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Abstract

Obesity is a major risk factor for hypertension, coronary artery disease and type 2 diabetes. Weight loss is associated with significant
metabolic benefits. Our objective was to examine changes in adipocytokines and interleukin (IL) 10 in obese subjects before and after weight
loss. We measured anthropometric parameters, adipocytokine and IL-10 in 78 obese people who had visited obesity clinics at five university
hospitals (Ajou, Ulsan, Catholic, Hanyang and Yonsei) in Korea. They restricted their caloric intake to less than their usual intake (by
500 kcal), were administered sibutramine and were given a program of exercise for 12 weeks. After 12 weeks, weight, body mass index,
waist circumference, hip circumference, waist-to-hip ratio, total body fat, total cholesterol, triglyceride, tumor necrosis factor α (TNF-α),
IL-6, resistin and leptin had significantly decreased, while adiponectin and IL-10 had significantly increased. A bivariate correlation analysis
found that increment in IL-10 and baseline IL-10 levels significantly correlated with decrement in TNF-α (Pb.01) and baseline adiponectin
(r=.52, Pb.001), respectively. These results were confirmed in a multiple regression analysis. The results suggest that weight loss after caloric
restriction and medical treatment in obesity can improve metabolic risk factors through changes in some cytokines.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Obesity, with its associated metabolic pathologies, is the
most common and detrimental metabolic disease in adult
humans. Moreover, obesity is a major risk factor for several
disorders, including hypertension, coronary artery disease,
dyslipidemias and type 2 diabetes. Adipocytes store excess
energy in the form of lipids and are, thus, able to
dramatically change in size in accordance with changing
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metabolic needs. Adipose tissue is also an active endocrine
organ that secretes numerous proteins, including tumor
necrosis factor α (TNF-α), interleukin (IL) 6, resistin,
leptin and adiponectin. These adipocyte-specific or
enriched proteins, termed adipocytokines, exert a variety
of local, peripheral and central effects [1].

IL-10, which is secreted by activated monocytes/macro-
phages and lymphocytes, is known to possess multifaceted
anti-inflammatory properties. It has been shown that IL-10 is
expressed in advanced human atherosclerosis and is
associated with low levels of apoptosis, further supporting
a protective role for this anti-inflammatory cytokine [2]. In
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Table 1
Clinical characteristics of the study population and changes in
anthropometric parameters and lipid profiles after 12 weeks

Baseline After 12 weeks P

n 78 78
Sex (male:female) 37:41
Age (years) 38.5±11.8
Weight (kg) 87.9±15.4 81.7±16.2 b.001
BMI (kg/m2) 32.2±3.5 29.9±4.0 b.001
Waist circumference (cm) 100.6±9.8 95.2±13.9 b.001
Hip circumference (cm) 107.9±6.9 104.1±7.3 b.001
WHR 0.93±0.05 0.91±0.10 .038
Total body fat (%) 39.2±8.2 35.5±8.0 b.001
Total cholesterol (mmol/L) 5.09±0.9 4.80±0.93 b.001
Triglycerides (mmol/L) 1.88±1.24 1.54±1.06 .007
HDL-cholesterol (mmol/L) 1.17±0.26 1.18±0.27 .664
LDL-cholesterol (mmol/L) 3.12±0.82 3.01±1.28 .364

Data are presented as mean±S.D.
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addition, endogenous IL-10 provides an important counter-
balance to mechanisms that produce endothelial dysfunction
during diabetes [3].

Since obesity is considered to be a pro-inflammatory
state, serum levels of some cytokines may vary according
to the degree of weight loss in obese individuals. In the
present study, this hypothesis was tested by measuring
several anthropometric and biologic parameters, together
with serum concentrations of TNF-α, IL-6, resistin, leptin,
adiponectin and IL-10, in obese subjects before and after
weight loss.
able 2
hanges in biologic parameters after 12 weeks

Baseline After 12 weeks P

NF-α (pg/ml) 2.94±0.90 2.48±0.68 b.001
-6 (pg/ml) 2.50±0.81 2.20±0.86 .001
esistin (ng/ml) 3.95±1.02 3.45±0.93 b.001
eptin (ng/ml) 12.20±3.22 10.84±3.07 b.001
diponectin (μg/ml) 11.96±3.65 12.47±3.92 .001
-10 (pg/ml) 12.02±4.44 13.50±5.49 .041

ata are presented as mean±S.D.
2. Materials and methods

2.1. Subjects

Thirty-seven male and 41 female obese subjects [body
mass index (BMI) ≥27 kg/m2 with comorbid hypertension,
diabetes or dyslipidemia; or BMI≥30 kg/m2], ranging in age
from 18 to 65 years, who had visited obesity clinics at five
university hospitals (Ajou, Ulsan, Catholic, Hanyang and
Yonsei) in Korea were enrolled in the study. Exclusion
criteria were as follows: a history of uncontrolled hyperten-
sion, uncontrolled diabetes, cardiovascular disease, malig-
nancy, hepatic disease, renal disease and/or endocrine
disease affecting body weight, and/or use of medication
affecting body weight within the prior 3 months.

All participants gave written consent to participate in the
study, which was approved by the local ethics committee.

2.2. Study design

The subjects visited an obesity clinic and restricted their
caloric intake to less than their usual intake (by 500 kcal).
They were also administered 10–15 mg of sibutramine (a
potent reuptake inhibitor of noradrenaline and serotonin that
inhibited food intake) and took part in an exercise program
(physical activity of moderate intensity, such as brisk
walking). Total daily calorie intake was determined using
the 24-h recall method. Diet and physical activity were
monitored by clinical dieticians.

Weight, BMI, waist circumference and total body fat (by
dual X-ray absorptiometry) were measured on the first visit
and after 12 weeks of follow-up. Serum levels of
adipocytokines (TNF-α, IL-6, resistin, leptin and adiponec-
tin) and IL-10 were measured at these times as well, as were
total cholesterol, triglyceride and high-density lipoprotein
(HDL) cholesterol levels. Low-density lipoprotein (LDL)
cholesterol levels were calculated by applying the Friede-
wald formula: LDL-cholesterol=total cholesterol−(HDL-
cholesterol+triglycerides/5).

TNF-α, IL-6 and IL-10 were measured using an enzyme-
linked immunosorbent assay (ELISA) kit (R&D Systems,
Minneapolis, MN, USA). Leptin and adiponectin were
measured with a radioimmunoassay kit (Linco Research,
St. Charles, MO, USA). Resistin was measured with ELISA
(Linco Research).

2.3. Statistical analysis

Statistical analysis was performed using SPSS 12.0
(SPSS, Inc., Chicago, IL, USA). All data are presented as
mean±standard deviation, and statistical significance was
established as Pb.05. A comparison between variables
before and after weight loss was assessed by paired t test.
Correlations between parameters were assessed using
bivariate correlation analysis (Pearson correlation coeffi-
cient) and multiple regression analysis.
3. Results

The characteristics of study subjects and baseline
anthropometric parameters (obese status, before weight
loss) are shown in Table 1. The study population consisted
of 78 individuals (37 men, 41 women) with an average age of
38.5±11.8 years (Table 1).

Weight, BMI, waist circumference, hip circumference,
waist-to-hip ratio (WHR), total body fat, total cholesterol and
triglyceride significantly decreased after 12 weeks of
treatment with diet, medication and exercise (Table 1).
LDL-cholesterol tended to decrease (P=.364), and HDL-
cholesterol slightly but not significantly (P=.664) increased
after 12 weeks (Table 1). The average weight reduction was
6.l kg. Not only total body fat but also waist circumference
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Table 3
Correlation between changes in anthropometric and biologic parameters

ΔTNF-α ΔIL-6 ΔResistin ΔLeptin ΔAdiponectin ΔIL-10

ΔWeight .07 .24 ⁎⁎ .37 ⁎⁎⁎ .21 −.27 ⁎⁎ −.14
ΔBMI .09 .14 .31 ⁎⁎⁎ .16 −.15 −.14
ΔWaist .09 .07 .11 .12 −.05 −.03
ΔBody fat .02 −.01 .01 −.18 −.02 −.13
ΔTNF-α – .33 ⁎⁎⁎ .20 .28 ⁎⁎ .15 −.32 ⁎⁎⁎
ΔIL-6 .33 ⁎⁎⁎ – .12 −.04 .04 −.30 ⁎⁎⁎
ΔResistin .20 .12 – .13 .45 ⁎ .03
ΔLeptin .28 ⁎⁎ −.04 .13 – −.04 −.05
ΔAdiponectin .15 .04 .45 ⁎⁎⁎ −.04 – .21 ⁎

ΔIL-10 −.32 ⁎⁎⁎ −.30 ⁎⁎⁎ .03 −.05 .21 ⁎ –

Data presented are Pearson correlation coefficients.
⁎ P=.06.
⁎⁎ Pb.05.
⁎⁎⁎ Pb.01.
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decreased significantly. Thus, the study subjects had both
lower total body weight and improved central obesity.

At the end of 12 weeks, TNF-α, IL-6, resistin and leptin
had significantly decreased in parallel with weight loss,
while adiponectin and IL-10 had significantly increased
(Table 2). These results led us to evaluate the correlation
between anthropometric and biologic parameters.

Bivariate correlation analysis showed that decrement in
weight (Δweight) significantly correlated with decrements
in IL-6 (ΔIL-6) and resistin (Δresistin) and with increment in
adiponectin (Δadiponectin) (Table 3). In addition, decrement
in IL-6 significantly correlated with decrement in TNF-α
(ΔTNF-α) (Table 3). The correlations between several
other anthropometric and biologic parameters are shown in
Table 3. Of particular interest is the correlation between
increment in IL-10 (ΔIL-10) and changes in other
adipocytokines. The IL-10 increment significantly correlated
with the TNF-α decrement and showed a tendency to
correlate with the adiponectin increment (P=.06; Table 3).
Bivariate correlation was also used to analyze the relation-
ship between baseline anthropometric parameters (obese
status, before weight loss) and baseline biologic parameters.
Baseline IL-6 significantly correlated with baseline TNF-α
(Pearson correlation coefficient r=.29, P=.01), and baseline
IL-10 very significantly correlated with baseline adiponectin
(r=.52, Pb.001). However, no correlation was detected
between baseline levels of IL-10 and TNF-α.

Multiple regression analysis was then used to evaluate
independent correlations and dependencies between para-
meters. The decrement in weight independently correlated
with the decrement in resistin (Pb.001) and with the
increment in adiponectin (Pb.001). In addition, the decrement
in IL-6 independently correlated with the decrement in TNF-
α (P=.02). The increment in IL-10 independently correlated
with the decrement in TNF-α (P=.019) and showed a
tendency to correlate with the increment in adiponectin
(P=.054). Baseline IL-6 independently correlated with base-
line TNF-α (P=.01), and baseline IL-10 independently
correlated with baseline adiponectin levels (Pb.001).
4. Discussion

IL-10 has numerous anti-inflammatory properties, includ-
ing inhibition of the prototypic pro-inflammatory transcrip-
tion factor nuclear factor κB, leading to suppressed cytokine
production [4], inhibition of matrix-degrading metallopro-
teinase [5], reduction of tissue factor expression [6],
inhibition of apoptosis of macrophages and monocytes
after infection [7,8], and promotion of the phenotypic
switching of lymphocytes to Th2 phenotype [9]. The
secretion of IL-10 by activated monocytes/macrophages
and lymphocytes and the involvement of these cells in
human atherosclerosis have led to the hypothesis that IL-10
is produced locally in plaques and may offer protection from
an excessive pro-inflammatory response that would result in
further damage [2]. Heeschen et al. [10] reported that
elevated serum IL-10 levels in patients with acute coronary
syndromes are associated with a more favorable prognosis.
Gunnet et al. [3] reported that IL-10 provided some
protection against endothelial dysfunction during diabetes
by inhibiting the increase in O2

− in blood vessels. Therefore,
IL-10 has been considered to be a “good” and protective
cytokine in human metabolism [11].

Since obesity is classically viewed as a pro-inflammatory
state, we hypothesized that serum IL-10 levels increase
according to the degree of weight loss in obesity, with
simultaneous improvement in accompanying metabolic
derangements. In the present study of obese subjects, weight
loss after caloric restriction and medical treatment has been
shown to increase circulating levels of the anti-inflammatory
cytokine IL-10. In 2003, Esposito et al. [12] showed that
circulating levels of IL-10 were elevated in obese women
and that low levels of the cytokine were associated with
metabolic syndrome. These authors speculated that the
higher IL-10 levels observed in obese women represented
the body's attempt to inhibit continued pro-inflammatory
cytokine production, which, however, failed in individuals
with low innate IL-10 production, as occurs in metabolic
syndrome [12]. Our study is not a case–control analysis, and
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since our subjects were not specifically evaluated for
metabolic syndrome, we could not determine whether
baseline IL-10 level was elevated. Esposito et al. [12] also
reported that changes in lifestyle aimed at reducing body
weight and increasing physical activity over 1 year
significantly reduced high circulating IL-10 levels in
obese women without metabolic syndrome, while Mani-
grasso et al. [13] reported no significant change in IL-10
levels after an observed reduction in the body weight of
android obese women. Recently, Ugochukwu and Figgers
[14] reported that IL-10 levels significantly increased after
caloric restriction in rats, and our results showed a
significant increase in IL-10 levels after weight loss in
humans. Several reasons may explain the differences
between findings. The first is that, in the study of Esposito
et al. [12], changes in IL-10 levels were not evaluated in 12
(46%) obese women who had metabolic syndrome at
baseline but who were not considered to have metabolic
syndrome after weight loss. However, it may well be that
IL-10 levels in these 12 obese women were indeed elevated
after weight loss. In our study population, we did not
distinguish between metabolic syndrome and simple
obesity. Nonetheless, our results suggest that IL-10 has
“good” and protective effects, as evidenced by increases in
this cytokine in accordance with the degree of weight loss
and improvement in associated metabolic derangements.
The second possible reason for the discrepancy is that, in
the two abovementioned reports, the study populations
were composed only of women, whereas nearly an equal
number of men (47%) and women participated in our
study. Since the degree of cardiovascular risk is known to
be influenced by sex, differences in the gender composition
of the study population may have led to differing
conclusions. The third possible reason are the different
study periods. The study of Esposito et al. [12] was carried
out over 12 months, whereas our study period was only
12 weeks; thus, the length of the period of weight
reduction may have influenced metabolic changes.

Wolf et al. [15] reported that the incubation of primary
human monocytes and macrophages with adiponectin
significantly induced IL-10 production. In our study, base-
line IL-10 independently correlated with baseline adiponec-
tin (Pb.001), and the increment in IL-10 showed a tendency
to correlate with that of adiponectin (P=.054). Our findings
therefore provide additional evidence for the role of
adiponectin in modulating human monocytes and macro-
phages toward an anti-inflammatory phenotype by inducing
IL-10 in human obesity. It may also be the case that
adiponectin modulates the immune response by modulating
macrophage function.

Yokota et al. [16] studied adiponectin and TNF-α in
human macrophages and reported that adiponectin attenu-
ated TNF-α production in these cells. Although we did not
find a correlation between adiponectin and TNF-α, it may
well be that TNF-α is associated with IL-10 since both
cytokines are secreted by macrophages and since adiponectin
is known to be associated with IL-10 and TNF-α. Juge-
Aubry et al. [17] demonstrated that IL-10 is secreted by
explants of human white adipose tissues and is up-regulated
by TNF-α in vitro, as well as in obese humans and rodents.
They speculated that induction of IL-10 by TNF-α represents
a counterregulatory effect, limiting the pro-inflammatory
action of this cytokine. In our study, however, the increment
in IL-10 independently correlated with the decrement in
TNF-α (P=.019), suggesting that IL-10 closely correlated
with TNF-α not only in terms of up-regulation but also as a
counterregulatory effect. Accordingly, the improvement in
metabolic derangements experienced by our obese study
subjects following weight reduction may have been
mediated by the increment in IL-10 and the decrement in
TNF-α in macrophages, as was reported to be the case for
adiponectin [16].

In another study, a decrease in IL-6 significantly
correlated with a decrease in TNF-α after weight loss in
morbidly obese patients [18]. Similarly, in our study, the
decrement in IL-6 independently correlated with the
decrement in TNF-α (P=.02). We therefore conclude that
weight loss in obesity induces a significant decrease in the
levels of the pro-inflammatory cytokines IL-6 and TNF-α
through metabolic improvement.

In this study, the levels of total cholesterol and
triglycerides decreased significantly following weight loss.
In addition, LDL-cholesterol tended to decrease (P=.364)
and HDL-cholesterol slightly but not significantly (P=.664)
increased after 12 weeks (Table 1). Therefore, we think that
weight loss after caloric restriction and medical treatment
decreases obesity-related metabolic risk by improving
metabolic parameters, such as lipid profile. These results
concur with previous findings [19,20].

In summary, this study shows, for the first time, that
weight loss after caloric restriction and medical treatment
increases serum IL-10 levels in obese humans. Our results
strongly suggest that weight reduction in obesity can improve
metabolic risk factors through changes in some cytokines.
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