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Abstract

Obesity is associated with pathological cardiac remodeling and risk of heart failure (HF).
Adipocytokines (ADKs) may mediate the increased risk of cardiovascular disease associated with
excess adiposity. Yet data relating ADKs to cardiac remodeling phenotypes are sparse. We related
two circulating ADKSs, resistin and adiponectin, to three important echocardiographic markers of
cardiac remodeling, left ventricular mass (LVM), left atrial diameter (LAD), and LV fractional
shortening (LVFS) in 2,615 participants (mean age 61 years, 55% women) in the Framingham
Offspring Study. Adiponectin concentrations were inversely related to LVM in multivariable
linear regression models adjusting for key clinical correlates including BMI (regression coefficient
per s.d.-increment in In-adiponectin = -=3.37, A= 0.02; Pfor trend across quartiles = 0.02).
Adiponectin was not associated with LAD or LVFS (P> 0.56). Resistin concentrations were
inversely related to LVFS (regression coefficient per s.d.-increment in In-resistin = —-0.01, P=
0.03; Pfor trend across quartiles = 0.04). Resistin was not associated with L\VM or LAD (P>
0.05). In our moderate-sized, community-based sample, higher circulating concentrations of
adiponectin and resistin were associated with lower LVM and lower LVFS, respectively. In
conclusion, these associations identify potential mechanisms by which excess adiposity may
mediate adverse cardiac remodeling and HF risk.
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Introduction

Heart failure (HF) is a growing global health problem that is associated with substantial
morbidity and mortality (1,2). The American College of Cardiology/American Heart
Association HF guidelines espouse a pathophysiologic model that recognizes the
fundamental importance of cardiovascular risk factors and cardiac remodeling in the
pathogenesis of HF (3). Identification and treatment of risk factors, particularly in high-risk
patients with adverse cardiac remodeling, may help to delay or prevent HF (4).

Obesity, a highly prevalent risk factor related to pathological cardiac remodeling and HF,
has emerged as a preventable risk factor for HF (5,6). The mechanisms underlying the
relation between obesity and HF have been incompletely elucidated and include the
promotion of hypertension, dyslipidemia, and diabetes (5,6). Other mechanisms linking
increased adiposity to cardiac structural and functional abnormalities include the elaboration
of regulatory proteins called adipocytokines (ADKSs) by fat depots, especially the visceral fat
compartment (7). ADKs may cause cardiac remodeling through their proinflammatory and
proatheroscleratic influences, adverse effects on endothelial function, neurohormonal
balance and atherosclerosis (8,9), and direct myocardial actions (10). Whereas numerous
ADKSs have been identified, adiponectin and resistin are two key mediators with systemic
effects.

On the basis of existing data linking obesity, insulin resistance, and HF (11), we
hypothesized that circulating ADKSs are associated with adverse cardiac remodeling. We
tested this hypothesis by relating circulating levels of adiponectin and resistin to three
important echocardiographic markers of cardiac remodeling, left ventricular mass (LVM),
left atrial diameter (LAD), and LV fractional shortening (LVFS), in a moderate-sized,
community-based sample.

Methods and Procedures

The design and methods of the Framingham Offspring Study have been described elsewhere
(12). In brief, the Framingham Offspring Study began in 1971 as a community-based,
observational, prospective study of cardiovascular disease and its risk factors. The study
enrolled 5,124 participants who were the children of the Original Framingham Heart Study
cohort, and their spouses. Participants undergo an evaluation at the Heart Study
approximately once every 4-8 years.

For the present investigation, we focused on the 3,532 attendees of examination cycle 6
(1996-1998) who underwent routine echocardiography. Participants were excluded from
this analysis if they had prevalent myocardial infarction or HF at examination cycle 6.
Participants missing adiponectin or resistin (n7=736) at examination 7 (1999-2001) were
also excluded. On the basis of data showing an association between advanced kidney disease
and increased adiponectin and resistin production, participants with serum creatinine >2 mg/
dl (n=16) were also excluded, leaving 2,615 participants for this investigation (13). All
study participants provided written informed consent, and the study protocol was approved
by the Boston University Medical Center Review Board.

At each Heart Study examination, participants undergo a physician-administered history and
physical examination, anthropometry, and laboratory evaluation of cardiovascular risk
factors. BMI was calculated as the weight in kilograms divided by the square of height in
meters (kg/m?2). Diabetes was defined as either a fasting plasma glucose =126 mg/dl or
treatment with blood glucose-lowering medication (14). Criteria used for defining
myocardial infarction and HF in the Framingham Heart Study have been described
elsewhere (15).
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Adiponectin and resistin were measured from venous blood samples obtained from
participants after an overnight fast at examination cycle 7. Samples were frozen at =80 °C
until the assays were performed. Laboratory methods for blood lipids, plasma glucose, and
serum creatinine assays have been published previously (16). Plasma resistin and total
adiponectin were measured by enzyme-linked immunosorbent assay (R&D Systems,
Minneapolis, MN) (17). The intra-assay coefficients of variation were 5.8% for adiponectin
and 9.0% for resistin.

All participants underwent resting two-dimensionally guided M-mode echocardiography at
the 6th examination cycle, using a standardized protocol (18). LV septal wall thickness,
posterior LV wall thickness, and LV end-diastolic diameter were measured at end-diastole.
LV end-systolic diameter and LAD were measured at end-systole. All measurements were
obtained in accordance with the American Society of Echocardiography guidelines using a
leading-edge-to-leading-edge technique (18). LVM was determined using the formula 0.8
(1.04 (LV end-diastolic diameter + LV septal wall thickness + LV posterior wall thickness)3
- (LV end-diastolic diameter)3) + 0.6 g (19). LVFS was calculated as (LV end-diastolic
diameter — LV end-systolic diameter)/(LV end-diastolic diameter) (17). Excellent inter- and
intraobserver reproducibility for M-mode measurements of LAD, LVM, and LVFS have
been reported at the Framingham Heart Study and in other investigations (20,21). For the
present investigation we focused on three measures: LVM (an aggregate indicator of LV
hypertrophy), LAD (a marker of atrial pressure or volume overload and diastolic function),
and LVFS (which reflects LV systolic function).

We logarithmically transformed concentrations of adiponectin and resistin to normalize their
skewed distributions. We related adiponectin and resistin concentrations (natural log-
transformed continuous variables; independent variable) to LVM, LAD, and LVFS
(dependent variables) using multivariable linear regression analyses pooling men and
women. Sexes were pooled to maximize statistical power, given that we did not observe
effect modification by sex upon formal testing (> 0.05 for association of all
echocardiographic variables with both markers) nor did we observe any significant
interaction between sex and adiponectin or resistin in multivariable regression models
including LVM, LAD, and LVFS.

We evaluated models adjusting for age and sex, and multivariable models that adjusted for
age, sex, diabetes, BMI, antihypertensive treatment, systolic blood pressure, total
cholesterol-to-HDL ratio, and smoking. These variables were identified a priori on the basis
of their cross-sectional associations with LA enlargement, LV hypertrophy, or LV
dysfunction (22-26). Analyses examining the relations of adiponectin and resistin to sex-
standardized echocardiographic variables yielded similar results to those obtained from sex-
adjusted models, and so the latter are presented. We also conducted a secondary analysis
including participants with a serum creatinine >2 mg/dl and found that inclusion of
individuals with advanced kidney disease did not alter our results (13).

We also used ANOVA to examine linear trends in LVM, LAD, and LVFS across quartiles
of adiponectin and resistin. All analyses were performed using SAS software (SAS, Cary,
NC) and a two-sided Pvalue <0.05 was considered statistically significant.

Clinical and echocardiographic characteristics of our study sample are shown in Table 1.
The sample was middle aged to elderly, with a modest prevalence of vascular risk factors.
Adiponectin levels correlated inversely with BMI (Spearman correlation coefficient = -0.29
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P<0.0001), whereas resistin was positively correlated (Spearman correlation coefficient =
0.163, A< 0.0001).

Plasma adiponectin levels were inversely associated with LVM in age- and sex-adjusted
models (regression coefficient per s.d.-increment in In-adiponectin = —8.45; £< 0.001). This
association remained significant after adjustment for covariates (regression coefficient per
s.d.-increment in In-adiponectin = —3.37; £=0.02). Adiponectin levels were inversely
associated with LAD (regression coefficient = —0.08; £< 0.001) but not LVVFS (regression
coefficient = 0.002; £=0.44) in age- and sex-adjusted models. Adjustment for additional
clinical covariates attenuated the association of adiponectin with LAD (P=0.92).

In multivariable models examining linear trends of LVM, LAD, and LVFS across
adiponectin quartiles (Table 2), plasma adiponectin was related inversely to LVM (P for
trend <0.02; Figure 1) but not with LAD or LVFS (P> 0.5 for both).

Plasma resistin levels were inversely related to LVFS (regression coefficient per s.d.-
increment in In-resistin = —0.01; 2= 0.01) and positively related to L\VVM (regression
coefficient = 5.62; £=0.005) in age- and sex-adjusted models. Upon multivariable
adjustment, the relation of resistin to LVM was rendered statistically nonsignificant (P =
0.92) but the inverse relation to LVFS was maintained (regression coefficient per s.d.-
increment in In-resistin = —0.01; £ = 0.03). Resistin was not related to LAD in either model
(P>0.15).

In models examining linear trends of sex-adjusted LVM, LAD, and LVFS across resistin
quartiles (Table 3), plasma resistin was inversely related to LVFS (Figure 2).

DISCUSSION

Accumulating evidence suggests that lower adiponectin and higher resistin are associated
with increased risk of cardiovascular disease (27,28). We observed that higher levels of
circulating adiponectin were associated with lower LVM, suggesting a protective effect. In
contrast, we found that higher levels of resistin were associated with reduced LV systolic
function, as measured using LVFS. The magnitude of these associations was modest and
their clinical significance is unclear, given the cross-sectional design. We did not observe an
association of either resistin or adiponectin with LAD in multivariable-adjusted analyses.

In addition to its insulin-sensitizing effects, adiponectin has anti-inflammatory and
antifibrotic properties, protects against endothelial dysfunction and atherosclerosis, reduces
vascular smooth muscle proliferation (8) and sympathetic nervous system activation (9), and
antagonizes angiotensin 11 (29). Adiponectin supplementation inhibits pressure-induced
cardiac hypertrophy in obese and nonobese mouse models (29). Although little is known
about the relation of adiponectin to ventricular hypertrophy in humans, several prior studies
have reported an inverse relation of circulating adiponectin with LV wall thickness and
LVM index (30-32). Our study confirms these findings in a moderate-sized, population-
based sample, adjusting for important clinical variables not adjusted for in prior
investigations.

Increased LAD is an echocardiographic marker of atrial remodeling that is commonly seen
in association with LV hypertrophy, and likely reflects increased LV filling pressures
(33,34). Increased circulating adiponectin was inversely associated with LAD in our study
after adjustment for age and sex, but this relation was nullified after adjustment for
additional clinical covariates, suggesting that BMI may mediate the relation of adiponectin
to LAD. A prior investigation demonstrated that circulating adiponectin was positively
associated with LAD index (30), but that study did not adjust for clinical covariates
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including hypertension and diabetes. Our observation that circulating adiponectin was not
associated with LVFS is consistent with existing literature suggesting that adiponectin acts
primarily as an inhibitor of cardiac hypertrophy (35). Although adiponectin levels have been
associated with coronary heart disease in the community (36), data suggesting that
circulating adiponectin is associated with LV function have come exclusively from subjects
after myocardial infarction (37-39).

The underlying mechanisms for the association between higher levels of circulating resistin
and greater risk of incident MI and HF are unclear (27,38). Resistin has been related,
however, to both increased risk of coronary heart disease and to increased inflammatory
markers known to be associated with increased risk of LV systolic dysfunction and HF
(38,40-42). Our findings are consistent with the hypothesis that resistin may promote HF
through development of LV systolic dysfunction.

Although higher circulating resistin was associated with greater LVM after age- and sex-
adjustment, we did not note an association between resistin and either LVM or LAD after
adjustment for important clinical covariates. Resistin levels correlated with BMI in our
study, and the association between resistin and LV M observed before multivariable
adjustment may reflect the established relation of BMI to LVM. Especially when viewed in
light of data showing that adipose cells may regulate resistin secretion by other cell types,
including inflammatory cells, additional studies are needed to elucidate potential links
between obesity, inflammation, resistin, and cardiac remodeling (43-45).

Our study has several limitations. First, the observational nature of our investigation
precludes any causal inferences. Second, measurements of resistin and adiponectin (cycle 7)
were not contemporaneous with the echocardiographic examination (cycle 6). Third,
diastolic function was not assessed during examination cycle 6. Fourth, our study sample
consisted of middle aged to elderly participants almost exclusively of European descent.
Additional studies are required to determine whether our results generalize to other age or
ethnic groups.

In our community-based cohort, higher circulating concentrations of adiponectin and resistin
were associated with lower LVM and lower LVFS, respectively. Our results, while
observational, are consistent with the concept that ADKs may promote maladaptive cardiac
remodeling, thereby providing a mechanistic link between obesity and HF.
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Left ventricular mass by adiponectin quartile
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Figurel.
Multivariable-adjusted left ventricular mass by quartile of adiponectin. Bars represent s.e.
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Left ventricular fractional shortening by resistin quartile
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Figure 2.
Multivariable-adjusted left ventricular fractional shortening by quartile of resistin. Bars
represent s.e.
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Table 1

Clinical and echocardiographic characteristics of the study sample

Variable Men (n=1,174) Women (n = 1,441)

Clinical features?
Age, years 61.0+95 61.3+95
Systolic blood pressure, mm Hg 128 + 17 126 £ 20
BMI, kg/m?2 28.7+4.6 27658
Total cholesterol/HDL ratio 4514 36+11
Antihypertensive treatment, % 34.1% 29.7%
Smoking, % 13.3% 13.5%
Diabetes, % 11.9% 8.5%

Echocardiographic features?

LA dimension, mm 420+49 374+45

LVFS, % 36.0+5.2 38.2+54

LV mass, g 188.9+41.0 138.3+29.7
Adipokine meastres?

Adiponectin, pg/ml 74+44 125+6.8

Resistin, ng/ml 142+7.1 142+7.6

Values are mean + s.d. or percentages.

HDL, high-density lipoprotein; LA, left atrial; LV, left ventricular; LVFS, LV fractional shortening.
a.. . - - . . A
Clinical characteristics as well as resistin and adiponectin measurements are from examination cycle 7.

b . . A
Echocardiographic measurements are from examination cycle 6.
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