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Abstract

Introduction: Stroke, due to its worldwide prevalence, is not only a medical challenge, but also a serious social problem. Recently, ongoing
research has examined whether there are associations between adipose tissue hormones and the risk, mechanisms and course of stroke.
The aim of our study was to determine whether there are significant differences in blood concentrations of insulin, adiponectin, leptin,
resistin and in insulin resistance among patients in the acute phase of ischaemic stroke, compared to healthy subjects. In addition, we
wanted to investigate if those biochemical values show a correlation with the neurological condition of our patients.

Material and methods: Adiponectin, leptin, resistin and insulin were measured in patients (n = 69) with first-ever ischaemic stroke (con-
firmed by CT), using specific electrochemoluminescence, radioimmunoassay and ELISA methods. Neurological evaluation was performed
using Barthel ADL index on the day of admission and on the ninth day of hospitalisation. Insulin resistance value was obtained via the
HOMA-IR calculator. Data was compared to that of healthy individuals (n = 26).

Results: Insulin concentration (51.08 v. 17.02 uU/mL) and HOMA-IR value (6.3 v. 2.2) were significantly higher in the study group. Leptin
(14.98 v. 10.47 ng/mL) and resistin (28.92 v. 12.25 ng/mL) levels were elevated among the stroke survivors compared to controls, but no
significant difference was noted in adiponectin. Negative correlations of adiponectin level and Barthel score were observed.
Conclusions: Hyperinsulinaemia and insulin resistance are involved in the pathogenesis of ischaemic stroke. Hyperleptinaemia and
hyperresistinaemia play a role in the mechanism of stroke. The severity of stroke is associated with adiponectin blood concentration.
(Endokrynol Pol 2012; 63 (5): 338-345)

Key words: ischaemic stroke, adiponectin, leptin, resistin, insulin, HOMA

Streszczenie

Wstep: Udar mézgu stanowi czesta przyczyne zgondéw oraz najczestszg przyczyne trwalej niesprawnoéci u 0osé6b powyzej 40. roku zycia.
Od kilku lat badana jest rola adipocytokin w patogenezie choréb OUN. Celem pracy jest proba odpowiedzi na pytanie, czy istniejg r6z-
nice w stezeniach adiponektyny, leptyny, rezystyny i insuliny we krwi miedzy chorymi w ostrej fazie niedokrwiennego udaru mézgu
a osobami zdrowymi oraz czy istnieje zwigzek miedzy stezeniami wyzej wymienionych hormonéw we krwi a stanem neurologicznym
chorych, ocenianym za pomoca skali Bartel w momencie rozpoczecia leczenia oraz dalszej obserwacji.

Materiat i metody: Badanie przeprowadzono u 69 chorych (37 kobiet, $r. wieku 72 lata, 32 mezczyzn, ér. wieku 68 lat) z objawami udaru
niedokrwiennego moézgu. U wszystkich chorych wykonano TK moézgu, dokonano oceny stanu neurologicznego przy przyjeciu oraz
w 9. dobie leczenia za pomoca skali , ciezkosci udaru” wedtug Bartela oraz oznaczono we krwi stezenia adiponektyny, leptyny, rezystyny i insuliny.
Wyniki: Nie stwierdzono réznicy w stezeniu adiponektyny we krwi miedzy grupa z niedokrwiennym udarem mézgu a grupa kontrolng
(15.49 v. 14.32 ug/mL). Stezenia leptyny (14.98 v. 10.47 ng/mL), rezystyny (28.92 v. 12.25 ng/mL), insuliny (51.08 v. 17.02 uU/mL) oraz wskaznik
insulinoopornosci HOMA (6.3 v. 2.2) u chorych z niedokrwiennym udarem mézgu byly wieksze niz u oséb zdrowych. Stwierdzono ujemna
korelacje pomiedzy wartoscig skali Bartel a stezeniem adiponektyny u chorych z udarem niedokrwiennym zaréwno w dniu przyjecia
(R-0.266, p < 0.05), jak i w 9 dobie leczenia (R -0.302, p < 0.05).

Whioski: Wydaje sie, ze zaréwno hiperinsulinemia i insulinoopornoé¢, jak i hiperleptynemia oraz hiperezystynemia odgrywaja role
w patogenezie niedokrwiennego udaru mézgu. Stopien ciezkosci udaru w momencie wystgpienia oraz jego przebieg jest z kolei zwigzany
ze stezeniem adiponektyny we krwi. (Endokrynol Pol 2012; 63 (5): 338-345)
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Introduction

Stroke is the third commonest cause of death in Western
countries, after heart diseases and neoplastic diseases. It
is also a leading cause of chronic disability among people
over 40 years of age. In Poland, stroke incidence reaches
177.3/100,000 among men and 125/100,000 among women
[1]. These numbers are similar to those occurring in other
European countries. The two main types of stroke are
ischaemic stroke, which accounts for about 80% of all
cases, and hemorrhagic stroke, representing about 20% [2].

Progress in stroke treatment methods has been
reflected in long-term studies, which show a decrease
in mortality occurring in Western countries [3, 4]. Un-
fortunately, in Poland, the stroke mortality rate still
remains much worse, being 106.4/100,000 in men and
78.7/100,000 in women [1]. It is estimated that about
400,000 people in Poland live with the permanent
consequences of a stroke. These values mean that the
prevention, diagnosis and therapy of stroke is not only
a medical challenge, but also a significant social problem.

Adipocytokines are signalling proteins, secreted by
adipose tissue, which act in paracrine and endocrine
ways [5-10]. Recently, they have aroused the interest
of scientists due to their multiple features. Many pub-
lications dealing with vascular diseases have claimed
a link between the substances produced by fat tissue
and coronary artery disease, hypertension, metabolic
syndrome and venous thrombosis [5, 11-21]. Some of
them also present results showing relationships be-
tween adipokines and stroke [22-28]. That is why we
decided to investigate the behaviour of the discussed
cytokines in a group of acute ischaemic stroke survivors.

In recent years, many studies have shown that
fatty tissue is not only an energy storage organ,
but also a complex and highly metabolically active
endocrine organ. This tissue, apart from adipocytes,
also contains connective tissue matrix, nerve tissue,
stromo-vascular cells and immune system cells [8]. In
physiologic conditions, fat constitutes 10-25% of total
body mass, 85% of which is subcutaneous adipose
tissue and 15% visceral adipose tissue. These values
clearly indicate the crucial role of adipose tissue as
the largest endocrine gland. From many substances
secreted from this tissue, the most important are
adiponectin, leptin, resistin, plasminogen activator
inhibitor 1 (PAI-1), tumour necrosis factor o (TNF-o),
complement system proteins and RAA (renin-angio-
tensin-aldosterone) axis proteins [11, 29].

The biological activity of adipokines has not been
accurately determined. Nevertheless, previous studies
concerning adiponectin have indicated a wide range
of actions including regulation of energy metabolism,
modulation of immune system and vascular system. Adi-

ponectin is said to have an influence on glucose and the
free fatty acids (FFA) metabolism, not in a direct way, but
rather through sensitisation of tissues to insulin [14, 15, 22,
23, 30]. Moreover, adiponectin reduces the formation of
atherosclerosis, suppresses the expression of cell adhesion
molecules and proinflammatory factors like TNF-co,, and
also restricts macrophages transforming into foam cells. In
addition, it constrains the release of growth factors, reduc-
ing the proliferation of vascular smooth muscle [14, 15].
Adiponectin also plays a role in the central nervous system,
causes body temperature elevation and stimulates the
sympathetic nervous system [15, 24, 31]. Taken together,
these facilities place adiponectin as an anti-inflammatory
and antiatherosclerotic protein.

Leptin demonstrates a relationship with body mass
— it is increased in obesity and decreases as a result
of weight reduction [7, 32-35]. The central actions of
the discussed cytokine manifest through its impact
on hunger and satiety centres; it also boosts energy
expenditure, working as an anorexogenic factor. In
addition, leptin affects the pituitary hormonal axes,
indirectly influencing secretion of glucocorticoids, thy-
roid hormones, androgens and catecholamines [36-38].
Moreover, leptin is involved in the activation of the
inflammatory process [7, 39, 40].

Resistin is a protein that belongs to the found in
inflammatory zone (FIZZ) family. It is postulated that it
affects glucose and FFA levels in blood and lowers cell
insulin sensitivity [41]. All these actions should generate
insulin resistance [42], but results in this matter remain
contradictory. It is said that resistin plays a role in the
formation of early atheroscleroticlesions [11, 39, 43—45].

The main function of insulin is to prevent hypergly-
caemia and provide energy storage, which it does by
encouraging cell glucose absorption, glycogenesis and
lipogenesis. According to the vascular system, insulin
activates transcription factors such as NFxB (nuclear
factor kappa B), which promote the synthesis of pro-
inflammatory factors involved in atherogenesis [46].
These properties contribute to insulin’s role in vascular
diseases including stroke [47-50].

Material and methods

Subjects
Sixty nine patients with symptoms of their first-ever
ischaemic stroke, admitted to the stroke subunit of the
neurology department, were included in this study.
The study group consisted of 32 men and 37 women
between the ages of 34 and 95 years (mean 70.2). The
inclusion criterion was the first-ever ischaemic stroke,
as confirmed by computer tomography imaging.

All participants underwent a full clinical evaluation
including measurement of body mass index (BMI) and
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Table 1. Characteristics of patients with ischaemic cerebral stroke and control group
Tabela 1. Charakterystyka kliniczna chorych z niedokrwiennym udarem mozgu i osob grupy kontrolnej

Ischaemic stroke Controls (N = 26) p value
(N = 69)

Age (years) 70.217 (SD = 13.01) 65.077 (SD = 13.83) > 0.05
BMI [kg/m?] 27.35(SD = 4.38) 26.01 (SD =+ 3.18) > 0.05
Glucose [mmol/L] 5.46 (SD = 0.815) 5.02 (SD = 0.75) > 0.05
Total cholesterol [mmol/L] 4.99 (SD = 1.26) 5.01 (SD = 1.06) > 0.05
LDL [mmol/L] 3.016 (SD = 1.07) 3.11(SD = 0.99) > 0.05
HDL [mmol/L] 1.31 (SD = 0.47) 1.20 (SD = 0.88) > 0.05
TSH [ulU/mL] 2.25 (SD = 2.45) 2.01(SD = 2.3) > 0.05
ESR [mmy/h] 24.779 (SD = 2.38) 11.0(SD = 9.0) =0.05
CRP [mg/L] 27.70 (SD = 56.21) 10.0 (SD = 6.02) =0.05

BMI — body mass index; LDL — low density lipoprotein; HDL — high density lipoprotein; TSH — thyroid stimulating hormone; ESR — erythrocyte

sedimentation rate after 1 h; CRP — C-reactive protein

Table II. Glucose, insulin and HOMA-IR parameters in patients with ischaemic cerebral stroke and in control group

Tabela II. Ocena stezedi insuliny, wskaznika insulinoopornosci oraz glikemii u chorych z niedokrwiennym udarem mozgu

i u 0s6b grupy kontrolnej

Ischaemic stroke Controls p value
Glucose [mmol/L] 5.46 (SD = 0.815) 5.02 (SD + 0.75) > 0.05
Insulin [uU/mL] 51.089 (SD + 29.13) 17.02 (SD = 8.1) < 0.05
HOMA-IR 6.3 (SD = 0.8) 2.2(SD = 0.2) = 0.05

HOMA-IR — homeostatic model assessment of insulin resistance

Table I11. Adiponectin, leptin and resistin blood concentrations in patients with ischaemic cerebral stroke and in control group

Tabela IIL. SteZenie adiponektyny, leptyny i rezystyny we krwi chorych z niedokrwiennym udarem mozgu i u 0séb grupy

kontrolnej

Ischaemic stroke Controls p value
Adiponectin [ug/mL] 15.498 (SD = 9.604) 14.325 (SD = 8,868) > 0.05
Leptin [ng/mL] 14.98 (SD = 11.325) 10.471 (SD = 7,245) = 0.05
Resistin [ng/mL] 28.92 (SD = 23.62) 12.257 (SD = 4,21) = 0.001

routine biochemical blood tests. In the study group,
neurological evaluation was performed using the Bar-
thel ADL index, either on the day of admission or on
the ninth day of hospitalisation.

Stroke group candidates were excluded if they had
suffered a hemorrhagic stroke, brain tumour, a stroke
other than a first-ever stroke, diabetes, hypothyroidism,
hyperthyroidism, moderate or severe anaemia, renal in-
sufficiency, or dyslipidaemia treated with hypolypemic
medications. Patients with stroke who died during
hospital treatment were also excluded.

The control group consisted of 26 individuals
admitted to hospital in order to undergo endoscopic
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diagnostic procedures. This group included 12 men and
14 women between the ages of 27 and 82 years (mean
65 years), who did not meet the exclusion criteria.

Blood sample analyses

Venous blood samples were collected on the admis-
sion day from the antecubital vein. The blood samples
were centrifugated to obtain serum, which was rapidly
frozen at -80°C for subsequent analysis. Serum insulin
concentration was measured by the electrochemilumi-
nescence method. Adiponectin and leptin serum levels
were determined by the radioimmunoassay method
(Merck Millipore, Billerica, MA, USA). Resistin serum
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concentration was measured by the ELISA method
(LINCO Research Inc., St. Charles, MO, USA)

Insulin sensitivity

Insulin sensitivity was determined by homeostatic
model assessment, with a use of a HOMA-IR calculator
acquired from the Diabetes Trials Unit of the Oxford
Centre for Diabetes, Endocrinology and Metabolism
(http://www.dtu.ox.ac.uk).

Statistical analyses
All acquired data was analysed using Statistica v. 7.1
(StatSoft Inc., Tulsa, OK, USA) and MedCalc v. 9.02
(MedCalc Software, Mariakerke, Belgium). For each
quantitative parameter, basic statistical characteristics
were made — mean, standard deviation, SEM (standard
error of the mean), minimal and maximal value, median,
quartiles 25% and 75%, 95% confidence interval.
Shapiro-Wilk test was performed for evaluation of
normal distribution of parameters. For intergroup sta-
tistical dependence determination, Student’s t-test was
used to compare unpaired groups of parameters that
follow normal distribution. Mann-Whitney U-test was
used to compare independent groups of parameters that
did not follow normal distribution. For assessment of
intergroup correlations, a Spearman Rank Correlation
test was used for univariate correlation determination,
and Pearson’s correlation coefficient was used for mul-
tivariate data correlation investigation.

Results

The general characteristics of the stroke survivors’
group did not show statistically significant differences
in basic clinical and biochemical parameters compared
to the control group. We found differences in the
ESR (erythrocyte sedimentation rate, 22.779 mm/h
v. 11 mm/h, p < 0.05) and CRP values (27.7 mg/L
v. 10 mg/L, p < 0.05), which were elevated in the study
group compared to controls.

We did not observe significant differences in the
blood glucose concentration between participants and
the control group. By contrast, we noticed significantly
higher values of insulin level (51.089 pU/mL v. 17.02 uU/mL,
p = 0.05) and insulin resistance index HOMA-IR (6.3 v.
2.2, p = 0.05) in the stroke group.

We did not observe significant differences in levels of
blood adiponectin between the groups. On the contrary,
we found higher concentrations of leptin (14.98 ng/mL
v. 10.471 ng/mL, p < 0.05) and resistin (28.92 ng/mL v.
12.257 ng/mL, p < 0.05) in stroke survivors.

Our results show a positive correlation between se-
rum insulin and BMI, leptin and LDL cholesterol levels.
We also noted a positive link between insulin resist-

ance index and either leptin or BMI. Our study did not
confirm the existence of a relationship between serum
resistin and insulin resistance measured by HOMA-IR.
We found that there was a negative affiliation between
adiponectin and insulin or HOMA-IR.

We observed a positive correlation between adi-
ponectin and either age or HDL cholesterol. We also
noted a negative association for adiponectin and the
severity of stroke assessed by the Barthel scale both
on admission and on the ninth day of hospitalisation.
We also revealed a positive bond connecting resistin
values with CRP level and WBC count. Additionally,
we found a negative relationship between resistin and
total cholesterol concentration.

After dividing the study group by sex, we observed
certain relationships. In the subgroup of men, we
found a statistically significant positive correlation
between leptin and insulin and HOMA-IR; a similar
dependency, although less marked, occurred in women.
A subset of women was characterised by the existence
of a negative relation between adiponectin levels and
insulin or HOMA-IR; similar compounds did not show
up among men.

Discussion

Chronic hyperglycaemia is a well-known risk factor for
vascular diseases [49, 51, 52]. Numerous studies have
dealt with the role of this phenomenon in the acute
phase of ischaemic stroke [46, 49, 53, 54]. It has been
found experimentally that an elevated glucose concen-
tration reduces cerebral blood flow during ischaemic
stroke, with specific intensity in penumbra areas [46].
Our study, however, showed no difference in the glu-
cose level between patients and controls, although this
may be the effect of excluding from analysis people
suffering from diabetes.

The increase in insulin concentrations observed dur-
ing the acute phase of stroke has also been studied in
the past [46]. The link between hyperinsulinaemia and
thrombotic mechanism of stroke has been stated. Our
results in this regard were consistent with those studies.
Itis interesting though that the difference in insulin did
not associate with the difference in the glucose level
among our groups. This fact can be explained by the
fact of the rapid ascent of insulin demand during the
acute phase of ischaemic stroke. Intriguing results were
published by Lindsberg and Roine, suggesting that
insulin may act as a neuroprotective agent by reducing
hyperglycaemia and thereby reducing the amount of
ROS and inflammatory factors [46].

In a prospective study, Wannamethee has shown
that hyperinsulinaemia is an independent risk factor
for stroke [54]. In addition, Japanese researchers have
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Table IV. Correlations of insulin concentration and HOMA-IR with clinical data and biochemical tests results in patients

with ischaemic cerebral stroke

Tabela IV. Korelacje insulinemii i wskaznika insulinoopornosci z danymi klinicznymi oraz parametrami biochemicznymi

u chorych z niedokrwiennym udarem mozgu

Correlate parameters R p value
Insulin BMI 0.362 0.0019
Insulin Leptin 0.472 0.0001
Insulin LDL 0.253 0.0347
Insulin Adiponectin -0.272 0.0319
Insulin Resistin -0.105 > 0.05
Insulin Bartel start -0.008 > 0.05
Insulin Bartel end -0.009 > 0.05
HOMA-IR BMI 0.371 0.0017
HOMA-IR Leptin 0.433 0.0001
HOMA-IR Adiponectin -0.289 0.0225
HOMA-IR Resistin -0.079 > 0.05
HOMA-IR CRP 0.064 > 0.05

Bartel start — Bartel scale evaluation on admission; Bartel end — Bartel scale evaluation on the ninth day following admission

Table V. Correlations of blood adipocytokines concentrations with clinical data and biochemical tests results in patients with

ischaemic cerebral stroke

Tabela V. Korelacje pomiedzy stezeniami adipocytokin a danymi klinicznymi oraz parametrami biochemicznymi u chorych

z niedokrwiennym udarem mozgu

Adiponectin [ug/mL]

Leptin [ng/mL]

Resistin [ng/mL]

R p value p value R p value
Age (years) 0.363 0.0037 0.133 > 0.05 0.055 > 0.05
BMI [kg/m?] -0.168 > 0.05 0.435 0.0001 0.104 > 0.05
Total cholesterol 0.134 > 0.05 0.039 > 0.05 -0.274 0.0293
[mmol/L]
LDL [mmol/L] -0.039 > 0.05 -0.023 > 0.05 -0.221 > 0.05
HDL [mmol/L] 0.418 0.0007 0.222 > 0.05 0.059 > 0.05
ESR [mm/h] -0.133 > 0.05 0.016 > 0.05 0.230 > 0.05
CRP [mg/L] -0.08 > 0.05 0.064 > 0.05 0.475 0.0001
WBC [1000/mL] -0.121 > 0.05 0.059 > 0.05 0.330 0.008
Bartel start —-0.2669 = 0.05 —-0.1352 > 0.05 -0.1674 > 0.05
Bartel end -0.302 =< 0.05 -0.203 > 0.05 -0.161 > 0.05

BMI — body mass index; LDL — low density lipoproteins; HDL — high density lipoproteins; ESR — erythrocyte sedimentation rate after 1 h; CRP —
C-reactive protein; WBC — white blood cells; Bartel start — Bartel scale evaluation on admission; Bartel end — Bartel scale evaluation on ninth day

following admission

demonstrated a relationship between hyperinsulinae-
mia and the propagation of atherosclerotic lesions,
defined as intima-media thickness in the carotid artery
[55]. In a similar vein, the results of a 22-year follow-up
study of Helsinki policemen indicated a role for insulin
concentration in the development of atherosclerosis
[56]. Swedish scientists have linked the role of insulin
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in stroke risk elevation with impaired coagulation and
fibrinolysis systems and activation of PAI-1 by this
hormone [57].

The results of our study also took into consideration
the value of HOMA-IR index. This indicator informs as
to the number of insulin particles needed for glucose to
enter the cells. Our data demonstrated an increase of
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Table VI. Correlations of adiponectin and leptin blood concentrations with insulin level HOMA-IR and BMI in men and
women with ischaemic cerebral stroke

Tabela VI. Korelacje pomiedzy stezeniami adiponektyny i leptyny we krwi a stezeniem insuliny, wskaZnikiem HOMA oraz
BMI u mezZczyzn i kobiet z niedokrwiennym udarem mozgu

Men with ischaemic stroke Women with ischaemic stroke

Correlated parameters R pvalue Correlated parameters R p value
Leptin [ng/mL] HOMA-IR 0.705 < 0.0001 Leptin [ng/mL] HOMA-IR 0.43 0.013
Leptin [ng/mL] Insulin [uU/mL] 0.666 < 0.0001 Leptin [ng/mL] Insulin [uU/mL] 0.481 0.0053
Leptin [ng/mL] BMI [kg/m?] 0.499 0.0042  Leptin [ng/mL] BMI [kg/m?] 0.45 0.0088
Adiponectin [ug/mL] HOMA-IR 0.002 > 0.05 Adiponectin [ug/mL] HOMA-IR -0.539 0.0018
Adiponectin [ug/mL]  Insulin [mU/mL] -0.07 > 0.05 Adiponectin [ug/mL] Insulin [uU/mL] -0.484 0.0057
Adiponectin [ug/mL]  BMI [kg/m?] -0.017 > 0.05 Adiponectin [ug/mL]  BMI [kg/m?] -0.3850 0.032

HOMA-IR — homeostatic model assessment of insulin resistance; BMI — body mass index

HOMA-IR in the stroke survivors. Moreover, we showed
positive associations of HOMA-IR with BMI and leptin,
and a negative association with adiponectin. That puts
our findings in line with the reports of other research
groups [30, 48].

We found no differences in adiponectin concentra-
tion between the studied group and controls. These
results were a surprise to us, because other research-
ers have suggested the presence of low adiponectin
levels among patients with stroke [25]. On the other
hand, some authors have confirmed our observation
[26]. We also noted a positive correlation between
adiponectin levels and age or HDL cholesterol, and as
already mentioned, a negative link with insulin and
HOMA-IR, which is consistent with the data obtained
by Ryan and Macko [58]. Moreover, analysis of the
relationship between adiponectin concentration and
the severity of stroke has shown that high levels of this
protein are accompanied by a worse neurological state.
Similar results were published in 2009 by Marousi and
Theodorou [59]. In our case, the discussed correlation
disappeared after the division of stroke group based on
sex, which we believe was due to the small number of
study participants.

Current publications state the role of adiponectin
in the pathogenesis of cardiovascular diseases [60, 61].
It has been proven that adiponectin levels connect
with myocardial infarction risk [17], exacerbation of
coronary artery disease [14] and the risk of restenosis
after coronary intervention [19]. Low levels of this
cytokine correlate with progression of atherosclerosis,
independently of other factors [14, 62]. Some scientists
have interpreted this as a phenomenon secondary to
the vascular repair process, in which the decrease in the
amount of adiponectin is the consequence of accumula-
tion in damaged areas, where it inhibits inflammation
and atherogenesis [19, 63].

Interesting information about the activity of adi-
ponectin in stroke was provided by Chen, who in an
experimental study demonstrated that administration
of exogenous adiponectin to rats with ischaemic stroke
causes reduction of central nervous system damage.
This phenomenon of neuroprotection is explained by
the inhibition of the release of proinflammatory factors
— TNF-o and IL-6, it also decreases NF«B activity [64].

The relation between adiponectinaemia and stroke
risk was proposed in the PROSPER (Prospective Study
of Pravastatin in the Elderly at Risk) study [65], in which
hypoadiponectinaemia was indicated as a risk factor
for cerebral ischaemia. These results are contrary to
data published by Soderberg [66] and Matsumoto [26].
This difference may be explained by the fact that the
PROSPER study included patients on statin therapy,
which can elevate adiponectin levels.

Our results show higher concentrations of leptin
in stroke survivors. Moreover, we found a positive
correlation between leptin and BM], insulin level or
HOMA-IR. These findings suggest a role of leptin in the
development of insulin resistance, which is consistent
with previous reports [9, 40, 66, 67]. The physiological
secretion of leptin is though dependent on insulin ac-
tion on adipocytes [40]. However, the increase of body
fat, plasma FFA, androgens and glucocorticoids, may
cause hyperleptinaemia in an insulin independent way.

Many scientists have claimed a link between leptin
and vascular diseases [40, 65, 68, 69]. Wolk et al. also
demonstrated a relationship between hyperlepitnae-
mia and the risk of cerebral ischaemia, which was
independent of other risk factors [70]. Similar results
were presented by Soderberg [66, 67]. The proposed
mechanism through which leptin acts is to influence
the sympathetic nervous system, resulting in an eleva-
tion of blood pressure [40], as well as a direct effect on
the vascular wall [66], endothelium [58, 66, 68, 71] and
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thrombocytes [40, 66]. Surprisingly, Valerio and Dos-
sena have presented data suggesting that an increase
of leptin level during the acute phase of a stroke may
act as a neuroprotective factor protecting the brain from
ischaemic damage [72].

Our results revealed the presence of higher con-
centrations of resistin in the study group than in the
control group. In addition, we noted a negative cor-
relation between resistin and total cholesterol, while
it was positive with CRP and WBC count. This may
display the role of resistin in inflammatory response.
Therefore we did not observe a link connecting resistin
with insulin resistance, as has been postulated in animal
studies [73], but this is consistent with other human
study results [74-76]. With regard to stroke, Japanese
researchers presented an association between resistin
concentration and the severity of stroke [77]. This found
no confirmation in our results.

After the division of studied group by sex, we re-
vealed significant differences in adiponectin and leptin
concentrations, which were both higher in women. It is
interesting that the relationship between adiponectin
and Barthel index score disappeared after the split.
The lack of a significantly higher incidence of stroke
in females, despite higher leptin concentrations, is
explained in two popular theories. The first says that
women are less sensitive to leptin than men [78]. The
second suggests that the incidence of stroke is rather
related to the leptin/adiponectin ratio, which is prefer-
able in females, because of the antagonistic actions of
both cytokines [66].

Conclusions

The role of insulin and adipocytokines in the patho-
genesis and mechanism of stroke still remains not fully
understood. However, we suggest a significant influ-
ence of these particles on the vascular system, including
cerebral circulation.

Our study showed that hyperinsulinaemia and
insulin resistance measured by HOMA-IR favour the
occurrence of a stroke. Among adipocytokines, we
recorded the role of leptin and resistin in the stroke
phenomenon, but we found no similar dependence in
relation to adiponectin. In addition, we noted a strong
correlation between resistin and proinflammatory fac-
tors, which confirms the role of this protein in acute
phase reactions.

Among our patients, we have also found a negative
correlation of adiponectin concentration with the stroke
severity measured using the Barthel index. This fact was
a surprise. However, it is possible that the interpretation
should take into consideration the age of our patients.
Moreover, we have observed that women do not present
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a higher stroke incidence, despite higher leptin levels in
comparison to men, which may be connected with the
antagonistic actions of leptin and adiponectin, which
is also elevated.

References

1. Litwin T, Kobayashi A, Skowroniska M et al. Thrombolysis in acute
ischaemic stroke within 3 hours of symptom onset: a report of the first
100 cases. Neurol Neurochir Pol 2008; 42: 1-5.

2. Kobayashi A, Czlonkowska A. Trombolysis in acute ischemic stroke.
Farmakoter Psychiatr Neurol 2005; 1: 5-18.

3. Centurion OA. Actual Role of Platlet Glycoprotein IIb/Illa Receptor In-
hibitors as Adjunctive Pharmacological Therapy to Primary Angioplasty
in acute Myocardial Infarction: In the Light of Recent Randomized
Trials and Observational Studies with Bivalirudin. Open Cardiovasc
Med ] 2010; 4: 135-45.

4. Gahn G, Barlinn K, Dzialowski I et al. Combined thrombolysis with
abciximab and rtPA in patients with middle cerebral artery occlusion.
Acta Neurol Scand 2010; 121: 63-66.

5. Gnacinska M, Malgorzewicz S, Lysiak-Szydlowska W et al. The serum
profile of adipokines In overweight patients with metabolic syndrome.
Endokrynol Pol 2010; 61: 36-41.

6. Szopa M, Debinska-Kie¢ A. Visfatin — new adipokine. Diabetol Prakt
2005; 6: 266-269.

7. LagoE Dieques C, Gémez-ReinoJ et al. Adipokines as emerging media-
tors of immune response and inflammation. Nat Clin Pract Rheumatol
2007; 3: 716-724.

8. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin En-
docrinol Metab 2004; 89: 2548-2556.

9. Sieminska L, Cichon-Lenart A, Kajdaniuk D et al. Sex hormones and
adipocytokines In postmenopausal women. Pol Merkur Lekarski 2006;
20: 727-730.

10. SzopaM, Skupien J. Omentin a new adipokine within the new definition
of the metabolic syndrome (IDF 2005). Diabetol Prakt 2007; 8: 35-39.

11. Psurek A, Szymborska-Kajanek A. Obesity and cardiometabolic risk.
Przew Lek 2008; 3: 10-17.

12. Niemczyk S, Romejko-Cieplewska K, Niemczyk L. Adipocytokines and
sex hormone disorders in patients with chronic renal failure (CRF).
Endokrynol Pol 2012; 63: 148-155.

13. Koroglu BK, Kiris E Ersoy IH et al. Relation of leptin, adiponectin and
insulin resistance to bone mineral density in type 2 diabetic postmeno-
pausal women. Endokrynol Pol 2011; 62: 429-35.

14. Kozlowska A, Kowalska I. The adiponectin role In pathogenesis of
metabolic syndrome and cardiovascular disease. Endokrynol Pol 2006;
6: 626—632.

15. Karbowska J, Warczak E, Kochan Z. Adiponectin gene polymorphism and
protein dysfunction in the development of insulin resistance. Postepy
Hig Med Dosw 2004; 58: 449-457.

16. SadaKE, Yamasaki Y, Maruyama M et al. Altered levels of adipocytokines
in association with insulin resistance in patients with SLE. ] Reumatol
2006; 33: 1545-1552.

17. Pischon T, Girman CJ, Hotamisligil GS et al. Plasma adiponectin levels
and risk of myocardial infarction in men. JAMA 2004; 291: 1730-1737.

18. Wolk R, Berger B Lennon RJ et al. Association between plasma adipo-
nectin levels and unstable coronary syndromes. Eur Heart J 2007; 28:
292-298.

19. Komyjia S, Funahashi T, Sakamoto T et al. The variation of plasma con-
centrations of novel, adipocyte derived protein, adiponectin, in patients
with acute myocardial infarction. Heart 2003; 89: 667-668.

20. OteroM, LagoM, Gomez R et al. Changes In plasma levels of fat-derived
hormones adiponectin, leptin, resistin and visfatin in patients with
rheumatoid arthritis. Ann Rheum Dis 2006; 65: 1198-1201.

21. Bogdanski B Musialik K, Szulinska M et al. Evaluation of serum resistin
level in hypertensive patients with metabolic syndrome. Endokrynologia
Otylosc¢ i Zaburzenia Przemiany Materii 2006; 2: 116-121.

22. Efstathiou SE Tsioulos DI, Tsiakou AG et al. Plasma adiponectin levels
and five-years survival after first-ever ischemic stroke. Stroke 2005; 36:
1915-1919.

23. Chandran M, Philips SA, Ciaraldi T et al. Adiponectin: more than just
another fat cell hormone? Diabetes Care 2003; 26: 2442-2450.

24. Fonseca-Alaniz MH, Takada J, Alonso-Vale MI et al. Adipose tissue as
an endocrine organ: from theory to practice. J Pediatr (Rio J) 2007; 83
(Suppl. 5): S193-203.

25. Chen MP, Tsai JC, Chung FM et al. Hypoadiponectinemia is associated
with ischemic cerebrovascular disease. Arterioscler Thromb Vasc Biol
2005; 25: 821-826.

26. Matsumoto M, Ishikawa S, Kajii E. Association of adiponectin with
cerebrovascular disease: a neasted case-control study. Stroke 2008; 39:
323-328.



Endokrynologia Polska/Polish Journal of Endocrinology 2012; 63 (5)

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Pyzik M. Leptin level in ischemic stroke. Pol Merkur Lekarski 2010;
28: 371-375.

Weikert C, Wetsphal S, Berger K et al. Plasma resistin levels and risk
of myocardial infarction and ischemic stroke. J Clin Endocrinol Metab
2008; 93: 2647-2653.

Berg AH, Scherer PE. Adipose tissue, inflammation and cardiovascular
disease. Circ Res 2005; 96: 939-949.

Shetty G, Economides PA, Horton ES et al. Circulating adiponectin and
resistin levels in relation to metabolic factors, inflammatory markers, and
vascular reactivity in diabetic patients and subjects at risk for diabetes.
Diabetes Care 2004; 27: 2450-2457.

Pan W, Yu C, Hsuchou H et al. Neuroinflammation facilitates LIF entry
into brain: role of TNE Am ] Physiol Cell Physiol 2008; 294: 1436-1442.
Tucholski K, Otto-Buczkowska E. The role of leptin in the regulation of
carbohydrate metabolism. Endokrynol Pol 2011; 62: 258-262.
Jankiewicz-Wika J, Kotomecki K, Cywinski J et al. Impact of vertical
banded gastroplasty on body weight, insulin resistance, adipocytokine,
inflammation and metabolic syndrome markers in morbidly obese
patients. Endokrynol Pol 2011; 62: 109-119.

Sandhofer A, Laimer M, Ebenbichler CF et al. Soluble leptin receptor
and soluble receptor-bound fraction of leptin in metabolic syndrome.
Obes Res 2003; 11: 760-768.

Schultze PC, Kratzsch J, Linke A et al. Elevated serum levels of leptin and
soluble leptin receptor in patients with advanced chronic heart failure.
Eur ] Heart Fail 2003; 5: 33-40.

Sieminska L, Wojciechowska C, Kos-Kudla B et al. Serum concentrations
of leptin, adiponectin, and interleukin-6 in postmenopausal women with
Hashimoto’s thyroiditis. Endokrynol Pol 2010; 61: 112-116.

Kos H, Harte AL, da Silva NF et al. Adiponectin and resistin in human
cerebrospinal fluid and expression of adiponectin receptors in the human
hypothalamus. J Clin Endocrinol Metab 2007; 92: 1129-136.

Corp ES, Conze DB, Smith F et al. Regional localization of specific ['*1]
leptin binding sites in rat forebrain. Brain Res 1998; 789: 40-47.

Lau DC, Dhillon B, Yan H et al. Adipokines: molecular links between
obesity and atherosclerosis. Am J Physiol Heart Circ Physiol 2005; 288:
H2031-H2041.

Beltowski J. Leptin and atherosclerosis. Atherosclerosis 2006; 189: 47-60.
Cao H, Hegele R. Single nucleotide polymorphisms of the resisint (RSTN)
gene. ] Hum Genet 2001; 46: 553-555.

Meier U, Gressner AM. Endocrine regulation of energy metabolism: re-
view of pathobiochemical and clinical chemical aspects of leptin, ghrelin,
adiponectin and resistin. Clin Chem 2004; 50: 1511-1525.

Reilly MP, Lehrke M, Wolfe ML et al. Resistin is an inflammatory marker
of atherosclerosis in humans. Circulation 2005; 111: 932-939.

Calabro I, Samudio I Resistin promotes smooth muscle prolifera-
tion through activation of extracellular signal-regulated kinase 1/2
and phosphatidylinositol 3-kinase pathways. Circulation 2004; 110:
3335-3340.

Efstathiou SP, Tsiakou AG, Tsioulos DI et al. Prognostic significance of
plasma resistin levels in patients with atherothrombotic ischemic stroke.
Clin Chim Acta 2007; 378: 78-85.

Lindsberg PJ, Roine RO. Hyperglycemia in acute stroke. Stroke 2004;
35: 363-364.

Kuusisto J, Mykkanen L, Pyérala K et al. Non-insulin-dependent diabetes
and its metabolic control are important predictors of stroke in elderly
subjects. Stroke 1994; 25: 1157-1164.

Shinozaki K, Naritomi H, Shimizu T et al. Role of insulin resistance
associated with compensatory hyperinsulinemia in ischemic stroke.
Stroke 1996; 27: 37-43.

Urabe T, Watada H, Okuma Y et al. Prevalence of abnormal glucose
metabolism and insulin resistance among subtypes of ischemic stroke
in Japanese patients. Stroke 2009; 40: 1289-1295.

Osawa H, Doi Y. Diabetes and hypertension markedly increased the
risk of ischemic stroke associated with high serum resistin concentra-
tion in a general Japanese population: a Hisayama Study. Cardiovasc
Diabetol 2009; 8: 60.

Pyorala K. Relationship of glucose tolerance and plasma insulin to the
incidence of coronary heart disease: results from two population studies
in Finland. Diabetes Care 1979; 2: 131-141.

Ksigzek K, Witowski J. Impaired insulin signaling and human ageing.
Postepy Hig Med Dosw (Online) 2008; 62: 263-271.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Gertler MM, Leetma HE, Koutriuby R] et al. The assesment of insulin,
glucose and lipids in ischemic thrombotic cerebrovascular disease.
Stroke 1975; 6: 77-84.

Wannamethee SG, Perry IJ, Sharper AG. Nonfasting serum glucose and
insulin concentrations ant the risk of stroke. Stroke 1999; 30: 1780-1786.
Zhang YE HongJ, Zhan WW et al. Hyperglycaemia after glucose loading
is a major predictor of preclinical atherosclerosis in nondiabetic subjects.
Clin Endocrinol (Oxf) 2006; 64: 153-157.

Pyorala M, Miettinen H, Halonen P et al. Insulin resistance syndrome
predicts the risk of coronary heart disease and stroke in healthy middle-
aged men: the 22-year follow-up results of the Helsinki Policemen Study.
Atheroscler Thromb Vasc Biol 2000; 20: 538-544.

Lidahl B, Dinesen B, Eliasson M et al. High proinsulin level precede
first-ever stroke in nondiabetic population. Stroke 2000; 31: 293-241.
Ryan AS, Macko RE Peters MN et al. Plasma adiponectin level are as-
sociated with insulin sensitivity in stroke survivors. ] Stroke Cerebrovasc
Dis 2009; 18: 214-220.

Marousi SG, Theodorou GL, Karakantza M et al. Acute post-stroke
adiponectin in relation to stroke severity, progression and 6 month
functional outcome. Neurol Res 2010; 32: 841-844.

Lim S, Koo BK, Cho SW et al. Association of adiponectin and resistin
with cardiovascular events in Korean patients with type 2 diabetes:
the Korean atherosclerosis study (KAS): a 42-month prospective study.
Atherosclerosis 2008; 196: 398-404.

Okamoto H. Can adiponectin be a novel metabolic biomarker for heart
failure? Circ J 2009; 73: 1012-1013.

Norata GD, Raselli S, Grigore L et al. Leptin: adiponectin ratio is an
independent predictor of intima media thickness of the common carotid
artery. Stroke 2007; 38: 2844-2846.

Kawano T, Saito T, Yasu T et al. Close association of hypoadiponectinemia
with atherosclerosis obliterans and ischemic heart disease. Metabolism
2005; 54: 653-656.

Chen B, Liao WQ, Xu N et al. Adiponectin protects against cerebral
ischemia-reperfusion injury through anti-inflammatory action. Brain
Res 2009; 1273: 129-137.

Stott DJ, Welsh I, Rumley A et al. Adipokines and risk of stroke in older
people: a nested case-control study. Int ] Epidemiol 2009; 38: 253-264.
Soderberg S, Stegmayr B, Stenlund H et al. Leptin, but not adiponectin,
predicts strole in males. ] Intern Med 2004; 256: 128-136.

Soderberg S, Ahren B, Stegmayr B et al. Leptin is a risk marker for first-ever
hemorrhagic stroke in a population-based cohort. Stroke 1999; 30: 328-337.
Thogersen AM, Soderberg S, Jansson JH et al. Interactions between
fibrinolysis, lipoproteins and leptin related to a first myocardial infarc-
tion. Eur J Cardiovasc Prev Rehabil 2004; 11: 33-40.

Wallerstedt SM, Eriksson AL, Niklason A et al. Serum leptin and myocar-
dial infarction in hypertension. Blood Press 2004; 13: 243-246.

Wolk R, Berger ) Lennon RL et al. Plasma leptin and prognosis in patients
with established coronary atherosclerosis. ] Am Cardiol 2004; 44: 1819-1824.
Ciccone M, Vettor R, Pannacciulli N et al. Plasma leptin is independently
associated with intima-media thickness of the common carotid artery.
Int J Obes Relat Metab Disord 2001; 25: 805-810.

Valerio A, Dossena M, Bertolotti P et al. Leptin is induced in the ischemic
cerebral cortex and exerts neuroprotection through NF-kappaB/c-Rel-
dependent transcription. Stroke 2009; 40: 610-617.

Szulinska M, Pupek-Musialik D. Resistin — the role of development
of insulin resistance — facts and controversy. Nadci$nienie Tetnicze
2006; 10: 301-306.

Steppan CM, Brown EJ, Wright CM et al. A family of tissue-specific
resistin-like molecules. Proc Natl Acad Sci USA 2001; 98: 502-506.
Steppan CM, Wang J, Whiteman EL et al. Activation of SOCS-3 by resistin.
Mol Cell Biol 2005; 25: 1569-1575.

Vozarova De Courten B, Degawa-Yamauchi M, Considine RV et al. High
serum resistin is associated with an increase in adiposity but not a wors-
ening of insulin resistance in Pima Indian. Diabetes 2004; 53: 1279-1284.
Tsukahara T, Nakashima E, Watarai A et al. Polymorphism in resistin
promoter region AT-420 determines the serum resistin level and may
be a risk marker of stroke in Japanese type 2 diabetic patient. Diabetes
Res Clin Pract 2009; 84: 179-186.

Kurrimbux D, Graffen Z, Farrel CL et al. The involvement of the blood-
brain and the blood-cerebrospinal fluid barriers in the distribution of
leptin into and out of the rat brain. Neuroscience 2004; 123: 527-536.

345



