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Abstract. The aim of this study was to evaluate the effect of a six-month lifestyle intervention on adiponectin, resistin, and
two soluble forms of tumor necrosis factor-a receptor (sSTNFR) in obese adolescents. A total of 54 obese adolescents aged
10 to 16 years completed the program. Twenty-four adolescents with normal weight at baseline were used as a control
group. Our results demonstrated that obese adolescents had abnormal lipid profile, homeostasis model assessment (HOMA)
index, adiponectin level (5.6+2.7 vs. 7.6£2.9 pg/mL, p=0.005) as well as resistin level (31.0£9.0 vs. 24.3+8.5 ng/mL,
p=0.003), whereas levels of both sSTNFRs were similar to those in normal weight subjects. After the six-month lifestyle
intervention, obese adolescents had a slight but significant drop in standard deviation score-body mass index (SDS-BMI),
a significant decrease in waist circumference, total cholesterol, triglycerides, HOMA index, as well as resistin, and a
significant increase in adiponectin and high-density lipoprotein-cholesterol. In adolescents without decreased SDS-BMI,
no change was observed in adipokines. Changes in adiponectin correlated negatively with changes in waist circumference
(r=—0.275, p=0.044). Changes in resistin correlated positively with changes in triglycerides (r=0.302, p=0.027). The study
demonstrated the increase of resistin and the decrease of adiponectin in obese adolescents. Lifestyle intervention improved
adipokine abnormalities in obese subjects.
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THE PREVALENCE of childhood and adolescent
obesity is increasing worldwide. Childhood obesity is
directly linked to abnormalities in blood pressure, lip-
ids, and insulin action in later life as well as to the risk
of diabetes mellitus and cardiovascular diseases [1-2].

It is now well recognized that adipose tissue is an
endocrine organ that secretes a variety of biologi-
cally active adipokines such as adiponectin, resistin
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and tumor necrosis factor (TNF)-oa. Both adiponectin
and resistin contribute to the pathophysiology of obe-
sity-linked disorders through their ability to modulate
inflammatory and metabolic process [3-4]. In most
studies, concentrations of these adipokines are altered
in the presence of obesity, with reduced adiponectin
levels and increased resistin concentrations [5-7].
TNF-a is cytokine involved in regulation of the
whole-body carbohydrate and lipid metabolism. One
of main metabolic effects of TNF-a action is the devel-
opment of insulin resistance [8-9]. Two cell sur-
face TNF-a were describe in humans, TNFR1 (p60)
and TNFR2 (p80), soluble forms of those receptors
(sTNFR1 and sTNFR2) are present in plasma. Plasma
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TNF-a values are usually low and do not give the pre-
cise information about its auto- and paracrine action. It
is supposed that circulation levels of these receptors are
recognized markers of activity of TNF-a system [10].
However, TNFR implication in obesity is still a matter
of debate. In human studies, increased or no change of
plasma levels of both receptors were reported in previ-
ous studies [11-13].

It is widely recognized that lifestyle interven-
tion with modification of dietary habits and physi-
cal activity is the most important measure to modify
weight excess in childhood and adolescence [14-16].
Although several studies have been conducted to date
on the effects of lifestyle modification on adipokines
and inflammatory biomarkers [17-18], very few have
focused on resistin and sSTNFR in obese adolescents.
Therefore, the aims of this study were: 1) to compare
adiponectin, resistin, STNFR1 and sTNFR2 serum
levels between obese adolescents and adolescents
with normal body mass index (BMI), 2) to investigate
changes in anthropometrics, lipid profiles, HOMA,
adipokines after six-month lifestyle intervention, 3) to
evaluate whether the observed changes in adipokines
was associated with the changes in anthropometrics,
lipid profiles and HOMA.

Materials and Methods

Subjects

Obese adolescents were consecutively recruited in
Hospital Infantil de México Federico Gomez. Obesity
was defined as BMI in excess of the 95 percentile
according to age and sex (using the percentile charts
of the Center for Disease Control and Prevention for
the assessment of somatic development in children and
adolescents). Normal weight adolescents (10<BMI<85
percentile) were invited from obese subject’s friends
including their classmates. Children with endocrine
disorders, familial hyperlipidemia, hypertension, dia-
betes, pharmacological treatment were excluded from
the study. The study protocol was approved by the
Committee for Ethics and Control of Hospital Infantil
de México Federico Gomez. Parents and children were
informed as to the nature and purpose of the study.
Parents gave their written informed consent. Children
gave their consent verbally.

Overview of the protocol
All participants for the study were asked to fill out a
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questionnaire concerning their eating and exercise hab-
its. Body weight was measured in underwear to the
nearest 0.1 kg using a calibrated balance scale. Height
was measured to the nearest centimeter using a rigid sta-
diometer. BMI was calculated as body weight in kilo-
grams divided by the square of height in meters. Blood
pressure was measured according to the guidelines of
the National High Blood Pressure Education Program.
Systolic and diastolic blood pressure were measured
twice at the right arm after a 10-min rest in the supine
position using a calibrated sphygmomanometer and then
averaged. Waist circumference was measured at a level
midway between the lower rib margin and iliac crest
with the tape all around the body in horizontal position.
For analysis, 6 mL of blood was taken from the left
cubital vein, which was a morning sample taken before
breakfast (from 8:00 am to 9:00 am), after an over-
night 12hrs fast. The serum for adiponectin, resistin,
sTNFR1 and sTNFR2 analysis were frozen and kept at
a temperature of -70 °C until analysis was performed.
The concentrations of glucose, cholesterol, triglycer-
ide and HDL-cholesterol were measured by standard
enzymatic assay in our hospital’s central laboratory
using standard laboratory instruments (Dimension-
RXL, Dade, Behring, Germany). The concentration
of insulin was determined by solid-phase, two-site
chemiluminescent immunometric assay (Immulite,
Diagnostic Products Corp., Los Angeles, CA). The
serum concentrations of adiponectin and resistin were
determined by enzyme-lined immunosorbent assay
(ELISA; Millipore, USA). The concentrations of
sTNFR1 and sTNFR2 were measured with commer-
cially available ELISA kits (Bender MedSystems,
Austria). Insulin resistance was calculated by homeo-
stasis model assessment: HOMA-IR = [insulin (mU/L)
xglucose (mM/L)]/22.5. For all obese subjects, the
protocol was repeated at 6 monthly intervals. The nor-
mal-weight subjects were studied only at baseline.

Lifestyle intervention

Of the total 70 obese subjects were recruited, 54 sub-
jects completed 6 months of follow-up, with 16 losses
(22.9%). Several subjects did not continue the proto-
col for unspecified reasons and could not be reached for
follow-up; several subjects were not able to continue
because they changed address and lived far away from
the hospital. Therefore, the baseline values of only 54
subjects, who completed intervention, were presented
and compared with normal-weight healthy subjects.
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All of the participants with obesity attended a
6-month lifestyle intervention program, which was
directed by a registered nutritionist and supervised by a
physician. Compliance with the lifestyle changes was
achieved by a combination of good dietary practices,
physical activity, behavioral counseling (in consultation
with a clinical psychologist), and active involvement of
the family. During the course, participants received diet
instruction and physical training once a week.

The parents of the adolescents participated in 4
intensive lifestyle support sessions (once a week in
the first month), then 1 monthly 15-minute individual
telephone sessions. These sessions focused on life-
style knowledge and skills as follows: family focused
healthy eating with specific core food serve recom-
mendations, monitoring, label reading, snacks, modi-
fying recipes, being active in a variety of ways, roles
and responsibilities around eating, managing appetite,
self-esteem, and teasing.

The main aim of obesity treatment is to achieve
an ideal weight for a given height, at the same time
ensuring the required supply of nutrients to avoid
interfering with growth. Moderate obesity requires
nutritional intervention, with a low-calorie diet cal-
culated on the basis of age and aimed at maintaining
body weight while not impairing growth, thus achiev-
ing a decrease in BMI. The nutrition counseling was
based on healthy food selections, emphasizing reduced
carbohydrate and fat consumption. The aims were
to reduce dietary fat as well as sugar-based carbon-
ated drink intake, together with increase in vegetables
and fruits with rich fiber. Severe obesity may require
restriction of diet to 20% of the diet recommended for a
healthy age- and sex-matched child. The severe obese
subjects are offered an optimized balanced diet pre-
pared according to guidelines (30%, 15% and 55% of
the total energy content from fat, proteins and carbo-
hydrates, respectively), with an allowed energy intake
of 1,250-1,800 kcal per day, depending on height and
sex. Additionally, the obese children and family are
required to participate in theoretical and practical les-
sons on healthy eating, physical activity and behavior
change skills based on the cognitive-behavioral theory.
The subjects were advised to perform brisk walking for
30 min daily during the first two weeks. Thereafter, the
duration of activity was progressively increased to one
hour by the third week. Participants were also encour-
aged to undertake moderate-intensity physical activity
(cycling, jogging, and swimming) at least 5 times per

week in addition to the daily walking.

Statistical analysis

Statistical analysis was performed with the use of the
computer program SPSS 17.0. The unpaired Student’s
t-test and the Mann-Whitney U test were used for vari-
ables normally distributed or not normally distributed,
respectively. The data are presented as mean values
with standard deviations. Baseline and post-interven-
tion values were compared using the paired #-test or the
Wilcoxon signed ranks test variables with distributions
significantly deviating from normal. Changes in vari-
ables after intervention were calculated as values after
intervention subtract values at baseline. Correlation
between variables at baseline or changes before and
after intervention was analyzed by Pearson. Variable
changes after intervention (%) = (value after interven-
tion - value at baseline) x100/value at baseline. All p
value resulted from 2-side statistical tests and < 0.05
was considered statistically significant.

Results

General characteristics of the study population at
baseline

The clinical and biochemical characteristics of these
two groups are shown in Table 1. The two groups did
not differ in gender distribution, age, and tanner stage.
Compared with normal-weight adolescents, obese ado-
lescents had significantly higher levels of weight, BMI,
BMI percentile, and SDS-BMI. The obese also showed
higher levels in blood pressure, triglycerides, insulin
and HOMA-IR and reduced in HDL-cholesterol. The
levels of total cholesterol and glucose were numerically
higher in obese adolescents compared with those in
normal-weight adolescents. The obese group also pre-
sented significantly higher levels of resistin and lower
levels of adiponectin in comparison with normal-weight
subjects, no difference in STNFR1 and sTNFR2 was
observed between two studied groups (Table 1).

The gender difference in the two studied groups has
been evaluated, the boys with normal weight showed
numerical higher levels in SBP than the girls (p=0.052).
In obese adolescents, the girls presented higher BMI than
the boys (p=0.044). Moreover, obese girls showed ten-
dency in reduced levels of HDL-cholesterol (p=0.062)
than the obese boys (Table 2). No gender-related dif-
ference in other anthropometrics, lipid profile or adi-
pokines was observed in studied subjects (Table 2).
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Table 1 The characteristics of the studied groups at baseline

Nornrllazl 2\Zelght Obeseneisbfsehne p value
Age (year) 13.542.1 13.6+1.3 0.780
Sex (female/male) 13/11 22/32 0.277
Tanner stage (1/2/3/4) 6/7/4/7 10/23/13/8 0.559
Weight (kg) 47.6+9.8 73.7+14.1 <0.001
Height (cm) 155.8+10.5 154.2+7.8 0.457
BMI (kg/m?) 19.442.2 30.9+5.6 <0.001
BMI percentile 53.9+19.5 97.5+1.8 <0.001
SDS-BMI 0.1+0.5 2.1+0.3 <0.001
Heart rate (beat/min) 73.9+4.0 79.2+7.1 0.001
SBP (mmHg) 98.3+8.2 106.4+9.4 0.001
DBP (mmHg) 63.8+6.5 67.3+7.5 0.050
HDL-cholesterol (mg/dL) 50.3£15.9 43.1£9.5 0.016
Total cholesterol (mg/dL) 156.3£29.3 171.3+48.0 0.160
Triglycerides (mg/dL) 91.4+39.4 144.9+58.2 <0.001
Glucose (mg/dL) 85.2+8.1 91.0£16.5 0.104
Insulin (mU/L) 7.0+4.6 25.6+12.9 <0.001
HOMA 1.5+1.0 5.9+3.4 <0.001
Adiponectin (ug/mL) 7.6£2.9 5.6+2.7 0.005
Resistin (ng/mL) 24.348.5 31.0+9.0 0.003
sTNFR1 (ng/mL) 1.0+0.1 1.2+0.2 0.469
STNFR2 (ng/mL) 37.2+3.6 32.9+4.3 0.535

Values are shown as mean and standard deviation.

BMI, body mass index; SDS-BMI, standard derivation score-body mass index; SBP, systolic blood pressure;
DBP, diastolic blood pressure; HDL, high-density lipoprotein;, HOMA, homeostasis model assessment;
sTNFR, soluble form of tumor necrosis factor-a receptor.

Table 2 Gender difference in the studied groups at baseline

Normal Weight Obese at baseline
boys girls p value boys girls p value

n 11 13 32 22

Age (year) 13.6+2.1 13.4+2.2 0.78 13.4+1.4 13.9+1.2 0.136
Tanner stage (1/2/3/4) 2/3/3/3 4/4/1/4 0.613 9/13/6/4 1/10/7/4 0.669
Weight (kg) 48.2+11.2 47.1+£8.9 0.795 71.7£15.1 76.6+12.2 0.217
Height (cm) 156.8+11.2  155.0+10.1 0.679 155.2+8.3 152.9+7.0 0.287
BMI (kg/m?) 19.3+2.3 19.442.1 0.895 29.7+5.6 32.8+5.2 0.044
BMI percentile 52.8+£20.7 54.9+19.1 0.794 97.3+1.7 97.7+1.9 0.433
SDS-BMI 0.07+0.57 0.13£0.51 0.789 2.02+0.33 2.10+0.33 0.383
Heart rate (beat/min) 73.3+4.6 74.5+3.4 0.475 79.8+6.7 78.3+7.6 0.459
SBP (mmHg) 101.8+8.7 95.44+6.6 0.052 105.5+9.3 107.7+9.6 0.39
DBP (mmHg) 65.4+6.9 62.3£6.0 0.243 66.5+7.5 68.4+7.5 0.352
HDL-cholesterol (mg/dL)  48.8+15.1 51.5+17.2 0.695 45.1x10.5 40.2+7.0 0.062
Total cholesterol (mg/dL)  156.1+28.8  156.5+30.8 0.976 174.5£52.7  166.8+40.8 0.567
Triglycerides (mg/dL) 89.0+51.5 93.4+27.4 0.792 134.5+49.4  160.0+67.3 0.114
Glucose (mg/dL) 86.6+9.0 83.9+7.3 0.423 91.0+14.0 91.0+19.9 1
Insulin (mU/L) 7.6+3.6 6.5+5.4 0.583 24.0+12.8 27.9+12.9 0.286
HOMA 1.6+0.9 1.4+£1.2 0.536 5.543.1 6.4+3.7 0.342
Adiponectin (ng/mL) 6.7+2.6 8.44+2.9 0.149 5.542.7 5.8+2.7 0.755
Resistin (ng/mL) 22.9+8.6 25.448.6 0.493 30.9+9.0 31.1£9.1 0.924
sTNFR1 (ng/mL) 1.0+0.2 0.9+£0.4 0.538 1.4+0.4 1.0£0.1 0.356
STNFR2 (ng/mL) 39.6+4.2 35.245.8 0.554 31.1£5.2 35.6+7.5 0.614

Values are shown as mean and standard deviation.
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Table 3 The Pearson correlation between aidpokines and anthropometric variables or
metabolic profile in all subjects at baseline
Adiponectin Resistin sTNFR1 sTNFR2

Age -0.049 0.280" -0.028 -0.046
Weight -0.300™ 0.394™ -0.004 0.088
Height 0.084 0.064 -0.114 0.019
BMI -0.349"" 0397 0.038 0.066
SDS-BMI -0.343™ 0.373™ 0.067 0.056
BMI percentile -0.290" 0.335™ 0.069 0.081
HR -0.182 0.245" 0.167 0.003
SBP -0.359" -0.031 0.009 -0.08
DBP -0.192 -0.035 0.147 -0.041
HDL-cholesterol 0309 -0.264" 0.065 0.056
Cholesterol -0.13 0.048 -0.063 -0.102
Triglycerides -0.268" 0.133 -0.165 -0.075
Glucose -0.079 -0.043 -0.026 0.034
Insulin -0.311™ 0.294™ -0.019 -0.097
HOMA -0.288" 0.252" -0.025 -0.099

"p<0.05, “"p<0.01

Correlation among variables in all participants at
baseline

Pearson analysis was performed in all studied sub-
jects at baseline. The values of adiponectin were asso-
ciated significantly with weight, BMI, SDS-BMI, BMI
percentile, systolic blood pressure, triglycerides, insu-
lin and HOMA in negative manner and with HDL-
cholesterol in positive manner (Table 3). The levels of
resistin were associated with age, weight, BMI, SDS-
BMI, BMI percentile, heart rate, insulin and HOMA
in positive way and with HDL-cholesterol in nega-
tive way (Table 3). No significant correlation was
observed among the receptors of TNF-a and anthropo-
metrics, lipid profile and HOMA (Table 3).

Effect of six-month lifestyle intervention in obese
adolescents

Of the all obese adolescents who completed the pro-
gram, 38 (70.4%) attained a decrease in standard der-
ivation score-body mass index (SDS-BMI), while 16
(29.6%) maintained or increased their SDS-BMI. The
clinical parameters of these two subgroups were shown
in Table 4.

At baseline, gender, pubertal stage, age, BMI, BMI
percentile, and SDS-BMI did not differ significantly
between the adolescents with and without reduced
SDS-BMI. No difference of systolic and diastolic blood
pressure, lipid profile, insulin and HOMA between the
two subgroups except the higher heart rate in obese ado-
lescents with stable or increased SDS-BMI (Table 4).

No statistical difference in adiponectin, resistin and
two receptors of TNF was observed in these two obese
subgroups at baseline.

After six-month lifestyle modification, in the obese
adolescents with decreased SDS-BMI, a significant
reduction of total cholesterol, triglycerides, glucose,
insulin, as well as HOMA and resistin was observed.
Furthermore, concentrations of HDL-cholesterol and
adiponectin increased significantly (Table 4). No
changes were found in TNFR1 and TNFR2. In the
obese adolescents with stable or increased SDS-BMI,
a significant slight increase was observed in BMI, BMI
percentile and SDS-BMI before and after intervention.
No significant change was observed in lipid profile,
insulin, HOMA, and adipokines (Table 4).

The gender effect of lifestyle intervention was also
estimated in obese adolescents with reduced SDS-BMI
(Table 5). Girls were older and had a more advanced
pubertal development than boys.  After six-month
lifestyle intervention, girls had more reductions in
weight, BMI, BMI percentile and SDS-BMI than boys.
However, no significantly different effects between
boys and girls were observed in lipid profile, insulin
resistance and adipokines except for diastolic blood
pressure with more drops for girls (Table 5).

Correlations of the magnitude of changes between
different parameters

Regarding all 54 patients who completed six-month
lifestyle intervention, changes in adiponectin corre-
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Table 4 The characteristics of the obese subjects with or without decreased SDS-BMI before and after

6-month lifestyle intervention

Huang et al.

SDS-BMI decreased

SDS-BMI stable or increased

n 38 16
Age (y) 13.9+1.7 13.541.2
Sex (F/M) 14/24 8/8
Tanner Stage (/1/2/3/4) 8/15/10/5 2/8/3/3

Baseline  After 6-month  p value Baseline After 6-month  p value
BMI (kg/m?) 30.9£6.0 28.8+4.5 0.001 31.1+5.0 33.0+6.1 0.002
BMI percentile 97.5+1.7 95.9+2.9 <0.001 97.4+1.9 97.9+1.6 0.008
SDS-BMI 2.05+0.3 1.84+0.3 <0.001 2.06+0.4 2.15+0.4 0.002
Waist circumference (cm) 98.6+11.4  94.4+10.9 <0.001 103.0£15.8  104.1£12.7 0.566
Heart rate (beat/min) 77.7+6.3 78.1+6.9 0.517 82.8+7.6 79.2+5.3 0.057
SBP (mmHg) 105.549.7  105.1+8.6 0.842 108.4+8.5  106.2£9.4 0.323
DBP (mmHg) 66.5£7.3 66.3+6.8 0.847 69.1+7.8 67.5£9.8 0.57
HDL-cholesterol (mg/dL) 43.4+10.8 48.6+8.8 0.001 42.4+5.6 44.4+48.5 0.443
Total cholesterol (mg/dL) 177.2£53.2  158.0£33.4 0.001 157.5+29.4  156.5+23.3 0.881
Triglycerides (mg/dL) 144.8+65.6  129.5+£51.4 0.018 144.9£36.3  146.2+48.4 0.887
Glucose (mg/dL) 91.6+16.3 84.7+8.9 0.02 89.6£17.2  86.3£10.3 0.33
Insulin (mU/L) 25.4+12.4 17.4+9.4 <0.001 26.1+x14.4  22.7+10.0 0.105
HOMA 5.8+3.0 3.743.0 <0.001 6.1+4.3 49+£2.4 0.121
Adiponectin (pg/mL) 5.542.4 7.6£3.6 <0.001 5.943.3 5.842.5 0.788
Resistin (ng/mL) 30.549.3 27.0+6.7 <0.001 32.3482 29.8+6.8 0.248
sTNFR1 (ng/mL) 1.2+0.3 1.2+0.1 0.843 1.1+0.1 1.3+0.2 0.054
STNFR2 (ng/mL) 31.3+5.3 32.3+5.5 0.622 36.9+7.3 40.849.0 0.344

Values are shown as mean and standard deviation.

Table 5 The gender effect of lifestyle intervention in the obese adolescents with decreased SDS-BMI

Boys Girls p value

n 24 14

Age (y) 13.2+1.1 14.1+1.1 0.017
Tanner Stage (/1/2/3/4) 8/10/4/2 0/5/6/3 0.006

Variable changes (%)

Weight (kg) 1.3+4.4 -6.5+8.2 0.001
Height (cm) 2.3+2.1 2.4+3.8 0.915
BMI (kg/m?) -3.2+39 -10.3£11.2 0.007
BMI percentile -0.9+1.1 27427 0.006
SDS-BMI -6.5£5.6 -16.5£12.6 0.002
Waist circumference (cm) -4.7+4.1 -3.4+4.0 0.346
Heart rate (beat/min) 0.5+12.9 49+12.8 0.318
SBP (mmHg) 2.7£11.0 -3.5+12.7 0.121
DBP (mmHg) 3.9+12.8 -5.1£10.9 0.033
HDL-cholesterol (mg/dL) 14.3+19.2 16.1+£20.9 0.796
Total cholesterol (mg/dL) -9.6£15.7 -5.2+15.0 0.403
Triglycerides (mg/dL) -3.9+30.4 -5.7+24.6 0.851
Glucose (mg/dL) -7.4+13.6 -2.5+15.7 0.345
Insulin (mU/L) -29.6+22.3 -22.2431.5 0.452
HOMA -33.9+£25.9 -22.2+42.6 0.365
Adiponectin (pg/mL) 83.6+£150.1 38.8+£62.3 0.297
Resistin (ng/mL) -6.4+33.7 -5.5¢19.7 0.931
sTNFR1 (ng/mL) 26.0+15.2 38.9+18.2 0.593
STNFR2 (ng/mL) -3.0+£8.3 23.1+£26.5 0.362

Values are shown as mean and standard deviation.
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Fig. 1 The significant correlation between the changes in adi-
ponectin and changes in waist circumference in obese ad-
olescents after six-month lifestyle intervention (n=54).

lated negatively with changes in waist circumference
(r=-0.275, p=0.044, Fig. 1). Changes in resistin corre-
lated positively with changes in triglycerides (r=0.302,
p=0.027, Fig. 2). However, no significant correla-
tion was observed between changes in adipokines and
changes in other anthropometric parameters, metabolic
profile, and HOMA (data not shown).

Discussion

This study showed that lifestyle modification in
obese adolescents, even with slight but significant drop
in SDS-BMI, determined positive changes in clinical
and metabolic parameters. More importantly, SDS-
BMI reduction after intervention in obese adolescents
led to favorable changes of adiponectin and resistin,
in particular, the concentration of adiponectin recov-
ered to normal level after intervention. Furthermore,
the beneficial changes in waist circumference and tri-
glycerides were associated with changes in adiponectin
and resistin in obese adolescents.

Resistin is an adipocyte-secreted protein that has
been shown to reduce insulin action in mice; however,
its function in humans is still unclear [19]. The serum
level of resistin in obese subjects was reported contro-
versially in children. In the present study, resistin lev-
els were higher in our obese adolescents than those in
controls. Similar results have been observed in most
studies with children [5, 20-22], except one that found
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Fig. 2 The significant correlation between changes in resistin
and changes in triglycerides in obese adolescents after
six-month lifestyle intervention (n=54).

no difference in resistin levels between obese and lean
children [23]. We observed significant correlations
between resistin and BMI or markers of insulin resis-
tance at baseline, which is in agreement with one study
reported in children [22]. There are controversies with
regard to the correlation between resistin and insulin
sensitivity in humans: several clinical studies on obese
subjects have demonstrated that resistin is positively
correlated to insulin-resistance [24], while other popu-
lation studies disproved these remarks — resistin was
not correlated to insulin-resistance in Pima Indians [26]
or healthy normal-weight individuals [27]. Therefore,
more studies are needed to solve this inconsistence.
The effect of lifestyle intervention on resistin concen-
trations in children has been scarcely reported and there
is controversial information about its variations after
intervention. In our present study, the significant reduc-
tion in resistin was observed after intervention. In agree-
ment with our results, a very recent study with morbidly
obese teenagers, significant decrement in resistin was
observed after 8 weeks of aerobic exercise training [27].
In contrast, resistin levels in obese children after 1 year
of weight loss did not show any differences between
lean and obese [28]. Similarly, resistin did not show any
significant change after 9-month program in obese ado-
lescents [5]. We did not find any significant correlation
between changes in resistin and changes in insulin resis-
tance, which is in agreement with a previous longitudi-
nal analysis in obese children [28]. There are also dif-



928 Huang et al.

ferent results, for example, the increased resistin levels
were reported after individualized exercise training pro-
gram or energy restriction and training program in obese
adolescent boys, and the changes of resistin were sig-
nificantly correlated with changes of insulin sensitivity
[29]. Thus these divergent observations emphasize that
the status and the pathophysiological role of resistin in
obesity and insulin resistance are not yet clearly estab-
lished. Moreover, our results showed that the reductions
in resistin were correlated significantly with the decrease
in triglycerides, indicating its important regulatory roles
in atherosclerosis and cardiovascular diseases [19, 28].
Finally, no relationship was observed between adiponec-
tin and resistin in our present study. The lack of asso-
ciation is quite common in studies investigating children
and adults [5, 20]. Although both adipokines may have
specific functions in metabolism related to obesity, their
functions may be distinctly different and often unrelated.

In the present study, the lifestyle modification
led to significant changes in body composition and
improved insulin sensitivity. This was associated with
an increase in adiponectin. A rise in total adiponec-
tin concentrations has already been reported in obese
children and adolescents after a lifestyle interven-
tion [21, 29-33]. The rise in adiponectin could con-
tribute to the improving of insulin sensitivity and the
decreasing of atherogenesis associated with obesity
[7]. In accordance with previous studies in children,
we found that the increased concentrations in adipo-
nectin were accompanied by the reduction in weight
loss, BMI, systolic blood pressure, triglycerides, insu-
lin resistance, and the increase in HDL-cholesterol.
Furthermore, the enhancement of adiponectin (38.2%
vs. baseline) in the obese adolescents with decreased
SDS-BMI almost reached to its normal levels in sub-
jects with normal weight, although the obese subjects
were still obese after intervention compared to the nor-
mal weight group, indicating that the serum adiponec-
tin levels exhibited particular sensitivity to changes
in body weight. It has been reported that adiponec-
tin levels are significantly increased by 51.6% in the
obese girls after the two-month intervention program
with diet restriction and individualized [34]. This cur-
rent study lasted 6 months; however, the duration of
the time necessary to produce sustainable and stable
changes after intervention to improve adiponectin in
obese adolescents warrants more investigation. It has
been shown that 50% of the patients regained the lost
weight during the follow-up period (six month after

weight loss) [35]. Future long-term longitudinal stud-
ies are needed to determine whether or not the lifestyle
induced amendment of adipokine profile in adolescents
translates into slower development and progression of
cardiovascular diseases in adults.

Interestingly, the only significant correlation was
observed between the changes in adiponectin and
the changes in waist circumference after interven-
tion. Waist circumference is used as a safe, easy and
inexpensive way to measure abdominal obesity in
adults and children, and is considered a good indica-
tor of increased metabolic and cardiovascular risk [36].
According to a previous study, obese children only had
an increased metabolic and cardiovascular risk com-
pared with normal-weight children if waist circumfer-
ence was higher than 90th percentile for age and gen-
der [36]. These findings suggest that during treatment
not only a reduction of BMI-SDS but also a lower
waist circumference is important to establish a benefi-
cial health effect. In this light, our and previous obser-
vations suggest that a significant positive treatment
effects on waist circumference over time may be of
greater importance for improvement of metabolic risk
and cardiovascular risk than weight loss [8].

To the best of our knowledge, no previous study
has evaluated the serum concentrations of sTNFR1
and sTNFR2 in obese adolescents. Our present study
showed no significant difference in circulating levels
of these two receptors between adolescents with obe-
sity and with normal weight. This result is inconsistent
with the previous studies in adults. Straczkowski et al.
found an increase in both receptors in obese adults com-
pared with lean subjects [8]. In another study by the
same author an increase only in STNFR2 was reported
[37]. In contrast, Malavazos et al. showed higher serum
TNFRI1 in obese women compared with normal weight
controls [38]. The different subjects involved in these
studies (adolescents or adults) should be taken in con-
sideration for the discrepancy. Moreover, in our cur-
rent study the serum levels of both receptors did not
correlated with any anthropometric parameters, lipid
profile, and insulin resistance. In the obese adults, it
has been reported that both receptors were associated
positively with triglycerides and negatively with HDL-
cholesterol [8]. Indeed, both receptors are expressed in
human adipose tissue but the relative roles of the TNF
receptors in adipose tissue remain unclear. TNFR2
expression is greater in subcutaneous adipose tissue
from obese females compared to that from lean controls



Adipokines after life-style intervention 929

[39]. However, increased expression of TNFR2 in adi-
pose tissue does not appear to be associated with cen-
tral adiposity [40]. Thus further investigation should be
involved to clarify their roles in obesity.

Few data are available in the literature on changes
in STNFR after lifestyle intervention, and results are
controversial. In our study, both receptors did not
change significantly after intervention. Similar results
have been observed in obese women with polycystic
ovary syndrome after energy-restricted diet with 10%
weight loss [41], whereas in other reports, plasma con-
centrations of STNFR2 (but not STNFR1) or plasma
concentrations of STNFR1 (but not in STNFR2) were
decreased significantly after bypass surgery in mor-
bidly obese adults [42]. Possible explanations for such
diverse observations may include differences in sub-
ject characteristics or the type and duration of treat-
ment type involved in the program.

One limitation of the present study was the absence
of a control group at the end of the intervention period
to rule out the potential effects of growth on the adipo-
kine response. Previous study showed that serum adi-
ponectin levels decreased with pubertal development
in boys and androgens were closely correlated with
adiponectin [43]. However, resistin levels showed no
differences in gender and pubertal stages [44]. In the
present study, no changes of adipokines were observed
in the obese adolescents with stable or increased SDS-
BMI after 6-month intervention. Furthermore no
gender differences of lifestyle intervention in adipo-
kines were observed. Thus we can reasonably assume
that the lifestyle modification was the main cause of
changes in the studied adipokines in the obese subjects

with decreased SDS-BMI. Another limitation was no
significant weight loss obtained after six-month life-
style intervention, which may mask the association
between changes in adipokines and ameliorated insu-
lin resistance. Finally, the small sample size may also
ignore the gender-related difference in adipokines.

In summary, our data showed increased resistin and
decreased adiponectin accompanied by insulin resis-
tance in obese adolescents. A six-month lifestyle mod-
ification resulted in significant improvement in adipo-
kine abnormalities in obese subjects with decreased
SDS-BMI and without any significant changes in both
TNF receptors. These results highlight the need for
early treatment of adolescent obesity. However, fur-
ther studies will be needed to improve the understand-
ing of the underlying mechanisms responsible for the
obesity-related adipokine profile changes.
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