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on adipocytokines, inflammation, and oxidative markers
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ABSTRACT

OBJECTIVE: The aim of this study was to evaluate the levels of adipose tissue related hormones,
cytokines, and antioxidative substances in obese women before and after intervention with diet
alone or with diet plus an inhibitor of gastrointestinental lipase-orlistat. DESIGN: Seventy-one
obese women of childbearing age were included in the study and were randomly assigned into
two groups according to the type of intervention: group A1 (n=35) included women who received
orlistat as well as a hypocaloric diet, and group A2 (n=36) included women who were only on
hypocaloric diet. The intervention period lasted 6 months. Anthropometric parameters, such
as Body Weight (BW), Body Mass Index (BMI), Waist Circumference (WC), and %Body fat
(BF) were recorded. Insulin, leptin, resistin, interleukin-6 (IL-6), insulin like growth factor 1
(IGF-1), tumor necrosis factor a (TNFa), adiponectin, hsC-reactive protein (CRP), glutathione
peroxidase, and isoprostane were determined by appropriate methodology prior to and follow-
ing the 6-month intervention period. Insulin resistance was measured using the homeostasis
model assessment index (HOMA-IR). All participants had normal glucose tolerance. RESULTS:
In both groups BMI values were lower after intervention and all measured parameters were
ameliorated. A statistically significant difference was found between group Al (orlistat plus
diet) and group A2 (diet only) with regard to the levels of triglycerides, CRP, TNF-a, IGF-1,
and isoprostane, even after correcting for weight loss. CONCLUSION: Hypocaloric diet plus
orlistat in obese women is superior to diet alone with regard to the changes observed in adipo-
kines, CRP, TNFa, triglycerides, IGF-1, and oxidative stress following intervention.
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prevalence in the developed countries of the west-
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diabetes mellitus type 2 (DM2), cardiovascular dis-
ease, hypertension, hyperlipidaemia, and the meta-
bolic syndrome.>’ It has become evident that adipose
tissue synthesizes and secretes many biologically ac-
tive products that exert effects either within the adi-
pose tissue itself or in distant tissues. The metabolic
perturbations of obesity can promote the process of
atherosclerosis and affect endothelial function as
well as the mechanisms of oxidative stress.Vascular
endothelial dysfunction (VED) plays a pivotal role
in the pathogenesis of atherosclerosis® and enhances
the risk of future cardiovascular events.”!’ The pres-
ence of VED has been demonstrated in overweight
patients with insulin resistance!' and with visceral
obesity.'"® Therefore, VED may be an important
link between obesity per se and heightened cardio-
vascular risk. Adipocytes are able to synthesize and
secrete several cytokines, such as leptin,'* tumor
necrosis factor a (TNF-a)," interleukin 6 (IL-6),'*
'8 and the more recently identified adipocytokines,
adiponectin,'?! and resistin.”** Indeed, the expres-
sion or production of the above-mentioned cytokines
was shown to be directly related to the degree of
obesity'>!7» and therefore highly likely to be involved
in obesity-related insulin resistance.? Leptin, the
product of the ob gene,'* is primarily produced by the
adipocyte and is strongly positively correlated with
body weight and adiposity in man. Both leptin and its
receptor share structural and functional similarities
with the IL-6 family of cytokines, and leptin appears
to play a critical role in the inflammatory response.?
Leptin in the physiological range may serve as a
physiological regulator of cardiovascular function,
whereas elevated plasma leptin levels due to tissue
leptin resistance®* may act as a pathophysiological
trigger and/or marker for cardiovascular diseases.
Human adiponectin consists of 244 amino acids and
appears to be linked to glucose homeostasis since
plasma adiponectin levels are lower in diabetic sub-
jects'”*®and are positively correlated with glucose
utilization. Adiponectin levels are lower in obese
(defined by BMI) than in non-obese subjects.’ Re-
sistin, also called adipocyte-secreted factor (ADSF),
is a novel hormone secreted by adipocytes and has
been considered a link between obesity and insulin
resistance or diabetes.?>¥ Resistin belongs to a
family of cysteine-rich secreted proteins expressed
in adipose tissue, heart, lung, and tongue.**** Initial

studies in mice suggested that resistin mediates in-
sulin resistance by antagonizing insulin action and
modulatingone or more steps in the insulin-signaling
pathway.?>*>%* The synthesis of C-reactive protein
(CRP) by the liver is largely regulated by IL-6.%
IL-6 is a cytokine produced by different cell types,
including immune cells, adipocytes, and endothelial
cells.”” IL-6 mediates inflammatory responses and
constitutes a significant proatherogenic factor.

A growing body of evidence has suggested the role
of low grade inflammation as a link between obesity,
insulin resistance (IR), and endothelial dysfunction.
Increased serum levels of inflammatory biomarkers,
such as CRP have been reported in obese subjects
and have been related to the degree of insulin resis-
tance and endothelial dysfunction. Several mecha-
nisms have been suggested to elucidate the obesity-
related low-grade inflammation. Firstly, fat tissue is
an important source of proinflammatory, i.e. TNF-a
and IL-6, and antiinflammatory, i.e. adiponectin
substanes. Secondly, IR can increase inflammation
by interfering with the antiinflammatory effect of
insulin.!7237

A number of epidemiological studies have dem-
onstrated an association of CRP levels with increased
risk of myocardial infarction (MI), stroke, sudden
cardiovascular death, and peripheral vascular dis-
ease.” Furthermore, data from population stud-
ies have demonstrated that hsCRP measurement
identifies a higher risk for cardiovascular events in
individuals with the metabolic syndrome, adding
prognostic information at every level of severity of
the syndrome.*®* Most importantly, hsCRP adds
important prognostic information at all levels of LDL
cholesterol and at all levels of risk, as determined by
the Framingham Risk Score.* Largely on the basis of
these data, the American Heart Association and the
Center for Disease Control and Prevention recently
issued the first guidelines for the use of hsCRP in
clinical practice.*

IGF-1is a major endocrine and paracrine regula-
tor of tissue growth and metabolism with at least six
binding proteins controlling its bioavailability. Smith
et al*! suggest that adipose tissue is a larger source
of IGF-1 than the liver.

Obesity is characterized by oxidative stress. Oxi-
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dative stress is a term used to define the imbalance
in the rate at which the intracellular content of free
radicals, produced through a number of cellular
events, increases relative to the capacity of the cell to
dispose these oxidants. When not neutralized, these
free radicals have the capacity to alter the integrity of
numerous molecules such as proteins and DNA. F2-
isoprostanes are the most reliable indicators of oxi-
dant stress; their role in pathophysiologic processes
is unknown.*” The measurement of F, isoprostanes
may represent an important development in the as-
sessment of free radical generation and oxidant stress
in vivo. Glutathione in the reduced state (GSH) is
an indirect indicator of oxidative stress. It may also
be an important antiatherogenic agent, is present in
human plasma and intracellularly, and inhibits free
radical formation.*

There is significant data accumulation concerning
the endocrine function of adipose tissue in normal
individuals. The relationship between cytokines, pro-
inflammatory products, and oxidative stress, as well
as their involvement in the pathogenesis of cardio-
vascular diseases still require further elucidation.

Pharmacological agents are often used in the
treatment of obesity. Orlistat inhibits the gastrointes-
tinal lipase and consequently reduces the absorption
of dietary fat.* Orlistat has been shown to reduce
weight in obese subjects and decrease the risk of
cardiovascular disease. Orlistat-induced weight re-
duction has recently been associated with a decrease
in serum levels of both IL-6 and hs-CRP in obese
subjects.**

Based on the data briefly outlined, we considered
it interesting to study the levels of adipocytokines,
oxidative stress, and inflammation markers in healthy
obese women and to determine the differential effect
of hypocaloric diet alone and of the combination of
hypocaloric diet and orlistat in the above parameters
following a 6-month intervention period. The results
are herein reported.

SUBJECTS AND METHODS

A total of 71 obese women, aged 36.7£8.3yr
(mean=SD) were included in the study. All par-
ticipants were informed about the objectives of the

study and volunteered to participate. All individuals
included in the study had at least two menses in the
3 months before testing, registered normal blood
pressure, and displayed a normal response to oral
glucose tolerance test (OGTT).

Additional exclusion criteria included hormone
replacement therapy, pregnancy, lactation, psychi-
atric or neurological disorders, alcohol abuse, a his-
tory or the presence of malignancy, coronary heart
disease, and cerebrovascular disease. Continuing
use of antihypertensive medication was permitted
provided that the dose had been stable for at least 3
months before entry into the study.

None of the subjects were taking any medication
known to influence lipid metabolism. Apart from
obesity, all obese subjects were in good health and
had had stable body weight for at least 12 months
prior to entering the study. None was engaged in
any type of exercise program or was excessively
sedentary. All participants underwent physical ex-
amination, measurement of fat mass, and complete
biochemical investigations (glucose, total cholesterol,
triglycerides, HDL, LDL, SGOT, SGPT, urea, cre-
atinine, uric acid).

Biochemical and hormonal investigations were
carried out both at baseline and after the treatment
period following an overnight fast. Biochemical and
hormonal measurements were performed on frozen
plasma samples obtained by centrifugation of freshly
drawn blood (3000 X g for 20 min at 4 C) and subse-
quent storage at -70 C. These investigations included
measurement of insulin, leptin, resistin, interleukin-6
(IL-6), insulin-like growth factor-1 (IGF-1), tumor
necrosis factor-a (TNF-a), adiponectin, high sensi-
tive C-reactive protein (hsCRP), glutathione peroxi-
dase, and isoprostane. Anthropometric parameters
such as Body Weight (BW), Height, Body Mass Index
(BMI), Waist Circumference (WC) and Waist to Hip
ratio (W/H), and %Body fat as well %fat free mass
(FFM) were also evaluated. Anthropometric indices
of women in Al and A2 are presented in Table 1.
Weight in Kg was determined using a standard beam-
balance scale and with the subjects barefoot and
wearing light indoor clothing. Height in centime-
ters was measured using a meter rule built into the
scale. BMI was calculated by dividing weight in Kg
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Table 1. Anthropometric characteristics of groups Al and A2

Group A1  Group A2 p
N=35 N=36 value
Age (yr) 38+7.1 35492 0931
Weight (kg) 98.6+x14.9 102.1+18.7 0.377
Body mass index (Kg/m*) 37.2+5.3 38.5%7 0.742
Waist to hip ratio 0.9+£0.05  09+0.05 0.610

Waist circumference (cm) 109.3+12.7 108.5+£10.6  0.733
%body fat 433+54  425+81 0368
%fat free mass 56758  57.9+82  0.352

by height in meters squared. Obesity was defined as
a BMI greater than 30kg/m* Waist circumference
was measured with a flexible measuring tape, taking
as a reference the midway line between the costal
inferior border and the iliac crest. Body fat mass was
evaluated by a bioelectric impedance analysis device
(Bodystat Ltd, Isle of Man, Bodystat 1500).

Bio-electrical impedence analysis (BIA) mea-
sures the impedance or opposition to the flow of an
electric current through the body fluids contained
mainly in the lean and fat tissue. Impedance is thus
proportional to body water volume (TBW). In prac-
tice, a small constant current, typically 400 uA at a
fixed frequency, usually 50kHz, is passed between
electrodes spanning the body and the voltage drop
between electrodes provides a measure of imped-
ance. Prediction equations, previously generated by
correlating impedance measures against an indepen-
dent estimate of TBW, may be used subsequently
to convert measured impedance to a corresponding
estimate of TBW. Lean body mass is then calcu-
lated from this estimate using an assumed hydration
fraction for lean tissue. Fat mass is calculated as
the difference between body weight and lean body
mass.”®** All women included in the study also dis-
played a normal response to oral glucose tolerance
test (OGTT). OGTT was performed as follows: all
subjects ingested a 75g glucose solution after an over-
night fast. Serum samples were collected before and
30, 60, 90, and 120 min after the glucose load. The
criteria developed by the World Health Organization
Expert Committee on Diabetes Mellitus were used
to determine whether subjects had normal glucose
tolerance. (2-h glucose concentration <140mg/dl)*

or not. Insulin resistance was calculated based on
the homeostasis model assessment index (HOMA-
IR) HOMA-IR has been suggested as a method to
assess insulin resistance from the fasting glucose and
insulin concentrations (HOMA-IR =fasting insulin
(units/ml)x fasting glucose(mmol/1)/22,5).!

The obese women were randomly subdivided into
two groups according to the type of treatment: group
Al (n=35) included women who received orlistat,
an inhibitor of the gastrointestinal lipase, as well as
a hypocaloric diet, and group A2 (n=36) included
women who were only on a hypocaloric diet. The
duration of intervention was 6 months. The diet
was calculated using the formula: [18-40 y=0,0621x
weight in Kg+2,0357 =---mJ/day x 240=----Kcal/day,
adjusting with daily activities: ----Kcal/day x---coef-
ficient of daily activities =-----Kcal/day, in order to
have a hypo- caloric diet ----Kcal/day-600Kcal/day].>
The energy distribution of this diet was composed of
50% CHO, 30% fat, and 20% protein.

Serum glucose levels were measured using a
chromatographic method (bioanalyzer wako chem-
icals GmbH), cholesterol, triglyceride, and HDL
were measured by standardized laboratory methods
and LDL-cholesterol level was calculated with the
Friedewald formula. hs-CRP was measured auto-
matically by a nephelometric latex immunoassay
(Roche-Diagnostics). The sensitivity of hs-CRP was
0.11mg/liter. The intraassay CVs of hs-CRP was 1.34,
and the interassay CVs of hs-CRP was 5.70 at the
respective cut-offs of the reference range. Insulin
was determined by immunoradiometric assay using
a Sorin-Biomedica Kit (Saluggia, Italy). The lower
limit of detection for insulin was 0.3ulU/ml while
inter-assay and intra -assay coefficients of variation
(CV) were 6.9 and 6.4%, respectively. Normal range
for our laboratory is 2-25uIU/ml. Leptin was mea-
sured by radioimmunoassay using a mediagnost Kit
(Tuebingen-Germany) which utilizes a high affinity
polyclonal andibody specific for this protein The
lower limit of detection for leptin was 0.04ng/ml while
inter-assay and intra-assay coefficients of variation
were 7.6% and 5%, respectively.

Plasma levels of glutathione peroxidase were de-
termined by the use of an enzymatic assay (BIOXY-
TECH of the company OxisResearch, Inc Portland,
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USA) that allows a recovery of GSH >90% and has
no appreciable interference with other thiols pres-
ent in the plasma or in the reactive mixture. Levels
of isoprostane (8-iso-PGF2) were determined using
the enzymatic method ELISA by Assay Designs’
Correlate-EIA™ Direct 8-iso-Prostaglandin F2kit.
Serum levels of TNF-a and IL-6 were determined
by enzyme-linked immunosorbent assay (Quanti-
kine High Sensitivity TNF-a and Quantikine IL-6;
R&D Systems, Oxford, UK). The sensitivity of these
assays was 0.18 pg/mL, and 0.70 pg/mL for TNF-a
and IL-6, respectively. Adiponectin and resistin were
determined using the enzymatic method ELISA by
ACRP30 ELISA kit (Linco Research and Phoenix
Pharmaceuticals, Inc-USA). IGF-I concentration
was measured by an IGF-I ELISA kit (DSL-10-5600;
Diagnostic Systems Laboratories, Inc., Webster,
TX).

STATISTICAL METHODS

Results are expressed as meant standard devia-
tion. The unpaired t-test was used for comparison of
the variables between groups Al and A2 at baseline.
We used the paired t-test for comparison of the vari-
ables between baseline and 6 months post interven-
tion in both groups. Correlations were determined
by the Pearson correlation coefficient method. For
covariance analysis the ANCOVA method was ap-
plied. P-values <0.05 were considered statistically
significant.

RESULTS

The characteristics of both groups (Al and A2)
are presented in Table 1. There were no significant
differences between groups Al and A2 regarding the
anthropometric parameters prior to intervention.

The biochemical and hormonal values of the two
groups before intervention are presented in Table 2.
As previously shown, IGF-1, glutathione peroxidase,
and adiponectin were significantly lower in the total
group of obese women than in the controls (all p val-
ues were less than 0.001).> Between groups Al and
A2 there was no significant difference in biochemi-
cal and hormonal levels except for cholesterol value
which showed a suggestive difference.

Table 2. Biochemical and hormonal values in groups Al and A2,
before intervention

Group Al Group A2  p-value
Chol (mg/dl) 187.6%38.2 209.5+43.7 0.05
Trigl. (mg/dl) 127.7+46.8 141.5+429  0.498
HDL (mg/dl) 40.8+10.7 42.1+10.3 0.944
LDL (mg/dl) 1274328 131.2+439  0.123
hsCRP (mg/l) 9.37+5.5 8.58+3.9 0.816
Insulin (IU/ml) 39.2+31.5 41x30 0.845
HOMA-IR 9.4x8.2 10.1£8.2 0.722
Leptin (ng/ml) 90.1+30 88.7+£29.3 0.955
IL-6 (pg/ml) 82.3x17 83+17 0.770
IGF-I (ug/L) 102.9£554 97+42.7 0.076
TNF-a (pg/ml) 43.05=15.9 4117127  0.440

Isoprostane (pg/ml) 5298.2+2559.3 5218.5+2450.7 0.405

Glutathione 22498 22.3%95 0.192
Peroxidase (ng/ml)

Resistin (ng/ml) 22.3%8.1 23.7£9.1 0.538
Adiponectin (ng/ml)  17.2+4.9 20.5%6.2 0.375

Chol: cholesterol; Trig: triglycerides; HDL: high density lipo-
protein; IL-6: interleukin 6; hsCRP: C reactive protein; IGF-1:
insulin-like growth factor 1; TNF-o: Tumor necrosis factor o;
HOMA-IR: homeostasis model assessment index.

For SI units multiply for insulin by 7.175, for cholesterol, LDL
and HDL by 0.02586, for triglycerides by 0.01536. Normal values
(range): resistin; 7-16ng/ml, TNF-o; 1.2-7.8pg/ml, adiponectin
28.2-110ng/ml

The biochemical and hormonal values as well as
anthropometric indices of the two groups (Al and
A2) before and after intervention are presented in
Table 3. The mean weight, BMI, W/H, waist circum-
ference, %body fat, cholesterol, triglycerides, CRP,
insulin, HOMA-IR, leptin, resistin, interleukin-6,
TNF-a, and isoprostane were significantly reduced
in both groups following intervention, whereas IGF-
1, glutathione peroxidase, and adiponectin levels
were increased significantly in both groups after
intervention.

HDL was significantly lower in group A2 post
intervention whereas in group Al, a small non sig-
nificant rise was observed.

As the data in Table 4A indicate, after interven-
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Table 3. Anthropometric indices, biochemical, and hormonal levels in groups Al and A2, before and after intervention

Group Al(Diet plus orlistat) Group A2 (Only Diet)

Parameter Before After P value Before After P value
Weight (Kg) 98.6+14.9 75.4%12.7 <0.001 102.1£18.7 82.5 £14.8 <0.001
BMI(Kg/m?) 37.2+53 28.42+4 <0.001 3857 30.9+5.7 <0.001
W/H ratio 0.9 0.8 <0.001 0.9 0,8 <0.001
Waist circumference(cm) 109.3x£12.7 97.4+12.7 <0.001 108.5x10.6 94.1+£94 0.028

%body fat 433+54 31.4+48 <0.001 42.5+8.1 34773 <0.001
%free fat mass 56.7+5 66.9+4.7 <0.001 57.9+8.2 64.68+6.9 <0.001
Chol (mg/dl) 197.6+38.2 176.4%322 0.002 209.5+43.7 169.7x27.2 <0.001
Trigl. (mg/dl) 127.7+46.8 89.9+23.1 <0.001 141.5+429 125+40 0.002

HDL (mg/dl) 40.8+10.7 443+83 NS 42.1+10.3 33.9+8.2 <0.001
LDL (mg/dl) 127.4+32.8 93.5+21.8 <0.001 131.2+439 116.9£28.5 0.034

hsCRP (mg/l) 9.3+£55 41+28 <0.001 8.5+3.9 6.6+£3.3 0.007

Insulin (IU/ml) 39.2+31.5 23.8+18.8 <0.001 41+30 26.9+183 <0.001
HOMA-IR 9.4+8.2 5.3+41 <0.001 10.1£8.2 6.5%4.6 <0.001
Leptin (ng/ml) 90.1+30 51.6%19.5 0.03 88.7+29.3 60.8+22.4 <0.001
IL-6 (pg/ml) 82317 10.4x2 <0.001 83+17 11.7£3.1 <0.001
IGF-I (ng/ml) 102.9£554 230.3£533  <0.001 97+42.7 287.6+83.3 <0.001
TNF-o (pg/ml) 43+15.9 22.3+75 <0.001 41.1x12.7 325+103 <0.001
Isoprostane (pg/ml) 5298.2+1778.7 11275+467.1 <0.001 5166.4%=1787.2  1472.2+506.4 <0.001
Peroxidase of glutathione (ng/ml) 22498 523%15.2 <0.001 22.3%9.5 48.9+14.1 <0.001
Resistin (ng/ml) 22.30%8.1 16.7£5.9 <0.001 23.7+9.1 1754 <0.001
Adiponectin (ng/ml) 17.29+4.9 39.8+134 <0.001 20.5+6.2 353+21.8 <0.001

Chol: cholesterol; Trig: triglycerides; HDL: high density lipoprotein; IL-6: interleukin 6; hsCRP: C reactive protein; IGF-1: insulin
like growth factor 1; TNF-a: Tumor necrosis factor a; HOMA-IR: homeostasis model assessment index; NS: Non significant.

For SI units multiply for insulin by 7.175, for cholesterol, LDL and HDL by 0.02586, for triglycerides by 0.01536. Normal values
(range): resistin; 7-16ng/ml, TNF-a; 1.2-7.8pg/ml, adiponectin 28.2-110ng/ml

tion there was a statistically significant difference
in the body weight (p=0.048), body fat (p=0.027),
triglycerides (p<0.001), CRP (p<0.001), TNF-
a (p<0.001), IGF-1 (p<0.001), and isoprostane
(p=0.006) between groups Al and A2.

After controlling for weight level and using analy-
sis of covariance, orlistat was more effective in reduc-
ing triglycerides, p=0.005, CRP (p=0.004), TNF-a
(p<0.0005), and isoprostane and in increasing IGF1
than diet alone (Table 4B).

The data presented in Table 5 indicate a positive
correlation of BMI in the total group of obese women

with waist circumference (r=0.673, p<0.001), %body
fat (r=0.786, p<0.001), insulin(r=0.413, p<0.001),
leptin (r=0.266, p=0.025), HOMA-IR (r=0.459,
p<0.001), resistin (r=0.238, p=0.046), and a nega-
tive correlation of BMI with %free fat mass (r=
-0.734, p<0.001) prior to intervention.

Resistin levels in the total group of obese women
was positively correlated with body weight (r=0.284,
p=0.017), BMI (r=0.245, p=0.039), insulin (r=0.293,
p=0.013), HOMA-IR (r=0.341, and p=0.004), and
negatively with TNF-a (r= -0.238, p=0.046) before
intervention (Table 6).



Diet alone versus diet plus orlistat in obese women

265

Table 4A. Parameters with statistically significant differences be-
tween the groups (Al & A2) after intervention.

Parameter P value
Weight 0.048
Fat 0.027
Trigl <0.001
CRP <0.001
TNF-a <0.001
IGF-1 <0.001
Isoprostane 0.006

Table 4B. Parameters with statistically significant differences be-
tween the groups (Al & A2) after intervention. Adjustment for
weight level using ANCOVA

Comparison P value (ANCOVA)
Group Al vs GroupA2
Trigl <0.001
hsCRP 0.004
TNF-a <0.001
IGF-1 0.001
Isoprostane 0.004

Table 5. Correlations of BMI in the total group with, waist circumference, %fat, %free fat mass, insulin, leptin, HOMA-IR, and resistin

prior to intervention

wC % FAT %FFM INS LEPT HOMA-IR RESISTIN
r 0.673 0.786 -0.734 0.413 0.266 0.459 0.238
p <0.001 <0.001 <0.001 <0.001 0.250 <0.001 0.046

WC: waist circumference; FFM fat- free mass; HOMA-IR: homeostasis model assessment index; INS: insulin; LEPT: leptin

DISCUSSION

Obesity is associated with an increased risk of
development of cardiovascular diseases. Individuals
with a BMI >30Kg/m? have an approximately 4-fold
greater risk of developing cardiovascular disease
than those who have BMI <25Kg/m? The metabolic
perturbations of obesity can promote the process of
atherosclerosis and affect endothelial function as well
as the mechanisms of oxidative stress. In a previous
study™ we showed that weight loss in obese women
achieved by a hypocaloric diet resulted in ameliora-
tion of %fat, insulin levels, inflammation indices
(IL-6 and CRP), and markers of oxidative stress. In
the present study, the levels of inflammation mark-
ers, of adipose tissue related hormones and cytokines
as well as markers of oxidative stress were evaluated
in obese women after intervention, which included

Table 6. Correlations between resistin in the total group of obese
women and body weight, BMI, insulin, HOMA-IR, and TNF-q,
prior to intervention

BW BMI INS HOMA TNF-a
r-Pearson  0.284  0.245 0.293 0341 -0.238
P value 0.017  0.039 0.013 0.004 0.046

either dietary restrictions only (A2 group) or dietary
restrictions plus orlistat (Al group).

Many studies have shown that CRP is a marker
that can predict future cardiovascular events inde-
pendently of more traditional cardiovascular risk fac-
tors, such as plasma lipid levels.’** Because of this,
several investigators have suggested that CRP might
prove useful in clinical practice’™® as an important
pathogenetic factor in atherosclerotic cardiovascular
disease. In addition, CRP predicts the development
of coronary events even after Framingham global
risk is considered.” One link between subclinical
inflammation and CHD may be the metabolic syn-
drome and insulin resistance. In non-diabetic, Insulin
Resistance Atherosclerosis Study (IRAS) subjects,
CRP levels were significantly correlated with cardio-
vascular risk factors.®® In addition, the levels of CRP
were strongly correlated with various parameters
related to the metabolic syndrome (dyslipidemia,
upper body adiposity, insulin resistance, and hyper-
tension).” Furthermore, hyperinsulinemia is related
to the production of free radicals.®** CRP, and other
parameters, such as leptin, resistin, TNF-a, and IL-6,
were high in obese women prior to intervention as
previously reported by our group.™
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In accordance with our previously published data,
leptin levels were increased in obese subjects and
were positively correlated with body weight, BMI
%body fat and negatively with %free fat mass.®> The
levels of resistin were positively correlated with body
weight, insulin levels, and HOMA-IR.

Low values of glutathione peroxidase along with
increased levels of isoprostane in obese women* are
indicative of defective protection mechanisms against
oxidative stress and consequently carry increased
risk for atherosclerosis. Furthermore, low plasma
levels of the anti-inflammatory factor adiponectin
in the obese group also contributes to the increased
cardiovascular risk of these women.

We previously showed> that TNF-a was positively
correlated with hsCRP and isoprostane levels after
weight loss, a finding indicating that the improve-
ment of inflammation factors results in a decrease of
cellular destruction which offers protection against
CVD.

Although adiponectin is secreted only from adi-
pose tissue, its levels are consistently lower in obese
than in lean subjects,* as is also shown in our groups
prior to intervention. This is in contrast to most other
adipocytokines, whose levels are increased in obesity
in proportion to an increase in total body fat mass. It
is possible that, although adiponectin expression is
activated during adipogenesis, a feedback inhibition
on its production may occur during the develop-
ment of obesity. For example, adipocyte expression
and secretion of adiponectin has been shown to be
reduced by TNF-q.

Therefore, it may be reasonable to assume that
increased TNF-a and possibly other adipocytokines
that are expressed in increased amounts in the obese
state may at least be partially responsible for the
decreased adiponectin production in obesity.

IGF-1 levels are lower in obese women, as is also
seen in the values of either group prior to interven-
tion in our study. Subjects with visceral obesity also
demonstrate reduced levels of IGF-1, independently
of total body fat.”” Furthermore, IGF-1 is a known
modulator of endothelial function via induction of
nitric oxide availability.®

After an intervention period of 6 months with
either therapeutic modality applied in our obese
women, there was a significant improvement in the
values of BMI, body weight, W/H ratio, % fat, blood
lipids, insulin, inflammatory markers, adiponectin,
resistin, and IGF-1 as well as in markers related to
oxidative stress.

There is no obvious interpretation for the de-
crease in HDL in group A2 post intervention, a
phenomenon not observed in group Al.

It is of interest to point out that in the group of
obese women in whom the intervention also included
the administration of orlistat, the body weight, %fat
mass, triglycerides, TNF-a, CRP, and isoprostane
were significantly lower and IGF1 was higher than
in the women in whom only dietary restrictions were
applied. No difference in leptin, adiponectin, resis-
tin, insulin or glutathione peroxidase was observed
between the two groups following intervention. The
more favorable effect of orlistat addition to the thera-
peutic regimen on the various parameters, as out-
lined, is not easy to interpret. Is it only a secondary
effect of a more pronounced weight reduction or an
independent effect of induced fat malabsorption?
However, after controlling for weight level and using
analysis of covariance, orlistat was more effective in
reducing triglycerides, p<0.001, CRP (p=0.004),
TNF-a (p<0.001), and isoprostane (p=0.004)and in
increasing IGF1 (p<0.001) than diet alone.

Damci et al® found that the administration of
orlistat to diabetics augments post-prandial increases
of glucagon like peptide—1(GLP-1), which promotes
insulin secretion and action. It is currently unknown
if the administration of orlistat over long periods of
time will continue to provide this beneficial effect.

In conclusion, the data of the present study indi-
cate that individuals with high BMI have increased
levels of markers associated with insulin resistance,
vascular inflammation, oxidative stress, and ath-
erosclerosis. Loss of weight can improve all these
parameters. This effect is more pronounced when
orlistat and dietary restrictions are applied com-
pared to intervention which includes only dietary
restrictions.
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