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Abstract

Obesity is characterised by low-grade inflammation, which increases the metabolic syndrome (MetS) and cardiovascular risks. The aim of

the present study was to verify the role of multicomponent therapy in controlling the MetS, inflammation and carotid intima-media thick-

ness (cIMT) in obese adolescents. The second aim was to investigate the relationships between adipokines, the MetS parameters and cIMT.

A total of sixty-nine obese adolescents participated in the present study and completed 1 year of multicomponent therapy (a combination

of strategies involving nutrition, psychology, physical exercise and clinical therapy), and were divided according to their MetS diagnosis

as follows: MetS (n 19); non-MetS (n 50). Blood analyses of glucose, lipid and adipokine concentrations (adiponectin, leptin, plasminogen

activator inhibitor 1 (PAI-1) and C-reactive protein) were collected. Insulin resistance was assessed using the homeostasis model assess-

ment for insulin resistance, quantitative insulin sensitivity check index and homeostasis model assessment-adiponectin. cIMT and visceral

and subcutaneous fat were estimated using ultrasonography. At baseline, the MetS group presented higher waist circumference, glucose

and insulin levels, and systolic and median blood pressures compared with the non-MetS group. After therapy, both groups showed

improvements in the anthropometric profile, body composition, insulin level, insulin resistance, insulin sensibility, TAG and VLDL-choles-

terol, adiponectin, leptin and PAI-1 levels, blood pressure and cIMT. The prevalence of the MetS was reduced from 27·5 to 13·0 %. Meta-

bolic syndrome patients showed resistance in the attenuation of total cholesterol and LDL-cholesterol (LDL-C) levels and leptin:adiponectin

and adiponectin:leptin ratios. In the MetS group, the variation in the adiponectin:leptin ratio was correlated with variations in glucose,

insulin sensibility, total cholesterol, LDL-c and systolic blood pressure. Additionally, the number of MetS parameters was correlated

with the carotid measurement. Moreover, the variation in cIMT was correlated with the variations in insulin sensibility, total cholesterol

and LDL-c. For the entire group, the number of MetS alterations was correlated with the leptin level and leptin:adiponectin ratio and adi-

ponectin:leptin ratio after therapy. In conclusion, multicomponent therapy was effective in controlling the MetS, inflammation and cIMT in

the obese adolescents. However, the MetS patients showed resistance in the attenuation of the atherogenic lipid profile and leptin:adipo-

nectin ratio and adiponectin:leptin ratio. These results suggest that the MetS patients have increased cardiovascular risks, and that it is

important to attempt to control the inflammatory process that occurs due to obesity in clinical practice in order to improve the health

of adolescents.
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The rise in childhood obesity is one of the most alarming

public health issues, with approximately 110 million children

diagnosed with obesity worldwide(1). Moreover, childhood

obesity frequently persists into adulthood, and it has been

reported that up to 80 % of obese children become obese

adults. Excessive fat adipose tissue has been associated with
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chronic systemic low-grade inflammation, which is related to

metabolic complications, such as the metabolic syndrome

(MetS)(1,2).

The prevalence of the MetS, which is characterised by a com-

bination of cardiometabolic alterations including elevated TAG,

reduced HDL, high blood pressure, impaired fasting glucose

and increased abdominal circumference, has also increased(3).

In a sample of fifty-seven obese Brazilian adolescents, it has

been demonstrated that 33 % had a diagnosis of the MetS(4). In

addition, the MetS has been associated with incident coronary

artery disease, stroke and cardiovascular events in adults(3,5).

Poor nutritional habits and sedentarism are collectively

related to increased obesity during adolescence(6), which

reinforces the importance of intervention studies that have

aimed to increase dietary quality and physical activity levels

during this phase of life(7). Multicomponent therapy plays an

important role in improving outcomes and controlling meta-

bolic alterations in obese adolescents, because this model of

intervention has the main objective of changing lifestyle factors

and promoting health(8,9). The combination of weight loss

therapy with nutritional, psychological and physical exercise

support has been shown to be effective, not only for obesity

control but also for other related disorders, including non-

alcoholic fatty liver disease, asthma and binge eating, in obese

adolescents(10). However, further exploration is needed to

identify mechanisms that can better control the MetS parameters

in obese adolescents to reduce cardiovascular risk factors and to

improve the quality of life and health early in life.

Human obesity is characterised by high levels of pro-

inflammatory circulating adipokines, such as leptin, in a

condition known as hyperleptinaemia, in addition to eleva-

tions in C-reactive protein (CRP), plasminogen activator

inhibitor 1 (PAI-1) and a reduction in adiponectin, which is

an important anti-inflammatory adipokine(4,11). This imbal-

ance in pro/anti-inflammatory adipokines results in a chronic

inflammatory state, which is thought to be associated with an

increased incidence of the MetS in youth, leading to increases

in cardiovascular risks(11,12).

Leptin is an adipose tissue-derived hormone with functions

related to human energy homeostasis and weight control

under physiological conditions. However, hyperleptinaemia

can be associated with disorders related to endothelial dys-

function(13). In fact, previous findings have demonstrated

that a high concentration of leptin in obese adolescents is

related to cardiovascular risks and the atherosclerotic process.

Hyperleptinaemic obese adolescents are unable to increase

adiponectin levels after weight loss therapy, which suggests

a role of hyperleptinaemia in the impaired attenuation

of inflammation, thereby leading to a decrease in vascular

protection(8).

Moreover, low levels of adiponectin are related to obesity.

Evidence has indicated that hypoadiponectinaemia is

associated with increased cardiovascular risks, such as the

MetS, type 2 diabetes, atherosclerosis and CVD, in obese

patients(14,15).

Given that obesity and the MetS are linked to low-grade

inflammation, and that they both have the potential to influ-

ence the severity of CVD, strategies for controlling these

conditions may improve metabolic status in obese patients.

Thus, the first aim of the present study was to verify the role

of multicomponent therapy in controlling the MetS, inflam-

mation and carotid intima-media thickness (cIMT) in obese

adolescents. The second objective was to investigate the poss-

ible relationships between pro/anti-inflammatory adipokines,

the MetS parameters and cIMT in the analysed population.

Methods

Subjects

A total of 132 obese adolescents were recruited to participate

in the Interdisciplinary Obesity Program/Obesity Study Group

(GEO) of the Universidade Federal de São Paulo/Escola

Paulista de Medicina. At the beginning of the year, the project

was published in the media, newspapers and magazines in

São Paulo to recruit adolescents. The inclusion criteria were

age (15–19 years), post-pubertal Tanner stage $5(16) and

BMI . 95th percentile of CDC guidelines(17). The exclusion

criteria included an identified genetic disease, previous drug

use, chronic alcohol consumption, pregnancy and the inability

to perform physical activities based on an electrocardiogram

test. The sample size for the present study was a convenience

sample determined by the number of participants meeting the

GEO inclusion criteria.

For the present analysis, we excluded those patients who

did not complete the therapy by attending more than 75 %

of the treatment sessions and evaluations for 1 year. Thus,

sixty-nine obese adolescents (forty-two girls and twenty-seven

boys) were evaluated in the present study and concluded

weight loss therapy in 1 year. The patients were distributed

into two groups as follows: diagnosed with the MetS and

not diagnosed with the MetS.

A MetS diagnosis was made when the waist circumference

was higher than the 90th percentile for age and sex in

association with two or more International Diabetes Federation

(IDF) criteria, as follows: HDL # 1·3mmol/l (#50mg/dl)

(girls) and #1·0 mmol/l (#40 mg/dl) (boys); TAG . 1·7

mmol/l (.150 mg/dl); glucose . 5·6 mmol/l (.100 mg/dl);

blood pressure $ 130/85 mmHg(18).

The present study was conducted according to the prin-

ciples of the Declaration of Helsinki, was approved by the

Institutional Ethical Committee (no. 72 538) and was registered

with ClinicalTrials.gov (no. NCT01358773).

Medical screening

An endocrinologist completed a clinical interview to

determine the inclusion and exclusion criteria. All subjects

underwent electrocardiograms. Thereafter, the volunteers

started the multicomponent weight loss intervention. All

measurements were performed at baseline and after 1 year.

Anthropometric measurements and body composition

Body mass (kg), height (m), BMI (kg/m2) and waist circum-

ference were measured using standard procedures(19).

Metabolic syndrome and multicomponent therapy 1921
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Body composition was estimated by plethysmography air dis-

placement in a BOD POD system (version 1.69; Life Measure-

ment Instruments)(20).

Visceral and subcutaneous fat were estimated using abdo-

minal ultrasonography by the same physician blinded to

the subject assignment groups. A 3·5 MHz multifrequency

transducer (broad band) was used to reduce the risk of mis-

classification. Subcutaneous fat was defined as the distance

between the skin and the superficial plane of the rectus abdo-

minal muscle. Visceral fat was defined as the distance between

the deep plane of the same muscle and the anterior wall of

the aorta(21).

Carotid intima-media thickness measurements

cIMT was measured using high-resolution ultrasound equip-

ment (Logic 5 and Logic 7; General Electric) with a 7–14 MHz

linear array transducer. The same experienced radiologist

performed all scans, and was unaware of the medical and bio-

chemical statuses of the subjects; three repeated measurements

of the right and left common carotid deep wall were obtained at

2 cm proximal to the bulb bifurcation. The distance between the

leading edge of the first bright line on the deep wall (lumen–

intima interface) and the leading edge of the second bright

line (media–adventitia interface) indicated the cIMT of the

deep wall. The mean of the higher measurements for each

side was used as the cIMT(22).

Serum analysis

Blood samples were collected after a 12 h overnight fast. The

serum was separated, and concentrations of glucose, insulin,

total cholesterol, HDL-cholesterol (HDL-C), LDL-cholesterol

(LDL-C), VLDL-cholesterol (VLDL-C) and TAG were determi-

ned by enzymatic colorimetric methods (CELM) immediately

after blood collection. The serum samples were stored at

2808C for subsequent adipokine analyses. Leptin, adiponec-

tin, PAI-1 and high-sensitivity CRP (hs-CRP) were measured

with an ELISA kit from R&D Systems. The CV for the adipo-

kine procedure were as follows: adiponectin (4·5 %); leptin

(4·07 %); PAI-1 (3·89 %); hs-CRP (7·90 %). For the present

study, the leptin data were analysed according to the refere-

nce values described by Gutin et al.(23). The pro-inflammatory

leptin:adiponectin ratio and anti-inflammatory adiponectin:

leptin ratio were calculated.

Insulin resistance was determined using the homeostasis

model assessment for insulin resistance (HOMA-IR) according

to the following equation(24):

HOMA-IR ¼ fasting insulin ðmU=mlÞ

£ fasting blood glucose ðmmol=lÞ=22:5:

The homeostasis model assessment-adiponectin (HOMA-

AD) was calculated as follows(25):

HOMA-AD ¼ fasting glucose ðmg=dlÞ

£ fasting insulin ðmU=lÞ=adiponectin ðmg=mlÞ:

Insulin sensitivity was determined by the quantitative

insulin sensitivity check index (QUICKI) as follows(26):

QUICKI ¼ 1=ðlog fasting insulin ðmU=mlÞ

þ log fasting glucose ðmg=dlÞÞ:

The HOMA-IR cut-off value adopted for adolescents was

3·16(27) and that of insulin was 15·0(28). (To convert insulin

in mU/ml to pmol/l, multiply by 6·945; to convert glucose in

mg/dl to mmol/l, multiply by 0·0555.)

Blood pressure

Systolic blood pressure (SBP) and diastolic blood pressure

(DBP) were measured on the right arm using a mercury-

gravity manometer (Unitec) with the appropriate cuff size;

two measurements were performed after the subjects had

been sitting for at least 5 min, and the mean value was

used for the analyses. Mean blood pressure (MBP) was

calculated as follows:

MBP ¼ DBPþ ððSBP 2 DBPÞ=3Þ:

Research design

The multicomponent obesity therapy consisted of clinical,

nutritional and psychological therapies and exercise training

for 1 year, as detailed below.

Clinical therapy. Each month, the obese adolescents

visited the endocrinologist with their parents to address their

health and clinical parameters. For each of these visits, the

entire GEO team was also present. The doctor monitored

and evaluated all of the adolescents’ clinical examinations

and treated health problems during therapy. The medical

follow-up included an initial medical history and a physical

examination including blood pressure, cardiac frequency,

and body weight, and the adolescents were assessed for

their adherence to the multicomponent therapy. The team dis-

cussed some possible lifestyle changes to promote their health

with the adolescents and their parents.

Nutritional therapy. Once a week, the adolescents had

a nutritional orientation, and were provided information on

the food pyramid, diet record assessment, weight loss, high-

fat diets, food labels, dietetics, fat-free and low-energy foods,

fast food calories and nutritional composition, good nutritional

choices on special occasions, healthy sandwiches, shakes and

products to promote weight loss, functional foods, and

decisions on food choices. The lessons were taught by trained

nutritionists to encourage the adolescents to follow healthy

eating habits according to the food pyramid(29).

Each month, all patients received an individual nutritional

consultation. Dietary energy intake was set at the level rec-

ommended by the dietary reference intake for subjects with

low levels of physical activity of the same age and sex follow-

ing a balanced diet(30). No pharmacotherapies or antioxidants

were recommended. At the individual nutritional consultation,

some adjustments were made in the diet plan to adjust food

habits and health.

At the beginning and at the end of the study, a 3-d

dietary record was collected. Because most obese people

D. C. L. Masquio et al.1922
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under-report their food consumption, each adolescent was

asked to record diet with the help from his/her parents.

These dietary data were transferred to a computer by the

same dietitian, and energy intake and nutrient composition

were analysed by a PC programme developed at the Universi-

dade Federal de São Paulo (Nutwin software for Windows;

version 1.5) that used data from Western and local food tables.

Exercise therapy. The adolescents participated in person-

alised training for 60 min/session, three times a week

(180 min/week) under the supervision of a sports therapist.

The exercise protocol was based on the American College of

Sports Medicine (ACSM) recommendations(31) adapted by

Foschini et al.(32) of combined exercise, including 30 min of

aerobic training plus 30 min of resistance training per session.

The aerobic training consisted of running on a motor-driven

treadmill (Model TR 9700HR; Life Fitness) at a cardiac

frequency intensity representing the ventilatory threshold I

(50–70 % of the maximum oxygen uptake), as determined

by the results of an initial oxygen uptake test for aerobic exer-

cise. The heart rate was controlled by physiologists, and was

measured with a cardiometer (Polar–Modelw FS1) at intervals

of 5 min during the training sessions. After 6 weeks, aerobic

tests were performed to assess physical capacity to make

adjustments in physical training intensity(33).

Resistance training exercises targeted each of the main

muscle groups. The sequence of physical exercises used

large muscle groups before small ones, multiple-joint before

single-joint exercises and higher-intensity before lower-

intensity exercises. The exercises included the bench press,

leg press, sit-ups, lat pull-downs, hamstring curls, lower-

back exercises, the military press, calf raises, arm curls and

triceps pushdowns. The first 2 weeks of the resistance training

programme involved adaptation to training and learning

the movements (three sets of a maximum of fifteen to

twenty repetitions). Following this period, the training load

was adjusted by inversely modifying the volume and intensity,

decreasing the number of repetitions to between six and

twenty for three sets. The intensity of resistance training was

quantified as a percentage of the one-repetition maximum

and was continued until volitional fatigue for each of the

major muscle groups. These factors were adapted to each indi-

vidual’s habitual physical activity, physical function, health

status, exercise responses and stated goals, as recommended

for universal screening to enhance the safety of exercise.

The rest interval between the series and exercises was as

follows: fifteen to twenty repetition maximum ¼ 45 s; ten to

twelve repetition maximum ¼ 1 min; six to eight repetitions

maximum ¼ 1·5 min(33).

Psychological therapy. The adolescents had a weekly

psychological support group session to help them address

their emotions, the relationship between their feelings and

food consumption, and to discuss body image and eating dis-

orders (bulimia, anorexia nervosa and binge eating, and their

signs, symptoms and health consequences). Diagnoses of

common psychological problems associated with obesity,

such as depression, anxiety, body image disturbances, binge

eating and bulimic symptoms, were established by validated

questionnaires(34–38). Individual psychological therapy was

recommended when individuals were identified with nutri-

tional and behavioural problems.

Statistical analyses

The distributional assumptions were verified by the Kolmo-

gorov–Smirnov test. Parametric variables were expressed as

the means and standard deviations, whereas non-parametric

variables were expressed as the median (minimum–

maximum). Comparisons between measurements at baseline

and after the weight loss intervention were performed using

dependent t tests for parametric variables and the Wilcoxon

signed-rank test for non-parametric variables. Comparisons

between groups at baseline and at the end of the therapy

were made using the independent t test for parametric vari-

ables or Mann–Whitney test for non-parametric variables.

The Pearson and Spearman correlations were performed to

assess the direction and strength of the relationships between

the study variables. Simple linear regression analysis was

applied. The McNemar x 2 test was used to verify the changes

in the prevalence at baseline and after therapy. All data were

analysed using STATISTICA 7.0 (Statsoft), and the significance

level was set at a P,0·05.

Results

The effect of multicomponent therapy for the entire group

A total of 132 obese adolescents were enrolled in the pro-

gramme; however, sixty-nine obese adolescents completed

1 year of the multicomponent weight loss therapy and more

than 75 % of the treatment sessions. It is important to note

that no differences were observed in any variables between

the completers and non-completers. In the present study,

the patients were analysed in two groups according to MetS

diagnosis, as follows: MetS (n 19) and non-MetS (n 50). The

results are presented for the entire study population, and

there were no significant sex differences in the prevalence

of the MetS or its variables.

The prevalence of the MetS was reduced from 27·5 to 13·0 %

after 1 year of multicomponent therapy. We also observed sig-

nificant reductions in the prevalence of the following altered

MetS parameters after 1 year: waist circumference; SBP;

DBP; hyperinsulinaemia; hyperleptinaemia (Fig. 1(a)). An

increase was observed in the prevalence of patients with

0 and 1 alterations. However, there was a reduction in the

prevalence of those with 2, 3 and 4 alterations (Fig. 1(b)).

The effect of multicomponent therapy on the
non-metabolic syndrome group

After therapy, the non-MetS group presented significant

reductions in body mass, BMI, body fat, waist circumference,

visceral and subcutaneous fat and the visceral:subcutaneous

fat ratio (Table 1). Significant improvements in insulin,

HOMA-IR, QUICKI, total cholesterol, LDL-C, VLDL-C, TAG,

SBP, DBP, MBP and energy intake were also observed. Fat-free

mass (kg and %) significantly increased. With regard to

Metabolic syndrome and multicomponent therapy 1923
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biomarkers of inflammation, leptin, the leptin:adiponectin

ratio, PAI-1, cIMT and HOMA-AD were reduced. We also

observed significant increases in adiponectin and the adipo-

nectin:leptin ratio (Table 2).

The effect of multicomponent therapy on the metabolic
syndrome group

After therapy, the MetS group presented significant reductions

in anthropometric parameters and body composition (body

mass, BMI, body fat, waist circumference, visceral and sub-

cutaneous fat, and visceral:subcutaneous fat ratio; Table 1).

Fat-free mass (%) also increased in this group. Significant

improvements in glucose, insulin, HOMA-IR and QUICKI

were observed. With regard to the lipid profile, the MetS

group showed reductions only in TAG and VLDL-C. Moreover,

SBP, DBP and MBP were significantly reduced. This group

presented with significant decreases in leptin, PAI-1, hs-CRP,

cIMT and HOMA-AD. Adiponectin also increased significantly

in the MetS group (Table 2).

Comparison between the groups

At baseline, the MetS group presented significantly higher

values for waist circumference, glucose, insulin, and SBP

and MBP, but these differences did not remain after therapy

(Table 1). However, this group also presented significantly

higher VLDL-C and TAG levels and a lower HDL-C level at

baseline and after therapy. After intervention, variations (D)

in insulin, HOMA-IR, SBP, MBP, PAI-1 and HOMA-AD were

significantly increased in the MetS group compared with the

non-MetS group (Tables 1 and 2).

27·5
†

†

†

†

†

†

91·3

10·1

46·4

10·1

34·8

21·7

53·6
58·0

66·7

13·0

57·9

2·90

44·9

8·70 8·70

1·45

23·2

40·6 40·6

0

M
et

S

W
ais

t c
irc

um
fe

re
nce

Hig
h b

lo
od g

lu
co

se

Lo
w H

DL-
C

Hig
h T

AG

Hig
h S

BP

Hig
h D

BP

Hyp
er

in
su

lin
ae

m
ia

Hig
h H

OM
A-IR

Hyp
er

lep
tin

ae
m

ia

10

20

30

40

50

P
er

ce
n

ta
g

e 60

70

80

90

100(a)

(b)

2·90

27·5

42·0

23·2

2·90
1·45

28·9

39·1

21·7

8·70

0·00
1·45

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4 5

Fig. 1. The prevalence of metabolic syndrome (MetS) parameters, hyperinsulinaemia, high homeostasis model assessment for insulin resistance (HOMA-IR) and

hyperleptinaemia (a) and the number of altered parameters in obese adolescents at baseline ( ) and after therapy ( ) (b). The prevalence altered parameters

was obtained according to parameters established from International Diabetes Federation (IDF) criteria. † Mean value was significantly different from that of base-

line (P,0·05; McNemar x 2 test). HDL-C, HDL-cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 1. Anthropometric, metabolic and clinical data for the obese adolescents in the metabolic syndrome (MetS) and non-MetS groups during multicomponent therapy

(Mean values and standard deviations; median values and minimum–maximum)

Non-MetS (n 50) MetS (n 19)

Baseline After therapy D Baseline After therapy D

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age (years) 17·0 1·43 17·7 1·43 16·6 1·59 17·4 1·61
Body mass (kg) 102 15·1 91·5† 14·9 210·2 8·09 105 10·9 94·1† 13·3 211·3 8·19
Height (m) 1·67 0·08 1·67 0·08 0·00 0·01 1·66 0·07 1·66 0·07 0·00 0·01
BMI (kg/m2) 36·4 5·05 32·6† 5·04 23·76 2·82 38·6 5·72 34·4† 6·24 24·26 3·03
Body fat (%) 43·8 35·4 † 28·23 45·4 36·9 † 28·51
Fat-free mass (%) 56·3 64·5 † 8·22 54·6 63·1 † 8·52
Body fat (kg) 44·9 13·3 33·1† 12·5 211·8 8·25 48·3 10·9 35·5† 12·5 212·8 8·88
Fat-free mass (kg) 56·8 9·91 58·6† 9·42 1·55 5·26 57·1 4·99 59·0 5·90 1·93 5·33
Waist circumference (cm) 102 9·91 93·2† 10·9 28·12 9·21 108* 8·45 97·0† 12·9 210·9 9·52
Visceral fat (cm) 4·42 1·50 2·76† 1·31 21·56 1·14 4·89 1·51 3·07† 1·39 21·82 0·87
Subcutaneous fat (cm) 3·77 0·91 3·12† 0·98 20·69 0·74 3·78 0·80 3·27† 0·98 20·51 0·78
Visceral:subcutaneous fat 1·23 0·49 0·96† 0·49 20·22 0·50 1·35 0·50 0·98† 0·43 20·37 0·25
Glucose (mmol/l) 4·97 0·36 4·90 0·40 20·07 0·43 5·17* 0·37 4·90† 0·43 20·26 0·52
Insulin (mU/ml)‡ 15·3 5·66 12·1† 10·2 23·16 10·6 20·3* 11·4 13·4† 11·0 26·87* 8·41
HOMA-IR

Median 3·24 2·27† 20·92 3·89 2·09† 21·84*
Minimum–maximum 1·24–6·59 0·73–22·1 25·01–18·2 1·86–14·4 0·59–10·5 24·64–5·08

QUICKI 0·32 0·02 0·34† 0·03 0·02 0·03 0·31 0·19 0·34† 0·04 0·03 0·03
Total cholesterol (mmol/l) 4·01 0·67 3·81† 0·71 20·20 0·48 4·20 0·67 3·94 0·85 20·25 0·55
HDL-C (mmol/l) 1·22 0·26 1·26 0·30 0·04 0·16 1·00* 0·16 1·03* 0·19 0·02 0·14
LDL-C (mmol/l) 2·34 0·62 2·18† 0·58 20·17 0·39 2·54 0·58 2·35 0·59 20·19 0·49
VLDL-C (mmol/l) 0·46 0·15 0·38† 0·18 20·08 0·18 0·65* 0·32 0·57*† 0·31 20·08 0·15
TAG (mmol/l) 0·99 0·34 0·82† 0·39 20·17 0·39 1·42* 0·70 1·23*† 0·68 20·19 0·32
Systolic blood pressure (mmHg)

Median 120 110† 25·00 130* 120† 220·0*
Minimum–maximum 100–190 100–130 270·0–20·0 105–150 100–130 240·0–10·0

Diastolic blood pressure (mmHg)
Median 80·0 70·0† 0·00 80·0 80·0† 25·00
Minimum–maximum 70·0–110 70·0–90·0 240·0–10·0 70·0–100 70·0–80·0 220·0–10·0

Median blood pressure (mmHg)
Median 93·3 86·7† 23·33 96·7* 93·3† 26·67*
Minimum–maximum 80·0–136 80–103 250·0–13·3 83·3–113 80·0–96·7 220·0–10·0

Total energy intake
kcal 2070 819 1387† 412 2666 882 1813 374 1353 313 2336 649
kJ 8661 3427 5803 1724 22786 3690 7585 1565 5661 1309 21406 2715

HOMA-IR, homeostasis model assessment for insulin resistance; QUICKI, quantitative insulin sensitivity check index; HDL-C, HDL-cholesterol, LDL-C, LDL-cholesterol; VLDL-C, VLDL-cholesterol.
* Mean value was significantly different from that of non-MetS group at the same time point (P,0·05).
† Mean value was significantly different from that of baseline (P,0·05).
‡ To convert insulin in mU/ml to pmol/l, multiply by 6·945.
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Correlations and regression analysis

Entire group. At baseline, the number of MetS parameters

was correlated with body mass, BMI, waist circumference

and HOMA-IR (Table 3). The leptin concentration and leptin:

adiponectin ratio and adiponectin:leptin ratio were correlated

with BMI and body fat (% and kg). PAI-1 was correlated with

SBP, DBP and MBP. hs-CRP was correlated with body mass,

BMI, body fat (% and kg) and waist circumference.

A positive correlation of the number of metabolic alterations

with leptin and the leptin:adiponectin ratio and a negative cor-

relation with the adiponectin:leptin ratio was also observed at

the end of the therapy. In the regression analysis present in

Table 4, leptin and the adiponectin:leptin ratio revealed a

potential association with the number of MetS parameters in

obese adolescents at the end of the therapy.

The D in leptin correlated with the D in body mass, BMI

and body fat (kg and %) (Table 3). The D in adiponectin cor-

related with the D in glucose, HOMA-IR and TAG. The D in the

leptin:adiponectin ratio correlated with the D in body fat (%

and kg) and HOMA-AD, and the D in the adiponectin:leptin

ratio correlated with the D in body mass, BMI and body fat

(kg and %).

Non-metabolic syndrome group. At baseline, the number

of MetS parameters was correlated with body mass, BMI,

body fat, waist circumference and PAI-1 (Table 3). After

weight loss intervention, the D in leptin was correlated with

the D in body mass, BMI and body fat, and the D in the leptin:

adiponectin ratio was correlated with body fat.

Metabolic syndrome group. At baseline, the number of

MetS parameters was correlated with glucose, total choles-

terol, LDL-C and cIMT (Table 3). cIMT was correlated with

total cholesterol and LDL-C (Table 3). After weight loss inter-

vention, the D in the adiponectin:leptin ratio was correlated

with the D in glucose, QUICKI, total cholesterol, LDL-C and

SBP. We also observed that the D in cIMT was correlated

with the D in QUICKI, total cholesterol and LDL-C.

Discussion

The first aim of the present study was to verify whether multi-

component therapy effectively improved the MetS parameters,

inflammation and cardiovascular risks in obese adolescents. At

baseline, the obese individuals with the MetS had significantly

higher waist circumference, glucose, insulin, SBP and MBP,

VLDL-C, and TAG and lower HDL-C compared with obese

individuals without the MetS. The most important finding

was that this therapy promoted significant reductions in the

prevalence of the MetS, the cardiometabolic profile, inflam-

mation, pro-thrombotic factor and cIMT in obese adolescents

after 1 year of intervention. All of these improvements are

important in controlling obesity, CVD and subclinical athero-

sclerotic processes, because the presence of this cluster of

cardiometabolic abnormalities during childhood raises the

risk of CVD during adulthood(39).

The MetS diagnoses in paediatric patients have been

associated with a 2-fold increase in the risk of developing

high cIMT during adulthood(39). cIMT has been consideredT
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to be an important early screening tool for assessing

subclinical manifestations of CVD, because it is the first sub-

clinical sign of atherosclerosis and results from endothelial

dysfunction that creates lipid deposits in the intima of sys-

temic arteries(40). In the present study, cIMT was reduced in

both groups (MetS and non-MetS). It is important to note

that the number of MetS parameters was correlated with

cIMT in MetS obese adolescents. Our findings are consistent

with those of other studies in which adults with the MetS

presented higher cIMT values compared with patients with-

out the MetS(41). Leite et al.(42) demonstrated that adolescents

with the MetS have increased cIMT compared with normal-

weight and overweight adolescents. These results reinforce

the link between obesity, cardiometabolic abnormalities and

CVD, and it is crucial that they are considered during

childhood in clinical practice.

Importantly, obese adolescents with the MetS did not show

reductions in total cholesterol and LDL-C after therapy; such

improvements were observed only in the non-MetS group

(Table 1). The present findings also demonstrate that total

cholesterol and LDL-C were correlated with higher cIMT

values in the MetS patients (Table 3). These findings suggest

that in obese adolescents with the MetS, the clustering

of metabolic abnormalities and central obesity, two key factors

related to the physiopathology of the MetS, may have a

resistance effect on lipid metabolism in contrast with adoles-

cents without the MetS, rendering metabolic control more

difficult(43).

Table 3. Correlations between variables

r P r P

Entire group (baseline) Entire group (after therapy)

Number of MetS parameters Number of MetS parameters
Body mass (kg) 0·35 ,0·05 Leptin (ng/ml) 0·47 ,0·05
BMI (kg/m2) 0·34 ,0·05 Leptin:adiponectin ratio 0·44 ,0·05
Waist circumference (cm) 0·44 ,0·05 Adiponectin:leptin ratio 20·39 ,0·05
HOMA-IR 0·30 ,0·05 D Leptin (ng/ml)

Leptin (ng/ml) D Body mass (kg) 0·34 ,0·05
BMI (kg/m2) 0·39 ,0·05 D BMI (kg/m2) 0·36 ,0·05
Body fat (%) 0·51 ,0·05 D Body fat (kg) 0·42 ,0·05
Body fat (kg) 0·43 ,0·05 D Body fat (%) 0·39 ,0·05

Leptin:adiponectin ratio D Adiponectin (mg/l)
BMI (kg/m2) 0·40 ,0·05 D Glucose (mmol/l) 20·36 ,0·05
Body fat (%) 0·48 ,0·05 D HOMA-IR 20·32 ,0·05
Body fat (kg) 0·43 ,0·05 D TAG (mmol/l) 20·32 ,0·05

Adiponectin:leptin ratio D Leptin:adiponectin ratio
BMI (kg/m2) 20·36 ,0·05 D Body fat (%) 0·38 ,0·05
Body fat (%) 20·47 ,0·05 D Body fat (kg) 0·37 ,0·05
Body fat (kg) 20·41 ,0·05 D HOMA-AD 0·35 ,0·05

PAI-1 (ng/ml) D Adiponectin:leptin ratio
SBP (mmHg) 0·46 ,0·05 D Body mass (kg) 20·33 ,0·05
DBP (mmHg) 0·45 ,0·05 D BMI (kg/m2) 20·32 ,0·05
MBP (mmHg) 0·50 ,0·05 D Body fat (kg) 20·31 ,0·05

hs-CRP (ng/ml) D Body fat (%) 20·30 ,0·05
Body mass (kg) 0·43 ,0·05 Non-MetS (after therapy)

BMI (kg/m2) 0·57 ,0·05 D Leptin(ng/ml)
Body fat (%) 0·49 ,0·05 D Body mass (kg) 0·35 ,0·05
Body fat (kg) 0·53 ,0·05 D BMI (kg/m2) 0·39 ,0·05
Waist circumference (cm) 0·35 ,0·05 D Body fat (%) 0·39 ,0·05

Non-MetS (baseline) D Body fat (kg) 0·42 ,0·05

Number of MetS parameters D Leptin:adiponectin ratio
Body mass (kg) 0·46 ,0·05 D Body fat (%) 0·47 ,0·05
BMI (kg/m2) 0·43 ,0·05 D Body fat (kg) 0·39 ,0·05
Body fat (kg) 0·35 ,0·05 MetS (after therapy)

Waist circumference (cm) 0·45 ,0·05 D Adiponectin:leptin ratio
PAI-1 (ng/ml) 0·43 ,0·05 D Glucose (mmol/l) 20·52 ,0·05

MetS (baseline) D QUICKI 0·51 ,0·05

Number of MetS parameters D Total cholesterol (mmol/l) 20·57 ,0·05
Glucose (mmol/l) 0·49 ,0·05 D LDL-C (mmol/l) 20·59 ,0·05
Total cholesterol (mmol/l) 0·63 ,0·05 D SBP (mmHg) 20·47 ,0·05
LDL-C (mmol/l) 0·63 ,0·05 D cIMT (mm)
cIMT (mm) 0·55 ,0·05 D QUICKI 20·56 ,0·05

cIMT (mm) D Total cholesterol (mmol/l) 0·55 ,0·05
Total cholesterol (mmol/l) 0·56 ,0·05 D LDL-C (mmol/l) 0·61 ,0·05
LDL-C (mmol/l) 0·54 ,0·05

HOMA-IR, homeostasis model assessment for insulin resistance; HOMA-AD, homeostasis model assessment-adiponectin; PAI-1,
plasminogen activator inhibitor 1; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure;
hs-CRP, high-sensitivity C-reactive protein; MetS, metabolic syndrome; QUICKI, quantitative insulin sensitivity check index;
LDL-C, LDL-cholesterol; cIMT, carotid intima-media thickness.
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Furthermore, we observed significant improvements in

adiponectin, leptin, PAI-1, hs-CRP, HOMA-AD and HOMA-IR

for both groups after therapy (Tables 1 and 2), contributing

to the control of the pro-inflammatory state. Conversely,

only the non-MetS adolescents presented significant improve-

ments in adiponectin:leptin ratio and leptin:adiponectin ratio

(Table 2). The modulation of the adiponectin:leptin ratio is

an important factor for consideration in MetS patients, because

this biomarker was found to be significantly correlated with

the MetS parameters in the present study, especially the

atherogenic lipid profile, which did not improve after inter-

vention in the MetS group (Tables 2 and 3). Moreover, it has

recently been demonstrated that an increase in the adiponec-

tin:leptin ratio is an independent predictor of cIMT reduction

in obese adolescents after weight loss(9). Together, these

data demonstrate the key role of the adiponectin:leptin ratio

in modulating cardiometabolic parameters and CVD pro-

gression in obese adolescents.

Previous findings have demonstrated that the leptin concen-

tration is positively associated with the MetS parameters in

children, adolescents and adults(44–46). Thus, hyperleptinae-

mia may be associated with CVD, endothelial dysfunction

and myocardial infarction(13,47). Importantly, in the present

analysis, the prevalence of hyperleptinaemia was significantly

reduced after therapy (Fig. 1(a)).

However, adiponectin is an anti-inflammatory adipokine

that plays an important role in metabolic and cardiovascular

homeostases. This adipokine exerts anti-atherosclerotic effects

via the inhibition of pro-inflammatory cytokines, such as

TNF-a and the stimulation of anti-inflammatory cytokines.

Moreover, adiponectin is an insulin sensitiser that contributes

to the delay and/or prevention of insulin resistance and

type 2 diabetes(43). The modulation of both the leptin and

adiponectin concentrations is an important strategy for con-

trolling the MetS.

For the second aim of the present study, we explored the

possible relationships between pro/anti-inflammatory adipo-

kines, the MetS parameters and cIMT in obese adolescents.

Among the inflammatory markers, leptin and leptin:adiponec-

tin ratio, and adiponectin:leptin ratio were correlated with the

number of MetS parameters at the end of the therapy. How-

ever, in the regression analysis, only leptin and the adiponec-

tin:leptin ratio showed potential associations with the number

of MetS parameters in obese adolescents.

Importantly, the number of MetS parameters was positively

correlated with increases in waist circumference, body mass,

BMI and HOMA-IR for the entire group, confirming the role of

adipose tissue and insulin resistance in promoting cardio-

metabolic alterations(11). Thus, clinical strategies for promoting

weight loss and fat reduction can directly influence and control

the MetS parameters, as was observed in the present study.

Another important finding is that changes in cIMT were cor-

related with changes in total cholesterol, LDL-C and QUICKI

in the MetS group after therapy. The results of a previous longi-

tudinal study showing that LDL-C is a predictor of cIMT pro-

gression and demonstrating that cIMT progression increases

by 3% for each 1mg/dl (0·0259mmol/l) increase in LDL-C

are in agreement with our findings. Additionally, the authors

also found a higher incidence of cIMT progression in adoles-

cents with higher levels of LDL-C and total cholesterol(48).

Correlations between the adiponectin:leptin ratio and the

MetS parameters, such as glucose, QUICKI, total cholesterol,

LDL-C and SBP, after therapy in the MetS group were validated

in the present study. To confirm this hypothesis, we verified

the role of adiponectin in controlling glucose metabolism,

because it was found to be negatively correlated with glucose

and HOMA-IR after the weight loss intervention for the entire

group. These data reinforce the influence of the adiponectin:

leptin ratio on the MetS parameters and cardiovascular risk

in the MetS patients, as has been previously reported in

other studies(49,50).

Additionally, in the present analysis, we verified that the

baseline and D in leptin and the adiponectin:leptin ratio and

leptin:adiponectin ratio were correlated with body mass,

BMI and body fat, demonstrating the effects of both weight

control and fat loss on the attenuation of the inflammatory

process. Moreover, changes in the leptin:adiponectin ratio

were correlated with the changes in insulin resistance esti-

mated by the HOMA-AD. Accordingly, the results of the

HELENA study that evaluated 1053 European adolescents indi-

cated that leptin is a risk factor for insulin resistance in both

boys and girls(46).

It is also important to note that in the present analysis, a cor-

relation was found between PAI-1 and blood pressure in the

entire group as well as between PAI-1 and the number of

MetS parameters in the non-MetS group. In agreement with

these findings, a positive relationship between PAI-1 and the

MetS parameters has previously been demonstrated, including

the HOMA-IR and blood pressure, in obese adolescents(51).

PAI-1 is thought to be a pro-thrombotic adipokine involved

in thrombus formation and cardiovascular risk and an import-

ant biomarker for vascular endothelial function, and it is

increased in obese adolescents diagnosed with the MetS

because of the inflammatory state caused by the excessive

adipose tissue(51,52).

Some limitations must be considered in the interpretation of

these findings. A large sample size is needed to confirm the

results observed in the present study. Additionally, further

investigations should be performed of other inflammatory

parameters. Nonetheless, the strengths of the present study

include the positive effects of multicomponent therapy, such

as nutrition, physical exercise, psychological and clinical sup-

port, that were observed, indicating the effectiveness of this

clinical strategy for controlling the MetS, inflammation and

cardiovascular risks in obese adolescents.

Table 4. Simple regression analysis of leptin and the adiponectin:leptin
ratio and the number of metabolic alterations in the obese adolescents

(Beta values and confidence limits)

b P

295·0 %
Confidence

limit

þ95·0 %
Confidence

limit

Leptin (ng/ml) 0·31 0·01 0·08 0·56
Adiponectin:leptin ratio 20·37 0·00 20·63 20·14
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In conclusion, the multicomponent therapy promoted

significant improvements in the metabolic parameters, the

inflammatory profile and cIMT. However, the MetS patients

showed resistance in the attenuation of the atherogenic lipid

profile and leptin:adiponectin ratio and adiponectin:leptin

ratio. These results suggest that the MetS patients have

increased cardiovascular risks and that it is important to

attempt to control the inflammatory process associated with

obesity in clinical practice to improve adolescent health.

Additionally, we were able to show the relationship of the

MetS parameters with inflammatory markers and cIMT in

obese adolescents.
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