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Abstract: Obesity is associated with inflammation and an increased risk of cardiovascular disease
and premature mortality, as well as a range of other conditions. Obesity is a growing global problem,
not only in adults, but also in children and adolescents. Therefore, the present study aimed to assess
the effects of a one-year interdisciplinary intervention on the cardiometabolic and inflammatory
profiles of adolescents with obesity. Twenty-two adolescents completed the intervention, which
included clinical, nutritional, psychological and physical exercise counselling. Body composition, and
metabolic, inflammatory, and cardiovascular risk biomarkers were analyzed before and after one year
of intervention. Visceral and subcutaneous fat were determined ultrasonographically. The homeosta-
sis model assessment of insulin resistance (HOMA-IR) and the quantitative insulin sensitivity check
index (QUICKI) equation were used to estimate insulin resistance and insulin sensitivity, respectively.
A reduction in body mass, adiposity, glucose, and insulin and an improved lipid profile were ob-
served after the therapy. Hyperleptinemia was reduced from 77.3% to 36.4%. Plasminogen activator
inhibitor-1 (PAI-1), intercellular adhesion molecule 1 (ICAM-1), leptin, the leptin/adiponectin ratio,
and the adiponectin/leptin ratio were also significantly improved. Metabolic changes were associated
with a reduction in visceral fat and waist circumference, and adiponectin and the leptin/adiponectin
ratio were associated with HOMA-IR. The interdisciplinary therapy promoted improvements in
hyperleptinemia and metabolic, inflammatory, and cardiovascular biomarkers.

Keywords: obesity; inflammation; leptin; adiponectin; insulin resistance; cardiometabolic risk;
adolescent
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1. Introduction

Obesity is a chronic disease and is related to an increase in adiposity and cardiovascular
risks. In children and adolescents, the global prevalence of obesity has increased remarkably
over the last years [1]. This is of particular concern, as it has been demonstrated that around
80% of adolescents with obesity will maintain the condition into adulthood [2].

In Brazil, studies undertaken before the COVID-19 pandemic estimated that the preva-
lence of overweight was 29.3% in children aged 5–9 years and 19.4% in adolescents [3,4].
However, the pandemic promoted changes in lifestyle habits, such as increases in seden-
tarism and in the consumption of ultraprocessed/fast food and sugar-sweetened beverages.
Together, these factors may have resulted in an increase in the global prevalence of child-
hood obesity [5].

Being overweight during the pediatric phase of life can increase the risk of several
comorbidities, such as dyslipidemia, type 2 diabetes, non-alcoholic fatty liver disease,
metabolic syndrome, and psychological alterations [6]. Increased adipose tissue signifi-
cantly influences adipocyte biology and can impair whole-body homeostasis. An excessive
amount of abdominal fat, especially in the visceral depot, promotes an inflammatory state,
which is characterized by the increased secretion of proinflammatory and reduced secretion
of anti-inflammatory adipokines. The dysregulated secretion of pro- and anti-inflammatory
adipokines results in adipose tissue dysfunction, hyperleptinemia, a proinflammatory state,
an increased cardiovascular risk, and metabolic alterations [7].

Leptin is one of the most studied adipokines secreted by adipose tissue and exerts
an adipostatic effect on the hypothalamus by stimulating satiety and increasing energy
expenditure. However, leptin is usually found in a higher concentration in individuals
with obesity, a state described as hyperleptinemia. Long-term exposure to elevated leptin
levels may contribute to hypothalamic resistance, disrupted energy balance regulation,
and behavioral and metabolic disorders, since it can trigger a proinflammatory state [8].
On the other hand, adiponectin is an adipokine that presents anti-inflammatory and
antidiabetic properties. It is involved in a variety of physiological functions, including
lipid metabolism, energy balance regulation, immune response, inflammation, and insulin
sensitivity. However, adiponectin is usually found in a lower concentration in individuals
with obesity [9].

Obesity is a multifactorial disease that is influenced by a variety of physiological,
environmental, socioeconomic, genetic, and other factors. The consumption of excessive
calories and physical inactivity are the major contributors to obesity in adolescence [10].
Therefore, the World Health Organization (WHO) has made a number of recommendations
aimed at reducing obesity; these include eating more healthy food and the promotion of
physical exercise and weight management [11,12].

To tackle the problem of obesity and its associated comorbidities, lifestyle interven-
tions have been suggested, with multidisciplinary teams composed of nutritionists, exercise
physiologists, psychologists, nurses, doctors, and other specialists coming together [13,14].
Previous clinical trials have demonstrated positive health outcomes in respect to inten-
sive group interventions, which occurred 3 days a week, in terms of reducing adiposity,
metabolic changes, and cardiovascular risks in children and adolescents [15–17]. How-
ever, given the increasing prevalence of obesity in childhood and adolescence, which has
been described as an obesity epidemic by the WHO [11], there is a growing need for new,
low-cost intervention models. This study, therefore, aimed to investigate the effects of
a one-year interdisciplinary therapy program on the cardiometabolic and inflammatory
profiles of a group of adolescents with obesity.

2. Materials and Methods
2.1. Study Design and Participants

This is a longitudinal study that investigated the effects of a one-year interdisciplinary
therapy program on adolescents with obesity in the 15 to 19 age range (15.7 ± 1.2 years).
The adolescents were recruited by disseminating details of the program through traditional
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media such as TV, radio, and newspapers in the city of São Paulo, Brazil. This study took
place at the Center for Studies in Psychobiology and Exercise (CEPE) with the Obesity
Study Group (GEO) of the Universidade Federal de São Paulo, in São Paulo, Brazil. The
inclusion criteria for the study were to be in post-pubertal Tanner Stage V [18] and have
a body mass index (BMI) > 95th percentile [19]. The exclusion criteria were the presence
of a genetic disease, chronic alcohol consumption, and previous or current drug use. No
financial or other incentive was offered to the subjects for participating in the therapy.

A total of 29 adolescents were recruited; however, only 22 completed the interven-
tion with more than 75% frequency after one year. The main reasons for dropping out
(n = 7,) were financial and family problems, school, and job opportunities. This study
was conducted according to the principles laid down in the Declaration of Helsinki, was
approved by the Institutional Ethical Committee (1.199.534), and was registered with
ClinicalTrials.gov (NCT01358773). Informed consent or assent was obtained from all partic-
ipants and/or their parents.

2.2. Anthropometric Measurements and Body Composition

Body weight was obtained utilizing a Filizola platform scale (Filizola S/A, São Paulo,
SP, Brazil; PL 180 model) with a tolerance of 180 kg and a resolution of 100 g. Stature
measurements were conducted employing a stadiometer (Sanny, São Bernardo do Campo,
SP, Brazil; ES 2030 model) with an accuracy of 0.1 cm. Body mass index (BMI) was obtained
by dividing the body weight (in kilograms) by the squared value of stature (in meters).
The waist circumference was evaluated with subjects positioned upright with a relaxed
abdomen and arms adjacent to their torso. A flexible metric tape, accurate to 1 mm, was
oriented horizontally, encompassing the midpoint between the inferior boundary of the
terminal rib and the iliac crest [20]. Body composition was verified using air displacement
plethysmography via the BOD POD system (version 1.69, Life Measurement Instruments,
Concord, CA, USA) [21].

2.3. Visceral and Subcutaneous Adiposity

Both visceral and subcutaneous adipose tissues were quantified using abdominal
ultrasonography, with a multifrequency transducer at 3.5-MHz (broad band), and admin-
istered by a single physician with specialization in imaging diagnostics. The recorded
intra-examination coefficient of variance for this ultrasonographic procedure was 0.8%. The
thickness of subcutaneous adipose tissue was delineated by the span between the epidermal
layer and the superficial aspect of the rectus abdominal muscle, while the visceral adipose
tissue was demarcated by the distance from the deep boundary of the aforementioned
muscle to the anterior facade of the aorta [22].

2.4. Blood Pressure Evaluation

Both Systolic (SBP) and Diastolic (DBP) blood pressures were assessed on the right
upper limb utilizing a mercury gravity sphygmomanometer equipped with a suitably sized
cuff. Following a minimum seated resting period of 5 min, two consecutive measurements
were taken, and their average was calculated [23].

2.5. Biochemical Analysis

Blood samples (10 mL) were collected after a 12 h overnight fast by venous puncture
and were then transferred, as appropriate, to heparinized and non-heparinized vials.
Plasma glucose was determined with the aid of a commercial kit and a UniCell DXI 800
spectrophotometer (Beckman Coulter, Fullerton, CA, USA), while specific insulin (without
C peptide) was determined using an enzyme assay and an ADVIA® 2400 Clinical Chemistry
System (Siemens, São Paulo, Brazil). Analysis of triglycerides (TG), total cholesterol (TC),
high-density lipoprotein-cholesterol (HDL-c), low-density lipoprotein-cholesterol (LDL-c),
and very low density lipoprotein-cholesterol (VLDL-c) were determined via enzymatic
colorimetric methods (CELM, Barueri, Brazil). Some aliquots were stored at −80 ◦C
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for future analysis of adipokines and cytokines. Leptin, adiponectin, tumor necrosis
factor-α (TNF-α), plasminogen activator inhibitor-1 (PAI-1), C reactive protein (CRP),
intercellular adhesion molecule 1 (ICAM-1), monocyte chemotactic protein 1 (MCP1),
interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-15 (IL-15), and interleukin-10 (IL-10)
were determined using a multiplex assay kit (EMD Millipore; HMHMAG-34K). To mitigate
daily inconsistencies, all specimens were processed simultaneously. For each analysis,
a minimum of 100 beads were recorded employing a Luminex MagPix System (Austin,
TX, USA), which underwent prior calibration and validation checks. The determinations
of values for the unspecified samples were subsequently computed using the Milliplex
Analyst Software (EMD Millipore, version 3.5.5.0, Burlington, MA, USA).

We also calculated the biomarkers representing proinflammatory leptin/adiponectin
(L/A ratio) and anti-inflammatory adiponectin/leptin (A/L ratio) ratios. Leptin concen-
trations were analyzed based on the values proposed by Gutin et al.: 24 ng/mL for male
subjects and 20 ng/mL for female subjects [24].

Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated to
estimate insulin resistance, employing the formula [Fasting insulin concentration (µU/mL)
multiplied by fasting blood glucose concentration (mmol/L) divided by 22.5] [25]. The
assessment of insulin sensitivity was obtained using the quantitative insulin sensitivity
check index (QUICKI) [26], described by the equation 1/[log fasting insulin (µU/mL) + log
fasting glucose (mg/dL)]. We considered as cut-off values ≥ 3.16 for HOMA-IR [27] and
≤0.339 for QUICKI [28].

Metabolic changes were assessed based on the following criteria: a waist circumference
exceeding the 90th percentile for age and sex; HDL concentrations of ≤50 mg/dL in females
and ≤40 mg/dL in males; triglyceride (TG) levels surpassing 150 mg/dL; blood glucose
concentrations exceeding 100 mg/dL; and blood pressure readings of ≥130/85 mmHg [29].

2.6. Interdisciplinary Therapy

The interdisciplinary therapy had a duration of one year, from January to December,
and comprised weekly two-hour group sessions. The intervention included clinical, nutri-
tional, psychological, and physical exercise counselling, which were conducted by doctors,
nutritionists, psychologists, and exercise physiologists, respectively. Figure 1 below shows
a schematic model of the therapy. Detailed descriptions of the themes in each area are
given below.

2.6.1. Nutritional Therapy

The 60 min nutritional intervention was conducted weekly in face-to-face group
sessions by a nutritionist and aimed to promote healthy eating habits and behaviors. A
number of themes were discussed, such as healthy eating principles, food guides, the food
pyramid, fad diets, food labels, dietetics, fat-free and low-calorie foods, fast food calories
and nutritional composition, nutritional choices on special occasions, healthy sandwiches,
and functional foods.

An individualized diet was prescribed for each participant, and daily energy in-
take was planned according to the Dietary Reference Intake (DRI) recommendations for
adolescents with low levels of physical activity, considering age and sex. The distribu-
tion of macronutrients was as follows: fat (25–35%), carbohydrate (45–65%), and protein
(10–30%) [30]. No pharmacotherapies, supplements, or antioxidants were recommended.

2.6.2. Psychological Therapy

The adolescents took part in psychological face-to-face group support sessions to help
them deal with their emotions and the relationship between their feelings and food intake.
The intervention lasted 60 min and was conducted by a psychologist every two weeks. The
topics discussed included depression, anxiety, emotions, eating disorders, mindful eating,
low self-esteem, and body-image disorders.
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2.6.3. Physical Exercise Counselling

Information about lifestyle changes related to physical exercise was provided by a
physical educator to encourage spontaneous physical activity (walking, stair climbing, etc.).
The objective was to stimulate the adolescents to exercise three times a week (180 min/week)
in their home, club, gym, or parks. The counseling included a recommendation of combined
physical exercise based on the guidelines of the American College of Sports Medicine [31],
comprising 30 min of aerobic training plus 30 min of resistance training. Recreational team
sports (soccer, handball, basketball, etc.), gymnastics, and walking performed in groups
were also encouraged. The sessions took place every two weeks and lasted 60 min.

2.6.4. Clinical Intervention

Once a month, the adolescents and their parents attended a consultation with an
endocrinologist to address their health and clinical parameters. The medical follow-up
included taking a medical history, a physical examination, and measurements of blood pres-
sure and body weight. The adherence of the adolescents to the therapy was also checked.

2.7. Statistical Analysis

Statistical analyses were executed using the STATISTICA 7.0 software (StatSoft, Tulsa,
OK, USA), maintaining a statistical significance threshold of p < 0.05. The distribution of
the numeric variables was ascertained through the Kolmogorov–Smirnov test. Variables
following a parametric distribution were represented as mean values accompanied by
standard deviation, while non-parametric data were denoted as medians (minimum and
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maximum). Paired t test and Wilcoxon signed rank were used for comparison between
baseline and final values of parametric and non-parametric variables, respectively. Both
Pearson and Spearman correlation coefficients were addressed for numerical variables.
Univariate regression modeling was initiated to probe the interrelation of selected variables,
designating HOMA-IR, the leptin/adiponectin ratio, and the count of metabolic changes as
the dependent outcome variables. The independent variables encompassed anthropometric,
metabolic, and inflammatory markers.

3. Results
3.1. Effects of the Interdisciplinary Therapy

After one year, reductions in body mass (p < 0.001), BMI (p < 0.001), fat-free mass
(kg) (p = 0.001), waist circumference (p = 0.025), and visceral fat (p = 0.009) were observed
(Table 1). Significant improvements were also found in respect to glucose (p = 0.001), insulin
(p = 0.001), HOMA-IR (p = 0.001), QUICKI (p = 0.000), total cholesterol (p = 0.000), LDL-c
(0.000), and triglycerides (p = 0.004) (Table 1).

Table 1. Anthropometric, body composition, and metabolic profile of adolescents with obesity at
baseline and after interdisciplinary therapy.

Baseline After Therapy p ∆

Age (years) 15.7 ± 1.2 16.6 ± 1.2
Body Mass (kg) 92.6 ± 15.9 88.9 ± 16.1 <0.001 −3.7 ± 3.9
Height (m) 1.6 ± 0.1 1.6 ± 0.1 0.01 −0.0 ± 0.0
BMI (kg/m2) 34.5 ± 4.8 33.4 ± 4.9 0.01 −1.1 ± 1.4
Body Fat (%) 43.1 ± 5.1 42.7 ± 6.5 0.62 −0.4 ± 3.4
Fat-Free Mass (%) 56.9 ± 5.2 57.3 ± 6.5 0.62 0.4 ± 3.4
Body Fat (kg) 40.3 ± 10.3 38.4 ± 11.4 0.06 −1.8 ± 4.4
Fat-Free Mass (kg) 52.3 ± 7.7 50.3 ± 7.7 <0.001 −1.9 ±2.5
Waist Circumference (cm) 94.2 ± 11.6 92.2 ± 12.3 0.03 −2.0 ± 3.9
Visceral Fat (cm) 4.4 ± 1.1 3.9 ± 1.3 0.01 −0.5 ± 0.8
Subcutaneous Fat (cm) 3.8 ± 0.8 3.8 ± 0.9 0.89 0.0 ± 0.5
Glucose (mg/dL) 95.7 ± 5.1 91.4 ± 6.6 <0.001 −4.3 ± 5.1
Insulin (uU/mL) 15.5 ± 7.2 10.9 ± 5.8 <0.001 −4.6 ± 5.6
HOMA-IR 3.6 ± 1.7 2.5 ± 1.4 <0.001 −1.2 ± 1.3
QUICKI 0,32 ± 0,02 0,34 ± 0,03 <0.001 0.02 ± 0.02
Total Cholesterol (mg/dL) 167.8 ± 26.7 143.8 ± 26.7 <0.001 −24.0 ± 14.6
HDL-Cholesterol (mg/dL) 46.7 ± 10.2 46.6 ± 11.0 0.95 −0.09 ± 6.3
LDL-Cholesterol (mg/dL) 101.7 ± 20.3 82.8 ± 18.8 <0.001 −18.9 ± 12.4
VLDL-Cholesterol (mg/dL) 27.1 ± 36.9 14.4 ± 6.4 0.12 −12.7 ± 36.7
Triglycerides (mg/dL) 96.6 ± 48.2 72.3 ± 32.1 <0.001 −23.4 ± 35.8
Free Fatty Acids 0.7 ± 0.2 0.8 ± 0.2 0.30 0.06 ± 0.4
Systolic Blood Pressure (mmHg) 120.9 ± 8.3 118.0 ± 7.9 0.17 −3.1 ± 9.3
Diastolic Blood Pressure (mmHg) 78.1 ± 5.1 75.9 ± 4.1 0.09 −2.4 ± 5.6

Abbreviations: BMI: body mass index; HOMA-IR: homeostasis model assessment of insulin resistance;
QUICKI: quantitative insulin sensitivity check index; HDL: high-density lipoprotein-cholesterol, LDL: low-density
lipoprotein-cholesterol; VLDL: very low density lipoprotein-cholesterol.

In relation to the inflammatory profile, reductions were observed in leptin (p < 0.001)
and the leptin/adiponectin ratio (p = 0.023). There was also an increase in the anti-
inflammatory adiponectin/leptin ratio (p = 0.045), but no significant difference was ob-
served in relation to the levels of adiponectin. PAI- 1 (p < 0.001) and ICAM 1 (p = 0.008) were
also reduced after therapy (Table 2). Prevalence of insulin resistance decreased from 81.8%
to 50.0% (p = 0.023), and low insulin sensibility reduced from 77.3% to 50.0% (p = 0.04).
Hyperleptinemia also reduced from 77.3% to 36.4% (p = 0.027) (Figure 2).
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Table 2. Inflammatory and cardiovascular biomarkers in adolescents with obesity at baseline and
after interdisciplinary therapy.

Baseline After Therapy p ∆

Adiponectin (ng/mL) 25.8 (9.5–97.2) 28.2 (9.5–143.3) 0.49 4.3 (−38.9–108.6)
Leptin (ng/mL) 30.8 ± 12.0 20.9 ± 14.3 <0.001 −9.9 ± 10.7
Leptin/Adiponectin ratio 1.4 ± 1.3 1.0 ± 1.6 0.02 −0.4 ± 0.8
Adiponectin/Leptin ratio 0.9 (0.2–4.6) 1.7 (0.2–17.6) 0.05 0.4 (−2.7–16.9)
TNF-α (ng/mL) 8.4 (2.3–116.0) 9.1 (1.9–48.4) 0.29 −0.7 (−67.6–5.7)
IL-1RA (pg/mL) 12.6 (0.3–327.0) 22.4 (0.3–60.1) 0.25 −0.6 (−210.7–53.4)
IL-6 (pg/mL) 1.2 (0.1–59.8) 0.9 (0.1–59.6) 0.66 −0.1 (−29.2–16.3)
IL-10 (pg/mL) 0.4 (0.1–20.3) 0.9 (0.1–30.6) 1.00 −0.1 (−3.6–12.2)
IL-15 (pg/mL) 0.1 (0.1–106.0) 0.5 (0.1–107.0) 0.30 106.0 (0.44–153.0)
CRP (ng/mL) 0.5 (0.1–1.8) 0.3 (0.1–6.3) 0.96 −0.1 (−1.5–5.2)
MCP 1 (pg/mL) 214.2 ± 106.1 168.2 ± 81.4 0.06 −23.6 ± 124.6
PAI-1 (ng/mL) 181.5 ± 61.8 111.3 ± 33.8 <0.001 −70.2 ± 54.3
ICAM (ng/mL) 146.8 ± 52.0 113.9 ± 45.6 0.01 −32.8 ± 52.9

Abbreviation: TNF-α: tumor necrosis factor-α; IL-1: interleukin-1; IL-6: interleukin-6; IL-10: interleukin-10;
IL-15: interleukin-15; CRP: C reactive protein; MCP1: monocyte chemotactic protein 1; PAI-1: plasminogen
activator inhibitor-1; ICAM: intercellular adhesion molecule.
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3.2. Correlation and Association between Variables

Changes (∆) in waist circumference were positively correlated with changes in glucose,
PAI-1, and CRP (Figure 3). The simple regression analysis demonstrated that HOMA-
IR was associated with adiponectin, the leptin/adiponectin ratio, and visceral fat. The
leptin/adiponectin ratio was associated with body fat, visceral fat, and insulin. We also
found that visceral fat, waist circumference, and QUICKI were predictors of the number of
metabolic alterations (Table 3).
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Figure 3. Correlation between variables: (a) changes (∆) in waist circumference and glucose;
(b) changes (∆) in waist circumference and PAI-1; (c) changes (∆) in waist circumference and CRP.
Changes (∆) in variables were calculated as: ∆ = values after therapy—values at baseline.

Table 3. Simple regression analysis.

HOMA-IR

−95.00% +95.00%
Beta (ß) p Cnf.Lmt Cnf.Lmt

Adiponectin −0.57 0.01 −0.08 −0.02
Leptin/adiponectin ratio 0.46 0.03 0.06 1.10
Visceral fat 0.47 0.03 0.09 1.32

Leptin/Adiponectin Ratio

−95.00% +95.00%
Beta (ß) p Cnf.Lmt Cnf.Lmt

Body fat 0.43 0.04 0.00 0.11
Visceral fat 0.46 0.03 0.05 1.04
Insulin 0.49 0.02 0.02 0.16

Number of Metabolic Alterations

−95.00% +95.00%
Beta (ß) p Cnf.Lmt Cnf.Lmt

Waist circumference 0.42 0.04 0.00 0.06
Visceral fat 0.45 0.04 0.02 0.68
QUICKI 0.43 0.04 −29.76 −0.25

Abbreviation: Cnf.Lmt, confidence limit.
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4. Discussion

Obesity in childhood is a significant global health problem, as excessive body fat affects
the current and future health of adolescents. One of the most concerning implications
of this trend is the association between excessive adipose tissue and the increased risk
of developing metabolic and cardiovascular disease during adolescence and adulthood,
which increases premature mortality [32]. Our weekly face-to-face interdisciplinary therapy
comprised nutritional, psychological, clinical, and physical exercise counselling sessions.
The design of the therapy was based on the holistic needs of the adolescents, integrating
factors related to lifestyle, such as eating habits, physical activity, and emotions. Such
a comprehensive approach is postulated to address not only the physical but also the
psychological and behavioral aspects associated with obesity [11,12].

The primary objective of our study was to investigate the inflammatory and car-
diometabolic profiles of adolescents with obesity following a one-year interdisciplinary
therapy. One of the most important findings was the significant improvement in leptin
after the intervention. Hyperleptinemia was significantly reduced from 77.3% to 36.4%. A
previous study conducted by Dâmaso et al. [17] also reported that leptin was reduced in
adolescents with obesity, from 75.0% to 55.0%, after a one-year of multidisciplinary ther-
apy; however, this intervention took place three times a week. Another study conducted
with adolescents also demonstrated improvements in leptin concentrations, promoting a
23.0% reduction after 22 weeks of semi-intensive intervention in adolescents with obesity.
This model of therapy comprised weekly online health education, with only six in-person
psychological support meetings, and one in-person clinical examination at the baseline [33].

Leptin is a key factor in the control of both energy balance and inflammatory pro-
cesses. Previous research has consistently demonstrated that a high leptin concentration
in obesity is associated with increased cardiovascular risks, behavioral disorders related
to food intake, impairment in weight loss, and inflammation. Therefore, a reduction in
hyperleptinemia can be considered an important outcome in relation to the control of
obesity and its comorbidities [34,35].

In the present study, there was no increase in adiponectin after the intervention; how-
ever, there were improvements in both the leptin/adiponectin and adiponectin/leptin
ratios. The leptin/adiponectin ratio has been considered a better predictor than leptin or
adiponectin alone for cardiovascular disease, since it is considered an indicator of adipose
tissue and vascular dysfunction, adiposity, and metabolic risk factors; it is useful, there-
fore, for cardiovascular risk stratification [35,36]. In another study, children in the highest
quartile of the leptin/adiponectin ratio presented significantly higher Systolic blood pres-
sure, CRP, triglycerides, and fasting glucose and the lowest HDL-c compared with lower
quartiles [37]. Interestingly, in the present study, we observed that the leptin/adiponectin
ratio was positively associated with insulin resistance, as well as with body fat, visceral fat,
and insulinemia.

We also observed an increase in the adiponectin/leptin ratio after the intervention.
This ratio was associated with cardiometabolic risk in children and adolescents with type 1
diabetes mellitus [38]. Moreover, this biomarker correlates better with insulin resistance
than adiponectin or leptin alone, and its reduction is associated with an increase in the
number of metabolic changes and has thus been proposed to be an important predictive
marker for metabolic syndrome [39].

Beyond leptin and adiponectin, adipose tissue produces a variety of bioactive proin-
flammatory substances, including TNF-α, CRP, IL-1, IL-6, IL-15, and anti-inflammatory
cytokines, such as IL-10. In obesity, adipose tissue dysfunction increases the secretion of
these proinflammatory cytokines, which contributes to the development of comorbidi-
ties related to excessive adiposity, particularly in the visceral depot [40]. However, no
improvements in these variables were observed in the current study. Thus, the results
suggest that this type of interdisciplinary therapy can contribute to the attenuation of
inflammation only in relation to improvements in leptin and the leptin/adiponectin and
adiponectin/leptin ratios. Another study conducted with adolescents also failed to demon-
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strate any reduction in TNF-α, CRP, and IL-6 after a one-year interdisciplinary intervention,
conducted tree times a week [17]. However, significant decreases in serum TNF-α and
CRP were observed after a 10-week lifestyle intervention conducted with 23 children and
adolescents with obesity. Probably, these results were found since this protocol proposed a
moderate caloric restriction, in addition to nutritional education performed weekly through
individual sessions [41].

In our study, there was a reduction in the cardiovascular risk biomarkers PAI-1 and
ICAM. PAI-1 is considered a major inhibitor of the fibrinolytic system, so its elevated
concentration can lead to a prothrombotic state that may contribute to the development
of cardiovascular disease [42]. In adolescents with diabetes, PAI-1 levels are correlated
with increased glycemia, HbA1c, triglycerides, total cholesterol, and carotid intima media
thickness [43]. Likewise, ICAM-1 is also involved in cardiovascular disease development.
It is a cell surface glycoprotein expressed in immune, endothelial, and epithelial cells.
It acts in leukocyte rolling and in adhesive interactions with the vessel wall and guides
leukocytes crossing the endothelial layer, which are involved in the atherosclerosis process.
It is up-regulated in response to inflammatory cytokines and is directly related to adiposity
and obesity [44]. Together, a reduction in PAI- and ICAM1 can contribute to reducing the
risks of cardiovascular disease, which highlights the effectiveness of our model of therapy
in controlling this outcome.

Additionally, the interdisciplinary intervention promoted a reduction in waist cir-
cumference and visceral fat. These results can be considered important outcomes, since
abdominal adiposity is closely related to obesity comorbidities, such as metabolic alter-
ations and inflammation in adolescents [7,17]. Importantly, we found that the reduction
in waist circumference after therapy was positively correlated with reductions in glucose,
PAI-1, and CRP. In fact, visceral fat and waist circumference are significantly and positively
associated with both fasting insulin and HOMA-IR in children and adolescents [45].

In the present study, the interdisciplinary therapy was effective in improving glucose,
insulin, and both indicators of insulin resistance and insulin sensitivity, HOMA-IR and
QUICKI, respectively. In fact, an important reduction in the prevalence of insulin resistance
was observed, with a decrease of almost 30.0%. These results are very important in clinical
practice, since a high prevalence of insulin resistance is observed in obesity, and it is a pre-
dictor of body fat, cardiovascular morbidity, and end-stage renal disease [46,47]. Moreover,
controlling insulin resistance can be considered as a strategy to prevent cardiovascular risks,
since it is involved in the physiopathology of metabolic syndrome and the development of
future artery disease, including in adolescents [48]. Indeed, in the regression analysis of the
present study, the predictors of insulin resistance were visceral fat, adiponectin, and the
leptin/adiponectin ratio, which reflect the well-established relationship between central
adiposity, inflammatory processes, and obesity comorbidities.

Previously, a randomized controlled trial conducted with adolescents with obesity and
with glucose metabolism abnormalities revealed that a 6-month Healthy Lifestyle Program,
delivered twice a week, was more effective than the standard clinical care in reducing
plasma insulin, 2 h plasma insulin, and HOMA-IR [49]. Reinehr et al. [50] demonstrated
that a BMI standard deviation (BMI-SD) reduction of 0.25–0.5 after a lifestyle intervention
was related to a decrease in HOMA-IR but also in blood pressure, triglycerides, and
triglyceride/HDL-c ratio in children and adolescents. Furthermore, the study demonstrated
that a reduction of more than 0.5 BMI-SD led to a more pronounced improvement in the
cardiometabolic profile. This program combined physical activity, nutrition education,
and behavior therapy, including the individual psychological care of the child and his or
her family [50].

In the current study, in relation to the lipid profile, we observed a significant reduction
in total cholesterol, LDL-c, and triglycerides. Other models of multidisciplinary therapy
have similarly reported enhancements in the lipid profile of children and adolescents with
obesity after one year or 22 weeks of intervention and lifestyle changes [17,33,50]. However,
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there was a greater improvement in triglycerides and HDL-c in children and adolescents
with obesity following a higher reduction in BMI-SD (>0.50) [50].

In summary, our findings suggest that the program could be effective in attenuating
cardiometabolic risk by decreasing the metabolic profile, abdominal adiposity, and visceral
fat. As shown in the regression analysis, the waist circumference and visceral fat were
predictors of the number of metabolic alterations. A study by Qorbani et al. [51] reported
that in children and adolescents, each unit increase in BMI and in waist circumference
elevates the odds of metabolic syndrome from 6 to 72% and from 1 to 20%, respectively.
Obesity and metabolic syndrome in adolescence have been associated with an increased
risk of coronary heart disease in adulthood [52].

A range of models using lifestyle interventions and multidisciplinary therapy have
shown benefits for treating adolescents with obesity. These strategies have incorporated
physical exercise, nutritional education, and behavior modification, spanning both short
(2 months) and long durations (22 weeks and 12 months). The significant reductions in
BMI and waist circumference reported highlight the importance of the use of this type of
treatment in managing childhood obesity [14,17,50,53,54]. In a systematic review, it was
demonstrated that compared with no treatment or a wait-listed control group, the use of
lifestyle interventions reported a positive effect on weight loss in children and adolescents.
Furthermore, studies with longer intervention periods (>6 months) showed greater weight
loss than shorter therapy [14].

On the other hand, shorter-duration interventions might also foster greater adher-
ence. Kelishadi et al. [53] introduced a 2-month lifestyle modification trial for adolescents,
comprising physical exercise, diet education, and behavior modification. Remarkably,
94.7% of the participants completed the trial, with 87.3% returning for a 6-month follow-up.
Additionally, we observed a lower drop-out rate (24.13%) than the intensive models (three
times a week), which had a drop-out rate of 36.2% after 12 months [33].

While intensive lifestyle intervention models, conducted three times weekly, effectively
controlled adiposity, cardiometabolic factors, and inflammatory profiles in adolescents with
obesity [17,33], our study’s weekly interdisciplinary therapy also successfully modulated
insulin resistance, hyperleptinemia, body composition, inflammation, and metabolic pa-
rameters linked to cardiovascular risk after one year. Given the childhood obesity epidemic
and its implications, the prevention and management of non-communicable diseases are
considered a core priority. Thus, early interventions that control adiposity, metabolic pro-
file alterations, and the low-grade inflammatory process in adolescents with obesity are
important not only for the adolescent, but also for the health of the adult they become [2].
Hence, cost-effective therapeutic models, whether interdisciplinary or of a shorter duration,
should be integrated into public health policies to combat childhood obesity [12].

The main strength of this study is that it produced significant positive results in
respect to obesity, which could help to reduce the comorbidities associated with obesity
and improve the health of the participants as adults. The main weakness of the study is
the small number of participants. However, the results of the study are important, as they
encourage us to continue and further develop this line of research, but larger cohort studies
are required to confirm these results.

5. Conclusions

In conclusion, one year of weekly interdisciplinary therapy comprising clinical, nu-
tritional, psychological, and physical exercise counselling can contribute to a reduction in
insulin resistance, hyperleptinemia, and cardiometabolic risk, improve lipid profiles, and
play an important role in obesity management and reducing comorbidities in adolescents.
The results observed following the intervention support its application as a model for a
group approach that can be used in public health settings to support adolescents diagnosed
with obesity and to improve their health and quality of life.



Int. J. Environ. Res. Public Health 2023, 20, 7114 12 of 15

Author Contributions: D.C.L.M.: Conceptualization, Methodology, Software, Validation, Formal
analysis, Investigation, Resources, Data curation, Writing—original draft, Writing—review and
editing, and Visualization; R.M.d.S.C.: Conceptualization, Methodology, Validation, Investigation,
Resources, Data curation, Writing—original draft, Writing—review and editing, and Visualization;
B.D.M.N.: Methodology, Investigation, Resources, Data curation, Writing—review and editing, and
Visualization; J.P.d.C.-F.: Methodology, Investigation, Resources, Data curation, Writing—review
and editing, and Visualization; C.R.B.J.: Methodology, Investigation, Resources, Data curation,
Writing—review and editing, and Visualization; G.T.P.: Methodology, Investigation, Resources, Data
curation, Writing—review and editing, and Visualization; S.A.: Methodology, Investigation, Re-
sources, Data curation, Writing—review and editing, and Visualization; A.d.P.G.: Methodology, In-
vestigation, Resources, Data curation, Writing—review and editing, and Visualization; S.T.: Resources,
Data curation, Writing—review and editing, Visualization, Supervision, Project administration, and
Funding acquisition; M.T.d.M.: Resources, Data curation, Writing—review and editing, Visualization,
Supervision, Project administration, and Funding acquisition; N.N.J.: Validation, Data curation,
Writing—review and editing, Visualization, and Funding acquisition; A.R.D.: Conceptualization,
Methodology, Validation, Investigation, Resources, Data curation, Writing—review and editing,
Visualization, Supervision, Project administration, and Funding acquisition. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by CNPq (305240/2021-8), CAPES (AUX-PE-PNPD 2566/2011),
FAPESP (2006/00684-3; 2008/53069-0; 2011/50356-0; 2011/50414-0; 2013/041364), CEPE, CEMSA,
UNIFESP, CENESP, AFIP and FADA.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Universidade Federal de São Paulo
(protocol code 1.199.534 and date of approval: August 2015).

Informed Consent Statement: Written informed consent has been obtained from the patient(s) to
publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: Center for Studies in Psychobiology and Exercise (CEPE), Laboratory of Nutri-
tion Physiolog and Federal University of São Paulo (UNIFESP).

Conflicts of Interest: The authors declare that this study received funding from Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq: 305240/2021-8), Coordenação de Aperfeiçoa-
mento de Pessoal de Nível Superior (CAPES: AUX-PE-PNPD 2566/2011), Fundação de Amparo à
Pesquisa do Estado de São Paulo (FAPESP: 2006/00684-3; 2008/53069-0; 2011/50356-0; 2011/50414-0;
2013/041364), Centro de Estudos em Psicobiologia e Exercício (CEPE), Centro Multidisciplinar em
Sonolência e Acidentes (CEMSA), Universidade Federal de São Paulo (UNIFESP), Associação Fundo
de Incentivo à Pesquisa(AFIP) and Fundo de Auxílio aos Docentes e Alunos da UNIFESP (FADA).
The funder was not involved in the study design, collection, analysis, interpretation of data, the
writing of this article or the decision to submit it for publication.

References
1. NCD Risk Factor Collaboration. 2016. Available online: http://ncdrisc.org/obesity-prevalence-ranking.html (accessed on

23 March 2023).
2. Simmonds, M.; Llewellyn, A.; Owen, C.G.; Woolacott, N. Predicting adult obesity from childhood obesity: A systematic review

and meta-analysis. Obes. Rev. 2016, 17, 95–107. [CrossRef] [PubMed]
3. Brasil, Ministério da Saúde. Atlas da Obesidade Infantile; Ministério da Saúde: Brasília, Brazil, 2019.
4. Pesquisa Nacional de Saúde: 2019: Atenção Primária à Saúde e Informações Antropométricas; Brasil/IBGE, Coordenação de Trabalho e

Rendimento: Rio de Janeiro, Brazil, 2020.
5. Nogueira-de-Almeida, C.A.; Del Ciampo, L.A.; Ferraz, I.S.; Del Ciampo, I.R.L. COVID-19 and obesity in childhood and

adolescence: A clinical review. J. Pediatr. 2020, 96, 546–558. [CrossRef] [PubMed]
6. Sharma, V.; Coleman, S.; Nixon, J.; Sharples, L.; Hamilton-Shield, J.; Rutter, H.; Bryant, M. A systematic review and meta-analysis

estimating the population prevalence of comorbidities in children and adolescents aged 5 to 18 years. Obes. Rev. 2019, 20,
1341–1349. [CrossRef] [PubMed]

http://ncdrisc.org/obesity-prevalence-ranking.html
https://doi.org/10.1111/obr.12334
https://www.ncbi.nlm.nih.gov/pubmed/26696565
https://doi.org/10.1016/j.jped.2020.07.001
https://www.ncbi.nlm.nih.gov/pubmed/32768388
https://doi.org/10.1111/obr.12904
https://www.ncbi.nlm.nih.gov/pubmed/31342672


Int. J. Environ. Res. Public Health 2023, 20, 7114 13 of 15

7. Kahn, C.R.; Wang, G.; Lee, K.Y. Altered adipose tissue and adipocyte function in the pathogenesis of metabolic syndrome. J. Clin.
Investig. 2019, 129, 3990–4000. [CrossRef] [PubMed]

8. de Assis, G.G.; Murawska-Ciałowicz, E. Leptin-A Potential Bridge between Fat Metabolism and the Brain’s Vulnerability to
Neuropsychiatric Disorders: A Systematic Review. J. Clin. Med. 2021, 10, 5714. [CrossRef] [PubMed]

9. Khoramipour, K.; Chamari, K.; Hekmatikar, A.A.; Ziyaiyan, A.; Taherkhani, S.; Elguindy, N.M.; Bragazzi, N.L. Adiponectin:
Structure, Physiological Functions, Role in Diseases, and Effects of Nutrition. Nutrients 2021, 13, 1180. [CrossRef] [PubMed]

10. Bhutta, Z.A.; Norris, S.A.; Roberts, M.; Singhal, A. The global challenge of childhood obesity and its consequences: What can be
done? Lancet Glob. Health 2023, 11, e1172–e1173. [CrossRef]

11. WHO Global Strategy on Diet, Physical Activity and Health. Childhood Overweight and Obesity. Available online: http:
//www.who.int/dietphysicalactivity/childhood/en/ (accessed on 22 March 2023).

12. WHO. WHO Report of the Commission on Ending Childhood Obesity; WHO: Geneva, Switzerland, 2016. Available online: https:
//apps.who.int/iris/bitstream/handle/10665/204176/9789241510066_eng.pdf (accessed on 22 March 2022).

13. Cominato, L.; Franco, R.; Damiani, D. Adolescent obesity treatments: News, views, and evidence. Arch. Endocrinol. Metab. 2021,
65, 527–536. [CrossRef]

14. Ho, M.; Garnett, S.P.; Baur, L.; Burrows, T.; Stewart, L.; Neve, M.; Collins, C. Effectiveness of lifestyle interventions in child
obesity: Systematic review with meta-analysis. Pediatrics 2012, 130, e1647–e1671. [CrossRef]

15. Wickham, E.P.; Stern, M.; Evans, R.K.; Bryan, D.L.; Moskowitz, W.B.; Clore, J.N.; Laver, J.H. Prevalence of the metabolic syndrome
among obese adolescents enrolled in a multidisciplinary weight management program: Clinical correlates and response to
treatment. Metab. Syndr. Relat. Disord. 2009, 7, 179–186. [CrossRef]

16. Ryder, J.R.; Vega-López, S.; Gaesser, G.A.; Buman, M.P.; Shaibi, G.Q. Heterogeneous vascular responses to lifestyle intervention in
obese Latino adolescents. Metab. Syndr. Relat. Disord. 2014, 12, 509–515. [CrossRef] [PubMed]

17. Dâmaso, A.R.; de Piano, A.; Campos, R.M.; Corgosinho, F.C.; Siegfried, W.; Caranti, D.A.; Masquio, D.C.; Carnier, J.; Sanches
Pde, L.; Leão da Silva, P.; et al. Multidisciplinary approach to the treatment of obese adolescents: Effects on cardiovascular risk
factors, inflammatory profile, and neuroendocrine regulation of energy balance. Int. J. Endocrinol. 2013, 2013, 541032. [CrossRef]
[PubMed]

18. Tanner, J.M.; Whitehouse, R.H. Clinical longitudinal standards for height, weight velocity and stages of puberty. Arch. Dis. Child
1976, 51, 170–179. [CrossRef] [PubMed]

19. Centers for Disease Control and Prevention. Prevalence of Overweight among Children and Adolescents: United States 1999–2002;
National Center for Health Statistics: Hyattsville, MD, USA, 2002; (Updates on 11 January 2007). Available online: http:
//www.cdc.gov/nchs/products/pubs/pubd/hestats/overwght99.htm (accessed on 15 August 2011).

20. Lohman, T.G.; Roche, A.F.; Martorrel, R. Anthropometric Standardization Reference Manual; Human Kinetic Books: Champaign, IL,
USA, 1991.

21. Fields, D.A.; Higgins, P.B.; Radley, D. Air-displacement plethysmography: Here to stay. Curr. Opin. Clin. Nutr. Metab. Care 2005,
8, 624–629. [CrossRef] [PubMed]

22. Ribeiro-Filho, F.F.; Faria, A.N.; Azjen, S.; Zanella, M.T.; Ferreira, S.R. Methods of estimation of visceral fat: Advantages of
ultrasonography. Obes. Res. 2003, 11, 1488–1494. [CrossRef] [PubMed]

23. Chobanian, A.V.; Bakris, G.L.; Black, H.R.; Cushman, W.C.; Green, L.A.; Izzo, J.L., Jr.; Jones, D.W.; Materson, B.J.; Oparil, S.;
Wright, J.T., Jr.; et al. National Heart, Lung, and Blood Institute; National High Blood Pressure Education Program Coordinating
Committee. Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure. Hypertension 2003, 42, 1206–1252. [CrossRef] [PubMed]

24. Gutin, B.; Ramsey, L.; Barbeau, P.; Cannady, W.; Ferguson, M.; Litaker, M.; Owens, S. Plasma leptin concentrations in obese
children: Changes during 4-mo periods with and without physical training. Am. J. Clin. Nutr. 1999, 69, 388–394. [CrossRef]

25. Matthews, D.R.; Hosker, J.P.; Rudenski, A.S.; Naylor, B.A.; Treacher, D.F.; Turner, R.C. Homeostasis model assessment: Insulin
resistance and b-cell function from fasting plasma glucose and insulin concentrations in man. Diabetologia 1985, 28, 412–419.
[CrossRef]

26. Katz, A.; Nambi, S.S.; Mather, K.; Baron, A.D.; Follmann, D.A.; Sullivan, G.; Quon, M.J. Quantitative insulin sensitivity check
index: A simple, accurate method for assessing insulin sensitivity in humans. J. Clin. Endocrinol. Metab. 2000, 85, 2402–2410.
[CrossRef]

27. Keskin, M.; Kurtoglu, S.; Kendirci, M.; Atabek, M.E.; Yazici, C. Homeostasis model assessment is more reliable than the fasting
glucose/insulin ratio and quantitative insulin sensitivity check index for assessing insulin resistance among obese children and
adolescents. Pediatrics 2005, 115, e500–e503. [CrossRef]

28. Schwimmer, J.B.; Deutsch, R.; Rauch, J.B.; Behling, C.; Newbury, R.; Lavine, J.E. Obesity, insulin resistance, and other clinicopatho-
logical correlates of pediatric nonalcoholic fatty liver disease. J. Pediatr. 2003, 143, 500–505. [CrossRef]

29. Zimmet, P.; Alberti, K.G.; Kaufman, F.; Tajima, N.; Silink, M.; Arslanian, S.; Wong, G.; Bennett, P.; Shaw, J.; Caprio, S.; et al. The
metabolic syndrome in children and adolescentsd—An IDF consensus report. Pediatr. Diabetes 2007, 8, 299–306. [CrossRef]

30. Institute of Medicine (US) Subcommittee on Interpretation and Uses of Dietary Reference Intakes; Institute of Medicine (US)
Standing Committee on the Scientific Evaluation of Dietary Reference Intakes. DRI Dietary Reference Intakes: Applications in Dietary
Assessment; National Academic Press: Washington, DC, USA, 2000.

https://doi.org/10.1172/JCI129187
https://www.ncbi.nlm.nih.gov/pubmed/31573548
https://doi.org/10.3390/jcm10235714
https://www.ncbi.nlm.nih.gov/pubmed/34884416
https://doi.org/10.3390/nu13041180
https://www.ncbi.nlm.nih.gov/pubmed/33918360
https://doi.org/10.1016/S2214-109X(23)00284-X
http://www.who.int/dietphysicalactivity/childhood/en/
http://www.who.int/dietphysicalactivity/childhood/en/
https://apps.who.int/iris/bitstream/handle/10665/204176/9789241510066_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/204176/9789241510066_eng.pdf
https://doi.org/10.20945/2359-3997000000393
https://doi.org/10.1542/peds.2012-1176
https://doi.org/10.1089/met.2008.0038
https://doi.org/10.1089/met.2014.0060
https://www.ncbi.nlm.nih.gov/pubmed/25162989
https://doi.org/10.1155/2013/541032
https://www.ncbi.nlm.nih.gov/pubmed/24285955
https://doi.org/10.1136/adc.51.3.170
https://www.ncbi.nlm.nih.gov/pubmed/952550
http://www.cdc.gov/nchs/products/pubs/pubd/hestats/overwght99.htm
http://www.cdc.gov/nchs/products/pubs/pubd/hestats/overwght99.htm
https://doi.org/10.1097/01.mco.0000171127.44525.07
https://www.ncbi.nlm.nih.gov/pubmed/16205463
https://doi.org/10.1038/oby.2003.199
https://www.ncbi.nlm.nih.gov/pubmed/14694213
https://doi.org/10.1161/01.HYP.0000107251.49515.c2
https://www.ncbi.nlm.nih.gov/pubmed/14656957
https://doi.org/10.1093/ajcn/69.3.388
https://doi.org/10.1007/BF00280883
https://doi.org/10.1210/jcem.85.7.6661
https://doi.org/10.1542/peds.2004-1921
https://doi.org/10.1067/S0022-3476(03)00325-1
https://doi.org/10.1111/j.1399-5448.2007.00271.x


Int. J. Environ. Res. Public Health 2023, 20, 7114 14 of 15

31. ACSM. ACMS position stand on the appropriate intervention strategies for weight loss and prevention of weight regain for
adults. Med. Sci. Sports Exerc. 2001, 33, 2145–2156. [CrossRef] [PubMed]

32. Horesh, A.; Tsur, A.M.; Bardugo, A.; Twig, G. Adolescent and Childhood Obesity and Excess Morbidity and Mortality in Young
Adulthood—A Systematic Review. Curr. Obes. Rep. 2021, 10, 301–310. [CrossRef] [PubMed]

33. Hintze, L.J.; Kravchychyn, A.C.P.; Ferreira, Y.A.M.; Campos, R.M.D.S.; Dantas, A.D.A.; Masquio, D.C.L.; Caranti, D.A.; Thivel,
D.; Dâmaso, A.R. Semi-intensive and Intensive Interdisciplinary Treatments Have Similar Effects on Metabolic Syndrome and
Selected Inflammatory Markers in Adolescents with Obesity. J. Obes. Metab. Syndr. 2021, 30, 386–395. [CrossRef] [PubMed]

34. Obradovic, M.; Sudar-Milovanovic, E.; Soskic, S.; Essack, M.; Arya, S.; Stewart, A.J.; Gojobori, T.; Isenovic, E.R. Leptin and
Obesity: Role and Clinical Implication. Front. Endocrinol. 2021, 12, 585887. [CrossRef] [PubMed]

35. Agostinis-Sobrinho, C.A.; Lacerda Mendes, E.; Moreira, C.; Abreu, S.; Lopes, L.; Oliveira-Santos, J.; Skurvydas, A.; Mota, J.;
Santos, R. Association between Leptin, Adiponectin, and Leptin/Adiponectin Ratio with Clustered Metabolic Risk Factors in
Portuguese Adolescents: The LabMed Physical Activity Study. Ann. Nutr. Metab. 2017, 70, 321–328. [CrossRef]

36. López-Jaramillo, P.; Gómez-Arbeláez, D.; López-López, J. Relationship among the leptin-to-adiponectin ratio, systemic inflamma-
tion, and anisocytosis: A plausible pathophysiological mechanism of a novel cardiovascular risk marker. Kardiol. Pol. 2020, 78,
381–382. [CrossRef]

37. Stakos, D.A.; Papaioannou, H.I.; Angelidou, I.; Mantadakis, E.; Paraskakis, E.; Tsigalou, C.; Chatzimichael, A. Plasma leptin
and adiponectin concentrations correlate with cardiometabolic risk and systemic inflammation in healthy, non-obese children. J.
Pediatr. Endocrinol. Metab. 2014, 27, 221–228. [CrossRef]

38. Shah, N.; Khadilkar, A.; Oza, C.; Bhor, S.; Ladkat, D.; Gondhalekar, K.; More, C.; Khadilkar, V. Adiponectin-leptin ratio as a
marker of cardio-metabolic risk in Indian children and youth with type 1 diabetes. J. Pediatr. Endocrinol. Metab. 2023, 36, 561–567.
[CrossRef]

39. Frühbeck, G.; Catalán, V.; Rodríguez, A.; Gómez-Ambrosi, J. Adiponectin-leptin ratio: A promising index to estimate adipose
tissue dysfunction. Relation with obesity-associated cardiometabolic risk. Adipocyte 2018, 7, 57–62. [CrossRef] [PubMed]

40. Kawai, T.; Autieri, M.V.; Scalia, R. Adipose tissue inflammation and metabolic dysfunction in obesity. Am. J. Physiol. Cell Physiol.
2021, 320, C375–C391. [CrossRef] [PubMed]

41. Marti, A.; Morell-Azanza, L.; Rendo-Urteaga, T.; García-Calzón, S.; Ojeda-Rodríguez, A.; Martín-Calvo, N.; Moreno-Aliaga, M.J.;
Martínez, J.A.; Azcona-San Julián, M.C. Serum and gene expression levels of CT-1, IL-6, and TNF-α after a lifestyle intervention
in obese children. Pediatr. Diabetes 2018, 19, 217–222. [CrossRef] [PubMed]

42. Sillen, M.; Declerck, P.J. A Narrative Review on Plasminogen Activator Inhibitor-1 and Its (Patho)Physiological Role: To Target or
Not to Target? Int. J. Mol. Sci. 2021, 22, 2721. [CrossRef]

43. Adly, A.A.; Elbarbary, N.S.; Ismail, E.A.; Hassan, S.R. Plasminogen activator inhibitor-1 (PAI-1) in children and adolescents
with type 1 diabetes mellitus: Relation to diabetic micro-vascular complications and carotid intima media thickness. J. Diabetes
Complicat. 2014, 28, 340–347. [CrossRef]

44. Varona, J.F.; Ortiz-Regalón, R.; Sánchez-Vera, I.; López-Melgar, B.; García-Durango, C.; Castellano Vázquez, J.M.; Solís, J.;
Fernández-Friera, L.; Vidal-Vanaclocha, F. Soluble ICAM 1 and VCAM 1 Blood Levels Alert on Subclinical Atherosclerosis in Non
Smokers with Asymptomatic Metabolic Syndrome. Arch. Med. Res. 2019, 50, 20–28. [CrossRef]

45. Moschonis, G.; Karatzi, K.; Polychronopoulou, M.C.; Manios, Y. Waist circumference, trunk and visceral fat cutoff values for
detecting hyperinsulinemia and insulin resistance in children: The Healthy Growth Study. Eur. J. Nutr. 2016, 55, 2331–2334.
[CrossRef] [PubMed]

46. Adam, T.C.; Toledo-Corral, C.; Lane, C.J.; Weigensberg, M.J.; Spruijt-Metz, D.; Davies, J.N.; Goran, M.I. Insulin sensitivity as an
independent predictor of fat mass gain in Hispanic adolescents. Diabetes Care 2009, 32, 2114–2115. [CrossRef]

47. Fragoso, A.; Mendes, F.; Silva, A.P.; Neves, P.L. Insulin resistance as a predictor of cardiovascular morbidity and end-stage renal
disease. J. Diabetes Complicat. 2015, 29, 1098–1104. [CrossRef]

48. Caprio, S.; Perry, R.; Kursawe, R. Adolescent Obesity and Insulin Resistance: Roles of Ectopic Fat Accumulation and Adipose
Inflammation. Gastroenterology 2017, 152, 1638–1646. [CrossRef]

49. Savoye, M.; Caprio, S.; Dziura, J.; Camp, A.; Germain, G.; Summers, C.; Li, F.; Shaw, M.; Nowicka, P.; Kursawe, R.; et al. Reversal
of early abnormalities in glucose metabolism in obese youth: Results of an intensive lifestyle randomized controlled trial. Diabetes
Care 2014, 37, 317–324. [CrossRef] [PubMed]

50. Reinehr, T.; Lass, N.; Toschke, C.; Rothermel, J.; Lanzinger, S.; Holl, R.W. Which Amount of BMI-SDS Reduction Is Necessary
to Improve Cardiovascular Risk Factors in Overweight Children? J. Clin. Endocrinol. Metab. 2016, 101, 3171–3179. [CrossRef]
[PubMed]

51. Qorbani, M.; Kelishadi, R.; Farrokhi-Khajeh-Pasha, Y.; Motlagh, M.; Aminaee, T.; Ardalan, G.; Asayesh, H.; Shafiee, G.; Taslimi,
M.; Poursafa, P.; et al. Association of anthropometric measures with cardiovascular risk factors and metabolic syndrome in
normal-weight children and adolescents: The CASPIAN III study. Obes. Facts. 2013, 6, 483–492. [CrossRef] [PubMed]

52. Bacha, F.; Edmundowicz, D.; Sutton-Tyrell, K.; Lee, S.; Tfayli, H.; Arslanian, S.A. Coronary artery calcification in obese youth:
What are the phenotypic and metabolic determinants? Diabetes Care 2014, 37, 2632–2639. [CrossRef]

https://doi.org/10.1097/00005768-200112000-00026
https://www.ncbi.nlm.nih.gov/pubmed/11740312
https://doi.org/10.1007/s13679-021-00439-9
https://www.ncbi.nlm.nih.gov/pubmed/33950400
https://doi.org/10.7570/jomes21049
https://www.ncbi.nlm.nih.gov/pubmed/34966004
https://doi.org/10.3389/fendo.2021.585887
https://www.ncbi.nlm.nih.gov/pubmed/34084149
https://doi.org/10.1159/000477328
https://doi.org/10.33963/KP.15381
https://doi.org/10.1515/jpem-2013-0195
https://doi.org/10.1515/jpem-2023-0087
https://doi.org/10.1080/21623945.2017.1402151
https://www.ncbi.nlm.nih.gov/pubmed/29205099
https://doi.org/10.1152/ajpcell.00379.2020
https://www.ncbi.nlm.nih.gov/pubmed/33356944
https://doi.org/10.1111/pedi.12561
https://www.ncbi.nlm.nih.gov/pubmed/28749076
https://doi.org/10.3390/ijms22052721
https://doi.org/10.1016/j.jdiacomp.2014.01.011
https://doi.org/10.1016/j.arcmed.2019.05.003
https://doi.org/10.1007/s00394-015-1046-3
https://www.ncbi.nlm.nih.gov/pubmed/26419584
https://doi.org/10.2337/dc09-0833
https://doi.org/10.1016/j.jdiacomp.2015.05.010
https://doi.org/10.1053/j.gastro.2016.12.051
https://doi.org/10.2337/dc13-1571
https://www.ncbi.nlm.nih.gov/pubmed/24062325
https://doi.org/10.1210/jc.2016-1885
https://www.ncbi.nlm.nih.gov/pubmed/27285295
https://doi.org/10.1159/000356011
https://www.ncbi.nlm.nih.gov/pubmed/24157679
https://doi.org/10.2337/dc14-0193


Int. J. Environ. Res. Public Health 2023, 20, 7114 15 of 15

53. Kelishadi, R.; Hashemipour, M.; Sarrafzadegan, N.; Mohammadifard, N.; Alikhasy, H.; Beizaei, M.; Sajjadi, F.; Poursafa, P.;
Amin, Z.; Ghatreh-Samani, S.; et al. Effects of a lifestyle modification trial among phenotypically obese metabolically normal
and phenotypically obese metabolically abnormal adolescents in comparison with phenotypically normal metabolically obese
adolescents. Matern Child Nutr. 2010, 6, 275–286. [CrossRef]

54. Pacifico, L.; Arca, M.; Anania, C.; Cantisani, V.; Di Martino, M.; Chiesa, C. Arterial function and structure after a 1-year lifestyle
intervention in children with nonalcoholic fatty liver disease. Nutr. Metab. Cardiovasc. Dis. 2013, 23, 1010–1016. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1740-8709.2009.00207.x
https://doi.org/10.1016/j.numecd.2012.08.003

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Anthropometric Measurements and Body Composition 
	Visceral and Subcutaneous Adiposity 
	Blood Pressure Evaluation 
	Biochemical Analysis 
	Interdisciplinary Therapy 
	Nutritional Therapy 
	Psychological Therapy 
	Physical Exercise Counselling 
	Clinical Intervention 

	Statistical Analysis 

	Results 
	Effects of the Interdisciplinary Therapy 
	Correlation and Association between Variables 

	Discussion 
	Conclusions 
	References

