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Abstract
Background—We sought to investigate whether higher concentrations of resistin and lower
concentrations of adiponectin relate to incident atrial fibrillation (AF) and whether this association
is mediated by AF risk factors and inflammation. Resistin and adiponectin are adipokines that
have been associated with multiple known risk factors for AF including diabetes, obesity,
inflammation, and heart failure.

Methods—We studied the relations between circulating concentrations of both adipokines and
incident AF in participants of the Framingham Offspring Study.

Results—Participants (n = 2,487) had a mean age of 61 ± 10 years, and 54% were women.
During a mean follow-up of 7.6 ± 2.0 years, 206 (8.3%) individuals (96 women) developed
incident AF. Plasma resistin concentration was significantly associated with incident AF
(multivariable-adjusted hazard ratio [HR] 1.17 per SD [0.41 ng/mL] of natural logarithmically
transformed resistin, 95% CI 1.02–1.34, P = .028). The resistin-AF association was attenuated
after further adjustment for C-reactive protein (HR per SD increase resistin 1.14, 95% CI 0.99–
1.31, P = .073). Adiponectin concentrations were not significantly associated with incident AF
(multivariable-adjusted HR of 0.95 per SD [0.62 µg/mL] of logarithmically transformed
adiponectin, 95% CI 0.81–1.10, P = .478).
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Conclusion—In our community-based longitudinal study, higher mean concentrations of resistin
were associated with incident AF, but the relation was attenuated by adjustment for C-reactive
protein. We did not detect a statistically significant association between adiponectin and incident
AF. Additional studies are needed to clarify the potential role of adipokines in AF and
mechanisms linking adiposity to AF.

Both the incidence and prevalence of atrial fibrillation (AF) in the United States are
substantial and will likely increase in the future.1 Despite efforts to prevent AF-related
morbidity and mortality, AF remains associated with increased risk of heart failure, stroke,
and death.2 Established risk factors for AF include advancing age, male sex, diabetes,
hypertension, valvular disease, and heart failure.2–5 More recently, obesity,6,7 elevated
concentrations of C-reactive protein (CRP),8,9 and prolongation of the PR interval10 also
have proven to be predictors of AF.

The exact pathophysiologic pathways linking adipokines and cardiovascular disease and its
risk factors are not yet fully understood. Resistin has been associated with increased insulin
resistance and has proinflammatory, prohypertrophic effects.11,12 Adiponectin has anti-
inflammatory, atherogenic, and antihypertrophic consequences.13 Furthermore, clinical
observations have shown that both resistin and adiponectin are associated with multiple
known risk factors for AF, including inflammation, diabetes, obesity, myocardial infarction,
and incident heart failure.14–21 A cross-sectional study reported that high concentrations of
adiponectin were related to persistent AF.22 Thus, adipokines may be related to incident AF
through several pathways, involving inflammation or through AF risk factors such as obesity
and heart failure (Figure 1).

To our knowledge, adipokines have not been studied as potential predictors of incident AF.
We hypothesized that higher concentrations of resistin and lower concentrations of
adiponectin would be related to incident AF. In addition, we postulated that the association
between adipokines and incident AF would be attenuated by adjustment for body mass index
and CRP, which may constitute potential mediating mechanisms.

Methods
Participants

For the present analysis, we used a sample of the Framingham Heart Study Offspring cohort.
The Offspring cohort was constituted in 1971 with the enrollment of 5,124 offspring (and
their spouses) of the Original cohort.23 Between 1999 and 2001, 3,539 participants attended
the seventh examination cycle. Of these participants, 150 had prevalent AF and were
excluded from the present analysis. Because plasma adipokine measurements started
partway through the seventh examination cycle, 722 attendees with missing adipokines data
were excluded. Of the remaining 2,667 individuals, 180 additional people were excluded
because of missing covariates (CRP concentrations, PR interval, body mass index, or
valvular heart disease). The final sample comprised 2,487 attendees. Participants were
monitored until the first AF event with a maximum follow-up duration of 10 years. The last
follow-up date was September 9, 2009. The Framingham Heart Study protocol was
approved by the Boston University Medical Center Institutional Review Board, and
participants signed informed consent.

Clinical assessments
At each examination visit, a physician-administered medical history and physical
examination and laboratory assessment were performed.24 Participants were diagnosed with
AF if either atrial flutter or atrial fibrillation was present on an electrocardiogram obtained at
a Framingham Heart Study clinic visit scheduled at 4 to 8 year intervals or on interim
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outside electrocardiograms. The Framingham Heart Study routinely ascertained
electrocardiograms or Holter monitoring tests acquired during visits to outside clinicians or
during hospitalizations. Atrial fibrillation electrocardiograms from any source were
reviewed by 1 of 2 Framingham Heart Study cardiologists.

A clinically significant cardiac murmur was diagnosed if a systolic murmur that exceeded
grade 3 of 6 or if any diastolic murmur was auscultated by a Heart Study clinic physician.
Heart Study clinic physicians measured blood pressure as the average of 2 seated
measurements. Ascertainment of antihypertensive treatment was by self-report. Individuals
were diagnosed with heart failure based on standard major and minor clinical criteria.25 A
committee of 3 Framingham Heart Study physicians adjudicated incident heart failure
events.

Laboratory analyses
Blood samples were obtained at the Heart Study visit after an overnight fast and frozen at
−80°C. Plasma CRP concentration was measured with Dade Behring BN100 nephelometer
(Dade Behring, Deerfield, IL). The intraassay coefficient of variation was 3.2%. Plasma
resistin and total adiponectin concentrations were measured by enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN). Intraassay coefficients of
variation were 9.0% for resistin and 5.8% for adiponectin.

Statistical analyses
In our primary analysis, we tested the hypotheses that higher mean resistin concentrations
and lower mean adiponectin concentrations, considered separately, were related to incident
AF using Cox proportional hazards regression analysis. Because both resistin and
adiponectin measurements were positively skewed, the values were natural logarithmically
transformed (loge). We used one SD of the loge continuous adipokine to quantify the effect
size. Cox proportional hazards models were estimated in the following sequence: adjusted
for age and sex; adjusted for age, sex, and body mass index; adjusted for the previously
published Framingham Heart Study AF risk score26; and adjusted for the AF risk score and
CRP (mg/L). The AF risk score includes the following variables: age, sex, body mass index,
systolic blood pressure, treatment of hypertension, PR interval, clinically significant cardiac
murmur, and heart failure. We used the composite AF risk score to ensure parsimony, given
the modest number of incident AF events during follow-up.

As an exploratory analysis, we additionally adjusted for interim heart failure. In secondary
analyses, we explored the dose-response relations of resistin, adiponectin, and incident AF
in the multivariable-adjusted model using splines.27 All analyses were performed using SAS
software, version 9.2 (SAS Institute, Cary, NC), and a 2-tailed P < .05 was considered
statistically significant.

The authors are solely responsible for the design and conduct of the study, all study
analyses, the drafting and editing of the manuscript, and its final contents. The Framingham
Heart Study is supported by the National Heart, Lung and Blood Institute (contract NO1-
HC-25195).

Results
Study sample characteristics

The characteristics of the 2,487 attendees (mean age 61 ± 10 years, 54% women) included in
the analysis are reported in Table I. Median plasma resistin concentration was 12.7 ng/mL
(25th percentile 10.0 ng/mL, 75th percentile 16.4 ng/mL) and median plasma adiponectin
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concentration was 8.6 µg/mL (25th percentile 5.5µg/mL, 75th percentile 13.2µg/mL). The
SDs of the loge resistin and adiponectin were 0.41 ng/mL and 0.62 µg /mL, respectively.

Adipokines and AF risk
Incident AF developed in 206 individuals (8.3%, 96 women) during a mean follow-up of 7.6
± 2.0 years. Age was modestly correlated to resistin (r = 0.11, P < .0001) and adiponectin (r
= 0.15, P < .0001) concentrations. Adiponectin was not statistically significantly related to
incident AF; the hazard ratio (HR) was approximately 1 in all models. With the
multivariable-adjusted model for the AF risk score and CRP, the per SD increase for
incident AF was 0.95, 95% CI 0.82 to 1.11, P = .55 (Table II). Plasma resistin was related to
incident AF in a Cox proportional hazards regression model adjusted for the AF risk score
(HR per SD increase 1.17, 95% CI 1.02–1.34, P = .03) (Table II). C-reactive protein was
statistically significantly correlated with resistin (r = 0.15, P < .0001). When we added CRP
(HR of CRP per SD increase 1.16, 95% CI 1.05–1.29, P = .005) to the multivariable model,
the association of resistin with incident AF was attenuated (HR per SD increase 1.14, 95%
CI 0.99–1.31, P = .07) (Table II).

Secondary analyses
In an exploratory analysis, we additionally adjusted for interim heart failure because AF and
heart failure are strongly interrelated and resistin has been related to incident heart failure.16

Adjusting for incident heart failure did not change the observed relation between resistin and
incident AF (Table II). Spline modeling of loge multivariable-adjusted resistin and
adiponectin revealed a linear dose-response relation for resistin and a fairly flat dose-
response relation for adiponectin. Thus, we found no evidence of any threshold effects
(online Appendix Supplementary Figure 1).

Statistical power
Adjusting for the AF risk score alone, the 95% CI for loge adiponectin included a protective
relation (lower bound 0.81) and a small deleterious relation (upper bound 1.10). To
determine whether we had adequate statistical power to detect a meaningful association
between adiponectin and incident AF, we performed a post hoc power analysis. With 206
incident AF events, we had 80% power at an α of .05 to detect an HR of 0.70 for incident
AF per 1 SD decrement in loge adiponectin.

Discussion
In our community-based sample, we observed that higher plasma concentrations of resistin
were related to incident AF during up to 10 years of follow-up, after adjusting for traditional
AF risk factors. Numerous prior clinical and preclinical studies have demonstrated a relation
between inflammation, largely as assessed by concentrations of CRP and AF.28 Resistin,
produced by mononuclear cells both within and outside adipose tissue, contributes both to
insulin resistance and is related to inflammatory triggers. For example, proinflammatory
mediators such as tumor necrosis factor α, interleukin 1β, interleukin 6, or
lipopolysaccharide can strongly increase the expression of resistin in peripheral blood
mononuclear cells in humans.11 The relation between inflammation and resistin has served
as the basis for several studies investigating the potential mechanistic links between resistin
and cardiovascular diseases.14,15,29

There are several potential explanations for the relation between resistin and AF. Resistin
may be related to incident AF directly or indirectly (Figure 1). Studies in mice demonstrated
that resistin promotes insulin resistance and diabetes30 but also has effects on cardiac
myocytes leading to hypertrophy12 and decreased cardiac contractility.12 Furthermore, direct
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vascular effects of resistin promoting endothelial cell activation and smooth muscle cell
proliferation have been reported.31,32 From clinical studies, it is known that resistin is
related to multiple risk factors for AF, including obesity, diabetes, hypertension, coronary
artery disease, and heart failure.14,15,20,21,29,33 However, after adjusting for standard AF risk
factors, including age, sex, body mass index, hypertension, and prevalent and interim heart
failure, the relation between resistin and AF remained present, suggesting that these AF risk
factors are not the (only) mediators involved (Figure 1). Another potential mediatory
pathway involved in the relation between resistin and AF is inflammation (Figure 1).
Resistin is associated with increased concentrations of inflammatory markers, such as CRP,
interleukin 6, and tumor necrosis factor α.11 Concentrations of these inflammatory markers
are associated with increased risk of AF, in multiple experimental and clinical studies.28 We,
therefore, adjusted for CRP in our analysis and observed attenuation of the association
between resistin and AF, suggesting that the association between resistin and AF may be, in
part, mediated by inflammation. The precise role of resistin in inflammatory pathways in
humans is not completely understood; thus, it is also possible that inflammation may be an
initiator rather than a consequence of increased concentrations of resistin (ie, resistin
represents a confounder of the relation between inflammation and AF). In addition, we
cannot exclude residual confounding or chance as possible explanations of our findings.

In contrast to resistin, adiponectin is produced by adipose tissue and has anti-inflammatory,
antiatherogenic, and antihypertrophic effects, via a multiplicity of cell-signaling
mechanisms.13 Adiponectin expression and subsequent release from adipocytes are
stimulated by activation of peroxisome proliferator-activated receptor γ, a key
transcriptional factor involved in adipocyte differentiation.13 Adiponectin is inversely
related to cardiovascular risk factors such as hypertension34 and CRP.17 It has been
observed that increased plasma adiponectin levels are associated with a lower risk of
myocardial infarction.19

We did not find any evidence of a relation of adiponectin with incident AF in our cohort.
Our findings are in contrast to one prior report in which high concentrations of adiponectin
were related to persistent AF, and not to paroxysmal AF, in a cross-sectional hospital-based
cohort.22 The discrepancy may have resulted from a difference in the form of adiponectin
measured. In the current study, we measured concentrations of total adiponectin rather than
high-molecular-weight adiponectin. There are conflicting data whether total adiponectin or
high-molecular-weight adiponectin is the more biologically active form. We did measure on
average lower levels of adiponectin in our community-based sample than in the cross-
sectional analysis of adiponectin and AF.22 Our contrasting results also may be caused by
differences in the study samples. We studied a community-based sample with incident AF
rather than a hospital-based sample with prevalent AF. Thus, we may have a smaller
proportion of individuals with other comorbidities that may result in lower concentrations of
adiponectin.

Strengths and limitations
The community-based setting, the longitudinal design, the standardized measures of clinical
variables, and standardized adjudication of incident AF in the Framingham Heart Study
represent important strengths. However, our study has limitations that merit consideration.
To avoid overfitting of the regression model, we used the linear risk predictor of the AF risk
model26 as representative of conventional risk factors into 1 variable, rather than testing
each conventional AF risk factors individually in the model. We cannot exclude the
possibility of residual confounding. We acknowledge that other covariates associated with
AF, rather than resistin and the conventional AF risk factors, could account for the increased
risk of incident AF. We also note that, with an observational study design, we cannot
establish a causal relation between resistin and AF and we cannot distinguish whether CRP
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is a confounder or an intermediate mechanism linking resistin to AF. We cannot exclude
power limitations studying the relation of adiponectin and incident AF, although our post
hoc power calculations determined that we had sufficient power to detect moderately large-
sized associations. We observed a small estimated effect size (HR 1.17 per SD of loge
resistin) of the relation between resistin and incident AF, suggesting that it is unlikely that
resistin will serve as a clinically useful marker for risk prediction or reclassification of
incident AF. Furthermore, our sample consisted of predominantly middle-aged or elderly
ambulatory individuals of European ancestry; so our results may not be generalizable to
other races/ethnicities, younger individuals, or samples with a higher burden of acute or
serious illnesses.

Future directions
Our findings are consistent with the available literature that adipokines may play a role in
the pathophysiology of a variety of cardiovascular diseases. In addition, the relation between
resistin and AF provides additional support for the role of inflammation in AF initiation.
Insulin-sensitizing agents such as thiazolidinediones and metformin have known favorable
effects on adipokines. 35 In an experimental heart failure model, pioglitazone has been
reported to attenuate atrial remodeling and AF promotion to the same extent as candesartan,
an angiotensin-receptor blocker.36 One of the proposed mechanisms by which
thiazolidinediones may suppress AF is by depressing resistin secretion and stimulating
adiponectin secretion from adipocytes and thereby inhibiting inflammatory, oxidative, and
hypertrophic signaling pathways involved in atrial remodeling.30,35,37 Future studies are
needed to elucidate the exact relation between adipokines and AF. In addition, if our
findings are replicated, future research is required to evaluate whether therapies that
modulate adipokines concentrations and reduce adiposity decrease AF risk.

Implications
In our community-based longitudinal study, higher concentrations of resistin were related to
incident AF; the relation was attenuated upon adjustment for CRP. We were unable to detect
a statistically significant association between adiponectin and incident AF. Future studies
are warranted to clarify the role of adipokines in AF.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Conceptual model of mechanisms and pathways relating resistin and adiponectin to incident
AF: the potential mediatory role of known risk factors for AF and other factors. Solid lines
indicate known association; dashed lines, potential association; green lines, resistin; red
lines, adiponectin.
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Table I

Characteristics of study participants, expressed as total population

Variable Study sample (n = 2487)

Age (y) 61 ± 10

Women 1348 (54%)

Body mass index (kg/m2) 28.1 ± 5.3

Systolic blood pressure (mm Hg) 127 ± 19

Antihypertensive therapy 821 (33%)

PR interval duration (ms) 168 ± 27

Heart murmur* 57 (2%)

Heart failure 13 (0.5%)

CRP (mg/L)† 2.2 (1.0–5.2)

Adiponectin (µg/mL)† 8.6 (5.5–13.2)

Loge adiponectin 2.1 ± 0.6

Resistin (ng/mL)† 12.7 (10.0–16.4)

Loge resistin 2.6 ± 0.4

Data presented as mean ± SD, n (%), or in the case of untransformed biomarkers† median (25th and 75th percentile).

*
Heart murmur: any systolic murmur that exceeded grade 3 of 6, or any diastolic murmur.
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Table II

Cox proportional hazards models relating loge resistin and adiponectin to incident AF

Adjustment
factors

Loge resistin Loge adiponectin

HR* P HR* P

No adjustment 1.33 (1.17–1.52) <.001 0.95 (0.83–1.09) .439

Age and sex 1.19 (1.04–1.37)   .011 0.91 (0.78–1.06) .205

Age, sex, BMI 1.15 (1.00–1.32)   .050 0.97 (0.83–1.14) .719

AF risk score 1.17 (1.02–1.34)   .028 0.95 (0.81–1.10) .478

AF risk score and CRP 1.14 (0.99–1.31)   .073 0.95 (0.82–1.11) .547

AF risk score and interim heart failure 1.16 (1.01–1.33)   .034 0.95 (0.81–1.11) .486

AF, Atrial fibrillation; BMI, body mass index.
AF risk score (age, sex, body mass index, systolic blood pressure, treatment of hypertension, PR interval, clinically significant cardiac murmur, and

heart failure).26

*
Hazard ratios are relative to 1 SD (0.41 ng/mL for resistin and 0.62 µg/mL for adiponectin) increase in loge resistin or adiponectin, respectively,

and 95% CI.
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