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Abstract

Background: Adiponectin, leptin, and resistin are the most well-studied adipokines and play important roles in the

regulation of glucose metabolism, subclinical inflammation, and cardiovascular homeostasis. Accordingly, measurement of

adipokine levels might be useful in cardiovascular risk stratification. Moreover, the study of single-nucleotide polymorph-

isms of genes that encode these adipokines might also represent a valuable predictive tool in cardiovascular disease

prevention strategies.

Aims: To summarize the biologic role of the adipokines adiponectin, leptin, and resistin and the prognostic value of their

serum levels regarding the occurrence and outcome of ischemic stroke. We also discuss the relationship of single-

nucleotide polymorphisms of the adiponectin, leptin genes, and the �420C>G polymorphism of resistin gene with

stroke risk.

Summary of review: Several studies in the general population evaluated the association between these adipokines and

stroke risk, yielding conflicting results. There are more limited data regarding the effect of these adipokines on stroke

severity and outcome. A small number of studies also assessed the predictive role of single-nucleotide polymorphisms of

the adiponectin, leptin, and resistin genes regarding stroke risk, but the findings were also controversial.

Conclusions: It is unclear whether adiponectin, leptin, and resistin levels or the single-nucleotide polymorphisms of

their encoding genes are independently associated with stroke risk. However, given the role of these adipokines in the

pathogenesis of atherosclerosis, larger prospective studies, both in the general population and in patients with a history

of stroke, are needed to determine whether the measurement of serum levels of these adipokines or the evaluation of

single-nucleotide polymorphisms in their encoding genes could improve stroke risk prediction. If this relationship is

proven, therapeutic interventions targeting adipokine levels might represent a novel approach to reduce stroke-related

mortality and disability.
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Introduction

Ischemic stroke represents the fourth most common
cause of death and the leading cause of long-term dis-
ability in high-income countries.1 Patients with a his-
tory of ischemic stroke are at increased risk for stroke
recurrence and for other cardiovascular events.
Accordingly, the accurate identification of patients at
increased risk for recurrent events is necessary to imple-
ment secondary prevention strategies.1,2 Several studies
have investigated the predictive value of a variety of
biomarkers and clinical models in patients with a his-
tory of stroke.3–5 However, the results of these studies
are conflicting and the existing models have limited pre-
dictive value.6

In the last decade, research has focused on the clari-
fication of the role of adipokines, an ever-growing
group of proteins mainly produced by the adipose
tissue.7–9 Adiponectin, resistin, and leptin are the
most extensively studied adipokines, whereas apelin,
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visfatin, and vaspin are other less well-studied members
of the family.3,10 These proteins play a role in a variety
of pathophysiologic mechanisms related to atheroscler-
osis, including the regulation of glucose and lipid
metabolism, endothelial function, blood pressure, and
coagulation.9,11 In obese patients, the circulating levels
of adipokines and their actions are perturbed, contri-
buting to the development of subclinical inflammation
and insulin resistance (IR), thus promoting the emer-
gence of metabolic syndrome (MetS), type 2 diabetes
mellitus (T2DM), dyslipidemia, and cardiovascular dis-
ease (CVD).11–13 Given the role of adipokines in the
pathogenesis atherosclerosis and their associations
with established cardiovascular risk factors, a number
of studies aimed to elucidate whether these proteins
could be useful as novel predictive markers of CVD,
including stroke.3 Moreover, in the last decades, the
interest of scientists has shifted towards the exploration
of the molecular and genetic basis of human disease in
order to implement more effective preventive and thera-
peutic strategies. In this context, many investigators
have tried to study the possible relation of single-
nucleotide polymorphisms (SNPs) of adipokine-
encoding genes with CVD, including stroke.14–16

The present review describes the biologic actions of
the main adipokines (adiponectin, resistin, and leptin)
and summarizes the existing data on the association
between these adipokines and the risk of stroke in the
general population and in patients with a history of
stroke as well as with the outcome of acute stroke.
The relationship between SNPs in the genes regulating
the production of these adipokines and the risk and
outcome of stroke is also reviewed.

Search strategy and selection criteria

The PubMed database was reviewed for papers pub-
lished until June 2015, using the terms ‘‘adipokines,’’
‘‘leptin,’’ ‘‘resistin,’’ ‘‘adiponectin,’’ ‘‘SNPs,’’ and
‘‘stroke.’’ The references of pertinent articles were
also hand-searched for relevant papers. Only studies
published in English were considered. From 342 related
articles which were initially screened, 104 were
reviewed, while the rest 238 were rejected.

Biologic role of adipokines

Adiponectin

Adiponectin is a 247-amino acid polypeptide encoded
by the ADIPOQ gene, which is located on chromosome
3q27 and contains three exons. Adiponectin is pro-
duced by adipocytes and exerts its actions via its
corresponding receptors, AdipoR1 and AdipoR2,
which are expressed in skeletal muscle, liver, and

adipose tissue.11 Three isomeric forms of adiponectin
circulate in the blood, namely, a low-molecular weight
trimer, an average-molecular weight hexamer, and a
high-molecular weight polymer. While the latter
isomer appears to have stronger vasoprotective proper-
ties, the exact role of each of these three isoforms is
not entirely clear. It appears, however, that their
relative percentage affects the overall activity of
adiponectin.17,18

Serum levels of adiponectin show a wide variation in
the general population (1–30mg/ml).19 They also
depend on gender, age, and ethnicity, being higher
in women, older subjects, and Caucasians.18,20–27

Adiponectin levels also increase after prolonged fasting
and after weight loss.13 They are also elevated in
patients with chronic kidney disease.28,29

Both preclinical and clinical studies suggest that adi-
ponectin exerts an array of beneficial effects on glucose
homeostasis, lipid metabolism, and the cardiovascular
system. Adiponectin enhances insulin sensitivity
through activation of peroxisome proliferator-activated
receptors-a and -g and AMP-activated protein kinase
pathways. Moreover, adiponectin promotes free fatty
acid oxidation in skeletal muscle and, in synergy
with insulin, inhibits hepatic glucose production.
Adiponectin suppresses systemic inflammation through
upregulation of antiinflammatory cytokines (e.g., inter-
leukin (IL)-10, IL-1 receptor antagonist) and suppres-
sion of proinflammatory cytokines (e.g. tumor necrosis
factor (TNF)-a, interferon-g).7,8,11,13,30 In clinical stu-
dies, low adiponectin levels have been associated with
higher levels of high-sensitivity C-reactive protein
(hsCRP), a marker of subclinical inflammation.13,30,31

In addition, adiponectin exerts antiatherogenic proper-
ties by preventing the adhesion of monocytes on the
vascular wall through the suppression of adhesion mol-
ecules (e.g. intercellular adhesion molecule-1, vascular
cell adhesion molecule-1, and E-selectin). It also inhi-
bits the uptake of oxidized low-density lipoprotein by
macrophages and subsequent transformation into foam
cells, while it suppresses the proliferation of vascular
smooth muscle cells. Adiponectin improves endothelial
function through stimulation of nitric oxide produc-
tion, while it prevents endothelial apoptosis and
reduces oxidative stress. Adiponectin also attenuates
platelet aggregation.7,8,11,30,32

Leptin

Leptin is a 167-amino acid polypeptide encoded by the
LEP gene, which is located on chromosome 7q31 and
contains three exons.33 Leptin is produced in the adi-
pose tissue and its production is increased in response
to various stimuli (insulin, glucose, TNF-a, IL-1,
glucocorticoids, and estrogens) and in renal failure.
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In contrast, catecholamines, androgens, and thyroid
hormones decrease serum leptin levels. Women have
higher leptin levels due to larger adipose tissue and
the effects of sex hormones.13,34

Leptin receptors have been identified in endothelial
cells, vascular smooth muscle cells, and central nervous
system neural and glial cells. The effects of increased
leptin levels on the vascular system appear to promote
atherogenesis. Leptin exerts proinflammatory proper-
ties and induces the activation of T-lymphocytes,
while promoting the transformation of macrophages
into foam cells through uptake of oxidized low-density
lipoprotein. Leptin also stimulates the proliferation and
migration of vascular smooth muscle cells, while it trig-
gers oxidative stress in endothelial cells resulting in the
impairment of endothelial function. Moreover, leptin
has been associated with reduced fibrinolysis and
increased platelet aggregation and arterial calcification.
It has also been reported that leptin exhibits neuroen-
docrine properties and increases blood pressure by acti-
vation of the sympathetic nervous system. Increased
leptin levels contribute to the development of IR.
Leptin is also involved in body energy homeostasis by
acting on hypothalamic receptors. It signals satiety and
reduces appetite, while it increases energy expenditure
and thermogenesis, preventing weight gain. It should be
noted that obese patients are resistant to the actions of
leptin, which attenuates its favorable effects on glucose
metabolism and increases the risk of developing
T2DM.11,13,35

On the other hand, the presence of leptin receptors in
the central nervous system explains the neuroprotective
properties of leptin shown in experimental models.
Leptin crosses the blood brain barrier and exerts
antiapoptotic actions, increases neuronal survival,
neurogenesis, synapses formation, and angiogenesis.
Furthermore, leptin also acts in the hippocampus, redu-
cing neuronal degeneration and improving higher cog-
nitive functions such as memory and learning.36–38

Resistin

Resistin is a 114-amino acid polypeptide that belongs to
the family of cysteine-rich proteins. RETN, the resistin-
encoding gene, is located on the chromosome 19p13.3
and consists of four exons and three introns. Resistin is
produced exclusively in the adipose tissue in animal
models, whereas in humans, it is mainly produced by
macrophages and monocytes and to a smaller extent by
adipocytes and hepatocytes.12,39 In the circulation,
resistin is present as dimeric, trimeric, and oligomeric
isoforms. The latter consists of variable numbers of
trimeric forms linked with disulfide bonds or com-
plexed with related proteins and appears to upregulate
the production of proinflammatory cytokines.5,12,40

Normal serum values of resistin range between 5 and
20 ng/ml and increase in obesity and renal failure.12,41

Glucose, insulin, and inflammation stimulate resistin
secretion.39 Resistin levels correlate directly with circu-
lating levels of proinflammatory cytokines (e.g., TNF-a
and IL-6), adhesion molecules (e.g., intercellular adhe-
sion molecule-1 and vascular cell adhesion molecule-1),
and hsCRP. However, the exact relationship
between resistin and inflammation is not fully eluci-
dated.11,12,39,42 There are indications that both resistin
and adiponectin are markers of chronic subclin-
ical inflammation rather than causal factors for
inflammation.41

Similarly to leptin, resistin is also involved in the
regulation of metabolism and is associated with sub-
clinical inflammation. Resistin participates in the lipid
metabolism and triggers hepatic lipogenesis. Resistin
mRNA expression and resistin levels are increased in
obese patients, particularly in those with central obes-
ity. Resistin also regulates glucose metabolism and has
been correlated with increased IR.11–13,39 Resistin also
promotes vascular inflammation and atherosclerosis
through various mechanisms (increased expression of
adhesion molecules, reduced nitric oxide production,
conversion of macrophages into foam cells, prolifer-
ation and migration of vascular smooth muscle cells,
and triggering of oxidative stress).12,39

Predictive value of adipokines serum
levels regarding the incidence and
outcome of ischemic stroke

Due to the association of adipokines with cardiovascu-
lar risk factors (inflammation, IR, MetS, T2DM), sev-
eral studies have investigated the relationship between
adipokines and cardiovascular events, including ische-
mic stroke.

Adiponectin

Several studies have evaluated the association between
adiponectin levels and stroke risk but yielded contra-
dictory results.13 A nested case–control study within the
Prospective Study of Pravastatin in the Elderly, which
included 266 incident stroke cases (179 confirmed as
ischemic) and 532 matched controls, evaluated the pos-
sible association between plasma adiponectin and the
risk of stroke in older subjects (70–82 years old) with
multiple cardiovascular risk factors or established
CVD.43 High levels of adiponectin were associated
with reduced risk for first or recurrent ischemic stroke
(odds ratio 0.78, 95% confidence interval (CI) 0.62–
0.97).43 However, after adjustment for established car-
diovascular risk factors, no independent relationship
between adiponectin and stroke risk was found.43
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Other large studies in the general population from dif-
ferent ethnicities also did not identify an association
between adiponectin levels and the risk of ischemic
stroke after adjustment for classic cardiovascular risk
factors.44–50 In a recent meta-analysis of 16 prospective
cohort studies in subjects without established CVD
(n¼ 23,919), adiponectin levels did not predict stroke
risk.51 In contrast, other large studies reported a higher
risk of ischemic stroke in patients with higher adipo-
nectin levels.10,20,52 In a nested case–control study
within the Prospective Epidemiological Study on
Myocardial Infarction (n¼ 9771 healthy male
Europeans aged 50–59 years), high adiponectin levels
were independently associated with increased ischemic
stroke risk (hazard ratio 1.53, 95% CI 1.01–2.34) and
the determination of adipokine levels improved the pre-
dictive value of established risk factors for ischemic
stroke (c-statistic 0.673 (95% CI 0.631–0.766) vs.
0.826 (95% CI 0.792–0.892), p< 0.001; net reclassifica-
tion improvement 38.1%, p< 0.001).3,10 Similar results
were reported in other ethnicities, including Hispanics
and African-Americans.20,53 Moreover, a recent meta-
analysis of 17 prospective studies in the general popu-
lation also showed that higher serum adiponectin
are associated with increased risk of ischemic stroke
(relative risk 1.34, 95% CI 1.06–1.69).17

Given the antiatherogenic actions of adiponectin,
the association between high adiponectin levels and
increased risk for stroke that was reported in some
studies appears paradoxical. It is possible that adipo-
nectin is overproduced in the presence of subclinical
inflammation or IR in order to counteract these detri-
mental processes, serving as a marker of inflammation
or IR rather than a causal factor of CVD events. This
might be the case especially in the elderly where athero-
sclerosis is more prevalent18,20 and might explain the
lack of association between adiponectin levels and
stroke risk in many studies.44–46,48,50 There are also
data supporting that higher adiponectin levels in the
elderly might result from reduced renal clearance due
to the presence of chronic kidney disease, which is also
a cardiovascular risk factor.54 Furthermore, elevated
adiponectin levels might reflect the presence of adipo-
nectin resistance, which could explain the paradoxical
association of higher adiponectin levels and increased
incidence of ischemic stroke.18,20 Heterogeneity in base-
line characteristics of studied populations and study
design as well as lack of adjustment for established car-
diovascular risk factors might also explain the discrep-
ant results of different studies. It is also possible that
differences in the proportion of circulating adiponectin
isomers might also affect the association between adi-
ponectin levels and ischemic stroke risk. However, very
few studies have analyzed the effects of different adipo-
nectin isomers on stroke risk and yielded conflicting

results, i.e., a U-shape association or no correlation
between high-molecular weight adiponectin polymer
levels and stroke risk.17,18,20,50 On the other hand, adi-
ponectin might actually exert deleterious effects when
overproduced, stimulating energy expenditure and
leading to sarcopenia, especially in the elderly popula-
tion where sarcopenic obesity is the most frequent form
of obesity.18,20,22,55

Several small studies in Caucasians and Asians
showed that adiponectin levels are lower during acute
ischemic stroke and up to six months after its occur-
rence compared with the general population.56–63

However, given the cross-sectional design of these stu-
dies, it is unclear whether the low adiponectin levels are
the cause or the result of stroke.64 Indeed, the increased
production of the proinflammatory cytokines TNF-a
and IL-6 during acute stroke might result in suppressed
adiponectin secretion.64 Moreover, it has been sug-
gested that adiponectin levels during acute ischemic
stroke depend on the subtype of stroke. Indeed,
whereas patients with acute atherothrombotic ischemic
stroke have low adiponectin levels,56,65 data are contro-
versial regarding cardioembolic and lacunar stroke.
It was reported that patients with cardioembolic
stroke have higher serum adiponectin levels during
the acute phase,31,65 but other studies showed no
significant change in adiponectin levels in this popula-
tion.56 The increase in adiponectin levels in cardioem-
bolic stroke might be due to the increased prevalence of
atrial fibrillation in these patients, which appears to be
associated with higher adiponectin levels.66,67

Regarding the association between adiponectin
levels and acute ischemic stroke severity, two studies
in Japanese patients reported a positive correlation
between adiponectin values and stroke severity at
admission, regardless of stroke subtype.31,65 It is pos-
sible that this association reflects a compensatory
mechanism of adiponectin-induced angiogenesis and
neuroprotection, a phenomenon which might be more
evident in more severe brain damage.31,68 Indeed, stu-
dies in rodents showed reduction of brain infarct size
and improvement of cerebral blood flow, angiogenesis,
and neurobehavioral deficits after adiponectin admin-
istration.13,68,69 Elevated adiponectin levels in more
severe stroke could also be due to reduced renal clear-
ance and the presence of comorbidities, as many
patients with more severe stroke have impaired renal
function and more adverse CVD risk profile.64,70 Thus,
adiponectin levels could be used as an indicator of the
extent of brain damage. However, two small studies in
Caucasians and South Asians reported the opposite
findings, namely an association between lower adipo-
nectin levels with more severe stroke and larger infarct
size in patients with acute ischemic stroke.19,62

Therefore, it is possible that the association between
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adiponectin levels and stroke severity depends on eth-
nicity, but more studies are needed to clarify this
relationship.

Few studies evaluated the predictive value of adipo-
nectin levels in patients with acute ischemic stroke. In
an early study in 160 Greek patients with first-ever
acute ischemic stroke, decreased adiponectin levels
measured within 24 h after stroke were independently
associated with increased long-term (five year) mortal-
ity.19 In contrast, in a more recent report from Greece,
adiponectin levels did not predict stroke recurrence
or total mortality.71 In a study in Japanese patients
(n¼ 171), higher levels of adiponectin at stroke onset
were associated with poor short-term prognosis in all
stroke subtypes and particularly in atherothrombotic
stroke.31 Another study in 552 Japanese patients with
acute ischemic stroke also showed that elevated adipo-
nectin levels were an independent risk factor for a
second fatal ischemic stroke (hazard ratio 6.55, 95%
CI 1.73–24.8).65

Leptin

The association between leptin levels and stroke risk,
severity and outcome has been studied less extensively.
In a prospective study in 3411, 60-to 79-year-old men
without established CVD, elevated leptin levels were an
independent risk factor for ischemic stroke.46 In a
nested case–control study, higher leptin levels inde-
pendently predicted first-ever stroke in men (odds
ratio 2.46; 95% CI 1.08–5.62) but not in women.47 In
another nested case–control study within the Women’s
Health Initiative Observational Study, leptin levels
were similarly not associated with stroke risk in post-
menopausal women.44 In contrast, a prospective study
in 4571 healthy African-Americans did not identify an
association between leptin levels and ischemic stroke
risk in either men or women.20

Few and small studies evaluated leptin levels during
the acute phase of ischemic stroke and reported
increased leptin levels.59,60,72,73 A small case–control
study in South-Asian patients (n¼ 80) also reported
that higher leptin serum concentrations are associated
with larger infarct size.73

Resistin

Studies evaluating the relationship between resistin and
stroke risk, severity, and outcome are also limited and
with contradictory results. Two nested case–control
studies in the general population (the Prospective
Epidemiological Study on Myocardial Infarction
study and the Women’s Health Initiative
Observational Study) showed an independent associ-
ation between elevated resistin levels and higher

stroke risk in the general population.3,10,44 Moreover,
a prospective study in 2313 patients with T2DM found
that high-serum resistin independently predicted car-
diovascular events including non-fatal stroke.74 In con-
trast, in the European Investigation into Cancer and
Nutrition-Potsdam Study (n¼ 26,490 middle-aged sub-
jects without established CVD), resistin levels were not
associated with ischemic stroke risk.75

Regarding the association between resistin levels and
stroke severity and outcome, a small case–control study
in women with acute ischemic stroke reported that
stroke patients (n¼ 41) had higher resistin levels than
controls (n¼ 64) and that resistin levels correlated posi-
tively with stroke severity.76 In another small study in
211 Greek patients with acute atherothrombotic stroke,
higher serum resistin concentrations at admission
were independently associated with higher rates of
dependency and all-cause mortality after a five-year
follow-up.41

Predictive value of gene SNPs of
adipokines for ischemic stroke

In recent years, several studies evaluated the relation-
ship between SNPs of adipokine-encoding genes and
ischemic stroke incidence. SNPs either affect the levels
of serum adipokines or act as independent risk fac-
tors.74,77–80 Identifying alleles associated with increased
stroke risk might improve stroke risk stratification.
Furthermore, carriage of such a SNP constitutes a
potential lifetime risk factor for a stroke and its identi-
fication might contribute to the timely implementation
of preventive strategies.

Adiponectin gene SNPs

The SNPs of the adiponectin-encoding gene (ADIPOQ)
and its regulatory region have been studied extensively
and until now 42 SNPs have been described. Four of
these SNPs (þ45T>G, þ276G>T, �11377C>G and
�11391G>A) are the most thoroughly studied and
appear to regulate serum adiponectin levels and to
modulate the risk of obesity, IR, T2DM, MetS, dysli-
pidemia, and hypertension.33,78,81–84

Several studies have assessed the value of ADIPOQ
SNPs for predicting stroke risk in various populations
and ethnicities. In Caucasian patients with T2DM, the
þ276G>T SNP has been associated with higher
plasma adiponectin levels and a decreased risk for
CVD, including stroke, whereas the þ45T>G,
�3964A>G, �4034A>C, and �11365C>G SNPs
did not predict stroke risk.85 In contrast, in a prospect-
ive study in 14,916 healthy Caucasian men, the
þ276G>T SNP showed no association with stroke
risk whereas the �11377C>G and �10066G>A
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SNPs were independently associated with decreased
risk of ischemic stroke; the þ45T>G and �3971A
>G also did not predict stroke.86 Nevertheless, in
other studies in Caucasians, the �11377C>G SNP
was associated with lower serum adiponectin levels
and greater carotid intima-media thickness, a marker
of subclinical atherosclerosis and a risk factor for ische-
mic stroke.78,80 In addition, a case–control study in
Japanese patients with MetS also found that the
�11377C>G SNP was associated with higher inci-
dence of atherothrombotic stroke.87 Similar results
were found in a case–control study in Chinese subjects,
where the �11377C/G SNP was independently related
to increased stroke risk whereas the þ45T/G and
þ276G/T SNPs had no correlation with stroke risk.14

The association between these SNPs and stroke risks
are in some cases explained by their effects on adipo-
nectin levels.14,78,81–85 However, other SNPs do not
modulate adiponectin levels and it is possible that
they are associated with adiponectin activity or are in
linkage disequilibrium with other SNPs, which are in
turn related with increased stroke risk.79,80

Leptin and leptin-receptor gene SNPs

The þ19G>A SNP of the leptin-encoding gene (LEP)
and the 223A>G, 656G>C, and 109G>A SNPs of
the leptin receptor-encoding gene (LEPR) have been
studied in detail and have been found to play a role
in the development of obesity-related complications,
mostly through altering leptin levels, the binding affin-
ity of leptin to its receptor and the ability of receptor
subunits to form the final soluble receptor.33,40

However, there are no data regarding the role of LEP
SNPs in the risk for ischemic stroke. On the other hand,
in a recent case–control study in Chinese patients with
acute ischemic stroke, the 109G>A and 223A>G
SNPs of LEPR were associated with increased risk
for stroke whereas the 656G>C SNP of LEPR had
no relationship.15

Resistin gene �420C>G SNP

Several studies have also investigated the potential
involvement of SNPs of the RETN promoter, introns,
and 30 untranslated region in stroke risk. The SNPs of
the promoter in the 50 region of RETN have been the
focus of several studies, especially the �420C>G
(rs1862513) polymorphism.16,88,89 Interestingly, the fre-
quency of the G allele is relatively high compared to
recessive alleles of other adipokine gene SNPs.90,91 It
appears that the prevalence of the G allele is similar in
different ethnicities. According to the HapMap project,
the frequency of the G allele in the Europeans and the
Japanese is 0.35 and 0.33, respectively.90

Approximately 70% of the variation in serum resistin
levels appears to be due to genetic factors.77,92 SNPs of
the RETN promoter seem to exert the strongest influ-
ence on resistin values by affecting the expression or sta-
bility of the RETN mRNA.42,91 The �420C>G SNP is
associated with higher resistin levels.42,77,91,93–100 It has
been found that the transcription factors Sp1 and Sp3
bind with higher affinity to the G allele, which in turn
increases the promoter activity and RETN expression
resulting in higher levels of resistin.95,96,100 The �420
C>G SNP might also promote inflammation, since it
has been associated with elevated hsCRP levels.101

Furthermore, it appears to be related with IR, T2DM,
obesity, hypertension, dyslipidemia, and MetS. The
�420C>G SNP has also been independently associated
with increased risk for coronary heart disease in
some39,42,88,93,94,96,102 but not all studies.16,89,103

Very few studies have evaluated the relationship
between the �420C>G SNP and stroke risk. Three
cross-sectional studies in Caucasian and Japanese
patients with T2DM reported an independent associ-
ation between the GG genotype and the history of
ischemic stroke.77,99,103 In contrast, a cross-sectional
study in Chinese patients with ischemic stroke did not
identify a relationship between the �420C>G SNP
and stroke risk.104

Conclusions

The three most extensively studied adipokines, namely
adiponectin, leptin, and resistin, exert complex effects
on glucose homeostasis, inflammation, and cardiovas-
cular homeostasis. However, the results of studies that
evaluated the association between these adipokines and
the risk of stroke are conflicting. Most studies suggest
that elevated levels of adiponectin and resistin are asso-
ciated with increased incidence of ischemic stroke in
both genders whereas elevated leptin levels appear
to increase the risk for ischemic stroke only in men.
In addition, many interventions affecting adipokines
levels (weight loss, statins, and antidiabetic drugs) are
also associated with decreased risk of ischemic stroke.11

However, these interventions affect simultaneously
other risk factors for stroke and therefore, it is not
clear whether a change in adipokines levels contributes
and to what extent to stroke risk reduction. Larger
prospective studies, both in the general population
and in patients with a history of stroke, are needed to
determine whether the measurement of serum levels of
these adipokines or the evaluation of SNPs in their
encoding genes could improve stroke risk prediction.
If such a relationship is proven, therapeutic interven-
tions targeting adipokine levels might represent a novel
approach to reduce stroke-related mortality and
disability.
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