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Abstract
This study was designed to determine the plasma levels of Leptin,C-reactive protein (CRP), interleukin 6 (IL-6), and tumor
necrotic factor alpha (TNF-α) in Egyptian subjects with metabolic syndrome and to examine the relationship between the criteria
of metabolic syndrome with both CRP and Leptin. Subjects and Methods: This study made up of one hundred adults with
metabolic syndrome, and fifty age and sex matched subjects without metabolic syndrome. Metabolic syndrome was explained
based on the National Cholesterol Education Programme-Adult Treatment Panel III criteria. Written informed consent was
acquired from the candidates. Full medical history, and physical examinations including blood pressure assessment were done
and venous blood samples were drawn after an overnight fast. Results: There were no significant difference between subjects
with and without metabolic syndrome as regard age and sex. However they differed in some demographic and clinical parameters
such as smoking history, body mass index, waist/hip ratio,waist circumference, systolic blood pressure, and diastolic blood
pressure, for all the P value was 0.001.There were statistically significant difference between subjects with and without metabolic
syndrome in some laboratory variables in the form of high density lipoprotein (HDL) (P = 0.008), and insulin resistance (IR) (P =
0.001). Also, there was a statistically significant elevation in Leptin (P=0.001), CRP (P = 0.003), and the cytokines in the form of
IL6 (P = 0.001) and TNF-α (P = 0.001)between the subjects with and without metabolic syndrome. There was also a significant
correlation between CRP with IR, HDL-C, LDL-C, Triglyceride, IL-6, TNF-α, and Leptin in our subjects with metabolic
syndrome (P < 0.05). Finally, there was a significant correlation between Leptin with all variables of metabolic syndrome (P<
0.05) except triglyceride and LDL-C levels. Conclusion: Plasma levels of Leptin and inflammatory cytokines are raised in
subjects with metabolic syndrome and this may allocate new policies for management of metabolic syndrome and its related
sequlae.
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Clinical manifestations of metabolic syndrome may
include: hypertension, diabetes mellitus,abdominal
obesity, hypertriglyceridemia, lowered high density
lipoprotein cholesterol. According to International
Diabetes Federation (IDF) the metabolic syndrome is
diagnosed when a patient has at least 3 of the
following 5 conditions: obesity – waist circumference
≥94 cm in men and ≥80 cm in women; blood
pressure≥ 130/85 mmHg (or receiving drug therapy

Introduction
The metabolic syndrome has been defined as a group
dangerous risk factors for cardiovascular disease and
type 2 diabetes, which comprises of abdominal
obesity, hyperlipidemia, hypertension, diabetes (if not
yet present) and raised fasting plasma glucose (1, 2). It
is a manifold risk factor that emerges from insulin
resistance accompanying abnormal adipose tissue (1).
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for hypertension); fasting glucose ≥100 mg/dl (or
undergoing therapy); triglyceride ≥150 mg/dl (or
receiving treatment); HDL – C<40 mg/dl in men
and<50 mg/dl in women (or receiving drug therapy)
(2,3).Extensivedata suggests that patients achieving
these diagnostic criteria have an increased risk for
significant clinical outcomes: twofold risk of coronary
artery disease, increased risk of stroke, non-alcoholic
fatty liver disease, diabetes and cancer (4). The
parameters of the syndrome are risk factors for
atherosclerosis, making metabolic syndrome an
important risk for coronary heart disease(5).Obesity
and IR also provide significant risk for developing
type 2 diabetes(6).

in Egyptian subjects. The outcome of inflammation in
metabolic syndrome may improve our knowledge to
develop new concepts for the management of
metabolic syndrome and related sequelae.

Subjects and Methods
This prospective case–control study consisted of one
hundred adult subjects with metabolic syndrome and
fifty age and sex matched controls without metabolic
syndrome in the period between April 2016 to March
2017. The diagnosis of the metabolic syndrome was
based on WHO, NCEP-ATPIII, and IDF criteria
(3). The subjects with metabolic syndrome were
recruited from Outpatient Clinics of the Internal
Medicine Department of El-Hussein University
Hospital and the controls were normal persons from
staff of the hospital. The Ethical Research and Review
Committee of the Hospital approved the study
protocol, and informed consent was obtained from all
participants.

Leptin, a cytokine-like molecule secreted by adipose
tissue, modulates adipose tissue mass and body weight
by impeding food intake and stimulating energy
expenditure. Leptin increment obesity, type 2 diabetes
mellitus, hypertension and metabolic syndrome.
Various studies suggesting that Leptin may serve as a
biomarker for obesity, insulin resistance and metabolic
syndrome(7, 8). Role of Leptin as a biomarker for
metabolic syndrome has been studied in different
populations. Regardless of which demographic
features studied, an elevated Leptin levels are
associated with metabolic syndrome. This is not
amazing given that elevated Leptin is associated with
insulin resistance, obesity, myocardial infarction, and
congestive heart failure (9).

The inclusion criterion was an adult male or female
between 40 and 55 years. Patients with hypertension,
diabetes mellitus, ischemic heart disease, chronic renal
disease, cerebrovascular stroke, peripheral vascular
disease, and chronic liver disease were excluded from
this study.
Abdominal obesity was determined by measurement
of the waist circumference in centimeters using the
pubic crests and the lower border of the ribs as
landmarks. The hip circumference was measured from
the outermost point on the gluteus muscle using the
neck of the femur as an anatomical indicator.

Current theories on the pathophysiology of the
metabolic syndrome have it that inflammation is the
connection between abdominal obesity, insulin
resistance and cardiovascular disease in the metabolic
syndrome(10). Interleukin 6 (IL-6) and Tumor
necrosis factor alpha (TNF-α) are proinflammatory
cytokines that have been associated with abdominal
obesity and the metabolic syndrome (11, 12, 13, 14
and 15). IL-6 has been associated with increased
secretion of C-reactive protein in the liver,
atherosclerosis,
and
cardiovascular
mortality
(15). Current theories of insulin as an antiinflammatory hormone have been reported(10,
11), and disability of insulin action in insulin
resistanceevoked by the proinflammatory state of
excess fat tissue mass would explain the association
between abdominal obesity, insulin resistance, and the
metabolic syndrome (10).This study was outlined to
measure the plasma levels of Leptin, IL-6, TNF-α, and
CRP in Egyptiansubjects with metabolic syndrome
and to determine the link between variables of
metabolic syndrome withLeptin and C-reactive protein

Measurement blood pressure was done using the
Mercury Sphygmomanometer (cuff size 15 cm × 42
cm). The subjects were rested on his/her back for
about 30 min. before measurement. The systolic blood
pressure was cited as the first korotkoff sound and
diastolic one as the fifth korotkoff sound. The last two
measurements were averaged for analysis.
Total Cholesterol (TC), high density lipoprotein (HDL
cholesterol) and serum triglycerides (TG)were
measured by enzymatic method using commercial kit
provided from Roche Diagnostics, and LDL was
calculated by the equation (LDL=cholesterol triglycerides/5 –HDL).Fasting blood glucose was
determined using the enzyme based Glucose
hexokinase kit. Glycated hamoglobin A1C was
measured using a column chromatography method by
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commercial kit provided from Biosystem Company,
Barcelona, Spain. After final rinse washing the result
was determined photometrically using photometer
(Reference range 5.1-6.4%). Insulin level: was
estimated using a commercially insulin kit
(Immunotech, Marseille, France) which was modified
for use in microtiter plates. The adapted assay, is
based on the binding of porcine anti-guinea pig insulin
antibodies to microtiter plates by IRMA method (16).
Serum Leptin level: was measured by a commercially
available ELISA kit (ALEXIS San Diego, USA).The
microtiter bores are painted with a monoclonal
antibody targeted towards a unique antigenic site on a
Leptin molecule. An aliquot part of patient sample
containing endogenous Leptin is incubated in the
painted well with a specific rabbit anti-Leptin
antibody. After incubation the unbound material is
washed off and a Peroxidase Enzyme Complex is
incorporated for determination of the bound Leptin.
Serum levels of IL-6, TNF-α, and CRP were
determined using reagents from BD Biosciences
Pharmingen, California, USA. The result of serum
insulin were then used for calculation of HOMA-IR

(homeostatis model assessment: fasting glycemia*
fasting insulin/22.5) (16).
Statistical analysis:
The data were analyzed using the statistical package
for the Social Sciences Software (version 23.0; SPSS
Inc., Chicago, IL) package. Independent Student’s
t-test was used to test the differences in the mean
values for the continuous variables. Chi-square test
was used to test the differences in the proportion of the
categorical variables. The Pearson correlation
coefficient (r) was used to determine the correlation
between variables. Statistical significance was set
at P < 0.05.

Results
This study was conducted on forty men and sixty
women with the metabolic syndrome with the mean
age of 47.22 ± 4.77 years matched for age and sex
with
controls. Table1 show
the
demographic
characteristics of the study participants.

Table 1: Demographic data for patients and controls:
Demographic data
Sex [No. (%)]
Male
Female
Age (years)
Mean ± SD

Patients

Controls

P value

40(40%)
60(60%)

20(40%)
30(60%)

0.146

47.22± 4.77

46.48 ± 4.41

0.427

This table shows no statistically significant difference
between patients and controls as regard age and sex.
The baseline clinical characteristics of our participants
are shown in “table 2”. There were statistically

significant difference between subjects with the
metabolic syndrome and controls as regard to smoking
history, systolic blood pressure, diastolic blood
pressure, waist circumference, body mass index, and
waist-hip ratio. For all the p was0.0001.

Table 2: Clinical characteristics for patients and controls
Clinical characteristics

Mean ± SD

Smoking

Metabolic syndrome
(Number=100)
0.3 ± 0.460

No metabolic syndrome
(Number=50)
0.02 ± 0.141

t

P value

3.988

0.001*

SBP (mmHg)
136.3 4± 9.877
112.96 ± 6.067
16.379
0.001*
DBP (mmHg)
89.30 ± 7.015
62.42 ± 4.531
22.589
0.001*
WC (Cm)
106.48 ± 10.88
84.83 ± 0.09
18.240
0.001*
BMI (Kg/m2)
30.48 ± 4.54
24.37 ± 10.89
20.440
0.001*
WHR
0.88 ± 0.04
0.83 ± 0.05
7.614
0.001*
*Statistically significant. SBP = Systolic blood pressure. DBP = Diastolic blood pressure. WC = Waist circumference.
BMI = Body mass index. WHR = Waist: hip ratio. SD = Standard deviation.
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The baseline laboratory characteristics of our
participants are shown in “table 3”. There were
statistically significant difference between subjects
with the metabolic syndrome and controls as regard to
serum insulin, high density lipoprotein cholesterol
(HDL-C), HOMA-IR, Leptin, C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis factor
alpha (TNF-α), but there were no statistically
significant difference between subjects with the

metabolic syndrome and controls as regard to plasma
fasting blood sugar, serum triglycerides, total
cholesterol, and low density lipoprotein cholesterol
(LDL-C). The age- and sex-matched cases and
controls differed in some of the metabolic syndrome
parameters. The plasma levels of Leptin, CRP and
inflammatory markers
(IL-6, TNF-α)
were
significantly higher in the group with the metabolic
syndrome.

Table 3: Laboratory and inflammatory markers in patients and controls
Characteristics
Glucose (mg/dl)
Insulin (mIU/ml)
Triglyceride (mg/dl)
Total cholesterol (mg/dl)
HDL (mg/dl)
LDL (mg/dl)
IR
CRP (mg/l)
IL-6 (Pg/ml)
TNF-α (Pg/ml)
Leptin (ng/mI)

Mean ± SD
Metabolic syndrome
107.66 ± 9.535
13.051 ± 2.034
153.88 ± 10.275
216.140 ± 15.109
34.500 ± 2.957
110.860 ± 9.149
3.867 ± 0.753
23.28 0± 12.673
11.960±1.897
8.560 ± 2.397
22.424 ± 2.545

No metabolic syndrome
90.0 ±10.0
7.020 ± 2.08
143.46 ± 8.701
162.680 ± 17.406
54.220 ± 4.661
92.640 ± 4.623
1.540 ± 0.494
4.640 ± 1.025
5.405 ± 1.970
4.689 ± 1.672
10.600 ± .728

t

P value

8.879
25.129
5.338
16.341
-30.990
12.484
30.852
10.041
38.167
28.083
41.241

0.804
0.001*
0.722
0.960
0.008*
0.909
0.001*
0.003*
0.001*
0.001*
0.001*

*Statistically significant. HDL = High density lipoprotein. LDL = Low density lipoprotein. CRP = C-reactive protein.
IR= Insulin resistance. IL-6 = Interleukin 6. TNF-α = Tumor necrosis factor-alpha
There was statistically significant correlation between
CRP with systolic blood pressure, diastolic blood
pressure, waist circumference, body mass index, HDL-

C, LDL-C, triglyceride, HOMA-IR, Leptin, IL-6 and
TNF-α as shown in “table 4”.

Table 4: Correlation between CRP and parameters of metabolic syndrome
Parameters of metabolic
syndrome
SBP(mmHg)
DBP(mmHg)
WC (Cm)
BMI (Kg/m2)
Glucose (mg/dI)
Triglyceride (mg/dI)
Total cholesterol (mg/dI)
HDL(mg/dI)
LDL (mg/dI)
IR
IL-6 (Pg/ml)
TNF-α (Pg/ml)
Leptin(ng/mI)

CRP
r
0.472
0.423
0.274
0.794
- .037
-0.213
0.147
0.210
0.223
0.718
0.538
0.537
0.275

P value
0.001*
0.001*
0.006*
0.001*
0.718
0.033*
0.144
0.036*
0.025*
0.001*
0.001*
0.049*
0.006*

*Statistically significant. r= Correlation coefficient. SBP = Systolic blood pressure. DBP = Diastolic blood pressure.
WC = Waist circumference. BMI = Body mass index. WC = Waist circumference. HDL = High density lipoprotein.
LDL = Low density lipoprotein. CRP = C-reactive protein. IR= Insulin resistance. IL-6 = Interleukin 6. TNF-α =
Tumor necrosis factor-alpha.
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There was statistically significant correlation between
plasma Leptin concentration with body mass index
(BMI), waist circumference (WC), systolic blood
pressure (SBP), diastolic blood pressure (DBP),
fasting blood sugar (FBS), homeostasis model
assessment for insulin resistance (HOMA-IR),

glycosylated hemoglobin (HbA1C), total cholesterol,
high density lipoprotein cholesterol (HDL), C-reactive
protein (CRP), interleukin-6 (IL-6), tumor necrosis
factor alpha (TNF-α), and serum insulin but no
significant correlation with both triglyceride and LDLC levels as shown in “table 5”.

Table 5: Correlation between serum Leptin with parameters of metabolic syndrome and inflammatory markers
Leptin
Parameters
r
P value
BMI (Kg/m2)
0.431
0.001*
WC (Cm)
0.387
0.001*
SBP (mmHg)
0.212
0.035*
DBP (mmHg)
0.365
0.001*
FBS (mg/dI)
0.438
0.001*
IR
0.526
0.001*
HbA1c (%)
0.984
0.001*
Triglyceride (mg/dI)
-0.088
0.386
Total cholesterol (mg/dI)
0.474
0.001*
HDL (mg/dI)
-0.298
0.003*
LDL (mg/dI)
-0.168
0.095
CRP (mg/I)
0.275
0.006*
IL-6 (Pg/ml)
0.506
0.001*
TNF-α (Pg/ml)
0.648
0.001*
Insulin (mIU/ml)
0.515
0.001*
*Statistically significant. r= Correlation coefficient. SBP = Systolic blood pressure. DBP = Diastolic blood pressure.
BMI = Body mass index. WC = Waist circumference. HDL = High density lipoprotein. LDL = Low density
lipoprotein. FBS= Fasting blood sugar. CRP = C-reactive protein. IR= Insulin resistance. IL-6 = Interleukin 6. TNF-α
= Tumor necrosis factor-alpha.
studies done by Indulekha et al (19) and Choi et al
(20) that reported significantly elevated highsensitivity CRP levels in Asian Indians and elderly
Korean women with impaired glucose tolerance
compared to controls with normal glucose tolerance
and also reported equivalent levels of interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-α)in
subjects with and without impaired glucose tolerance.
Kitsios et al (21) reported an elevated IL-6 levels in
obese young adults but comparable TNF-α levels in
obese and normal weight young adults. The different
study inhabitants, the different measures for defining
metabolic syndrome as fortified by different
organizational bodies (3, 22, 23), and the different
varieties of dys-metabolic features that categorize the
syndrome may account for some of the observed
differences from these studies. From these studies, a
recurrent component, however, is an increase in the
concentration of one or more bio-markers of
inflammation in relation to the various parameters that
define the syndrome.

Discussion
The metabolic syndrome is clustering of
cardiovascular risk factors in an individual, which
includes abdominal obesity, hypertension, glucose
intolerance, hyperlipidemia, and insulin resistance,
and is associated with an increased liability for
diabetes
and
cardiovascular
disease
(17).
Inflammation plays a crucial role both in the evolving
of insulin resistance and metabolic syndrome (18).
The development of a strong biomarker that can
previse metabolic syndrome rather than individual
variable examination features will be crucial from a
population viewpoint in recording, screening the
natural history of the disease, and assessing the
therapeutic intervention responses.
This study determined a significantly high level of
interleukin-6 (IL-6), tumor necrosis factor- α (TNF-α)
and C-reactive protein (CRP) in the metabolic
syndrome subjects if compared to the controls without
metabolic syndrome. Our findings were similar to
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The cause for the inflammatory cascade in metabolic
syndrome is not yet fully understood. An explanation
may be that larger adipose tissue mass in obesity leads
to increased release of IL-6 and TNF-α into the
circulation which in turn stimulates excessive
production of CRP by the liver (10, 11). Another
theory is that insulin resistance (IR) itself is
responsible for the higher production of these
inflammatory cytokines (10, 11). These reports verify
our findings in this study of a positive association
between CRP with both waist circumference, and
body mass index(surrogate markers for abdominal
obesity), and IR in the metabolic syndrome. The
finding of an elevated CRP levels and the correlation
between CRP (a marker of inflammation) and the
metabolic
syndrome
components
of
waist
circumference, IR, high LDL and low HDL (markers
of cardiovascular risk) in this study, supports results
from other studies of the importance of an elevated
levels of CRP as a significant new feature associated
with the metabolic syndrome (10, 11).

plasma Leptinare associated with elevated blood
pressure in both genders in a representative sample of
adults. In this study, Leptin showed significant
correlation with FBS, HbA1C, and HOMA-IR.
Martins et al. (28) concluded that elevated Leptin
level, particularly in obese individuals, should be
taken as an alarming sign of energy imbalance, poor
diet, hyperinsulinism, insulin resistance, and/or
changes in other metabolic risk factors that are
strongly associated with cardiovascular disease and
type-2 diabetes mellitus (T2DM). Leptin receptors are
present on human liver cells, and Leptin was seen to
modify a diverse of induced insulin activities in these
cells. Leptin counteracts insulin signaling by reducing
insulininduced tyrosine phosphorylation of Insulin
Receptor
Substrate
(IRS),
it
augments
phosphoenolpyruvate-carboxykinase and diminishes
glucokinase expression leading to increased
gluconeogenesis and decreased glycolysis (29). The
hepatic effects of high Leptin levels may thus
contribute to hepatic insulin resistance. An
approximate number of studies revealed that Leptin is
capable of to adjust insulin action (on glucose
consumption and/or lipogensis) in both adipocytes and
myocytes. Other studies establish no effect on
peripheral glucose uptake (30). Leptin may work at
various levels inside the cell, including transcription to
membrane permeability to suppress synthesis of
insulin as well as its secretion. Functional Leptin
receptors also exist on insulin-secreting pancreatic βcells (31). The insulin reducing effect of Leptin intake
could thus be initiated throughout these receptors.
Lately, an uninterrupted effect of Leptin on insulin
transcriptiongene in pancreatic β-cells has been
observed, with a diminution of preproinsulin mRNA
by 50% (32). On the other side, defective insulin
sensitivity may influence an increased insulin levels
and led to elevatedLeptin levels by an abnormal
modulation of the hypothalamic Leptin receptors or
the subsequent satiety response to Leptin. Insulin
resistance has been evaluated as a potential risk factor
for coronary heart disease (CHD) in the general
population (33). Our results in correspondence with
these findings, where a positively significant
correlation was observed between insulin and Leptin.
According to the results of lipid profile in the current
study, there was a positively significant correlation
between Leptin and serum total cholesterol (TC) with
a negatively significant correlation with high density
lipoprotein cholesterol (HDL). Hiroshi et al. observed
that Leptin was correlated positively with SBP, DBP,
FPG, TC, TG, LDL-C and negatively correlated with
HDL-C (34).

Our study showed a significant high serum Leptin and
Insulin hormone levels in metabolic syndrome group if
compared to the control group. An extra evidence
supports that insulin can modulate Leptin expression.
This is most evident from experimental studies on
isolated adipocytes, which revealed that in vitro
insulin obviously promotes the mRNA expression and
secretion of Leptin in cultured rat and human
adipocytes. Another obvious possibility, glucose
metabolism looks to be an important determinative of
Leptin expression and secretion. In human
experiments, elevated insulin level induced by clamp
techniques leads to an elevation in Leptin
concentration levels(24). One report on a patient with
pancreatic islet cell insulin-secreting tumor
(insulinoma) revealed significantly elevated Leptin
levels during chronichyperinsulinism, and both
hormones dropped after surgical removal (25).
Elevated Leptin concentrations may in part be altered
by hyperinsulinism or impaired insulin sensitivity.
This in agreement with our results where there was a
significant correlation between serum Leptin level and
insulin resistance. Leptin positively correlated with
body mass index (BMI), waist circumference (WC),
and both SBP and DBP in metabolic syndrome group.
These results corroborate with Omar et al (26) who
found that Leptin concentrations were high in both
obese and diabetic obese group and showed a direct
positive relation with BMI and waist circumference.
Shankar and Xiao (27) revealed that, elevated levels of
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Leptin may also have a role in the immune response
via the stimulation of T-helper cell proliferation and
production of pro-inflammatory cytokines as IL-6 and
TNF-α which induce liver CRP synthesis. In addition,
Leptin formed in fat cells may directly influence
production of IL-6, leading to in further modulation of
CRP production in liver cells (35). In our study, there
was a highly significant correlation between Leptin
with both TNF-α and IL-6 indicating that these
cytokines directly correlated with the presence of
metabolic syndrome. Thus, serum Leptin may be
considered as a proinflammatory cytokine as it
upregulates TNF-α and IL-6 that are associated with
IR in DM2 and may be used as an incorporated marker
of adiposeness, insulin unresponsiveness, and vascular
dysfunction beneficial for cardiovascular risk
assessment in clinical practice, and may have an
important purpose in subclinical inflammatory
condition in metabolic syndrome (36).

lead to a high cardiovascular mortality, insulin
resistance and type 2 diabetes mellitus.
The individuals with both metabolic syndrome and
inflammatory arthritis had low levels of CRP and
other inflammatory cardiovascular risk parameters
following therapy with a TNF-α blocking agent (37).
This may clarify the purpose of inflammatory cascade
in the pathogenesis of metabolic syndrome and its
probability for therapeutic intervention for metabolic
syndrome and its related health sequelae.
In conclusion, this study reveals an increase in the
mediators of inflammation in subjects with metabolic
syndrome. It also reports a significant correlation
between Leptin and CRP with some parameters of the
metabolic syndrome. Thus, in this study Inflammation
may have a critical role in the pathophysiology of
metabolic syndrome through modulation of Leptin and
proinflammatory cytokines.

The mechanisms linking Leptin and CRP are not clear.
Fat tissue is the origin of distributing plasma Leptin
(7). CRP is formed by hepatocytes, mainly under the
effect of the proinflammatory cytokines, principally
IL-6 (21). The hepatic synthesis of CRP can also be
influenced by other proinflammatory cytokines such
as interleukin-1, and TNF-α. Adipocyte serve as an
important source of circulating IL-6 (35), also present
and express TNF- α (21, 36). Hence, as adipocytes a
main source for Leptin and inflammatory cytokines
leading to more CRP synthesis, thus, these may clarify
in part the inter-relation between CRP and Leptin.
Furthermore, IL-1, IL-6, and TNF-α, that lead to an
elevation in CRP, may act promptly on adipocytes to
rise Leptin secretion in situations of acute
inflammatory conditions (25–28), additionally
encouraging adipose tissue as a possible common
pathway leading to the Leptin–CRP inter-relationship.
Nevertheless, the strong interaction between Leptin
and CRP in the present study was dependent on
several means of adiposity (e.g., BMI and waist-to-hip
ratio). Thus, another explanation may be that Leptin
may modulate CRP levels by a direct or indirect way
through the immune system. First, Leptin can really
prompt the secretion of different cytokines, including
IL-6 (21). Second, IL-6 influences CRP. Third, the
Leptin receptor has been demonstrated to have
signaling properties for IL-6 –type cytokine receptors
(28, 36). It is believable then that Leptin may work
through IL-6, or possibly even via the Leptin receptor,
to modulate CRP production. Our data may increment
the probability that Leptin may act to raise levels of
CRP in individuals with metabolic syndrome and may
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