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Abstract

Different studies have suggested the involvement of resistin in the pathogenesis of cardiovascular diseases,
including hypertension, coronary artery disease, heart failure and cerebrovascular disease. Different articles were
retrieved by searching the following databases: PubMed, Embase, Ovid Medline. Based on our results, we conclude
that serum resistin concentration is involved in the pathogenesis of arteriosclerosis. In addition, serum resistin levels
are increased in patients with hypertension, coronary heart disease and cerebrovascular disease, and are related to
the development and worsening of heart failure.
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Introduction
Resistin is a hormone composed of 108 amino acids, with a

crystalloid structure, belonging to the family of cysteine-rich proteins
known as resistin-like molecules (RELMs), characterized by a single
site comprising 10-11 cysteine groups [1-3]. Adipocytes are the main
source of resistin in rodents [1,2], though in humans the main sources
are monocytes and macrophages-a fact that suggests a link between
resistin and inflammation. Different studies have reported high plasma
resistin levels in patients with cardiovascular disease that are not
correlated to the presence of arterial hypertension (AHT), diabetes
mellitus (DM), smoking or body mass index (BMI), but which are
related to C-reactive protein (CRP) concentration. This suggests that
resistin is associated with cardiovascular disease through inflammatory
pathways [4,5]. Other studies postulate that inflammation does not
seem to be the only factor involved in this association. The present
review discusses the role of resistin in cardiovascular disease.

Literature Review

Resistin, arteriosclerosis and arterial hypertension
Resistin appears to be implicated in the pathogenesis of

arteriosclerosis, due to its association with inflammatory processes and
its role in endothelial dysfunction. According to different in vitro
studies, resistin promotes the endothelial cell release of endothelin 1
(ET-1), vascular cell adhesion protein 1 (VCAM-1), intercellular
adhesion molecule 1 (ICAM-1), monocyte chemoattractant protein-1
(MCP-1) and pentraxin 3 (PTX3) and reduces the expression of factor
3 associated with the tumor necrosis factor (TNF) receptor [6,7].
Resistin also activates human aortic smooth muscle through
extracellular pathways related to protein kinase activated by mitogen
p42/44 and the protein kinase B signaling pathways [8]. Furthermore,

resistin promotes lipid accumulation in macrophages, which leads to
the formation of foam cells through action upon the phagocyte class A
receptors, cluster of differentiation 36 (CD36), and adenosine
triphosphate binding cassette transporter A1 in macrophages [9].
Resistin can also produce endothelial dysfunction through oxidative
stress and the reduction of endothelial nitric oxide synthase [10,11].
New data show that protein kinase C-epsilon (PKCε) and toll-like
receptor 4 (TLR4) synergically promote the activation of nuclear factor
kappa-light chain-enhancer of activated B cells (NF-kB) in the
regulation of inflammation mediated by resistin in human
macrophages [12]. Raghuraman et al. showed that vascular smooth
muscle cell dysfunction associated with resistin and hyperplasia of the
intimal layer is related to the activation of NADPH oxidase (Nox)
dependent on PKCε and the generation of reactive oxygen species
(ROS). The authors suggest that the PKCε-Nox pathway could
constitute a possible new target in the treatment of atherosclerotic
complications related to resistin [13] (Figure 1).

In humans, resistin is mainly expressed by inflammatory cells such
as macrophages [14], and activation of the inflammatory cascade
induces resistin expression [15]. Different studies have described an
association between plasma resistin levels and CRP concentration
[16-18]. However, other studies have reported elevated resistin levels in
relation to coronary artery calcification, independently of the CRP
concentrations [19] thus suggesting that inflammation is not the only
mediating factor in this association. In atherosclerotic aneurysms, the
infiltrating macrophages secrete resistin, which in turn induces
endothelial cell production of PAI-1 and ET-1, as well as vascular
smooth muscle cell migration [20]. Burnett et al. showed that both
mRNA encoding for resistin and the protein itself are present in aortic
atherosclerotic lesions in rats with apolipoprotein E deficiency, and
that the resistin levels are elevated in patients with premature coronary
disease compared with patients presenting angiographically normal
coronary arteries [21].
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Figure 1: Implication of resistin in the pathogenesis of
arteriosclerosis.

In terms of clinical application, elevated resistin levels are associated
with an increased risk of AHT in non-diabetic women [22]. Certain
resistin gene polymorphisms are associated with elevated systolic
blood pressure [23]. Resistin concentration is increased not only in
diabetic individuals [24] but also in patients with pre-hypertension
[25]. Recent investigations have related resistin to AHT [26]. Fourteen
case-control studies comprising 718 hypertensive individuals and 645
controls with normal blood pressure have been analyzed in a meta-
analysis published by Zhang et al. [27]. A significant association was
found between serum resistin concentration and hypertension,
particularly in Asian and Hispanic populations, and in diabetic
subjects.

Resistin and coronary artery disease
Many studies have found elevated resistin concentration to be

associated with a high risk of coronary disease [28,29]. Resistin levels
are particularly high in patients with coronary disease and diminished
insulin sensitivity [30] and diabetes mellitus [31]. Individuals with
acute coronary syndrome (ACS) have higher resistin levels than
patients with stable angina, and resistin concentration is correlated to
the number of coronary arteries with stenosis >50% [32-34]. In
another study, patients with ACS showed elevated resistin levels, and
only in this group was resistin seen to be correlated to CRP
concentration. A proportional increase in resistin is observed with the
number of stenotic coronary arteries, and the hormone has been seen
to be significantly predictive of ACS [35]. Resistin is also predictive of
coronary calcification and metabolic syndrome [36] and has been
independently associated with arterial stiffness in the Baltimore
Longitudinal Study of Aging [37] (Figure 2).

Resistin and heart failure
Although the association between human resistin and heart failure

has not been as widely studied as the relationship between resistin and
coronary disease, there is growing evidence that resistin elevation is
associated with the development and worsening of heart failure [38].
The serum resistin levels are higher in patients with heart failure and
increase with progressing New York Heart Association (NYHA)

functional class. Moreover, the incidence of cardiac events is greater in
patients with high resistin levels compared with normal levels in the
context of heart failure [39].

Figure 2: Association of resistin with coronary artery disease.

The Framingham Offspring Study suggests that the resistin levels
are inversely correlated to left ventricular fractional shortening – a
marker of left ventricular systolic function [40] and that resistin is an
independent predictor of heart failure in the same cohort [41]. A total
of 2902 elderly people with heart failure enrolled in the Health, Aging
and Body Composition Study, involving a follow-up period of 9 years,
showed an increased risk of hospital admission due to heart failure in
the presence of increased resistin levels, after controlling for known
risk factors [42]. The Heart and Soul Study of United States veterans
with known stable coronary disease has found that those individuals
with resistin levels in the upper quartile are at an increased risk of
heart failure and death after controlling for age, gender and race [43]
(Figure 3).

Resistin and cerebrovascular disease
The PRIME study, a large prospective trial involving 9771 patients

followed-up on for 10 years, has shown elevated resistin levels to be
significantly associated with the presence of ischemic stroke [44]. This
association had not been previously identified in a large cohort of
middle-aged individuals. However, elevated resistin is associated with
an increased risk of myocardial infarction [45]. The results of the
Women’s Health Initiative Observational Study, published in early
2011, indicate that resistin, but not adiponectin or leptin, is strongly
predictive of ischemic stroke in postmenopausal women. Resistin is
associated with an increased risk of ischemic stroke, though curiously
this correlation decreases after controlling for CRP (though statistical
significance is maintained), thus suggesting that this association can be
explained only in part by CRP concentration [46]. In another cohort of
patients with multiple-vessel coronary disease followed-up on for one
year, resistin but not adiponectin was identified as an independent
predictor of cardiac and brain events such as cerebrovascular accidents
[47].
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Figure 3: Association of resistin with heart failure.

Furthermore, following an ischemic cerebrovascular accident, the
resistin levels were found to be predictive of the risk of death or
neurological disability over 5 years [48]. A recent meta-analysis of 10
studies involving 1829 acute cerebral infarction patients and 1557
healthy controls has recorded comparatively higher resistin levels
among the former. An analysis by subgroups revealed a significant
association between resistin concentration and acute cerebral
infarction in Asians but not in Caucasians [49] (Figure 4).

Figure 4: Association of resistin with cerebrovascular disease.

Conclusion
There is evidence of the possible role of resistin in the pathogenesis

of arteriosclerosis, due to its implication in inflammatory processes
and endothelial dysfunction. Atherosclerotic lesions contain both
mRNA encoding for resistin and the protein itself; the infiltrating
macrophages secrete resistin, and the latter induces the release of
different molecules implicated in endothelial dysfunction, as well as
the activation of smooth muscle cells. Resistin also produces

endothelial dysfunction through oxidative stress. In routine clinical
practice, there is growing evidence that elevated serum resistin levels
are associated with AHT, coronary disease, the development and
worsening of heart failure, and the presence of ischemic stroke.
Nevertheless, many details still need to be clarified in order to confirm
the role and implication of resistin in the pathogenesis and treatment
of different cardiovascular diseases.
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