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ABSTRACT 

The studies of the present International Doctoral Thesis are classified into 

three sections according to their design: Systematic review and meta-analysis 

(Section 1 – Study I), cross-sectional studies (Section 2 – Study II and Study III), 

and randomized control trial study (Section 3 – Study IV).  

Background:  Childhood cancer is a rare disease whose treatments have 

consequences for the individuals affected. These consequences include obesity, 

impaired growth, secondary malignancies, and cardiovascular disease. 

Additionally, among the most common consequences of cancer and its 

treatments are psychological effects, such as displaying more symptoms of 

depression and anxiety compared to their siblings and the general population. 

Prior research has shown that engaging in physical activity and being physically 

fit may be linked to enhanced psychological well-being and reduced 

psychological distress in both healthy populations and during and after cancer 

treatments. However, there is a lack of studies examining the Role of Exercise, 

Physical Activity, and Fitness on psychological health in young pediatric cancer 

survivors. 

Objectives: Hence, this International Doctoral Thesis aims to review the 

literature on the effects of physical activity on psychological health during and 

after cancer treatments (Study I), to examine the association between physical 

activity and fitness and psychological health in young pediatric cancer survivors 

(Studies II and III) and to investigate the effects of a 36-week online plyometric 

exercise-based program on psychological health in young pediatric cancer 

survivors (Study IV).  

Methods: To accomplish these objectives, four studies were conducted: 

one systematic review and meta-analysis (Study I), two cross-sectional studies 
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(Study II and III), and one randomized control trial (Study IV). In Study I, the 

sample comprised 3604 individuals during and after cancer treatment (all ages, 

66.7% female), with self-esteem measured by various questionnaires (i.e., RSE, 

PSI, PSPP, KINDL questionnaire, and SEQ-42). The random effect model 

(DerSimonian and Laird method) was used for the statistical analysis. For the 

cross-sectional studies (Studies II and III), baseline data from 116 participants 

(12.1±3.3 years; 42.2% female) of the iBoneFIT project were used, while for the 

randomized control trial (Study IV) both baseline and post-intervention data 

from this project were analyzed. All three studies measured psychological well-

being using questionnaires (i.e., positive affect [PANAS-C], happiness [SHS], 

optimism [LOT-R], and self-esteem [RSE]) and psychological distress (i.e., 

anxiety [STAIC-R], depression [CDI], and negative affect [PANAS-C]). Study II 

employed ActiGraph GT3X accelerometers to measure the 24-hour movement 

behavior, with data analyzed using R studio software. Compositional data 

analysis was used for the statistical analysis. Study III utilized the International 

Fitness Scale (IFIS) to assess perceived physical fitness levels, with multiple linear 

regressions used for statistical analysis. In Study IV, a constrained baseline 

longitudinal analysis was performed using a linear mixed model for the 

statistical analysis.  

Main findings: Regarding the results of this International Doctoral Thesis 

are: physical activity, specifically aerobic physical activity, and mind-body 

exercise may improve self-esteem during and after cancer treatment. 

Additionally, cancer status and the length of the intervention appear to play 

significant roles in the impact of physical activity on self-esteem (Study I); 

promoting light and moderate-to-vigorous physical activity in pre-pubertal 

cancer survivors (≤-1 year from peak height velocity) appears to improve 

happiness, positive affect, depression, and anxiety. Similarly, engaging in 

moderate-to-vigorous physical activity in peri/post-pubertal cancer survivors (>-
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1 year from peak high velocity) may enhance happiness, optimism, depression, 

and anxiety (Study II); increased flexibility and self-perceived overall fitness are 

linked to improved positive affect. Furthermore, greater self-perceived 

cardiorespiratory fitness, speed/agility, and flexibility are associated with lower 

anxiety, depression, and negative affect. In contrast, neither self-perceived nor 

objectively measured muscular fitness is linked to psychological distress (Study 

III); After a 36-week online plyometric exercise-based program, although the 

results were not statistically significant on indicators of psychological well-being, 

the intervention group experienced more positive changes than the control group 

on psychological well-being, self-esteem, optimism, and positive affect scores, 

while on happiness it was the control group that experienced more positive 

changes. In psychological distress, the intervention group achieved greater 

reductions in psychological distress, depression, and anxiety scores, and 

although not statistically significant, similar reductions were observed for 

negative affect (Study IV). 

Conclusions: Overall, the main finding of this International Doctoral 

Thesis is that it highlights the importance of promoting exercise, physical 

activity, and fitness as an approach to improving psychological well-being and 

decreasing psychological distress in young pediatric cancer survivors. Further 

research on specific physical activity interventions aimed at improving the 

psychological health of young pediatric cancer survivors is needed to draw 

further conclusions. 
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RESUMEN 

Los estudios de la presente Tesis Doctoral Internacional se clasifican en 

tres secciones según su diseño: Revisión sistemática y metaanálisis (Sección 1 - 

Estudio I), estudios transversales (Sección 2 - Estudio II y Estudio III), y ensayo 

controlado aleatorizado (Sección 3 - Estudio IV).  

Antecedentes:  El cáncer infantil es una enfermedad rara cuyos 

tratamientos tienen consecuencias para los individuos afectados. Estas 

consecuencias incluyen obesidad, retraso del crecimiento, neoplasias malignas 

secundarias y enfermedades cardiovasculares. Además, entre las consecuencias 

más comunes del cáncer y sus tratamientos se encuentran los efectos 

psicológicos, como mostrar más síntomas de depresión y ansiedad en 

comparación con sus hermanos y la población general. Investigaciones anteriores 

han demostrado que realizar actividad física y estar en buena forma física pueden 

estar relacionado con un mayor bienestar psicológico y una reducción del 

malestar psicológico tanto en población joven sin patologías como durante y 

después de los tratamientos del cáncer. Sin embargo, faltan estudios que 

examinen el papel del ejercicio físico, la actividad y la forma físicas en la salud 

psicológica de los jóvenes supervivientes de cáncer pediátrico. 

Objetivos: Por lo tanto, esta Tesis Doctoral Internacional tiene como 

objetivo revisar la literatura sobre los efectos de la actividad física en la salud 

psicológica durante y después de los tratamientos contra el cáncer (Estudio I), 

examinar la asociación entre la actividad física y el estado físico y la salud 

psicológica en jóvenes supervivientes de cáncer pediátrico (Estudios II y III) e 

investigar los efectos de una intervención de ejercicio físico online de 36 semanas 

en la salud psicológica en jóvenes supervivientes de cáncer pediátricos (Estudio 

IV). 
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Métodos: Para lograr estos objetivos se realizaron cuatro estudios: una 

revisión sistemática y metaanálisis (Estudio I), dos estudios transversales 

(Estudio II y III) y un ensayo controlado aleatorizado (Estudio IV). En el Estudio 

I, la muestra estaba compuesta por 3604 individuos durante y después del 

tratamiento del cáncer (todas las edades, 66,7% mujeres) y la autoestima se midió 

mediante diferentes cuestionarios (RSE, PSI, PSPP, cuestionario KINDL y SEQ-

42). Para el análisis estadístico se utilizó el modelo de efectos aleatorios (método 

de DerSimonian y Laird). Para los estudios transversales (Estudios II y III), se 

utilizaron los datos de la evaluación inicial de los 116 participantes (12,1±3,3 años; 

42,2% chicas) del proyecto iBoneFIT, mientras que para el ensayo controlado 

aleatorizado (Estudio IV) se utilizaron tanto los datos de la evaluación inicial 

como los de la evaluación posterior a la intervención de este proyecto. Los tres 

estudios midieron el bienestar psicológico mediante cuestionarios (afecto 

positivo [PANAS-C], felicidad [SHS], optimismo [LOT-R] y autoestima [RSE]) y 

malestar psicológico (es decir, ansiedad [STAIC-R], depresión [CDI] y afecto 

negativo [PANAS-C]). En el Estudio II se utilizaron acelerómetros ActiGraph 

GT3X para medir los patrones de movimiento durante 24 horas y el software R 

studio para el análisis de estos datos. Para el análisis estadístico se utilizó un 

análisis de datos composicionales. El Estudio III utilizó la Escala Internacional 

de Condición Física (IFIS) para la percepción de los niveles de condición física y 

regresión lineal múltiple para el análisis estadístico. En el Estudio IV se utilizó 

un análisis longitudinal con restricción en la evaluación inicial mediante un 

modelo lineal mixto para el análisis estadístico. 

Principales resultados: Los resultados de la presente Tesis Doctoral 

Internacional son: la actividad física, específicamente la actividad física aeróbica, 

y el ejercicio mente-cuerpo pueden mejorar la autoestima durante y después del 

tratamiento del cáncer. Además, el estado del cáncer y la duración de la 

intervención parecen desempeñar roles importantes en el impacto de la actividad 
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física sobre la autoestima (Estudio I); un aumento de la flexibilidad y de la 

condición física general autopercibida parecen estar relacionados con una mejora 

del afecto positivo. Además, una mayor aptitud cardiorrespiratoria, 

velocidad/agilidad y flexibilidad autopercibidas parece asociarse con una menor 

ansiedad, depresión y afecto negativo. Por el contrario, ni la condición física 

muscular autopercibida ni la medida objetivamente están relacionadas con el 

malestar psicológico (Estudio II); la promoción de la actividad física ligera y 

moderada-vigorosa en supervivientes de cáncer prepúberes (≤-1 año desde el 

pico de velocidad de crecimiento) parece mejorar la felicidad, el afecto positivo, 

la depresión y la ansiedad. Del mismo modo, realizar actividad física moderada-

vigorosa en supervivientes de cáncer peri/post-púberes (>-1 año desde el pico de 

velocidad de crecimiento) puede mejorar la felicidad, el optimismo, la depresión 

y la ansiedad (Estudio III). Tras una intervención de ejercicio físico online de 36 

semanas, aunque los resultados no fueron estadísticamente significativos en los 

indicadores de bienestar psicológico, el grupo de intervención experimentó 

cambios más positivos que el grupo de control en la puntuación de bienestar 

psicológico, autoestima, optimismo y afecto positivo, mientras que en felicidad 

fue el grupo de control el que experimentó más cambios positivos. En cuanto al 

malestar psicológico, el grupo de intervención logró mayores reducciones en la 

puntuación de malestar psicológico, depresión y ansiedad, y aunque no fueron 

estadísticamente significativas, se observaron reducciones similares para el afecto 

negativo (Estudio IV). 

Conclusiones: En conjunto, el principal hallazgo de esta Tesis Doctoral 

Internacional es que destaca la importancia de promover el ejercicio físico, la 

actividad física y la condición física como una estrategia para mejorar el bienestar 

psicológico y disminuir el malestar psicológico en jóvenes supervivientes de 

cáncer pediátrico. Se necesitan más investigaciones sobre intervenciones 
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específicas de actividad física dirigidas a mejorar la salud psicológica de los 

jóvenes supervivientes de cáncer pediátrico para poder extraer más conclusiones. 
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CANCER 

Component Definition Indicators 

Cancer Uncontrolled growth and 

metastasis of specific cells 

within the body1 

 

Incidence: rate of new cancer cases in a 

specific population and period of time in 

a particular 2 

Prevalence: total number of cancer cases 

in a population at a specific moment. The 

difference with the incidence is that 

prevalence includes both new and 

existing cancer cases at a specific 

moment.2 

Cancer survivor Due to the inconsistency of 

the term “survivor,” we 

refer to individuals who 

have completed their cancer 

treatments (any type of 

cancer treatment). 

 

 

 

 

    PSYCHOLOGICAL HEALTH 

Psychological 

health 

Set of conditions related to 

the emotional, 

psychological, and social 

well-being of individuals3 

Psychological well-being: associated 

with positive thoughts and feelings4 

 

Psychological distress: related to 

negative thoughts and feelings5 

Psychological well-

being 

Associated with positive 

thoughts and feelings4 

 

Self-esteem: refers to how we assess our-

self whether positively or negatively6 

Optimism: refers to how favorably 

people view their future7  

Happiness: refers to positive 

psychological functioning8 

 

Positive affect: perception of emotion in 

a good or positive way9 
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Psychological 

distress 

Related to negative 

thoughts and feelings5 

 

 

Depression: means a low or apathetic 

mood over time10 

Anxiety: refers to the brain's state of 

alertness to worry or fear11 

Negative affect: tendency to experience 

negative feelings9 

Self-concept Description of ourselves12  

 

 

 

    PHYSICAL ACTIVITY 

Physical activity Any bodily movement 

generated by skeletal 

muscles that results in 

energy consumption13 

 

 

Aerobic physical activity: engages large 

muscle groups in dynamic activities, 

which significantly elevate heart rate and 

energy consumption14 

Resistance training: created to enhance 

muscular strength, endurance, and 

power by varying the resistance, number 

of repetitions per set, number of sets 

performed, and the rest intervals 

between sets14 

Combined physical activity: 

combination of aerobic physical activity 

and resistance training 

Mind-body exercise: combinations of 

breathing exercises, meditation, and 

structures movements15 

 

Movement 

behaviours 

Combination of the 

activities throughout the 

day includes: moderate-to-

vigorous physical activity, 

light physical activity, 

sedentary behaviour, and 

sleep time16 

Moderate-to-vigorous physical activity: 

any physical activity that significantly 

elevates heart rate and breathing. Its 

MET is between 3 and 6 for moderate 

physical activity and ≥6 for vigorous 

physical activity17 

Light physical activity: movements that 

slightly elevate the heart rate but not 
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significantly, and are classified with a 

metabolic value (MET) between 1.5 and 

317 

Sedentary behaviour: low-energy 

expenditure physical activities, such as 

sitting or reclining posture, with a MET 

of less than 1.518  

Sleep time: number of hours a person 

sleeps during a 24 hours period19 

Physical fitness Capacity to perform 

physical activity and 

encompasses a 

comprehensive range of 

physiological and 

psychological attributes20. It 

may measure Objectively-or 

Self-perceive 

Overall physical fitness: for the present 

Thesis, is the sum of cardiorespiratory 

fitness, muscular strength, flexibility, and 

speed/agility 

Cardiorespiratory fitness: capacity of the 

cardiovascular and respiratory systems to 

provide oxygen to large muscle groups 

for extended periods. This included 

activities such as running, cycling, and 

swimming21 

Muscular strength: the ability of a 

muscle or muscle group to exert force 

against resistance. It is typically 

measured by the ability to lift a 

maximum weight once, as in 

weightlifting21 

Flexibility: ability to stretch muscles and 

joints through their full range of motion. 

It is usually measured by tests such as 

the sit and reach test21 

Speed/agility: ability to move quickly 

and change direction with efficiency and 

control. It is a crucial component in 

many sports and physical activities and 

is measured by tests such as the shuttle 

run22 
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Peak height 

velocity 

It represents the period of 

maximum growth in 

stature, which was 

predicted using a validated 

algorithm that takes into 

account age and height in 

children23. 

In one of our studies (Study II), 

participants were classified as pre-

pubertal (≤-1 year from peak height 

velocity) and peri/post-pubertal (>-1 year 

from peak height velocity)24 
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Cancer  

Cancer is characterized by uncontrolled growth and metastasis of specific 

cells within the body1. Childhood cancer is less common than adult cancer25, with 

206,362 new cases reported worldwide in 2020 being the most common cancers 

are leukemia, brain tumors, and non-Hodgkin lymphoma25. The survival rate for 

childhood cancer is over 85%2, and it is expected that there will be 279.000 new 

cases worldwide by 204026, compared to around 28 million cases in the general 

population globally27. The data in Spain are expected to be similar, with 286,664 

new cases diagnosed in 202428 and increasing to 341,000 cases in 204027. 

Concerning the causes of childhood cancer, the understanding remains 

somewhat limited29. It appears that approximately 8-10% of childhood cancers 

are attributed to genetic mutation passed down from parents. In adults, these 

genetic mutations are often associated with the cumulative effects of aging and 

prolonged exposure to carcinogens29. However, in childhood cancer, finding the 

causes is challenging due to the rarity of the disease and the difficulty in 

determining early-life exposures 29. 

In relation to consequences of cancer and its treatments include 

cardiovascular diseases, impaired growth and fertility, obesity, diabetes,  and 

secondary malignancies30–32. However, despite the lack of studies examining the 

psychosocial consequences of cancer diagnosis and treatment at different ages, it 

appears that it may vary depending on the developmental stage at the time of 

diagnosis and treatment33. At early ages, child cancer survivors are more 

dependent on their parents, which may affect their cancer experiences with 

cancer, including their understanding of cancer and its consequences, as well as 

decisions regarding their health. Additionally, due to their development stage 

and the fundamental cognitive milestones, cognitive difficulties may be more 

pronounced at this age, and this population must adapt to their new life earlier 

than adolescent and adult cancer survivors 33,34. Therefore, despite it is less likely 
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that adolescent and adult cancer survivors are as dependent on their parents as 

child cancer survivors, a cancer diagnosis and treatment may alter their 

autonomy, identity development, and the development of higher-order cognitive 

skills33. Previous studies have shown that individuals who were older at the time 

of diagnosis, survivors of leukemia or central nervous system cancers, women, 

and those whose parents experienced distress were at a higher risk of suffering 

from psychological distress 35,36. 

 Interrelation between psychological health, physical 

activity, and fitness 

Psychological sequelae are among the most common consequences of 

cancer. Psychological health is defined as a set of conditions related to the 

emotional, psychological, and social well-being of individuals37. It may be 

understood through key dimensions that provide a clearer understanding of the 

psychological status of children and adolescents3. These dimensions include 

psychological well-being and psychological distress3. Psychological well-being is 

characterized by positive psychological states and feelings4, and includes 

indicators such as self-esteem, optimism, happiness, and positive affect3. Self-

esteem refers to an individual's self-evaluation, which can be either positive or 

negative6. Optimism involves the tendency to anticipate a favorable and hopeful 

future7. Happiness refers to a state of positive psychological functioning and 

overall well-being8. Positive affect concerns the experience and perception of 

emotions in a positive or pleasant manner9. In contrast, psychological distress is 

associated with negative emotions and attitudes5, including indicators such as 

depression, anxiety, and negative affect3. Depression refers to a prolonged state 

of low mood or apathy10, while anxiety is a heightened state of alertness 

associated with worry or fear11. Negative affect involves a tendency to experience 

negative emotions and feelings9. 
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Several studies focusing on childhood and adulthood cancer survivors 

indicate a higher prevalence of depression and anxiety persisting many years 

after completing therapy38, including symptoms of post-traumatic stress39. That 

is particularly significant among women, unemployed, and individuals with low 

income levels40. These psychological consequences may influence maladaptive 

lifestyle habits such as sedentary behaviours, alcohol consumption, and social 

functioning (school, employment), as well as the fear of recurrence32,41. Young 

pediatric cancer survivors are at a higher risk of experiencing symptoms such as 

depression and anxiety, antisocial behaviour, and impaired social competence 

compared to their siblings39. Specifically, young pediatric cancer survivors tend 

to experience a higher prevalence of anxiety (ranging from 1%-27%) and 

depression symptoms (ranging from 2%-40%) compared to both their siblings 

and the general population42. These challenges contribute to diminished 

psychological well-being and lower quality of life39,43.  

Physical activity offers many health benefits for the healthy population, 

including reduced premature mortality, improved physical fitness, enhanced 

cognitive function, and the reduction of symptoms of depression and anxiety in 

diverse populations44–46. It refers to any bodily movement generated by skeletal 

muscles that results in energy consumption13 while exercise is a subcategory of 

physical activity, which is planned, structured, and repetitive24. Specifically in the 

oncology population, previous research has shown that physical activity may be 

safe both during and after cancer treatments47. However, other studies indicate a 

lack of evidence on potential harms, making it difficult to conduct evidence-

based risk-benefit assessments for prescribing physical activity during cancer 

treatment48,49. During and after cancer treatment, different types of physical 

activity are associated with reductions in anxiety, depression, and fatigue50,51. 

Additionally, physical activity benefits for cancer survivors include improved 

cardiopulmonary fitness, muscle strength, body composition, quality of life, and 
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reduced psychological distress 52,53. While most studies focus on anxiety, 

depression, fatigue, and quality of life50–53, research on the relationship between 

physical activity intervention and self-esteem during and after cancer treatment 

remains limited. This limitation applies not only to the case of self-esteem but 

there are also a limited number of studies examining the effects of physical 

activity interventions on any other parameter of psychological health in young 

pediatric cancer survivors. This fact, together with the lack of consistency in the 

findings, highlights the importance of synthesizing all available evidence to 

better understand the literature (Study I), the connection between physical 

activity and fitness with psychological health (Studies II and III), and the effects 

of performing an online exercise program on psychological health in young 

pediatric cancer survivors (Study IV). 

Physical activity is a modifiable lifestyle factor that effectively reduces 

adipose tissue and corrects metabolic problems, thereby lowering the risk of 

some cancers54. Despite evidence from a previous study showing the safety and 

feasibility of physical activity among childhood cancer population55, these 

individuals have lower levels of physical activity compared to their healthy 

peers32. Additionally, just like physical activity provides health benefits, 

sedentary behaviour may impact negatively the psychological health of 

adolescents56. Considering that various movement behaviours occur throughout 

the day (including moderate-to-vigorous physical activity (MVPA), light physical 

activity (LPA), sedentary behaviour, and sleep time), each type correlated with 

the duration of the others. Thus, some studies have explored how reallocating 

one type of movement behaviour from the others influences various health 

parameters. Previous research has specifically shown that reducing 10 minutes 

of sedentary behaviour and increasing 10 minutes of LPA are associated with 

lower levels of anxiety and depression in apparently healthy young 

populations57. So, it is important to understand how reallocating time to each 
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movement behaviour affects indicators of psychological health. However, to our 

knowledge, no study has examined the association between movement 

behaviour and psychological health in young pediatric cancer survivors (Study 

II). 

Physical fitness refers to the capacity to perform physical activity and 

encompasses a comprehensive range of physiological and psychological 

attributes20. Its association with better psychological health may be attributed to 

the fact that physically fit individuals tend to look and feel better, thereby linking 

physical fitness with improved physical and psychological health. Additionally, 

enhanced fitness can increase the levels of certain hormones, such as serotonin, 

which contribute to mood elevation20. Previous research has shown that higher 

fitness levels reduce psychological distress58,59 and improve psychological well-

being indicators20,60 in both healthy young populations and adults with lung 

cancer. Thus, given the potential association between physical fitness and 

psychological health, and considering that young pediatric cancer survivors have 

compromised psychological health due to cancer and its treatment, more studies 

are needed to examine the contribution of fitness to psychological health in this 

population to better understand these association (Study III) 

 

Structure and gaps addressed in this Thesis  

This international Doctoral Thesis comprises three sections according to 

the design of the studies: Section 1 (Study I) includes a systematic review and 

meta-analysis, Section 2 (Study II and III) cross-sectional studies, and Section 3 

(Study IV) a multicentre randomized control trial. 
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Table 1 provides an overview of the identified gaps in the literature. 
 

GAP Contribution 

S
ec

ti
o

n
 1

 

Most systematic reviews and meta-

analyses on the effect of physical activity 

interventions on psychological health in 

young pediatric cancer survivors focus 

on psychological distress (i.e., anxiety 

and depression). However, there is a lack 

of systematic review and meta-analysis 

on self-esteem in this population. In 

addition, there are very few studies 

examining the effect of physical activity 

on self-esteem in young pediatric cancer 

survivors. 

Systematic review and meta-analysis 

on the effect of physical activity 

interventions on self-esteem, not only 

in young pediatric survivors but also 

during and after cancer treatment at all 

ages (Study I) 
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S
ec

ti
o

n
 2

 
Most studies have focused on the 

association between objectively 

measured physical fitness and 

psychological health. However, little 

research has been conducted on the 

association between self-perceived 

physical fitness and psychological health. 

Nonetheless, there are increasingly more 

studies that use compositional data 

analysis to estimate the association 

between the reallocation of 24-hour 

movement behaviours (MVPA, LPA, 

sedentary behaviour, and sleep time) and 

other health parameters in various 

populations. However, there is a lack of 

this type of analysis in young pediatric 

cancer survivors to understand how 

reallocating one type of movement 

behaviour from the others influences 

psychological health. 

Cross-sectional study on associations 

between 24-hour movement 

behaviours (i.e., MVPA, LPA, sedentary 

behaviour, and sleep time) with 

psychological well-being indicators 

(i.e., happiness, optimism, positive 

affect, and self-esteem) and 

psychological distress (i.e., depression, 

anxiety and negative affect) using 

compositional data analysis in young 

pediatric cancer survivors (Study II) 

 Cross-sectional studies on the 

association of self-perceived (i.e., 

overall fitness, cardiorespiratory 

fitness, muscular fitness, speed/agility, 

and flexibility) and objectively 

measured fitness components (i.e., 

upper and lower body) with 

psychological well-being indicators 

(i.e., positive affect, happiness, 

optimism, and self-esteem) and 

psychological distress (i.e., anxiety, 

depression, and negative affect) in 

young pediatric cancer survivors 

(Study III) 

 

S
ec

ti
o

n
 3

 

The effect of physical activity 

interventions on psychological health in 

children and adolescents during and 

after cancer treatment is not clear due to 

the different psychological health 

indicators used by the studies. 

Multicentre randomized control trial 

focuses on examining the effects of a 36-

week online physical activity 

intervention on psychological well-

being indicators (i.e., happiness, 

optimism, positive affect, and self-

esteem) and psychological distress (i.e., 

depression, anxiety and negative affect) 

in young pediatric cancer survivors 

(Study IV). 

Table 1. Overview of the identified gaps and contribution of this Thesis. 
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Aims and hypothesis 
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Hypothesis 

Physical activity is associated with beneficial effects on psychological 

health (i.e., psychological well-being and distress) in young pediatric cancer 

survivors. 

Aims 

The overall aim of this International Doctoral Thesis was to study the role 

of physical activity, physical fitness, and movement behaviours on psychological 

health in young pediatric cancer survivors. This objective is addressed through 

four specific studies divided in three sections. 

 

Specific aims:  

Section 1. Systematic review and meta-analysis: Physical activity 

interventions on self-esteem during and after cancer treatment. 

· Specific aim I: to conduct a systematic review and meta-analysis of the 

literature on the effects of physical activity interventions (both general and by its 

type) on self-esteem during and after cancer treatment (Study I) 

Section 2. Cross-sectional studies: Physical activity and fitness in young 

pediatric cancer survivors. 

· Specific aim II: to examine the associations between 24-hour movement 

behaviours with psychological well-being indicators and psychological distress 

using compositional data analysis in young pediatric cancer survivors (Study II). 

· Specific aim III: to examine the associations of self-perceived and 

objectively-measured fitness components with psychological well-being and 

psychological distress indicators in young pediatric cancer survivors (Study III). 
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Section 3. Randomized control trial: Effects of an exercise program on 

psychological health in young pediatric cancer survivors. 

· Specific aim IV: to examine the effects of a 36-week online plyometric 

exercise-based program on psychological well-being and distress indicators in 

young pediatric cancer survivors (Study IV). 
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7 

 

General methods 
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The present International Doctoral Thesis, which comprises four studies, 

is conducted under the umbrella of the iBoneFIT and REBOTA-EX project. A 

comprehensive study design and methods description is available in a previously 

published work61. The intervention implemented within the iBoneFIT project is 

explained below. This International Doctoral Thesis focused on psychological 

health, which is a secondary outcome of the iBoneFIT project.  

Study characteristics  

 The iBoneFIT project was a multicentre, parallel-group randomized 

control trial (1:1) designed to examine the effect of a 36-week online plyometric 

exercise-based program on bone health in 116 young pediatric cancer survivors 

(Clinical Trial registration no. ISRCTN61195625) from the Virgen de las Nieves 

(Granada) and Reina Sofía (Córdoba) University Hospitals (Spain).  This project 

received approval from the Ethics Committee on Human Research of the Junta 

de Andalucía (Reference: 4500, December 2019) and followed the principles 

described in the Declaration of Helsinki (2013 revision). It also followed the 

guidelines of the Consolidated Standards of Reporting Trials (CONSORT). The 

inclusion criteria required that participants were not receiving cancer therapies 

at the time of enrollment, had previously received radiation and/or 

chemotherapy, and had been diagnosed at least a year earlier while exclusion 

criteria included individuals who were concurrently participating in another 

study that could pose additional risks, cause discomfort or interfere with the 

results of both studies; those with a prior diagnosis of anorexia nervosa/bulimia, 

known pregnancy and/or known alcohol and drug abuse; requiring chronic oral 

glucocorticoid therapy; those with injuries that could affect daily life activities 

and can be aggravated by exercise, and; with a lower limb prosthesis that 

prevents bone assessment.  

Due to COVID-19 restrictions, the data was collected in two phases: 1) 

from October 2020 to February 2021, and 2) from December 2021 to March 2022.). 
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Eligible participants from the two hospitals were contacted via telephone calls 

and informed about the inclusion criteria and the intervention and, if they met 

the criteria and provided consented, they were enrolled in the study. The 

randomization was conducted by an external partner independent of the 

participant recruitment and enrolment process. Participants were randomized by 

age and sex into an intervention group (exercise intervention plus diet counseling 

focused on calcium and vitamin D) or a control group (diet counseling focused 

on calcium and vitamin D). The control group was asked about performing the 

intervention after finishing the study61. The allocation of participants to their 

respective groups was blinded to the evaluators of outcomes until all assessments 

were completed.  However, it was not feasible to blind participants due to the 

inherent characteristics of the exercise intervention. The measurements were 

performed at baseline (T0) and after 36 weeks of a plyometric exercise-based 

program at the Sport and Health University Research Institute (iMUDS, 

University of Granada) (Figure 1).  

 

 

Figure 1. Modified from Figure 1 The effect of an online exercise program on bone health in 

pediatric cancer survivors (iBoneFIT): study protocol of a multi-centre randomized controlled 

trial by Gil-Cosano et al. BMC Public Health (2020) 20:1520. Desing of the iBoneFIT study. 
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T-1, meeting parents and participants; T0, baseline assessment; T1, post-intervention 

assessment; iMUDS, Sport and Health University Research Institute 

 

Sample size 

The sample size of the iBoneFIT project was calculated considering the 

femoral neck areal bone mineral density, thus playing an important role in the 

osteoporosis diagnosis. The project, which included children and adolescents 

aged 6-18 years, has calculated the sample size to account for subgroup analysis 

by age groups (6-11 years and 12-18 years). A minimum of 116 participants was 

needed (58 in each group), with an estimated effect size of 0.25 for changes in 

femoral neck areal bone mineral density, an α level of 0.05, and 80% power. This 

estimate adds 20% to account for occasional losses and refusals and 10% for 

multivariable analyses61. G*Power (v.3.1.9.2) was used to calculate the repeated 

measures (within-between interactions) for two groups (between factors) and 

two-time points (before, post, within factors) using analysis of variance. For the 

aim of assessing bone outcomes, a correlation between measurements of 0.7 was 

assumed62. 

Intervention 

Participants in the control group continued their usual routines, while 

those in the intervention group engaged in a 36-week online plyometric exercise-

based program. The exercise sessions were developed and recorded on video and 

uploaded to YouTube by a personal trainer. Participants or their parents were 

added to a WhatsApp group where training videos were shared via a webpage 

link (https://t.ly/iNqS6) and updated twice a month. Researchers who monitored 

participants through WhatsApp groups contacted them once a week. During 

these interactions, they updated training videos, provided additional 

information, or proposed challenges based on five behaviour change techniques. 

These techniques (i.e. action planning and goal setting, providing instructions 
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and demonstrations of how to perform the behaviour, self-monitoring of 

behaviour, providing feedback on performance and information about health 

consequences) were incorporated into the platform along with gamification 

elements to maintain and boost the motivation of the participants during the 

exercise intervention including infographics, challenges, etc., The home-based 

exercise program consisted of three phases, with progressive plyometric jump 

sessions held three to four days per week, each lasting approximately 15 minutes. 

The exercise sessions were designed to involve a warm-up, followed by a 

squat/jump workout, and ending with a cool-down. Although specific days for 

training sessions were recommended, participants had the flexibility to complete 

the sessions on any day at any time that suited their schedules, as the sessions 

were recorded. Over 136 sessions, participants completed 7296 squats/jumps 

(2000 squats + 5296 jumps). Both groups received information on dietary 

counseling regarding calcium and vitamin D. After the study, the control group 

was offered the same online plyometric exercise-based program. The Consensus 

Exercise Reporting Template (CERT) was used to explain the rationale behind the 

iBoneFIT exercise program63. Table 2 provides a detailed explanation of the 

training volume and its progression. 
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Phase 
Warm 

upa 
Exerciseb Level Repetitions 

Sets a 

day 

(Restc) 

Sessions 

a Week 

Squats/Jumps 

a Week 

1 

 

RAMP Body mass-based 

Squat 

1 (1–4 

week) 

15 3 4 180 

 2 (5–8 

week) 

20 4 4 320 

Total phase 1 

(8 weeks) 

      2000 

2 RAMP Squat jump 1 (9–12 

week) 

10 3 3 90 

2 (13–16 

week) 

15 3 4 180 

3 (17–20 

week) 

20 4 4 320 

Total phase 2 

(12 weeks) 

      2360 

3 RAMP Countermovement 

jump 

1 (21–24 

week) 

10 3 3 90 

   2 (25–28 

week) 

12 3 4 144 

   3 (29–32 

week) 

15 3 4 180 

   4 (33–36 

week) 

20 4 4 320 

Total phase 3 

(16 weeks) 

      2936 

Total 

intervention 

(36 weeks) 

 

      7296 

Table 2 detailed explanation of the training volume and its progression. 

RAMP raise, activate, mobilise and potentiate. aWarm up focused on dynamic 

exercises with progressive intensity enhancing optimal core body temperature, motor 

unit excitability, kinesthetic awareness and ranges of motion. bEach exercise suggested 

to be performed at the pace of the personal trainer managing the session. If not, a self-

paced performance was recommended. cPhase 1 rest = 45 s; Phases 2 and 3 rest = 1 min 
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Participants adherence  

Adherence was monitored using a diary, in which participants or their 

parents recorded their entries after training sessions and sent a photo to the 

WhatsApp group once a month. During each phase of the intervention, a 

minimum compliance rate of 50% was required. However, by the end of the 

intervention, the overall compliance rate needed to reach 70%.  If a participant 

had not completed 70% adherence to the intervention by the end of this but was 

projected to reach this threshold within an additional two weeks, the exercise 

program was extended accordingly. 

Key variables 

Figure 2 shows the key variables used in this International Doctoral 

Thesis, along with the instruments employed and the studies in which they were 

implemented.  
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Figure 2. Key variables of the iBoneFIT project used in this International 

Doctoral Thesis 
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*Due to COVID-19 restriction, masks were mandatory, and because the available 

evidence at that time showed impaired performance when using FFP2/N95 face masks, and to 

ensure the safety of our participants, cardiorespiratory fitness and speed/agility were excluded. 

 

Methodology of the four studies included in this Thesis 

Table 3 provides the methodology of the studies included in this International 

Doctoral Thesis 
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Section 2 

Study 
Design; 

Target population 
Project Variables studied (instruments) Statistical analysis 

Study II Cross-sectional 

 

110-116 young 

pediatric cancer 

survivors, depending 

on the outcome 

(12.1±3.3 years; 42.2% 

female) 

iBoneFIT project Predictors: 24-hour movement 

behaviours (accelerometry ActiGraph 

GT3X)  

Outcome: psychological well-being 

indicators (i.e., positive affect [PANAS-

C], happiness [SHS], optimism [LOT-

R], and self-esteem [RSE]) and 

psychological distress (i.e., anxiety 

[STAIC-R], depression [CDI], and 

negative affect [PANAS-C])  

 

 

Compositional data 

analysis 

Study III Cross-sectional 

 

110-116 young 

pediatric cancer 

survivors, depending 

iBoneFIT project  Predictors: physical fitness: self-

perceived fitness (IFIS questionnaire) 

and objective fitness (i.e., upper and 

lower body [handgrip strength and 

standing long jump])  

Outcome: psychological well-being 

indicators (i.e., positive affect [PANAS-

Multiple linear 

regressions 

adjusted by key 

covariates (i.e., 

sex, years from 

peak height 

velocity, years 

Section 1 

Studies 
Design; 

Target population 
Search strategy 

Variables studied 

(instruments) 

Statistical 

analysis 

Study I Systematic review 

and meta-analysis 

(systematic 

review=32 studies; 

meta-analysis=15 

studies) 

 

3604 Individuals 

during and after 

cancer treatment (all 

ages, 66.7% female) 

("physical conditioning" OR 

"motor activity" OR "physical 

activity" OR "activity" OR "physical 

education" OR exercis* OR move* 

OR moving OR active OR inactive 

OR sedentary OR sport* OR train*) 

AND ("psychological wellbeing" 

OR "psychological well-being" OR 

"self-esteem" OR "self-concept" OR 

"self-worth") AND (cancer OR 

onco* OR myelo* OR leukaemia 

OR leukemia OR neoplasm* OR 

lympho* OR carcinoma OR tumor 

OR tumour OR sarcoma) 

Predictor: physical 

activity 

interventions 

(aerobic physical 

activity, resistance 

training, combined 

physical activity and 

mind-body exercise) 

Outcome: self-

esteem (measured by 

RSE, PSI, PSPP, 

KINDL 

questionnaire, and 

SEQ-42) 

Random effect 

model 

(DerSimonian 

and Laird 

method) 
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on the outcome (12.1 

± 3.3 years, 56.9% 

boys*)   

C], happiness [SHS], optimism [LOT-

R], and self-esteem [RSE]) and 

psychological distress (i.e., anxiety 

[STAIC-R], depression [CDI], and 

negative affect [PANAS-C]) 

between diagnosis 

and testing, body 

mass index, and 

type of neoplasm) 

Section 3 

Study 
Design; 

Target population 
Project Variables studied (instruments) Statistical analysis 

Study IV 

Multicentre 

randomized control 

trial 

116 young pediatric 

cancer survivors 

throughout 

intention-to-treat 

analysis (12.1±3.3 

years; 42.2% female) 

90 young pediatric 

cancer survivors 

through per-protocol 

analysis (12.2±3.4 

years; 42% female) 

iBoneFIT project Intervention program: 36-week 

plyometric exercise-based program, 3-4 

sessions/week, 10-16 minutes/session. 

Based on the weight-bearing impact of 

high intensity. 

Outcome: psychological well-being 

indicators (i.e., positive affect [PANAS-

C], happiness [SHS], optimism [LOT-

R], and self-esteem [RSE]) and 

psychological distress (i.e., anxiety 

[STAIC-R], depression [CDI], and 

negative affect [PANAS-C]) 

Constrained 

baseline 

longitudinal 

analysis via a linear 

mixed model 

 

* This data changed between Study III and Studies II and IV due to an error detected in the Sex 

variable in Study III  

 

Table 3. Overview of the methodology of the four studies included in this 

Thesis  
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Results and discussion 
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S
ec

ti
o

n
 1

 Systematic review and meta-

analysis: Physical activity 

interventions on self-esteem during 

and after cancer treatment. 

Study I The effects of physical activity interventions 

on self-esteem during and after cancer 

treatment: a Systematic Review and Meta-

Analysis 

Under 

review  

S
ec

ti
o

n
 2

 

Cross-sectional studies: Physical 

activity and fitness in young 

pediatric cancer survivors. 

Study II 

 

24-hour movement behaviours and 

psychological health in young pediatric 

cancer survivors. A compositional data 

analysis from the iBoneFIT project. 

Under 

review  

Study III 

 

Is higher physical fitness associated with 

better psychological health in young 

pediatric cancer survivors? A cross-sectional 

study from the iBoneFIT project. 

Article 

published in 

Scandinavian 

Journal of 

Medicine 

and Science 

in Sports. 

2023 

S
ec

ti
o

n
 3

 

Randomized Control Trial: Effects of 

an exercise program on 

psychological health in young 

pediatric cancer survivors 

Study IV The effects of an online plyometric exercise-

based program on psychological health in 

young pediatric cancer survivors: the 

iBoneFIT multicentre randomized control 

trial. 

Drafting 

manuscript 

 

 

 

Results and Discussion 
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Section 1 

 

Systematic review and meta-analysis: Physical activity 

interventions on self-esteem during and after cancer 

treatment. 
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Study I 

 

The effects of physical activity interventions on self-esteem 

during and after cancer treatment: a Systematic Review and 

Meta-Analysis 
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Study 1 

 

ABSTRACT 

Objective: to investigate the effect of physical activity (PA) (both general 

and its type) on self-esteem during and after cancer treatment. 

Methods: A systematic search was conducted across PubMed, Web of 

Science, Scopus, SPORTDiscuss, and PsycINFO from their inception to February 

2024. The systematic review included 32 studies, with 15 studies (13 RCT and 2 

quasi-experimental) and 3604 participants (66.7% female) included in the meta-

analysis involving controlled trials using a control group and at least one PA 

intervention group. The study was registered in PROSPERO (CRD42022309771). 

Risk of bias for RCTs was assessed using the Cochrane Collaboration’s tool for 

assessing risk of bias (RoB2), and quasi-experimental studies with the Joanna 

Briggs Institute critical appraisal tool. 

Results: PA significantly improved self-esteem during and after cancer 

treatment (pooled SMD=0.32, p<0.01). Specifically, aerobic PA (pooled SMD=0.33, 

p=0.04) and mind-body exercise (pooled SMD=0.70, p=0.03) had positive effects 

on self-esteem. Overall, PA interventions improved self-esteem during cancer 

treatment (pooled SMD=0.50, p=0.01) and in PA interventions lasting more than 

12 weeks (pooled SMD=0.44, p=0.02).  

Conclusion: PA (specifically, aerobic and mind-body exercises) may have 

a positive effect on self-esteem during and after cancer treatment, with cancer 

status and the duration of the intervention being key factors. 
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INTRODUCTION 

Cancer is slightly more common in men than women (40,9% vs. 39.1%) 

and remains one of the leading global causes of mortality 1. The five-year relative 

survival rate is approximately 68%1 but surviving cancer and undergoing cancer-

related treatment increases the risk of side effects, such as impaired growth in 

pediatric population, cardiovascular disease, and secondary malignancy 2–4.  

Individuals during and after cancer treatment may experience 

psychological issues that contribute to maladaptive lifestyle habits, such as 

sedentarism and alcoholism 5, as well as impaired social functioning (e.g., 

difficulties in school or employment), anxiety, depression, and fear of recurrence 

4,6,7. These psychological sequels, affecting emotional well-being, can lead to 

changes in self-esteem levels 6. A study of young adults after cancer treatment 8 

found that low self-esteem, defined as a score of ≤ 25 score on The Rosenberg Self-

Esteem scale, was present in 10% of the participants. 

 Self-esteem is one component of self-perception, alongside self-concept. 

While self-concept refers to how we describe ourselves, self-esteem relates to how 

we assess that self-concept, either positively or negatively 9,10. High self-esteem is 

associated with better physical and psychological health, academic performance, 

and quality of interpersonal relationships 9,11. In contrast, low self-esteem is 

linked to dissatisfaction, self-loathing, self-contempt, and self-rejection 9. Factors 

that can influence self-esteem include negative body image and personal 

experiences. Self-esteem develops gradually over time, shaped by social 

interactions and life experiences12. It tends to be high during childhood, declines 

until adolescence 13,14, rises from mid-adolescence to mid-adulthood, peaks 

between the ages of 50 and 60, and eventually declines in older age 15. 

The benefits of physical activity (PA) in healthy population are well 

established 16. After cancer treatment, PA may not only improve fitness and 
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quality of life but may also reduce depression, psychosocial distress, and 

recurrence of cancer 17. Previous research has shown that physical exercise may 

be safe during and after cancer treatments18. However, a more recent study 

highlights that there is insufficient research on the potential harms of PA to make 

fully evidence-based risk-benefit assessments for its prescription during cancer 

treatment 19,20. Previous studies have shown that different types of PA can reduce 

depression, anxiety, and fatigue during and after cancer treatment 21,22. 

Additionally, while some research found associations between PA interventions 

and improved self-esteem during and after cancer treatment23–25, this area has 

been less extensively explored. A comprehensive compilation of available studies 

through a systematic review and meta-analysis is needed. Thus, to the best of our 

knowledge, this is the first systematic review and meta-analysis aimed at 

examining the effects of PA interventions (both general and by type) on self-

esteem during and after cancer treatment. 

 

METHODS 

Protocol and Registration 

This study was conducted following the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis PRISMA guidelines and PRISMA-S 26,27 

(Supplementary table S1 and Supplementary table S2). The systematic review 

and meta-analysis were registered in the International Prospective Register of 

Systematic Reviews in 2022, with an update made in 2024 (registration number: 

CRD42022309771). The update was performed through email alerts and by 

reapplying the search strategy over the past two years to identify any newly 

published articles. 
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Data Sources  

A systematic search was conducted using MEDLINE (via PubMed), Web 

of Science (Clarivate), Scopus (Elsevier), SPORTDiscuss (EBSCOhost) and 

Psycinfo (Ovid) from database inception to February 2024. The search strategy 

used for each database and the search terms used are available in Supplementary 

Material (Table S3) which was carried out in parallel with a previous study and 

was adapted to the subject matter of this study. 

Eligibility Criteria 

Two reviewers (A.R-S and A.R-T) independently screened and identified 

studies that potentially met the inclusion criteria. Any disagreements were 

resolved through consensus, or if necessary, with the involvement of a third 

researcher (E.U-G). The inclusion criteria were defined as follows: a) Population: 

individuals during and after cancer treatment; b) Age: all age groups; c) Cancer 

types: all types of cancers; d) Study design: observational and experimental 

studies; e) Outcome: self-esteem measured using any validated questionnaire; f) 

Intervention: any form of PA; g) Control: groups without a PA intervention 

(including flexibility-focused activities); h) Language: studies written in English 

or Spanish. Exclusion criteria included non-eligible publication types, such as 

conference proceedings, theses, editorials, letters to the editor, systematic 

reviews, and meta-analyses. 

Study selection 

The study selection process was carried out in several steps. First, records 

were identified through database searches and duplicates were removed using 

Endnote X7 0.1. Secondly, titles and abstracts were screened to determine their 

potential eligibility. Articles that appeared eligible were then read in full to 

decide on their final inclusion or exclusion in the systematic review and meta-

analysis. All steps were completed and reviewed by two investigators (A.R-S and 
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A.R-T). Disagreements were resolved through discussion, adhering to the 

established inclusion and exclusion criteria. When the inclusion status of a study 

was unclear, a third reviewer (E.U-G) was involved to reach through discussion. 

Figure 1 presents the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) flow diagram of the study selection process. Finally, 

reference lists of the included articles were examined for other relevant studies. 

Authors of articles with missing data were contacted, and 2 of the 7 studies that 

had not reported the required information responded and provided the 

necessary data. Additionally, efforts were made to obtain the full text of certain 

articles by contacting the respective authors (27 in total); however, the majority 

(21 authors) did not respond to our requests. A citation index and email alerts 

were established to track potential new studies published during the course of 

this study. 

Classification as ‘during’ or ‘after’ cancer treatment 

Studies involving patients receiving any form of cancer treatment, 

whether as initial cancer therapy or for metastasis or cancer recurrence, were 

classified as ‘during’ treatment. Studies that included patients not currently 

undergoing any cancer treatment or receiving androgen suppression therapy or 

hormone therapy without any other cancer treatment, were defined as ‘after’ 

treatment. Studies including both types of patients were categorized as ‘both’. 

Risk-of Bias Assessment  

 The Cochrane Collaboration’s tool for assessing risk of bias (RoB2) was 

used for randomized controlled trials (RCTs) 28. This tool evaluated five domains: 

randomization process, deviations from intended interventions, missing 

outcome data, measurement of the outcome, and selection of the reported result. 

Overall, a study is considered to have a “low risk of bias” if all domains are rated 

as “low risk”, “some concerns” if at least one domain is rated as “some concern”, 
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and “high risk of bias” if at least one domain is rated as “high risk”, or if multiple 

domains are rated as “some concerns”. 

The Joanna Briggs Institute critical appraisal tool was used to evaluated 

the quality of quasi-experimental Studies 29. This tool assesses nine domains: the 

cause and effect of variables, similar comparison groups and treatment/care, 

control group, multiple measurements of outcomes, follow-up, similar 

measurements of outcomes in the different groups, outcome measurements in a 

reliable way, and statistical analysis. Each domain is rated with one of four 

responses: “yes” (criterion met), “no” (criterion not met), “unclear”, or “not 

applicable” (N/A). A study was classified as “high quality” if it achieved a quality 

score of at least 0.75 (i.e., 75%), and as “low quality” if the score was below 0.75. 

Additionally, a score for each criterion was calculated by dividing the number of 

positive ratings by the total number of studies evaluated, providing an overview 

of how well the current literature performs on each criterion. Two researchers 

(A.R-S and A.R-T) independently assessed the risk of bias to determine the 

quality of the included studies, with any discrepancies resolved by a third 

reviewer (E.U-G). 

Data Extraction  

Articles retrieved from the databases were exported and managed using 

an EndNote library (Endnote version X7.0.1). Data extracted from the original 

reports, based on the inclusion and exclusion criteria, included: a) first author 

and year of publication; b) country of data collection; c) study design; d) sample 

characteristics; e) method used for measuring self-esteem at baseline and follow-

up; f) type of control group intervention; and g) type of PA intervention. Data 

extraction was independently verified by two researchers (A.R-S and A.R-T), and 

any discrepancies were resolved through consensus with a third researcher (E.U-

G). 
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Statistical considerations 

The DerSimonian and Laird method was used to compute Standardized 

Mean Difference (SMD) and 95% confidence intervals (95% CIs), as the summary 

measure. For data synthesis and meta-analysis, random-effects models were 

employed. When studies provided mean self-esteem values at baseline and 

endpoint or reported mean value changes, SMD was calculated. SMD of 0.2 to 0.5 

were considered small, 0.5 to 0.8 were considered medium, and values greater 

than 0.8 were considered large 30,31. The heterogeneity of results across studies 

was assessed using the I2 statistic 32. In addition, exploratory subgroup analyses 

were performed to examine how the intervention affects self-esteem depending 

on the type of PA (aerobic PA, resistance training, combined PA, and mind-body 

exercise), cancer status (during and after cancer treatments), and lasting of the 

intervention (12 weeks or less and more than 12 weeks). Furthermore, 

exploratory subgroup analyses were conducted to explore differences across 

groups of age (children and adolescents under 18 years of age and adults with 18 

years of age or older), study design (randomized controlled trial and quasi-

experimental study), and self-esteem questionnaires (Rosenberg self-esteem scale 

and other than Rosenberg self-esteem scale questionnaires). Funnel plots were 

examined to assess the risk of potential publication bias, with Egger’s regression 

asymmetry test used to detect asymmetry. Further, the ‘trim and fill’ procedure 

33 was also applied to identify and correct for funnel plot asymmetry potentially 

due to publication bias. A leave-one-out cross-validation analysis was performed 

to evaluate the impact of excluding individual studies on the combined pooled 

SMD by sequentially omitting one study at a time. The summary measure used 

in this study was the SMD. 

Statistical analyses were performed using Comprehensive Meta-Analysis 

software version 2.2 (Biostat Inc., Englewood, NJ, USA), with statistical 

significance set at p<0.05. 
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Classification of physical activity interventions  

Due to the diversity of PA interventions, they were classified into four 

categories: aerobic PA, resistance training, combined PA, and mind-body 

exercise. Aerobic PA interventions include belly dance, treadmill, elliptical, and 

walking. Resistance training encompasses exercises like leg extensions, leg curls, 

leg presses, calf raises, chest presses, seated rowing, triceps extensions, biceps 

curls, and modified curl-ups. Combined PA includes a variety of sports and 

recreational activities, as well as programs combining aerobic and resistance 

training. Mind-body exercise refers to practices such as yoga and Pilates. 

RESULTS 

Study selection and adverse effects 

A total of 7151 studies were identified from the literature search, of which 

2399 were excluded before screening due to duplication. After screening by title 

and abstract, 369 full-text articles were reviewed for eligibility. Finally, 32 studies 

were included in the systematic review, of which 13 RCT’s and 2 Quasi-

Experimental Studies were included in the meta-analysis (Figure 1).  

In this systematic review and meta-analysis, 13 studies reported “no 

significant adverse effects” while 20 studies did not provide information on 

whether any adverse effects were observed. 
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Records identified from 

databases (n = 7151): 

 

PubMed (n = 1372) 

Web of Science (n = 1177) 

Scopus (n = 3987) 

Sport Discuss (n=40) 

Psycinfo (n=575) 
 

Records removed before screening 

(n = 2399):  

 

Duplicate records removed (n = 2399) 

   Records removed for other reasons (n = 0) 

Records screened 

(n = 4752) 

Records excluded 

(n =4383) 

Reports sought for 

retrieval 

(n =369) 

Reports not retrieved 

(n = 0) 

Reports assessed for 

eligibility 

(n = 369) 

Reports excluded (n =337): 

 

Not Physical Activity intervention (n = 37) 

Not assessing in oncology population (n = 

10) 

Not evaluated global self-esteem (n= 235) 

Type of study (n=29) 

Not full-text (n= 21) 

Lack of data (n= 5) 
 

 
 

Studies included in 

qualitative synthesis 

(n =32) 

 

Randomized control trials: 13 

Quasi-Experimental studies: 2 

Uncontrolled trials: 12 

Observational studies: 5 
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analysis 
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Randomized control trials:13 

Quasi-Experimental Studies: 2 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) flow diagram of study selection. 

Risk-of Bias Assessment 

The quality of the RCTs included in the meta-analysis (n=13, Table S4) 

showed that six studies (46.2%) had a low risk of bias, while seven studies (53.8%) 

had some concerns. In terms of specific domains, all studies were rated as low 

risk for the randomization process, missing outcome data, and measurement of 

the outcome (100%). For deviations from intended interventions, eight studies 

(61.5%) were rated as low risk, and five studies (38.5%) were rated as having some 

concerns. Regarding the selection of reported results, ten studies (76.9%) were 

rated as low risk, and three studies (23.1%) had some concerns. Of these 13 

articles, 62% were analyzed using intention-to-treat principle, while 38% were 

analyzed using per-protocol principle.  

The risk of bias in the quasi-experimental studies (n=2, Table S4) indicated 

that both studies had high-quality scores. In terms of specific domains, 100% of 

the studies met the methodological quality criteria for the cause and effect of 

variables, similar treatment/care groups, presence of a control group, multiple 

measurements of outcomes, consistency of outcomes measurements across 

groups, reliability of outcome measurements, and statistical analysis. For the 

domain of similar comparison groups, one study did not meet the 

methodological quality criterion (50%), while the other was rated as unclear 

(50%). In the follow-up domain, one study was rated as unclear (50%), and the 

other met the methodological quality criterion (50%). Both of these articles (100%) 

were analyzed using per-protocol principle. 

Study characteristics 

Table 1 presents the characteristics of the studies included in the 

systematic review and meta-analysis. A total of 3604 participants (66.7% female) 
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during or after cancer treatment were involved in the select studies of this 

systematic review. These studies were conducted in 12 different countries, with 

participants having the following cancer types: Ewing sarcoma (n=1), Testicular 

cancer (n=1), Breast cancer (n=17), Rectal cancer (n=1), and various malignancy 

disease types (n=13). The age of the participants ranges from 8 years and older, 

with the sample sizes varying between 16 to 618 (median=107 participants). 

Regarding self-esteem measurements, 24 studies (72.7%) used the Rosenberg 

Self-Esteem Scale, three used the Physical Self-Inventory (PSI) (9.1%), three 

(9.1%) the Physical self-perception Profile, two (6.1%) the KINDL questionnaire, 

and one (3%) the Self-esteem questionnaire (SEQ-42). Despite the variety of 

questionnaires, all studies in this meta-analysis provided self-esteem scores. 

Table 2 shows the characteristics of the interventions from studies 

included in the meta-analysis. Control groups received various interventions: 

usual care (73.3%) 24,25,34–41, three educational sessions (13.3%) 42,43, recreational 

activity (6.7%) 23, dietary guidelines and information about healthy habits (6.7%) 

44, and not have a control group (6.7%) 45. PA interventions were categorized as 

follows: combined (i.e., aerobic + resistance PA) (38%) 23,34,38,40,41,44,45, aerobic (33%) 

25,35–37,39,43,45, mind-body (19%) 24,25,42,43, and resistance (10%) 35,45. Most interventions 

involved supervised exercises (69%), with the remainder either unsupervised 

(25%) or a combination of both (6%). The duration of the interventions ranged 

from 1 to 24 weeks (median=13.4) with the weekly exercise duration of the 

intervention ranging from 45 to 330 minutes. Characteristics of intervention 

studies not included in the meta-analysis are detailed in Table S5. 
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Study characteristics  Population characteristics at baseline  Outcome 

Authors and year Country  Age 
Sample size 

[n (% male)] 
Cancer-type Time period 

 
Method 

Baseline 

(mean ± SD) 

Follow-up 

(mean ± SD) 

Randomized Controlled Trials [n=14] 

Adams et al. 2018 37 Canada  43.7 ± 10.8 

63 (100% male) 

Walking: 35 

CG: 28 

Testicular cancer 
After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Walking: 32.5 ± 5.5 

CG: 36.0 ± 4.8 

Walking: 34.5 ± 4.1 

CG: 35.0 ± 5.0 

Boing et al. 2023 43 Brazil  
18 years or 

older 

52 (100% female) 

Pilates: 18 

Belly: 18 

CG:16 

Breast cancer 
After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Pilates:  30.2 ± 1.1 

Belly dance:  32 ± 

1.4 

CG:  30.1 ± 1.7 

Pilates: 32.6 ± 1.2 

Belly dance: 33 ± 0.9 

CG:  32 ± 1.1 

Cadmus et al. 2009 [1] 34  USA  35-75 

50 (100% female) 

Sports/recreational 

activities: 25 

CG: 25 

Breast cancer 
During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale   

Sports/recreational 

activities: 34.8 ± 4.2 

CG: 35.2 ± 3.8 

Sports/recreational 

activities:  34.3 ± 4.9 

CG: 34.5 ± 3.6 

Cadmus et al. 2009 [2] 34  USA  40–75 

74 (100% female) 

Sports/recreational 

activities: 37 

CG: 37 

Breast cancer 
After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Sports/recreational 

activities: 34.2 ± 5.5 

CG: 33.2 ± 5.7 

 

Sports/recreational 

activities: 34.5 ± 5.2 

CG: 33.4 ± 5.9 

Courneya et al. 2007 35 Canada  

25-78 

(Mean 49 

years) 

242 (100% female) 

Resistance training: 

82 

Aerobic physical 

activity: 78 

CG: 82 

Breast cancer 
During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Resistance training: 

34.1 ± 4.2 

Aerobic physical 

activity: 34.0 ± 5.1 

CG: 34.1 ± 4.6 

Resistance training: 

34.7 ± 4.2 

Aerobic physical 

activity: 34.5 ± 5.1 

CG: 33.2 ± 5.5 

Fretta et al. 2021 42 Brazil  55.3 ± 11 

34 (100% female) 

Pilates: 18 

CG: 16 

Breast cancer 
After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Pilates: 30.4 ± 5.1 

CG: 30.5 ± 6.6 

Pilates: 35.1 ± 3.8 

CG: 33.1 ± 4.3 

Gokal et al. 2016 36 UK  
18-75 

 

50 (100% female) 

Walking: 25 

CG: 25 

Breast cancer 
During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Walking: 21.7 ± 4.4 

CG: 20.4 ± 4.9 

Walking: 23.8 ± 4.6 

CG: 19.5 ± 4.2 

Kovačič et al. 2011 24 Slovenia  ≥40 

32 (100% female) 

Yoga: 16 

CG: 16 

Breast cancer 
During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Yoga: 21.3 ± 1.3 

CG: 21.2 ± 1.4 

Yoga: 23.7 ± 1.1 

CG: 21.2 ± 1.7 

Leite et al. 2021 25 Brazil  55 ± 10 
52 (100% female) 

Belly dance: 18 
Breast cancer 

After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Belly dance: 32.1 ± 

1.3 

Belly dance: 33.3 ± 1.0 

Mat Pilates:32.7 ± 1.0 
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Mat Pilates: 18 

         CG: 16 

Mat Pilates: 30.4 ± 

1.2 

CG: 31.9 ± 1.4 

CG: 32.2 ± 1.1 

Musanti 2012 45 USA  50.5 ± 7.5 

55 (100% female) 

Aerobic physical 

activity: 12 

Resistance training: 

17 

Combined physical 

activity: 13 

CG*: 13 

Breast cancer 
After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Aerobic physical 

activity: 23 ± 6.6 

Resistance training: 

25.3 ± 3.2 

Combined physical 

activity: 24.4 ± 4.8 

CG*: 25.7 ± 4.0 

Aerobic physical 

activity: 21.7 ± 4.4 

Resistance training: 

26.4 ± 2.6 

Combined physical 

activity: 23.6 ± 1.2 

CG*: 26.3 ± 3.9 

Rastogi et al. 2020 44 USA  54.4 ± 11.2 

48 (96% female) 

Combined physical 

activity: 26 

CG: 22 

Breast and 

colorectal cancer 

After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Combined physical 

activity:  22.6 ± 3.4 

CG:  20.2 ± 3.7 

Combined physical 

activity: 23 ± 4.2 

CG:  20.2 ± 4.7 

Saultier et al. 2021 23 France  10.4 ± 0.5 

70 (42.5% female) 

Combined physical 

activity: 37 

CG :33 

Various cancer 

types 

During cancer 

treatment 
 

Self-esteem with the 

“Physical Self-Inventory—

Very 

Short Form” (PSI-VSF) 

Combined physical 

activity: 4.4 ± 0.2 

CG: 4.6 ± 0.1 

Combined physical 

activity:  5.0 ± 0.1 

CG: 4.8 ± 0.1 

Van Dijk-Lokkart et al. 

2016 38 

Netherla

nds 
 8-18 

68 (46.7% female) 

Combined physical 

activity:30 

CG: 38 

Various cancer 

types 

During cancer 

treatment 
 

Global Self-worth with the 

Dutch versions of the Self 

Perception Profile for 

children and adolescents 

Combined physical 

activity: 61.4 ± 29.6 

CG: 61.3 ± 28.6 

Combined physical 

activity: 73 ± 25.6 

CG: 64.7 ± 33.1 

Wurz et al. 2019 40 Canada  32.3 ± 7.8 

16 (85.7% female) 

Combined physical 

activity: 7 

GC: 9 

Various 

malignancy 

disease types 

After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Combined physical 

activity: 29.1 ± 2.2 

CG: 28.1 ± 5.5 

Combined physical 

activity: 29.5 29.5± 2.3 

CG: 28.56 ± 5.8 

Quasi-Experimental studies [n=2] 

Carminatti et al. 2019 39 Brazil  54.5 ± 8.3 

19 (100% female) 

Belly: 11 

CG: 8 

Breast cancer 
During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Belly: 29 ± 1 

CG: 32 ± 1 

Belly: 32 ± 2 

CG: 32 ± 1 

Rosenberg et al. 2014 41 USA  30.6 

199 (82.9% female) 

Outdoor adventure 1: 

87 

Outdoor adventure 2: 

41 

CG: 71 

Various 

malignancy 

disease types 

After cancer 

treatment 
 

Self-esteem with the 

Psychological Screening 

Inventory-2 

Outdoor adventure 1: 

52.2 ±10.3 

Outdoor adventure 2: 

52.3 ± 9.8 

CG: 53.8 ± 11.2 

 

Outdoor adventure 1: 

50.4 ± 8.9 

Outdoor adventure 2: 

51.9 ± 10.2 

CG: 55 ± 10.2 
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Uncontrolled trials [n=12] 

Barrio et al. 2012 54 Spain  49.1 ± 9.4 31 (100% female) Breast cancer 

Women 

affected by 

breast cancer 

 
The Rosenberg Self-Esteem 

Scale 

Self-esteem 1: 1.8 ± 

0.6 

Self-esteem 2: 1.9 ± 

0.8 

Self-esteem 1: 1.5 ± 0.6 

Self-esteem 2: 1.5 ± 0.6 

Caru et al. 2020 55 Canada  12.1 ± 3.6 

16 (50% female) 

N Total: 16 

N Male:8 

N Female: 8 

Various cancer 

types 

 

During cancer 

treatment 
 

Self-esteem with the 

Physical Self-Perception 

Profile (PSPP) 

Total: 5.3 ± 0.5 

Male: 5.1 ± 0.4 

Female:  5.4 ± 0.5 

Total:  5.7 ± 0.5 

Male:  5.8 ± 0.5 

Female:  5.6 ± 0.5 

Caru et al. 2021 56 Canada  12.1 ± 3.6 

16 (50% female) 

Boys: 8 

Girls: 8 

Various 

malignancy 

disease types 

During cancer 

treatment 
 

Self-esteem with the 

Physical Self-Perception 

Profile (PSPP) 

Total: 5.8 ± 0.5 

Boys: 5.6 ± 0.5 

Girls: 5.9 ± 0.4 

Total: 5.3 ± 0.5 

Boys: 5.1 ± 0.4 

Girls: 5.4 ± 0.5 

Courneya et al. 2014 57 Canada  
˃ 18 years 

old 

301 (100% female) 

Standard aerobic 

exercise: 96 

High standard dose: 

101 

Combined physical 

activity: 104 

Breast cancer 
During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Standard aerobic 

exercise: 33.5 ± 4.3 

High standard dose: 

34.3 ± 5.2 

Combined physical 

activity:  34.0 ± 5.2 

Standard aerobic 

exercise: 34.8 ± 2.8 

High standard dose: 

34.5 ± 2.8 

Combined physical 

activity:  33.9 ± 2.8 

Ho, Rainbow et al. 2005 
58 

Hong 

Kong 
 50.2 ± 7.1 Dance: 22 

Various cancer 

types 

 

During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 
Dance: 16.7 ± 3.3 Dance: 18.2 ± 3.6 

Morielli et al. 

2016 59 
Canada  57.5 

18 (33.3 % female) 

Total: 18 
Rectal cancer 

During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Total During 

NACRT6: 4.9 ± 1 

Total Post-

NACRT/pre-surgery: 

4.8 ± 1 

Muller et al. 2016 60 Germany  10.7 ± 4.3 

150 (49% female) 

Total: 150 

N Leukemia/ 

lymphoma = 86 

N Brain tumor = 38 

N Sarcoma = 26 

Various cancer 

types 

After cancer 

treatment 
 

Self-esteem with the KINDL 

questionnaire 
Total: 67 ± 17.7 Total: 69 ± 17.1 

Osypiuk et al. 2020 61 USA  54 ± 10.2 
21 (100% female) 

Qigong: 21 
Breast cancer 

After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 
Qigong :21.7 ± 6.1 Qigong: 23.7 ± 5.5 

 

Rey-Barth et al. 2022 62 
France  

52 

(Range 46-

55) 

14 (100% female) 

Aerobic physical 

activity: 14 

Breast cancer 
After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Aerobic physical 

activity: 30.4 ± 6.6 

Aerobic physical 

activity: 32.6 ± 5.5 
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Speed-Andrews et al. 

2010 63 
Canada  54.8 ± 5.3 

17 (100% female) 

Yoga: 17 
Breast cancer 

After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 
Yoga: 31.5 ± 5.7 Yoga: 33.8 ± 5.6 

Török et al. 2006 64 Hungary  15.6 ± 1.5 

52 

(57.7% female) 

Therapeutic 

recreation camping: 

44 

 

Various 

malignancy 

disease types 

During cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

Therapeutic 

recreation camping: 

27.2 ± 3.6 

Therapeutic 

recreation camping: 

28.3 ± 4.1 

Vallet et al. 2015 65 France  14.3 ± 2.9 

11 (36.4% female) 

Combined physical 

activity: 11 

Various cancer 

types 

During cancer 

treatment 
 

Self-esteem with the 

physical self-inventory (PSI-

6) 

Combined physical 

activity: 6.2 ± 2.1 

Combined physical 

activity: 7.7 ± 1.8 

Observational studies [n=5] 

Awick et al. 2017 66 USA  56.2 ± 9.3 
370 (100% female) 

Total: 370 
Breast cancer 

After cancer 

treatment 

 

 

 

The Rosenberg Self-Esteem 

Scale 

Total: 40.5 ± 6 Total: 40.5 ± 5.6 

Belanger et al. 2013 67 Canada  38.2 ± 5.6 

588 (43.7% female) 

No sport 

participation: 397 

Sport participation: 

191 

Young adult 

cancer 

After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale 

No sport 

participation: 31.7 ± 

5.8 

Sport participation: 

34.4 ± 4.8 

N/A 

Deisenroth et al. 

2016 68 
Germany  11.4 ± 4.1 

40 (57.5% female) 

Total: 40 

Various cancer 

types 

During cancer 

treatment 
 

Self-esteem with the KINDL 

questionnaire 
Total: 52.4 ± 20.9 N/A 

Patsou et al. 2018 69 Greece  51.7 ± 7.3 

171 (100% male) 

Low fitness: 89 

CG: 82 

Breast cancer 
After cancer 

treatment 
 

Self-esteem with the Greek 

version of the Self-Esteem 

Scale 

IG: 41.61 ± 3.30 

CG: 32.67 ± 6.07 
N/A 

Ranft et al. 2017 70 Germany  

30 

(Range 9-

69) 

909 (44.4% female) 

Survivors: 613 

CG: 296 

Ewing Sarcoma 
After cancer 

treatment 
 

The Rosenberg Self-Esteem 

Scale  

Survivors: 23.2 

CG: 24 
N/A 

 

CG: Control Group; Outdoor adventure 1: people for whom it was their first outdoor adventure program; Outdoor adventure 2: people for whom it was 

their second outdoor adventure program; Self-esteem 1: I have the feeling that I have some good qualities; Self-esteem 2: I have the feeling that I am a 

person of worth, at least as much as most people;  During NACRT6: neoadjuvant chemoradiotherapy. *We considered flexibility as the control group. SD: 

Standard deviation 

Age is shown as mean ± standard deviation, or range. N/A: not applicable. 
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Table 2. Characteristic of studies’ interventions included in the meta-analysis 

Reference Control group Intervention type Categorization 
Duration 

(weeks) 

Volume 

(minutes per week) 
Supervision 

Randomized Controlled Trials [n=13] 

Adams et al. 2018 37 Received usual care 

Uphill treadmill walking or running, and 

to maintain all other exercise they were 

performing at baseline 

Aerobic physical activity 12 weeks 180 minutes Yes 

Boing et al. 2023 43 
Received an invitation to three 

educational sessions 

IG 1: Pilates 

IG 2: Belly dance 

IG 1: Mind-body 

exercise 

IG 2: Aerobic physical 

activity 

16 weeks 180 minutes Yes 

Cadmus et al. 2009 [1] 34 Received usual care Variety of sports/recreational activities 
Combined physical 

activity 
24 weeks 150 minutes Yes 

Cadmus et al. 2009 [2] 34 Received usual care Variety of sports/recreational activities 
Combined physical 

activity 
24 weeks 150 minutes Yes 

Courneya et al. 2007 35 Received usual care 
IG 1: Aerobic physical activity 

IG 2: Resistance training 

IG 1: Aerobic physical 

activity 

IG 2: Resistance training 

17 weeks >135 minutes Yes 

Fretta et al. 2021 42 Three educational sessions Pilates method intervention Mind-body exercise 16 weeks 180 minutes Yes 

Gokal et al. 2016 36 Received usual care Moderate intensity walking Aerobic physical activity 12 weeks About 150 minutes No 

Kovačič et al. 2011 24 Received usual care 
Relaxation training sessions according to 

the Yoga in Daily Life system. 
Mind-body exercise 3 weeks 105 minutes No 

Leite et al. 2021 25 Received usual care 
IG 1: Belly dance 

IG 2: Mat Pilates 

IG 1:  Aerobic physical 

activity 

IG 2:  Mind-body 

exercise 

16 weeks 180 minutes Yes 

Musanti 2012 45 

No CG 

(Participant divided in Aerobic, 

Resistance, Combined and 

flexibility*) 

IG 1: Aerobic physical activity 

IG 2:  Resistance training 

IG 3: Aerobic + Resistance training 

IG 1: Aerobic physical 

activity 

IG 2:  Resistance training 

IG 3: Combined physical 

activity 

12 weeks 45-90 minutes No 

Rastogi et al. 2020 44 

Received Dietary Guidelines, 

standardized e-mails at 1, 2, 4, 

and 8 weeks with information on 

healthy eating and stress 

management 

Multi-component intervention 
Combined physical 

activity 
12 weeks 

170 ± 131min 

 
No 
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Additional information of the intervention studies not included in the meta-analysis can be found in the supplementary material Table S5. 

IG: Intervention group; CG: Control group

Saultier et al. 2021 23 

Received recreational activities 

the first 6 month and later do the 

physical activity program of 6 

month 

Strength and muscle building, balance 

and proprioception training and 15 multi-

activity sessions (dance, basketball, 

badminton, yoga, skiing, swimming, 

paddling, etc.). 

Combined physical 

activity 
24 weeks 120-330 minutes Yes 

Van Dijk-Lokkart et al. 

2016 38 
Received usual care 

Cardiorespiratory and muscle strength 

training 

Combined physical 

activity 
12 weeks 90 minutes Yes 

Wurz et al. 2019 40 Received usual care Aerobic and strength training sessions 
Combined physical 

activity 
12 weeks 100-180 minutes Mixed 

Quasi-Experimental studies [n=2] 

Carminatti et al. 2019 39 Received usual care Belly dance Aerobic physical activity 12 weeks 120 minutes Yes 

 

Rosenberg et al. 2014 41 

 

Received usual care 
IG 1: Outdoor adventure program 1 

IG 2:  Outdoor adventure program 2 

Combined physical 

activity 
1 week - Yes 
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Meta-analysis  

 A total of 15 studies examining the effect of PA intervention with a control 

group on self-esteem during (36.4%), after (54.5%), and both during and after 

cancer treatment (9.1%) were included in this meta-analysis. The pooled SMD of 

all PA interventions on self-esteem was 0.32 (95% CI: 0.10 to 0.55, p<0.01, I2=76%) 

for changes in self-esteem across all types of exercise (Figure 2). There was no 

statistically significant publication bias according to Egger's test (P=0.097) or 

based on a visual inspection of the funnel plot for self-esteem outcome 

(Supplementary figure S1). However, after incorporating imputed studies (N=3) 

using the “trim and fill” procedure, the SMD estimate was 0.418 (95% CI: 0.186 

to 0.650). Thus, correction for potential publication bias did not alter the 

significance of the results. 

 

Figure 2. Forest plot of overall physical activity interventions on self-esteem during 

and after cancer treatment. 

SMD: Standardized mean difference; CI: confidence intervals. 
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Boing et al. 2023 (1): represents the mind-body exercise; Boing et al. 2023 (2): aerobic physical 

activity; Cadmus et al. 2009 (1): combined physical activity during cancer treatment; Cadmus et 

al. 2009 (2): combined physical activity after cancer treatment; Courneya et al. 2007 (1): aerobic 

physical activity; Courneya et al. 2007 (2): resistance training; Leite et al. 2021 (1): aerobic physical 

activity; Leite et al. 2021 (2): mind-body exercise; Musanti 2012 (1): aerobic physical activity; 

Musanti 2012 (2): resistance training; Musanti 2012 (3): combined physical activity; Rosenberg et 

al. 2014 (1): outdoor adventure 1 (people for whom it was their first outdoor adventure program); 

Rosenberg et al. 2014 (2): outdoor adventure 2: people for whom it was their second outdoor 

adventure program. 

 

Exploratory subgroup analyses were conducted to assess changes in self-

esteem based on the type of PA intervention (Figure 3). For aerobic PA 

interventions, the SMD was 0.33 (95% CI: -0.02 to 0.65, p=0.04, I2=52%). Mind-

body exercise interventions showed a larger SMD of 0.70 (95% CI: 0.09 to 1.31, 

p=0.03, I2=69%). The ‘trim and fill’ procedure for this analysis indicated no 

changes in estimates, and no correction for potential publication bias was needed 

(data not shown). Similarly, the leave-one-out analysis did not alter the results 

(data not shown). For combined PA interventions, the SMD was 0.20 (95% CI: -

0.23 to 0.63, p=0.37, I2=85%). Given the limited number of studies examining 

resistance training interventions on self-esteem (n=2), the SMD appeared to align 

with that of combined PA interventions (SMD=0.21, 95% CI: -0.07 to 0.49, p=0.14, 

I2=0%). The leave-one-out analysis for these exploratory subgroup analyses did 

not alter the results (data not shown). 

Regarding the effects of overall PA interventions on self-esteem 

considering cancer status (during vs. after cancer treatment) and the length of the 

intervention (12 weeks or less vs more than 12 weeks), for patients during cancer 

treatment, the SMD was 0.50 (95% CI: 0.11 to 0.89, p=0.01, I2=87%), whereas for 

those after cancer treatment, the SMD was 0.09 (95% CI: -0.10 to 0.29, p=0.35, 

I2=40%) (Supplementary figure S2). Additionally, interventions lasting 12 weeks 

or less had an SMD of 0.21 (95% CI: -0.06 to 0.48, p=0.13, I2=64%), while those 

lasting more than 12 weeks showed a higher SMD of 0.44 (95% CI: 0.06 to 0.82, 



 

72 
 

p=0.02, I2=82%) (Supplementary figure S3). The leave-one-out analysis for these 

exploratory analyses did not alter the results (data not shown).  

When examining the exploratory subgroup analyses across groups of age, 

study design, and self-esteem questionnaire, the limited number of studies 

makes it difficult to draw any definitive conclusions. For children and 

adolescents, the SMD was 1.15 (95% CI: -0.74 to 3.04, p= 0.23, I2=96%), while for 

adults the SMD was 0.22 (95% CI: 0.04 to 0.40, p=0.02, I2=56%) (Supplementary 

Figure S4). For quasi-experimental studies, the SMD was 0.21 (95% CI: -0.44 to 

0.86, p=0.53, I2=83%) whereas for randomized controlled trials the SMD was 0.35 

(95% CI: 0.11 to 0.59, p<0.01, I2=72%) (Supplementary Figure S5). For 

questionnaires other than the Rosenberg Self-Esteem Scale, the SMD was 0.47 

(95% CI: -0.40 to 1.34, p= 0.29, I2=94%) while for the Rosenberg self-esteem scale, 

the SMD was 0.28 (95% CI: 0.10 to 0.47, p<0.01, I2= 48%) (Supplementary Figure 

S6). 
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Figure 3. Forest plot of physical activity interventions divided by its type on 
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self-esteem during and after cancer treatment. 

SMD: Standardized mean difference; CI: confidence intervals. 

Boing et al. 2023 (1): represents the mind-body exercise; Boing et al. 2023 (2): aerobic physical 

activity; Cadmus et al. 2009 (1): combined physical activity during cancer treatment; Cadmus et 

al. 2009 (2): combined physical activity after cancer treatment; Courneya et al. 2007 (1): aerobic 

physical activity; Courneya et al. 2007 (2): resistance training; Leite et al. 2021 (1): aerobic physical 

activity; Leite et al. 2021 (2): mind-body exercise; Musanti 2012 (1): aerobic physical activity; 

Musanti 2012 (2): resistance training; Musanti 2012 (3): combined physical activity; Rosenberg et 

al. 2014 (1): outdoor adventure 1 (people for whom it was their first outdoor adventure program); 

Rosenberg et al. 2014 (2): outdoor adventure 2: people for whom it was their second outdoor 

adventure program. 

 

DISCUSSION 

To our knowledge, this is the first systematic review and meta-analysis to 

focus on the effects of PA on self-esteem during and after cancer treatment. Our 

findings suggest that PA interventions have a small but positive effect on self-

esteem in this population. Specifically, aerobic PA showed a small positive effect 

on self-esteem, while mind-body exercise showed a medium positive effect. 

However, no significant effects were observed for combined PA or resistance 

training on self-esteem. Regarding the interventions conducted during cancer 

treatments, as well as those lasting more than 12 weeks, it had a positive effect on 

self-esteem, with medium and small effect, respectively. No significant effects 

were found in additional analyses in groups of age, study design, and self-esteem 

questionnaires. 

Our findings indicate that aerobic PA interventions improved self-esteem 

during cancer treatment, but not after cancer treatment. The study by Carminatti 

et al. 39 notably contributed to these results, although some studies showed trends 

toward significance 25,36,37. In the studies by Carminatti et al. 39, Boing et al. 43, and 

Leite et al. 25, belly dance interventions were used for women with breast cancer 

during and after cancer treatment. However, only Carminatti et al. reported 

significant improvements in self-esteem. One possible explanation for these 
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differing results is that participants in the studies by Boing et al. and Leite et al. 

reported higher baseline self-esteem scores compared to those in Carminatti et 

al., suggesting the latter group may had more room for improvement. In 

addition, the use of a mirror during Carminatti et al., intervention may have 

played a role in enhancing self-esteem, as the authors noted that mirrors may 

help participants refine technique and posture, fostering greater confidence and 

self-esteem 43. Other studies employed treadmill, elliptical, or moderate-intensity 

walking interventions, such as Courneya et al. 35 and Musanti et al.45 after breast 

cancer treatment, Gokal et al. 36 during breast cancer, and Adams et al. 37 after 

testicular cancer treatment. Of these, only Gokal et al. 36 and Adams et al. 37 

reported results tending towards significance. These findings may be influenced 

by higher baseline self-esteem in the control group, except Gokal et al.36. 

Moreover, the authors suggest that the intensity and duration of the interventions 

might have been insufficient to yield significant improvements. 

For mind-body exercise interventions, our results suggest a positive effect 

on improving self-esteem during and after cancer treatment. Supporting this, a 

study on university students found a positive relationship between a Yoga Nidra 

intervention and self-esteem 46. The authors of the study attribute this effect to the 

relaxation mechanisms of the intervention, which may increase parasympathetic 

system activity, reducing psychological stress and, in turn, enhancing self-esteem 

46. Additionally, most of the articles in this meta-analysis (75%) featured 

interventions lasting more than 12 weeks, which may further explain the positive 

effect of mind-body exercise on self-esteem in this population. 

Finally, our analysis found no significant effect of combined PA and 

resistance training interventions on self-esteem during and after cancer 

treatment. Several factors may explain these results. First, three of the 

interventions were home-based, which limited social interaction. Second, only 

28.6% of the interventions lasted longer than 12 weeks, which may be insufficient 
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time to see a significant effect. Third, many interventions allocated more time to 

aerobic PA than resistance training, and most studies (75%) focused on 

individuals after cancer treatment. Regarding resistance training, the limited 

number of studies and small sample sizes reduce the statistical power, making it 

difficult to determine whether this type of intervention has a positive impact on 

self-esteem 

Our exploratory subgroup analyses identified two key factors: cancer 

status (during cancer treatment) and intervention duration (over 12 weeks), that 

contributed to the effects of PA on self-esteem. Firstly, a stress response is 

common after a cancer diagnosis and usually decreases over time 47. However, 

prolonged stress can lead to chronic issues that require professional intervention 

47,48. This suggests that individuals after cancer treatment who are highly stressed 

and not fully recovered may need more than just PA to improve self-esteem; 

psychological support may be necessary. Secondly, regular PA boosts the 

production and release of brain-derived neurotrophic factor (BDNF) 49, a vital 

protein for the central nervous system that supports synaptic formation, 

maintenance, and neuroplasticity 50. Increased BDNF levels are linked to 

enhanced cognitive function and emotional well-being 51. A meta-analysis on 

exercise and depression found that the most significant improvements occurred 

around the 16-week mark 52. Given the strong connection between depression 

and self-esteem 53, this could explain why longer PA interventions have a more 

pronounced positive effect on self-esteem. In relation to the additional 

exploratory subgroup analyses in group of age, study design, and self-esteem 

questionnaire, along with the analysis of resistance training interventions, it is 

difficult to draw a conclusion due to the limited number of studies in these 

conditions.   

Strengths and limitations 
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This systematic review and meta-analysis provide a thorough qualitative 

and quantitative assessment of PA interventions and their effects on self-esteem 

during and after cancer treatment. However, several limitations should be noted. 

First, the limited number of studies focusing on the pediatric population prevents 

us from drawing robust conclusions for this specific group. Second, the findings 

should be interpreted with caution due to the overall limited number of studies 

on this topic and the lack of evidence regarding the safety of PA during cancer 

treatments. Third, high levels of heterogeneity among studies necessitate careful 

interpretation of the results. Fourth, some studies could not be included in the 

analysis due to inaccessible full-text articles and a lack of response from authors 

when contacted. 

CONCLUSION 

Our systematic review and meta-analysis indicate that PA (primarily 

aerobic and mind-body exercise) may enhance self-esteem during and after 

cancer treatment. Additionally, the cancer status and duration of the intervention 

appear to significantly influence the impact of PA on self-esteem.  

CRITICAL REVIEW 

Psychological factors, including altered levels of self-esteem, are among 

the most common causes of cancer and its treatment. While previous systematic 

reviews and meta-analyses have shown that different types of PA reduce 

depression, anxiety, and fatigue during and after cancer treatment, the impact of 

PA on self-esteem has been less thoroughly investigated. This systematic review 

and meta-analysis may help existing research on this topic, revealing that PA 

interventions, particularly aerobic and mind-body exercise, may enhance self-

esteem both during and after cancer treatment. Additionally, factors such as the 

cancer status (i.e., individuals during cancer treatment) and the duration of the 
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intervention (more than 12 weeks) significantly influence the effectiveness of PA 

on self-esteem. 
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Study II 

ABSTRACT 

Purpose: Examine the associations of 24-hour movement behaviours 

(moderate-to-vigorous physical activity [MVPA], light physical activity [LPA, 

sedentary behaviour and sleep) with psychological well-being (happiness, 

optimism, positive affect, and self-esteem) and distress indicators (depression, 

anxiety and negative affect) in young pediatric cancer survivors. 

Methods: This cross-sectional multicentre study included 116 participants 

(12.1±3.3 years old; 42% female) from the iBoneFIT framework. Psychological 

well-being and distress indicators were assessed by questionnaires and time 

spent in movement behaviours by accelerometer. Participants were classified 

according to their somatic maturity (pre or peri/post-pubertal depending on the 

estimated years from peak height velocity). The adjusted models’ coefficients 

were used to predict the effect of reallocating time proportionally across 

behaviours on the outcomes. 

Results: Concerning well-being, reallocating time to LPA from the 

remaining movement behaviours (MVPA, sedentary behaviour, and sleep time) 

was positively associated with happiness (B=1.545, p=0.022) in the pre-pubertal 

group. Additionally, reallocating time to sedentary behaviour was positively 

associated with positive affect (B=2.860, p=0.006), whereas reallocating time to 

sleep time was negatively associated (B=-4.090, p=0.005). In the peri/post-pubertal 

group, reallocating time to MVPA was positively associated with happiness and 

optimism (B=0.778, p=0.032 and B=0.920, p=0.008, respectively). Concerning 

psychological distress, reallocating time to LPA or sedentary behaviour was 

negatively associated with depression (B=-1.786, p=0.032 and B=-2.294, p=0.029, 

respectively), whilst reallocating time to sleep was positively associated with 

depression (B=4.707, p=0.002) in the pre-pubertal group. In the peri/post-pubertal 
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group, reallocating time to MVPA was negatively associated with depression and 

anxiety (B=-0.779, p=0.026 and B=-0.749, p=0.014, respectively).  

Conclusions: Our results underline the importance of promoting LPA and 

MVPA in pre-pubertal cancer survivors as well as MVPA in peri/post-pubertal 

cancer survivors to improve their psychological health. 
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INTRODUCTION 

Childhood cancer is a rare disease, but the incidence has increased by 13% 

over the past decades1 and remains one of the primary causes of death among 

children in developed countries2. The advancements in medical interventions 

have concurrently propelled the survival rate of affected individuals beyond 

85%3, but this is not exempt from adverse effects derived from the disease itself 

and its treatment. Some of them include obesity, cardiovascular disease, 

impaired growth, an increased risk of secondary malignancies and psychological 

sequels4–6. Among the psychological side effects, young pediatric cancer 

survivors tend to experience more symptoms of anxiety, depression and 

somatization7,8. For example, a recent report showed that the prevalence of 

anxiety in young cancer survivors varied from 1% to 27%, and that of depression, 

from 2% to 40%9. Apart from the psychological suffering, this could lead to a poor 

physical health, loss of quality of life and problems at the individual, family, 

social and economic level10,11. Therefore, there is a need to study effective 

strategies that could improve these undesired psychological sequels. 

Physical activity is known to have health benefits for children and 

adolescents, including the improvement of cognitive function, physical fitness, 

and learning ability12. Moreover, previous studies have shown that physical 

activity is associated with improvements in psychological well-being and 

distress13,14. In an international cohort of 432 adolescent cancer survivors, just one-

third attained the physical activity recommendation established by the World 

Health Organization15. Research among adolescents has shown that sedentary 

behaviours may affect the psychological health of this population16. Thus, there 

is a necessity to limit sedentary behaviour and engage in at least 60 minutes of 

MVPA per day, as emphasized in the physical activity guidelines for pediatric 

cancer survivors6,17,18. Some studies suggest that specific cancers19 and adverse 

psychological health indicators 20 can be prevented by modifying lifestyle factors, 
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including movement behaviours. The 24-hour movement behaviours encompass 

MVPA, LPA, sedentary behaviour, and sleep time throughout a day21. In this 

way, the duration of at least one movement behaviour is fundamentally 

correlated with the duration of another movement22. Since only one movement 

behaviour (such as MVPA) can be performed at a time, modifying the amount of 

time spent on it requires modifying one or more of the other movement 

behaviours22,23. The compositional data analysis approach examines how time is 

reallocated among various behaviours within a specified timeframe (e.g., 24 

hours), effectively mitigating the risk of multicollinearity22,24. Previous studies 

have shown that the distributions of 24-hour movement behaviours are 

associated with anxiety and depression in apparently healthy children and 

adolescents. Specifically, reducing sedentary behaviour by 10 minutes and 

increasing 10 minutes of LPA was linked to lower levels of depression and 

anxiety21. Since young pediatric cancer survivors are less active and more 

sedentary than their healthy peers6 and, due to cancer treatments, they have an 

increased risk of psychological sequels4, investigating the association between 

movement behaviours and psychological health indicators is of scientific interest.  

Therefore, the primary objective of this study was to examine the 

associations between 24-hour movement behaviours (i.e., MVPA, LPA, sedentary 

behaviour, and sleep time) with psychological well-being indicators (i.e., 

happiness, optimism, positive affect, and self-esteem) and psychological distress 

(i.e., depression, anxiety, and negative affect) using compositional data analysis 

in young pediatric cancer survivors. 

METHODS 

This cross-sectional study included 116 pediatric cancer survivors (12.1 ± 

3.3 years old; 42% female) from the iBoneFIT project framework.  The study 

design and methods have been comprehensively published elsewhere25. Briefly, 

iBoneFIT is a multicentre parallel group randomized controlled trial designed to 
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examine the effect of a 36-weeks online plyometric exercise-based program in 

bone health in young pediatric cancer survivors. Survivors were recruited from 

the Units of Pediatric Oncology and Haematology of the ‘Virgen de las Nieves’ 

(Granada) and ‘Reina Sofia’ (Cordoba) University Hospitals. Inclusion criteria 

were aged from 6 to 18 years, not currently receiving treatments for cancer, 

diagnosed at least one year prior to enrolment, and previous exposure to 

radiotherapy and/or chemotherapy. Data collection occurred in two waves due 

to COVID-19 restrictions: 1) October 2020 to February 2021; and 2) December 

2021 to March 2022. All parents and survivors provided written informed consent 

and assent before entering the trial, respectively. The iBoneFIT project was 

approved by the Ethics Committee on Human Research of Regional Government 

of Andalusia (Reference: 4500, December 2019), followed the ethical guidelines 

of the Declaration of Helsinki (revised version 2013), and the randomized 

controlled trial was registered (https://www.isrctn.com/ISRCTN61195625). The 

checklist and flow chart for Strengthening the Reporting of OBservational Studies 

in Epidemiology (STROBE) was followed in the reporting of this study 

(Supplemental digital content 1 and Online Resource Supplementary Figure 

1). Although we recruited 116 young pediatric cancer survivors in total, sample 

size slightly varies for some variables due to missing data (i.e., accelerometers 

did not record data, empty questionnaire).  

Body composition, maturity, and clinical data 

Height (cm) was assessed using a precision stadiometer (SECA 225, 

Hamburg, Germany) with measurements recorded to the nearest 0.1 cm. Body 

mass (kg) was measured using an electronic scale (SECA 861, Hamburg, 

Germany) with an accuracy of 100 g. Body mass index was calculated as body 

mass (kg)/height (m2). Additionally, age- and sex-specific body mass index Z-

score and categories were calculated using international reference data for 

pediatric population26. The estimated years from peak height velocity were 
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utilized as a somatic maturational landmark27. Peak height velocity represents the 

period of maximum growth in stature and was predicted using a validated 

algorithm that takes into account age and height in children27. The estimated 

years from peak height velocity are determined by considering the time before 

and after this period. Furthermore, the time (in years) between diagnosis and 

testing, as well as the type of neoplasm, were obtained from the participants’ 

clinical records. 

 Movement behaviours: Physical activity, sedentary behaviour and sleep 

time 

Movement behaviours (i.e., MVPA, LPA, sedentary behaviour, and sleep 

time) were measured by wrist-worn accelerometer (ActiGraph GT3X, Pensacola, 

FL, USA). Participants wore the accelerometers in non-dominant wrist for seven 

consecutively days (24 hours/day) and they were instructed to maintain their 

daily routine without making any changes, except for removing the 

accelerometer during water-based activities like bathing and swimming. The 

accelerometers were set to a sampling rate of 90 Hz, and the raw data underwent 

processing according to the methodology outlined in a previous study28. The 

Euclidean Norm of raw acceleration minus one G, with negative values rounded 

to zero (ENMO), was computed along with the angle of the z-axis of the device 

to estimate physical activity and sleep time indicators29. Non-wear time was 

detected based on the standard deviation of the raw accelerations recorded in the 

three accelerometer axes as described elsewhere 30, and then imputed by means 

of the acceleration in the rest of the days at the same time window. Sleep time 

and wake periods were determined using an automated algorithm (a novel; 

estimating de van hees29,30). We applied specific thresholds to detect sedentary 

behaviour, and physical activity intensities, with thresholds set at ≥200 mg for 

MVPA; a range of 35-199 mg for LPA; and <35 mg for sedentary behaviour 31. We 

considered a day valid when: 1) the accelerometer registered at least 23 hours/day 
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and 2) survivors wore the accelerometers on at least 16 hours/day since in this 

study the accelerometers were worn at both day and night32 Daily average values 

for MVPA, LPA, sedentary behaviour, and sleep time were computed as the mean 

across both weekdays and weekends. Furthermore, participants recorded their 

daily routine in an accelerometer diary which included wake-up and sleep time 

and the time when they did not wear the accelerometer. Data processing was 

carried out using the R software program (version 4.2.2) in conjunction with the 

GGIR open-source package (version 2.8-2)28.  

Psychological health 

Self-perceived questionnaires were used to assess psychological health, 

with the focus being on the dimensions that best explain children's and 

adolescents' mental health status33: psychological well-being (i.e., happiness, 

optimism, positive affect, and self-esteem) and psychological distress (i.e., 

depression, anxiety and negative affect). 

Psychological well-being 

The Subjective Happiness Scale (SHS), whose Spanish version has 

demonstrated sufficient test-retest reliability, internal consistency, and 

convergent validity, was used to measure happiness, which is defined as positive 

psychological functioning34. With four elements on a Likert scale from 1 to 7 (from 

less happiness to greater happiness), this tool is quite useful. The first three items' 

sum determined the score, which ranged from 3 (lowest happiness) to 21 (most 

happiness). The Positive Affect and Negative Affect Schedule for Children 

(PANAS-C) consisted of 20 items (10 for positive affect and 10 for negative affect), 

each with three possible responses (never, sometimes, and many times). Positive 

affect is defined as the perception of emotion in a good or positive way, and 

negative affect is defined as the tendency to experience negative feelings35. The 

final score ranges from 10 (lowest negative or positive affect) to 30 (highest 
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negative or positive affect), and it was computed as the total of 10 elements (for 

either positive or negative affect). The Life Orientation Test-Revised (LOT-R) was 

used to assess dispositional optimism which refers to how positively people see 

their future. It consisted of six items (out of 10) with five potential responses: 

entirely disagree, disagree, neither disagree nor agree, agree, and totally agree 36. 

The lowest optimism score is 6, and the greatest optimism score is 30. The 

Rosenberg Self-Esteem scale was used to assess self-esteem, which is defined as 

the opinion of ourselves, whether favourably or negatively. This scale has been 

validated in studies involving children and adolescents37. Ten items on this scale 

measure overall self-esteem while accounting for positive and negative emotions. 

There are four possible responses (completely disagree, disagree, agree, and 

totally agree)38, which the final score range from 10 (the lowest self-esteem) to 40 

(the highest self-esteem).  

Psychological distress 

The Children Depression Inventory (CDI), which consists of 27 items 

assessing five domains (interpersonal problems, ineffectiveness, negative mood, 

anhedonia, and negative self-esteem), was used to measure depression, which is 

defined as a persistently low or apathetic mood. Responses can take one of three 

forms, depending on the intensity of the selected symptoms, and scores range 

from 0 to 239. The score goes from 0 (the lowest level of depression) to 54 (the 

highest level of depression). The State-Trait Anxiety Inventory for Children 

(STAIC-T) was used to measure childhood anxiety, which is defined as the brain's 

state of awareness of concern or dread. This inventory has been extensively 

validated in Spanish children40. With 20 items and three possible answers (rarely, 

sometimes, and often), this tool measures anxiety on a scale of 20 (lowest anxiety 

level) to 60 (highest anxiety level).  
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Statistical analysis  

The normal distribution of the variables was checked and verified using 

Shapiro-Wilk test, skewness and kurtosis values, visual check of histograms, Q-

Q and box plots. Descriptive data were reported as means and standard 

deviations (SD) for continuous variables or frequencies (percentages) for 

categorical variables. The analyses were conducted using the statistical software 

R version 4.0.3 (R Foundation for Statistical Computing), and the significance 

level (alpha) was established at 0.05. Compositional data analysis was employed 

to explore the relationships between different combinations of movement 

behaviours and the psychological health indicators (Z-score) in young pediatric 

cancer survivors. This analytical approach explores the redistribution of time 

among different behaviours within a defined timeframe (e.g., 24 hours), 

effectively reducing the potential for multicollinearity22,24. We established a one-

time-use composition comprising MVPA, LPA, sedentary behaviour, and sleep 

time. For this analysis, the sample was stratified into two groups based on 

somatic maturity: pre-pubertal (≤-1 year from peak height velocity) and 

peri/post-pubertal (>-1 year from peak height velocity)41. Subsequently, we 

computed isometric log ratios using a sequential binary partition method22 and 

incorporated them as explanatory variables. The B coefficients indicate the 

magnitude and direction of the relationship between each behaviour in relation 

to another (e.g., MVPA relative to sedentary behaviour) concerning an outcome 

(e.g., self-esteem). The coefficients from the models were subsequently employed 

to forecast the impact of redistributing time proportionally among behaviours 

(e.g., increasing MVPA while decreasing the remaining behaviours) as well as 

pairwise adjustments (e.g., increasing MVPA while decreasing sedentary 

behaviour) on the outcomes. The results include plots illustrating the effects of 

redistributing time proportionally among behaviours and pairwise time 

reallocation. These findings can be interpreted as indicating the outcomes 
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associated with time allocation adjustments between behaviours for a 

hypothetical average survivor in our sample, with all outcomes being relative to 

the mean behaviour composition in the sample. Linear regression adjusted by 

key confounders (i.e., sex, estimated years from peak height velocity, years 

between diagnosis and testing, body mass index, and type of neoplasm) was used 

considering the association with the outcome and predictor variables. 

RESULTS 

Table 1 shows descriptive data of all participants and divided by somatic 

maturity groups. The ternary plots for the daily time-use for MVPA, LPA and 

sedentary behaviour are displayed in Figure 1. This figure showed that pre-

pubertal cancer survivors seem to be less sedentary and more physically active 

compared to peri/post-pubertal cancer survivors. 

 

 

Figure 1 Ternary plots for the daily time-use in MVPA, LPA, and Sedentary 

behaviours (SB) by somatic maturity groups. For each group, the pink lines converge at 

their geometric means. 
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Estimated associations between movement behaviours and psychological 

well-being indicators. 

In the pre-pubertal group, reallocating time to LPA from the remaining 

movement behaviours (i.e., MVPA, sedentary behaviour and sleep time) was 

positively associated with happiness (B=1.545, p=0.022) (Figure 2A). Moreover, 

reallocating time to sedentary behaviour was positively associated with positive 

affect (B=2.860, p=0.006) (Figure 2B) and negatively associated when reallocating 

time to sleep time (B=-4.090, p=0.005) (Figure 2B). The dose-response curves of 

the pairwise reallocation plots indicated a negative association between replacing 

LPA or sedentary behaviour with MVPA in happiness (Online Resource 

Supplementary Figure 2A) and this association was positive when replacing 

sleep time with LPA (Online Resource Supplementary Figure 2A). In addition, 

replacing sleep time with MVPA, LPA or sedentary behaviour was positively 

associated with positive affect (Online Resource Supplementary Figure 2B).  

In the peri/post-pubertal group, reallocating time to MVPA was positively 

associated with happiness and optimism (B=0.778, p=0.032 and B=0.920, p=0.008, 

respectively) (Figures 2A and 2C). The dose-response curves of the pairwise 

reallocation plots illustrated a significant positive association with happiness and 

optimism when replacing sedentary behaviour or sleep time with MVPA and, 

with optimism when replacing LPA with MVPA (Online Resource 

Supplementary Figure 2A and 2C). 
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a) Happiness 

      

b) Positive affect 

       

c) Optimism 

    

d) Self-esteem 
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Figure 2 Dose-response curves relative to increase time on one movement 

behaviour while proportionally reducing the rest on psychological well-being indicators 

(happiness, positive affect, optimism and self-esteem) in young pediatric cancer 

survivors by somatic maturity groups. The lines represent the predicted change in 

psychological well-being indicators (Z-score) when the dominant behaviour is increased 

and the others are proportionately decreased. All models were adjusted for remaining 

movement behaviours, sex, estimated years from peak height velocity, years between 

diagnosis and testing, body mass index, and type of neoplasm. 

Estimated associations between movement behaviours and psychological 

distress indicators.  

In the pre-pubertal group, reallocating time to LPA or sedentary behaviour 

was negatively associated with depression (B=-1.786, p=0.032 and B=-2.294, 

p=0.029) (Figure 3A) whilst reallocating time to sleep was positively associated 

with it (B=4.707, p=0.002) (Figure 3A). The dose-response curves of the pairwise 

reallocation plots indicated a negative association between replacing sleep time 

with MVPA, LPA, or sedentary behaviour and depression (Online Resource 

Supplementary Figure 3A).  

In the peri/post-pubertal group, reallocating time to MVPA was negatively 

associated with depression and anxiety (B=-0.779, p=0.026 and B=-0.749, p=0.014, 

respectively) (Figures 3A and 3B). The dose-response curves of the pairwise 

reallocation plots illustrated a significant negative association with depression 

replacing sedentary behaviour or sleep time with MVPA (Online Resource 

Supplementary Figure 3A). Similarly, replacing LPA, sedentary behaviour or 

sleep time with MVPA was negatively associated with anxiety (Online Resource 

Supplementary Figure 3B). 
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a) Depression 

    

b) Anxiety 

    

c) Negative affect 

 

    

 

 

Figure 3 Dose-response curves relative to increase time on one movement 

behaviour while proportionally reducing the rest on psychological distress indicators 

(depression, anxiety and negative affect) in young pediatric cancer survivors by somatic 

maturity groups. The lines represent the predicted change in psychological distress 

indicators (Z-score) when the dominant behaviour is increased, and the others are 

proportionately decreased. All models were adjusted for remaining movement 

behaviours, sex, estimated years from peak height velocity, years between diagnosis and 

testing, body mass index, and type of neoplasm 
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DISCUSSION 

The present study examined the association between 24-h movement 

behaviour with psychological health in young pediatric cancer survivors. 

Overall, reallocating time to LPA and MVPA from the remaining movement 

behaviours, seems to be the movement behaviours that could improve 

psychological well-being (i.e., happiness and positive affect) and distress (e.g., 

depression and anxiety) indicators in the pre-pubertal group and; ii) just 

reallocating time to MVPA from the remaining movement behaviours seems to 

be the most recommended movement behaviour to improve well-being (i.e.; 

happiness and optimism) and distress (i.e.; depression and anxiety) indicators in 

the peri/post pubertal group. 

Estimated associations between movement behaviours and psychological 

well-being. 

In our study, the increase of LPA through the decrease of MVPA, 

sedentary behaviour, and sleep time seems to improve the levels of happiness in 

the pre-pubertal group. These results are supported by the dose-response curves 

of the pairwise reallocation plots due to the replacement of sleep time with LPA 

appears to improve the levels of happiness whilst the replacement of LPA or 

sedentary behaviour with MVPA seems to reduce these levels and underline the 

importance of LPA rather than MVPA for these specific outcomes in this group. 

The scarcity of research limits establishing comparisons, but a cross-sectional 

study in children and adolescents with cerebral palsy is consistent with our 

results42. In the peri/post-pubertal group, reallocating time to MVPA showed 

positive associations with optimism and happiness. The importance of engaging 

in MVPA in this group is supported by the results of the dose-response curves of 

the pairwise reallocation plots. Research investigating the relationship between 

physical activity measured by accelerometer and happiness in women with 

breast cancer showed that MVPA is linked to these psychological health 
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indicators43. In addition, our results align with a cross-sectional study from a 

multi-national survey of adolescents and adults, which showed that an increase 

in the volume of physical activity (regardless of intensity) was associated with 

higher levels of happiness in European people44.  

In relation to positive affect, increasing sedentary behaviour seems to be 

the movement behaviour most related to having higher levels of positive affect 

in the pre-pubertal group, with no association between positive affect and the 

peri/post-pubertal group. Contrary to our results, a study though in healthy 

adolescents examining the association between positive affect and sedentary 

behaviour found that higher levels of positive affect were associated with lower 

levels of sedentary behaviour 45. Nonetheless, the study also found that for some 

participants, increased sedentary behaviour led to increased positive affect. 

However, the authors suggest that despite this observation, the negative impact 

of sedentary behaviour is more significant than any mood-enhancing effect45. In 

addition, our results showed that spending more time sleeping instead of 

practising MVPA, LPA or sedentary behaviour and replacing sleep time with 

MVPA or sedentary behaviour also deteriorates positive affect levels in the pre-

pubertal group. Contrary to our results, a study in adolescents and adults 

examining the effects of sleep deprivation on mental health showed that 

participants in the sleep deprivation group reported lower positive affect than 

the rest of the group46. Longitudinal studies are required to fully understand 

these unexpected findings on sleep deprivation and positive affect found in our 

study. 

Estimated associations between movement behaviours and psychological 

distress indicators. 

In our study, the increase in LPA and MVPA in the pre-pubertal group and 

MVPA in the peri/post pubertal group seems to reduce depression and anxiety 

indicators. Our results agree with a previous study47 in adults and older adults 
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that showed that reallocating time to MVPA from sedentary behaviour was 

associated with lower levels of depression. In addition, we also observed that 

replacing LPA with MVPA also appears to reduce levels of anxiety. A cross-

sectional study in adult survivors of colon cancer did not find an association 

between MVPA (measured using accelerometers) and depression, but 

associations were found with anxiety 48. Another study conducted in adults and 

older adults47 observed that substituting sedentary behaviour with MVPA may 

lead to the prevention of depressive symptoms. Concerning increasing sedentary 

behaviour through the decrease of the rest of the movement behaviours and 

replacing sleep time with MVPA, LPA or sedentary behaviour is associated with 

lower levels of depression in the pre-pubertal group. In contrast, the increase in 

sleep time from the rest of the movement behaviours seems to increase the levels 

of depression in this group. Contrary to our results, a longitudinal compositional 

data analysis found an association between the reallocation of sleep time (from 

screen time and MVPA) and reduced symptoms of depression in adolescents49. 

However, in our case, anxiety does not have significance in the pre-pubertal 

group maybe because the intensity must be higher to find. 

Strength and limitations 

This study is a cross-sectional study, so it does not enable us to establish 

causality for any of the associations. Therefore, longitudinal studies are required 

to confirm these findings. Furthermore, yet we adjusted the findings for major 

potential confounders full confounding cannot be disregarded. Included 

survivors were those who elected to enrol in an exercise intervention, so they 

may not be representative of all young pediatric cancer survivors, making our 

findings particularly vulnerable to selection bias. Regarding the strengths, a 

compositional data analysis was employed, as it is the most suitable method for 

explaining the interdependent nature of movement behaviour data. 

Public health implication 
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Generally, studies in young pediatric cancer survivors have examined 

whether they meet physical activity recommendations or not 50. Even though it 

might be difficult to limit sedentary behaviour and participate in at least 60 

minutes of MVPA each week throughout the cancer continuum, our study found 

that increasing not only MVPA but also LPA could improve psychological health 

indicators in young cancer survivors. These results underscore the public health 

implications of our findings, particularly following the completion of pediatric 

cancer treatment. 

CONCLUSION 

Our findings on the estimated associations between movement behaviours 

and psychological health indicators underline the importance of increasing LPA 

and MVPA from the remaining movement behaviours in pre-pubertal cancer 

survivors and increasing MVPA from the remaining movement behaviours in 

peri/post-pubertal cancer survivors. Given that the psychological health of young 

pediatric cancer survivors is diminished, public health policies should promote 

physical activity in this population. 
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Section 2 

Cross-sectional studies: Physical activity and fitness in 

young pediatric cancer survivors. 
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Study III 

 

 

Is higher physical fitness associated with better 

psychological health in young pediatric cancer survivors? A 

cross-sectional study from the iBoneFIT project. 
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Study 3 

 

ABSTRACT 

Aim: To examine the associations of self-perceived and objectively-

measured physical fitness with psychological well-being and distress indicators 

in young pediatric cancer survivors. 

Materials and Methods: A total of 116 participants (12.1 ± 3.3 years, 56.9% 

boys) from the iBoneFIT project participated in this cross-sectional study. 

Objectively-measured physical fitness (muscular fitness) was obtained by 

handgrip strength and standing long jump tests for the upper and lower body, 

respectively. Self-perceived physical fitness was obtained by the International 

Fitness Scale (IFIS). Positive and negative affect were assessed by the positive 

affect schedule for children (PANAS-C), happiness by Subjective Happiness Scale 

(SHS), optimism by Life Orientation Test-Revised (LOT-R), self-esteem by the 

Rosenberg Self-Esteem Scale (RSE), anxiety by State–Trait Anxiety Inventory for 

Children (STAIC-R), and depression by Children Depression Inventory (CDI). 

Multiple linear regressions adjusted by key covariates were performed to analyze 

associations.  

Results: No associations were found between objectively-measured 

muscular fitness and any of the psychological well-being and distress indicators 

(p > 0.05). Self-perceived overall fitness and flexibility were positively associated 

with positive affect (β ≥ 0.258, p < 0.05). Self-perceived cardiorespiratory fitness, 

speed/ agility, and flexibility were negatively associated with depression (β ≥ 

−0.222, p < 0.05). Finally, self-perceived cardiorespiratory fitness was also 

negatively associated with anxiety and negative affect (β ≥ −0.264, p < 0.05). 
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Conclusions: Perceived physical fitness, but not objectively physical 

fitness, seems to be inversely related to psychological distress variables and to 

less extent positively related to psychological well-being. The findings from this 

study highlight the importance of promoting self-perceived fitness in the 

pediatric oncology population. 
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INTRODUCTION 

Childhood cancer is a rare disease but one of the leading causes of death 

in the childhood population in developed countries.1 The incidence has increased 

over the last decades by 13%,2 despite this, the survival rate of this population 

has also increased beyond 85%.3 The main side effects of pediatric cancer and its 

treatment are obesity, cardiovascular disease, impaired growth, and secondary 

malignancy. 4–6. Moreover, the psychological sequels are very common in 

pediatric cancer survivors. For example, a 20% prevalence in anxiety7 and 2%–

40% 8 in depression has been reported in young pediatric cancer survivors, which 

also affects school absenteeism and fear to future recurrence.6,9,10  

Childhood and adolescence play a key role in the psychological 

development. Good mental health is considered a dual-factor construct that 

comprehends the presence of psychological well-being along with the absence of 

psychological distress.11 Psychological well-being is associated with positive 

thoughts and feelings (i.e., positive affect, happiness, optimism, and self-esteem) 

while psychological distress is related to negative thoughts and feelings (i.e., 

anxiety, depression, and negative affect).12,13 Therefore, strategies to improve 

psychological health side effects in childhood cancer survivors seem to be 

required.  

Physical fitness is considered an important tool for improving 

psychological health. Fitness can be measured either self-perceived by self-

reported questionnaires or objectively-measured by testing in laboratory or field 

conditions. The most well-known self-perceived fitness tool is the International 

Fitness Scale (IFIS),14 which assesses different fitness components: 

cardiorespiratory fitness, muscular fitness, speed/agility, and flexibility. 

Likewise, there are many fitness tests battery to assess fitness in laboratory or 

field conditions. One of the most used fitness test is the ALPHA battery 

(Assessing Levels of Physical Activity), which consists of evaluating 
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cardiorespiratory fitness, muscular fitness, and speed/agility through different 

reliable and valid tests.15 

Physical fitness may be associated with better psychological health 

because people who are physically fit tend to look and feel better, and that makes 

them associate it with better physical and mental health. In addition, improved 

fitness can increase some hormones that contribute to mood elevation, such as 

serotonin.16 Previous evidence in apparently healthy youths showed that those 

with better fitness showed also better psychological health.13,14 In non-healthy 

young population, fitness has also been considered as a powerful marker of 

health associated with psychological well-being and distress.15,16 Previous studies 

not only in healthy children and adolescents but also in adults with lung cancer 

observed that greater fitness reduces psychological distress17,18 and improves 

psychological well-being indicators.16,19 However, there is a need for studies to 

understand the potential contribution of fitness on psychological health variables 

in young pediatric cancer survivors, whose psychological health is compromised 

due to the disease itself and the required treatments. 

Therefore, the aim of this study was to examine the associations of self-

perceived (i.e., overall fitness, cardiorespiratory fitness, muscular fitness, 

speed/agility, and flexibility) and objectively-measured fitness components (i.e., 

upper and lower body) with psychological well-being indicators (i.e., positive 

affect, happiness, optimism, and self-esteem) and psychological distress (i.e., 

anxiety, depression, and negative affect) in young pediatric cancer survivors. 

MATERIALS AND METHODS 

Study design and participants  

A cross-sectional study was conducted within iBoneFIT project 

framework (https://profith.ugr.es/pages/investigacion/proyectos/ibonefit). A 

detailed description of the study design and methods has been published 



 

114 
 

elsewhere.20 In brief, this study included data from 116 children and adolescents' 

survivors of pediatric cancer (12.1 ± 3.3 years old; 56.9% boys) from Cordoba and 

Granada (Spain). Participants of this multicentre study were recruited and 

measured during Autumn and Winter and in two waves due to COVID-19 

restrictions: first, from October to February 2020/2021; and second, a year apart 

from December to March 2021/2022. This study was approved by the Ethics 

Committee on Human Research of Regional Government of Andalusia 

(Reference: 4500, December 2019) and the randomized controlled trial was 

registered (https://www.isrctn.com/ISRCT N6119 5625). A signed informed 

consent was obtained from all participants prior to data collection. 

Body composition, maturity, and clinical data 

Height (cm) was evaluated with a precision stadiometer (SECA 225, 

Hamburg, Germany) to the nearest 0.1 cm. An electronic scale (SECA 861, 

Hamburg, Germany) with an accuracy of 100 g was used to measure body mass 

(kg). Body mass index was calculated as body mass (kg)/height (m2). Years from 

peak height velocity was used as a somatic maturational landmark.21 Peak height 

velocity is the period of maximum growth in stature, and years from peak height 

velocity are considered in terms of time before and after the peak height velocity. 

It was predicted using age and height in a validated algorithm in children.21 In 

addition, the time (years) between diagnosis to testing and the type of neoplasm 

was obtained from clinical records. 

Physical fitness 

The ALPHA fitness test battery was used to assess fitness objectively. 

These fitness tests have been demonstrated to be valid, reliable, and health-

related in children and adolescents.15 Cardiorespiratory fitness and speed/agility 

were expected to be measured by 20 m shuttle run and 4 × 10 m shuttle run tests. 

However, due to the pandemic situation during the evaluation time, the use of 
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face masks was mandatory by the National Health Authorities. After internal 

discussions, we finally decided to exclude the cardiorespiratory fitness and 

speed/agility test because the available evidence at that time showed impaired 

performance using FFP2/N95 face masks,22 and more importantly, to ensure the 

safety of our participants. Muscular fitness for the upper and lower body was 

assessed with the handgrip strength (TKK 5101 Grip D, Takey, Tokyo Japan) and 

standing long jump tests, respectively. The handgrip was performed twice on 

each hand and the best value was chosen and averaged, while the best of two 

attempts was retained for the standing long jump. The ALPHA fitness test battery 

protocol was followed and a 1-minute rest was allowed between handgrip 

measures of the same hand. 

Self-perceived fitness was assessed by using the IFIS, which is known to 

be valid in young populations.14 This tool is composed of 5-items (i.e., overall 

fitness, cardiorespiratory fitness, muscular fitness, speed/agility, and flexibility) 

about the fitness perception of the participants compared with their friends. It 

includes 5 possible answers (i.e., very bad, bad, acceptable, good, and very good). 

Psychological health 

Psychological health was assessed through self-perceived questionnaires 

based on the following dimensions and focusing on the factors that best explain 

the mental health status of children and adolescents11: psychological well-being 

(i.e., positive affect, happiness, optimism, and self-esteem) and psychological 

distress (i.e., anxiety, depression, and negative affect). 

Self-esteem, which refers to how we assess our-self whether positively or 

negatively, was evaluated with the Rosenberg Self-Esteem scale that it is 

validated in children and adolescents.23 This scale has 10 items that assess global 

self-esteem considering both positive and negative feelings with 4 possible 

answers (i.e. totally disagree, disagree, agree, and totally agree).24 The final score 
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ranges from 10 (lowest self-esteem) to 40 (highest self-esteem). Dispositional 

optimism, which refers to how favorably people view their future, was evaluated 

with the Life Orientation Test-Revised (LOT-R) using 6 items (out of 10) with 5 

possible answers (totally disagree, disagree, neither disagree nor agree, agree, 

and totally agree).25 The score ranges from 6 (lowest optimism) to 30 (highest 

optimism). Happiness, which refers to positive psychological functioning, was 

assessed by the Subjective Happiness Scale (SHS) whose Spanish version has 

shown appropriate test–retest reliability, internal consistency, and convergent 

validity. 26 This tool includes 4 items in a Likert scale ranging from 1 to 7 (from 

less happiness to more happiness) The score was calculated as the sum of the 3 

first items with a range from 3 (lowest happiness) to 21 (highest happiness). 

 Positive affect, which is defined as the perception of emotion in a good or 

positive way, and negative affect, defined as the tendency to experience negative 

feelings, was measured with the Positive Affect Schedule for children (PANAS-

C) in 20 items (10 for positive affect; 10 negative affect) with 3 possible answers 

(never, sometimes and many times).27 The final score was calculated as the sum 

of 10 items (for either negative or positive affect) and it ranges from 10 (lowest 

negative or positive affect) to 30 (highest negative or positive affect).  

Childhood anxiety, which refers to the brain's state of alertness to worry 

or fear, was assessed with the State–Trait Anxiety Inventory for Children (STAIC-

T). This inventory has been extensively validated in Spanish children. 28 This tool 

collects 20 items with 3 possible answers (rarely, sometimes, and often) and a 

score range from 20 (lowest anxiety level) to 60 points (highest anxiety level). 

Depression, which means a low or apathetic mood over time, was measured with 

the Children Depression Inventory (CDI), which consists of 27 items assessing 5 

domains (interpersonal problems, ineffectiveness, negative mood, anhedonia, 

and negative self-esteem) with three types of answer depending on the intensity 
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of the selected symptoms, rated with a score of 0–2.29 The score ranges from 0 

(lowest depression level) to 54 (highest depression level). 

Statistical analysis  

Descriptive characteristics of the study sample were computed as mean 

and standard deviation or percentages for continuous and categorical variables, 

respectively. All variables were checked for normality using both graphical 

(normal probability plots) and statistical (Kolmogorov–Smirnov test) 

procedures. There was no interaction between sex and fitness variables in relation 

to psychological health variables and therefore, the analyses were performed 

including boys and girls together. 

Partial correlations adjusted by key confounders (i.e., sex, years from peak 

height velocity, years between diagnosis and testing, body mass index, and type 

of neoplasm) were used to examine how the fitness components or psychological 

health indicators correlated to each other. The associations between fitness (i.e., 

objectively-measured and self-perceived) with psychological health (i.e., well-

being and distress) were performed using multiple linear regression and 

adjusted by the previous covariates.  

Additionally, differences in psychological well-being and psychological 

distress by fitness levels (low fitness vs. high fitness) were obtained by one-way 

analysis of covariance and adjusting for the same set of covariates. This analysis 

was performed for those significant associations reported in the multiple linear 

regressions. Children were grouped in the “low fitness” group when they 

perceived very bad and bad fitness levels in the IFIS (equivalent to <P10th) and 

in the “high fitness” group when they perceived good-very good fitness level 

(equivalent to ≥P30th).30 In this specific analysis, we excluded children who 

answered “average” to have both end extremes (i.e., low and high).  
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All the analyses were performed using the IBM SPSS Statistics for 

Windows version 22.0 (IBM Corp), and the level of significance was set to p < 

0.05. 

RESULTS 

Table 1 shows descriptive data on anthropometric characteristics, 

demographic characteristics, somatic maturation, clinical data, fitness, and 

psychological health variables in all participants and by sex. 

Table S1 shows partial correlation coefficients between the fitness 

components. Overall, objectively-measured muscular fitness correlated with self-

perceived overall fitness, muscular fitness, and speed/agility (r from 0.202 to 

0.353, all p < 0.05). Moreover, most self-perceived fitness indicators correlated to 

each other (r from 0.256 to 0.550, all p < 0.05), except for the associations between 

flexibility with muscular strength (r = 0.084, p = 0.397) and speed/agility (r = 0.185, 

p = 0.061) and cardiorespiratory fitness with muscular strength (r = 0.163, p = 

0.099) Table S2 shows partial correlation coefficients between the psychological 

health indicators. All psychological well-being and distress indicators correlated 

to each other (r from −0.252 to 0.671, all p < 0.05), except for the association 

between negative and positive affect (r = −0.132, p = 0.194).  

 

Table 1. Descriptive characteristic of the study sample by sex. 

 N Total N Boys N Girls 

Age (years) 116 12.1 ± 3.3 66 12.0 ± 3.2 50 12.2 ± 3. 

Weight (kg) 116 46.6 ± 18.0 66 47.1 ± 17.4 50 46.0 ± 19.0 

Height (cm) 116 147.5 ± 17.1 66 148.8 ± 17.8 50 145.6 ± 16.0 

Body mass index (kg/m2) 116 20.7 ± 4.7 66 20.5 ± 4.1 50 20.9 ± 5.3 

Years from peak height velocity 116 -0.7 ± 2.7 66 -1.3 ± 2.5 50 0.0 ± 2.9 

Years from diagnosis to testing 110 6.4 ± 3.9 62 6.4 ± 3.9 48 6.6 ± 3.8 
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Type of neoplasm (%)       

Soft 70 60.9 41 63.1 29 58 

Solid 45 39.1 24 36.9 21 42 

Objectively-measured fitness       

Absolute upper-body muscular 

strength (kg) 
116 18.1 ± 8.6 66 19.4 ± 10.0 50 16.3 ± 5.9 

Relative lower-body muscular 

strength (cm) 
115 118.1 ± 33.1 65 127.1 ± 35.8 50 106.4 ± 25.0 

Self-reported fitness (Very low, low, 

average, high, very high; %) 
      

Overall fitness 114 1, 10, 32, 41, 16 64 2, 8, 34, 39, 17 50 0, 12, 30, 44, 14 

Cardiorespiratory fitness 114 3, 18, 40, 29, 10 64 2, 15, 42, 30, 11 50 4, 22, 38, 28, 8 

Muscular strength 114 13, 42, 28, 17 64 14, 36, 33, 17 50 13, 42, 28, 17 

Speed / agility 114 2, 18, 30, 31, 19 64 3, 19, 25, 34, 19 50 0, 18, 36, 26, 20 

Flexibility 114 9, 18, 34, 32, 7 64 10, 17, 42, 28, 3 50 8, 20, 24, 36, 12 

Psychological well-being       

Positive affect (PANAS-C) 111 24.7 ± 3.3 62 24.8 ± 3.5 49 24.5 ± 3.0 

Happiness (SHS) 110 22.5 ± 4.5 62 23.1 ± 4.3 48 21.8 ± 4.7 

Optimism (LOT-R) 111 21.9 ± 4.2 62 22.3 ± 4.3 49 21.5 ± 4.1 

Self-esteem (RSE) 111 27.7 ± 2.4 62 27.8 ± 2.4 49 27.4 ± 2.3 

Psychological distress       

Anxiety (STAIC-R) 111 32.3 ± 6.6 62 31.7 ± 6.4 49 33.1 ± 6.8 

Depression (CDI) 113 10.2 ± 5.9 65 10.5 ± 6.0 48 9.8 ± 5.8 

Negative affect (PANAS-C) 111 17.9 ± 3.4 62 17.8 ± 3.4 49 18.1 ± 3.5 

 

Values are mean ± standard deviation or percentages. 

PANAS-C: Positive and Negative Affect Scale for Children (score ranges from 10-30), SHS: Subjective 

Happiness Scale (score ranges from 3-21), LOT-R: Life Orientation Test- Revised (score ranges from 6-30), 

RSE: The Rosenberg Self-Esteem Scale (score ranges from 10-40), STAIC-R: State-Trait Anxiety Inventory for 

Children (score ranges from 20-60), CDI: Children Depression Inventory (score ranges from 0-54). Analyses 

adjusted for sex, years from peak high velocity, years between diagnosis and testing, body mass index and 

type of neoplasm.  
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Table 2 shows multiple linear regression between fitness (i.e., objectively-

measured and self-perceived) and psychological health (i.e., well-being and 

psychological distress dimensions) adjusted by sex, years from peak height 

velocity, years between diagnosis and testing, body mass index and type of 

neoplasm. Objectively-measured muscular fitness was not associated with any of 

the psychological well-being and psychological distress indicators analyzed 

(standardized beta, β ≤ −0.271, all p > 0.05). Self-perceived overall fitness and 

flexibility were positively related to positive affect (β ≥ 258, all p < 0.05). Self-

perceived cardiorespiratory fitness, speed/agility, and flexibility were negatively 

associated with depression (β ≥ −0.222, p < 0.05). Self-perceived cardiorespiratory 

fitness was also negatively associated with anxiety and negative affect (β ≥ −0.264, 

p < 0.05). No significant associations were observed in the remaining self-

perceived fitness and psychological health variables studied (all p > 0.05). 
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PANAS-C: Positive and Negative Affect Scale for Children, SHS: Subjective Happiness Scale, 

LOT-R: Life Orientation Test-Revised. RSE: The Rosenberg Self-Esteem Scale, STAIC-R: State-

Trait Anxiety Inventory for Children, CDI: Children Depression Inventory, IFIS: International 

Fitness Scale. 

Ϯ Cardiorespiratory fitness and speed/agility tests were not performed during COVID-19 

pandemic because of the available evidence at that time showing impaired performance using 

FFP2/N95 face masks 64, and more importantly, to ensure the safety of our participants. 

Values represent standardized coefficient. Statistically significant values are highlighted in bold. 

* p < 0.05 denotes statistically significant. 

 

 

We explored whether those children categorized as “high fitness” 

presented greater psychological health than their peers grouped as “low fitness.” 

 

Table 2.   Multiple linear regression models analysing the associations between physical fitness (i.e., objectively 

measured and self-reported) and psychological health (i.e., well-being and distress indicators) in young pediatric 

cancer survivors. 

                                          Psychological well-being  Psychological distress 

 

Positive 

Affect 

(PANAS-C) 

Happiness 

(SHS) 

Optimis

m (LOT-

R) 

Self-Esteem 

(RSE) 
 

Anxiety 

(STAIC-R) 

Depressio

n (CDI) 

Negative Affect 

(PANAS-C) 

Objectively-measured Ϯ:.        

 Absolute upper-body 

muscular strength 

(kg) 

-0.102 -0.226 -0.188 -0.271  0.048 0.061 0.069 

Relative lower-body 

muscular strength 

(cm) 

0.115 -0.081 -0.060 -0.122  0.024 -0.146 0.166 

         

Self-reported (IFIS):         

Overall Fitness 0.266* 0.185 0.181 0.135  -0.098 -0.206 -0.051 

Cardiorespiratory 

Fitness 
0.131 0.092 0.132 0.172  -0.317* -0.236* -0.264* 

Muscular strength 0.188 0.178 0.182 0.106  -0.087 -0.144 -0.048 

Speed/agility 0.167 0.147 0.103 0.146  -0.112 -0.222* -0.118 

Flexibility 0.258* 0.086 0.135 0.161  -0.087 -0.265* 0.054 
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For this purpose, only significant associations previously described were 

analyzed (see Figure 1). We observed that high-fit participants in 

cardiorespiratory fitness presented lower anxiety, negative affect, and depression 

levels (all p < =0.008) compared with those peers in the low-fit group. Moreover, 

high-fit participants in speed/agility had lower depression levels (p = 0.013) 

compared with low-fit participants. Finally, participants categorized in the high-

fit group in flexibility had greater positive affect (p = 0.010) than those in the low-

fit group. 
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Figure 1. One-way analysis of covariance examining differences in psychological 

well-being and distress indicators (i.e., positive and negative affect, anxiety and 

depression) by self-reported fitness levels (low/high) and adjusted for sex, years from 

peak high velocity, years between diagnosis and testing, body mass index and type of 

neoplasm in young pediatric cancer survivors. 

P shows differences between-groups (i.e., low fitness vs. high fitness). Low fitness group includes 

participants with very poor and poor fitness and high fitness includes participant with high and 

very high fitness in the IFIS. Values show as mean ± standard error. 

 

DISCUSSION 

The present study shows the associations between self-perceived and 

objectively-measured muscular fitness and psychological well-being and 

psychological distress indicators in young pediatric cancer survivors. The main 

findings of this study are: (i) self-perceived overall fitness and flexibility were 

positively associated with positive affect; and (ii) self-perceived cardiorespiratory 

fitness, speed/agility, and flexibility were negatively associated with anxiety, 

depression, and negative affect, respectively. No significant associations were 

observed between objectively-measured muscular fitness and any of the 

psychological well-being and psychological distress indicators analyzed. 

Psychological well-being 

In our study, self-perceived overall fitness and flexibility were positively 

associated with positive affect. The lack of studies investigating this association 

between cancer population and healthy youths31 limits the comparisons among 

studies. Looking at intervention studies, Kolden et al.32 including flexibility 

exercises) improved positive affect, albeit in breast cancer patients.32 A plausible 

explanation could be due to the exercise capacity on reducing cortisol levels,33 

which in turn, could improve the psychological well-being. 

In this line, two main systematic reviews and meta-analyses showed that 

physical activity has a potential role on improving psychological health and 
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physical fitness in children and adolescents.31,34 In relation to the objective 

measures of fitness, no associations were found between upper-and lower-body 

muscular fitness with any of the psychological well-being indicators. Although 

there is no evidence focusing on cancer survivors (either pediatric or non-

pediatric), a recent systematic review and meta-analyses in children and 

adolescents depicted that muscular fitness was positively related to 

psychological well-being indicators (i.e., self-esteem, self-concept, and physical 

self-perceptions). 31,35 These associations between muscular fitness and self-

esteem may be due to the increase in lean mass resulting from resistance training 

and also because of the neurochemical effects of fitness in the brain that elevate 

mood.16 However, in our study, these associations were not found nor even using 

the same tool, perhaps due to the different populations studied and the 

treatment-and cancer-related sequels as shown by their different levels of self-

esteem (e.g., Rodriguez-Ayllon et al.36: mean ± SD of 33.1 ± 4.7 vs. 27.66 ± 2.37 in 

the present study). In addition, some studies have found that adolescents with 

higher fitness levels tend to exercise in a social context, which may increase 

feelings of total acceptance. 37 Cancer survivors, being a vulnerable population, 

tend to exercise individually, which may explain the lack of significant results 

between objectively-measured and some indicators of psychological health. In 

this study, we could not measure cardiorespiratory fitness objectively, but 

previous evidence in adolescents with overweight/obesity found that improving 

cardiorespiratory fitness was associated with better self-esteem, which may be 

due to changes in brain structure and brain signaling.38 The lack of studies 

investigating these associations in oncology population makes it hard to explain 

the potential mechanisms behind the lack of association found in this manuscript, 

but it might be plausible that cardiorespiratory fitness does not influence 

psychological well-being outcomes in the same manner as it does with 

psychological distress indicators. Future studies with longitudinal design and 

using objective measures of fitness are needed in this population. 
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Psychological distress 

We found that self-perceived cardiorespiratory fitness, the most consistent 

fitness component, was negatively associated with psychological distress 

indicators such as anxiety, depression, and negative affect. Moreover, 

speed/agility, and flexibility were also negatively associated with depression, 

that is, the better the perception of the speed/agility, and flexibility levels, the 

lower the depression levels. As with psychological well-being indicators, studies 

investigating this association in young pediatric cancer survivors are lacking, and 

therefore, other populations are used to discuss our findings. Our findings agree 

with those reported by a systematic review and meta-analysis by Cadenas-

Sanchez et al.31 who observed that adolescents who presented lower 

cardiorespiratory fitness reported elevated depressive symptoms. The plausible 

explanation might shed light on the role of aerobic and resistance training on 

psychological health through increasing oxygen transport and brain blood flow.31 

Although we could not measure cardiorespiratory fitness objectively, a previous 

study in childhood survivors of acute lymphoblastic leukemia found 

cardiorespiratory fitness to protect against depression,39 which is in line with our 

perceived fitness findings. Regarding objective fitness, no associations were 

found between muscular fitness and any of the psychological distress indicators, 

supporting the lack of association that we observed when using self-perceived 

muscular fitness instead. Our findings are partially in agreement with a recent 

systematic review and meta-analyses in which the authors did not observe a 

significant association between muscular fitness and depression (pooled 

correlation −0.047, 95% confidence intervals: −0.110, 0.016); but they observed a 

pooled significant correlation between muscular fitness and anxiety (pooled 

correlation −0.176, 95% confidence intervals: −0.306, −0.040). Additionally, 

research in children with overweight/obesity showed that upper body muscular 

fitness and negative affect were inversely associated.36 Differences between our 
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findings and the previous evidence could be due to the lower fitness and higher 

psychological distress levels in our sample with cancer survivors, than in those 

children apparently healthy or with overweight/obesity. As an example, we have 

observed that the negative affect (using the same questionnaire) was lower in 

children with overweight/ obesity than in pediatric cancer survivors 

(ActiveBrains: 16 ± 3.4 vs. iBoneFit: 17.9 ± 3.4). 

Strengths and limitations 

To our knowledge, this is the first study using both objective and self-

perceived fitness assessments to examine its association with psychological 

health in this population. Moreover, our findings have been controlled for 

covariates that are known to affect psychological health in this population. 

Nevertheless, there are some limitations that should be noted. Firstly, being a 

cross-sectional study, it does not allow us to infer causality for any of the 

association factors, so further longitudinal studies are needed to confirm these 

findings. Moreover, although we have controlled for potential confounders, there 

may be other variables that could interfere with these associations. Some 

objective fitness tests (cardiorespiratory and speed/agility) could not be carried 

out due to the mandatory use of face masks (due to covid-19 pandemic) as these 

could affect the measures. Nevertheless, the participants and their families were 

grateful not to do these tests due to increased contagion risk and the uncertain 

consequences this could have had in this sensitive population. 

 

CONCLUSIONS 

Overall, our study indicates that higher self-perceived overall fitness and 

flexibility are associated with better psychological well-being (i.e., positive 

affect). Moreover, greater self-perceived cardiorespiratory fitness, speed/ agility, 

and flexibility but not muscular fitness (neither self-perceived nor objectively-
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measured) is associated with lower psychological distress (i.e., anxiety, 

depression, and negative affect). The findings from this study highlight the 

importance of promoting self-perceived fitness in the pediatric oncology 

population. 

PERSPECTIVE 

Assessing psychological health after childhood cancer is important as it 

affects many areas such as school attendance and adherence to physical activity. 

Psychological health variables have hardly been studied nor related to exercise 

in young pediatric cancer survivors; however, some studies have looked at levels 

of anxiety and depression in this population. Likewise, fitness is usually 

measured only objectively; however, validated questionnaires are available that 

allow a quick assessment that facilitates the collection of this data. Given that 

some articles have observed that good fitness levels are related to better 

psychological health in healthy young, more studies examining both 

psychological well-being and distress in young pediatric cancer survivors are 

needed. 
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Section 3 

 

Randomized control trial: Effects of a exercise program on 

psychological health in young pediatric cancer survivors 
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Study IV 

 

 

The effects of a 36-week online plyometric exercise-based 

program on psychological health in young pediatric cancer 

survivors 
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Study IV 

 

ABSTRACT 

Aim: To examine the impact of a 36-week online plyometric exercise-based 

program on psychological health (i.e., well-being and distress) in young pediatric 

cancer survivors. 

Materials and methods: 116 participants (aged 12.1 ± 3.3 years; 42% 

female) from the iBoneFIT multicenter randomized control trial (Ref. 

ISRCTN61195625) were randomized to an intervention or a control group. The 

intervention group received an online exercise intervention based on plyometric 

jumps and dietary counseling regarding calcium and vitamin D, while the control 

group only received dietary counseling. Psychological health was divided into 

psychological well-being (i.e., self-esteem, optimism, happiness, and positive 

affect) and psychological distress (i.e., depression, anxiety, and negative affect) 

which were measured with questionnaires. Data were analyzed using a 

constrained baseline longitudinal mixed model adjusted for baseline differences 

between groups. Effect size values of 0.2 to 0.5 are considered small, 0.5 to 0.8 are 

considered medium, and greater than 0.8 are considered large. 

Results: The exercise intervention in the between-group analysis 

improved psychological distress, with the difference being -1.09 (95% CI: -2.11 to 

-0.08; P=.035) and with small effect sizes in all included outcomes; and negative 

affect -1.08 [95% CI: -2.11 to -0.04], P=.041). No significant results were found in 

the rest of the psychological health indicators. In the within-group analysis, the 

exercise intervention show significant results in the score of  psychological 

distress -7.80% [mean score -1.57 (-2.46 to -0.67), p=<0.001] compared with the 

control group of -2.34% [mean score -0.47 (-2.46 to -0.67), p=0.382]; and anxiety in 
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the intervention group with 8.89% [mean score -2.87 (-4.74 to -1.00), p=0.001] 

compared with a change of -4.06% of the control group [mean score -1.31 (-3.08 

to 0.45), p=0.184].  

In the per-protocol analysis, the significant result between-group was 

found in the score of psychological distress -1.20 (-2.26 to -0.14); p=0.028). In the 

within-groups analysis, the significant results were found in the score of 

psychological distress in the intervention group with a change of -8.33% [mean 

score -1.68  (-2.66 to -0.70), p< 0.001] compared with the control group of -2.38% 

[mean score -0.48 (-1.33 to  0.37), p=0.373]; in depression, with a change in the 

intervention group of -10.47% [mean score -1.05 (-2.08 to -0.01), p=0.048] 

compared with the control group of -4.49% [mean score -0.45 (-1.31 to 0.41), 

p=0.434]; and, in anxiety, in the intervention group with a change of  -9.58%  

[mean score -3.11 (-5.18 to -1.04), p=0.002] compared with the control group of -

4.25% [mean score -1.38 (-3.18 to 0.42), p=0.166]. 

Conclusion: This exercise program seems to reduce the score of 

psychological distress, while no significant effects were observed on 

psychological well-being in young pediatric cancer survivors. However, it is 

important to note that the intervention group experiences greater changes than 

the control group in most psychological health variables. 
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INTRODUCTION 

Despite childhood cancer being a rare disease, it remains one of the 

leading causes of death among children in developed countries and its incidence 

has increased by 13% over the past decades1. Medical intervention advancements 

have simultaneously propelled the survival rate of affected individuals beyond 

85%2. However, cancer and its treatments still entail side effects for cancer 

survivors. Pediatric cancer survivors often experience psychological side effects, 

alongside adverse social and socioeconomic consequences, resulting in 

compromised psychological well-being and diminished quality of life3,4. For 

example, young pediatric cancer survivors display more symptoms of 

depression (prevalence ranging from 2%-40%) and anxiety (prevalence ranging 

from 1%-27%) than their siblings and the general population5. 

Physical activity has numerous health benefits such as reducing 

premature mortality, improving physical fitness, and improving cognitive 

function6,7. While previous studies show that physical activity may be safe and 

feasible in childhood cancer patients8, emerging studies suggest an important 

gap in the literature regarding the harms of conducting evidence-based risk-

benefit analyses on the prescription of physical exercise during cancer 

treatment9,10. Furthermore, childhood cancer patients tend to have lower levels of 

physical activity than their healthy peers 11. 

Among the few clinical trials that have investigated the effects of physical 

activity on psychological health in children before and after cancer treatments: 

some focused on quality of life12–16; others on self-esteem13–15,17,18; and a few on 

depression12,13. Regarding quality of life, two studies found significant results 

after a physical activity program 14,15, while three others did not 12,13. For self-

esteem, three studies found significant results14,15,17 while two did not 13,18. As for 

depression, neither of the two studies found significant results 12,13. Due to the 

lack of consistency in the results of these studies, further research is needed to 
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better understand the role of physical activity on psychological health in children 

before and after cancer treatments. Therefore, this is the first study examining the 

effects of a 36-weeks online plyometric exercise-based program on psychological 

health (including both psychological well-being and distress indicators) in young 

pediatric cancer survivors. 

METHODS 

A concise overview of the materials and methods is presented. The trial 

protocol and statistical analysis plan can be found in Supplement 1, while all 

methodological specifics are outlined in the eMethods section of Supplement 2. 

Study design 

The current study examines the effect of a 36-week online plyometric 

exercise-based program on psychological health in young pediatric cancer 

survivors. This study has been carried out within the iBonefit and REBOTA-Ex 

projects, with the former funding the first part of the intervention and the latter 

the last part, as well as adding bone biomarkers 19. This was approved by the 

Ethics Committee on Human Research of Regional Government of Andalusia 

(Reference: 4500, December 2019) complied with the Declaration of Helsinki 

(revised version 2013), and was registered in isrctn.com (Reference: 

isrctn61195625, 2 April 2020). The reporting guidelines of the Consolidated 

Standards of Reporting Trials (CONSORT) were followed in Supplementary 

Table S1. All research processes were conducted by the premises of the Singapore 

Statement on Research Integrity20. 

Participants 

A total of 116 young pediatric cancer survivors (aged 12.1 ± 3.3 years; 42% 

female) in this multicenter randomized control trial were recruited by the 

pediatric oncology and haematology sections at the university hospitals "Virgen 

de las Nieves" (Granada) and "Reina Sofia" (Cordoba). The inclusion criteria 
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were: participants diagnosed at least one year before enrolment, with previous 

exposure to radiotherapy and/or chemotherapy, and not currently receiving 

cancer treatments. Because of COVID-19 restrictions, data was collected in two 

waves: 1) from October 2020 to February 2021, and 2) from December 2021 to 

March 2022. Participants were randomized to an exercise or a control group. The 

flow chart of the study is shown in Figure 1.   

For the sample size of the iBoneFIT project, the femoral neck areal bone 

mineral density was used due to its important role in osteoporosis diagnosis. 

Additionally, the sample size was determined to consider age group subgroups 

analysis (6-11 years and 12-18 years). At least 116 participants were required (58 

in each group), with an 80% power, an α level of 0.05, and an estimated effect size 

of 0.25 for changes in femoral neck areal bone mineral density. This estimate 

includes an addition of 10% for multivariable analysis and 20% for occasional 

losses and refusals.  
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Figure 1. Flow chart of the participants of the study 
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Randomization and Blinding 

Randomization was performed by an external partner (V. M-V) stratified 

by age and sex by using SAS software, version 9.1 (SAS Institute Inc). 

Assignments were hidden from the assessors until all tests were completed, after 

which participants were divided into an exercise or a control group (1:1). While 

outcome assessors were blinded to group assignments, participants could not be 

blinded to their assignments due to the nature of the exercise intervention. 

Intervention and Control group 

Participants in the control group continued with their usual routines. 

Participants in the intervention group were instructed to engage a 36-weeks 

online exercise program. Participants or their parents were added to a WhatsApp 

group where the training video was sent, accessible through a website 

(https://t.ly/iNqS6). The website incorporated five behaviour change techniques 

and gamification to maintain and increase the motivation of the participants 

during the exercise intervention. The program consisted of three phases, with 

three to four days per week dedicated to progressive plyometric jump exercises, 

each lasting approximately fifteen minutes. The duration and intensity of the 

exercise were adjusted depending on the phase and week of the program.  The 

first phase consists of eight weeks focused on body mass-based squats; the 

second phase on 12 weeks of squat jumps, and the third phase on 16 weeks of 

countermovement jumps. Participants performed 7296 squats/leaps (2000 squats 

plus 5296 jumps) across 136 sessions. Information on vitamin D and calcium 

dietary counseling was given to both exercise and control groups. After that, the 

control group was offered the same online plyometric exercise-based program. 

Adherence 

Adherence was monitored using a diary, which participants or their 

parents had to send to the Whatsapp group once a month.  At each phase of the 

intervention, a minimum of 50% adherence was required.  
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Psychological Health Measurements 

Psychological health of the participants was measure using self-perceived 

questionnaires focus on two dimensions21.: psychological well-being (i.e., self-

esteem, optimism, happiness, and positive affect) and psychological distress (i.e., 

depression, anxiety, and negative affect). 

Psychological well-being 

Self-esteem was assessed using the Rosenberg Self-Esteem scale, which 

reflects our opinion of ourselves, whether favorably or negatively. This scale has 

been validated in studies involving children and adolescents22. It consists of ten 

items, each with four possible responses: completely disagree, disagree, agree, 

and totally agree. These items encompass both positive and negative emotions, 

resulting in a final score ranging from 10 (the lowest self-esteem) to 40 (the 

highest self-esteem).  

Dispositional optimism was evaluated with the Life Orientation Test-

Revised (LOT-R), which refers to how positively people see their future23. It 

consisted of six items (out of 10) with five responses options: entirely disagree, 

disagree, neither disagree nor agree, agree, and totally agree, with a scores 

ranging from 6 (the lowest optimism) to 30 (the greatest optimism).  

Happiness was measured using the Subjective Happiness Scale (SHS), 

which is defined as positive psychological functioning24. It consisted of four items 

rated on a Likert scale from 1 to 7 (from less happiness to greater happiness). The 

sum of the first three items determined the score, which ranged from 3 (lowest 

happiness) to 21 (most happiness). Positive affect and negative affect were 

assessed using the Positive Affect and Negative Affect Schedule for Children 

(PANAS-C). 

Positive affect was assessed with the Positive Affect Schedule for children 

(PANAS-C) and refers to perceiving emotions in a good or positive way 25. It 

consisted of 20 items (10 for positive affect and 10 for negative affect), each with 
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three possible responses (never, sometimes, and many times). The final score 

ranges from 10 (lowest negative or positive affect) to 30 (highest negative or 

positive affect) calculated as the sum of the 10 items corresponding to either 

positive or negative affect. 

The psychological well-being score was calculated by summing the self-

esteem, optimism, happiness, and positive affect scores, and then dividing this 

total by the number of these outcomes.  

Psychological distress 

Depression was evaluated with the Children Depression Inventory (CDI), 

which is characterized by a persistently low or apathetic mood26. It consists of 27 

items assessing five domains (interpersonal problems, ineffectiveness, negative 

mood, anhedonia, and negative self-esteem). Depending on the severity of the 

selected symptoms, responses can take one of three forms, ranging from 0 to 2. 

The score ranges from 0 (the lowest level of depression) to 54 (the highest level 

of depression).  

Anxiety was assessed with the State-Trait Anxiety Inventory for Children 

(STAIC-T), which is defined as the brain's state of awareness of concern or 

dread27. It consisted of 20 items and three possible answers (rarely, sometimes, 

and often), with a score ranging from 20 (lowest anxiety level) to 60 (highest 

anxiety level). 

Negative affect, as positive affect, was measured by the Positive Affect 

Schedule for children (PANAS-C) and is defined as the inclination to experience 

negative feelings.  

The psychological distress score was calculated by summing the 

depression, anxiety, and negative affect scores, and then dividing this total by the 

number of these outcomes.  
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Demographic, Anthropometric and Clinical Variables 

To examine the stature (cm) a precision stadiometer (SECA 225, Hamburg, 

Germany) with dimensions recorded to the nearest 0.1 cm was used. Body mass 

(kg) was measured with an electronic scale with an accuracy of 100 g (SECA 861, 

Hamburg, Germany). Body mass index (BMI) was determined as body mass 

(kg)/height (m2) and dichotomized as: normoweight (lowest to 24.9 kg/m2) and 

overweight/obesity (25 kg/m2 to highest). The somatic maturational landmark of 

years from peak height velocity was utilized28. The years from peak height 

velocity are measured in terms of time before and after peak height velocity, 

which represents the period of maximal stature growth. A tested approach was 

employed to predict this in children based on their age and height28. In addition, 

clinical data was obtained from clinical records. 

 

Statistical Analysis   

The analyses were conducted using both the intention-to-treat and per-

protocol analysis, with the intention-to-treat analysis being the primary method. 

Mixed models were used to estimated means at constrained baseline and 36-

week post-intervention follow-up in the psychological health indicators (i.e., 

well-being and distress) in this study. All the analyses were performed using the 

R software program (version 4.2.2) in conjunction with the GGIR open-source 

package (version 2.8-2)29. effect size values of 0.2 to 0.5 are considered small, 0.5 

to 0.8 are considered medium, and greater than 0.8 are considered large30,31. 

 

RESULTS 

The flow chart of the participants is shown in Figure 1. A total of 116 

participants were included in the intention-to-treat analysis and randomized to 

a control (58 participants) or an intervention group (58 participants). In addition, 

of the 116 participants, 90 were included in the per-protocol analysis (36 in the 
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intervention group and 54 in the control group). There were not found any 

adverse events associated with the intervention. The total adherence rate of 

participants in the intervention of the iBoneFIT project was 83.1%, with phase-

specific rates of 92.3% in the first phase, 87.7% in the second, and 69.4% in the 

third. 

The descriptive characteristics of the participants included in this study by 

intention-to-treat analysis are presented in Table 1. Within the 116 participants 

(42.2% female), the mean (SD) age was 12.1 (3.3) years, with a mean of body mass 

of 46.6 (18.0) and a mean of stature of 147.5 (17.1); the mean (%) of normoweight 

was 64.7 and of overweight/obesity was 35.3; the mean (SD) of the years from 

peak height velocity was -0.8 (2.7); and 60.9% of the participants had a soft type 

of neoplasm and 39.1% a solid type of neoplasm.  

The descriptive characteristics of the participants included in this study by 

per-protocol is in Table 1. The mean (SD) age of the 90 participants (42 % female) 

was 12.2 (3.4) years, with a mean body mass of 20.8 (4.8) and a mean stature of 

147.4 (17.0); the mean (%) of normoweight was 18.6 and of overweight/obesity 

was 25.3%; the mean (SD) of years from peak height velocity was -0.7 (2.8); and 

51% of the participants had a soft type of neoplasm and 39% a solid type of 

neoplasm. 
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Table 1. Descriptive characteristics of the participants included in the study (intention-to-treat 

analysis). 

 N Total N Intervention N Control 

Sex (female/male, %) 116 42.2 58 37.9 58 46.6 

Age (years) 116 12.1 (3.3) 58 11.7 (3.2) 58 12.5 (3.5) 

Body mass (kg) 116 46.6 (18.0) 58 46.9 (17.9) 58 46.3 (18.3) 

Stature (cm) 116 147.5 (17.1) 58 147.2 (16.7) 58 147.7 (17.5) 

Body mass index (kg/m2) 116 20.7 (4.7) 58 20.9 (4.6) 58 20.5 (4.7) 

Body mass index (categories, %)       

    Normoweight 75 64.7 34 58.6 41 70.7 

    Overweight/obesity 41 35.3 24 41.4 17 29.3 

Years from  peak height velocity 116 -0.8 (2.7) 58 -1.0 (2.6) 58 -0.5 (2.8) 

Years from diagnosis to testing 113 6.4 (3.8) 55 5.9 (3.8) 58 6.9 (3.8) 

Type of neoplasm (%)       

    Soft 70 60.9 34 59.6 36 62.1 

    Solid 45 39.1 23 40.4 22 37.9 

Psychological well-being       

    Self-esteem 111 27.7 (2.4) 56 28.0 (2.3) 55 27.3 (2.4) 

    Optimism 111 22.0 (4.2) 56 22.4 (3.8) 55 21.5 (4.6) 

    Happiness 110 22.5 (4.5) 55 23.5 (4.1) 55 21.6 (4.8) 

    Positive affect 111 24.7 (3.3) 56 25.2 (2.8) 55 24.2 (3.7) 

Psychological distress       

    Depression 113 10.2 (5.9) 58 9.2 (5.1) 55 11.4 (6.5) 

    Anxiety 111 32.3 (6.6) 56 32.0 (6.1) 55 32.6 (7.1) 

    Negative affect 111 17.9 (3.4) 56 18.0 (3.1) 55 17.9 (3.8) 
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Data are presented as mean (standard deviation) or as frequencies (percentages), as 

indicated. 

Self-esteem was measured with the Rosenberg Self-Esteem Scale (RSE) (score range from 10 to 

40); Optimism with the Life Orientation Test-Revised (LOT-R) (score range from 6 to 30); 

Happiness with the Subjective Happiness Scale (SHS) (score range from 3 to 21); Positive and 

Negative affect with the Positive and Negative Affect Scale for Children (PANAS-C) (score range 

from 10 to 30); Depression with the Children Depression Inventory (CDI) (score range from 0 to 

54); Anxiety with the State–Trait Anxiety Inventory for Children (STAIC-R) (score range from 20 

to 60). 

 

Changes in psychological health 

Table 2 shows the changes (0-36 weeks) within and between groups in the 

psychological health indicators (i.e., well-being and distress) analyzed through 

intention-to-treat analysis. A graphical illustration of the estimated means at 

constrained baseline and 36-week post-intervention follow-up in the 

psychological health indicators (i.e., well-being and distress) by intention-to-treat 

analysis are shown in Figure 2 and Figure 3 and by per-protocol in 

Supplementary figure S2. Supplementary figure S3 shows the parallel line plot 

for the baseline value to their 36-week value in psychological health (i.e., well-

being and distress) for each participant, and Supplementary figure S4 and 

Supplementary figure S5 the estimated means at constrained baseline and 36-

week post-intervention follow-up for the per-protocol analyses in the 

psychological well-being and distress, respectively. 
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Table 2. Within-group changes (baseline-36 weeks) and between-group differences in the 

psychological health indicators (Intention-to-treat analysis). 

 

Results are presented as mean change from baseline - post-intervention for each group and as 

mean difference between groups change. Statistically significant values are highlighted in bold. 

*p < 0.05 denotes statistically significant. Data were analysed using a constrained baseline 

longitudinal model. Abbreviations: MD, mean difference. 

Self-esteem was measured with the Rosenberg Self-Esteem Scale (RSE) (score range from 10 to 40); 

Optimism with the Life Orientation Test-Revised (LOT-R) (score range from 6 to 30); Happiness with the 

Subjective Happiness Scale (SHS) (score range from 3 to 21); Positive and Negative affect with the Positive 

and Negative Affect Scale for Children (PANAS-C) (score range from 10 to 30); Depression with the 

Children Depression Inventory (CDI) (score range from 0 to 54); Anxiety with the State–Trait Anxiety 

Inventory for Children (STAIC-R) (score range from 20 to 60). 

  

 

 Within-group changes Between-group changes 

 Intervention Control  

 Change (95% CI) 
Change 

(%) 
P Change (95% CI) 

Change 

(%) 
P MD (95% CI) 

Effect 

Size 
P 

Psychological 

well-being 
0.29 (-0.40 to 0.99) 1.20 0.576 0.07 (-0.58 to 0.72) 0.29 0.967 0.23 (-0.53 to 0.98) 

0.11 
0.552 

    Self-esteem  0.80 (-0.04 to 1.65) 2.89 0.067 0.04 (-0.74 to 0.83) 0.14 0.991 0.76 (-0.10 to 1.62) 0.30 0.083 

    Optimism 
0.58 (-0.71 to 1.86) 2.64 0.535 -0.50 (-1.72 to 0.71) -2.28 0.588 1.08 (-0.34 to 2.50) 0.28 0.134 

    Happiness  
0.15 (-1.11 to 1.40) 0.67 0.958 0.82 (-0.37 to 2.01) 3.64 0.235 -0.67 (-2.00 to 0.65) 0.17 0.316 

    Positive affect  
0.08 (-0.81 to 0.97) 0.32 0.977 -0.29 (-1.12 to 0.54) -1.18 0.689 0.36 (-0.61 to 1.33) 0.14 0.457 

Psychological 

distress 
-1.57 (-2.46 to -0.67) -7.80 < 0.001* -0.47 (-1.32 to 0.37) -2.34 0.382 -1.09 (-2.11 to -0.08) 0.40 0.035* 

    Depression  
-0.71 (-1.48 to 0.06) -6.93 0.079 -0.47 (-1.24 to 0.29) -4.59 0.311 -0.24 (-1.14 to 0.67) 0.10 0.607 

    Anxiety  
-2.87 (-4.74 to -1.00) -8.89 0.001* -1.31 (-3.08 to 0.45) -4.06 0.184 -1.55 (-3.60 to 0.49) 0.27 0.135 

    Negative 

affect  

 

-0.83 (-1.78 to 0.12) -4.63 0.099 0.25 (-0.64 to 1.13) 1.39 0.789 -1.08 (-2.11 to -0.04) 0.38 0.041* 
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Figure 2. Estimated means at constrained baseline and 36-week post-intervention 

follow-up in the psychological well-being (Intention-to-treat analyses). Error bars 

represent 95% confidence intervals. Data were analysed using a constrained baseline 

longitudinal model.  

Self-esteem was measured with the Rosenberg Self-Esteem Scale (RSE) (score range from 10 to 

40); Optimism with the Life Orientation Test-Revised (LOT-R) (score range from 6 to 30); 

Happiness with the Subjective Happiness Scale (SHS) (score range from 3 to 21); Positive and 
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Negative affect with the Positive and Negative Affect Scale for Children (PANAS-C) (score range 

from 10 to 30). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Estimated means at constrained baseline and 36-week post-intervention 

follow-up in the psychological distress (Intention-to-treat analyses). Error bars represent 

95% confidence intervals. Data were analysed using a constrained baseline longitudinal 

model.  

Positive and Negative affect with the Positive and Negative Affect Scale for Children (PANAS-C) 

(score range from 10 to 30). Depression was measured with the Children Depression Inventory 
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(CDI) (score range from 0 to 54); Anxiety with the State–Trait Anxiety Inventory for Children 

(STAIC-R) (score range from 20 to 60). 

 

Change in psychological well-being 

For the intention-to-treat analysis, the intervention did not have effect on 

the psychological well-being indicators (small effect sizes). Participants in the 

intervention group showed a not statistically significant change in the 

psychological well-being of 1.20% [mean score 0.29 (-0.40 to 0.99), p=0.576] 

compared with the control group of 0.29% [mean score 0.07 (-0.58 to 0.72), 

p=0.967], being a mean score difference between groups of 0.23 (-0.53 to 0.98; 

p=0.552). No effect was found with self-esteem, with a change of 2.89% in the 

intervention group [mean score 0.8 (-0.04 to 1.65), p=0.067] compared with a 

change of 0.14% in the control group [0.04 (-0.74 to 0.83), p=991], showing a mean 

score difference between groups of 0.76 (-0.10 to 1.62; p=0.083). In optimism, the 

intervention group showed a not statistically significant change of 2.64% [mean 

score 0.58 (-0.71 to 1.86), p=0.535] compared with the control group of -2.28% 

[mean score -0.50 (-1.72 to 0.71), p=0.588], with a mean score difference between 

groups of 1.08 (-0.34 to 2.50; p=0.134). In happiness, the not statistically significant 

change in the intervention group was 0.67% [mean score 0.15 (-1.11 to 1.40), 

p=0.958] compared with the control group of 3.64% [mean score 0.82 (-0.37 to 

2.01), p=0.235], with a mean score difference between groups of -0.67 (-2.00 to 

0.65; p=0.316). In positive affect, the intervention group showed a not statistically 

significant change of 0.32% [mean score 0.08 (-0.81 to 0.97; p=0.977)] compared 

with the control group of -1.18% [mean score -0.29 (-1.12 to 0.54), p=0.689], with 

a mean score difference between groups of 0.36 (-0.61 to 1.33; p=0.457). 

For the per-protocol analysis, the intervention also did not have an effect 

on any of the psychological well-being indicators (small effect sizes). In 

psychological well-being, the intervention group showed a not statistically 

significant change of 1.24% [mean score 0.3 (-0.48 to 1.09), p=0.624] compared 
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with the control group of 0.25% [mean score 0.06 (-0.63 to 0.74), p=0.979], with a 

mean score different between groups of 0.25 (-0.56 to 1.05; p=0.541). In self-

esteem, the not statistically significant change in the intervention group was 

1.77% [mean score 0.49 (-0.41 to 1.39), p=0.405] compared with the control group 

of 0.07% [mean score 0.02 (-0.77 to 0.81), p=0.998], with a mean score difference 

between groups of 0.47 (-0.41 to 1.34; p=0.291). In optimism, the intervention 

group showed a not statistically significant change of 2.72% [mean score 0.60 (-

0.81 to 2.02), p=0.568] compared with the control group of -2.49% [mean score -

0.55 (-1.80 to 0.70), p=0.548], with a mean score difference between groups of 1.15 

(-0.35 to 2.65; p=0.130). In happiness, the intervention group showed a not 

statistically significant change of 1.24% [mean score 0.28 (-1.14 to 1.70), p=0.888] 

compared with the control group of 3.50% [mean score 0.79 (-0.47 to 2.06), 

p=0.301], with a mean score difference between groups of -0.51 (-1.94 to 0.91; 

p=0.474). In positive affect, the not statistically significant change in the 

intervention group was 0.98% [mean score 0.24 (-0.69 to 1.17), p=0.816] compared 

with the control group of -0.94% [mean score -0.23 (-1.03 to 0.58), p=0.782), with 

a mean score difference between groups of 0.46 (-0.50 to 1.43; p=0.343). 

Changes in psychological distress 

Participants in the intervention group experienced a statistically 

significant change in psychological distress of -7.80% [mean score -1.57 (-2.46 to -

0.67), p=<0.001] compared with the control group of -2.34% [mean score -0.47 (-

2.46 to -0.67), p=0.382], with a mean score difference between groups of -1.09 (-

2.11 to -0.08; p=0.035) with a small effect size in all psychological health 

indicators. In depression, the intervention group showed no statistically 

significant change of -6.93% [-0.71 (-1.48 to 0.06), p=0.079] compared with the 

control group of 4.59% [mean score -0.47 (-1.24 to 0.29), p=0.311], with a mean 

score difference between groups of -0.24 (-1.14 to 0.67; p=0.607). In anxiety, the 

intervention group showed a statistically significant change of 8.89% [mean score 
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-2.87 (-4.74 to -1.00), p=0.001] compared with a change of -4.06% of the control 

group [mean score -1.31 (-3.08 to 0.45), p=0.184], being a mean score difference 

between groups of -1.55 (-3.60 to 0.49; p=0.135). In negative affect, the intervention 

group experienced no statistically significant change of –4.63% [mean score -0.83 

(-1.78 to 0.12), p=0.099] compared with the control group of 1.39% [mean score 

0.25 (-0.64 to 1.13), p=0.789)], showing a mean score difference between groups of 

-1.08 (-2.11 to -0.04; p=0.041).  

For the per-protocol analysis, in psychological distress, the intervention 

group showed a statistically significant change of -8.33% [mean score -1.68 (-2.66 

to -0.70), p< 0.001] compared with the control group of -2.38% [mean score -0.48 

(-1.33 to 0.37), p=0.373], with a mean score different between groups of -1.20 (-

2.26 to -0.14); p=0.028). In depression, the statistically significant change in the 

intervention group was -10.47% [mean score -1.05 (-2.08 to -0.01), p=0.048] 

compared with the control group of -4.49% [mean score -0.45 (-1.31 to 0.41), 

p=0.434], with a mean score difference between groups of -0.60 (-1.72 to 0.53); 

p=0.295). In anxiety, the intervention group showed a statistically significant 

change of -9.58% [mean score -3.11 (-5.18 to -1.04), p=0.002] compared with the 

control group of -4.25% [mean score -1.38 (-3.18 to 0.42), p=0.166], with a mean 

score difference between groups of -1.73 (-3.90 to 0.44; p=0.116). In negative affect, 

the intervention group showed a not statistically significant change of -4.22% 

[mean score -0.76 (-1.79 to 0.27), p=0.191] compared with the control group of 

1.22% [mean score 0.22 (-0.67 to 1.11), p=0.831], with a mean score difference 

between groups of -0.98 (-2.05 to 0.10); p=0.074). 

 

DISCUSSION 

The present study shows the effect of a 36-weeks online plyometric 

exercise-based program on psychological health in young pediatric cancer 

survivors. The main findings of this study are as follows: (i) in terms of 
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psychological well-being, despite the lack of significant results, after 36 weeks of 

an online plyometric exercise-based program, the intervention group 

experienced more positive changes than the control group in the score of 

psychological well-being, self-esteem, optimism and positive affect, while in 

happiness it was the control group that experienced more positive changes; (ii) 

regarding psychological distress, the intervention group reduces more the score 

of psychological distress, depression, anxiety and with no significant result, the 

negative affect.  

Changes between group  

In this randomized control trial, we observed no significant results 

between groups in psychological well-being after a 36-week online exercise 

program (both in intention-to-treat and per-protocol analysis). However, 

considering that psychological health was a secondary outcome in the iBoneFIT 

Project, it is important to underline that the effect size in self-esteem and 

optimism indicates a positive influence of the intervention on these outcomes. 

Nonetheless, it is possible that the sample size was not sufficient to find 

significant results. Concerning psychological distress, the score of psychological 

distress and negative affect were significant after the intervention.   

Only a few studies examine the effect between groups of physical exercise 

intervention on the psychological health of children and adolescents before and 

after childhood cancer, with one of these studies focusing on self-esteem32 and 

another on depression12.  In Saultier et al.32 the intervention was a 6-month 

exercise program based on combined physical activity (i.e., strength and muscle 

building, balance and proprioception training, and 15 multi-activity sessions) in 

80 children during cancer treatment. The results showed significant 

improvement in the self-esteem of this population. So, this is in agreement with 

our trendy result. Although young pediatric cancer survivors were not examined 

in this study, in healthy children and adolescents, physical activity contributes to 
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improved health, making them feel healthier and more energetic, which can 

enhance self-esteem33. Additionally, physical activity helps promote a more 

positive body image, which is especially important during childhood and 

adolescence 33.  In the study by Dubnov et al.12, the intervention was a 6-month 

supervised combined PA program (i.e., aerobic PA, strength, and endurance 

exercise) for children after cancer treatments. In line with our results, this study 

showed no significant results in depression. This may be because children still 

had a normal score for depression, so the potential for improvement is smaller. 

Changes within group  

For these results, we must consider that due to COVID-19, the levels of 

physical activity of children and adolescents generally decreased. This could 

explain that, although no significant result in psychological well-being, we 

observe that the results in the intervention group were greater than those in the 

control group, specifically in self-esteem and optimism (both in intention-to-treat 

and per-protocol). Contrary to our results, a prior study that examines the effect 

of a 6 month adapt combined physical activity in children with cancer shows 

significant results on self-esteem 14. That may be because physical activity during 

cancer treatments can help those children experience a sense of normalcy and 

control over their bodies at a crucial time. Regarding psychological distress, our 

results show significant results in the score of psychological distress, depression, 

and anxiety in the intervention group while no significant results were found in 

the control group. It should be noted that psychological health may be affected 

by various factors, among which may be that some children were still having 

visits to doctors and were affected by those months of COVID-19 restrictions not 

having those visits. Additionally, this is a vulnerable population, so more 

research is needed examining the effect of physical activity on psychological 

health to understand how it affects this relationship. 
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Strength and limitations 

This study has several strengths. First, it includes 116 participants from a 

vulnerable population. Since childhood cancer is a rare disease, recruiting such a 

sample presents a significant challenge. Second, the statistical analysis employed 

is innovative and beginning to gain traction in recent literature. Concerning the 

limitations, first, the online plyometric exercise-based program was 

unsupervised. and adherence was monitored using diaries checked once a 

month. Second, the sample size may be small for robust conclusions about 

psychological health. Third, due to the nature of the intervention, participant 

blinding was not possible. Future studies should consider a face-to-face group 

intervention, which has greater social interaction. 

 

CONCLUSIONS 

The findings of this randomized control trial indicate that a 36-weeks 

online plyometric exercise-based program appears to improve the score of 

psychological distress and negative affect, in the between-group analysis for the 

intention-to-treat, and only psychological distress in the per-protocol analysis. 

Regarding within-group analysis, significant improvements were observed in the 

psychological distress score and anxiety in the intention-to-treat analysis, as well 

as in the score of psychological distress, anxiety and depression in the per-

protocol analysis. Although there were no significant results for other 

psychological health results, changes in the intervention group seemed to be 

greater than those in the control group, specifically in self-esteem and optimism. 
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General Discussion 

The overall aim of the current International Doctoral Thesis was to study 

the role of physical activity, physical fitness, and movement behaviours on 

psychological health in young pediatric cancer survivors. This has been 

examined through three sections: Section 1: reviewing the literature about 

physical activity and self-esteem in the oncology population (Study I); Section 2: 

examining the association between physical activity and fitness and 

psychological health in young pediatric cancer survivors (Studies II and III); and 

Section 3: studying the effect of an exercise program on psychological health in 

young pediatric cancer survivors (Study IV).  

It is well-established that physical activity provides health benefits44. 

According to previous research, different types of physical activity may help to 

reduce fatigue, anxiety, and depression both during and after cancer 

treatment50,51. Additionally, although some studies have shown positive 

associations between physical activity interventions and self-esteem during and 

after cancer treatment65–67, these have not been thoroughly examined, and a 

systematic review and meta-analysis of all the studies that are currently available 

was required. Findings from our systematic review and meta-analysis (Study I) 

suggest that the type of physical activity, timing, and duration of the intervention 

may have a positive and small effect on self-esteem. Specifically, aerobic physical 

activity and mind-body exercise show positive effects on self-esteem with small 

and medium effects, respectively. In contrast, no evidence that combined 

physical activity or resistance training has such effects, maybe because of the lack 

of studies. These results are in line with our randomized control trial (Study IV) 

in the between-group results since self-esteem appeared to be unaffected by a 36-

week online plyometric exercise-based program focused on weight-bearing 

impact exercise (classified as resistance training) among young pediatric cancer 

survivors. A study in adolescent males examining the effects of the frequency and 
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type of physical activity (i.e., endurance and strength) on self-esteem showed that 

the frequency of exercise, rather than the type, had a significant impact on self-

esteem levels68.  

Study IV showed a significant effect of the intervention between groups 

on psychological distress score and negative affect. We also identified within 

group effects for the exercise group on the psychological distress score and 

anxiety, but no effects were found on psychological well-being. A systematic 

review and meta-analysis on the role of physical activity in the psychological 

health of children and adolescents partially agrees with our results showing 

significant associations between physical activity and lower levels of 

psychological distress, depression, and negative affect, and greater levels of 

happiness and psychological well-being69. For our results, it should be noted that 

this intervention took place during the COVID-19 pandemic, which imposed 

restrictions on mobility and outdoor activities. This may have impacted the 

psychological health of participants, as children and adolescents, though less 

studied compared to adults are in a critical developmental period for their 

psychological health70. Furthermore, given that our 36-week online plyometric 

exercise-based program was a video-recorded program primarily aimed at 

improving bone health, the impact on these psychological variables (which are 

secondary) may be more pronounced within groups than between groups.  

Concerning the intensity of the interventions, our cross-sectional Study II 

estimates how reallocating time to each movement behaviour affects indicators 

of psychological health. Our results highlight the importance of increasing 

MVPA and LPA from the rest of movement behaviour to improve happiness and 

depression in pre-pubertal cancer survivors. Additionally, increasing MVPA 

from the remaining movement behaviours may improve happiness, optimism, 

depression, and anxiety in peri/post-pubertal cancer survivors. A prior study 

shows that, despite some non-compositional data analysis indicating an 
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association between movement behaviour and psychological health, the results 

from their compositional data analysis did not find any association71. 

In relation to physical fitness and psychological health, most studies have 

focused on objective measurements. However, few studies examine this 

relationship using self-perceived physical fitness, which may be easily measured 

with a questionnaire. Our cross-sectional Study III investigated the associations 

between objective and perceived physical fitness and psychological health in 

young pediatric cancer survivors. Our results underscore the importance of 

measuring not only objective measurements of physical fitness but also perceived 

physical fitness, due to the significant associations of this relationship. A previous 

study examining the link between self-perceived physical activity, fitness and 

psychosomatic health symptoms in adolescents with unhealthy lifestyles found 

that those who were perceived as more physically fit reported fewer 

psychosomatic symptoms. The authors described these symptoms as physical 

manifestations resulting from psychological factors such as anxiety and 

psychological distress72. 

Possible mechanisms linking physical activity and 

fitness to psychological health 

Physical activity can enhance psychological well-being through 

psychosocial mechanisms like social interaction, improved appearance, and 

enhanced mood. In particular, it can bolster self-efficacy, which refers to an 

individual's self-confidence in performing specific activities73. This improvement 

initially impacts self-concept and subsequently boosts overall self-esteem73. 

Additionally, regularly engaging in physical activity and leading a healthy 

lifestyle can effectively redirect attention away from negative thoughts and 

rumination, leading to increased self-esteem74. As a result, having higher self-

esteem is associated with a decreased occurrence of depressive behaviours74. In 
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this regard, a study exploring the benefits of aerobic physical activity in 

individuals with inflammatory disorders found that this kind of intervention was 

successful in lowering depression symptoms75. Regarding the beneficial impact 

of activities like yoga on mental health, it can be attributed to the cultivation of 

self-regulation and coping skills73. 

In relation to physical fitness, an increase in physical fitness, specifically 

through aerobic physical activity and resistance exercise, often leads to an 

improved body image, as it is typically associated with an increase in lean mass 

and a decrease in fat mass20. Additionally, this increase in physical fitness may 

influence the neurochemicals in the brain, such as serotonin and endorphins, 

which are known to elevate mood and improve psychological health20.  

Concerning physiological mechanisms, growing evidence supports the 

immune-nervous system connection with the psychological health. The immune 

system plays a key role in the development of mental disorders such as anxiety, 

mood changes, and depression74. Physical activity may reduce inflammation, 

which is explained by four mechanisms: modifications in cytokine release, 

reduction of visceral fat mass, down-regulation of toll-like receptors, and 

increased vagal tone74. Some studies have found that vagal nerve function can be 

improved through exercise interventions and mind-body practices, including 

techniques focused on breathing control and meditation76. This improvement 

may be attributed to a decrease in respiratory rate and a smaller 

inhalation/exhalation ratio, both of which directly stimulate the vagus nerve. 

Consequently, these changes lead to a reduction in heart rate, blood pressure, 

and other factors, activating an anti-inflammatory pathway and ultimately 

decreasing acute stress levels76. There is limited evidence supporting the role of 

exercise in anxiety and other stress-related conditions. Moreover, only a minority 

of studies provide conclusive results regarding the quality of aerobic physical 
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activity or resistance training. Mind-body exercise, and to a lesser extent, 

mindfulness practices, have shown some positive outcomes in this regard 76. 
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Conclusions 
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General conclusion 

The overall conclusion of this International Doctoral Thesis underscores 

the importance of promoting exercise, physical activity, and fitness as an 

approach to enhancing psychological well-being and decreasing psychological 

distress. It also emphasizes the need to encourage self-perceived fitness among 

the pediatric oncology population. 

 

Specific conclusions 

 

 

GAP Conclusion 

S
ec

ti
o

n
 1

 

Most systematic reviews and meta-

analyses on the effect of physical activity 

interventions on psychological health in 

young pediatric cancer survivors focus 

on psychological distress (i.e., anxiety 

and depression). However, there is a lack 

of systematic review and meta-analysis 

on self-esteem in this population. In 

addition, there are very few studies 

examining the effect of physical activity 

on self-esteem in young pediatric cancer 

survivors. 

 Physical activity, specifically aerobic 

and mind-body, may positively impact 

self-esteem during and after cancer 

treatment. Additionally, cancer status 

and the length of the intervention play 

a significant role in determining this 

relationship (Study I). 



 

167 
 

S
ec

ti
o

n
 2

 
Most studies have focused on the 

association between objectively 

measured physical fitness and 

psychological health. However, little 

research has been conducted on the 

association between self-perceived 

physical fitness and psychological health. 

Nonetheless, there are increasingly more 

studies that use compositional data 

analysis to estimate the association 

between the reallocation of 24-hour 

movement behaviours (MVPA, LPA, 

sedentary behaviour, and sleep time) and 

other health parameters in various 

populations. However, there is a lack of 

this type of analysis in young pediatric 

cancer survivors to understand how 

reallocating one type of movement 

behaviour from the others influences 

psychological health. 

 Our results emphasize the importance 

of promoting LPA and MVPA in pre-

pubertal cancer survivors, as well as 

MVPA in peri/post-pubertal cancer 

survivors, to enhance their 

psychological health (Study II). 

 

Perceived physical fitness, rather than 

objectively measured physical fitness, 

appears to be inversely related to 

psychological distress and, to a lesser 

extent, positively related to 

psychological well-being. These 

findings underscore the importance of 

promoting self-perceived fitness within 

the pediatric oncology population 

(Study III). 

S
ec

ti
o

n
 3

 

The effect of physical activity 

interventions on psychological health in 

children and adolescents during and 

after cancer treatment is not clear due to 

the different psychological health 

indicators used by the studies. 

Our results suggest that a 36-week 

online plyometric exercise-based 

program appears to improve 

psychological distress and negative 

affect scores in the between-group 

analysis for the intention-to-treat 

population. In the within-group 

analysis, significant improvements 

were found in psychological distress 

and anxiety scores. Although no 

significant results were found for other 

psychological health outcomes, 

changes in the intervention group 

appeared greater than those in the 

control group, especially in self-esteem 

and optimism (Study IV). 
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Table 3. Specific conclusions of the present International Doctoral Thesis 

 

Overall limitations  

The main findings of this International Doctoral Thesis should be 

considered with caution due to some limitations: 

· This Thesis includes two cross-sectional studies, which limits our ability 

to establish causality for any of the associations. Additionally, although potential 

confounders were controlled for, other variables may still influence these 

associations 

· The participants included in the project of this Thesis were young 

pediatric cancer survivors who chose to enrol in the exercise intervention, which 

may mean they are not representative of the entire young pediatric population. 

This selection bias could make our findings particularly vulnerable. 

Nevertheless, the distribution of cancer types in the study is similar to the total 

incidence in Spain according to the Spanish Registry of Children with Tumors. 

· Only the depression questionnaire was completed with the investigator 

in the laboratory. The remaining questionnaires were answered at home, and 

often required parental support, especially for the younger participants. 

· Due to the aim objective of the project to which this Thesis belongs is 

bone health, both the intervention and the tests are designed for this variable and 

not for the main variable of this Thesis which is psychological health. 

· Due to COVID-19 restrictions, certain measurements, such as 

cardiorespiratory capacity and the speed/agility test, were not conducted due to 

the imprecise data that would have been obtained wearing face masks. 
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Overall strengths 

This International Doctoral Thesis also has several strengths that should be 

highlighted: 

· This Thesis contributes to the scientific literature by providing a meta-

analysis of the effects of various types of physical activity interventions on self-

esteem during and after cancer treatment. 

· The use of objective and valid methods to assess physical activity, 

sedentary behaviour, and sleep time. 

· The measures of physical fitness both objectively and perceived which 

offer a comprehensive understanding of how physical fitness impacts 

psychological health 

·The inclusion of young pediatric cancer survivors, a vulnerable 

population whose psychological health may be affected by cancer treatments 

· Given that childhood cancer is a rare disease, recruiting leads to 

significant challenges.  

Future perspective 

·Future research should focus on specific physical activity interventions 

designed to improve the psychological health of young pediatric cancer 

survivors, as such interventions are crucial for drawing further conclusions.  

· Future studies in young pediatric cancer survivors would benefit of the 

inclusion of a healthy control group to compare their data on psychological 

health outcomes and test the effects of an exercise-based intervention.  
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· Future research should investigate the effect of an online exercise 

intervention on psychological health in young pediatric cancer survivors, with a 

follow-up to examine how these effects persist over time.  

· To obtain more objective results on the psychological health of this 

population, future research might add further measurements such as the use of 

magnetic resonance imaging (MRI), to assess potential alterations in brain 

regions that may be associated with psychological health indicators, such as 

depression. 

· To better understand the most effective timing of exercise interventions, 

future research should implement population-based exercise programs during 

cancer treatment. This approach will help identify which phases of treatment are 

most likely to benefit from such interventions. 
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