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Abstract: Background/Objectives: Childhood obesity is one of the most challenging contemporary
public health problems. Children and adolescents with obesity experience multiple psychosocial
difficulties, such as low self-esteem, depression, anxiety, and behavioral problems, which persist for a
long time. The aim of the study was to assess the effect of a multidisciplinary personalized lifestyle
intervention for depressive and anxiety symptoms, as evaluated by psychometric questionnaires,
and their effect and association with cardiometabolic parameters in children and adolescents with
overweight and obesity before and after the intervention. Methods: Six hundred and eleven (n = 611)
children and adolescents (mean age ± SE: 10.39 ± 0.10 years; 51.5% females, 46.6% pubertal) were
studied prospectively. Subjects were classified as being obese (50.2%), overweight (33.5%), or having a
normal BMI (16.2%) according to IOTF criteria. All participants entered a 1-year lifestyle intervention
program; laboratory investigations were obtained at the beginning and end of the study and two
psychometric questionnaires were completed, the CDI and SCARED, which evaluate symptoms
of depression and anxiety, respectively. Results: Following the lifestyle intervention, a significant
decrease was noted in anxiety scores in all subjects and in depression scores in youth with obesity, as
well as in adolescents with obesity, while females displayed a reduced response to the intervention.
Insulin resistance and metabolic syndrome parameters, cortisol, PRL, and LH concentrations were
positive predictors for depressive and anxiety symptoms. Conclusions: The implementation of
a multidisciplinary personalized lifestyle intervention program in the management of childhood
obesity is associated with a significant decrease in cardiometabolic and psychosocial comorbidities in
children with and without excess adiposity. The improvement in mental health is likely mediated by
an improvement in energy metabolism with subsequent improvement in neuroinflammation owing
to lifestyle changes.

Keywords: childhood obesity; mental health; depression; anxiety; lifestyle intervention

1. Introduction

Childhood obesity has arisen as one of the most challenging public health problems
of our century [1]. In Europe, the highest rates are recorded in Mediterranean countries,
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with Greece having a leading role [2]. Indeed, the prevalence of overweight and obesity
in Greece ranges from 21% in preschool-aged children to 41% in school-aged children
and adolescents, and it is significantly higher than the rest of the European countries
(15% and 25%, respectively) [3]. Childhood obesity constitutes a multifactorial chronic
disease caused by the synergistic action of multiple genes, epigenetic mechanisms, and
environmental factors, with genome penetrance being the highest during childhood [4,5].
Multiple comorbidities emerge, including cardiovascular and metabolic disorders, as
well as psychosocial disorders, such as social stigma, low self-esteem, and behavioral
problems [6,7]. Children and adolescents with excess adiposity have a five-fold risk of
having obesity in adulthood [8], while cardiometabolic risk is independently associated
with serious comorbidities later in life, including diabetes mellitus type 2, hypertension,
coronary artery disease, and dyslipidemia, as well as increased mortality [9–13].

Interestingly, youth with excess adiposity are at an increased risk of developing anxiety
and depression, which constitute prevalent psychosocial disorders in this population and
persist over time [7,14]. Childhood and adolescence constitute a developmental milestone
in which individual, social, and emotional habits that are of paramount importance for long-
term well-being are developed, such as adopting healthy sleep patterns, regular exercise,
developing coping and problem-solving skills, and managing interpersonal relationships
and emotions [15]. The physical and psychological changes combined with the constant
social challenges (poverty, abuse or violence, domestic and interpersonal problems, the
COVID-19 pandemic, addictions, and chronic diseases) that occur during this evolutive age
make youngsters particularly affected by the global obesity epidemic and prone to anxiety,
depression, and unhealthy lifestyle patterns [16,17]. Alcohol and illicit substance abuse
present a worrisome trend, with about 19.9% of 14- to 15-year-old adolescents reporting
having at least one drink in their lifetime and at the same time, 10.9% of eighth graders,
19.8% of 10th graders, and 31.2% of 12th graders using any illicit drug in 2023, according to
the National Survey on Drug Use and Health (NSDUH) [18].

The influence of endogenous biological factors derived from changes in energy
metabolism is significant on the development of anxiety and depression in individuals
with excess adiposity [19]. Growing evidence highlights the bidirectional relationship
between diets high in saturated fat and sugar, a sedentary lifestyle and visceral fat accu-
mulation, and the psychological consequences of obesity. Obesity-induced metabolic and
vascular dysfunction, including chronic gut and adipose tissue inflammation, insulin and
leptin resistance, and arterial hypertension, as well as dysregulation of the hypothalamic–
pituitary–adrenal (HPA) axis, have emerged as the key pathophysiological mechanisms for
the development of depression and anxiety in individuals with obesity. The inflammatory
state of obesity affects neuroimmunological responses and the function of neuronal circuits
(dopaminergic and serotonin pathways) in the central nervous system, leading to neuroin-
flammation and altering the structure, excitability, and connectivity of neuronal networks
that control mood, motivation, and emotion. The interplay between metabolic and mood
disturbances can perpetuate a cycle of despair, overeating, and physical inactivity, which
reinforces the severity of obesity and its comorbidities [19]. Indeed, dopaminergic path-
ways are enhanced by pleasurable stimuli (palatable food, drugs, alcohol) in prone young
individuals, providing greater reward value, especially in the presence of risk factors and
disrupted interpersonal relationships [20].

The Center for Disease Control and Prevention (CDC) emphasizes the supportive
role of a healthy lifestyle [21]. A healthy eating pattern focusing on fruits, vegetables,
whole grains, legumes, lean sources of protein, and nuts and seeds, as well as participation
in physical activity for at least 60 min each day, getting sufficient sleep each night, and
practicing mindfulness or relaxation techniques, are behaviors that address excess adiposity
and help to promote mental health. Overall, it is imperative that childhood obesity is
prevented and managed early prior to the onset of physical or mental comorbidities [7].

The aim of the present study was to study the effect of a comprehensive, multi-
disciplinary, and personalized lifestyle intervention program for depressive and anxiety
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symptoms, as evaluated by psychometric questionnaires (CDI and SCARED, respectively),
and their effect and association with cardiometabolic parameters in children and adoles-
cents with overweight and obesity before and after the intervention. The main research
hypothesis was that the improvement in BMI following the implementation of the lifestyle
intervention program in youth with or without excess adiposity was associated with an
improvement in cardiometabolic risk factors and anxiety and depressive symptomatology.

2. Materials and Methods
2.1. Study Design

We conducted a prospective study of children and adolescents, who were consecutive
our Center for the Prevention and Management of Overweight and Obesity in Childhood
and Adolescence, Division of Endocrinology, Metabolism and Diabetes, First Department of
Pediatrics, National and Kapodistrian University of Athens Medical School, ‘Aghia Sophia’
Children’s Hospital. A structured, comprehensive, multidisciplinary, and personalized
lifestyle intervention program was implemented for 1 year and data were collected both
at the initial and annual assessment. The study was conducted in accordance with the
principles of the Declaration of Helsinki and was approved by the Committee on the Ethics
of Human Research of ‘Aghia Sophia’ Children’s Hospital (approval number: EB-PASCH-
MoM: 28 November 2013, ref: 10290-14/05/2013 and approval number: EB-PASCH-MoM:
3 April 2018, ref: 7000-20/03/2018). Parents or legal guardians provided written informed
consent in all cases and children ≥ 7 years gave their assent. Children and adolescents not
participating in the study received equal healthcare.

2.2. Patients

From a total of 708 children and adolescents of 6–18 years of age who were initially
recruited to participate in the study, 611 participants completed the 1-year lifestyle in-
tervention (13.7% drop-out rate). The six hundred and eleven [n = 611, mean age ± SE:
10.39 ± 0.10 years; 315 (51.5%) females, 296 (48.5%) males] subjects were classified as being
obese (n = 307, 50.2%), overweight (n = 205, 33.6%), or having a normal BMI (n = 99, 16.2%)
according to the International Obesity Task Force (IOTF) criteria [22–24] and as prepubertal
(n = 326, 53.4%) or pubertal (n = 285, 46.6%) according to the Tanner pubertal assessment.
The clinical characteristics and laboratory investigations of all participants are presented in
Table 1 and Table S1.
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Table 1. Anthropometric (A), hematologic (B), biochemical (C), cardiometabolic risk factor (D), endocrinologic (E), and psychometric (F) parameters in subjects with
obesity (n = 307), with overweight (n = 205), with a normal BMI (n = 99), and all subjects (n = 611) at the initial and annual assessment.

A. Anthropometric
Parameters

Initial Assessment Annual Assessment
p Between

TimepointsObesity Overweight Normal BMI All Groups p Within
Baseline Obesity Overweight Normal BMI All Groups p Within

Follow-Up

Age (years) 10.43 ± 0.14 10.41 ± 0.16 10. 24 ± 0.25 10.39 ± 0.10 NS 11. 37 ± 0.16 * 11.39 ± 0.18 * 11.22 ± 0.26 * 11.35 ± 0.11 * NS 0.01/0.01/0.01/0.01

Body weight (kg) 63.81 ± 1.09 50.41 ± 0.87 # 39.87 ± 1.25 #+ 55.44 ± 0.75 0.01 64.46 ± 1.08 * 52.47 ± 0.96 *# 43.38 ± 1.36 *#+ 57.03 ± 0.76 * 0.01 0.01/0.01/0.01/0.01

Height (cm) 147.55 ± 0.80 144.84 ± 0.88 # 141.62 ± 1.50 # 145.68 ± 0.56 0.05 152.78 ± 0.87 * 150.06 ± 0.94 *# 146.99 ± 1.51 *# 150.93 ± 0.60 * 0.05 0.01/0.01/0.01/0.01

BMI (kg/m2) 28.59 ± 0.23 23.59 ± 0.15 # 19.37 ± 0.28 #+ 25.42 ± 0.19 0.01 27.11 ± 0.230 * 22.96 ± 0.19 *# 19.66 ± 0.30 #+ 24.52 ± 0.19 * 0.01 0.01/0.01/NS/0.01

BMI z-score 2.79 ± 0.06 1.30 ± 0.03 # 0.09 ± 0.08 #+ 1.86 ± 0.05 0.01 2.11 ± 0.06 * 0.92 ± 0.05 *# 0.00 ± 0.08 #+ 1.37 ± 0.05 * 0.01 0.01/0.01/NS/0.01

SBP (mmHg) 115.15 ± 0.72 108.59 ± 0.85 # 105.93 ± 1.10 #+ 111.44 ± 0.52 0.05 113.55 ± 0.88 108.16 ± 0.98 *# 105.91 ± 1.12 # 110.39 ± 0.60 * 0.01 NS/0.05/NS/0.01

DBP (mmHg) 67.47 ± 0.62 64.90 ± 0.76 63. 48 ± 0.89 #+ 65.95 ± 0.43 0.05 67.14 ± 0.72 64.84 ± 0.80 # 63.61 ± 0.96 # 65.75 ± 0.48 0.05 NS/NS/NS/NS

Waist (cm) 88.72 ± 0.69 77.98 ± 0.57 # 67.57 ± 1.07 #+ 81.73 ± 0.54 0.01 87.42 ± 0.89 * 78.95 ± 0.76 # 68.82 ± 1.12 #+ 81.25 ± 0.66 0.01 0.01/NS/NS/NS

Hip (cm) 95.32 ± 0.75 85.42 ± 0.68 # 76.52 ± 1.13 #+ 88.99 ± 0.56 0.01 94.91 ± 0.85 86.73 ± 0.83 # 80.42 ± 1.29 *#+ 89.57 ± 0.63 0.01 NS/NS/0.01/NS

Waist-to-hip ratio
(WHR) 0.94 ± 0.01 0.92 ± 0.01 # 0.89 ± 0.01 #+ 0.92 ± 0.00 0.01 0.92 ± 0.01 0.91 ± 0.01 0.86 ± 0.01 #+ 0.91 ± 0.00 0.01 NS/NS/NS/NS

Waist-to-height ratio
(WHtR) 0.60 ± 0.00 0.54 ± 0.00 # 0.48 ± 0.01 #+ 0.56 ± 0.00 0.01 0.57 ± 0.00 * 0.53 ± 0.00 *# 0.47 ± 0.001 #+ 0.54 ± 0.00 * 0.01 0.01/0.01/NS/0.01

B. Hematologic
Parameters

Initial Assessment Annual Assessment
p Between

TimepointsObesity Overweight Normal BMI All Groups p Within
Baseline Obesity Overweight Normal BMI All Groups p Within

Follow-Up

ESR (mm) 20.32 ± 0.77 18.02 ± 0.88 # 12.13 ± 0.83 #+ 18.17 ± 0.52 0.05 18.02 ± 0.81 * 15.62 ± 1.01 11.41 ± 0.98 #+ 16.12 ± 0.56 * 0.01 0.05/NS/NS/0.01

Ferritin (ng/mL) 60.04 ± 2.05 52.88 ± 3.43 47.97 ± 3.28 55.64 ± 1.64 NS 53.46 ± 2.48 * 50.11 ± 3.73 * 39.42 ± 2.31 *# 50.00 ± 1.81 * 0.01 0.05/0.01/0.05/0.05

C. Biochemical
Parameters

Initial Assessment Annual Assessment
p Between

TimepointsObesity Overweight Normal BMI All Groups p Within
Baseline Obesity Overweight Normal BMI All Groups p Within

Follow-Up

Uric acid (mg/dL) 4.88 ± 0.06 4.46 ± 0.06 # 4.03 ± 0.09 #+ 4.60 ± 0.04 0.01 4.76 ± 0.08 * 4.48 ± 0.08 # 3.95 ± 0.10 #+ 4.53 ± 0.05 0.01 0.01/NS/NS/NS

AST (U/L) 23.31 ± 0.36 23.21 ± 0.48 23.36 ± 0.48 23.29 ± 0.25 NS 21.99 ± 0.41 * 21.78 ± 0.46 * 22.24 ± 0.65 21.96 ± 0.28 * NS 0.01/0.01/NS/0.01

ALT (U/L) 22.60 ± 0.75 19.05 ± 0.80 # 15.80 ± 0.46 #+ 20.29 ± 0.48 0.01 20.61 ± 0.71 * 17.77 ± 0.64 *# 16.53 ± 0.60 # 18.99 ± 0.43 * 0.01 0.01/0.05/NS/0.05
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Table 1. Cont.

D. CVD Risk Factor
Parameters

Initial Assessment Annual Assessment
p Between

TimepointsObesity Overweight Normal BMI All Groups p Within
Baseline Obesity Overweight Normal BMI All Groups p Within

Follow-Up

Cholesterol (mg/dL) 154.72 ± 1.47 158.22 ± 2.13 154.51 ± 2.40 155.85 ± 1.10 NS 154.35 ± 1.67 156.49 ± 2.28 150.22 ± 2.50 154.41 ± 1.21 NS NS/NS/NS/NS

Triglycerides (mg/dL) 80.61 ± 2.27 77.03 ±5.05 61.36 ± 3.20 #+ 76.22 ± 2.11 0.05 81.19 ± 2.89 77.85 ± 3.95 59.74 ± 2.47 #+ 76.61 ± 2.04 0.01 NS/NS/NS/NS

HDL (mg/dL) 48.93 ± 0.64 54.92 ± 0.96 # 60.04 ± 1.29 #+ 52.77 ± 0.53 0.01 52.56 ± 0.85 * 57.74 ± 1.10 *# 61.19 ± 1.51 *# 55.71 ± 0.63 * 0.01 0.01/0.01/0.05/0.01

LDL (mg/dL) 89. 61 ± 1.32 88.96 ± 1.91 82.64 ± 2.00 # 88.23 ± 0.98 0.05 86.30 ± 1.38 * 83.90 ± 2.06 * 77.74 ± 2.17 # 84.11 ± 1.05 * 0.05 0.05/0.01/NS/0.01

ApoA1 (mg/dL) 135.50 ± 1.16 142.78 ± 1.42 # 149.20 ± 1.98 # 140.20 ± 0.84 0.05 139.10 ± 1.42 * 142.71 ± 1.69 146.28 ± 2.39 # 141.48 ± 1.00 0.05 0.05/NS/NS/NS

ApoB (mg/dL) 75.49 ± 0.95 73.25 ± 1.28 69.06 ± 1.38 #+ 73.68 ± 0.68 0.05 73.65 ± 1.03 71.18 ± 1.39 68.61 ± 1.49 # 72.00 ± 0.74 0.01 NS/NS/NS/NS

Glucose (mg/dL) 80.53 ± 0.47 79.67 ± 0.53 79.35 ± 0.71 80.05 ± 0.32 NS 82.23 ± 0.47 * 82.44 ± 0.60 * 80.94 ± 0.89 * 82.09 ± 0.34 * NS 0.01/0.01/0.05/0.01

HbA1C (%) 5.25 ± 0.01 5.23 ± 0.02 5.12 ± 0.03 #+ 5.22 ± 0.01 0.01 5.21 ± 0.02 * 5.21 ±0.02 5.11 ± 0.03 #+ 5.19 ± 0.01 * 0.01 0.01/NS/NS/0.01

HOMA-IR 3.61 ± 0.14 2.48 ± 0.11 # 1.87 ± 0.11 #+ 2.94 ± 0.09 0.05 3.59 ± 0.15 2.80 ± 0.16 *# 2.24 ± 0.19 #+ 3.10 ± 0.10 * 0.05 NS/0.05/NS/0.01

E. Endocrinologic
Parameters

Initial Assessment Annual Assessment
p Between

TimepointsObesity Overweight Normal BMI All Groups p Within
Baseline Obesity Overweight Normal BMI All Groups p Within

Follow-Up

TSH (µIU/mL) 2.98 ± 0.09 2.98 ± 0.11 2.97 ± 0.15 2.98 ± 0.06 NS 2.92 ± 0.09 2.95 ± 0.12 2.87 ± 0.19 2.92 ± 0.07 NS NS/NS/NS/NS

FT4 (mg/dL) 1.12 ± 0.01 1.13 ± 0.01 1.11 ± 0.01 1.12 ± 0.01 NS 1.09 ± 0.01 * 1.08 ± 0.01 * 1.09 ± 0.02 1.09 ± 0.01 * NS 0.05/0.01/NS/0.01

T3 (ng/dL) 143.75 ± 1.58 138.45 ± 1.76 # 131.69 ± 2.82 # 139.99 ± 1.10 0.01 139.00 ± 1.83 * 132.76 ± 1.88 *# 126.91 ± 2.71 # 134.91 ± 1.21 * 0.01 0.05/0.05/NS/0.01

IGF-I (ng/mL) 282.27 ± 9.00 289.61 ± 10.86 302.91 ± 19.17 288.10 ± 6.58 NS 363.18 ± 13.40 * 347.13 ± 13.16 * 319.21 ± 19.70 350.58 ± 8.66 * NS 0.01/0.01/NS/0.01

IGBP3 (ng/mL) 5.08 ± 0.06 4.94 ± 0.07 4.79 ± 0.10 # 4.99 ± 0.04 0.05 5.39 ± 0.07 * 5.18 ± 0.08 *# 4.89 ± 0.12 # 5.24 ± 0.05 * 0.05 0.01/0.01/NS/0.01

∆4 (ng/mL) 0.98 ± 0.06 1.06 ± 0.08 0.94 ± 0.09 1.00 ± 0.04 NS 1.25 ± 0.07 * 1.28 ± 0.09 * 1.34 ± 0.14 * 1.27 ± 0.05 * NS 0.01/0.01/0.01/0.01

Testosterone (ng/mL) 44.37 ± 4.06 42.66 ± 4.93 47.44 ± 10.21 44.31 ± 3.11 NS 77.93 ± 7.72 * 74.22 ± 9.00 * 44.13 ± 10.20 #+ 71.19 ± 5.20 * 0.05 0.01/0.01/NS/0.01

DHEAS (µg/dL) 116.99 ± 4.55 107.53 ± 5.91 81.47 ± 6.99 #+ 107.91 ± 3.26 0.01 137.74 ± 5.82 * 123.82 ± 7.06 * 97.37 ± 9.44 *#+ 126.48 ± 4.11 * 0.05 0.01/0.01/0.01/0.01

PRL (ng/mL) 12.16 ± 0.44 11.70 ± 0.45 12.21 ± 0.67 12.01 ± 0.29 NS 12.52 ± 0.45 * 12.23 ± 0.54 13.51 ± 1.05 12.58 ± 0.33 * NS 0.05/NS/NS/0.01

LH (mUI/mL) 2.05 ± 0.23 2.70 ± 0.37 1.82 ± 0.31 2.23 ± 0.18 NS 2.98 ± 0.30 * 2.99 ± 0.29 3.33 ±0.80 * 3.04 ± 0.22 * NS 0.01/NS/0.01/0.01

FSH (mUI/mL) 2.47 ± 0.12 2.71 ± 0.16 2.75 ± 0.20 2.60 ± 0.09 NS 3.13 ± 0.13 * 3.22 ± 0.19 * 3.52 ± 0.26 * 3.23 ± 0.10 * NS 0.01/0.01/0.01/0.01

E2 (pg/mL) 12.29 ± 1.17 20.44 ± 3.42 14.23 ± 1.71 15.33 ± 1.32 NS 17.42 ± 1.96 * 20.24 ± 2.98 28.72 ± 5.68 *# 20.21 ± 1.69 * 0.01 0.05/NS/0.01/0.01

ACTH (pg/mL) 31.03 ± 1.39 28.99 ± 1.79 26.05 ± 1.89 # 29.52 ± 0.97 0.05 31.13 ± 1.80 28.52 ± 1.52 31.64 ± 3.24 * 30.34 ± 1.16 NS NS/NS/0.05/NS

Cortisol (µg/dL) 13.57 ± 0.36 14.13 ± 0.44 13.77 ± 0.56 13.79 ± 0.25 NS 13.17 ± 0.37 12.62 ± 0.45 * 13.21 ± 0.66 12.99 ± 0.26 * NS NS/0.01/NS/0.01

PTH (pg/mL) 35.53 ± 0.73 34.26 ± 0.99 37.94 ± 1.59 35.49 ± 0.56 NS 36.47 ± 0.86 35.90 ± 0.96 * 37.34 ± 1.81 36.41 ± 0.61 * NS NS/0.05/NS/0.01

25OHVitD (ng/mL) 21.84 ± 0.54 25.01 ± 0.71 # 27.37 ± 1.14 # 23.78 ± 0.42 0.01 25.41 ± 0.66 * 26.57 ± 0.86 * 27.86 ± 1.24 26.20 ± 0.48 * NS 0.01/0.01/NS/0.01

Insulin (µIU/mL) 18.20 ± 0.64 12.59 ± 0.51 # 9.54 ± 0.51 #+ 14.90 ± 0.40 0.05 17.40 ± 0.67 13.68 ± 0.76 # 11.19 ± 0.88 # 15.13 ± 0.46 0.01 NS/NS/NS/NS

SHBG (nmol/L) 43.38 ± 1.70 55.52 ± 2.12 # 88.37 ± 4.79 #+ 55.38 ± 1.54 0.05 45.14 ± 1.85 56.80 ± 2.74 # 86.07 ± 5.58 #+ 55.73 ± 1.73 * 0.01 NS/NS/NS/0.05
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Table 1. Cont.

F. Psychometric
Questionnaires’ Scores

Initial Assessment Annual Assessment
p Between

TimepointsObesity Overweight Normal BMI All Groups p Within
Baseline Obesity Overweight Normal BMI All Groups p Within

Follow-Up

CDI 7.89 ± 0.33 7.49 ± 0.39 6.84 ± 0.56 7.59 ± 0.23 NS 7.08 ± 0.33 * 7.75 ± 0.42 6.74 ± 0.55 7.25 ± 0.24 NS 0.05/NS/NS/NS

SCARED parent 1.65 ± 0.09 1.59 ± 0.11 1.49 ± 0.15 1.60 ± 0.06 NS 1.24 ± 0.08 * 1.27 ± 0.11 * 1.07 ± 0.11 * 1.22 ± 0.06 * NS 0.01/0.05/0.01/0.01

SCARED child 2.14 ± 0.10 2.05 ± 0.11 1.97 ± 0.16 2.08 ± 0.07 NS 1.55 ± 0.08 * 1.80 ± 0.10 1.75 ± 0.15 1.66 ± 0.06 * NS 0.01/NS/NS/0.01

All results are presented as mean ± SE. Subjects were classified as being obese, overweight, or having a normal BMI according to IOTF criteria at the initial assessment. Tables present
comparisons among the three groups at both the initial and annual assessment. All measured variables were compared by employing repeated-measures ANOVA. Significant main
effects were revealed by the LSD post hoc test. Statistical significance was set at (p < 0.05, rounded to 0.05 in the table), while strong significance (p < 0.01, rounded to 0.01 in the table)
is also noted and highlighted in bold. NS: nonsignificant (p > 0.05) difference. * indicates a significant difference between the initial and annual assessment timepoints, respectively.
+ indicates significant difference from the overweight group # indicates a significant difference from the obese group. p-values between two timepoints refer to obesity, overweight, and
normal BMI, respectively. CDI: Children’s Depression Inventory, SCARED: Screen for Child Anxiety-Related Disorders.
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2.3. Study Protocol: Initial Assessment, Intervention, and Annual Follow-Up

All participants were admitted to our endocrine unit early in the morning of their first
visit. A detailed medical history and thorough clinical examination was performed, and
standard anthropometric measurements were obtained by trained clinicians. Baseline blood
samples for hematologic, biochemical, and endocrinologic investigations were obtained
at 08:00 h after a 12 h overnight fast. All participants entered the 1-year multidisciplinary
lifestyle intervention program for the management of overweight and obesity that pro-
vided personalized advice and guidance on healthy diet, sleep, and physical activity to
both patients and their families, as previously described in detail [25–28]. A pediatrician,
pediatric endocrinologist, pediatric dietician, a professional fitness personal trainer, and—if
necessary—a pediatric psychologist evaluated all subjects at baseline and at frequent
intervals thereafter.

The protocol of the lifestyle intervention included monthly follow-up assessments
for subjects with obesity, two-monthly assessments for subjects with overweight, and
three-monthly assessments for subjects with a normal BMI. During each follow-up visit,
participants were evaluated by the multidisciplinary team and all anthropometric pa-
rameters were measured; a clinical evaluation, including Tanner pubertal staging, was
performed, a 24 h diet recall was recorded, and the goals set at previous visits were an-
alyzed in detail. Upon the completion of the study 1 year later, detailed hematologic,
biochemical, and endocrinologic investigations were performed again at 08:00 h following
a 12 h overnight fast.

More specifically, the pediatric dietician evaluated the daily nutritional patterns of
all participants and performed a 24 h recall according to the USDA method [29]. In this
way, a personalized plan of a healthy diet was created, which was based on individual
preferences, food availability, whether food was bought or prepared at school or at home,
and everyday life habits. All subjects were advised to eat three main meals (breakfast, lunch,
and dinner) and two healthy snacks (fruits, vegetables) at mid-morning and mid-afternoon
every day, according to the “My Plate” standard, a visualized approach of the 2010 USDA
guidelines [30], and the guidelines proposed by the National Nutritional Guide for Infants,
Children, and Adolescents [31]. The personal trainer recorded the weekly hobbies and
activities of all subjects and discussed the child’s preferences with the family in order to
set a personalized physical activity program aimed to be perceived as highly enjoyable
and entertaining. In addition, the whole family was encouraged to avoid a sedentary
lifestyle and to engage in daily physical activities of their choice for 30–45 min, such as
walking, cycling, and dancing. Finally, when necessary, a pediatric psychologist further
evaluated subjects in need and their families at frequent intervals and referred them to
a pediatric psychiatrist if needed. Detailed recommendations for adequate sleep were
also provided to each participant based on their age, according to the American Academy
of Sleep Medicine Consensus Guidelines [32]. These guidelines suggested 9 to 12 h of
sleep per day for children aged 10–12 years, and 8 to 10 h per day for adolescents aged
13–18 years. Participants were advised to prioritize uninterrupted sleep, aiming to fall
asleep as early as possible before midnight and maintain a consistent sleep schedule every
day. Also, children were advised to limit screen time to less than two hours per day and to
turn off all electronic devices one hour before bedtime.

Compliance was assessed at the annual evaluation based on attendance to the follow-
up appointments, with all included subjects completing the study and attending all follow-
up visits with the multidisciplinary team for clinical, laboratory, and psychometric evalu-
ations and advice on diet, sleep, and exercise, thus providing a “good compliance” with
the protocol.

2.4. Anthropometric and Body Composition Parameters

The assessment of body weight was conducted in light clothing and without shoes
using the same scale for all subjects (Seca GmbH & Co. KG., Hamburg, Germany). Stand-
ing height was also measured without shoes using a Harpenden’s stadiometer (Holtain
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Limited, Crymych-Dyfed, UK). The BMI was expressed as weight in kilograms (kg) divided
by height in meters squared (m2), and the BMI z-score was calculated according to the
Greek standard growth charts [33]. The WHO STEPwise approach to surveillance (STEPS)
protocol was implemented to measure waist and hip circumferences using the same stretch-
resistant tape (Seca GmbH & Co. KG., Hamburg, Germany) with the subjects in a standing
position [34]. Systolic (SBP) and diastolic blood pressure (DBP) were measured twice by a
sphygmomanometer (Comfort 20/40, Visomat, Parapharm, Metamorphosi, Attiki, Greece)
using a suitable-for-age cuff, and the mean value was calculated.

2.5. Assays

The hematologic investigations were performed using the ADVIA 2110i analyzer
(Roche Diagnostics GmbH, Mannheim, Germany). Glucose, total cholesterol, triglycerides,
and high-density lipoprotein (HDL) cholesterol were determined using the ADVIA 1800
Siemens analyzer (Siemens Healthcare Diagnostics, Tarrytown, NY, USA). Hemoglobin
A1C (HbA1C) was determined through reversed-phase cation exchange high-performance
liquid chromatography (HPLC) on an automated glycohemoglobin analyzer HA-8160
(Arkray, Kyoto, Japan). Apolipoproteins A1 (Apo-A1) and B (Apo-B) and lipoprotein a (Lpa)
concentrations were measured by means of latex particle-enhanced immunonephelometric
assays on the BN ProSpec nephelometer (Dade Behring, Siemens Healthcare Diagnostics,
Liederbach, Germany).

Follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol, ferritin,
and insulin concentrations were measured using an automated electrochemiluminescense
immunoassay analyzer (Cobas e411, Roche Diagnostics GmbH, Mannheim, Germany).
Thyroid-stimulating hormones (TSHs), triiodothyronine (T3), free thyroxine (FT4), antithy-
roid peroxidase antibodies (anti-TPOs), anti-thyroglobulin antibodies (anti-TGs), adreno-
corticotropin (ACTH), cortisol, androstenedione, testosterone, dehydroepiandrosterone
sulfate (DHEAS), insulin-like growth factor-I (IGF-I), and insulin-like growth factor-binding
protein-3 (IGFBP-3) concentrations were calculated by chemiluminescence immunoassays
on an IMMULITE 2000 immunoassay system (Siemens Healthcare Diagnostics Products
Ltd., Surrey, UK). The total 25-hydroxyvitamin D (25-OH-vitamin D) concentration was
determined using an automated electrochemiluminescence immunoassay on the Modular
Analytics E170 analyzer (Roche Diagnostics, Basel, Switzerland).

The homeostasis model assessment (HOMA-IR), as a measure of insulin resistance, was
determined as follows: HOMA-IR = [fasting glucose (mg/dL) × fasting insulin (mU/L)]/405.

2.6. Psychometric Questionnaires

To detect symptoms of depression and anxiety, all participants were requested to
fill out two psychometric questionnaires, the Children’s Depression Inventory (CDI)
and the Screen for Child Anxiety-Related Disorders (SCARED), both at the initial and
annual assessment.

2.6.1. Children’s Depression Inventory (CDI)

The CDI questionnaire is one of the most widely used and best studied scales world-
wide for the identification of depressive symptomatology in children and adolescents
6–18 years old [35,36]. The CDI evaluates essential features of depression in accordance
with the DSM-V [37]. Symptoms of depression are assessed through self-reported questions,
creating five factor subscales (negative mood, interpersonal difficulties, ineffectiveness,
anhedonia, negative self-esteem), which add to a total scale [38]. The child is asked to
answer 27 Likert-type items with 3 provided statements regarding his/her feelings in the
last two weeks [38]. Each statement is scored from 0 to 2, quantitively reflecting a growing
severity of symptoms [38]. The CDI was successfully standardized for the Greek population
with an internal consistency (Cronbach’s alpha) of 0.805 and test–retest reliability > 0.60,
and the cut-off point of score 15 (90th percentile) was set as a screening threshold [39].
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2.6.2. Screen for Child Anxiety-Related Disorders (SCARED)

The SCARED is an instrument for screening anxiety symptomatology in childhood
and adolescence, which is well established in different countries worldwide [35,40]. It
is a self-reported questionnaire designed for both children and adolescents 6–18 years
old and their parents, evaluating the presence of symptoms in youngsters for the last
3 months [41]. The long version of the SCARED consists of 41 Likert-type questions, which
create five subscales (panic/somatic, generalized anxiety, separation anxiety, social phobia,
school phobia) [41,42] compatible with the categorization of the DSM-V [28] for anxiety
symptomatology. A shorter five-item version has also been created, consisting of questions
with a higher discriminant function in each subscale [41]. The latter shorter version was
used in the present study. Each item is scored from 0 (never) to 2 (often or always), adding
to a final score [41]. Three out of ten is considered the screening threshold [41]. The
SCARED has been used in the Greek language successfully [43,44].

2.7. Statistical Analysis

All analyzed variables followed a normal distribution and the reported results are
presented as mean ± standard error of the mean (SE). Significant effects were revealed in
the LSD post hoc test and statistical significance was set at p < 0.05. The comparison of
variables between the initial and annual assessment was performed by employing repeated-
measures analysis of variance (ANOVA) tests, Chi-square analysis, and Yates correction.
Potential predictors of anxiety and depressive symptomatology were explored through
standard forward stepwise multiple linear regression models. All statistical analyses were
performed with Statistica 8 software (StatSoft, Tulsa, OK, USA).

3. Results

Six hundred and eleven (n = 611) children and adolescents [mean age± SE: 10.39 ± 0.10 years,
females: 315 (51.5%), males: 296 (48.5%), prepubertal: 326 (53.4%), pubertal: 285 (46.6%)]
participated in the 1-year personalized multidisciplinary lifestyle intervention program.
Participants were classified as being obese (n = 307, 50.2%), overweight (n = 205, 33.6%)
or having a normal BMI (n = 99, 16.2%) according to the International Obesity Task Force
(IOTF) criteria [22–24]. Table 1 presents the clinical characteristics, anthropometric parame-
ters, hematologic, biochemical, cardiometabolic risk factor, and endocrinologic investiga-
tions, as well as psychometric scores, both at the initial and annual assessment, and the
correlations among them.

3.1. Clinical Characteristics, Anthropometric Parameters, Hematologic, Biochemical,
Cardiometabolic Risk Factor and Endocrinologic Investigations and Psychometric
Questionnaires Scores

Subjects with obesity had a significantly increased SBP, DBP, waist circumference (WC),
hip circumference (HC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) at the
initial and annual assessments compared to their overweight and normal BMI counterparts.
Moreover, inflammatory makers [white blood cells, erythrocyte sedimentation rate (ESR),
ferritin], insulin sensitivity parameters (insulin concentration, HbA1C, HOMA-IR), and
cardiometabolic risk factor parameters (uric acid, triglycerides, LDL, Apo-B) were signifi-
cantly higher, while HDL, Apo-A, and 25-OH-vitamin D concentrations were significantly
lower in subjects with obesity compared to those with overweight and normal BMI.

After the implementation of the 1-year lifestyle intervention program, there was a
significant reduction in body weight (Wt), BMI, BMI z-score, WC, and WHtR in participants
with obesity and overweight compared to the initial assessment. In addition, there was a
significant improvement in the inflammatory markers (ESR, ferritin), HbA1C, cardiovas-
cular risk factors (LDL, HDL, ApoA1, AST, ALT, γ-GT, uric acid), and 25-OH-vitamin D
concentration. Moreover, increases in hormonal factor concentrations were observed (IGF-I,
IGBP3, ∆4, testosterone, DHEAS, PRL, LH, FSH, E2), as well as a reduction in thyroid
hormones (T3, fT4) with our analysis using the data combined for both sexes.
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To begin with, participants were categorized based on the questionnaires’ threshold
for the detection of pathology into two groups (pathological and normal score), using the
score as a categorical variable. At the initial assessment, depressive symptom scores were
present in 13%, 13.2%, and 9.1% of participants with obesity, overweight, and a normal
BMI, respectively. Pathological scores indicating anxiety symptoms were present in 34.9%,
34.1%, and 39.4% in SCARED children scores and 23.5%, 23.9%, and 22.2% in SCARED
parent scores in subjects with obesity, overweight, and a normal BMI, respectively. No
statistically significant associations were observed between the BMI category and normal
or pathological scores at the initial or annual assessments (Table S2).

Furthermore, the effect of the lifestyle intervention on the change in psychometric
scores was examined, using scores as a quantitative variable (Table 1 (F)). Children and
adolescents with obesity demonstrated a statistically significant improvement in CDI scores
after the implementation of the 1-year lifestyle intervention program compared to the
initial assessment. Meanwhile, a statistically significant decrease was also observed in
SCARED children scores in children and adolescents with obesity, as well as in all subjects.
Furthermore, a significant amelioration in SCARED parent scores in all BMI groups was
noted. The effect of the intervention on psychometric scores was further investigated, using
scores as a categorical variable based on the threshold of the questionnaires for detecting
pathology in two groups, namely the pathological and normal scores (Table 2). After the
intervention, there was a significant improvement in pathologic scores in the CDI and
SCARED scores in all BMI groups and in the whole sample, except for anxiety scores in the
normal BMI group in the SCARED based on the children’s perspective.

Table 2. Comparison of psychometric scores between initial and annual assessment, with categoriza-
tion according to the threshold of the questionnaires for detection of pathology in all BMI groups.

BMI
Category

Initial
Assessment

CDI SCARED CHILD SCARED PARENT

Annual Assessment
X2 p-Value

Annual Assessment
X2 p-Value

Annual Assessment
X2 p-Value

Normal
Score

Pathological
Score Normal Score Pathological

Score Normal Score Pathological
Score

Obesity
Normal Score 255 13

29.51 0.01

174 26

13.00 0.01

214 20

35.46 0.01Pathological
Score 28 12 75 32 44 28

Overweight
Normal Score 168 9

33.68 0.01

108 26

7.26 0.01

135 20

11.90 0.01Pathological
Score 16 11 45 26 32 17

Normal
BMI

Normal Score 87 5
10.28 0.01

50 12
3.74 NS

75 3
18.53 0.01

Pathological
Score 5 3 24 14 14 8

All
Subjects

Normal Score 509 28
70.95 0.01

332 64
23.84 0.01

424 45
61.47 0.01

Pathological
Score 49 26 144 72 90 53

BMI: body mass index; CDI: Children´s Depression Inventory; SCARED: Screen for Child Anxiety-Related
Disorders. All measured qualitative variables were compared using Pearson’s ×2. Statistical significance was set
at p < 0.05 (rounded to 0.05 in the table), and a strong significance of p < 0.01 (rounded to 0.01 in the table) was
also noted; they are both indicated in bold. NS: non-significant (p > 0.05) difference.

The sample was further categorized by gender (Table S3). At baseline, males with
obesity demonstrated higher anxiety and depressive symptom scores compared to their
male counterparts with a normal BMI. An improvement in depressive symptom scores
after the intervention was observed in males with obesity compared to the initial assess-
ment, a correlation that was not observed in the female gender. Gender did not affect
other associations.

When participants were categorized based on pubertal stage (Table S4), pubertal
subjects with obesity had significantly higher CDI scores compared with prepubertal
subjects with obesity at the initial assessment. At the annual assessment, adolescents with
obesity had higher CDI scores compared to adolescents with overweight and normal BMIs.
The implementation of the 1-year lifestyle intervention resulted in a significant reduction
in depressive scores in adolescents with obesity and overweight compared to the initial
assessment.
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3.2. Predictors of Depressive and Anxiety Symptomatology

Possible predictors of symptoms of anxiety and depression were investigated through
the application of a standard forward multiple stepwise linear regression model (Table S5).
Among the anthropometric parameters (weight, height, BMI, WC, HC, WHR, and WHtR),
BMI had a predictive function of anxiety scores in the SCARED at the initial (β: 0.154) and
annual (β: 0.087) assessment. Among factors related to the metabolic syndrome (glucose,
SBP, WC, triglycerides, HDL), WC (β: 0.122), triglycerides (β: 0.135), and SBP (β: 0.105)
at the initial assessment were the best positive predictors of depressive scores in the CDI.
Notably, a correlation emerged between factors of glucose metabolism and insulin resistance
(glucose, insulin, HbA1C, HOMA-IR), with SHBG (β: −0.108) at the initial assessment
being negatively associated with depressive symptomatology in the CDI. Among factors
assessing pituitary function (TSH, PRL, LH, FSH, ACTH), the concentration of LH (β: 0.123)
and prolactin (β: 0.097) at the initial assessment were positive predictors of depression
and anxiety scores, respectively. Furthermore, among peripheral hormonal factors (IGF-1,
FT4, DHEAS, E2, testosterone, cortisol), testosterone concentration at the first assessment
was a negative predictor of depressive and anxiety symptomatology, both at the first
assessment and after one year of intervention. In the same grouping, DHEAS concentration
(β: 0.143) and IGF-I (β: 0.121) were positively associated with depression scores at the
initial assessment, and cortisol concentration (β: 0.101) was positively associated with
anxiety symptomatology at the initial assessment.

4. Discussion

In the present study, we investigated the effect of a personalized lifestyle intervention
on depressive and anxiety symptoms, and their effect and interaction with cardiometabolic
parameters in children and adolescents with overweight and obesity before and after the in-
tervention. We demonstrated that following the intervention, both anxiety symptom scores
decreased independently of the BMI and depressive symptom scores were improved in the
obesity group. During adolescence, the decrease in depressive and anxiety symptomatology
proved successful, while in female participants, a reduced response to the intervention was
observed. Moreover, cardiometabolic risk factors improved following intervention. Insulin
resistance and metabolic syndrome parameters, cortisol, PRL, and LH concentrations were
positive predictors for depression and anxiety prior to intervention, while testosterone
was a negative predictor before and after the intervention. These findings suggest that the
implementation of such an intervention may alleviate not only the cardiometabolic risk
but also the depressive and anxiety symptomatology in youth with and without excess
adiposity. The improvement in mental health is likely to be mediated by an improvement
in energy metabolism with a subsequent improvement in neuroinflammation owing to
lifestyle changes.

To begin with, prior to the intervention, no statistically significant difference between
anxiety and depression scores and BMI categories was noted, while in subjects with a nor-
mal BMI, a decreased—although non-significant—depressive symptom score was found.
However, in previous studies, excess adiposity has been associated with increased depres-
sive and anxious moods in the pediatric population [12,45,46]. In a recent meta-analysis
that included 22 studies and 143,603 children, the prevalence of depression in children
with obesity was 10.4%, with this population having a 1.32-fold higher (95% CI 1.17 to 1.50)
likelihood of developing depression compared with children with a normal BMI [47]. It
is also worth noting that meta-analysis data suggest a bidirectional association between
depression and obesity [46]. The risk difference in depression in early adolescence leading
to obesity was 3% higher than for obesity leading to depression. Regarding feelings of anxi-
ety, results from a study of 12,507 children and adolescents showed a higher risk of anxiety
and depression in girls and boys with obesity compared with the general population [48].
In Greece, research data show that children with obesity were almost three times more
likely to report anxiety and 3.5 times more likely to report depression than children with a
normal BMI [49].
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Furthermore, a predominant characteristic of excess adiposity in childhood and ado-
lescence is the increased cardiometabolic risk throughout life. Odds of hypertension,
hypercholesterolemia, and fasting hyperglycemia progressively double with each increase
in the BMI category from normal to overweight to obesity classes I-III [50]. In accordance,
participants initially presented central obesity, a distribution of adipose tissue which has
been associated with increased morbidity, metabolic imbalance, and significantly higher in-
flammatory markers, reflecting the chronic low-grade inflammatory process of obesity [51].

Given the emerging problem of childhood obesity and its comorbidities [52], holistic
interventions aimed both at physical and mental well-being are of paramount importance.
The major finding of the present intervention is the successful improvement in depressive
and anxiety symptoms not only in children and adolescents with obesity but in all par-
ticipants as well. In youth with obesity, research data have already shown the favorable
effect of lifestyle interventions in mental health improvement [53]. A meta-analysis by
Jebeile H. et al. of 36 interventions showed a reduction in depressive symptomatology,
which was maintained for 6–16 months after the initial assessment in 11 studies [53], as
well as an amelioration in anxiety symptoms after the interventions (10 studies) and at
follow-up (four studies) [53]. Notably, a longer duration of interventions was associated
with a greater reduction in anxiety [53]. The accepted minimum duration limit for suc-
cessful obesity lifestyle interventions in the literature is 6 months [54]. In our study, we
applied a long intervention lasting 12 months, which proved to be effective in reducing
anxiety. Meanwhile, higher BMI z-scores have been associated with a greater reduction
in depression following an intervention [53,55]. In accordance, in the present study, a
statistically significant improvement in depressive symptomatology was noted in subjects
with a high BMI in the obesity group. Focusing on the frequency of follow-up during an
intervention, regular evaluations (weekly or every 15 days) provide the greatest alleviation
of depressive moods [53,55]. The present intervention was designed based on this principle,
with a structured, systematic (monthly in the obesity group, 2-month intervention in the
overweight group, and a 3-month intervention in the normal-BMI group), and individual-
ized follow-up to the needs of each child and his/her family. Overall, a greater reduction
in depressive symptoms is positively associated with BMI, while regular follow-up and a
long duration of interventions have proven beneficial in combating depression and anxiety,
respectively [53]. These findings may raise awareness in healthcare authorities and profes-
sionals toward designing effective medical interventions to prevent and manage childhood
obesity and its comorbidities.

The present 1-year intervention was also successful in ameliorating anthropometric pa-
rameters, cardiovascular risk factors, lipid and glucose metabolism, and non-specific inflam-
matory markers. Additional studies, which have implemented the presented intervention,
have also proven successful in ameliorating dietary habits, clinical and body composition
indices of obesity, inflammatory markers, and cardiometabolic risk factors [25–28,56–58], as
well as telomere length, an indicator of biological aging and cardiometabolic risk [28]. On
the same note, a systematic review of 23 lifestyle interventions, associated BMI and/or BMI
z-score reduction with diet and physical activity, the participation of a dietitian/nutritionist
and physician in the treatment group, and the longer duration of interventions led to a
reduction in cardiovascular risk factors [54]. These principles have been applied in our
intervention. Interestingly, a decrease in T3 and FT4 concentrations was also observed
following the intervention in participants with obesity. In agreement with previous studies,
in euthyroid children with obesity, thyroid hormones are associated with cardiometabolic
risk and their changes after interventions are interrelated with changes in cardiometabolic
markers, such as glucose and lipid profiles [57,59].

Considering the pathophysiologic mechanisms associating depression, anxiety, and
obesity, it is important to note that the overconsumption of fat and sugar, as well as a seden-
tary lifestyle, lead to the development of excess adiposity, inflammation, and metabolic
dysfunction [19]. Excessive visceral fat accumulation leads to immune cell infiltration and
cytokine secretion. Therefore, a chronic inflammatory state develops that favors metabolic
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risk (e.g., insulin and leptin resistance, hypertension), thereby contributing to neurovascular
dysfunction (including impaired integrity of the blood–brain barrier), neuroinflammation,
and impaired neuroplasticity in mood networks. Interestingly, increased concentrations
of inflammation markers, such as CRP, may be used as predictors of depression onset.
Moreover, changes in brain composition and lipid (saturated versus unsaturated) and
sugar (glucose/fructose) handling, which is associated with obesity-inducing diets, are
also implicated in neuroimmunological activation and changes in brain structure and
connectivity. Moreover, dysregulation of the hypothalamic–pituitary–adrenal axis is impli-
cated in mood disorders of obesity, with a vicious cycle of cortisol-induced palatable food
intake, visceral fat accumulation, and temporary relief with downregulation of the axis
taking place. However, the role of cortisol in obesity-associated depression and anxiety
is complex and an inter-person variability in glucocorticoid sensitivity may affect those
responses [19]. In addition, prolactin, which also acts as a stress hormone, has been asso-
ciated with multiple psychiatric disorders, such as major depression, paranoid ideation,
anxiety, hostility, and somatization. Increased prolactin concentrations lead to a metabolic
imbalance with excess adiposity accumulation, lipid and glucose dysregulation, and im-
pairment in dopaminergic pathways [60]. In the present study, the identified predictive
role of cardiometabolic risk factors, insulin resistance markers, and cortisol and prolactin
concentration in anxiety and depression symptomatology could potentially reflect the
above pathophysiologic mechanisms.

Furthermore, in agreement with the literature, the negative predictive role of testos-
terone concentration in depressive and anxiety symptom development was shown. An
elevated depression and anxiety risk upon low testosterone concentrations has been re-
ported in both males and females [61–63], with some authors associating it with specific
somatic complaints of depression, such as appetite disturbance [64]. Accordingly, two
systematic reviews have associated testosterone replacement therapy with the alleviation
of depression in males [65,66]. The testosterone antidepressant and anxiolytic benefits
in males, females, and rodents are mediated by its organizational and/or activational
effects, with the MAPK pathway in the hippocampus exercising a key role [61]. Of par-
ticular interest during childhood is the hypogonadal state in males with obesity during
all pubertal stages, which is characterized by lower total testosterone concentrations as
a result of the insulin resistance-associated reduction in SHBG and the aromatization of
testosterone to estradiol in adipose tissue, resulting in low free testosterone concentrations.
In human observational studies, aerobic exercise leads to an increase in total testosterone
concentrations in early pubertal boys with obesity and enhances anti-oxidation, possibly
through the involvement of the maturing hypothalamic–pituitary–testicular (HPT) axis as
puberty progresses [67]. It is worth noting that following the 1-year lifestyle intervention,
testosterone concentrations significantly increased in children with overweight and obesity.
This increase may be interpreted by the pubertal development in participants, the male
representation in the sample, or a beneficial role of physical exercise, contributing to depres-
sion and anxiety alleviation. However, elucidating such complex interactions is a challenge
and demands further research. On the other hand, limited evidence has associated high
testosterone concentrations with depression in both sexes, which was not confirmed in our
study [64,68,69].

Of particular interest is the lack of an association between the change in depressive
symptoms and the improvement in the BMI in lifestyle interventions in the literature [53].
Given that lifestyle interventions address broader aspects of health, it is possible that
changes in depression and anxiety are mediated by changes in dietary intake and/or other
specific components of the interventions, such as exercise, rather than by weight loss it-
self [53]. Overall, healthy dietary interventions may lead to improvements in energy and
glucose metabolism, a reduction in cardiometabolic risk factors and cortisol concentration,
and a subsequent improvement in neuroinflammation [53]. In terms of nutritional parame-
ters, a healthy dietary pattern has been shown to be successful in reducing not only adipose
tissue but also inflammation and mental health disorders [70], whereas unhealthy feeding



Nutrients 2024, 16, 3710 14 of 19

patterns (saturated and trans fats, high-glycemic-index carbohydrates) have been associ-
ated with increased levels of inflammation, depression, and anxiety [71]. The contribution
of regular physical activity is also important in combating anxiety and depression in the
pediatric population [72,73]. Meta-analysis data suggest that interventions which include a
structured exercise program show greater reductions in anxiety management than simple
physical activity training [53]. Our multidisciplinary lifestyle intervention was associated
with improvement in BMI, as well as cardiovascular risk factors and inflammatory markers.
These findings suggest that the alleviation of anxiety and depression symptomatology
may be attributed to the improvement in energy metabolism by other components of the
intervention, except BMI reduction.

Exploring the effect of gender at the initial assessment, boys with obesity showed
increased depression and anxiety symptoms compared to their overweight or normal
BMI counterparts. Nevertheless, at the annual assessment, male participants showed a
significant reduction in depression scores in contrast to female participants, who showed a
reduced response to the intervention. Indeed, meta-analysis data suggest a bidirectional
association between depression and obesity, which is stronger for adolescent females [46,47].
On that account, research data show that among girls with obesity, the odds of depression
were 1.44-fold (95% CI 1.20 to 1.72) higher compared with girls with a normal BMI. The
prevalence of depression and anxiety disorders is approximately twice as high for women
with obesity compared to men, an association that corresponds to a lifetime prevalence
regardless of the BMI [74]. This gender disparity observed throughout life may reflect
the differences in the neurobiological processes that characterize anxiety and depression,
including fear processing, arousal, social avoidance, and learned helplessness in males
and females. The organizational and activational effects of sex hormones contribute to
such gender differences, such as the earlier pubertal onset in females or the higher leptin
concentrations observed in females with major depression compared to males [61]. In
parallel, cultural and behavioral factors are in play. Social discrimination, weight stigma, a
poor self-perception of body image, and low self-esteem disproportionally affect females,
producing stress and enhancing the vicious circle of obesity, depression, and anxiety [75].
Therefore, the need for earlier and ongoing lifestyle interventions in females is emphasized.

Regarding the effect of puberty, adolescents with obesity in this study showed more
severe depressive symptoms compared to their pre-adolescent counterparts. In accordance
with the progress of puberty, at the initial assessment, LH concentration emerged as a
positive predictor of symptoms of depression and anxiety. This affective disorder was
significantly improved through the implemented lifestyle intervention. Increasing research
evidence supports a close association of anxiety and depression disorders with adoles-
cence [14], as well as a bidirectional association between depression and obesity during
adolescence [76].

The advantages of our study include the large sample of patients and the simultaneous
study of multiple clinical, hematologic, biochemical, and endocrinologic parameters. At
the same time, the successful implementation of a structured multidisciplinary lifestyle
intervention of a long duration and with frequent evaluation offers an effective therapeutic
approach to the interrelated disorders of obesity, depression, and anxiety. Regarding the
study limitations, no data from clinical psychological interviews of subjects with patho-
logical questionnaire scores are available in order to establish a diagnosis of depression
or anxiety disorders. Confounding factors, such as dietary micro- and macro- nutrient
intake, physical exercise data, social support, and home environment were not analyzed in
detail, while the patients were not followed up with after the end of the study to investigate
the persistence over time of the beneficial effects of the intervention. Moreover, a gender-
specific analysis regarding testosterone concentrations and its negative predictive role in
anxiety and depression symptomatology was not performed. Further multicenter studies
are essential to decode the pathophysiological mechanisms, which connect excess adiposity,
anxiety and depression alleviation following interventions, the underlying alterations in
energy metabolism and neuroinflammatory remission, the effect of gender, and the causal
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relationship of metabolic and hormonal factors. The use of methods, such as functional
MRIs, the measurement of inflammatory markers (interleukins, TNF-α) and micro- and
macronutrients in food intake, may provide essential information. Finally, the lack of a
non-intervention group limits our understanding of the causal effects of the intervention.
Therefore, in future research, a randomized controlled trial with a non-intervention group
as a control could further help decode the interrelation of lifestyle interventions with
anxiety and depression.

5. Conclusions

In conclusion, multidisciplinary personalized lifestyle interventions focusing on a
healthy diet, good quality of sleep, and regular exercise are effective in reducing BMI and
improving cardiometabolic risk factors, as well as anxiety and depressive symptoms in
children and adolescents with overweight and obesity. At the same time, the present study
highlights the need for earlier and ongoing interventions in females, where the prevalence of
anxiety and depression is increased and there is a reduced response to lifestyle interventions.
Insulin resistance parameters associated with the metabolic syndrome, cortisol, PRL, LH,
and testosterone concentrations play a predictive role in the development of depression
and anxiety. The speculated pathophysiological model is the improvement in energy
metabolism and subsequent improvement in neuroinflammation through lifestyle changes.
Overall, it is of great importance for healthcare systems to implement early on during
childhood personalized multidisciplinary lifestyle interventions to prevent and address
pediatric obesity in time and to ensure the long-term benefits of physical and psychosocial
well-being in children and adolescents with or without excess adiposity.
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