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Aim. Our aim was to study how di�erent BMI scores may in�uence the levels of in�ammation, oxidative stress, adipogenesis,
glucose, and lipid metabolism, in lean, overweight, and obese Portuguese patients with type 2 diabetes mellitus (T2DM).Methods.
We studied 28 lean, 38 overweight, and 17 obese patients with T2DM and 20 controls (gender and age matched). e circulating
levels of oxLDL, CRP, and some adipokines�adiponectin, leptin, and chemerin�and the lipid pro�le were evaluated. Results.
Obese patients presented signi�cantly lower levels of adiponectin and higher leptin, oxLDL, and chemerin levels, as compared to the
overweight, lean, and control groups. Overweight, compared to lean and control, subjects showed signi�cantly lower adiponectin
and higher leptin and chemerin levels; oxLDL values were signi�cantly higher in overweight than in lean patients. Lean patients
presented signi�cantly higher chemerin values than the control. Obese patients presented signi�cantly higher CRP values, as
compared to lean patients and the control group. Obese and overweight patients presented signi�cantly higher triglycerides values
than lean patients. Except for CRP, all the observed signi�cant changes between control and patients remained signi�cant aer
statistical adjustment for the bodymass index (BMI).Conclusion.e levels of leptin, adiponectin, oxLDL, CRP, and triglycerides in
patients with T2DMseem to bemore associatedwith obesity and less with diabetes. Chemerin levels were raised in lean, overweight,
and obese patients, suggesting that, independently of BMI, an adipocyte dysfunction occurs. Moreover, chemerin may provide an
important early biomarker of adipocyte dysfunction and a link between obesity and type 2 diabetes mellitus.

1. Introduction

Type 2 diabetes mellitus (T2DM) and obesity are indepen-
dent global health problems, but an association between the
two is known to exist. Patients with diabetes oen present
overweight and obesity [1]. Obesity prevalence is increasing

signi�cantly and obesity associates with the risk of T2DMand
cardiovascular disease (CVD) events [2, 3].

e adipose tissue is a metabolically active organ, secret-
ing numerous adipokines and proin�ammatory cytokines,
known to be important in the in�ammatory and atheroscle-
rotic processes [4]. Adiponectin has an anti-in�ammatory
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activity and protects against metabolic and cardiovascular
diseases [5]. Leptin is another adipokine and the reduction
in its activity leads to severe insulin resistance and vascular
dysfunction [6]. Chemerin is a novel adipokine that is
associated with in�ammation, adipogenesis, and glucose and
lipid metabolism [7–9] all these adipokines are known to
contribute to CVD events. Data concerning chemerin levels
in prediabetics, in lean, overweight, and obese diabetic is not
consensual [7, 10, 11].

Dyslipidemia and increased lipid oxidation are also
associated with both T2DM and obesity. One of the major
and early lipid peroxidation products is the oxidized low-
density lipoprotein (oxLDL) [12], and the oxidation of LDL
is considered a key event in the development and progression
of atherosclerosis. OxLDL also damages the endothelium,
promotes a chemotactic recruitment of the in�ammatory
cells and mediators through the vessel wall.

Obesity is a proin�ammatory state, usually presenting
a low-grade chronic in�ammation, with increased levels of
proin�ammatory cytokines and C-reactive protein (CRP),
that are positively related to the body mass index (BMI) [13].
In�ammation has been associatedwith clinical progression of
atherosclerotic disease and patients with high levels of CRP
seem to exhibit an increased risk for an adverse cardiovascu-
lar outcome [14].

Our aimwas to study howdifferent BMI scoresmay in�u-
ence in Portuguese patients previously diagnosedwith T2DM
the levels of in�ammation, oxidative stress, adipogenesis, and
glucose and lipid metabolism, by evaluating the circulating
levels of oxLDL, CRP, and some adipokines—adiponectin,
leptin, and chemerin—in lean, overweight, and obese Por-
tuguese patients with type 2 diabetes.

2. Materials andMethods

2.1. Subjects. e protocol used was approved by the Com-
mittee on Ethics of the Instituto Superior das Ciências da
Saúde Norte (CESPU), Gandra, Paredes, Portugal.

A group of 83 Portuguese adult patients with T2DM
selected from the general population were enrolled in this
study, aer taking their informed consent. An interview
with all subjects was performed, in order to collect clinical
information and habits. e length of the disease was 9.2 ±
6.7 years old, and the age at time of diagnostic was 53.6 ±
9.8 years old (mean± standard deviation (SD)). Patients had
been diagnosed for a long time with T2DM and were all
treated with oral hypoglycemic drugs. Patients were divided
in 3 groups, according to BMI, lean (BMI ≤ 24.9 kg/m2;
𝑛𝑛 𝑛 28), overweight (BMI = 25.0–29.9 kg/m2; 𝑛𝑛 𝑛 38), and
obese (BMI ≥ 30.0 kg/m2; 𝑛𝑛 𝑛 𝑛7) groups. e con-
trol group included 20 apparently healthy volunteers, age,
gender, smoking, and alcohol drinking habitsmatched, with a
BMI of 26.0±2.5 kg/m2. Patients presenting in�ammatory or
infectious diseases and liver or kidney diseases were excluded
from the study. Beside the oral hypoglycemic therapy in
patients with diabetes, none of the patients nor the controls
were receiving any medication that could interfere with

our results (e.g., antioxidants, anti-in�ammatory drugs, and
antiobesity therapies).

2.2. Assays. Blood from fasted (12 hours) subjects was
collected into tubes without anticoagulant in order to
obtain serum. None of the collected samples was icteric or
hemolyzed.

Adipokines and oxLDLwere evaluated by enzyme immu-
noassays (Human Adiponectin, R&D Systems, Minneapo-
lis, MN USA; Leptin ELISA, Mercodia, Uppsala, Sweden;
Human Chemerin ELISA, Biovendor Research and Diagnos-
tic Products, Heidelberg, Germany; Oxidized LDL ELISA,
Mercodia, Uppsala, Sweden). e serum levels of CRP were
evaluated by immunoturbidimetry (Prestige 24i CRP Ultra,
P.Z. Cormay, Lublin, Poland). e lipid pro�le (cholesterol,
triglycerides, high-density lipoprotein cholesterol (HDLc),
and low-density lipoprotein cholesterol) and glucose were
evaluated by enzymatic colorimetric methods (Prestige, P.Z.
Cormay, Lublin, Poland). To determine the levels of glycated
hemoglobin, we used a spectrophotometric method (Prestige
24i HbA𝑛C, P.Z. Cormay, Lublin, Poland).

2.3. Statistical Analysis. We used the Statistical Package for
Social Sciences (SPSS, version 17 for Windows, Chicago,
IL, USA). A 𝑃𝑃 value lower than 0.05 was considered as
statistically signi�cant. Comparisons between groups were
performed using the Student’s unpaired 𝑡𝑡-test or the Mann-
Whitney 𝑈𝑈 test, according to the Gaussian distribution of
the substances. Measurements are expressed as mean± SD
or as median values (interquartile range), in accordance
with the Gaussian distribution. Adjustment for confounding
factors (BMI) was performed using analysis of covariance
(ANCOVA), aer transformation of variables (when neces-
sary).

As we were not able to study the control groups matched
for BMI with our DMT2 patients, we performed statistical
adjustment for BMI, using analysis of covariance (ANCOVA)
(aer transformation of variables, when necessary), in order
to evaluate if the statistical differences observed between the
control group and, T2DM groups were not associated with
changes in BMI differences.

3. Results

e clinical data for the control and for the lean, overweight,
and obese patients with T2DM are presented at Table 1. e
age, age at time of diagnosis, disease length, and gender, as
well as smoking and alcohol drinking habits were similar for
the 3 groups of patients.eglucose and glycated hemoglobin
values (data not shown) did not present signi�cantly different
values for the three T2DM groups.

Concerning leptin, we found that for all the studied
groups, control (𝑃𝑃 ≤ 0.0𝑛), lean (𝑃𝑃 ≤ 0.00𝑛), overweight
(𝑃𝑃 ≤ 0.00𝑛), and obese (𝑃𝑃 ≤ 0.0𝑛) subjects, females presented
signi�cantly higher values than males. For the other studied
parameters, no differences were observed according to
gender.

Fiy-nine, 53, 39, and 60 percents of the obese, over-
weight, lean, and control subjects, respectively, were female.
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T 1: Clinical data for control and for lean (body mass index, BMI ≤ 24.9 kg/m2), overweight (BMI = 25–29.9 kg/m2), and obese (BMI ≥
30 kg/m2) patients with type 2 diabetesmellitus (T2DM).

Control T2DM patients
(𝑛𝑛 𝑛 𝑛𝑛) BMI ≤ 24.9 kg/m2 (𝑛𝑛 𝑛 𝑛𝑛) BMI = 25–29.9 kg/m2 (𝑛𝑛 𝑛 𝑛𝑛) BMI ≥ 30 kg/m2 (𝑛𝑛 𝑛 𝑛𝑛)

Gender: F/M 12/8 11/17 20/18 10/7
Age (years) 60.0 ± 8.8 61.7 ± 10.0 63.6 ± 10.9 62.7 ± 9.4
Length of disease (years) — 9.4 ± 7.4 9.4 ± 6.5 7.9 ± 5.9
Age at diagnosis (years) — 52.3 ± 9.7 54.2 ± 10.1 54.7 ± 9.4
BMI (kg/m2) 26.0 ± 2.5 23.0 ± 1.7∗∗∗ 27.6 ± 1.3∗ 33.0 ± 2.6∗∗∗

F: female; M: male.
∗𝑃𝑃 versus control <0.050; ∗∗∗𝑃𝑃 versus control ≤0.001.

Considering only males (Figure 1(c1)), those who were
obese presented signi�cantly higher leptin levels than lean
ones, and a trend towards higher levels as compared to the
male controls; overweight males showed signi�cantly higher
leptin levels, as compared to lean and control males (that
lost signi�cance aer adjustment for BMI). Considering the
females (Figure 1(c2)), those who were obese presented sig-
ni�cantly higher leptin levels than the overweight, lean, and
control females (still signi�cant aer adjustment for BMI);
the overweight females showed signi�cantly higher leptin
levels, as compared to the control females (still signi�cant
aer BMI adjustment).

e obese group (Figures 1(a)–1(c) and Figure 2(a))
presented signi�cantly lower levels of adiponectin and higher
levels of oxLDL, leptin, and chemerin, when compared to
overweight, lean, and control groups (that were still signi�-
cant aer statistical adjustment for BMI).

e overweight group showed signi�cantly lower adi-
ponectin and higher leptin and chemerin levels, as compared
with lean and control groups (that were still signi�cant aer
statistical adjustment for BMI); oxLDL concentration was
signi�cantly higher than that observed for the lean group and
showed a trend towards higher values, as compared to the
control (Figures 1(a)–1(c) and Figure 2(a)).

Lean patients presented signi�cantly higher chemerin
levels than the control (even aer adjustment for BMI);
no other signi�cant changes were observed between lean
patients and the control group.

Considering CRP (Figure 2(b)), the obese patients pre-
sented with signi�cantly higher values than those pre-
sented by the lean and the control groups (that lost sig-
ni�cance aer adjustment for BMI) and a trend towards
higher levels, when compared to the overweight group.
For triglycerides(Figure 2(c)), the obese and overweight
presented with signi�cantly higher values than the lean
group. We did not �nd any statistically signi�cant differences
between groups in the other studied parameters.

4. Discussion

e aim of the study was to compare the circulating levels
of oxLDL, CRP, and some adipokines in lean, overweight,
and obese patients with T2DM, in order to analyze how these
biomarkers vary with BMI and if any of themmay track with

insulin resistance, regardless of BMI. In several studies [15–
21], the values of CRP, leptin, and adiponectin were evaluated
in patients with T2DM, according to BMI. However, in
these studies, patients were classi�ed as lean and obese,
and the overweight patients, when included in the study,
were classi�ed as lean; therefore, the changes associated to
overweight were not evaluated, and, thus, the impact of a
moderate increase in BMI was not evaluated. Considering
that most of the patients with T2DM are overweight or obese,
it would be important to study both groups. Moreover, most
of the studies were not performed in Caucasian populations
and it is known that there are differences in the adipose
tissue distribution between ethnic groups [22]. As far as we
know, the oxLDL levels were not compared between lean,
overweight and obese T2DM patients. In opposition to our
data, Bozaoglu et al. [10] did not �nd signi�cant differences in
chemerin levels between lean, overweight, and obese patients
with T2DM.

We found that the chemerin levels in lean, overweight,
and obese patients with T2DM were signi�cantly higher
than the control. Indeed, lean T2DM subjects only differed
from the controls for chemerin levels. Obese T2DM patients
presented higher chemerin levels than overweight and lean
patients; overweight T2DM patients showed signi�cantly
higher values, as compared to lean patients.

Data concerning chemerin levels in diabetes is controver-
sial. Some studies reported high chemerin levels in diabetes
and obesity [23, 24] and that chemerin was correlated with
BMI [7, 10]. As referred, Bozaoglu et al. [10] did not
�nd signi�cant differences between lean, overweight and
obese Mexican-American patients with T2DM; nonetheless,
in normal glucose-tolerant subjects, plasma chemerin lev-
els were signi�cantly associated with metabolic-syndrome-
related parameters, including BMI, fasting serum insulin,
triglycerides, andHDLc.edifferences between their results
and our data may arise from the different type of studied
populations, as it is known that different ethnic groups
present differences in adipose tissue distribution. Tönjes
et al. [11] found that chemerin levels were already altered
in prediabetic states, which is accordance with our data.
It is known that chemerin has a crucial role in adipocyte
differentiation and development, and that it may act as a
modulator of different metabolic pathways in the mature
adipocyte [9, 25]. Chemerin appears to act as modulator
of the expression of adipocyte genes involved in glucose
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F 2: Values for control and for lean, overweight, and obese patients with type 2 diabetes mellitus of (a) oxidized low-density lipoprotein
(oxidized LDL), (b) C-reactive protein, (c) triglycerides (𝜙𝜙lost of signi�cance a�er ad�ustment for body mass index (BMI)).

and lipid homeostasis [9]. Moreover, chemerin has been
associated with several metabolic syndromemarkers, namely
BMI, triglycerides, blood pressure, and insulin resistance [10,
26]. Indeed, it was recently observed that insulin resistance
seems to be a predictor of chemerin levels, independently
of BMI [27]. In the present work, we found that chemerin
levels were raised in lean, overweight, and obese patients,
suggesting that in diabetes type 2, independently of BMI,
an adipocyte dysfunction occurs. is change in chemerin
levels was also observed in patients with T2DM, as well
as in prediabetic states, suggesting that chemerin may play
an important role in T2DM pathophysiology. erefore, the
study of chemerin may contribute to clarify the relationship
between T2DM and obesity.

�diponectin has anti-in�ammatory activity and protects
against metabolic and cardiovascular diseases [5]. Leptin
enhances the secretion of several cytokines and a reduction
in its activity leads to insulin resistance [6, 28]. e levels of
these two adipokines are known to be altered in obesity [15,
20, 29, 30]. Concerning adiponectin, an inhibitory feedback

mechanism has been proposed, which would be triggered
when adipose mass increases, probably as a consequence
of an increased secretion of the other adipokines or of a
reduced adipocytemetabolic function [31]. Regarding leptin,
the resistance to its effects has been proposed to explain the
reduced activity found in obesity [32]. We found that obese
and overweight patients present signi�cantly higher levels
of leptin and lower levels of adiponectin, when compared
with lean patients and with the control. Our data suggest that
adiponectin and leptin levels in patients with T2DMaremore
associated with obesity and less with diabetes. Hansen et al.
[21] studied Caucasian T2DM patients with BMI < 30 and
BMI > 30 kg/m2 and found that patients with a BMI > 30
presented different values of adiponectin, when compared
with patients with a BMI < 30 and with a control group. e
authors did not �nd differences for leptin between groups,
but it is known to exist a positive correlation between leptin
and BMI [33]; no differences were found between BMI <
30 and the control group. ese authors included lean and
overweight patients with T2DM in the same group.
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Concerning the lipid pro�le, as a result of an increasing
adipose mass, overweight and obese T2DM patients pre-
sented higher triglycerides levels, when compared to lean
patients. No differences were found for the other lipid param-
eters. However, concerning oxLDL, obese patients presented
higher levels than any of the others groups; overweight
patients showed higher values than lean patients and a trend
towards higher values than the control group. An increase
in LDL oxidation, as a consequence of increased oxidative
stress and reduced antioxidant defenses, is a key event in
the atherogenic process and is a known CVD risk factor.
Our data suggests that, in overweight and obese patients with
T2DM, the oxidant/antioxidant balance is altered, resulting
in enhanced oxidative stress as re�ected by an increase in
oxLDL levels.

Obesity is a low-grade in�ammatory state that asso-
ciates with increased secretion of several proin�ammatory
cytokines, such as tumor necrosis factor-𝛼𝛼 and interleukin-
6, which stimulate CRP production [4]. Our data show that
increasing BMI is associated with an increase in in�amma-
tory and oxidative stress markers, re�ecting the relationship
between obesity, in�ammation, and oxidative stress.

Overweight and obese patients, by presenting in�am-
mation, raised LDL oxidation, and an altered adipokine
secretion which have been associated with development of
in�ammatory and atherosclerotic processes and with insulin
resistance, seem to be at a higher risk forCVDevents. Patients
with diabetes should be encouraged to reduce their adipose
mass, through physical exercise practice, healthy diet habits,
or, eventually, drug intervention, in order to reduce the risk
for CVD events and to improve their quality of life.

is study involves relatively small groups; further studies
in a larger population are unwarranted in order to con�rm
our results.

5. Conclusion

In summary, the levels of leptin, adiponectin, oxLDL, CRP,
and triglycerides in patients with T2DM seem to be more
associated with obesity and less with diabetes. Chemerin
levels were raised in lean, overweight, and obese patients,
suggesting that, independently of BMI, an adipocyte dysfunc-
tion occurs. Moreover, chemerin may provide an important
early biomarker of adipocyte dysfunction and a link between
obesity and type 2 diabetes mellitus.

Acknowledgment

is study was supported by Centro de Investigação das
Tecnologias da Saúde (CITS) (06-2011-CITS/CESPU).

References

[1] N. T. Nguyen, X. M. T. Nguyen, J. Lane, and P. Wang, “Rela-
tionship between obesity and diabetes in a US adult population:
�ndings from the national health and nutrition examination
survey, 1999–2006,”Obesity Surgery, vol. 21, no. 3, pp. 351–355,
2011.

[2] F. J. Basterra-Gortari, M. Bes-Rastrollo, M. Seguí-Gómez, L.
Forga, J. A. Martínez, and M. Martínez-González, “Trends
in obesity, diabetes mellitus, hypertension and hypercholes-
terolemia in Spain (1997–2003),”Medicina Clinica, vol. 129, no.
11, pp. 405–408, 2007.

[3] C. Wildenschild, M. Kjøller, S. Sabroe, M. Erlandsen, and B.
L. Heitmann, “Change in the prevalence of obesity and use
of health care in Denmark: an observational study,” Clinical
Epidemiology, vol. 3, no. 1, pp. 31–41, 2011.

[4] C. M. Rondinone, “Adipocyte-derived hormones, cytokines,
and mediators,” Endocrine, vol. 29, no. 1, pp. 81–90, 2006.

[5] H. Tilg and A. R. Moschen, “Role of adiponectin and PBEF/
visfatin as regulators of in�ammation: involvement in obesity-
associated diseases,” Clinical Science, vol. 114, no. 3-4, pp.
275–288, 2008.

[6] Y. Zhang, R. Proenca, M. Maffei, M. Barone, L. Leopold, and J.
M. Friedman, “Positional cloning of the mouse obese gene and
its human homologue,” Nature, vol. 372, no. 6505, pp. 425–432,
1994.

[7] K. Bozaoglu, K. Bolton, J. McMillan et al., “Chemerin is a novel
adipokine associated with obesity and metabolic syndrome,”
Endocrinology, vol. 148, no. 10, pp. 4687–4694, 2007.

[8] B. A. Zabel, A. M. Silverio, and E. C. Butcher, “Chemokine-like
receptor 1 expression and chemerin-directed chemotaxis dis-
tinguish plasmacytoid from myeloid dendritic cells in human
blood,” Journal of Immunology, vol. 174, no. 1, pp. 244–251,
2005.

[9] K. B. Goralski, T. C. McCarthy, E. A. Hanniman et al., “Chem-
erin, a novel adipokine that regulates adipogenesis and
adipocytemetabolism,” Journal of Biological Chemistry, vol. 282,
no. 38, pp. 28175–28188, 2007.

[10] K. Bozaoglu, D. Segal, K. A. Shields et al., “Chemerin is asso-
ciated with metabolic syndrome phenotypes in a Mexican-
American population,” Journal of Clinical Endocrinology and
Metabolism, vol. 94, no. 8, pp. 3085–3088, 2009.

[11] A. Tönjes, M. Fasshauer, J. Kratzsch, M. Stumvoll, and M.
Bluher, “Adipokine pattern in subjects with impaired fasting
glucose and impaired glucose tolerance in comparison to
normal glucose tolerance and diabetes,” PLoS ONE, vol. 5, no.
11, Article ID e13911, 2010.

[12] M. Comert, I. O. Tekin, S. Acikgoz et al., “Experimental bile-
duct ligation resulted in accumulation of oxidized low-density
lipoproteins in BALB/c mice liver,” Journal of Gastroenterology
and Hepatology, vol. 19, no. 9, pp. 1052–1057, 2004.

[13] D. B. Panagiotakos, C. Pitsavos, M. Yannakoulia, C. Chryso-
hoou, and C. Stefanadis, “e implication of obesity and central
fat on markers of chronic in�ammation: the ATTICA study,”
Atherosclerosis, vol. 183, no. 2, pp. 308–315, 2005.

[14] T. Celik, A. Iyisoy, M. Celik, U. C. Yuksel, and E. Kardesoglu,
“C-reactive protein in chronic heart failure: a new predictor of
survival,” International Journal of Cardiology, vol. 135, no. 3, pp.
396–397, 2009.

[15] K. Hotta, T. Funahashi, Y. Arita et al., “Plasma concentrations of
a novel, adipose-speci�c protein, adiponectin, in type 2 diabetic
patients,”Arteriosclerosis,rombosis, andVascular Biology, vol.
20, no. 6, pp. 1595–1599, 2000.

[16] M. Abdelgadir, M. Elbagir, M. Eltom, C. Berne, and B. Ahrén,
“Reduced leptin concentrations in subjects with type 2 diabetes
mellitus in Sudan,”Metabolism, vol. 51, no. 3, pp. 304–306, 2002.



ISRN Obesity 7

[17] A. Rosalind Marita, J. A. Sarkar, and S. Rane, “Type 2 diabetes
in non-obese Indian subjects is associated with reduced leptin
levels: study from Mumbai, Western India,” Molecular and
Cellular Biochemistry, vol. 275, no. 1-2, pp. 143–151, 2005.

[18] M.A. Sayeed, A. K.A.Khan,H.Mahtab et al., “Leptin is reduced
in lean subjects with type 2 diabetes in Bangladesh,” Diabetes
Care, vol. 26, no. 2, p. 547, 2003.

[19] Y. Yang, H. L. Lu, J. Zhang et al., “Relationships among acylation
stimulating protein, adiponectin and complement C3 in lean vs
obese type 2 diabetes,” International Journal of Obesity, vol. 30,
no. 3, pp. 439–446, 2006.

[20] M. Bahceci, D. Gokalp, S. Bahceci, A. Tuzcu, S. Atmaca, and
S. Arikan, “e correlation between adiposity and adiponectin,
tumor necrosis factor 𝛼𝛼, interleukin-6 and high sensitivity C-
reactive protein levels. Is adipocyte size associated with in�am-
mation in adults?” Journal of Endocrinological Investigation, vol.
30, no. 3, pp. 210–214, 2007.

[21] D. Hansen, P. Dendale, M. Beelen et al., “Plasma adipokine
and in�ammatory marker concentrations are altered in obese,
as opposed to non-obese, type 2 diabetes patients,” European
Journal of Applied Physiology, vol. 109, no. 3, pp. 397–404, 2010.

[22] M. A. Banerji, N. Faridi, R. Atluri, R. L. Chaiken, and H. E.
Lebovitz, “Body composition, visceral fat, leptin, and insulin
resistance in Asian Indian men,” Journal of Clinical Endocrinol-
ogy and Metabolism, vol. 84, no. 1, pp. 137–144, 1999.

[23] J. Weigert, M. Neumeier, J. Wanninger et al., “Systemic che-
merin is related to in�ammation rather than obesity in type 2
diabetes,” Clinical Endocrinology, vol. 72, no. 3, pp. 342–348,
2010.

[24] H. O. El-Mesallamy, M. O. El-Derany, and N. M. Hamdy,
“Serum omentin-1 and chemerin levels are interrelated in
patients with Type2 diabetesmellitus with or without ischaemic
heart disease,”DiabeticMedicine, vol. 28, no. 10, pp. 1194–1200,
2011.

[25] S. G. Roh, S. H. Song, K. C. Choi et al., “Chemerin-a new
adipokine that modulates adipogenesis via its own receptor,”
Biochemical and Biophysical Research Communications, vol.
362, no. 4, pp. 1013–1018, 2007.

[26] D. Stejskal, M. Karpisek, Z. Hanulova, and M. Svestak, “Che-
merin is an independent marker of the metabolic syndrome in
a Caucasian population—a pilot study,” Biomedical papers of the
Medical Faculty of the University Palacký, vol. 152, no. 2, pp.
217–221, 2008.

[27] R. Chakaroun, M. Raschpichler, N. Klöting et al., “Effects of
weight loss and exercise on chemerin serum concentrations and
adipose tissue expression in human obesity,” Metabolism, vol.
61, no. 5, pp. 706–714, 2012.

[28] J. Santos-Alvarez, R. Goberna, and V. Sánchez-Margalet,
“Human leptin stimulates proliferation and activation of
human circulating monocytes,” Cellular Immunology, vol. 194,
no. 1, pp. 6–11, 1999.

[29] T. Tanaka, T. Tsutamoto, K. Nishiyama et al., “Impact of oxida-
tive stress on plasma adiponectin in patients with chronic heart
failure,” Circulation Journal, vol. 72, no. 4, pp. 563–568, 2008.

[30] G. Boden, X. Chen, M. Mozzoli, and I. Ryan, “Effect of fasting
on serum leptin in normal human subjects,” Journal of Clinical
Endocrinology and Metabolism, vol. 81, no. 9, pp. 3419–3423,
1996.

[31] D. K. Oh, T. Ciaraldi, and R. R. Henry, “Adiponectin in health
and disease,”Diabetes, Obesity andMetabolism, vol. 9, no. 3, pp.
282–289, 2007.

[32] P. J. Enriori, A. E. Evans, P. Sinnayah, and M. A. Cowley,
“Leptin resistance and obesity,” Obesity, vol. 14, supplement 5,
pp. 254S–258S, 2006.

[33] M. Owecki, E. Nikisch, A. Miczke, D. Pupek-Musialik, and J.
Sowiski, “Leptin, soluble leptin receptors, free leptin index, and
their relationship with insulin resistance and BMI: high normal
BMI is the threshold for serum leptin increase in humans,”
Hormone and Metabolic Research, vol. 42, no. 8, pp. 585–589,
2010.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


