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Multiple Biological Functions of Resistin
Adipose tissue is not only a store of excess energy but also a highly 

active endocrine organ [1-4]. Adipose tissue secretes bioactive peptides, 
termed “adipocytokines”, which act on the function and structural 
integrity of various tissues through autocrine, paracrine and endocrine 
mechanisms [1-4]. Increased production of adipocytokines impacts on 
multiple functions such as energy balance, immunity, insulin sensitivity, 
angiogenesis, blood pressure, lipid metabolism, inflammation and 
haemostasis, all of which are closely linked with cardiovascular 
diseases. Leptin, a 167-amino acid protein, is expressed exclusively by 
adipose tissue. Leptin is a fundamental signal of satiety to the brain 
and a regulator of insulin and glucose metabolism. Adiponectin, one 
of the most abundant adipocytokines, is a 244-amino acid protein 
produced by the apM1 gene, highly expressed in human adipose tissue. 
Adiponectin has anti-atherogenic and anti-inflammatory properties. 
Resistin is a novel cysteine-rich secretory 12.5-kDa polypeptide [5-
9]. Resistin was initially identified in the adipose tissue and derived 
almost exclusively from fat tissue in rodents. However, it is now 
recognized that resistin is produced from other types of cells including 
macrophages [10]. Adipose expression and serum levels of resistin 
are elevated in animal models of obesity and insulin resistance [9]. 
Although functional roles of resistin are not clearly established, high 
serum levels of resistin impair glucose tolerance and induce insulin 
resistance in rats [11]. On the other hand, mice deficient in resistin 
are protected from obesity-associated insulin resistance [12]. A clinical 
study has demonstrated that plasma resistin levels are correlated with 
markers of inflammation and are predictive of coronary atherosclerosis 
in humans [13]. In addition, resistin concentrations are correlated 
with renal dysfunction [14] and adverse prognosis in patients with 
atherothrombotic ischemic stroke [15].

Circulating Concentration of Resistin in Patients with 
Heart Failure

Several inflammatory biomarkers including C-reactive protein, 
interleukin-6, tumor necrosis factor-α, pentraxin 3 and etc. are 
associated with increased risk of heart failure [16]. Similarly, it has 
been reported that insulin resistance is observed in heart failure. Heart 
failure is the major and increasing health problem with a high mortality 
rate, because of the increase in aging population and high prevalence of 

heart failure in the elderly [17-19]. However, the relationship between 
resistin and heart failure has not been fully understood.

Takeishi et al. initially reported the association between circulating 
concentrations of resistin and heart failure [20]. We prospectively 
enrolled 126 consecutive patients with chronic heart failure (76 men, 
mean age 67 ± 13 years) admitted to our hospital. Blood samples 
were obtained at admission to measure serum resistin levels in 126 
patients with heart failure and 18 control subjects. Serum resistin 
concentrations were measured by a sandwich enzyme-linked 
immunosorbent assay (ELISA, Phoenix Pharmaceutical, Inc., Belmont, 
CA, USA). The etiologies of heart failure were dilated cardiomyopathy 
in 48 patients, ischemic heart disease in 34 patients, valvular heart 
disease in 20 patients, and hypertensive heart disease in 12 patients. 
Patients were followed up (mean follow-up 645 ± 644 days, range 29 to 
1080 days) after discharge to register 1) cardiac death, defined as death 
from worsening heart failure or sudden cardiac death and 2) worsening 
heart failure requiring readmission. Serum resistin levels increased 
with advancing New York Heart Association (NYHA) functional class. 
Normal upper limit of resistin levels was defined as mean + 2SD value 
of 18 control subjects (14.1 ng/ml). There were 32 patients with high 
resistin level (>14.1 ng/ml) and 94 patients with low resistin level (< 
14.1 ng/ml). Serum resistin levels were not correlated with body mass 
index and blood glucose. Serum resistin levels were not different 
between patients with and without diabetes mellitus. There were 31 
cardiac events including 10 cardiac deaths and 21 re-hospitalization 
due to worsening heart failure during the follow-up period. Cardiac 
event rate was significantly higher in patients with high resistin than 
in those with low resistin levels (43.8% vs. 18.1%, P < 0.0036 by chi-
square test). Kaplan-Meier survival analysis also demonstrated that 
high resistin group showed significantly lower event-free rate than low 
resistin group (P = 0.0041 by log rank test).Next, patients were divided 
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Abstract
Resistin is derived mainly from fat tissue in rodents, and serum levels are elevated in animal models of obesity and 

insulin resistance. Recent clinical studies have demonstrated that circulating resistin is associated with inflammation, 
coronary atherosclerosis, renal dysfunction, adverse prognosis in patients with atherothrombotic ischemic stroke 
and heart failure. In the population-based observational study, increased circulating levels of resistin are associated 
with incidence of new-onset heart failure, even after accounting for prevalent coronary heart disease, obesity, 
insulin resistance, and inflammation. In the elderly, incident heart failure rates (per 1000 person-years) elevate with 
increasing baseline resistin concentrations. In addition, resistin is strongly associated with risk for incident heart 
failure in Cox proportional hazard models controlling for clinical variables, inflammatory biomarkers, and measures 
of adiposity.
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into 4 groups based on the serum resistin levels: 1st quartile (1.7- 6.6 ng/
ml, n = 31), 2nd quartile (6.7-10.1 ng/ml, n = 31), 3rd quartile (10.2 – 14.0 
ng/ml, n = 31) and 4th quartile (14.1-60.2 ng/ml, n = 33). The highest 
4th quartile of resistin was associated with the highest risk of cardiac 
events compared to other 3 groups (1st quartile 16.1%, 2nd quartile 
16.1%, 3rd quartile 22.6% and 4th quartile 42.4%). To determine risk 
factors to predict cardiac events, we performed the Cox proportional 
hazard regression analyses. In the univariate analysis, serum resistin 
level (per one SD increase, Hazard Ratio [HR] 1.357, 95% Confidence 
Interval [CI] 1.061-1.746, P = 0.014) as well as age, body mass index, 
B-type natriuretic peptide, and the use of loop diuretics were associated 
with cardiac death and re-hospitalization. Among those variables with 
P value of less than 0.05 in the univariate analysis, the multivariate Cox 
proportional hazard regression analysis demonstrated that resistin was 
an independent predictor for cardiac events in patients with chronic 
heart failure (HR 1.439, 95%CI 1.017-2.059, P = 0.041).We concluded 
that resistin is useful for risk stratification of patients with chronic 
heart failure and may represent a novel link between metabolic signals 
and heart failure.

Although patients with heart failure develop metabolic derangements 
including increased adipokine levels and insulin resistance, the relation 
of resistin with body mass index, blood glucose and diabetes mellitus 
was not evident in a study by Takeishi et al. [20]. Recently, Schulze et al. 
measured plasma resistin levels and Homeostasis Model Assessment of 
Insulin Resistance (HOMA-IR) in acute decompensated heart failure 
(n = 44), chronic stable heart failure (n = 26) and 21 control subjects 
[21]. Resistin was elevated in chronic stable heart failure and increased 
further in acute decompensated heart failure compared to control. 
Similarly, HOMA-IR was increased in chronic stable heart failure and 
increased further in acute decompensated heart failure. HOMA-IR 
correlated positively with resistin levels in heart failure patients. They 
concluded that acute decompensated heart failure is associated with 
worsening of insulin resistance and elevation of resistin compared to 
chronic stable condition.

Association of Resistin with the Incidence of New-Onset 
Heart Failure

Frankel et al. have reported the association of resistin with the 
incidence of heart failure in 2,739 participants in the Framingham 
Offspring Study [22]. During 6 years of follow-up, 58 participants 
developed new-onset heart failure. In proportional hazard models 
adjusting for age, sex, blood pressure, anti-hypertensive treatment, 
diabetes, smoking, cholesterol, prevalent coronary heart disease, 
valvular heart disease, left ventricular hypertrophy and estimated 
glomerular filtration rate, the hazard ratios for heart failure in the 
middle and top thirds of resistin levels were 2.89 (95%CI 1.05-7.92) and 
4.01 (95%CI 1.52-10.57) compared to the lowest third. In the maximally 
adjusted model including C-reactive protein and B-type natriuretic 
peptide, one SD increment in resistin level (7.45 ng/mL) was associated 
with a 26% increase in heart failure risk (95%CI 1-60%). Interestingly, 
concentrations of adiponectin were not related to heart failure. This 
was the first report demonstrating that increased circulating levels of 
resistin were associated with incidence of new-onset heart failure, even 
after accounting for prevalent coronary heart disease, obesity, insulin 
resistance, and inflammation.

Resistin as a Risk of Heart Failure
Heart failure is common disease in the elderly [17,18,23]. In 

the sub-analysis of the Health ABC study, Buttler et al. reported the 

association between serum resistin concentrations at baseline and 
development of new-onset heart failure among older persons [24]. Out 
of 3,705 participants enrolled in the Health ABC study, participants 
with heart failure or missing data for heart failure at baseline were 
excluded, and 2,902 participants without prevalent heart failure who 
had available data of serum resistin concentrations were investigated. 
Their mean age was 73.6 ± 2.9 years with 48.1% men and 58.8% white. 
Mean resistin concentration was 20.3 ± 10.0 ng/mL. They also measured 
serum concentrations of inflammatory markers (C-reactive protein, 
interleukin-6, and tumor necrosis factor-α), insulin resistance (fasting 
insulin and hemoglobin A1C) and adopokines (leptin and adiponectin). 
Total fat mass was assessed by whole-body dual X-ray absorptiometry 
and abdominal visceral and subcutaneous adipose tissue areas were 
measured with computed tomography. During median follow-up of 
9.4 years, 341 participants (11.8%) developed heart failure. Figure 1 
shows the observed heart failure incidence in the cohort in relation to 
baseline resistin concentrations. Incident heart failure rates (per 1,000 
person-years) elevated with increasing baseline resistin concentrations. 
In addition, resistin was strongly associated with risk for incident heart 
failure in Cox proportional hazard models controlling for clinical 
variables, inflammatory biomarkers, and measures of adiposity (HR 
1.15 per 10.0 ng/mL increase, 95%CI 1.05-1.27, P = 0.003). They 
concluded that serum resistin concentrations are independently 
associated with risk of heart failure in older persons.

Zhang et al. have recently reported the prognostic significance of 
resistin in ambulatory patients with stable coronary heart disease [25]. 
This was performed as a sub-analysis of the heart and soul study, and 
they evaluated whether resistin was predictive of worse cardiovascular 
outcomes in 980 patients with documented coronary heart disease 
and stable condition. After a mean follow-up period of 6.1 years, 358 
were hospitalized for myocardial infarction or heart failure or had 
died. As compared to the lowest quartile, patients with resistin levels 
in the highest quartile were associated with an increased risk of heart 
failure (HR 2.06, 95%CI 1.26-3.39) and death (HR 1.56, 95%CI 1.11-
2.18). However, resistin levels were not associated with a risk of non-
fatal myocardial infarction. Resistin was associated with higher risk for 
heart failure and death, but not myocardial infarction, in ambulatory 
patients with stable coronary heart disease.

In the Framingham Offspring cohort, Rienstra et al. recently 
studied the relations between circulating concentrations of resistin 

Figure 1: Baseline resistin concentrations and incident heart failure rates 
(per 1,000 person-years) among 2,902 pertcipants without prevalent heart 
failure at baseline in the Health ABC Study, which enrolledwell-functioning, 
community-dwelling individuals aged 70 to 79 years. Error bars represent 95% 
confidence interval. (Cited with permission from reference #24)
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and incident atrial fibrillation or atrial flutter (AF) [26]. Out of 
2,487 participants, 206 individuals developed incident AF during a 
mean follow-up of 7.6 years. Natural logarithmically transformed 
concentrations of plasma resistin were significantly associated with 
incident AF. Multivariate-adjusted hazard ratio was 1.17 per one SD 
increase (0.41 ng/mL) of logarithmically transformed resistin (95% 
CI 1.02-1.34, P = 0.028). However, further adjustment for C-reactive 
protein, the resistin-AF association was attenuated (HR 1.14, 95% CI 
0.99-1.31, P = 0.073). In this community-based longitudinal study, 
higher concentrations of resistin were associated with incident AF, but 
the relation was attenuated upon adjustment for CRP. Tachycardia due 
to AF is one of the major causes of heart failure, especially heart failure 
with preserved ejection fraction, and patients of heart failure with 
preserved ejection fraction are increasing. Thus, circulating resistin 
level may have important clinical implications in heart failure.
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