Med. J. Cairo Univ., Vol. 87, No. 7, December: 4227-4237, 2019

www.medicaljour nal ofcairouniver sity.net

The Association between Resistin, Leptin and Adiponectin with
Obesity and Type 2 Diabetes M llitus

MOHAMED T. ABD-ELREHEEM, Ph.D.1; AYMAN S. SOLIMAN, M.D.2: WAFAA | RASHEED, M.D.3;
AMIRA M. JAWAD, M.D.3 and NOHA T. ABD-ELREHEEM, M.D. 4

The Department of Biochemistry, Faculty of Pharmacy, Cairo Universityl, Physiologg Department, Faculty of Medicine,

Beni-Suef University 2, Medical Biochemistry Department, National Research Center

Faculty of Medicine, Cairo University4, Egypt

Abstract

Background: Obesity is an important public health concern
among all age groupsin the world and isarisk to develop
insulin resistance and associated metabolic diseases. Fat tissue
exerts important endocrine functions, which are mediated by
a complex network of various soluble factors, derived from
adipocytes, called adipocytokines including tumor necrosis
factor a (TNF-a), Interleukin (IL) 6, leptin, adiponectin and
resistin. Some adipokines play amajor role in insulin resistance
and cardiovascular complications associated with obesity,
especially central or visceral obesity.

Aimof Sudy: The aim of this study was to discover the
role of leptin, adiponectin and resistin as alink between
obesity and insulin resistance type 2 diabetes through assess-
ment of their levelsin normal weight, obese before and after
weight reduction as well as obese diabetic subjects.

Patients and Methods: Forty-five female subjects divided
into four groups, 15 subjects with normal weight-as control
group (group 1), 15 obese subjects (group 11), 10 subjects
from group Il followed a weight reduction regimen for 2
months (group I11) and 15 obese diabetic subjects (group VI).
Serum insulin, leptin, adiponectin and resistin were measured
by ELISA. Lipid profile was measured by a spectrophotometric
method. Anthropometric measurements were also performed.

Results: The study showed that the obese and obese
diabetic subjects have got higher serum leptin and resistin
levels when compared with controls. In contrast, serum
adiponectin concentration was significantly lower in obese
before diet and obese diabetic subjects when compared to the
control group. After weight loss, significant improvement has
been observed in all parameters. The findings from bivariate
correlation analysis were further explored using multiple
linear regression analysis which confirmed that resistin rather
than adiponectin and leptin was an important determinant of
insulin resistance.

Conclusion: This study concluded that even modest weight
loss can improve metabolic risk factors through modul ation
of some adipokines.
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Introduction

OBESITY isincreasingly becoming an important
public health concern among all age groupsin
most of the developed world [1] . Greater than 30%
of the United States population is obese and at risk
to develop insulin resistance and associated meta-
bolic disorders, including hypertension, hyperlip-
idemia, fatty liver disease, atherosclerosis, and
Type 2 diabetes mellitus [2] . Obesity is a frequent
concomitant of type 2 diabetes [3]. It has been
estimated that not less than 90% of type 2 diabetes
are overweight or obese [4] . Together with obesity,
several factors are implicated in the devel opment
of type 2 diabetes, including family history, physical
inactivity and inherited factors [a.

Adipose tissue stores excess energy in the form
of lipids and are thus able to dramatically change
in size in accordance with changing metabolic
needs [6]. Moreover, studies have shown that fat
tissue exerts important endocrine functions which
are mediated by a complex network of various
soluble factors derived from adipocytes called
adipocytokines [7] including tumor necrosis factor
a (TNF-a), Interleukin (IL) 6, leptin, adiponectin
and resistin [6] . Some adipokines play a mgjor role
ininsulin resistance and cardiovascular complica-
tions associated with obesity, especialy central or
visceral obesity [g].

At the cellular level, obesity is not solely a
pathology of adipocytes as there are other cell
types within adipose tissue that participate as well.
In fact, the presence of infiltrating macrophages
in adipose tissue makes obesity comparable to a
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low-grade chronic inflammation with links between
adipose cells and the immune system. At present
comprehension of these conceptsis essential for
a better understanding of the pathophysiological
mechanisms of insulin resistance and type 2 dia-
betes [9].

L eptin was one of the first adipocytokines
identified, and immediately has drawn substantial
research attention [4] . The discovery of leptinin
1994 has provided amajor new piece in the puzzle
of obesity, asit has been found that its level was
directly related to the quantity of body fat [10].
Leptinisa 16 kDanon-glycosylated protein secret-
ed in direct proportion to adipose tissue mass as
well as nutritional status. Plasma leptin concentra-
tions positively correlate with subcutaneous rather
than intra-abdominal fat tissue mass [11]. Leptin
exerts an inhibitory effect on food intake and
increases energy expenditure through thermogen-
esis and physical activity [12]. The idea of leptin
as an insulin sensitizing hormone and leptin defi-
ciency or resistance as a potential link between
obesity and diabetes has been reviewed recently
[13].

The discovery of adiponectin (ApN) occurred
at about the same time as the discovery of leptin
(1995/1996), but it did not receive major attention
in the scientific community for the next few years
until its markedly protective role in the pathogenesis
of obesity-related disorders was acknowledged.
Adiponectin is a 30-kDa adipocyte complement-
related protein [12] . Prospective studies in humans
have shown that increased plasma concentrations
of ApN was strongly and independently associated
with reduced risk of type 2 diabetes [14] . In contrast
to most other adipokines, circulating ApN was
negatively correlated with body mass index (BMI)
[15] and was markedly decreased in obese subjects
and in patients with type 2 diabetes [16].

Resistin is a 12.5-kDa cysteine-rich peptide
that belongs to a family of resistin-like molecules
with distinct expression patterns and biological
effects [17] . Resistin is primarily secreted from
mature adipocytes in rodents whereas in humans
it isexpressed primarily from adipose infiltrating
macrophages [5] . It was suggested that resistin
might link obesity with insulin resistance and
diabetes [4] . In humans, therole of resistinin
insulin resistance remains controversial. Increased
circulating levels of resistin are associated with
incidence of obesity, insulin resistance, and inflam-
mation [18]. Most mouse studies, but not al, support
the notion that resistin is an adipokine regul ator
of insulin action. However, most human studies
show an entirely different picture [19].

Subjects and Methods

I- Subjects:

The current study was carried out on 45 female
subjects recruited from obesity and internal med-
icine outpatient clinics of the National Research
Centre. Their ages ranged from 18-45 years old.
This study was done during the year 2017 and was
approved by the ethics committee of the National
Research Centre and all subjects gave their written
informed consent prior to entering this study.

Subjects were divided into four groups:

» Group (1); Control group: 15 Normal weight
subjects with BMI of 22.21 £1.89.

» Group Il: 15 obese subjects with BMI of 34.07 +
3.81.

 Group I11: 10 obese subjects of group |1 reevalu-
ated after 2 months of dietary intervention in the
form of caloric intake restriction to less than
their usual intake by (500 kcal) and exercise
program in the form of physical activity of mod-
erate intensity, such as brisk walking. The mean
BMI was 28.72+2.42.

* Group IV: 15 obese diabetic subjects with BMI
of 35.27+£2.28.

I1- Methods:
a- Anthropometry:

Anthropometric measurements, including
height, weight, waist circumference (WC) and hip
circumference (HC) were performed. BMI was
calculated as weight in (kg) divided by height in
meters squared (m?). Waist-to-hip ratio (WHR)
was also calculated as waist circumference (WC)
divided by hip circumference (HC). BMI is used
to reflect the total body fat while (WC) and WHR
an indirect measurements of body fat centralization.

b- Biochemical assays:

Morning blood samples were collected after 12
hours of fasting; 8ml Venous blood samples were
withdrawn from each participant in the study. Two
milliliters of blood were added to sodium fluoride
and centrifuged. The plasma was separated and
used for determination of fasting plasma glucose
(FPG) by glucose oxidase method [20] using the
kit supplied by STANBIO laboratory. Six milliliters
of blood were left to clot then the serum was
obtained by centrifugation and divided into several
aliquots and stored at —20° C until used.

For quantitative determination of serum insulin,
leptin, adiponectin and resistin, an enzyme-linked
immunosorbent assay (ELISA) was used. Serum
Insulin and leptin were measured according to
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[21,22] respectively and the kits were provided from
(DRG, USA). Adiponectin was assayed according
to [23] and the kit was supplied from (Orgenium
Laboratories, Finland). Resistin was measured
according to [24] with akit supplied from (Bioven-
dor, Czech Republic). Insulin resistance was cal-
culated by HOMA-IR (Homeostatic Model Assess-
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and adependent or criterion variable. The Beta
(standardized regression coefficients) valueisa
measure of how strongly each predictor variable
influences the criterion variable. p-value <0.05
was considered as an entrance criterion, while
p>0.05 was considered as removal criterion.

ment for Insulin Resistance), as fasting insulin ( g—m Receiver operating characteristics (ROC) curves

IU/ml) X fasting glucose (mmol/L) / 22.5. [25].
Total cholesterol [26], HDL-cholesterol [27], and
triglycerides [28] were also, determined in serum
using the kits supplied by Pointe Scientific Inc.
Serum LDL-cholesterol was calculated using
Friedewald equation [29].

Exclusion criteria;

Insulin dependent type 1 diabetes, concomitant
disturbances of liver and thyroid, renal insufficiency
and chronic inflammatory diseases.

Satistical analysis:

All statistical analysis was done using the sta-
tistical package for the social science (SPSS soft-
ware) on a personal computer. All numeric variables
were expressed as amean * standard deviation
(SD). The independent-sample t-test was used to
compare means. Pearson's correlation coefficient
was obtained and a p-value <0.05 was considered
as statistically significant. Step wise multiple
regression was applied to illustrate relationship
between several independent or predictor variables

were used. The area under the curve (AUC) can
range from 0.5 to 1 and diagnostic test that ap-

proaches 1 indicates a perfect discriminator. ROC
curves also determined the threshold value for
optimal sensitivity and specificity, which was
constructed by calculating the true positive fraction
(sensitivity percent) and the false positive fraction
(100-specificity) of markers at several cutoff points.

Results

In the present study both BM1 and waist hip
ratio (WHR) were significantly higher among obese
subjects before diet (group 1), obese subjects after
diet (group I11) and obese diabetics (group 1V)
compared to control group (group I), while there
was a significant decrease in the mean level of
BMI in group 111 compared to group Il (Table 1).

The mean levels of total cholesteral, triglycer-
ides and LDL cholesterol were significantly de-
creased meanwhile those of HDL cholesterol were
significantly increased after weight loss (group 3)
as compared to (group 2) (Table 1).

Table (1): Comparison between different study groups regarding Body mass index (BMI), Waist hip ratio

(WHR) and Lipid profile.

Group | Group 11 Group 111 Group IV

Variables (Control) Obese (before diet)  Obese (after diet)  Obese diabetics
n=15 n=15 n=10 n=15

Body massindex (BMI) 22.2+1.89 34.1+3812 28.72+2.4228b 35.26+2.28a
Waist hip ratio (WHR) 0.78+0.07 0.84+0.04a 0.82+0.0352 0.9£0.04a
Total cholesterol mg/dl 156.47+18.23 169.53+18.41 155.9+ 14.38b 205.4%15.87a
Triglycerides mg/dl 50.73+13.32 56+13.73 50.1+5.13 117+20a
HDL-cholesterol mg/dl 73.13+7.56 56.86% 14.9a 61.7+9.252 57.73+13.362
LDL-cholesterol mg/dl 69.4%114.93 98.33+18.392 74.4+13.15P 113.73+16.252

Vaues are mean * SD where, a: Significant compared to group | (p<0.05). b: Significant compared to group |1 (p<0.05).

The mean serum levels of fasting glucose and
insulin together with Insulin resistance assessed
using the homeostasis model assessment ratio
(HOMA-IR) formula; were significantly higher in
group Il and group IV compared to control group.
While the comparison between group |1 and group
Il revealed tendency to decrease in HOMA-IR
after weight reduction but this tendency was sta-
tistically insignificant (Table 2).

Asregard to leptin, its mean serum levels were
significantly higher in the different studied groups

compared with control group, while the mean
serum levels of resistin were increased significantly
in group Il and group IV as compared to control
group. On the other hand, the mean serum levels
of adiponectin were decreased significantly in
group Il and group IV compared to control group
(Table 2).

On comparing the effect of weight loss on the
serum levels of the three hormones, a significant
decrease was found in the mean levels of both
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resistin and leptin and a significant increase in the
mean level of adiponectin on comparing obese

(after diet) group with the obese (before diet)
(Table 2).

Table (2): Comparison between different study groups according to fasting plasma glucose (FPG), serum
insulin, insulin resistance, serum leptin, adiponectin and resistin levels.

Variables Group I Group II Group III Group IV
(Control) Obese (before diet)  Obese (after diet)  Obese diabetics

Fasting plasma glucose (mg/dl)  73.4+5.9 81.9+10.32 77+6.5 159.1+8.6ab
Insulin ( Usiml) 10.54+1.45 13.98+2.182 11.01+£1.29 17.15+2.01ab
Insulin resistance 1.91£0.64 2.83+1.022 2.12+0.92 7.39+1.21ab
Leptin (ng/ml) 13.51£2.95 22.79+5.532 18.53+3.99ab 22.23+4.984
Adiponectin (ng/ml) 6.53+2.42 3.79+1.802 5.65+1.45b 4.05+0.842
Resistin (ng/ml) 4224167 6.2740.612 4.54+0.84b 6.04+1.952

Values are mean * SD where, a: Significant compared to group I (»<0.05). b: Significant compared to group II (p<0.05).

In a stepwise multiple regression analysis model
containing BMI and WHR in the different study
groups to evaluate the factors affecting leptin,
resistin and adiponectin, WHR was significantly
found to be an independent factor affecting levels
of both leptin and resistin in control group only
which means that an increase in WHR causes an
increase in levels of both leptin and resistin (Table
3), while (Table 4) revealed that upon applying
the stepwise multiple regression analysis containing
leptin, resistin and adiponectin to the different
study groups for evaluation of the factors affecting
insulin resistance, resistin was significantly found
to be an independent factor affecting level of insulin
resistance in obese diabetic group only, thus an
increase in resistin level will subsequently cause
an increase in insulin resistance.

Table (3): Stepwise multiple regression analysis for independ-
ent factors affecting the adipocytokines in control

group.
Hormone Factors B SE P
Leptin (ng/ml) Constant 324 7.5 0.001
WHR —24.2 9.5 0.025
Resistin (ng/ml) Constant 13.7 4.4 0.008
WHR -12.2 5.6 0.050

Table (4): Stepwise multiple regression analysis for independ-
ent factors affecting insulin resistance in obese
diabetic group.

Factors B SE P
Constant 2.3 3.8 0.554
Resistin ng/ml 1.6 0.6 0.020

Regarding the receiver operating characteristic
curve (ROC) analysis to calculate the best cutoff
point for Leptin, adiponectin and resistin that
discriminates between control group and obese
groups (obese before diet and obese diabetics) we
found that the best cutoff point of leptin (17.95ng/
ml) at which sensitivity = 76.67% (True positive),
at absolute specificity (True negative). Area under

the curve (AUC) [SE] = 0.931 [0.035], 95% con-

fidence limits range = 0.862-1, p=0.0001 (Fig. 1),

while the best cutoff point of adiponectin was

(5.4ng/ml) at which sensitivity = 93.3%, and spe-

cificity = 73.3%, area under the curve (AUC) [SE]

=0.853[0.061], 95% confidence limits range=

0.733-0.973, p=0.0001 (Fig. 2). The best cutoff
point of resistin was (4ng/ml) at which sensitivity
= 93.3%, and specificity = 60%, area under the

curve (AUC) [SE] = 0.811 [0.076], 95% confidence
limits range= 0.663-0.959, p=0.001 (Fig. 3).

ROC Curve
1.00
0.75
2
=
= 0.50
=)
(]
%]
0.25
0.00
0.00 0.25 0.50 0.75 1.00

1-Specificity

Fig. (1): Receiver operating characteristic curve (ROC) for
detection of obesity by leptin.
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Fig. (2): Receiver operating characteristic curve (ROC) for
detection of obesity by adiponectin.
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Fig. (3): Receiver operating characteristic curve (ROC) for
detection of obesity by resistin.

Considering the percentage change in the mean
serum levels of leptin, adiponectin and resistin in
obese (after diet) group compared to obese (before
diet) group, (Fig. 4) revealed that the mean serum
level of adiponectin increased by 49.17%, while
the mean levels of leptin and resistin reported a
decrease by 18.67% and 27.53% respectively. (Fig.
5) showed that there was a significant positive
correlation between leptin and WHR in the different
studied groups, and (Fig. 6) shows significant
negative correlation between adiponectin and WHR,
while (Fig. 7) shows significant positive correlation
between resistin and insulin resistance in the dif-
ferent studied groups.
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Fig. (4): Percentage change of leptin, adiponectin and resistin

levels in obese (after diet) group compared to obese

(before diet) group.
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Fig. (5): Linear regression analysis of leptin ng/ml. and WHR
in the different studied groups.
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Fig. (6): Linear regression analysis of adiponectin ng/ml. and
WHR in the different studied groups.
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Fig. (7): Linear regression analysis of resistin ng/ml. and
insulin resistance in the different studied groups.



4232 The Association between Resistin, Leptin & Adiponectin with Obesity

Discussion

Obesity isaglobal epidemic triggering signif-
icant morbidity and mortality rate [30]. Many studies
had indicated that adipose tissue has an endocrine
function secreting bioactive substances known as
adipokines. Alteration in specific adipokine profile
lead to metabolic disturbances that play a centra
role in the development of type 2 DM [31].

In this work we studied the change of leptin,
adiponectin and resistin levelsin normal, obese
and obese diabetics as well as the effect of weight
loss on mentioned adipokines. Our results showed
that the mean serum level of leptin was significantly
higher in both obese before diet group as well as
in the obese diabetic group and that it had been
significantly decreased after weight loss. Consistent
with our findings Jung et al., [32] found that the
mean level of leptin had significantly decreased
in parallel with weight loss. In the same line with
our results Al-Harithy, [33] reported that leptinis
detectable in human serum and its circulating level
was found to be elevated in proportion to the degree
of obesity.

Previous studies [32,34,35] proved that leptin
levels rapidly decline with caloric restriction.
However, the notion of leptin as an anti-obesity
hormone was called into question because the
“common” form of obesity is typically associated
with high leptin levels (that reflect high energy
stores) and leptin resistance [36] . These findings
could be explained on bases that although most
obese humans have an elevated circulating level
of leptin, they do not respond to this increased
endogenous leptin level by reducing their food
intake due to leptin resistance [37] . Leptin resistance
may be explained by defective transport of leptin
across the blood-brain barrier and impaired sign-
aling in neurons and other target cells. Other mech-
anism is that leptin resistance may be dueto a
defect in the leptin-receptor gene that resultsin
the absence of portions of its cytoplasmic region.
Therefore, individuals with this mutation tend to
have excessive food intake and weight gain [39].

In the current study we have found no signifi-
cant relation between leptin and insulin resistance.
Our results were confirmed by others [39,40] . In
contrast to studies that had indicated arelationship
between leptin levels and insulin resistance due to
increased fat mass. Other investigators have dem-
onstrated both in experimental animals and human
subjects that the association between insulin resist-
ance and leptin levels may be independent of body
fat mass [41].

Adiponectin is mostly expressed in subcutane-
ous adipose tissue, interestingly, although adiponec-
tin is secreted by mature adipocytes, its plasma
level shows a negative correlation with body fat
mass [42] . It has been found that adiponectin plasma
level in obese individuals was lower than in non-
obese. One has accordingly suggested that adi-
ponectin plays an important role in the regulation
of insulin resistance, glucose and lipid homeostasis
[43] . In the present study, the mean serum level of
adiponectin was significantly decreased in obese
and obese diabetic subjects as compared to controls.

Moreover, weight loss and decrease in BMI in
the obese group subjects were accompanied by a
significant increase in the level of serum adiponec-
tin. Our findings could be explained on bases that
adiponectin has an anti-obesity effect due to in-
creased energy expenditure and impaired adipocyte
differentiation [44]. While Meyer et a., [2] suggested
that another possible contributor to obesity related
reductions in adiponectin may be dysfunctional
Subcutaneous adipose tissue (SAT). Our current
study shows that despite an obesity associated
reduction in adiponectin secretion, SAT still secretes
and contributes more significantly to serum adi-
ponectin than does visceral adipose tissue (VAT).
Because of its larger mass and greater secretion
rate, even small reductionsin adiponectin produc-
tion by SAT have the potential to significantly
lower circulating levels of adiponectin. These
results were supported by [32,41,45,46] .

In the present study the mean serum level of
adiponectin showed tendency to decrease with the
decrease in both fasting serum insulin and HOMA-
IR levels though this tendency to decrease was
insignificant. Since our study had arelatively small
number of subjectsit is possible that with alarger
number of subjects the correlation between adi-
ponectin and insulin resistance may have achieved
adtatistical significance.

In addition, Acharya [47] found that improve-
ment in insulin sensitivity was not related to adi-
ponectin levelsin the intervention and the control
groups among adults with impaired glucose toler-
ance. These findings can be partly explained by
differencesin either the baseline degree of insulin
resistance, adiponectin levels and/or the improve-
ment in insulin resistance and adiponectin levels
after each intervention. Also have suggested that
the improved insulin sensitivity induced by changes
in adiponectin levels may not result from a short
term intervention.

Moreover, we found that the mean serum level
of adiponectin was significantly lower in the obese
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diabetic group as compared to control group. Sim-

ilarly, an inverse association between adiponectin

levels and the risk for diabetes was reported among

alarge population of healthy women [48] and a
middle-aged population cohort [49] . These findings
suggested that an increase in adiponectin levels

may contribute to improved insulin sensitivity and

may provide amolecular link between adiposity

and diabetes [50] . Whereas a number of studiesin

obese and obese diabetic subjects showed negative

association of insulin resistance and adiponectin,

some others didn't show so. Our results were sup-

ported by Snehalatha et al., [51] who stated that
insulin resistance and adiponectin were not directly

associated either in the youth or in healthy adults
supports our observations. Anyhow, the relation

between insulin and adiponectin remains rather

controversial, particularly concerning how or if-

they regulate each other [52].

In our study there was no significant correlation
between adiponectin and insulin levels. This ob-
servation agreed with the results found by [41,53]
and in contrast with findings from some, studies
which showed that adiponectin serum level corre-
lates negatively with insulin resistance [37,45,54] .

This study proved a significant negative corre-
lation between adiponectin serum level and WHR
which expresses visceral obesity. Our results are
highly supported by Matsuzawa [55] who stated
that negative correlation of adiponectin levels and
visceral adiposity is stronger than between adi-
ponectin levels and subcutaneous adiposity. This
could be explained on the bases that inhibiting
factors for adiponectin synthesis or secretion are
secreted from visceral adipose tissue.

Resistin is another adipokine that was identified
in mouse and in human fat cells. It was suggested
that resistin might link obesity with insulin resist-
ance and diabetes [45] . Our results revealed a
significant elevation in the mean serum level of
resistin in the obese before diet and the obese
diabetic subjects as compared to controls. A sig-
nificant decrease in the mean serum level of resistin
has been observed after weight reduction. Moreo-
ver, asignificant positive correlation between
resistin level and both BMI and WHR was also
detected.

Several studies support the positive relationship
between insulin resistance and elevated plasma
resistin levelsin obese and type 2 diabetic individ-
uals [56] , whereas other studies have shown con-
tradictory findings [57] . Besideitsrole in obesity
and insulin resistance, resistin is greatly implicated
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in proinflammatory processes which are causally
involved in the development of insulin resistance
in both rodents and humans [58] . Resistin regulates
the production of key pro-inflammatory cytokines,
such as TNFa and IL6, through the activation of
NF-xB signaling pathways in macrophages con-
tributing to profound alterations of peripheral

insulin signaling pathways resulting in an insulin-
resistant state [59].

The majority of the resistin expression and
secretion from adipose tissue is found in stromal
vascular fraction including undifferentiated pread-
ipocytes, vascular endothelial and smooth muscle
cells, and in some cases immune system cells such
as monocytes and macrophages [60] .

The expression of resistin in humans by mac-
rophages versus adipocytes is particularly interest-
ing given that obese subjects are known to have
greater infiltration of macrophages into their adi-
pose tissue[61] . Our findings are in agreement with
[32,62,63] as they reported higher levels of serum
resistin in obese subjects than normal weight sub-
jects. Inthe sameline Jung et al., [32] also found
that modest weight loss is associated with a reduc-
tion in serum resistin level. Moreover, Savage et
al., [64] reported greater resistin mMRNA in the
adipose tissue of morbidly obese individuals.

The current study showed that the mean serum
resistin level positively correlated with fasting
plasma glucose level, serum insulin level and
insulin resistance as determined by homeostasis
model assessment of insulin resistance (HOMA -
IR). Shen et al., [65] explained that the human
resistin may interfere with insulin signaling by
stimulating the expression of phosphatase and
tensin homol og deleted on chromosome ten
(PTEN), which dephosphorylates 3-phosphorylated
phosphoinositide (PIP3). This leads to the decrease
in PDK and Akt phosphorylation observed in these
cells when exposed to resistin. Another possible
mechanism is that resistin inhibited adipocyte
differentiation by 80% in Three T3L1 cells [66].

This suggests that resistin may promote insulin
resistance by increasing the storage of triglycerides
in muscle and liver instead of adipose tissue. In-
deed, failure of adipocyte differentiation has been
proposed as a cause of type 2 diabetes, possibly
through an ectopic overload of fatty acids and
lipotoxicity of non-adipose tissue [67,68] . Compa-
rable findings were also obtained by [41,69,70] . On
contrary Heilbronn et al., [71] failed to detect any
association between resistin concentration and
markers for insulin sensitivity. These observations
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suggest that the role of resistin in the pathogenesis
of diabetes remains controversial [69].

In our work, in astepwise linear regression
model contained leptin, resistin and adiponectin
applied to the different study groups to evaluate
factors affecting insulin resistance, resistin was
significantly found to be an independent factor
affecting the level of insulin resistance in obese
diabetic group. Unlike resistin and leptin mean
adiponectin level showed significant decreasein
the obese before diet and obese diabetic groups
compared to controls. Also, significant increasein
its mean level by 49.17% was noticed in the present
work after following exercise and diet regimen.

In the current work the diagnostic utility of the
adipocytokines was determined by measures of
ROC curve analysis. We demonstrated that eleva-
tion of resistin and leptin and decrease in adiponec-
tin levels were useful markers to differentiate
between obese and non-obese subjects due to their
high sensitivity (93.3%, 86.7%, 86.7%) and high
specificity (80%, 93% and 73%) respectively. Zhuo
et a., [72] found that |eptin/adiponectin had a better
ability to differentiate individuals with metabolic
syndrome (high sensitivity, specificity and AUC
value) than for either leptin or adiponectin aone.

In agreement with our results Hulver et a., [73]
demonstrated that exercise training-induced en-
hancement of insulin sensitivity was not accompa-
nied by changes in adiponectin levels. Moreover,
Hansen et al., [39] who concluded that alterations
in plasma leptin levelsin obese type 2 diabetes
patients are attributed to the greater adipose tissue
mass, and not necessarily to the presence of the
type 2 diabetic state.

In conclusion, our data clearly demonstrated
that insulin resistance is more tightly correlated
with circulating resistin. Resistin rather than adi-
ponectin and leptin appeared to be more important
determinant of insulin resistance.
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