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Abstract

Adiponectin is a key component in multiple metabolic pathways. Studies evaluating associations 

of adiponectin with clinical outcomes in older adults have reported conflicting results. We 

investigated the association of adiponectin with mortality and cardiovascular disease (CVD) 

morbidity in a young, multiethnic adult population. We analyzed data from participants in the 

Dallas Heart Study without baseline CVD who underwent assessment of total adiponectin between 

2000–2002. The primary outcome of all-cause mortality was assessed over median 10.4 years of 

follow-up using multivariable-adjusted Cox proportional hazards models. Secondary outcomes 

included CVD mortality, major adverse cardiovascular and cerebrovascular events (MACCE), and 

heart failure (HF). The study cohort included 3,263 participants mean age 43.4 years; 44% 

women; 50% black. There were 184 deaths (63 CVD), 207 MACCE, and 46 HF events. In 

multivariable models adjusted for age, sex, race, hypertension, diabetes, smoking, low HDL-C, 

hyperlipidemia, hs-CRP level, eGFR, and BMI, increasing adiponectin quartiles were positively 

associated with all-cause mortality Q4 vs. Q1, HR=2.27 (95% CI 1.47, 3.50); CVD mortality Q4 

vs. Q1, HR=2.43 (95% CI 1.15, 5.15); MACCE Q4 vs. Q1, HR=1.71 (95% CI 1.13, 2.60); and HF 

Q4 vs. Q1, HR=2.95 (95% CI 1.14, 7.67). Findings were similar with adiponectin as a continuous 

variable and consistent across subgroups defined by age, sex, race, obesity, diabetes, metabolic 

syndrome, or elevated hs-CRP. In conclusion, higher adiponectin was associated with increased 

mortality and CVD morbidity in a young, multiethnic population. These findings may have 

implications for strategies aimed at lowering adiponectin to prevent adverse outcomes.
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Introduction

Adiponectin is a 247 amino acid peptide secreted by adipose tissue directly involved with 

multiple metabolic pathways. Plasma levels are inversely related to body weight, insulin 

resistance, and type 2 diabetes and reflect increased peroxisome proliferator – activated 

receptor γ activity.1–3 Adiponectin also has anti-inflammatory and anti-atherogenic 

properties.4 Considering these favorable associations with cardiovascular disease (CVD) 

risk factors, it is surprising that only a single study in humans found an inverse association 

with myocardial infarction (MI) risk in individuals without prior CVD.5 In contrast, multiple 

other studies found a positive association between adiponectin and several adverse outcomes 

among individuals with established CVD or at high risk for CVD. Higher adiponectin has 

been associated with increased mortality in patients with heart failure (HF)6,7 and with 

increased overall and CVD mortality,8–11 coronary artery disease,12 stroke13 and HF14,15 in 

several large prospective trials among older adults. Importantly, few data are available from 

younger populations without established CVD. It is plausible that the association of 

adiponectin with clinical outcomes may differ in younger populations which would allow 

better delineation of a potential protective association of adiponectin with outcomes. 

Therefore, we examined the association of adiponectin with fatal and non-fatal CVD 

outcomes and with imaging biomarkers of subclinical CVD in participants from the Dallas 

Heart Study (DHS), a large, prospective, multi-ethnic population cohort. We also examined 

the consistency of associations across a spectrum of participants with different levels of 

clinical risk factors for cardiometabolic disease.

Methods

The DHS is a multiethnic, probability-based, population cohort study of Dallas County 

adults with deliberate over-sampling of blacks. Detailed methods of the DHS have been 

described previously.16 Briefly, between 2000 and 2002, an initial cohort of 6,101 

individuals participated in an in-home survey. Of these, 3,398 participants aged 30–65 years 

participated in a second visit to provide blood samples, and 3,072 individuals came to UT 

Southwestern Medical Center for a third visit where multimodality imaging, including 

comprehensive assessments of subclinical CVD and body composition, were performed. For 

the present study, participants with prevalent CVD (defined as self-reported coronary heart 

disease, ischemic stroke or transient ischemic attack, or clinical HF) and those with missing 

adiponectin data were excluded, yielding a final sample size of 3,263. Participants provided 

written informed consent, and the protocol was approved by the Institutional Review Board 

of the University of Texas Southwestern Medical Center.

Weight and height were measured by standard scales. BMI was calculated as weight 

(kilograms)/height2 (meters). Waist circumference was measured 1 cm above the iliac crest 

and hip circumference at the widest circumference of the buttocks at the area of the greater 
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trochanters. Dual x-ray absorptiometry (DEXA, Delphi W scanner, Hologic Inc., Bedford, 

MA and Discovery software [version 12.2]) was used to measure total body fat mass, lean 

mass, and lower body subcutaneous fat mass.17 Visceral (VAT) and abdominal 

subcutaneous adipose tissue (SAT) mass were measured by a 1.5-T MRI system (Intera, 

Philips Medical Systems, Best, The Netherlands) using a prospectively designed and 

validated method of fat mass prediction from a single MRI slice at the L2-L3 inter-vertebral 

level.18 LV mass, end-systolic and diastolic volumes, and wall thickness were obtained from 

short-axis, breath-hold, electrocardiographic-gated cine cardiac magnetic resonance images 

using the same 1.5-T system as previously described.19 Coronary artery calcium was 

measured as previously described.20 Liver fat was measured using 1.5T 1H magnetic 

resonance spectroscopy and is reported as a percentage of signal from fat to total signal from 

fat and water.21

Obesity was defined as a body mass index (BMI) ≥ 30 kg/m2. Race/ethnicity, history of 

CVD, and smoking status were self-reported. Variable definitions for hypertension, 

hypercholesterolemia, diabetes, and low / high-density lipoprotein cholesterol have been 

previously described using conventional clinical definitions.22 The metabolic syndrome was 

defined by the National Cholesterol Education Program’s (NCEP) Adult Treatment Panel III 

report. Physical activity was derived using self-reported frequency and type of leisure-time 

physical activity and a standard conversion for metabolic equivalence units (METs).23 The 

homeostasis model assessment of insulin resistance index (HOMA-IR) was calculated by 

fasting insulin (μIU/ml) x fasting glucose (mmol/liter)/22.5.24 Estimated glomerular 

filtration rate (eGFR) was calculated by the MDRD formula.25

Blood samples were obtained from participants following an overnight fast and collected in 

EDTA-containing tubes. Plasma aliquots were stored at −80°C until assays were performed. 

Total adiponectin levels were quantified using a commercially available sandwich enzyme 

linked immunosorbent assay (Millipore, Billerica, MA, USA) according to the 

manufacturer’s specifications. The measured intra-assay CVs were between 1.0% and 7.4% 

and the inter-assay CVs between 2.4% and 8.4%.26 Other biomarkers including leptin, high-

sensitivity C-reactive protein (hs-CRP), interleukin (IL)-18,27 and NT-proBNP28 were 

measured as previously described.

The primary end point was all-cause mortality. Secondary endpoints included: CV mortality, 

incident major adverse cardiovascular and cerebrovascular events (MACCE; a composite of 

CVD death, nonfatal MI, nonfatal stroke, or coronary revascularization by percutaneous 

coronary intervention or coronary artery bypass grafting), and incident HF. All non-fatal 

events were ascertained through December 31, 2011 using 1) a detailed health survey 

regarding interval cardiovascular events administered by the Data Coordinating Center 

during annual calls to study subjects and/or 2) for subjects providing informed consent 

(>90%), quarterly tracking of hospital admissions using the Dallas-Fort Worth Hospital 

Council Data Initiative Database that includes all hospital admission data for 70 out of 72 

hospitals in the Dallas-Fort Worth area. Primary clinical source documents were collected 

and reviewed for all suspected non-fatal events and all non-fatal events were independently 

adjudicated by a blinded endpoint committee. Additionally, for all revascularization events, 

a 3-month blanking period was used to minimize the chance that information obtained 
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during the study visit led to a revascularization procedure. Death events were ascertained 

through December 31, 2011 from the National Death Index and classified as cardiovascular 

if the primary cause was related to the cardiovascular system according to the International 

Statistical Classification of Diseases, 10th Revision codes I00–I99.

Demographic and clinical variables were compared across quartiles of adiponectin levels 

using the Jonckheere-Terpstra trend test. Associations between adiponectin levels and 

imaging markers of subclinical CVD were assessed by multivariable adjusted linear 

regression. Adiponectin was modeled using standardized β-coefficients (per 1-standard 

deviation of the log-transformed adiponectin level) and as sex-and race-specific quartiles. 

Cox proportional-hazards models were used to assess the association between adiponectin 

(both as a continuous measure and by sex-and race-specific quartiles) and the time to a first 

event, with associations reported as hazard ratio (HR) and 95% confidence interval (95% 

CI). Multivariable models were adjusted for age, sex, race, hypertension, diabetes, smoking, 

low high-density lipoprotein cholesterol (HDL-C), hyperlipidemia, hs-CRP level, estimated 

glomerular filtration rate (eGFR), and BMI. The proportional-hazards assumption was met 

for all models. Additional analyses further adjusting for relevant covariates associated with 

both adiponectin and CVD prognosis in the literature (lean mass, natriuretic peptide levels) 

were also performed. We performed multivariable-adjusted subgroup analyses with 

stratification by age (<45 years vs. ≥45 years), sex (male vs. female), race (black vs. non-

black), BMI (obese vs. non-obese), diabetes status (yes vs. no), components of the metabolic 

syndrome (0, 1–2, ≥3), and elevated hs-CRP (≤3 vs. >3 mg/L). To evaluate the models for 

overfitting, a shrinkage coefficient for each outcome was calculated by: [Likelihood model 

chi-square-p]/Likelihood model chi-square, where p=# of covariates in the model; values 

close to 1 suggest minimal model overfitting. Linearity of the association between 

adiponectin and all-cause mortality was tested using adjusted cubic splines. A two-sided P-

value <0.05 was considered to be statistically significant. All statistical analyses were 

performed with the use of SAS software, version 9.3 (SAS Institute).

Results

The study cohort included 3,263 participants with mean age 43.4 (SD±10) years; 44% were 

women and 50% were black. The median follow up time was 10.4 (IQR, 10.0–10.8) years.

Demographic, clinical, laboratory, and imaging characteristics of the study population 

stratified by adiponectin quartiles are presented in Table 1. Higher adiponectin quartiles 

were associated with a lower prevalence of male sex, black race, traditional cardiovascular 

risk factors, and generally more favorable adiposity and cardiovascular imaging profiles. 

The associations of log-transformed adiponectin levels with imaging markers of subclinical 

CVD are shown in Table 2. After multivariable adjustment for age, sex, race, hypertension, 

diabetes, smoking, low HDL-C, hyperlipidemia, hs-CRP level, eGFR and BMI, higher 

adiponectin levels remained significantly associated with lower LV wall thickness, higher 

left ventricular end-diastolic volumes indexed to body surface area, and lower liver fat 

content but not with other markers of subclinical CVD. Results were similar for adiponectin 

quartiles in multivariable analyses.
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During the follow up period, 184 participants died (63 from a cardiovascular cause); 207 

experienced a MACCE event, and 46 developed HF. In unadjusted analyses, higher 

adiponectin quartiles were significantly associated with all-cause mortality (Q4 vs. Q1 

HR=1.86 [1.27, 2.73], P=0.001), with a non-significant trend toward increased CVD 

mortality (Q4 vs. Q1 HR=1.80 [0.91, 3.55], P=0.09), MACCE (Q4 vs. Q1 HR=1.21 [0.83, 

1.77], P=0.32), and HF (Q4 vs. Q1 HR=1.67 [0.69, 4.02], P=0.26). In unadjusted analysis as 

a continuous measure, adiponectin levels per 1-standard deviation increase were not 

significantly associated with any of the clinical outcomes.

In order to account for the presence of reverse confounding due to lower rates of CVD risk 

factors with higher adiponectin levels, multivariable modeling of the association between 

adiponectin and clinical outcomes was performed adjusting for age, sex, race, hypertension, 

diabetes, smoking, low HDL-C, hyperlipidemia, CRP level, eGFR and BMI. Multivariable-

adjusted models showed that increasing adiponectin quartiles were significantly associated 

with all-cause mortality (Q4 vs. Q1 HR=2.27 [1.47, 3.50], P=0.0002); CVD mortality (Q4 

vs. Q1, HR=2.43 [1.15, 5.15], P=0.02); MACCE (Q4 vs. Q1, HR=1.71 [1.13, 2.60], 

P=0.01); and HF (Q4 vs. Q1, HR=2.95 [1.14, 7.67], P=0.03), Figure 1. Findings were 

similar when adiponectin was modeled as a continuous measure (Supplemental Table S1). 

No threshold effect was seen in the relationship between continuous adiponectin levels and 

all-cause mortality using multivariable-adjusted cubic splines (Supplemental Figure S1). 

Shrinkage coefficients for the models were 0.95, 0.87, 0.95, and 0.79, respectively, 

suggesting minimal model overfitting.

Adjustment for lean mass mildly attenuated the relationship between adiponectin and CVD 

mortality, but not other outcomes, and lean mass was not associated with morbidity or 

mortality in these models (Supplemental Figure S2). Stratification of adiponectin and NT-

proBNP by median levels demonstrated additive associations of adiponectin with NT-

proBNP for all-cause and CVD mortality (Figure 2). Adjustment for NT-proBNP attenuated 

the association between adiponectin and cardiovascular outcomes (CVD mortality, MACCE, 

HF) but not with all-cause mortality (Supplemental FigureS3). In subgroup analyses, the 

multivariable-adjusted association between quartile 4 (vs. quartile 1) adiponectin level and 

all-cause mortality remained generally consistent across all subgroups with no statistically 

significant interactions seen (Figure 3).

Discussion

To our knowledge, this is the first study to assess the association of adiponectin with overall 

mortality and CVD morbidity and mortality in a relatively young, multiethnic population 

cohort. We found independent positive associations between adiponectin and all-cause and 

CVD mortality, MACCE, and incident HF that became apparent after adjustment for major 

risk factors. Results for the primary outcome were generally consistent across subgroups of 

age, sex, race, and presence or absence of obesity, diabetes, metabolic syndrome, or elevated 

hs-CRP level. The fact that prior to multivariable adjustment, there was minimal association 

between adiponectin and clinical endpoints suggests reverse confounding; namely that 

higher adiponectin levels are associated with a favorable cardiometabolic profile and when 

these factors are accounted for, an adverse prognostic signal is seen between higher 
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adiponectin levels and clinical outcomes. This may reflect an “adiponectin paradox”; 

namely that a subset of individuals who appear to be metabolically healthy but have high 

circulating levels of total adiponectin may paradoxically be at high risk for adverse 

outcomes.

There are several potential explanations as to why increasing adiponectin levels may be 

associated with adverse clinical outcomes despite its known favorable metabolic effects. 

First, weight loss and sarcopenia may partially explain the association between higher 

adiponectin levels and mortality risk mediated through progression of chronic disease;8 

however, adjustment for BMI and lean mass had minimal impact on the present findings. 

Second, at least among certain individuals, elevated adiponectin may reflect a lack of 

feedback inhibition due to resistance at the level of the cellular receptor, thereby attenuating 

adiponectin regulatory activity.29 One would expect adiponectin resistance to result in 

concomitant metabolic derangements; however, adiponectin remained associated with 

adverse outcomes among those with no metabolic risk factors, suggesting that absence of an 

effect due to receptor resistance would not fully explain these findings. Third, adiponectin 

may be increased in pro-inflammatory conditions as a way to counteract systemic 

inflammation, potentially explaining its association with CVD mortality and morbidity. 

However, we found generally inverse associations between adiponectin and subclinical 

CVD markers and the relation of adiponectin to adverse outcomes was not altered by 

adjustment for markers of inflammation or testing for effect modification by level of 

inflammation. Fourth, there are emerging data indicating that natriuretic peptides may 

directly increase adiponectin expression, suggesting that higher adiponectin levels may 

reflect the increased neurohormonal activation and hemodynamic stress observed in 

individuals at-risk for or with established HF.30 Our results, in a younger, racially diverse 

population, showed additive associations between adiponectin and NT-proBNP for all-cause 

and CVD mortality; however, the associations of adiponectin with CVD-specific outcomes 

were attenuated after including NT-proBNP as a covariate, suggesting that adiponectin may 

be a marker of a poor CVD prognosis in the setting of elevated natriuretic peptides, rather 

than a direct mediator of adverse cardiovascular outcomes. Nevertheless, the present 

findings suggest that, even among younger adults without prevalent cardiometabolic disease, 

high levels of adiponectin may be toxic and further research should focus on identifying 

potential mechanisms underlying the complex relationship between adiponectin, CVD, and 

mortality.

Our results confirm a growing body of evidence primarily in populations with a mean age 

over 70 years, linking high adiponectin levels to all-cause and CVD mortality and HF,8–12,14 

and extend the association to a relatively younger (mean age 43 years) population with a 

significant proportion of black participants. The hazard ratio point estimate for both all-

cause and CVD mortality was similar to that reported among older patients with no prior 

CVD8 and consistent with a lack of heterogeneity of effect by age as we observed here. To 

our knowledge this is only the second study to show an association between adiponectin and 

incident HF in a population with no CVD at baseline, with our study population being on 

average much younger and more ethnically diverse compared to other populations 

previously studied. This is important since excluding a protective association between 
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higher adiponectin levels and mortality and CVD morbidity in younger populations confirms 

an age-independent, consistently positive relationship with adverse clinical outcomes in this 

population despite a generally more favorable cardiometabolic profile.

Strengths of the current study include a racially diverse study population with a high 

percentage of blacks and an extended period of clinical follow up. Several limitations also 

merit comment. First, our study had a limited number of CVD events and should be 

confirmed in a larger cohort with higher numbers of events. Second, we did not collect data 

as to the causes of non-CVD mortality nor did we divide the CVD mortality into HF and 

non-HF mortality, which limits our ability to draw conclusions as to the mechanisms linking 

adiponectin to all-cause and CVD mortality. Third, we measured only total adiponectin 

levels, and not high molecular weight adiponectin, which may be more biologically active; 

nevertheless there is a strong correlation between total and high molecular weight 

adiponectin levels.8 Fourth, we did not measure the activity of the adiponectin receptor and 

thus cannot directly test the adiponectin resistance hypothesis in the current study. Finally, 

given that our cohort was primarily African-American, Caucasian, and Hispanic, our 

findings may not be generalizable to other populations such as South or East Asians.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Multivariable-adjusted associations between sex-and race-specific quartiles of 
adiponectin level and clinical outcomes
Models are adjusted for age, sex, race, hypertension, diabetes, smoking, high-density 

lipoprotein cholesterol, hyperlipidemia, C-reactive protein level, estimated glomerular 

filtration rate, and body mass index. CV=cardiovascular, MACCE= major adverse 

cardiovascular and cerebrovascular events, CHF=congestive heart failure
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Figure 2. Incidence of all-cause and cardiovascular mortality stratified by sex-specific median 
values for adiponectin and NT-proBNP
The median cut-points for adiponectin were X for men and X for women. The median cut-

points for NT-proBNP were X for men and X for women. P<0.001 for all-cause mortality 

and P=0.001 for CV mortality.
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Figure 3. Associations between adiponectin and all-cause mortality across subgroups of age, sex, 
race, and by presence or absence of obesity, diabetes, metabolic syndrome, or elevated CRP
Hazard ratios are for sex-and race-specific quartile 4 of adiponectin with quartile 1 as 

referent. BMI=body mass index, CRP=C-reactive protein, MetS=metabolic syndrome.
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Table 2

Unadjusted and Multivariable-Adjusted Association of Adiponectin Levels* with Subclinical Markers of 

Cardiovascular Disease

Subclinical CVD Marker Standardized β-coefficient P-value

Left ventricular wall thickness

 Unadjusted −0.32 <0.0001

 Multivariable-adjusted† −0.03 0.04

Aortic wall thickness

 Unadjusted −0.08 0.0002

 Multivariable-adjusted† 0.03 0.19

Left ventricular end-diastolic volume indexed to body surface area

 Unadjusted 0.07 0.001

 Multivariable-adjusted† 0.15 <0.0001

Left ventricular mass indexed to body surface area

 Unadjusted −0.19 <0.0001

 Multivariable-adjusted† 0.03 0.10

Liver fat

 Unadjusted −0.28 <0.0001

 Multivariable-adjusted† −0.29 <0.0001

Coronary artery calcium (log-transformed)

 Unadjusted −0.09 <0.0001

 Multivariable-adjusted† 0.004 0.81

*
Adiponectin is modeled per 1-standard deviation of the log-transformed variable

†
Models are adjusted for age, sex, race, hypertension, diabetes, smoking, high-density lipoprotein cholesterol, hyperlipidemia, C-reactive protein 

level, estimated glomerular filtration rate, and body mass index.
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