.
At peak exercise, precordial long- and short-axis and apical two- and four-chamber views were
obtained to assess for wall motion abnormalities.

Based on prior work, we defined exercise-induced ischemia as the presence of one or more
new wall motion abnormality at peak exercise that was not present at rest [17,20,21]. A single
experienced cardiologist (NBS), who was blinded to the results of the adiponectin assays and
clinical histories, interpreted all echocardiograms. In 20 randomly selected echocardiograms
that were presented to the reviewer in blinded fashion (the reviewer did not know they were
repeats of prior studies), the reviewer’s assessment of inducible ischemia was 85%
reproducible. This assessment of inducible ischemia has been associated with other cardiac
biomarkers [17] and validated as a predictor of cardiovascular events [22].

2.4. Other patient characteristics
Demographic characteristics, medical history, alcohol consumption, and smoking status were
assessed by patient self-report questionnaires. We measured weight and height and calculated
the body mass index (BMI) (kg/m2). Participants were asked to bring their medication bottles
to the study appointment, and research personnel recorded all current medications. Medications
were categorized using Epocrates Rx (San Mateo, CA). We considered participants users of
β-blockers, statins, diuretics, and angiotensin-converting enzyme inhibitors or angiotensin-
receptor blockers if they reported taking these medications daily. We considered participants
users of aspirin if they reported taking it weekly or more. High-density lipoprotein (HDL)
cholesterol, triglycerides, glucose, glycosylated hemoglobin, insulin, and C-reactive protein
were determined from 12-h fasting serum samples. We calculated low-density lipoprotein
(LDL) cholesterol using the Friedewald equation: total cholesterol − HDL cholesterol −
(triglycerides/5). Insulin levels were measured with a Linco Multiplex immunoassay
(Millipore, St. Charles, MO), and C-reactive protein was measured using the Beckman
Extended Range high-sensitivity assay (Beckman Coulter Inc, Fullerton, CA). Creatinine
clearance was calculated from 24-h urine collections.
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2.5. Statistical analysis
Because normal ranges for serum adiponectin level have not yet been established, we divided
participants into quartiles on the basis of their plasma adiponectin level. Baseline participant
characteristics across quartiles were compared using analysis of variance (ANOVA) for
continuous variables and χ2 test for dichotomous variables.

We used logistic regression analysis to evaluate the association between adiponectin and
inducible ischemia. We estimated the odds of ischemia associated with each standard deviation
(SD) increase in log adiponectin (entered as a continuous variable), with adiponectin log-
transformed to normalize the skewed distribution. We also evaluated the risk of ischemia across
quartiles of adiponectin. Comparing participants in the bottom versus top quartiles of serum
adiponectin, we had >80% power (2-tailed α = 0.05) to detect a 12% difference (20% versus
32%) in the proportion of participants who had exercise-induced ischemia.

To evaluate the independent association of adiponectin with inducible ischemia, we
sequentially adjusted for demographic characteristics, comorbidities, medication use,
metabolic variables, and cardiac function. At each step, any variables that were independently
associated with ischemia (at P< 0.1) from the previous step were entered as covariates. All
variables that were independently associated with ischemia (at P<0.1) were retained in the final
logistic regression model. We report odds ratios (ORs) with 95% confidence intervals (CIs)
for all analyses. To explore potential modifying effects of known clinical prognostic factors,
we tested for statistical interactions between adiponectin and these clinical risk factors.
Analyses were performed using Statistical Analysis Software (version 9; SAS Institute Inc,
Cary, NC).

3. Results
Our 899 study participants had a median adiponectin level of 20.7 μg/mL (interquartile range,
12.2–35.5 μg/ml). Compared with those in the lowest quartile, participants in the highest
quartile of adiponectin were older, less likely to be male, and more likely to be white. They
were less likely to have a history of diabetes and to be taking β-blockers and aspirin. Participants
with higher concentrations of adiponectin had lower BMI, fasting insulin, fasting glucose, LDL
cholesterol, triglycerides, and creatinine clearance, and higher levels of HDL cholesterol.
Despite this favorable metabolic risk profile, participants in the highest quartile had lower left
ventricular ejection fraction and lower exercise capacity (Table 1). Notably, adiponectin levels
were not correlated with a history of myocardial infarction or stroke.

Of the 899 patients, 217 (24%) had inducible ischemia. Each SD (0.08 μg/ml) increase in log
adiponectin was associated with a 35% increased odds of inducible ischemia prior to
multivariate adjustment (unadjusted OR, 1.35; 95% CI, 1.15–1.57; P = 0.0002). Although
attenuated, this association remained present after multivariable adjustment for demographic
variables, comorbid illnesses, medication use, metabolic factors, and cardiac function (adjusted
OR, 1.21; 95% CI, 1.02–1.43; P = 0.03) (Table 2). Of the 27 covariates evaluated, only 6 (age,
white race, history of myocardial infarction, glycosylated hemoglobin, left ventricular ejection
fraction, and exercise capacity) were independently predictive of inducible ischemia (at P<
0.1) in this final model (Table 3).

Similarly, the proportion of participants with inducible ischemia increased by serum
adiponectin level (Fig. 1). A total of 33% of participants in the highest quartile of adiponectin
(>35.5 μg/ml) had inducible ischemia compared with 19% of participants in the lowest quartile
(<12.2 μg/ml) (P< 0.001). We found no evidence of interaction between adiponectin and age,
sex, race, or BMI; history of diabetes, myocardial infarction, or revascularization; or use of
statins or β-blockers (all P-values for interaction >0.1).
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4. Discussion
We found that higher total adiponectin concentrations were associated with a lower prevalence
of diabetes, lower BMI, fasting insulin, fasting glucose, LDL cholesterol, and triglycerides,
and higher HDL cholesterol levels in 899 outpatients with stable CHD. Despite this favorable
metabolic profile, higher adiponectin concentrations were also associated with a higher
prevalence of exercise-induced ischemia. Each SD increase in adiponectin was independently
associated with a 21% greater odds of inducible ischemia, after adjustment for traditional
clinical risk factors and measures of cardiac function. Although our cross-sectional study
cannot be used to infer causal mechanisms, these findings may provide insight into the
pathophysiology of adiponectin in patients with established CHD.

Some prior studies have reported that adiponectin is protective against incident CHD [9–11],
while others have found no association with CHD [12,13], and still others have found that
higher adiponectin levels predict an increased risk of cardiovascular events and mortality
[14–16]. This apparent discrepancy has raised questions about the role of adiponectin in the
pathogenesis of CHD. Although increased levels of a cardio-protective protein in patients with
more severe CHD may initially seem contradictory, one possible explanation is that while
elevated adiponectin may delay or prevent incident disease, the presence of chronic inducible
ischemia may trigger a compensatory response that includes secretion of adiponectin. Ischemia
may cause both increased production of adiponectin in the short-term and adverse
cardiovascular events in the long-term.

These findings are consistent with Rathmann and Herder’s “reverse epidemiology” hypothesis
that adiponectin levels may increase as an attempt to counter-regulate or compensate for
systemic inflammation, and that adiponectin’s vasoprotective and anti-inflammatory effects
may be superseded by the underlying disease [23]. Thus, the favorable association between
adiponectin and incident CHD in the general population may be “reversed” in populations with
existing CHD. This theory is supported by the fact that adiponectin appears to be more
protective in higher risk individuals, such as men, those with severe stenosis, and those with
elevations in the inflammatory marker C-reactive protein [11]. Furthermore, in a study of
patients with stable angina and angiographic evidence of total occlusion of one coronary vessel,
elevated adiponectin was associated with greater collateral development of coronary vessels
[24]. Lastly, elevated adiponectin increases insulin sensitivity [4] and improves dyslipidemia
[1,6], which maybe indirect mechanisms to reduce coronary risk.

Alternatively, coronary disease may reflect a state of adiponectin resistance, similar to insulin
resistance in diabetes mellitus. Studies have demonstrated reduced adiponectin receptor
expression and impaired response to adiponectin binding in obese and insulin-resistant mice,
creating what has been termed the “vicious cycle” of hyperglycemia, hyperinsulinemia, and
adiponectin resistance [25,26]. However, this process is unlikely to be the primary explanation
for the findings in our study, given the favorable lipid and metabolic status of our patients.
Instead, adiponectin resistance may simply attest to the limited capacity for the hormone to
fully compensate for a diseased state, even when maximally secreted.

Elevated adiponectin may also be a consequence of impaired renal function. High adiponectin
levels have been shown to be correlated with end-stage renal disease [27], low creatinine
clearance [28], and reduced glomerular filtration rate [29]. Our findings are consistent with
these previous reports; participants in the highest quartile of adiponectin had the lowest
creatinine clearance and may have elevated adiponectin due to reduced renal clearance of the
hormone. However, we found that adiponectin remained associated with inducible ischemia
even after adjustment for creatinine clearance.
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A final although less likely explanation for the association of higher adiponectin with inducible
ischemia is that adiponectin may be on the causative pathway to CHD. Adiponectin has been
described as a marker for catabolic wasting in congestive heart failure and is elevated in heart
failure and predictive of mortality [30]. Adiponectin may be similarly detrimental in CHD and
produce a downward spiral of disease progression via a currently unknown mechanism. The
widely varying results from this and previous works suggest that the link between obesity,
adiponectin, and coronary disease is likely complex and multifactorial, involving several if not
all of the proposed mechanisms above. As such, the use of adiponectin as either a biomarker
of coronary disease status or a cardio-protective therapeutic candidate for CHD would be
premature. Although studies of adiponectin may eventually lead to clinically relevant therapies
or interventions, our current findings by themselves have no direct clinical impact. Certainly,
adiponectin is far from being a replacement for stress echocardiograms in risk stratifying CHD
patients. Further studies are needed to characterize the clinical significance of the serum
adiponectin level and to understand the potential role of adiponectin in patients with CHD.

Several limitations should be considered when interpreting our results. First, participants were
predominantly older men, and all with documented CHD. Therefore, we are unable to
generalize the results of the study to women, younger populations, or those without prevalent
coronary disease. In fact, studies have found that although adiponectin is similarly associated
with favorable metabolic factors in women, absolute serum adiponectin levels are elevated
relative to men, and there is no association, or even a negative association, between adiponectin
and CHD risk in women, suggesting that gender-specific effects may exist and warrant further
investigation [31–33]. Second, the immunoassay used in this study measures total adiponectin
and does not distinguish among the molecular isoforms that may be functionally distinct, with
the high molecular weight variety being potentially the most biologically active [34].

Our adipokine immunoassay panel also differed from the assays used in previous studies, a
possible explanation for the higher range of adiponectin levels we found compared to those in
other populations. However, this would not explain the association between adiponectin and
inducible ischemia, and higher adiponectin levels may represent greater underlying disease
severity in this sample of patients with known CHD. Third, there was moderate variability in
the adiponectin assay measurements. However, we assayed all samples in duplicate and used
the average of the two samples as our measurement of serum adiponectin. Furthermore, any
measurement error or short-term variation that were to occur would bias the results toward
null. Lastly, we cannot establish causality in our observations of adiponectin and ischemia due
to the cross-sectional design of this study.

In summary, we found that higher levels of circulating adiponectin are associated with
inducible ischemia among patients with stable CHD. While secretion of this potentially
protective hormone may be responsible for the favorable lipid and metabolic profile of those
with increased adiponectin, its role in patients with established CHD appears more complex.
Whether elevated adiponectin is a compensatory anti-atherosclerotic substance increased in an
at-risk population, evidence of adiponectin resistance, or a causative risk factor in CHD, the
effects of adiponectin in CHD pathogenesis and progression warrant further study.
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Fig. 1.
Proportion of participants with inducible ischemia by quartile of adiponectin (P =0.003 for
trend).
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Table 2

Association of adiponectin with inducible ischemia, adjusted for potential confounding variables.

Odds ratio (95% CI) per 1-SD
increase P-value

Odds ratio (95% CI) quartile IV
vs. I P-value

Unadjusted 1.35 (1.15–1.57) 0.0002 2.15 (1.39–3.30) 0.0006
Adjusted models
 1a 1.25 (1.06–1.48) 0.0008 1.78 (1.10–2.88) 0.02
 2b 1.29 (1.09–1.53) 0.003 1.97 (1.20–3.25) 0.008
 3c 1.24 (1.05–1.48) 0.01 1.91 (1.15–3.17) 0.01
 4d 1.22 (1.02–1.46) 0.03 1.74 (1.01–3.01) 0.05
 5e 1.21 (1.02–1.43) 0.03 1.63 (0.99–2.70) 0.05

a
Model 1: Adjusted for demographic characteristics (age, sex, white race, alcohol consumption, current smoking).

b
Model 2: Adjusted for variables associated with ischemia (at P<0.1) in model 1 plus comorbidities and medical history (hypertension, myocardial

infarction, congestive heart failure, stroke, diabetes mellitus, revascularization).

c
Model 3: Adjusted for variables associated with ischemia (at P<0.1)in models 1 and 2 plus current medication use (β-blocker, statin, diuretic, ACE

inhibitor or ARB, aspirin).

d
Model 4: Adjusted for variables associated with ischemia (at P<0.1) in models 1, 2, and 3 plus metabolic variables (BMI, serum insulin, fasting glucose,

glycosylated hemoglobin, HDL and non-HDL cholesterol, triglycerides, creatinine clearance).

e
Model 5: Adjusted for variables associated with ischemia (at P<0.1) in models 1, 2, 3, and 4 plus cardiac function (LV ejection fraction, exercise capacity,

C-reactive protein).
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Table 3

Independent predictors of inducible ischemia in final multivariable model (entered as continuous variables per
standard deviation change).

Variable Odds ratio (95% CI) P-value

Log adiponectin (per 0.08 μg/mL increase) 1.21 (1.02–1.43) 0.03
Age (per 11-year increase) 1.41 (1.17–1.70) 0.0004
White race 1.43 (0.99–2.04) 0.05
History of myocardial infarction 1.80 (1.28–2.53) 0.008
Glycosylated hemoglobin (per 1.16% increase) 1.30 (1.11–1.52) 0.001
LV ejection fraction (per 9% increase) 0.72 (0.62–0.83) <0.0001
Exercise capacity (per 3.4 MET increase) 0.80 (0.67–0.97) 0.02
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