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ABSTRACT 

The prevalence of childhood overweight and obesity has increased in the last 

decades becoming a global pandemia. Children with obesity have a higher risk of 

developing cardiovascular diseases, type 2 diabetes, and non-alcoholic fatty liver disease 

(NAFLD). NAFLD is considered the most common liver disease in childhood and as the 

hepatic component of the metabolic syndrome. Higher levels of physical fitness and 

physical activity are related with healthier profiles of cardiovascular health, insulin 

resistance and other health conditions y children and adolescents. However, to date, 

limited data are available regarding the association of physical fitness and physical 

activity with hepatic steatosis in children. Lifestyle interventions represent the 

cornerstone in the management of paediatric NAFLD. However, there are no previous 

studies examining the effect of a supervised exercise program in addition to a familiar 

lifestyle intervention on percentage hepatic fat measured by accurate methods in 

prepubertal children. Likewise, specific exercise recommendations (regarding type, 

intensity, frequency and duration) to reduce hepatic steatosis have been not provided in 

youth, and little is known about the role of the improvements in physical fitness on 

percentage hepatic fat changes after an exercise intervention in children and adolescents. 

Therefore, the objectives of the present International Doctoral Thesis were: I) to 

examine whether cardiorespiratory fitness is related to liver enzymes levels in European 

adolescents independent of waist circumference, and to test whether having a high 

cardiorespiratory fitness is associated with an improved liver enzyme profile in those 

adolescents with a high waist circumference; II) to explore the association of physical 

fitness components and physical activity with percentage hepatic fat, liver enzymes 

levels, insulin resistance, and cardiometabolic risk in children with overweight/obesity; 

III) to systematically analyse the effects of supervised exercise interventions on 

percentage hepatic fat and hepatic steatosis prevalence in children and adolescents, to 

investigate the most appropriate design of exercise in terms of the type, intensity, volume 

and frequency, for the management of paediatric hepatic steatosis, and to explore whether 

exists an association of improvements in cardiorespiratory fitness and musculoskeletal 
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fitness with the reduction of percentage hepatic fat in youth; IV) to determine whether a 

22-week multicomponent family-based lifestyle and psycho-education program plus a 

supervised exercise intervention, is more effective reducing percentage hepatic fat, than 

the lifestyle program alone in children with overweight/obesity; and V) to analyse the 

interindividual variability and to compare the prevalence of responders regarding 

percentage hepatic fat, total and abdominal adiposity, and gamma-glutamyl-transferase 

levels among children with overweight/obesity participating in a 22-week lifestyle 

intervention, with or without supervised exercise. 

To address these objectives, five studies were conducted in the context of two 

projects: the HELENA cross-sectional study and the EFIGRO study. 

The conclusions of this Thesis were: I) high cardiorespiratory fitness levels may 

attenuate the deleterious consequences associated with a high waist circumference on 

liver enzymes in adolescents; II) high levels of cardiorespiratory fitness seem to have 

specific protective effects on hepatic fat, liver enzyme levels, insulin resistance, and 

cardiometabolic risk in children with overweight/obesity; III) supervised exercise alone 

reduces percentage hepatic fat in children and adolescents and, its combination with 

lifestyle activities, is an effective approach to reduce hepatic steatosis prevalence in 

youth. Both aerobic and resistance exercise at vigorous or moderate-to-vigorous 

intensities in sessions of at least 60 minutes and with a minimum of 3 sessions per week, 

focused on increasing cardiorespiratory fitness and musculoskeletal fitness, should be 

included in the design of exercise programs for the prevention and management of hepatic 

steatosis in children and adolescents; IV) a 22-week family-based multicomponent 

intervention program that included supervised exercise in addition to a lifestyle- and 

psycho-education program has the potential to reduce hepatic steatosis, total and 

abdominal fat, and insulin resistance in preadolescent children with overweight/obesity. 

These findings highlight the importance of including supervised exercise in addition to 

other lifestyle components for the management of hepatic steatosis and related health 

risks in children with overweight/obesity; and V) the addition of supervised exercise to a 
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22-week family-based lifestyle educational intervention seems to increase the rates of 

responders for percentage hepatic fat, adiposity, and gamma-glutamyl-transferase levels 

in children with overweight/obesity after the intervention. Improvements in 

cardiorespiratory fitness may explain the differences between responders and non-

responders for weight and body mass index. 

Altogether, the findings of this Thesis may have practical and clinical implications 

for the design of lifestyle interventions focused on the prevention/treatment of paediatric 

obesity and hepatic steatosis, as well as other related comorbidities such as type 2 diabetes 

and cardiovascular diseases. Specifically, exercise training, both aerobic and resistance 

exercise at least at moderate-to-vigorous intensity, in sessions of 60 minutes and 3 

sessions per week and focused on the improvements of cardiorespiratory fitness, should 

be included in programs for the management of hepatic steatosis and related health risks 

in youth, and particularly in children with overweight/obesity.  
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RESUMEN 

La prevalencia de sobrepeso y obesidad infantil ha aumentado en las últimas 

décadas llegando a convertirse en una pandemia global. Las niñas y niños con obesidad 

tienen un mayor riesgo de desarrollar enfermedades cardiovasculares, diabetes tipo 2 e 

hígado graso no alcohólico (NAFLD en sus siglas en inglés). La NAFLD está considerada 

como la enfermedad hepática más común en la infancia y como el componente hepático 

del síndrome metabólico. Mayores niveles de condición física y actividad física se 

asocian, entre otros aspectos relacionados con la salud, con una mejor salud 

cardiovascular y una menor resistencia a la insulina en niños y adolescentes. Sin embargo, 

hasta la fecha se dispone de muy poca información acerca de la asociación de la condición 

física y la actividad física con la esteatosis hepática en edad pediátrica. Las intervenciones 

basadas en los estilos de vida son el pilar fundamental en el manejo de la NAFLD infantil. 

Sin embargo, no hay estudios previos que examinen el efecto de la adición de un 

programa de ejercicio físico supervisado a una intervención familiar basada en los estilos 

de vida sobre la grasa hepática medida mediante métodos precisos en población pediátrica 

prepuberal. Igualmente, no hay recomendaciones específicas de ejercicio físico (en 

relación al tipo, intensidad, frecuencia y duración) para la reducción de esteatosis hepática 

en jóvenes; además, se conoce muy poco acerca del papel de la condición física en los 

cambios del porcentaje de grasa hepática tras una intervención de ejercicio físico en niños 

y adolescentes. 

Por lo tanto, los objetivos principales de esta Tesis Doctoral Internacional fueron: 

I) examinar si la capacidad cardiorrespiratoria se relaciona con la concentración 

plasmática de enzimas hepáticas en adolescentes europeos independientemente de la 

circunferencia de cintura, y testar si tener una mayor capacidad cardiorrespiratoria está 

asociada con un mejor perfil de enzimas hepáticas en aquellos adolescentes con una 

mayor circunferencia de cintura; II) explorar la asociación de los componentes de la 

condición física y la actividad física con el porcentaje de grasa hepática, las 

concentraciones plasmáticas de enzimas hepáticas, la resistencia a la insulina y el riesgo 
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cardiometabólico en niñas y niños con sobrepeso u obesidad; III) analizar 

sistemáticamente el efecto del ejercicio físico supervisado en el porcentaje de grasa 

hepática y en la prevalencia de esteatosis hepática en niños y adolescentes; investigar el 

diseño de ejercicio más apropiado en términos de tipo, intensidad, volumen y frecuencia, 

para el manejo de la esteatosis hepática pediátrica; y explorar si existe una asociación 

entre las mejorar de la capacidad cardiorrespiratoria y la fuerza muscular con la reducción 

del porcentaje de grasa hepática en jóvenes; IV) determinar si un programa de 

intervención multicomponente de 22 semanas de duración, basado en educación familiar 

en estilos de vida saludable y psicoeducación que incluya además ejercicio físico 

supervisado, es más efectivo reduciendo el porcentaje de grasa hepática que solamente el 

programa educativo en niñas y niños con sobrepeso u obesidad; y V) analizar la 

variabilidad interindividual y comparar la prevalencia de respondedores en relación con 

el porcentaje de grasa hepática, la adiposidad total y abdominal y las concentraciones 

plasmáticas de gamma-glutamil-transferasa en los niñas y niños participantes en una 

intervención basada en educación familiar en estilos de vida saludable y psicoeducación 

de 22 semanas de duración, que incluya o no ejercicio físico. 

Para dar respuesta a estos objetivos, se llevaron a cabo cinco estudios en el 

contexto de dos proyectos: el estudio trasversal HELENA y el estudio EFIGRO.   

Las conclusiones de esta Tesis fueron: I) una elevada capacidad 

cardiorrespiratoria podría atenuar las consecuencias negativas de la circunferencia de la 

cintura sobre las concentraciones plasmáticas de las enzimas hepáticas en los 

adolescentes; II) una elevada capacidad cardiorrespiratoria podría tener efectos 

beneficiosos específicos sobre la grasa hepática, las concentraciones plasmáticas de las 

enzimas hepáticas, la resistencia a la insulina y el riesgo cardiometabólico en niñas y 

niños con sobrepeso u obesidad; III) el ejercicio físico supervisado reduce el porcentaje 

de grasa hepática en los menores, y conjuntamente con otras actividades basadas en los 

cambios del estilo de vida, es una estrategia eficaz para reducir la prevalencia de esteatosis 

hepática en población pediátrica. Tanto el ejercicio aeróbico como el de fuerza, a 
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intensidades vigorosas o de moderadas a vigorosas, en sesiones de al menos 60 minutos 

de duración, con un mínimo de 3 sesiones por semana, con el objetivo de aumentar la 

capacidad cardiorrespiratoria y la fuerza muscular, deberían ser incluidos en el diseño de 

los programas de ejercicio para la prevención y el tratamiento de la esteatosis hepática en 

niños y adolescentes; IV) un programa de intervención familiar multicomponente de 22 

semanas de duración que incluye ejercicio físico supervisado además de un programa 

basado en educación familiar en estilos de vida saludable y psicoeducación, es capaz de 

reducir la esteatosis hepática, la adiposidad total y abdominal, y la resistencia a la insulina 

en niñas y niños preadolescentes con sobrepeso u obesidad; y V) la adición de un 

programa de ejercicio físico supervisado a un programa de educación familiar de 22 

semanas de duración, basado en educación familiar en estilos de vida saludable y 

psicoeducación, parece aumentar la tasa de respondedores en cuanto al porcentaje de 

grasa hepática, la adiposidad y las concentraciones plasmáticas de gamma-glutamil-

transferasa en niñas y niños con sobrepeso u obesidad tras la intervención. Las mejoras 

en la capacidad cardiorrespiratoria podrían explicar las diferencias entre respondedores y 

no respondedores en relación con el peso y el índice de masa corporal. 

Los resultados de esta Tesis pueden tener implicaciones clínicas y prácticas a la 

hora de diseñar intervenciones basadas en los estilos de vida y el ejercicio físico para la 

prevención o el tratamiento de la obesidad y la esteatosis hepática pediátrica, así como de 

otras comorbilidades asociadas como la diabetes tipo 2 o las enfermedades 

cardiovasculares. Concretamente, el ejercicio físico supervisado, tanto el aeróbico como 

el de fuerza, realizado al menos a intensidad moderada a vigorosa, en sesiones de 60 

minutos y 3 veces por semana, y cuyo objetivo sea el aumento de la condición física 

cardiorrespiratoria, debería formar parte de los programas de prevención y tratamiento de 

la esteatosis hepática y de los factores de riesgo cardiovascular en jóvenes, 

particularmente en niñas y niños con sobrepeso u obesidad.  
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1.1. Paediatric obesity: prevalence and health consequences 

The prevalence of overweight and obesity among children and adolescents has 

increased in the last decades becoming a global pandemia1. According to the World 

Health Organization (WHO)2, childhood obesity is one of the most serious public health 

concerns of this century. Over 340 million children aged 5-19 years had overweight or 

obesity in 2016, and the worldwide prevalence was 18%3. In our country, the prevalence 

of overweight and obesity in children and adolescents was nearly 40% (26% overweight, 

12.6% obesity) in 2012, being the prevalence of 45% in children between 8 and 13 years 

and 25.5% in adolescents between 14 and 17 years4. More recently, the 2015 ALADINO 

Study5 reported a prevalence of overweight and obesity of 23% and 18%, respectively in 

children aged 6-9 years. Approximately 60% of children with overweight before puberty 

will have overweight in early adulthood6. This problem, far from improving may worse. 

By 2025, it has been estimated that a total of 268 million children aged 5 to 17 years old 

will be overweight, 91 million will have obesity, 4 million will have type 2 diabetes 

(T2D), and 38 million will have hepatic steatosis7. Children with obesity have a higher 

risk of developing cardiovascular diseases (CVD), T2D, and non-alcoholic fatty liver 

disease (NAFLD) already in childhood8, and later in adulthood9.  
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Image 1. Maps of obesity prevalence worldwide for girls and boys. Original images from the World 

Obesity-Global Obesity Observatory10. 
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1.2. Paediatric non-alcoholic fatty liver disease and hepatic steatosis 

1.2.1. Definition of paediatric non-alcoholic fatty liver disease and hepatic steatosis 

Excess adiposity is associated with an accumulation of lipids in different tissues 

and organs, such as skeletal muscle or liver11. Specifically, the excessive accumulation of 

triglycerides in hepatocytes leads to hepatic steatosis12. Paediatric NAFLD is considered 

as a chronic hepatic steatosis in children (≤18 years) in the absence of genetic, infections, 

steatogenic medications use, or alcohol intake12. NAFLD is an umbrella term that 

includes a spectrum of conditions from a simple accumulation of lipids in hepatocytes to 

different grades of hepatic damage13. In 20-25% of cases, simple hepatic steatosis can 

progress to steatohepatitis (NASH)14, which implies inflammation in addition to fat 

accumulation in liver cells15. NASH may progress to fibrosis and subsequently to 

cirrhosis14 and its complications, such as liver failure15 or hepatocellular carcinoma16. 

Several authors establish the presence of fat over 5.0% of hepatocytes to define hepatic 

steatosis17, while others propose 4.85%18 or 5.5%19 as cut points. According to the 

percentage of hepatic fat content, hepatic steatosis could be classified as mild (<9%), 

moderate (9%-19%) or severe (>19%)18.  

 
Image 2. Sprectrum and progression of NAFLD. 
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1.2.2. Prevalence of paediatric non-alcoholic fatty liver disease and hepatic steatosis 

Nowadays, NAFLD is considered as the most common liver disease in 

childhood20, affecting nearly 8% of general paediatric population, and 34% of children 

with obesity21, which supposes a serious public health concern. It is important to note that 

the prevalence of NAFLD differs according to the population studied and the diagnostic 

tool employed21. Hepatic steatosis is more prevalent in older youth (0.7% of children aged 

2-4 years old vs. 17.3% adolescents aged 15-19 years old), in males (11.1% of boys vs. 

7.9% of girls), children with a higher body mass index (BMI) (0% of children with 

underweight, 5% with normal weight, 16% with overweight, and 38% with obesity), and 

in Hispanic (11.8%) or Asian populations (10.2%) (white populations: 8.6%, and black 

populations: 1.5%)20. It has been estimated that 23% of the children with hepatic steatosis 

have NASH, and that among them, 9% develop fibrosis or cirrhosis20. In Europe, it has 

been reported that the prevalence of NAFLD is between 2% and 44% in all general 

paediatric population, and between 36% and 44% in children and adolescents with 

overweight or obesity22. In Spain, there are no studies of NAFLD prevalence in children, 

but available data in adults (17-85 years) reveal a NAFLD prevalence of 25.8%23. In 

economic terms, the NAFLD represents an important economic burden in Europe, with 

an annual cost of about €35 billion  (354-1.163€ per patient), which may increase because 

the incidence of NAFLD continues raising24.  

1.2.3. Diagnosis of non-alcoholic fatty liver disease 

NAFLD is commonly asymptomatic until significant liver damage or other 

associated comorbidities appear25; therefore, it is often identified incidentally due to other 

conditions12. The mean age of diagnosis in youths is about 11-13 years old26. The early 

identification of NAFLD in children, before the development of fibrosis which would be 
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irreversible, is important12. Different diagnosis techniques are employed to identify 

NAFLD. Liver biopsy is the gold standard for the diagnostic of NAFLD/NASH and the 

assessment of its severity27,28. However, because of its invasiveness, potential 

complications, and high economic cost, biopsy is considerate a suboptimal tool for the 

diagnosis of NAFLD28. In consequence, other non-invasive measures, such as 

ultrasonography (US), computed tomography (CT), proton magnetic resonance 

spectroscopy (1H-MRS), or magnetic resonance imaging (MRI), are employed for 

NAFLD detection and assessment28. Although other non-invasive methods have 

insufficient sensitivity and specificity20, MRI is considered as an accurate method for 

detecting and quantifying hepatic steatosis in children29. High plasma concentrations of 

liver enzymes (alanine aminotransferase (ALT) and gamma-glutamyl-transferase (GGT)) 

have been proposed as surrogate biomarkers of NAFLD in youth30. However, it has been 

shown  that liver enzymes alone are inadequate for the identification of hepatic steatosis, 

particularly in children26. 

1.2.4. Health consequences of paediatric non-alcoholic fatty liver disease 

NAFLD is strongly associated with excess adiposity, insulin resistance and other 

metabolic risk factors such as dyslipidaemia, and elevated blood pressure31,32. Children 

with overweight/obesity and with NAFLD have higher frequency of central obesity, 

insulin resistance, dyslipidaemia, and hypertension than children with 

overweight/obesity, but with a healthy liver31. Among children with overweight/obesity, 

those with NAFLD have at least one metabolic syndrome factor, and are more likely to 

have metabolic syndrome than their peers without NAFLD31. In fact, NAFLD is 

considered as the hepatic component of the metabolic syndrome, due to its strong 

relationship with obesity, insulin resistance and dyslipidemia31–33. Moreover, NAFLD, 

specifically NASH and advanced fibrosis, increases the risk of all-cause mortality in 
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adults34. On the other hand, high plasma levels of liver enzymes (ALT, GGT and aspartate 

aminotransferase (AST)) are also associated with cardiovascular disease risk factors and 

insulin resistance in youths30. Likewise, the AST/ALT ratio is a hepatic biomarker 

inversely associated with cardiovascular health in adolescents30 and, recently, it has been 

related to cardiovascular mortality and hepatic complications such as fibrosis and 

cirrhosis in adults35,36. In children and adolescents, another strong marker of 

cardiovascular disease risk37, the triglyceride-to-high density lipoprotein (TG/HDL) ratio, 

is associated with hepatic steatosis, and also with cardiovascular risk and insulin 

resistance38. 

1.2.5. Prevention and treatment of paediatric hepatic steatosis: role of exercise and 

lifestyle interventions 

The prevention and treatment of paediatric NAFLD have become a challenge for 

paediatric practitioners and health care systems12. Currently, lifestyle interventions, 

including improvements in dietary habits and  physical activity (PA) levels or exercise, 

are the cornerstone in the management of paediatric NAFLD due to its association with 

adiposity reduction12 and other health benefits39. There is evidence that sedentary lifestyle 

and unhealthy diets are driving the pandemia of obesity and its comorbidities in youth. 

Therefore, multidisciplinary family-based lifestyle interventions including nutritional 

education, psycho-education, and PA are recognized as key factors in the obesity 

treatment or prevention in the paediatric population, since they have been demonstrated 

to be effective in the improvement of weight status and adiposity, cardiovascular disease 

risks factors, insulin resistance, nutritional habits and physical fitness in children and 

adolescents40–44. In particular, several studies have analysed the specific role of exercise 

(alone or in combination with other lifestyle components) on adiposity40, cardiovascular 

disease risk factors and insulin resistance45, which should be a general and additional goal 
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of the treatment of NAFLD in children with overweight12. However, there is scarce 

evidence on the effects of lifestyle interventions in hepatic steatosis in youth39,46,47. More 

specifically, there are no previous studies examining the effect of a supervised exercise 

program in addition to a lifestyle intervention on changes in percentage hepatic fat 

measured by accurate methods in prepubertal children. Moreover, to date, specific 

exercise recommendations (regarding type, intensity, frequency or duration) to reduce 

hepatic steatosis in children and adolescents are not provided.  

On the other hand, the vast majority of published studies only report the effect of 

an intervention as overall mean value48. Nevertheless, it exits an interindividual 

variability in response to the same intervention49; whereas some participants show an 

improvement in one or several outcomes (responders), others show an unchanged or even 

a worsened response (non-responders). In children and adolescents, previous studies 

examining the effect of either exercise or lifestyle interventions on changes on percentage 

hepatic fat only reported mean values50,51, but not interindividual variability. In order to 

be as effective as possible in the prevention/treatment of obesity and obesity-related 

comorbidities, it would be interesting to know the most appropriate an effective design 

for reducing the number of children not achieving beneficial effects on health. 

1.3. Physical fitness and physical activity 

1.3.1. Definition and measurement of physical fitness and physical activity 

Physical fitness is defined as “the capacity to perform physical activity, and makes 

reference to a full range of physiological and psychosocial qualities”52. This set of 

attributes is determined by a combination of physical activity and genetic, and it is related 

with health or performance53. Physical fitness can be measured using laboratory or field 

tests. The Alpha Fitness test battery is a compendium of different valid and reliable tests 

(20 meters shuttle run test (20mSRT), handgrip, standing broad jump, and 4x10 meters, 
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principally) created and employed to evaluate the different components (cardiorespiratory 

fitness (CRF), upper and lower musculoskeletal fitness (MF), and speed agility, 

respectively) of physical fitness related with health in youth54,55. The gold standard for 

the assessment of CRF is a direct cardiopulmonary progressive incremental test 

performed with metabolic gas exchange to exhaustion56. However, laboratory tests have 

a considerable cost and need highly trained professionals, making them not feasible for 

use with large groups of participants57.  

PA is any body movement produced by skeletal muscles that results in an energy 

expenditure53, which would encompass practically all the daily activities of a person. 

Exercise is a subcategory of PA; it is structured, planned and repetitive and its aim is to 

improve or maintain physical fitness53. Self-reported questionnaires have been employed 

to assess PA in large epidemiological studies or interventions58. However, PA 

questionnaires have poor reliability and validity, especially in younger populations59. 

Therefore, accelerometry has become an objective and feasible alternative to self-report 

methods to measure PA levels in children and adolescents59,60. 

1.3.2. Role of physical fitness and physical activity on health 

A growing body of evidence shows that physical fitness is a powerful marker of 

health in children and adolescents. In adults, lower levels of CRF are associated with 

increased all-cause mortality in both sexes61. In children and adolescents, CRF, MF, and 

speed-agility52 have been associated with cardiovascular health52,62, insulin resistance, 

and other health conditions in children and adolescents52.  

The current international PA guidelines of the WHO63 and the “Centers for 

Disease Control and Prevention”64 for the promotion of health in children and adolescents 

recommends 60 minutes of moderate to vigorous intensity PA (MVPA) every day or at 
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least 3 days per week in this population. Nevertheless, most children and adolescents over 

the world are inactive: they do not meet the guidelines of PA recommendations65. In 

Spain, 48.4% of children aged 9 to 12 years old and 62.6% of adolescents aged 13 to 17 

years are not meeting the daily PA recommendations66. Physical inactivity is a health 

concern, because the lack of PA is associated with adiposity, cardiovascular disease risk 

factors and other health outcomes in children67.  

1.3.2.1. Physical fitness and physical activity: specific role on hepatic health 

As mentioned above, physical fitness and PA are associated with many health 

factors in youth. However, to date, limited data are available regarding the association of 

physical fitness and PA with hepatic steatosis68–70 or liver enzyme levels in young 

people39,69–75. Some studies have reported inverse associations of CRF with hepatic fat 

content68 or ALT71–73, while others did not74. Regarding PA, a longitudinal study, reported 

that children with higher levels of total PA and MVPA (measured by accelerometery) at 

ages 12 to 14 years had lower odds of liver fat (US) and lower GGT levels in the late 

adolescence69. Other study showed that children with hepatic steatosis spent 66.9% of 

waking hours in sedentary activities (PA assessed by questionnaire)70. 

Greater improvements in CRF levels after exercise interventions have been 

associated with reductions in adiposity and percentage hepatic fat in adults76, and 

adolescents at risk of T2D77. However, there is scarce evidence supporting the 

relationships between CRF and MS with the reduction of percentage hepatic fat in youth. 

Moreover, little is known about the role of changes in physical fitness after an exercise 

program on interindividual variability in the response to the intervention. 
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2.1. Hypothesis 

The hypothesis of the present International Doctoral Thesis is that supervised 

exercise will reduce percentage hepatic fat in children, and that this reduction will be 

associated with improvements in physical fitness. 

2.2. Objectives 

The objectives of this International Doctoral Thesis are: 

I. To examine whether higher cardiorespiratory fitness is related to lower liver enzyme 

levels in European adolescents independent of waist circumference, and to test whether 

having a high cardiorespiratory fitness is associated with a healthier liver enzyme profile 

in those adolescents with an elevated waist circumference (Study I). 

II. To explore the associations of physical fitness components and physical activity levels 

with percentage hepatic fat, plasma liver enzyme concentrations, insulin resistance, and 

cardiometabolic risk in children with overweight/obesity (Study II). 

III. To systematically analyse the effects of supervised exercise interventions on 

percentage hepatic fat and hepatic steatosis prevalence in children and adolescents; to 

investigate the most appropriate design of exercise in terms of the type, intensity, volume 

and frequency for the management of paediatric hepatic steatosis; and to explore whether 

improvements in cardiorespiratory fitness and musculoskeletal fitness are associated with 

the reduction of percentage hepatic fat in youth (Study III). 

IV. To determine whether a 22-week multicomponent family-based lifestyle and psycho-

education program plus a supervised exercise intervention, is more effective reducing 

percentage hepatic fat, than the lifestyle program alone in children with 

overweight/obesity. The effects of these interventions on physical fitness, fat mass, 
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cardiovascular and type 2 diabetes risk factors, dietary habits, physical activity and 

psychological well-being, are also analysed (Study IV). 

V. To analyse the interindividual variability and to compare the prevalence of responders 

regarding percentage hepatic fat, total and abdominal adiposity, and gamma-glutamyl-

transferase levels among children with overweight/obesity participating in a 22-week 

lifestyle intervention, with or without supervised exercise (Study V). 
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2.1. Hipótesis 

La hipótesis de esta Tesis Doctoral Internacional es que el ejercicio físico 

supervisado reducirá el porcentaje de grasa hepática en niños, y que dicha reducción 

estará asociada a las mejoras de la condición física. 

2.2. Objetivos  

Los objetivos de esta Tesis Doctoral Internacional son: 

I. Examinar si la condición física cardiorrespiratoria se relaciona con la 

concentración plasmática de las enzimas hepáticas en adolescentes europeos, 

independientemente de la circunferencia de cintura, y testar si tener una alta 

capacidad cardiorrespiratoria está asociada con un mejor perfil de enzimas 

hepáticas en aquellos adolescentes con una circunferencia de cintura elevada 

(Estudio I). 

II. Explorar la asociación de la condición física y la actividad física con el porcentaje 

de grasa hepática, la concentración plasmática de las enzimas, la resistencia a la 

insulina y el riesgo cardiometabólico en niñas y niños con sobrepeso u obesidad 

(Estudio II). 

III. Analizar de forma sistemática el efecto del ejercicio físico supervisado sobre el 

porcentaje de grasa hepática y la prevalencia de esteatosis hepática en niños y 

adolescentes; investigar cuál es el diseño más apropiado para el manejo de la 

esteatosis hepática pediátrica en términos de tipo, intensidad, volumen y 

frecuencia del ejercicio físico; y explorar si existe alguna asociación entre las 

mejoras de la capacidad cardiorrespiratoria y la fuerza muscular con la reducción 

del porcentaje de grasa hepática en los jóvenes (Estudio III). 
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IV. Determinar si un programa de intervención familiar multicomponente de 22

semanas de duración, basado en educación familiar en estilos de vida saludable y

psicoeducación que incluya además ejercicio físico supervisado, es más efectivo

reduciendo el porcentaje de grasa hepática que solamente el programa basado en

el cambio de estilo de vida y psicoeducación en niñas y niños con sobrepeso u

obesidad. El efecto de dichas intervenciones sobre la condición física, la masa

grasa, los factores de riesgo de enfermedad cardiovascular y diabetes tipo 2, los

hábitos dietéticos, la actividad física y el bienestar psicológico también será

analizado (Estudio IV).

V. Analizar la variabilidad interindividual y comparar la prevalencia de

respondedores en relación con el porcentaje de grasa hepática, la adiposidad total

y abdominal y la concentración plasmática de gamma-glutamil-transferasa en los

niñas y niños participantes en una intervención, basada en educación familiar en

estilos de vida saludable y psicoeducación de 22 semanas de duración, que incluya

o no ejercicio físico (Estudio V).
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Abstract 

Objectives: 1) To examine whether cardiorespiratory fitness (CRF) is related to liver 

enzyme levels independent of waist circumference (WC), and 2) To test whether having 

a high CRF is associated with an improved liver enzyme profile with a high WC.  

Design: Cross-sectional. 

Methods: CRF (20m-shuttle-run test) and WC were assessed in 811 European adolescents 

(48.5% males) aged 12.5 to 17.5 years. Fatty liver biomarkers included fasting serum 

alanine-aminotransferase (ALT), gamma-glutamyl-transpeptidase (GGT) and the 

aspartate-aminotransferase to ALT (AST/ALT) ratio. Participants were categorized as fit 

or unfit (CRF below or above 43.8 mL/kg/min and 34.6 mL/kg/min, for boys and girls, 

respectively) and as high or non-high WC (sex and age-specific cut-offs).  

Results: CRF was associated with ALT (=-0.106; p=0.049) and GGT levels (=-0.225; 

p<0.001) and AST/ALT ratio (=0.234; p<0.001), yet these relationships were attenuated 

after further controlling for WC (all p>0.1). High WC and fit adolescents had lower ALT 

levels (28±1 U/L vs. 23±2 U/L, unfit and fit respectively, p=0.018) and higher AST/ALT 

ratio (0.94±0.04 vs. 1.10±0.06, unfit and fit respectively, p=0.010) than those who were 

high WC but unfit.   

Conclusions: The results showed that CRF is not independently associated with liver 

enzymes, and that WC is a stronger predictor in adolescents. These findings also suggest 

that high CRF may have specific protective effects on liver enzyme levels in adolescents 

with high WC. Exercise programs focused on increasing CRF and decreasing abdominal 

adiposity could be a good alternative in the treatment and prevention of obesity related 

fatty liver disease in adolescents.  

Key words: adolescents, nonalcoholic fatty liver disease, obesity, waist circumference, 

fitness, alanine-aminotransferase.  
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1. Introduction 

Nonalcoholic fatty liver disease (NAFLD) is one of the most frequent liver 

diseases in youths and it is related to type 2 diabetes and cardiovascular diseases later in 

life.1 NAFLD is associated with abdominal adiposity2 and it is considered the hepatic 

manifestation of metabolic syndrome.3 In youth, elevated levels of fatty liver biomarkers 

are associated with abdominal obesity and cardiovascular disease risk factors.4 Moreover, 

fatty liver biomarkers track from childhood to adulthood increasing all-cause mortality 

risk in adults.5 Over the last years, the prevalence of NAFLD in childhood has increased 

due to the raise in obesity rates.6 High levels of alanine aminotransferase (ALT) and 

gamma glutamyl transferase (GGT) and low aspartate aminotransferase/alanine 

aminotransferase (AST/ALT) ratio are considered as surrogate markers of NAFLD.7  

High levels of physical activity and cardiorespiratory fitness (CRF) are associated 

with a healthier metabolic profile.8 Likewise, CRF is an important marker of 

cardiovascular health in adolescents.9 High levels of CRF are associated with improved 

liver function in obese children.10 In a previous study, our group observed that moderate 

to vigorous physical activity was associated with a healthier liver enzyme profile in 

adolescents.11 However, the relationship between CRF and liver enzymes in adolescents 

has not been previously examined. A previous lifestyle intervention study in adults 

showed that CRF at baseline predicted liver fat content reduction, independently of total 

adiposity, body fat distribution and exercise intensity.12 Interestingly, several studies 

showed that youths with excess adiposity, but also with high levels of CRF (so called fat 

but fit youths) had better cardiometabolic profile than those who were obese, but had low 

CRF (i.e. fat but unfit youths).13 As far as we are aware, of there are no previous studies 

examining the associations of CRF and WC with liver enzyme levels in adolescents. 

Moreover, the possible protective effect of CRF on liver enzyme profile in adolescents 
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with increased WC is unknown. Therefore, the aims of the present study were 1) To 

examine whether cardiorespiratory fitness (CRF) is related to liver enzyme levels in 

adolescents independent of waist circumference (WC), and 2) To test whether having a 

high CRF is associated with an improved liver enzyme profile in adolescents with a high 

WC.  

2. Materials and methods 

The HELENA study was conducted in 10 European cities from 9 countries from 

2006 to 2008 in 3528 adolescents. Details of the methods and sampling techniques have 

been reported elsewhere.14 The current study comprises 811 adolescents (48.5% males) 

aged 12.5 to 17.5 with valid data on CRF, WC and serum liver enzyme measurement 

(Supplemental figure 1). 

Before being enrolled in the study, all adolescents and their parents signed an 

informed written consent. The study protocol was approved by local human research 

review committees of each involved city. 

2.1. Physical examination 

Height, weight, WC were measured in triplicate using standard protocols and body 

mass index (BMI) was calculated. WC was used as estimate of abdominal adiposity.15 

The presence of abdominal adiposity was estimated by WC according to the age and sex-

specific criteria of Katzmarzyk et al.16 Thereafter, adolescents were categorized into two 

groups as having or not having high WC (high-waist vs. non-high waist).16 Pubertal stage 

(breast, genital development and pubic hair) was assessed according to Tanner and 

Whitehouse17 by a trained researcher of the same sex of the adolescent. 
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2.2. Liver biomarkers 

Blood samples were obtained by venipuncture after an overnight fast. ALT, AST 

and GGT levels were measured in serum using standard protocols with the clinical 

chemistry system RxL (Dade Behring, Schawalbach, Germany) and the AST/ALT ratio 

was calculated.  

2.3. Cardiorespiratory fitness assessment 

CRF was measured with the multistage 20 m shuttle run test as described by Léger 

et al.18 Details of the test have been published elsewhere.18 Maximal oxygen consumption 

(VO2max) (mL/kg/min) was estimated using the equation published by Ruiz et al.19 This 

test is reliable, feasible and valid at these ages.19 Adolescents were categorized into two 

groups, fit and unfit, according to the sex-specific cut points that have been associated 

with high cardiometabolic risk.9 Adolescents whose CRF level was below 43.8 

mL/kg/min and 34.6 mL/kg/min, for boys and girls respectively, were classified as 

“unfit”, and those adolescents whose CRF level was above these cut points were 

considered as “fit”.9 

2.4. Statistical Analyses 

Differences in age, pubertal stage (categories), height, weight, BMI, WC, CRF 

and ALT, AST, GGT and AST/ALT ratio according to CRF (unfit vs. fit) and WC (high 

waist vs. non-high waist) groups were calculated using t-Student tests for independent 

samples (continuous variables) or Chi-square tests (categorical variables).  

Variables with skewed distribution were transformed in a natural logarithmic 

basis. Linear regression analyses were used to examine the relationships of liver enzymes 

(dependent variables) with CRF and WC (independent variables, separately) adjusting for 

sex and pubertal stage (Model 1). In model 2, analyses examining the association of liver 
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enzymes with CRF were further adjusted with WC, and analyses examining the 

relationship of liver enzymes with WC were additionally adjusted with CRF. The 

appropriateness of the linear regression models was checked defining the residuals and 

examining residual plots. In sensitivity analyses, VO2max was replaced by the number of 

stages completed in the 20m shuttle run test as measure of CRF. The combined influence 

of WC and CRF groups in liver enzyme levels was examined by ANCOVA with DMS 

post hoc using combined groups based on categories of WC and CRF creating 4 different 

groups: unfit and non-high waist, fit and non-high waist, unfit and high waist and fit and 

high waist. Sex and pubertal stage were included into the model as covariates. All 

analyses were performed using the Statistical Package for Social Sciences (SPSS, version 

20.0 for WINDOWS; SPSS Inc, Chicago), and the level of significance was set at α=0.05. 

3. Results 

The descriptive characteristics of the sample across CRF and WC categories are 

shown in Table 1. Unfit adolescents had significantly higher body weight, BMI and WC 

(all p<0.001) than fit adolescents. Moreover, AST levels and the AST/ALT ratio were 

lower in unfit than in fit adolescents (p<0.001). In addition, participants with high WC 

had higher levels of ALT, GGT and lower AST/ALT ratio (all p<0.001) than adolescents 

with non-high WC.  
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Table 1. Descriptive characteristics across fitness (fit and unfit) and abdominal adiposity (non-high and high waist circumference) categories in 

adolescents participating in the HELENA study. 

  n Fit n Unfit p  n Non-high waist n High Waist p 

Age  454 14.7 (1.2) 357 14.7 (1.2) 0.277  661 14.7 (1.2) 150 14.9 (1.3) 0.099 

Tanner stage (n in 

categories 1/2/3/4/5) 

 435 5/28/87/174

/141 

300 0/17/68/134

/81 

0.143  612 5/34/139/253/18

1 

123 0/11/16/55/41 0.083 

Height (cm)  454 167.0 (9.6) 357 163.4 (8.8) <0.001  661 164.9 (9.2) 150 167.9 (9.8) 0.001 

Weight (kg)  454 56.4 (10.6) 357 61.4 (14.3) <0.001  661 54.7 (8.8) 150 75.9 (12.3) <0.001 

Body mass index (kg·m-2)  454 20.1 (2.5) 357 22.8 (4.3) <0.001  661 20.1 (2.3) 150 26.9 (3.4) <0.001 

Waist circumference (cm)  454 70.3 (6.5) 357 74.7 (10.6) <0.001  661 69.0 (5.2) 150 86.7 (6.5) <0.001 

Cardiorespiratory fitness 

(mL/kg/min) 

 454 50.0 (8.6) 357 32.9 (3.8) <0.001  661 43.5 (11.1) 150 37.8 (8.7) <0.001 

ALT (U/L)  454 21 (7) 357 21 (9) 0.618  661 21 (7) 150 24 (9) <0.001 

AST (U/L)  454 23 (7) 357 21 (7) <0.001  661 22 (7) 150 22 (8) 0.847 

GGT (U/L)  452 17 (5) 356 17 (8) 0.533  658 16 (5) 150 20 (11) <0.001 

AST/ALT ratio  454 1.13 (0.31) 357 1.05 (0.30) <0.001  661 1.12 (0.30) 150 0.96 (0.28) <0.001 
Values are mean SD unless otherwise indicated. p values were calculated by t-test examining differences between fit and fit groups and non-high waist and high waist groups. 

Fit and unfit categories and non-high and high waist. Adolescents were considered as “fit” when fitness was above 43.8 mL/kg/min in males and 34.6 mL/kg/min in females, 

respectively.9 Abdominal adiposity was considered as high (high waist) according to Katzmarzyk et al.16 ALT: alanine aminotransferase; ALT/AST ratio; AST: aspartate 

aminotransferase; GGT: gamma-glutamyltransferase. Boldfaced values: p<0.05.
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Table 2 shows the associations of CRF and WC with liver enzyme levels in 

adolescents. It was observed that CRF was negatively associated with ALT (p<0.05) and 

GGT (p<0.001) levels and positively with AST (p<0.05) and AST/ALT ratio (p<0.001) 

after controlling for pubertal stage and sex (Model 1, Table 2). However, these 

relationships became non-significant when WC was entered into the model (Model 2, 

Table 2). WC was significantly associated with ALT (p<0.001) and GGT (p<0.001) levels 

and negatively associated with AST/ALT ratio (p<0.001) regardless sex and pubertal 

stage (p<0.001, Model 1, Table 2) and CRF levels (all p<0.001, Model 2, Table 2). In 

sensitivity analyses, VO2max was replaced by the number of stages completed in the 20m 

shuttle run test as measure of CRF, and it was observed that the associations of CRF with 

liver enzymes were slightly attenuated, while the relationships between WC and liver 

enzymes did not substantially change. 
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Table 2. Standardized (β) and non-standardized (B) regression coefficients of the associations of cardiorespiratory fitness and waist circumference with alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT) and aspartate aminotransferase to alanine aminotransferase 

(AST/ALT) ratio. 

  Cardiorespiratory fitness  Waist circumference 

  Model 1  Model 2  Model 1  Model 2 

  R2 B β p  R2 B β p  R2 B β p  R2 B β p 

ALT (U/L)   0.066 -0.133 -0.106 0.049    0.096 0.113 0.093 0.127   0.145 0.656 0.239  <0.001   0.156 0.756 0.285   <0.001 

AST (U/L)    0.137 0.120 0.108 0.036   0.141 0.085 0.077 0.192   0.140 -0.180 -0.073  0.054   0.141 -0.149 -0.061  0.188 

GGT (U/L)   0.142 -0.260 -0.225   <0.001   0.150 -0.095 -0.083 0.157   0.169 0.515 0.200   <0.001   0.186 0.544 0.213   <0.001 

AAST/ALT   0.036 0.253 0.234   <0.001   0.121 -0.029 -0.027 0.656   0.124 -0.836 -0.361   <0.001   0.129 -0.905 -0.395   <0.001 
ALT: alanine aminotransferase; ALT/AST: aspartate aminotransferase to alanine aminotransferase ratio; AST: aspartate aminotransferase; GGT: gamma-glutamyltransferase. Model 1: adjusted 

for sex and pubertal stage; Model 2: In analyses examining the influence of cardiorespiratory fitness, model 1 was further adjusted with waist circumference; in analyses examining the influence 

waist circumference Model 1 was additionally with cardiorespiratory fitness. Boldfaced values: p<0.05. 



68 

 

In the high WC group, the results showed that unfit adolescents had significantly 

higher ALT (25±1 U/L vs. 22±1 U/L, unfit and fit respectively, pubertal stage and sex 

adjusted p=0.028) and lower AST/ALT ratio (0.93±0.03 vs. 1.04±0.05, unfit and fit 

respectively, pubertal stage and sex adjusted p=0.014) than fit adolescents (Panels a and 

d, respectively, Fig. 1). There were not statistically significant differences between fit and 

unfit adolescents in GGT (21±1 U/L vs. 18±1 U/L, in unfit and fit respectively, adjusted 

p=0.124) and AST levels (22±1 U/L in both unfit and fit, adjusted p=0.592).  

 

 

Figure 1. Levels of alanine aminotransferase (ALT) (a), aspartate aminotransferase (AST) (b), gamma-

glutamyltransferase (GGT) (c) and aspartate aminotransferase to alanine aminotransferase ratio (AST/ALT) (d) 

according to waist circumference (non-high and high waist)16 and CRF (unfit and fit) categories.9 Adolescents 

were considered as “fit” when CRF was above 43.8 mL/kg/min in males and 34.6 mL/kg/min in females, 

respectively.9 Adolescents were categorized as having high waist circumference according to Katzmarzyk et al., 

criteria.16 Analyses were performed with logarithmic transformed values, but non-transformed data are shown 

for easier interpretation. Analyses were adjusted for sex and pubertal stage. *: p<0.05. 

 

(a) (b) 

(c) (d) 
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4. Discussion 

The findings of the present study show that WC is a stronger predictor of liver 

enzyme levels than CRF in adolescents. The results also showed that having high CRF 

levels may attenuate the deleterious consequences associated with WC on liver enzymes 

in adolescents. We observed that those adolescents with high WC, but with high levels of 

CRF had lower levels of ALT and higher AST/ALT ratio than those adolescents who had 

high WC but who were unfit.  

Several studies observed that children and adolescents classified as “fit” presented 

significantly lower total and abdominal adiposity than their “unfit” counterparts,20 which 

concurs with our findings. Elevated levels of ALT and GGT, as well as lower AST/ALT 

ratio, likely reflect excessive lipid deposition in the liver.7 Previous studies has been 

proposed that a healthier metabolic phenotype of overweight or obese individuals could 

be partially explained by higher CRF levels.21 In contrast, other studies did not find any 

significant difference in CRF levels between metabolically healthy and unhealthy 

overweight/obese youths.22 Interestingly, lower hepatic fat content and/or liver enzyme 

levels have been independently associated with the metabolically healthy phenotype in 

overweight/obese youths.22 

In the current study, it was observed that fit adolescents had higher AST/ALT 

ratio than their unfit counterparts. Furthermore, our results showed that high CRF levels 

were associated with a healthier liver enzyme profile (i.e., lower ALT and GGT levels 

and higher AST and AST/ALT ratio) and that these associations were attenuated by WC, 

in agreement with previous reports in adults.23 In this line, Church et al. in a sample of 

adults observed an inverse relationship between NAFLD (measured by tomography scan) 

and CRF that was diminished after adjustment for WC.23 Few studies have examined the 
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influence of CRF on fatty liver surrogate markers in youths.10, 24, 25 In a large sample of 

adolescents participating in the National Health and Nutrition Examination Survey 

(N=2844), non-significant associations were observed between low CRF and ALT below 

the 80th percentile of ALT, while the relationships became significant above this cut-off 

and regardless of age, race and WC.25 In a small sample of 12-18 years old adolescents 

(N=95), CRF was also inversely correlated with ALT in both non-overweight and 

overweight youth, independently of WC.24 As far as we are aware, no studies examined 

the relationship between CRF and GGT or AST/ALT in young people which hamper 

comparisons.  

The most novel finding of the current study is that adolescents with high WC, but 

who were fit, had a better profile of ALT and AST/ALT ratio. Thus, it was observed that 

adolescents with high WC and high CRF levels had lower ALT levels and higher 

AST/ALT, than their peers with high WC, but low CRF levels. However, in the regression 

analyses performed in the whole sample of adolescents, after adjustment for WC, the 

relationship between CRF and ALT and AST/ALT were no longer significant. A specific 

protective effect of high CRF on fatty liver markers in adolescents with high WC may 

partially explain these apparently contradictory results. High ALT levels and low 

AST/ALT ratio26 are considered surrogate markers of liver steatosis, while GGT and AST 

are less specific. GGT levels are increased in obesity and metabolic syndrome,27 whereas 

AST is present in the liver, but in considerable amounts also in other tissues including the 

muscles. Liver steatosis is strongly associated with abdominal fat accumulation,2 and 

individuals with excess total and abdominal adiposity are more likely to have abnormal 

ALT levels and AST/ALT ratios. Thus, it can be interpreted that high CRF levels 

improves fatty liver surrogate markers in adolescents at a higher risk of developing 

hepatic steatosis. Martins et al.10, in a small sample (n=79) of overweight/obese young 
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adolescents (11-13 years old) with abnormal ALT serum concentrations found that fit 

participants were less likely to have abnormal ALT values, which is in line with our 

results. These results suggest that adolescents with abdominal obesity may have specific 

health benefits in the liver from high intensity physical activity or exercise training to 

increase CRF levels. Previous studies reported strong correlations between and 

abdominal adiposity and NAFLD in children.2 Body mass loss and WC reduction are able 

to reduce hepatic fat content and ALT levels.28 However, energy restriction programs 

may lead to undesirable lean mass loss and could compromise healthy growth and 

development in youths. In contrast, intervention studies in adolescents reported that 

exercise training decreased hepatic fat content and improved other metabolic syndrome 

features even without body mass loss.29 Moreover, Senechal et al. observed that the 

increase in CRF was the single best predictor of the reduction of hepatic triglyceride 

content in response to exercise in adolescents.30 

Strengths of the present study include the use of fitness tests which are known to 

be reliable, valid and related with health in children and adolescents19 and the 

standardization of the methods and collection of data throughout countries involved in 

the HELENA study.14 The most important limitation of our study is that we are not able 

to exclude that liver enzyme concentrations could have been affected by viral hepatitis or 

drug-or alcohol-induced liver injury. However, youths were examined by medical doctors 

and all of them had a negative history of liver disease. Second, our study lacks direct 

assessment of liver fat content and because of our cross-sectional design causality cannot 

be assumed. Finally, after adjusting the analyses for multiple comparisons the majority 

of the results became non-significant. 
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5. Conclusion 

In summary, the results of the current study showed that WC is a stronger predictor 

of liver enzyme levels than CRF in adolescent. Our findings also suggest that higher levels 

of CRF may attenuate the deleterious consequences associated with high WC on liver 

enzymes in adolescents. Exercise programs focused on increasing CRF and WC could be 

a good alternative in the treatment and prevention of obesity related non-alcoholic fatty 

liver disease in adolescents.  

Practical implications 

• High cardiorespiratory fitness levels may attenuate the deleterious consequences 

associated with a high waist circumference on liver enzymes in adolescents. 

• Adolescents with a high waist circumference, but with high levels of 

cardiorespiratory fitness had better hepatic health profile than those adolescents 

who had an elevated waist circumference but who were unfit. 

• Exercise programs focused on increasing CRF and decreasing abdominal 

adiposity could be a good alternative in the treatment and prevention of obesity 

related non-alcoholic fatty liver disease in adolescents. 
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Supplemental Figure 1. Flow diagram of participants. CRF: cardiorespiratory fitness; VO2max: maximum 

oxygen consumption. 
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Abstract 

This study analyzed the associations of physical fitness and physical activity (PA) with 

percentage hepatic fat and liver enzymes in children with overweight/obesity. A total of 

115 children (10.6±1.1 years; 54% girls) with overweight/obesity of the EFIGRO study 

(ClinicalTrials.gov: NCT02258126) were included in the analyses. Cardiorespiratory 

fitness (CRF), musculoskeletal fitness and speed-agility were measured by the Alpha-

fitness tests, and PA by wGT3X-BT accelerometers. Percentage hepatic fat was assessed 

by magnetic resonance imaging. Alanine aminotransferase (ALT), gamma-glutamyl 

transferase (GGT), aspartate aminotransferase (AST), insulin, glucose, triglycerides (TG) 

and high-density lipoprotein (HDL) levels were obtained from fasting blood samples. The 

homeostasis model assessment (HOMA-IR) and AST/ALT and TG/HDL ratios were 

calculated. Higher CRF was associated with lower percentage hepatic fat (β=-0.263, 

P=.01) and GGT (β=-0.315, P=.01), and higher AST/ALT ratio (β=0.304, P=.01). CRF-

fit children have lower GGT levels (15±1 vs. 17±1 U/L, CRF-fit vs. CRF-unfit children, 

P=.02), HOMA-IR (2.2±0.1 vs. 2.9±0.1, P<.01) and TG/HDL ratio (1.4±0.1 vs. 1.9±0.1, 

P=.01) and higher AST/ALT ratio (1.3±0.0 vs. 1.2±0.0, P=.03), than CRF-unfit children. 

These findings emphasize the importance of considering the improvement of CRF as a 

target of programs for preventing hepatic steatosis, type 2 diabetes and cardiovascular 

diseases in children with overweight. 

Keywords: percentage hepatic fat, NAFLD, cardiometabolic risk, HOMA, TG/HDL, 

pediatric obesity. 
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Introduction 

The global pandemic of overweight and obesity in children has contributed to a 

rise in associated cardiovascular and metabolic complications, such as insulin resistance 

and type 2 diabetes, already in childhood and earlier in adult life1. Fat accumulation in 

hepatocytes leads to an excess of percentage hepatic fat, associated with the development 

of non-alcoholic fatty liver disease (NAFLD) in children2. NAFLD is the most common 

liver disease in childhood3 affecting nearly 8% of pediatric general population, and 34% 

of children with obesity4. Moreover, it is strongly associated with insulin resistance and 

cardiovascular risk factors in children with overweight/obesity5. High levels of liver 

enzymes are considered surrogate measures of NAFLD and are also associated with 

insulin resistance and cardiometabolic health in youth6. Liver enzymes alone are 

inadequate for identification of hepatic steatosis7, whereas magnetic resonance imaging 

(MRI) is considered as an accurate method for detecting hepatic steatosis in children8. 

The AST/ALT ratio is a biomarker of hepatic liver function, and it was also associated 

with cardiovascular abnormalities in adolescents6. The triglyceride-to-high density 

lipoprotein (TG/HDL) ratio, which has been proposed as the best estimate of 

cardiometabolic risk in youths9, is also associated with insulin resistance and hepatic 

steatosis in children and adolescents10.  

There is considerable evidence supporting the associations of high levels of physical 

fitness and physical activity (PA) with insulin resistance and cardiometabolic risk factors 

in children and adolescents11–14. However, evidence supporting that higher levels of 

fitness and PA are associated with lower percentage hepatic fat15,16, liver enzymes 

(including the AST/ALT ratio)17,18 or TG/HDL ratio19, is scarce in youths, particularly in 

preadolescent children. Therefore, the aims of the present study were: i) to explore the 

associations of physical fitness and PA with percentage hepatic fat and liver enzymes in 

children with overweight/obesity and ii) to test the relationships of physical fitness and 

PA with insulin resistance and cardiometabolic risk in preadolescent children with 

overweight/obesity. 
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Material and methods 

Design 

The present cross-sectional study was based on data derived from the EFIGRO 

study (ClinicalTrials.gov ID: NCT02258126) whose overall aim was to investigate the 

effect of exercise on percentage hepatic fat in children with overweight/obesity 

participating in a 22-week family-based program that included healthy lifestyle and 

psychological education. This study was conducted from September 2014 to June 2017 

in Vitoria-Gasteiz, Spain20. Details of sample calculation, randomization, characteristics 

of participants, design, methods and measurements have been published elsewhere20; 

however, the most relevant information is briefly described below.  

Participants 

The planned sample size for the EFIGRO study was 160 children with overweight 

or obesity. A total of 134 children were assessed for eligibility, and 121 meeting all the 

inclusion criteria were included in the study. For the current purpose, 115 children with 

overweight/obesity (10.6±1.1 years of age, 54% girls) with complete baseline data on 

percentage hepatic fat were included in the present study. Before being enrolled in the 

study, parents or legal guardians signed an informed written consent. The study protocol 

was approved by the Ethics Committee of Clinical Investigation of Euskadi (PI2014045) 

and complied with the revised ethical guidelines of the Declaration of Helsinki (revision 

of 2013).  
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Anthropometry and physical fitness 

Body mass (SECA 760; SECA, Hamburg, Germany) and height (SECA 220) were 

measured in duplicate using standard protocols. Body mass index (BMI) was calculated 

as body mass (kg)/height (m2). 

The three main health-related physical fitness components (cardiorespiratory 

fitness (CRF), musculoskeletal fitness (MF), and speed-agility) were evaluated using the 

Alpha-fitness test battery, whose reliability and validity for measuring health-related 

fitness components in children of this age have been previously reported21. The number 

of laps obtained in the 20m shuttle run test (20mSRT) was selected as CRF estimate. 

Upper and lower MF were assessed by the handgrip (HG) (kg) and the standing broad 

jump tests (SBJ) (cm), respectively21. Finally, speed-agility was measured using the 4 × 

10m (seconds). Thereafter, children were classified as fit or unfit for each fitness test and  

according to the sex- and age-specific 20th centiles created by Tomkinson et al.22 Children 

were considered as CRF-fit or CRF-unfit, HG-fit or HG-unfit, and SBJ-fit or SBJ-unfit 

when their results were above (fit) or below (unfit) the sex- and age-specific 20th centile22 

for the corresponding test (laps in the 20mSRT, HG and SBJ, respectively). These 

categories are independent, in such a way that a same participant could be classified as 

CRF-fit, but HG- or SBJ-unfit, and vice versa. 

Physical activity 

PA was measured by accelerometry (wGT3X-BT monitors; Actigraph, Pensacola, 

FL, USA). Children wore an accelerometer (sampling frequency of 30 Hz) on the non-

dominant wrist for seven consecutive days, except during water-based activities. 

Children, helped by her parents/caregivers, also reported non-wear time, bedtime and 
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wake time in a daily log. A researcher member instructed them how to report this 

information.  

Accelerometer data was downloaded in comma-separated values format using the 

Actilife software (ActiGraph, Pensacola, FL, USA) and then processed and analyzed in 

ENMO metric using raw acceleration (mg, being 1g=9.81 m/sg) in the R software (v. 

3.1.2, (http://www.cran.r-project.org) using the GGIR package (v. 1.5-12, https://cran.r-

project.org/web/packages/GGIR/). Waking hours were classified as sedentary time, light 

(LPA), moderate (MPA), vigorous (VPA) and moderate-to-vigorous PA (MVPA) 

according to the Hildebrand et al.23 cut-points. 

Mean daily PA intensity levels were then calculated as: (mean of available 

weekdays*5 + mean of available weekend days*2)/7. The participants were excluded 

from the analyses if they recorded less than 4 valid days (i.e., ≥ 16 wearing hours), 

including at least 1 weekend day as recommended24,25. Children were categorized as 

active (≥ 60 min/day of MVPA) or inactive (< 60 min/day of MVPA) according to 

international PA recommendations26. 

Percentage hepatic fat 

Percentage hepatic fat was measured by magnetic resonance imaging (Magnetom 

Avanto, Siemens Healthcare, Erlangen, Germany), using a multiecho gradient-echo 

sequence with Dixon reconstruction20. Children were then categorized into two groups 

according to the absence or presence of hepatic steatosis (percentage hepatic fat <5% or 

≥5%, respectively)27. 

Biochemical variables 

Blood samples were obtained after an overnight fast. Blood extraction and 

collection details have been published elsewhere20. Serum concentrations of liver 

http://www.cran.r-project.org/
https://cran.r-project.org/web/packages/GGIR/
https://cran.r-project.org/web/packages/GGIR/
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enzymes (alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT) and 

aspartate aminotransferase (AST)), insulin, glucose, triglycerides (TG) and high-density 

lipoprotein (HDL) were measured using standard protocols. Thereafter, the homeostasis 

model assessment (HOMA-IR) (insulin (mU/L) x glucose (mmol/L)/22.5), and AST/ALT 

and TG/HDL ratios were calculated.  

Statistical analyses  

Chi-square and Student´s t-tests were used to calculate differences in categorical 

(prevalence of children with overweight/obesity, hepatic steatosis, high HOMA-IR, high 

TG/HDL, and inactive children) or continuous (remainder of the variables) variables 

between boys and girls. Linear regression analysis was performed to evaluate the 

associations of physical fitness (continuous variables: number of laps, HG, SBJ and 

speed-agility) and PA (LPA, MPA, VPA, MVPA and total PA) (independent variables) 

with percentage hepatic fat, liver enzymes (ALT, GGT and AST/ALT ratio), insulin 

resistance (HOMA-IR) and TG/HDL ratio (continuous dependent variables). Differences 

in dependent variables between CRF-fit and CRF-unfit, HG-fit and HG-unfit, SBJ-fit and 

SBJ-unfit, or active and inactive children (fixed factors) were examined by ANCOVA. 

Analyses were controlled for age and sex in Model 1. In Model 2, the analyses were 

further adjusted for BMI. PA variables were additionally adjusted for waking time in both 

models. 

Data were analyzed to detect extreme values and winsorized to limit their 

influence on the analyses (i.e. ALT ≥35 U/L in N=6), AST ≥34 U/L in N=3, GGT ≥29 U/ 

in N=2, Insulin ≥25.5 microU/mL in N=5, TG ≥199 mg/dL in N=2). Transformation to 

their natural logarithms was used for variables non-normally distributed (BMI, CRF, 

speed-agility, VPA, percentage hepatic fat, ALT, GGT, HOMA-IR and TG/HDL ratio). 



88 

 

However, non-transformed data are presented in tables and figures. All analyses were 

performed using the Statistical Package for the Social Sciences (SPSS, version 20.0 for 

WINDOWS; SPSS Inc., Chicago), and the level of significance was set at =.05. 

Results 

The descriptive characteristics of the children by sex are shown in Table 1. MRI 

analysis revealed that 44.4% of children had hepatic steatosis. Also, LPA was 

significantly higher and VPA significantly lower in girls than in boys (P<.05). No 

significant differences were observed in the remainder of the variables between boys and 

girls. A total of 49, 104 and 12 children were classified as CRF-fit, HG-fit and SBJ-fit, 

respectively. 
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Table 1. Descriptive characteristics of boys and girls participating in the study. 

  Boys  Girls P for sex 

 N  N 
 

  

Age (years) 53 10.6 (1.1) 62 10.5 (1.1) .57 

Body mass (kg) 53 55.1 (9.7) 62 54.1 (11.2) .62 

Height (m) 53 1.47 (0.08) 62 1.46 (0.08) .54 

Body mass index (kg/m2) 53 25.5 (3.1) 62 25.4 (3.4) .73 

Children with overweight, obesity (N) 53 21, 32 62 28, 34 .75 
      

Alpha-fitness tests      

20-meters shuttle run test (laps) 50 22 (13) 60 20 (11) .46 

Handgrip (kg) 52 18 (4) 62 18 (4) .50 

Standing broad jump (cm) 51 101 (19) 62 99 (16) .61 

Speed-agility (seconds) 
 

50 13.9 (1.5) 62 13.7 (1.1) .48 

Physical activity      

Light PA (min/day) 49 277 (46) 59 303 (42) <.01 

Moderate PA (min/day) 49 52 (18) 59 47 (17) .19 

Vigorous PA (min/day) 49 10 (6) 59 6 (5) .02 

MVPA (min/day) 49 61 (22) 59 54 (20) .07 

Total PA (mg) 49 66 (17) 59 63 (15) .29 

Inactive children (n, %) 
 

 25, 51  40, 68 .06 

Percentage hepatic fat (%) 53 6.2 (5.0) 62 5.1 (2.8) .17 

Children with hepatic steatosis (N, %)  24, 45  27, 44 .50 
      

Biochemical variables      

HOMA-IR 52 2.5 (1.0) 61 2.7 (1.2) .36 

High HOMA-IR (N, %)  20, 39  29, 47 .27 

Triglycerides (mg/dL) 53 80 (40) 62 85 (39) .39 

HDL (mg/dL) 53 53 (12) 62 49 (10) .09 

TG/HDL ratio 53 1.7 (1.0) 62 1.8 (1.1) .19 

High TG/HDL (N, %)  16, 31  20, 32 .51 

AST (U/L) 52 25 (5) 62 23 (3) .81 

ALT (U/L) 52 22 (11) 62 19 (5)  .06 

GGT (U/L) 51 17 (5) 61 16 (5) .51 

AST/ALT ratio 52 1.2 (0.4) 62 1.3 (0.3) .81 
      

Abbreviations:  ALT: alanine aminotransferase; AST/ALT: aspartate aminotransferase to alanine 

aminotransferase ratio; GGT: gamma-glutamyl transferase; HOMA-IR: insulin resistance homeostasis 

model assessment; MVPA: moderate to vigorous physical activity; PA: physical activity; TG/HDL: 

triglycerides to high density lipoprotein ratio. Values are means (standard deviation) unless otherwise 

indicated. Non-transformed data are presented in the table, but statistical analysis was performed on 

logarithmically transformed data in those variables not normally distributed. Boldfaced values: P<.05.  

Missing data: 20-meters shuttle run test (N=5), handgrip (N=1), standing broad jump (N=2), speed-agility 

(N=3), PA (N=7), HOMA-IR (N=2), AST (N=1), ALT (N=1) and GGT (N=2). Reasons: it was not 

possible to perform the test (equipment problems, injuries), families did not attend the tests, or there were 

not enough valid days in accelerometer data collection or analysis. 
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Associations of physical fitness and PA with percentage hepatic fat and liver enzymes  

Higher CRF was significantly associated with lower percentage hepatic fat 

(Ps<.01) (Model 1, Table 2). After further adjustment for BMI, the association between 

CRF and percentage hepatic fat remained statistically significant (Model 2, Table 2). 

Neither upper, lower MF, nor speed-agility were significantly associated with percentage 

hepatic fat (Table 2). No differences were found in percentage hepatic fat between CRF-

fit and CRF-unfit children (Panel a in Figure 1) or between HG-fit and HG-unfit, or SBJ-

fit and SBJ-unfit children (data not shown). There were no significant relationships 

between PA levels and percentage hepatic fat (Table 2), and we did not find any 

significant difference in percentage hepatic fat between active and inactive 

overweight/obese children (Supplemental Table 1). 

CRF was negatively associated with GGT levels (Ps<.04) and positively with the 

AST/ALT ratio (Ps<.02) (Table 2). Similarly, CRF-fit children had significantly lower 

levels of GGT (15±1 U/L vs. 17±1 U/L, in CRF-fit and CRF-unfit children, respectively, 

P<.02) and a higher AST/ALT ratio (1.3±0.0 U/L vs. 1.2±0.0 U/L in CRF-fit and CRF-

unfit children, respectively, P<.03) than their CRF-unfit peers (Figure 1, panel c for GGT, 

and d for AST/ALT ratio). In contrast, no significant associations were observed between 

fitness components and ALT (Table 2). Likewise, there were no differences in ALT levels 

between fit and unfit children in any of the fit/unfit categories (Panel b in Figure 1 for 

CRF-fit and CRF-unfit categories) (data not shown for HG and SBJ fit/unfit categories). 

PA was not associated with liver enzyme levels (Table 2). Similarly, there were no 

significant differences in liver enzyme levels between active or inactive children 

(Supplemental Table 1). 

 



91 

 

 

 

Table 2. Associations of physical fitness and physical activity with percentage hepatic fat, liver 

enzymes, insulin resistance and TG/HDL ratio in children with overweight/obesity. 

  Percentage hepatic fat (%)  ALT (U/L) 

  
 

Model 1 
 

 

Model 2 
 

 

Model 1 
 

 

Model 2 

  β P  β P  β P  β P 

Alpha-fitness tests             

20 meters shuttle run test (laps)  -0.263 .01  -0.236 .04  -0.155 .13  -0.129 .27 

Handgrip (kg)  0.102 .35  0.044 .69  -0.174 .11  0.135 .23 

Standing broad jump (cm)  -0.007 .94  0.054 .60  0.036 .71  0.090 .39 

Speed-agility (seconds)  0.099 .33  0.055 .60  -0.092 .37  -0.141 .18 
             

   Physical Activity             

Light PA (min/day)  -0.056 .58  -0.009 .93  -0.084 .42  -0.037 .73 

Moderate PA (min/day)  -0.049 .61  -0.008 .93  -0.054 .58  -0.012 .90 

Vigorous PA (min/day)  -0.062 .54  -0.001 .99  -0.007 .94  0.063 .55 

MVPA (min/day)  -0.059 .54  -0.016 .88  -0.020 .84  0.028 .78 

Total PA (mg)  -0.077 .43  -0.026 .80  0.004 .97  0.064 .53 
             

  GGT (U/L)  AST/ALT ratio 

  
 

Model 1 
 

 

Model 2 
 

 

Model 1 
 

 

Model 2 

  β P  β P  β P  β P 

Alpha-fitness tests             

20 meters shuttle run test (laps)  -0.315 <.01  -0.250 .03  0.304 <.01  0.288 .01 

Handgrip (kg)  0.199 .07  0.123 .26  -0.154 .16  -0.095 .39 

Standing broad jump (cm)  -0.143 .12  -0.060 .56  0.008 .93  -0.060 .56 

Speed-agility (seconds)  0.146 .16  0.074 .49  -0.121 .23  -0.074 .49 
             

Physical Activity             

Light PA (min/day)  -0.180 .09  -0.091 .38  0.024 .82  -0.050 .63 

Moderate PA (min/day)  -0.107 .28  -0.028 .78  0.119 .22  0.061 .53 

Vigorous PA (min/day)  -0.095 .35  0.023 .82  0.105 .30  0.017 .87 

MVPA (min/day)  -0.096 .34  -0.011 .91  0.107 .28  0.044 .66 

Total PA (mg)  -0.110 .27  -0.010 .92  0.092 .36  0.015 .89 
             

  HOMA-IR  TG/HDL ratio 

  
 

Model 1 
 

 

Model 2 
 

 

Model 1 
 

 

Model 2 

  β P  β P  β P  β P 

Alpha-fitness tests             

20 meters shuttle run test (laps)  -0.370 <.01  -0.197 .06  -0.327 <.01  -0.350 <.01 

Handgrip (kg)  0.116 .28  -0.001 .99  -0.095 .39  -0.144  .20  

Standing broad jump (cm)  -0.218 .02  -0.072 .44  -0.116 .23  -0.090 .39 

Speed-agility (seconds)  0.237 .02  0.114 .23  0.251 .01  0.238 .02 
             

Physical Activity             

Light PA (min/day)  -0.163 .12  -0.042 .67  0.085 .42  0.134 .21 

Moderate PA (min/day)  -0.125 .20  -0.023 .80  -0.078 .43  -0.046 .65 

Vigorous PA (min/day)  -0.188 .06  -0.042 .67  -0.214 .04  -0.226 .09 

MVPA (min/day)  -0.138 .16  -0.029 .76  -0.119 .23  -0.086 .40 

Total PA (mg)  -0.171 .08  -0.043 .65  -0.105 .29  -0.066 .53 
Model 1: adjusted for age and sex. Model 2: Model 1 further adjusted for body mass index. Physical activity variables further adjusted 

for accelerometer waking time in both models. 

Abbreviations: ALT: alanine aminotransferase; AST/ALT: aspartate aminotransferase to alanine aminotransferase ratio; CRF: 

cardiorespiratory fitness; GGT: gamma-glutamyl transferase; HOMA-IR: insulin resistance homeostasis model assessment; MVPA: 

moderate to vigorous physical activity; PA: physical activity; TG/HDL: triglycerides to high density lipoprotein ratio. Boldfaced values: 

P<.05.  
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Figure 1. Differences in percentage hepatic fat, liver enzymes, insulin resistance and 

TG/HDL ratio between CRF-fit and CRF-unfit children, adjusted for age and sex. 

 

CRF-fit and CRF-unfit categories were classified according to the number of laps in the 20-meter 

shuttle run test, categorizing children as being above (CRF-fit) or below (CRF-unfit) the sex- and 

age-specific 20th centile published by Tomkinson et al.25. Non-transformed data are presented in 

the figure, but ANCOVA was performed on log-transformed data in the case of variables not 

normally distributed. Abbreviations: ALT: alanine aminotransferase; AST/ALT: aspartate 

aminotransferase to alanine aminotransferase ratio; CRF: cardiorespiratory fitness; GGT: gamma-

glutamyl transferase; HOMA-IR: insulin resistance homeostasis model assessment; min: minutes; 

TG/HDL: triglycerides to high density lipoprotein ratio. Boldfaced values: P<.05.  
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Associations of physical fitness and PA with insulin resistance and TG/HDL ratio 

Results showed that better performance in all fitness components was significantly 

associated with lower HOMA-IR, except in the HG test (Model 1, Table 2). However, 

after further adjustment for BMI, the relationship between physical fitness components 

and HOMA-IR became non-significant (Model 2, Table 2). Moreover, children 

categorized as CRF-fit had a lower HOMA-IR value than CRF-unfit children (2.2±0.1 vs. 

2.9±0.1 in CRF-fit and CRF-unfit children, respectively, Ps<.01) (panel e, Figure 1). By 

contrast, there were no significant differences in HOMA-IR between HG-fit and HG-unfit 

or between SBJ-fit and SBJ-unfit children (data not shown). In addition, none of the PA 

estimates was associated with HOMA-IR in either of the models (Table 2). Similarly, 

there were no significant differences between active and inactive children in HOMA-IR 

values (Supplemental Table 1).  

CRF and speed agility were significantly associated with the TG/HDL ratio 

irrespective of age, sex and BMI (Model 2, Table 2). Likewise, CRF-fit children had a 

lower TG/HDL ratio than CRF-unfit children (1.4±0.1 vs. 1.9±0.1, for CRF-fit and CRF-

unfit, respectively; P<.01) (panel f, Figure 1). With regards to PA, higher VPA was 

significantly associated with a lower TG/HDL ratio (P<.05, Model 1, Table 2). After 

further controlling for BMI, the association of VPA and TG/HDL ratio was diminished 

and became non-significant (Model 2, Table 2). Neither LPA, MPA, MVPA, nor total PA 

was significantly associated with TG/HDL ratio. Active children did not have a 

significant lower TG/HDL ratio than inactive children (Supplemental Table 1). 
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Discussion 

The present study examined the association of physical fitness and PA with 

percentage hepatic fat, liver enzymes, insulin resistance and cardiometabolic risk in 

preadolescent children with overweight/obesity. The main finding of this study is that 

higher CRF is associated with lower percentage hepatic fat and a healthier profile of liver 

enzymes in preadolescent children with overweight/obesity. Moreover, our results 

confirm that CRF-fit children with overweight/obesity have lower liver enzymes, insulin 

resistance and TG/HDL ratio than their CRF-unfit peers. 

In our study, 44.4% of children with overweight/obesity had hepatic steatosis, 

which was slightly higher than the prevalence reported by other studies in which 

percentage hepatic fat was measured by MRI in youths with obesity28,29. In samples 

comprising both children and adolescents with obesity, Kim et al.28 and Radetti et al.29 

estimated that 38% and 31.8% of youth, respectively, had hepatic steatosis. However, 

these authors established the cut-off point for hepatic steatosis in a hepatic fat fraction 

(HFF) ≥5.5% or ≥9%. In a meta-analysis based on various diagnostic methods (ALT, 

ultrasonography (US) and MRI), Anderson et al.4 estimated a NAFLD prevalence of 

34.2% in a large sample of children and adolescents from clinical obese population 

studies around the world (N=23892, age range from 2 to 14 years). The observed 

prevalence of hepatic steatosis in children with overweight/obesity is clinically relevant 

and a major public health concern because it is still under-diagnosed, and it increases the 

risk of liver disease, diabetes, cardiovascular disease and mortality2. 

To our knowledge, the present study is the first to examine the association of the 

main health-related physical fitness components and PA intensities with percentage 

hepatic fat and liver enzymes in children. We observed that CRF, but not MF or speed-

agility, was negatively associated with percentage hepatic fat, GGT and AST/ALT. Few 
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studies have analyzed the association between physical fitness and percentage hepatic fat, 

GGT or AST/ALT in youth. In agreement with our results, previous studies showed 

significant associations between CRF and percentage hepatic fat (determined by (1)H-

magnetic resonance spectroscopy)15 and with ALT, GGT and AST/ALT18 in adolescents.   

In our study, CRF-fit children had lower GGT and AST/ALT, but not statistically 

significant lower percentage hepatic fat or ALT than their unfit counterparts. In agreement 

with our results, other studies observed that youth classified in the higher categories of 

CRF (assessed by the 20mSRT and classified according to their calculated VO2peak) had 

lower levels of liver enzymes than those in the lower CRF categories18,30. We did not find 

any study where differences in percentage hepatic fat (specifically measured by MRI) 

between fit and unfit children were analyzed. In a previous study with obese male adults, 

those participants categorized as fit had lower levels of intrahepatocellular lipids (MRI 

measurement) than their unfit counterparts31. A plausible mechanism that might explain 

the observed association between CRF and percentage hepatic fat could be that intrinsic 

aerobic capacity is linked with hepatic mitochondrial oxidative capacity and susceptibility 

to hepatic steatosis32. An experiment performed in animal models showed that rats with 

low aerobic fitness had a reduced hepatic mitochondrial oxidative capacity and content. 

This difference was associated with a greater liver triglycerides content, a higher 

percentage of hepatocytes with lipid droplets and lipid peroxidation in low CRF rats, 

which was associated with hepatic steatosis. Additionally, rats with low CRF had 

significantly higher hepatic fibrosis and apoptosis32.  

Regarding PA, we did not find any significant association between PA levels and 

percentage hepatic fat or liver enzyme levels in children with overweight/obesity. To the 

best of our knowledge, this is the first study analyzing the relationship between 

objectively measured PA and percentage hepatic fat (measured by MRI) in preadolescent 
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children. Nevertheless, other studies have reported significant associations with other PA 

(questionnaires) and hepatic steatosis (ultrasound16,33, liver enzymes17,33) measurements 

in youths. A longitudinal analysis reported that objectively measured total PA and MVPA 

at 12 years of age was inversely associated with the risk of liver fat (ultrasound), and 

abnormal GGT levels, but not with ALT levels at 17.8 years of age (N= 1292)33. Another 

study, performed exclusively in adolescents, reported significant associations of total PA 

and MVPA (measured by accelerometry) with AST/ALT, but not with ALT or GGT17. 

The authors also observed that active adolescents had a lower AST/ALT ratio than their 

inactive peers17. It should be noted that this study included both normal weight and 

overweight adolescents. In summary, direct comparisons among studies are difficult 

because of differences in the age, or BMI categories of participants, as well as the 

different methodology used to assess physical fitness, PA or percentage hepatic fat. A 

possible explanation for the lack of association between PA and percentage hepatic fat in 

our study could be that our sample is exclusively composed by prepubertal children with 

overweight/obesity with a narrow range of PA levels. 

We observed that the inverse associations between physical fitness (CRF, lower 

body MF and speed-agility) and insulin resistance (HOMA-IR) in children with 

overweight/obesity disappeared after controlling for BMI. In line with our results, some 

studies showed that associations of physical fitness with HOMA-IR disappeared after 

adjusting for BMI or other adiposity estimates14,34. However, in other studies, the 

associations between physical fitness components and HOMA-IR were irrespective of 

BMI13. Finally, in a study performed in European adolescents (N=1053), the strength of 

the associations between MF and HOMA-IR varied depending on the adiposity variable 

used for adjustment (BMI, waist circumference or skinfold thickness) and sex of 

participants (boys or girls)35. For example, the association between SBJ and HOMA-IR 
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was statistically significant after controlling for waist circumference, but not after 

controlling for BMI or skinfold thickness in boys35. Thereby, the potential influence of 

physical fitness on insulin resistance in youth, independently of BMI or adiposity, 

remains unclear. The non-significant association between physical fitness and HOMA-

IR after controlling for BMI could be explained both by the influence of BMI on insulin 

resistance and by the association of physical fitness levels and BMI in children36. 

Differences in the results among studies could be related to the various adiposity variables 

used for adjustment, physical fitness tests used and children’s characteristics.  

In addition, we found that HOMA-IR levels were lower in CRF-fit than in CRF-

unfit children. In line with our results, Llorente-Cantarero et al.37 observed that Spanish 

prepubertal children (N=141) categorized in the higher CRF group had lower levels of 

HOMA-IR than those categorized in the lower CRF group (according to other reference 

values). When children were classified as HG-fit or HG-unfit and SBJ-fit or SBJ-unfit, 

we did not find differences in HOMA-IR levels. By contrast, other authors found 

differences in HOMA-IR across HG35,38 or SBJ35 fit/unfit categories. Maturational state 

(adolescents35 or both children and adolescents38), as well as ethnic and or regional 

differences38 could be underlying discrepancies among studies’ findings. 

Regarding PA, we did not observe any significant associations of PA with insulin 

resistance in children with overweight/obesity. Nevertheless, other studies in youth 

reported significant associations between different PA intensities measured by 

questionnaires and HOMA-IR39,40. Moreover, we did not find differences in HOMA-IR 

levels between active and inactive children with overweight/obesity. In agreement with 

our findings, no significant differences in HOMA-IR levels were found between active 

and inactive (>60 min/day or <60 min/day MVPA, respectively) children and adolescents 
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(N=745) in week days PA (measured by accelerometry) in the study conducted by Janssen 

et al.41.  

Several studies have examined the association between physical fitness or/and PA 

and cardiometabolic risk factors, included as individual risk factors42,43 or in clustered 

scores44 in children. However, we only found one study examining the relationship 

between physical fitness or PA and TG/HDL ratio19. In line with our results, this study 

observed inverse correlations between CRF (VO2peak calculated from a progressive 

cycle ergometer test) and TG/HDL ratio in a similar sample size (N=155) of school 

children (10–14 years old) in all BMI categories. They also found that CRF-fit children 

had a lower TG/HDL ratio than CRF-unfit children from 10 to 14 years of age19. In 

contrast to our findings, this study did not observe any significant association between 

VPA and TG/HDL in the sample of both children and adolescents19. Moreover and 

according to our results, these authors did not find significant differences in TG/HDL 

levels across other PA categories. In the study of Bailey et al.19, different model of 

accelerometers ((RT3® triaxial accelerometers) and different cut-offs for defining PA 

intensities were employed which could have a large impact in the outcomes24.   

The cross-sectional design of this study limits the ability to determine any 

causality in the results. Lack of data about dietary intake could be considered as a 

limitation of the current study. Nevertheless, the current study has strengths. The use of 

MRI for percentage hepatic fat measurement is an important strength in the present study. 

Moreover, the reliability and validity of Alpha-fitness tests for measuring fitness in this 

population21, the methodology used to objectively measure PA, as well as the 

accelerometry analyses using raw data (R software and packages) are strengths of the 

present study. Longitudinal and intervention programs performed in larger samples are 
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needed to confirm the influence of physical fitness and PA on hepatic steatosis in children 

with overweight/obesity. 

In summary, the present study shows that higher CRF is associated with lower 

percentage hepatic fat, liver enzyme levels, insulin resistance and cardiometabolic risk in 

preadolescent children with overweight/obesity. Likewise, those preadolescent children 

with overweight/obesity, but classified as CRF-fit, had lower liver enzymes, insulin 

resistance, and cardiometabolic risk than their CRF-unfit peers. In addition, higher VPA 

levels are inversely associated with cardiometabolic risk in this population. Overall, these 

findings suggest that improving cardiorespiratory fitness through physical activity 

interventions should be a target in prevention strategies aiming to reduce the risk of 

developing NAFLD, type 2 diabetes, and cardiovascular diseases in children with 

overweight or obesity. 
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Supplemental Material 

Supplemental table 1. Differences in percentage hepatic fat, liver enzymes, insulin 

resistance, and TG/HDL ratio between children that followed or not the ≥60 

min/day MVPA recommendations, adjusted for age, sex and accelerometer waking 

time. 

  Active children 

(MVPA ≥60 

min/day) 

 Inactive children 

(MVPA <60 

min/day) 

P 

 N  N   

Percentage hepatic fat (%) 43 5.8 (0.6) 65 5.5 (0.5) .76 

ALT (U/L) 43 20 (1) 65 20 (1) .84 

GGT (U/L) 41 16 (1) 65 16 (1) .62 

AST/ALT ratio 43 1.3 (0.1) 65 1.2 (0.0) .38 

HOMA-IR 42 2.5 (0.2) 65 2.7 (0.1) .50 

TG/HDL ratio 43 1.7 (0.2) 65 1.9 (0.1) .24 
      

Abbreviations: ALT: alanine aminotransferase; AST/ALT: aspartate aminotransferase to alanine 

aminotransferase ratio; GGT: gamma-glutamyl transferase; HOMA-IR: insulin resistance 

homeostasis model assessment; min: minutes; MVPA: moderate-to-vigorous physical activity; 

TG/HDL: triglycerides to high density lipoprotein ratio. Non-transformed data are presented in the 

table, but ANCOVA was performed on log-transformed data in the case of variables not normally 

distributed. 
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Abstract 

The main purposes of this study were to elucidate the effects of supervised-exercise 

training (ET) interventions on hepatic fat content and on non-alcoholic fatty liver disease 

(NAFLD) prevalence in children and adolescents and to provide information about the 

optimal ET prescription (type, intensity, volume, and frequency) needed to reduce hepatic 

fat content in youths. Supervised-ET interventions performed in children and adolescents 

(6–19 years) that provided results of exercise effects on hepatic fat content or NAFLD 

prevalence were included. Supervised-exercise significantly reduced hepatic fat content 

compared to the control groups. Lifestyle interventions that included supervised-ET 

significantly reduced the prevalence of NAFLD. This systematic review and meta-

analysis shows that supervised-ET could be an effective strategy in the management and 

prevention of NAFLD in children and adolescents. Both aerobic and resistance ET, at 

vigorous or moderate-to-vigorous intensities, with a volume ≥60 min/session and a 

frequency ≥3 sessions/week, aiming to improve cardiorespiratory fitness and muscular 

strength, had benefits on hepatic fat content reduction in youth. These data concur with 

the international recommendations of physical activity for health promotion in youth and 

may be useful when designing ET programs to improve and prevent hepatic steatosis in 

the pediatric population. 

Key words: evidence based review, exercise, liver fat, children, adolescent. 
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Abbreviations: 

%HRmax, Percentage of maximum heart rate 

%HRR, Percentage of heart rate reserve 

1RM, One-repetition maximum 

AeT, Aerobic training group 

C, Control group 

CI, Confidence Intervals 

CRF, Cardiorespiratory fitness 

CVD, Cardiovascular disease 

EPHPP, Quality Assessment Tool for Quantitative Studies of the Effective Public 

Health Practice Project 

ES, Effect size 

ET, Exercise training 

ITT, Intention-to-treat 

MI, Moderate Intensity 

MusS, Muscular strength 

NAFLD, Non-alcoholic fatty liver disease 

OR, Odd ratio 

PA, Physical activity 

PICOS, Participants, intervention, comparison, outcome and study designs 

PRISMA, Preferred reporting Items for Systematic Reviews and Meta-analysis 

PROSPERO, International Prospective Register of Systematic Reviews 

RCT, Randomized controlled trial 

RT, Resistance training group 

T2D, Type 2 diabetes 

VI, Vigorous intensity 

VO2max, Maximum oxygen consumption 
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Introduction 

The global pandemic of obesity in children has led to a concomitant rise and early 

incidence of many health complications and metabolic abnormalities that used to be 

exclusive to adulthood1. Excess adiposity is associated with an accumulation of fat in 

multiple organs and tissues, such as skeletal muscle, heart and liver, among others2. 

Likewise, the excessive accumulation of triglycerides in hepatocytes leads to hepatic 

steatosis, the earliest manifestation of non-alcoholic fatty liver disease (NAFLD)3. 

Pediatric NAFLD is a major public health concern because of its elevated prevalence4 

and its association with insulin resistance, metabolic syndrome components and elevated 

risk to develop type 2 diabetes (T2D) and cardiovascular disease (CVD)5–7. Strategies to 

reduce or prevent NAFLD in overweight/obese children have the potential to improve 

overall cardiometabolic risk and reduce the risk to develop CVD, T2D and liver 

dysfunction in the future3,8. In adults, body mass loss is able to reduce hepatic fat content 

or even reverse the course of NAFLD9. Therefore, lifestyle interventions including 

hypocaloric diets and physical activity (PA) aiming to reduce body mass remain the 

cornerstone of NAFLD treatment for adults10. In children, however, energy restriction 

programs lead to undesirable lean mass loss and could compromise healthy growth and 

development. PA and Exercise training (ET) are effective in the reduction of 

cardiometabolic risk11,12, also in overweight/obese youths10,13. Nevertheless, most 

children and adolescents do not meet the guidelines of PA recommendations in the United 

States and over the world14. Guidelines of the American Gastroenterological Association, 

American Association for the Study of Liver Diseases, and American College of 

Gastroenterology recommend ET as a primary form of treatment of NAFLD15. However, 

evidence supporting the effect of ET on the reduction of hepatic fat content and NAFLD 

prevalence is limited in the pediatric population. A meta-analysis on overweight and 
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obese children and adolescents showed that supervised-ET programs significantly 

reduced the intrahepatic fat percentage16. However, the effects of exercise on NAFLD 

prevalence or optimal ET prescription describing type (i.e. aerobic, resistance or 

combined ET), intensity (i.e. moderate or vigorous), volume and frequency of exercise 

needed to reduce hepatic fat content in children and adolescents is unclear. 

Cardiorespiratory fitness (CRF) is associated with CVD11,17,18 in all weight status19 and is 

a predictor of all cause and disease mortality in varied populations20. More specifically, 

CRF and muscular strength (MusS) are associated with CVD risk factors17,21, abdominal 

obesity21, as well as with other health components in children and adolescents17,21. 

Similarly, CRF is associated with liver enzyme levels and liver function in this 

population22,23. However, little is known about the relationship between both CRF and 

MusS with hepatic fat content in children and adolescents. Therefore, the aims of the 

current systematic review and meta-analysis are: i) to systematically examine the effects 

of supervised-ET interventions on hepatic fat content and NAFLD prevalence in children 

and adolescents ii) to examine the specific effect of the type of ET (aerobic vs. resistance), 

intensity, volume and frequency on hepatic fat content in children and adolescents, and 

iii) to explore whether exists an association of improvements in CRF and MusS with the 

reduction of hepatic fat in youth. 

Methods 

Protocol and registration  

The systematic review and meta-analysis were conducted following the Preferred 

reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement24. The  

review protocol was registered in the International Prospective Register of Systematic 

Reviews (PROSPERO reference number CRD42017055834) and is available from 

https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017055834. 

https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017055834
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Eligibility criteria 

The participants, intervention, comparison, outcome, and study designs (PICOS) 

framework25 was followed to define research question and study eligibility criteria. 

Studies were considered eligible for their inclusion if: 1) the age of participants was from 

6 to 19 years, 2) the duration of the supervised-ET intervention was at least 8 weeks in 

order to be able to detect effects on the outcome26, 3) they provided results that allowed 

outcome comparison between the intervention and control group and/or pre and post 

intervention results within groups, 4) they provided results on hepatic fat content 

quantified by proton magnetic resonance, magnetic resonance imaging, or prevalence of 

NAFLD measured by ultrasonography, and 5) they were either controlled trials or 

experimental studies without a control group.  

Studies that involved other lifestyle activities (nutritional, motivational, 

psychological support, etc.) apart from supervised-ET were also included in the 

systematic-review and meta-analysis. In the case of controlled trial studies, they were 

only included when these lifestyle activities were performed by children in ET and control 

groups allowing to discriminate the independent effect of ET.  

Studies that were not written in English or were grey literature, as well as reviews, 

editorials, opinions, letters, and meeting abstracts were excluded. 

Data sources and search strategies 

We conducted a systematic literature search in PubMed, Web of Science, 

EMBASE, and SportDiscuss databases for studies that showed results of the effect of 

supervised-ET on hepatic fat content or NAFLD prevalence in children and/or 

adolescents published until the 11th January 2017.  
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The keywords used in search strategy were related to the following topics: 1) 

Participants: children and adolescents, 2) Intervention: exercise, 3) Outcome: hepatic fat 

and 4) Design: trial. The four search topics were combined using the Boolean searching 

with and and or operators. Keywords search terms and search strategies used were 

different for each database (Supplemental material 1). As an example, the search 

strategy in PubMed database was: (“children” OR “adolescent” OR “youth” OR 

“teenager” OR “boy” OR “girl”) AND (“obesity AND hepatic fat” OR “obesity AND 

non-alcoholic fatty liver disease” OR “obesity AND non-alcoholic steatosis” OR “non-

alcoholic steatosis” OR “non-alcoholic fatty liver disease” OR “fatty liver” OR “hepatic 

fat” OR “metabolic risk” OR “cardiometabolic risk” OR “type 2 diabetes”) AND 

(“exercise” OR “physical activity” OR “exercise intervention” OR “training”) AND 

(“intervention” OR “program” OR “trial” OR “treatment” OR “pre-post study”). 

Additionally, the reference lists of retrieved studies were examined to identify other 

articles. 

Once the search strategies were executed in the different databases, they were 

imported into EndNote software (version ×7, Thomson Reuters, USA). Duplicate files 

were removed, firstly automatically by the software and secondly by visual checking. 

Study selection process 

Two reviewers (MM and CC-S) independently performed the study selection 

process according to a form established a priori. The title and abstract of each retrieved 

article were examined to identify those that were likely to report the effects of supervised-

exercise on hepatic fat and/or NAFLD prevalence. Studies appearing eligible based on 

their abstract or those that could not be excluded based on their title and abstract were 

read full-text against the inclusion criteria for their final inclusion or exclusion in the 

systematic review. Attempts to contact authors were made when articles did not contain 
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all the information necessary for their selection. Disagreements about study selection 

were resolved by reaching consensus among reviewers.  

Among the articles included in the systematic review, those studies that provided 

pre and post intervention values of hepatic fat content or NAFLD prevalence were 

included in the meta-analysis. Supplemental Fig 1 outlines the flow diagram of the study 

selection process. 

Data collection process and data items  

Reviewers created a study specific database in Excel (Microsoft Corp., USA) for 

data collection. Data were extracted from the studies included in the database by one 

reviewer, and checked for accuracy by a second reviewer. 

The extracted data were the following: 1) author's name, study name, and year of 

publication of the article, 2) number, age, gender, and weight status of the participants, 3) 

type, intensity, volume, frequency, and duration of the exercise intervention, and 

activities (nutritional and/or physiological) of the lifestyle intervention, 4) study design 

(i.e. type of trial and presence of a control group), 5) method of measurement of hepatic 

fat content or NAFLD prevalence and their results, 6) covariates used in meta-regressions 

(i.e. cardiorespiratory fitness, muscular strength, etc.), if any. When the studies presented 

both intention-to-treat (ITT) and per protocol values, only the results from the ITT data 

were extracted.  

We contacted the corresponding authors in those cases in which the full-text did 

not provide all the relevant information for the data extraction and/or meta-analysis. 
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Study quality and risk of bias assessment  

Study quality was assessed by two independent reviewers (MM and CC-S). 

Critical methodological components were assessed and disagreements were solved in a 

consensus meeting. Concordance among the reviewers' scores in the risk of bias 

assessment was measured using the Kappa (k) statistic.  

All the included randomized controlled trials (RCT) were assessed using the 

Cochrane risk of bias tool27. Each study was assessed for selection bias (random sequence 

generations and allocation concealment), performance bias (blinding of participants and 

research staff), detection bias (blinding of the outcome assessment), attrition bias 

(incomplete outcome data), reporting bias (selective reporting), and other sources of bias. 

The methodological quality of non-RCT and studies without a control group were 

assessed using the Quality Assessment Tool for Quantitative Studies of the Effective 

Public Health Practice Project (EPHPP)28,29. This tool is used to evaluate a variety of 

intervention study designs, such as non-RCT or pre-post studies30. EPHPP assesses study 

quality in six domains: selection bias, study design, confounders, blinding, data collection 

method, and withdrawals/dropouts. 

Data synthesis and analysis  

Data synthesis was narrative and descriptive, and is presented in text and in 

detailed tabular summaries (Table 1).  

Meta-analysis for hepatic fat content was performed in 1) intervention vs. control 

groups, and 2) pre vs. post intervention values for each intervention group, and in those 

studies without control group. In the analysis of studies comparing intervention vs. 

control group, mean difference (post minus pre intervention values) and standardized 

mean difference were calculated for each intervention group. We used Campbell Effect-
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Size Calculator31 to calculate effect size (d-Cohen) (ES) and 95% confidence intervals 

(CI). ES was used to standardize changes of hepatic fat. For the analysis of pre vs. post 

analysis, ES and CI were calculated using post minus pre mean values and standardized 

differences. Pooled ES of the effect of ET on hepatic fat was obtained using random-

effects models, due to heterogeneity detected among the analyzed studies. Heterogeneity 

was quantified using the I2 statistic (the percentage of total variability attributed to 

between-study heterogeneity). A large I2 value indicates more heterogeneity. Values of 

25%, 50% and 75% denoted cut-off points for low, moderate, and high degrees of het- 

erogeneity, respectively32. Potential sources of heterogeneity were assessed with meta-

regression. In addition, we performed meta-analysis among subgroups by ET type 

(aerobic and resistance), intensity (moderate and moderate-to-vigorous and vigorous), 

volume (<60 or ≥60 min/session), or frequency (<3or ≥3 sessions/week) with the aim of 

knowing which of the subgroups had a greater influence on the reduction of liver fat 

content and NAFLD prevalence. Subgroup analyses were performed when there were 

enough studies to compare. 

As most of the studies examining the effect of exercise on NAFLD prevalence did 

not include a control group, a meta-analysis was performed using post minus pre 

percentages of prevalence. Odds ratio (OR) for each intervention group and pooled OR 

estimates were obtained.  

Furthermore, we performed meta-regressions to examine the relationship between 

the ES estimates for hepatic fat content and the following covariates: 1) changes in CRF 

[measured as maximum oxygen consumption (VO2max, mL/kg/min)] and 2) changes in 

MusS [measured as MusS Index (sum of one-repetition maximum scores per kilogram of 

body weight)]. In meta-regressions, standardized β and P values were obtained.  
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For assessing the risk of potential publication bias, we used visual inspection of 

funnel plots and we calculated the P value of Egger's intercept. We followed the Duval 

and Tweedie “trim and fill” procedure as a method of adjustment for suspected 

publication bias. In this procedure, pooled ES was recalculated incorporating hypothetical 

missing studies as if they existed.  

The influence of each independent study in the pooled estimates of ES was 

detected using sensitivity analysis. The leave-one-out analysis helped to examine the 

influence of various exclusions on the combined ES by omitting one study in turn.  

P values of <0.05 were accepted to indicate statistical significance. Statistical 

analyses were performed with the Comprehensive Meta-Analysis software version 3 

(Englewood, NJ: Biostat. USA). 

Results  

Study selection  

A total of 4153 studies were identified through databases search. Duplicate 

references were identified and removed (N=933). After examining titles and abstracts, 72 

full-texts were further screened and 16 studies were identified as meeting inclusion 

criteria33–48 and included in the systematic review. The reasons for exclusion at this full-

text level (N=56) are listed in Supplemental Fig 1. Of the 16 articles included in the 

systematic review, 14 provided pre and post intervention values of hepatic fat 

content33,34,36,41,42 or NAFLD prevalence38–40,43–48, and were thus included in the meta-

analysis. The flow diagram summarizing the study selection process of the systematic 

review and meta- analysis is shown in Supplemental Fig 1. 
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Study characteristics  

The characteristics of the 16 studies included in the systematic review sorted by 

study design are available in Table 1. Of the 16 included studies, five were RCTs33–37, 

two were non-RCTs43,44, and nine were intervention studies without control group (pre-

post studies)38–42,45–48. All together, the selected studies comprised 1201 participants. 

Sample size ranged from 12 to 180 children; from 24% to 59% boys, except in three 

studies in which only girls34,37 or boys36 participated. The majority of the analyzed studies 

(N=11) were performed in adolescents33–38,41,42,46–48 and the remaining five studies 

included both children and adolescents39,40,43–45. None of the studies included only 

children (≤12 years). Two studies included youths with overweight and obesity33,37, one 

only with overweight44, and 11 studies exclusively youths with obesity34–36,38–40,42,43,46–48. 

Two interventions41,45 included lean and obese children, although one of them41 only 

reported outcome data for obese children. 

Seven studies quantified hepatic fat content by proton magnetic resonance33,34,36 

or magnetic resonance imaging35,37,41,42, whereas nine reported NAFLD prevalence 

measured by ultrasonography38–40,43–48. Hepatic steatosis was defined as a peak 

triglyceride to water ratio higher than 5.5%33,49 or 5.6%41,42,50. In ultrasonography 

measurements, the definition of steatosis or the quantification of fatty liver was based on 

Sabir38,46,51, Saadeh38,46–48,52, Mazhar39,53, or Saverymuttu40,44,45,54 criteria. 

All the studies conducted supervised-ET sessions; however, the type, intensity, 

volume, frequency, and duration of ET varied across studies. According to the type of 

ET, the design of three studies included exclusively aerobic33,41,46, two of them only 

resistance35,42, two combined both aerobic and resistance ET37,38, while two studies 

compared the effects of aerobic vs. resistance34,36. The remaining studies did not provide 

details of the type of ET and described the design as general exercise (ball games, jogging, 
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etc.)43–45, supervised activities (bicycling, walking, running, etc.)39, or recreational 

sports, activities, gymnastics, and walking47, or did not report any detail about the type of 

exercise40,48. ET intensity was based on percentage of heart rate reserve (% HRR)33, 

percentage of maximum heart rate (% HRmax)37, percentage of VO2max
34,36,41, percentage of 

one-repetition maximum (1RM)34–36, or 3RM42. Two studies established the intensity at a 

workload corresponding to the first ventilatory threshold (50–70% of oxygen consumption 

test)38,46. The rest of studies described the intensity of ET as “moderate PA”47, “moderate 

strenuous”39 or did not specify at all40,43–45,48.Three studies33,34,36 measured energy 

expenditure in the sessions and one of them33 adjusted ET volume according to this variable. 

Due to the differences in the intensity measurements across studies, we classified the ET 

intensity according to the American College of Sport Medicine classification55 (as an 

example, considering the %HRmax, vigorous intensity ranges from 76% to 96%). The 

volume (min/session) of exercise was 60 min in 10 of the studies34–36,38–40,42,46–48, 50 

min/session in one study41, two of the studies used a progression in session time from 30 

min to 45 min33 or from 60 min to 90 min37, and three of them did not report the session 

volume data43–45. Most of the studies had a volume ≥60 min/session34–40,42,46–48 and two had 

a volume <60 min/session33,41. Frequency of exercise sessions varied from 2 to 7 sessions 

per week, being a frequency of 3 sessions per week the most com- mon (N=5)33,34,36,38,40,46. 

Nine of the studies had a frequency <3sessions/week35,37,41–45,47,48 and seven studies ≥3 

sessions/week33,34,36,38–40,46. The duration of the intervention ranged from 10 to 52 weeks. 

Seven studies reported changes in CRF (estimated by changes in VO2max
33,34,36,37,41) and/or 

in MusS (estimated as MusS index34,36, chest and press weight in kilograms or pounds35–37,42 

or sets x repetitions42) after the intervention. In addition to ET, the design of several studies 

also included nutritional35,39, physiological37 or both nutritional and physiological38,40,43–48 

activities in their interventions. 
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Table 1- Study design, participants, outcome, exercise and lifestyle intervention characteristics of included studies (N=16) in the systematic review. 

 Study design Participant characteristics Outcome Exercise characteristics 
Lifestyle 

intervention 

 

Study  

reference 

Study design 

 

N 

(analysed in the 

original study) 

 

Age (yr) 

(range 

or mean) 

Sex 

(%male) 

 

Liver fat 

content or 

NAFLD 

measurement 

 

Exercise type 

intervention 

groups   

(N analysed per 

group) 

Intensity 

Volume 

(minutes/ 

session) 

Frequency 

(session/ 

week) 

Duration 

(weeks) 

Other Lifestyle 

interventions 

Hay et al. 

201624 

RCT 106 

 

13-19 24% Proton 

magnetic 

resonance 

AeT moderate 

intensity and 

AeT vigorous 

intensity 

(N=32 and 38) 

 

Moderate 

or 

Vigorous 

30-45 3 24 

 

Lee et al. 

201325 

RCT 44 

 

12-18 

 

 

0% Proton 

magnetic 

resonance 

AeT and RT 

(N=16 and 16) 

 

Moderate 

to 

Vigorous 

60 
3 

 
12 

 

Hasson et al. 

201226 

RCT 100 

 

14-18 41% MRI 

assessment 

RT 

(N=31)  

Moderate 

to 

Vigorous 

60 
2 

 
16 

Dietary and 

motivational 

interviewing 

Lee et al. 

201227 

RCT 45 

 

12-18 

 

 

100% Proton 

Magnetic 

Resonance 

AeT and RT 

(N=15 and 16) 

Moderate 

to 

Vigorous 

60 
3 

 
12 

 

Davis et al. 

201128 

RCT 38 

 

14-18 

 

0% MRI 

assessment 

Circuit training 

(AeT+RT) 

(N=14) 

Moderate 

to 

Vigorous 

60-90 
2 

 
16 

Motivational 

interviews 

Dâmaso et al. 

201329 

Study without 

control group 

77 15-19 42% US assessment AeT+RT 

 

Moderate 
60 

3 

 
52 

Nutritional and 

psychological  

Gronbaek et 

al. 201230 

Study without 

control group 

117 12.1 ±1.3  44% US assessment 

 

Supervised 

activities: 

bicycling, 

walking, running, 

etc. 

Moderate 

to 

Vigorous 60 
7 

 
10 

Nutritional 

(Weight loss 

camp) 
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Koot et al. 

201131 

Study without 

control group 

144 14.1 ±2.3 38% Obesity US assessment 

 

Exercise n.s. 

 

n.s. 

60 
3 

 
24 

Nutritional and 

behaviour 

modification 

therapy 

Van der 

Heijden et 

al. 201032 

 

Study without 

control group 

29 

 

15.6 ±0.4 59% Obesity 

(N=15) 
Normoweight 

(N=14) 

MRI 

assessment 

(just in obese 

children) 

AeT 

 

Vigorous 

50 

4 

(2 

supervised) 

 

12 

 

Van der 

Heijden et 

al. 201033 

Study without 

control group 

12 

 

15.5 ±0.5 50% Obesity MRI  
assessment 

RT 

 

Moderate 

to 

Vigorous 

60 
2 

 
12 

 

Reinehr et 

al. 200934 

Control 

Clinical Trial 

152 6-16 M & F 

n.s. 

Obesity US assessment 

prevalence 

 

General Exercise 

(Ball games, 

jogging, etc.) 

(N=109) 

n.s. 

n.s. 
1 

 
52 

Nutrition 

education and 

behavioural 

therapy 

Reinehr et 

al. 200935 

Control 

Clinical Trial 

180 

  

 

10.7 ± 

2.5 

48% Overweight US assessment 

prevalence 

 

General Exercise 

(Ball games, 

jogging, etc.) 

(N=130) 

n.s. 

n.s. 
1 

 
52 

Nutrition 

education and 

behavioural 

therapy 

Reinehr et 

al.200836 

Study without 

control group 

36 

 

6-14 45% Normoweight 
(N=14) and 

Obesity 

(N=36) 

US assessment 

prevalence 

 

General Exercise 

(Ball games, 

jogging, etc.) 

n.s. 

n.s. 
1 

 
52 

Nutrition 

education and 

behavioural 

therapy 

de Piano et 

al. 200737 

Study without 

control group 

34 

 

15-19 

 

44% Obesity US 

assessment 

AeT 

 

Moderate 
60 

3 

 
12 

Dietary and 

Psychological 

Damaso et 

al. 200638 

Study without 

control group 

28 15-19 43% Obesity US assessment  Recreational 

sports 

activities, 

gymnastics 

and walking 

Moderate 

60 
2 

 
12 

Nutritional and 

Psychological 

Tock et al. 

200639 

Study without 

control group 

73 15-19 

 

33% Obesity US assessment 

(hepatocytes 

affected) 

Exercise 

n.s. 

 

n.s. 

60 
2 

 
12 

Dietary, clinical 

Psychological 

support 

Abbreviations: AeT: Aerobic Training; MRI: magnetic resonance imaging; NAFLD: non-alcoholic fatty liver disease; n.s.: not specified; RCT:  randomized control trials; s.e.: 

standard error; RT: Resistance Training; US: ultrasonography; yr: years. 
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Risk of bias within studies  

The quality of the included studies was generally suboptimal. Methodological 

quality assessment is shown in Supplemental Fig 2A for RCTs and in Supplemental 

Fig 2B for non-RCTs and studies without a control group. 

Details of randomization35,37, allocation concealment35,37, and study blinding34–37 

were inadequately reported or rated as an “unclear risk” (categorized when the 

information of those domains of bias was not specified in the article) for most RCTs. 

None of the non-RCTs or the studies without a control group reported an adequate 

selection bias. Double-blind design (participants and researchers) was not applied due to 

the nature of the interventions. Retention rates ranged from 79% to 100%. Seven of the 

included studies did not explicitly report dropout rate or number of participants that 

finished the intervention. Only 3 studies used ITT analysis33,34,36.  

There was strong agreement among the reviewers in allocating risk of bias scores 

in both Cochrane risk of bias tool and EPHPP quality assessment tool (k=0.828 and 0.884, 

respectively). 

Effects of exercise on hepatic fat content comparing ET intervention vs. control groups 

Meta-analysis of the ET vs. control effects showed a significant pooled ES for the 

efficacy of the exercise on hepatic fat content reduction (ES=−2.10, 95% CI:−3.25 

to−0.95; P< 0.001, I2=92%, 181 participants) (Fig 1). A high heterogeneity (>75%) was 

observed among studies. Differences in ET intensity explained partially the heterogeneity 

among studies (P<0.001; I2=59%), whereas the number of sessions per week did not seem 

to affect it (P>0.05).  
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Fig 1. Meta-analysis of the pooled effect size (ES) and confidence intervals (CI) (95%) of ET intervention vs. control group on 

hepatic fat content measured by resonance magnetic imaging. The size of the square represents the weight of each study. 

Abbreviations: AeT: aerobic training group; C: control group; MI: moderate intensity; RT: resistance training group; VI: vigorous 

intensity. If nothing is specified about intensity of ET, it corresponds to a moderate-to-vigorous ET intensity. 

There was a statistically significant publication bias according to Egger's test 

(P=0.003) or a visual inspection of the funnel plot for hepatic fat outcomes 

(Supplemental Fig 3A). However, after having incorporated the imputed studies (N=3) 

using “trim and fill” procedure, the ES estimate was −0.63 (95% CI:−0.90 to −0.37). 

Thus, correction for potential publication bias did not alter the significant association. 

Subgroup analysis was conducted by ET type (aerobic and resistance), intensity 

(moderate or moderate-to-vigorous and vigorous), and volume (<60 or ≥60 min/session) 

(Supplemental Fig 4A, B and C respectively). Both aerobic (ES=−1.79; 95% CI:−3.13 

to −0.45; P=0. 009, I2=93%, 101 participants) and resistance ET interventions (ES=−2.72, 

95% CI:−3.72 to −1.72; P<0.001, I2=42%, 32 participants) were associated with a 

significant reduction of hepatic fat content. When the analysis was performed removing 

the moderate aerobic intensity group, it was observed that the pooled ES of the aerobic 

sub- group increased (ES=−2.45 95% CI:−4.39 to −0.51; P=0.013, I2=92%, 69 

participants) (Supplemental Fig 4A). Only vigorous and moderate-to-vigorous intensities 

(ES=−2.55, 95% CI:−3.80 to−1.29; P<0.001, I2=89%, 101 participants) and a volume 
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≥60min/session (ES=−2.99, 95% CI:−3.56 to −2.42; P<0.001, I2=4%, 63 participants) 

were associated with a significant reduction of hepatic fat content (Supplemental Fig 4B 

and C, respectively). 

Meta-regression analysis showed a significant correlation between changes in 

CRF (VO2max, mL/kg/min) and ES of hepatic fat content (β=−0.43, 95% CI −0.54 to 

−0.33; P<0.001) (Fig 2A). In other words, those youth participating in ET interventions 

that improved more their CRF levels as compared to children participating in the control 

groups, had higher reductions in hepatic fat content. A non-significant correlation 

between changes in MusS (MusS index) and ES of hepatic fat content (β=−4.08, 95% CI 

8.42 to 0.27; P=0.066) was also observed (Fig 2B). 
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Fig 2. Meta-regression analysis (standardized β coefficient and P values in exercise vs. control analysis) of 

changes in CRF (VO2max, mL/kg/min) (A) or changes in MusS (MusS Index) (B) (X axis) against the effect 

size on hepatic fat content (Y axis). The more negative the effect size is, the more effective is the ET 

intervention group compared to control group reducing hepatic fat content. For studies without control 

group see supplementary material. The size of the circle represents the weight of each study. Abbreviations: 

AeT: aerobic training group; C: control group; CRF: cardiorespiratory fitness; MI: moderate intensity; RT: 

resistance training group; VI: vigorous intensity. If nothing is specified about intensity of ET, it corresponds 

to a moderate to vigorous ET intensity. 
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Effects of ET on hepatic fat content comparing post vs. pre intervention values 

The meta-analysis of ET effects (post vs. pre) on hepatic fat content showed a non-

significant pooled ES (ES=−0.32, 95% CI:–0.79 to 0.16; P=0.189, I2=77%, 222 

participants) (Fig 3A). However, in the leave-one-out analysis by omitting one study in 

turn, the pooled ES be- came significant (ES=−0.50, 95% CI:−0.79 to −0.20; P=0.001) 

after having removed the moderate intensity ET intervention group from the analysis (Fig 

3B).  

 

Fig 3. Meta-analysis of the pooled effect size (ES) and confidence intervals (CI) (95%) (post vs. pre values) of 

ET on liver fat content measured by resonance magnetic imaging (A) and sensitivity analysis by leave-one-out 

analysis, in which the pooled effect size (point) and significance (p-value) are shown if each study were 

eliminated (B). The size of the square represents the weight of each study. Abbreviations: AeT: aerobic training 

group; C: control group; MI: moderate intensity; RT: resistance training group; VI: vigorous intensity. If nothing 

is specified about intensity of exercise, it corresponds to a moderate to vigorous ET intensity. 
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There was not risk of publication bias according to either the Egger's test (P=0.19) 

or a visual asymmetry of the funnel plot (Supplemental Fig 3B).  

Type of ET: It was observed that aerobic ET performed at least at moderate-to-

vigorous intensity (ES=−0.62, 95% CI:−1.02 to −0.22; P=0.002, I2=37%, 81 

participants), but not resistance ET (ES=−0.31, 95% CI:−0.78 to 0.17; P=0.205, I2=25, 

44 participants), was effective in the reduction of hepatic fat content (Supplemental Fig 

5A).  

Intensity: The moderate intensity subgroup showed a significant increase in the 

hepatic fat content (ES=0.89, 95% CI:0.38 to 1.40; P=0.001, I2=0%, 32 participants), 

whereas the moderate-to-vigorous and vigorous subgroup significantly reduced hepatic 

fat (ES=−0.49, 95% CI:−0.79 to −0.20; P=0.001, I2=29%, 125 participants) 

(Supplemental Fig 5B). 

Volume and frequency: Significant reductions of hepatic fat content were 

observed with at least ≥60min of ET/session (ES=−0.42, 95% CI:–0.74 to −0.11; 

P=0.009, I2= 0%, 82 participants) and with a minimum frequency of 3 sessions/week at 

moderate-to-vigorous or vigorous intensity (ES=−0.44, 95% CI:–0.72 to −0.17; P=0.002, 

I2= 0%, 101 participants) (Supplemental Fig 5C and D, respectively). 

In the meta-regression analysis, there was a significant association between 

changes in CRF and hepatic fat content reduction (β=−0.09, 95% CI −0.18 to −0.01; 

P=0.039) (Supplemental Fig 6A), which was strengthened after having removed the 

moderate aerobic intensity group from the analysis (β=−0.10, 95% CI −0.16 to −0.04; 

P=0.001) (Supplemental Fig 6B), as well as between changes in MusS and hepatic fat 

content reduction (β=−0.80, 95% CI −1.52 to −0.08; P=0.030) (Supplemental Fig 6C). 
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Effects of ET on NAFLD prevalence comparing post vs. pre intervention values in 

interventions including other lifestyle activities 

Seven studies were included in the meta-analysis of the effects of supervised-ET 

interventions on NAFLD prevalence. In this case, all the studies also performed 

multidisciplinary lifestyle interventions (ET + nutrition and/or physiological activities). 

Thus, the effect on NAFLD prevalence was not only because of ET, but the combined 

effect of all the lifestyle components. Four out of seven studies reported a significant 

reduction in the prevalence of NAFLD after the lifestyle intervention. The pooled OR of 

changes in NAFLD prevalence was 0.383 (95% CI 0.23 to 0.63; P<0.001, I2=67%, 748 

participants) (Fig 4). Thus, the participation in a lifestyle intervention program, including 

ET was associated with a significant decrease in the risk of NAFLD. 

 

 

Fig 4. Meta-analysis forest plot of pooled Odd ratio of post vs. pre NAFLD prevalence measured by 

ultrasonography. All the studies included other lifestyle intervention activities apart from ET (e.g. nutritional 

advices). The size of the square represents the weight of each study. Abbreviations: NAFLD: non-alcoholic 

fatty liver disease. 
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A significant publication bias estimated by either the Egger's test (P=0.08) or by 

visual asymmetry of the funnel plot (Supplemental Fig 3C) was observed. In any case, the 

effect of lifestyle interventions on NAFLD was not diminished when the ‘trim and fill’ 

procedure of publication bias was applied (ES=0.45; 95% CI:0.34 to 0.59).  

We did not examine differences in NAFLD prevalence according to the type of ET, 

intensity, or volume, because the studies did not report this information. Nevertheless, 

subgroup analysis by frequency showed that both frequencies (<3 and ≥3 sessions/week) 

were associated with significant reductions in NAFLD prevalence (Supplemental Fig 7). 

Discussion  

In this systematic review and meta-analysis, we examined the effects of supervised-

ET on hepatic fat content and NAFLD prevalence in children and adolescents. The main 

findings of our study are the following: i) supervised-ET interventions reduced hepatic fat 

content and NAFLD prevalence in children and adolescents, ii) both aerobic and resistance 

ET at vigorous or moderate-to-vigorous intensity, with a volume of ≥60 min/session and a 

minimum frequency of 3 sessions/week significantly reduced hepatic fat content, and iii) 

higher increases in CRF and MusS levels after the supervised-ET interventions are 

associated with greater reductions in hepatic fat content. To our knowledge, this is the first 

systematic review and meta-analysis assessing the effects of supervised-ET on hepatic fat 

content and NAFLD prevalence in children and adolescents, and providing evidence of the 

efficacy of the type, intensity, volume, and frequency of ET, as well as of the role of 

improvements in aerobic and muscular fitness on hepatic fat content. These findings could 

help to provide more specific exercise recommendations for NAFLD management in 

pediatric population.  
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Our results show that ET alone has beneficial and strong effects on hepatic fat 

content, compared to the non-ET control group. This finding is consistent with a recently 

published systematic review and meta- analysis16 which showed that exercise significantly 

reduced liver fat content in youth. Nevertheless, this study did not analyze the effects of ET 

on NAFLD prevalence or the specific effects of different type of ET, intensities, volumes, 

or frequencies on hepatic fat content. Neither the association of changes in CRF nor MusS 

in hepatic fat reduction were provided. Other narrative review56 also suggested that ET alone 

may improve hepatic steatosis in children and adolescents. Keating et al.57 in adults, and 

Orci et al.58 in adults and adolescents also demonstrated benefits of ET alone on hepatic fat 

content and NAFLD management. The effectiveness of ET on hepatic fat content was not 

statistically significant in the meta-analyses performed comparing post vs. pre intervention 

values, although some of the studies showed a significant ES in favors of the post-ET 

intervention. The differences between the results observed in analyses examining the results 

of ET vs. control groups and post vs. pre analyses could be precisely due to the comparison 

with a control group. Adolescents who participated in the ET intervention reduced hepatic 

fat content, whereas participants in the control group increased it33,34,36. Thus, ET may 

counteract the increment on hepatic fat content observed in youth participating in control 

groups (without ET). Also, ET showed a beneficial effect on NAFLD prevalence. The 

majority of the studies reporting the effect of supervised-ET on NAFLD prevalence also 

included nutritional and/or physiological activities in the interventions. Likewise, the 

reduction of NAFLD prevalence was due to supervised-ET in conjunction with other 

lifestyle components. We did not find previous reviews specifically referring to the effects 

of lifestyle intervention programs, including supervised-ET on NAFLD prevalence. 

However, several reviews showed the benefits of lifestyle intervention programs on the 

management of NAFLD in adults59,60 and also in children and adolescents56,61. In this regard, 
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lifestyle interventions involving diet and ET are considered a cornerstone of NAFLD 

treatment in the pediatric population3.  

The subgroup analyses revealed that both aerobic and resistance ET at vigorous and 

moderate-to-vigorous intensities, in sessions of ≥60min and a frequency ≥3 sessions per 

week are more effective reducing hepatic fat content in children and adolescents. These 

results are in line with the international recommendations of PA for the promotion of health 

in young people of the World Health Organisation62 or the “Centers for Disease Control and 

Prevention”63 which recommend 60min of aerobic and muscle strengthening ET at moderate 

and vigorous intensity every day or at least 3 days per week in this population. Thus, these 

results suggest that the design of future ET interventions for NAFLD management and 

prevention in children and adolescents should include both aerobic and resistance ET. It 

should be performed at vigorous or moderate-to-vigorous intensity, with at least a volume 

of 60 min/ session and a frequency of three sessions/week since they have shown greater 

benefits in reducing hepatic fat content and NAFLD prevalence. However, these results 

should be taken with caution given the reduced number of studies included in the analysis. 

A recent systematic-review in adults concluded that both aerobic and resistance ET similarly 

reduced hepatic steatosis64, which concurs with our findings. In contrast, a meta-analysis in 

adults concluded that aerobic ET was more effective than resistance training in the reduction 

of intrahepatic lipid content58. Hashida et al. in their meta-analysis64 proposed as a median 

effective protocol to improve hepatic steatosis in adults a volume of 40min/session, three 

times/week for aerobic ET or 45 min/session and three times/week for resistance exercise, 

which is similar to our results.  

In the post vs. pre analyses, the effect of ET on hepatic fat content became significant 

when moderate ET intervention was excluded from the leave-one-out sensitivity analyses. 
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This result also suggests that at least part of the ET should be performed at vigorous intensity 

to achieve a beneficial effect on hepatic adiposity. In general, vigorous intensity ET 

maximize the benefits of ET on CVD risk factors and health65. Regarding hepatic health, 

several trials have reported beneficial effects of high intensity ET on hepatic fat content in 

adults66,67. However, as far as we are aware, there is only one study comparing the effects 

between vigorous and moderate ET intensities on hepatic fat content in youth33. Of note is 

that, although there were no significant differences on changes in hepatic fat among the 

control, moderate, and vigorous intensity groups, only those children participating in the 

vigorous intensity group reduced their hepatic adiposity. In fact, both youths of the control 

and moderate intensity groups increased their hepatic fat content after the intervention33. 

Balducci et al.68 did not find differences between low-to-moderate and moderate-to-vigorous 

exercise groups on hepatic fat index, which was calculated from gamma-GT, body mass 

index, waist circumference, and triglyceride levels. To the best of our knowledge, there are 

no previous studies in humans comparing the effects of moderate-to-vigorous ET with just 

vigorous ET on hepatic fat content or NAFLD prevalence; nevertheless, a study performed 

in mice showed that vigorous was more effective than moderate exercise improving hepatic 

steatosis69. 

The meta-regression analyses showed that higher improvements in CRF and MusS 

are associated with greater reductions in hepatic fat content. These findings are in accordance 

with those reported in adults. Similarly, Kantartzis et al.70 reported a significant correlation 

between changes in VO2max and hepatic fat content after a lifestyle intervention that included 

unsupervised aerobic ET and sports. It was also observed that the association of changes in 

CRF levels and changes in hepatic fat content was stronger when aerobic ET at a moderate 

intensity was excluded from the analyses. This suggests that ET interventions aiming to 

improve CRF levels in the management and prevention of NAFLD should be performed at 
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least at a moderate-to-vigorous intensity. As it has previously been reported that vigorous 

intensity ET is more effective than moderate intensity increasing CRF levels, intervention 

programs should be focused on improving CRF and/or MusS levels, including ET programs 

designed to reach vigorous intensity levels71,72. 

The current review has several limitations. Firstly, there is a high degree of 

heterogeneity among the analyzed studies, in part due to the differences in inclusion criteria, 

type, intensity, volume, frequency, and duration of the ET interventions. Secondly, meta-

analysis and meta-regression analyses enclosed a reduced number of studies, some of them 

with small simple sizes. Publication bias in some of the analysis could be another limitation. 

However, after performing the “trim and fill” analysis, the significant results persisted. This 

review is also limited by the suboptimal methodological quality of the included 

interventions. Therefore, results should be taken with caution; and more research on the 

effect of ET interventions is required to reinforce the recommendations of ET in the 

treatment and prevention of NAFLD in youth. Despite the limitations, several strengths need 

to be acknowledged in this study. For this systematic review and meta-analysis many 

different reference databases were used. Furthermore, we were able to include meta-analysis 

and meta-regressions that may help to clarify the overall effects of supervised-ET, as well 

as the specific effects of the different type, intensity, volume, and frequency of ET on hepatic 

fat content and NAFLD prevalence. These data may allow the design of exercise programs 

for the management and prevention of NAFLD in the pediatric population. 

Conclusions and clinical health implications  

This review shows that supervised-ET alone reduces hepatic fat content in children 

and adolescents, and that its combination with other lifestyle activities is an effective 

approach to reduce NAFLD prevalence in youth. Hence, ET programs can be recommended 
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not only in combination with other lifestyle changes, but also independently as an effective 

approach to improve hepatic steatosis in the pediatric population. Moreover, this study 

provides, for the first time, data on type, intensity, volume, and frequency of ET needed to 

effectively reduce hepatic fat content in the pediatric population. Of note is that these data 

concur with the international recommendations of PA for health promotion in youths. 

Likewise, both aerobic and resistance ET at vigorous or moderate-to-vigorous intensities in 

sessions of at least 60 min and with a minimum of 3 sessions per week, focused on increasing 

CRF and MusS, should be included in the design of ET programs for the prevention and 

management of NAFLD in children and adolescents. Although further research with more 

large-scale intervention studies in youths is needed, particularly in preadolescent children, 

current evidence is promising and reinforces the recommendations of ET therapy for 

NAFLD management and prevention in the pediatric population. 
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Appendix A. Supplementary data 

Supplemental material 1. Search terms combination used in each database and number 

of studies found in each database. 

Medline search (N=746): ("children" OR "adolescent" OR "youth" OR “teenager” OR 

“boy” OR “girl”) AND (“obesity AND liver fat” OR “obesity AND non-alcoholic fatty 

liver disease” OR “obesity AND non-alcoholic steatosis” OR "non-alcoholic steatosis" 

OR "non-alcoholic fatty liver disease" OR "fatty liver" OR "hepatic fat" OR "metabolic 

risk" OR "cardiometabolic risk" OR "type 2 diabetes") AND ("exercise" OR "physical 

activity" OR "exercise intervention" OR "training") AND ("intervention" OR "program" 

OR "trial" OR "treatment" OR “pre-post study”) 

Web of Science Search (N=1684): ("child*" OR "adolesc*" OR "youth" OR “teen*” OR 

“boy*” OR “girl*”) AND ( “obesity AND liver fat” OR “obesity AND non-alcoholic 

fatty liver disease” OR “obesity AND non-alcoholic steatosis” OR "non-alcoholic 

steatosis" OR "non-alcoholic fatty liver disease" OR "fatty liver" OR "hepatic fat" OR 

"metabolic risk" OR "cardiometabolic risk" OR "type 2 diabetes") AND ("exercise" OR 

"physical activity" OR "exercise intervention" OR "training") AND ("intervention*" OR 

"program*" OR "trial*" OR "treatment*" OR “pre-post stud*”) 

Scopus Search (N=1474): TITLE-ABS-KEY (children OR adolescent OR youth OR 

teenager) AND ({obesity liver fat} OR {obesity non-alcoholic fatty liver disease} OR 

{obesity non-alcoholic steatosis} OR {non-alcoholic steatosis} OR {non-alcoholic fatty 

liver disease} OR {fatty liver}) AND (exercise OR {physical activity} OR {exercise 

intervention} OR training) AND (intervention OR program OR trial OR treatment) 

SportDiscus Search (N=249): ("child" OR "adolesc*" OR "youth" OR “teen*” OR 

“boy*” OR “girl*”) AND (((“liver fat” OR “non-alcoholic fatty liver disease” OR “non-
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alcoholic steatosis”) AND “obesity”) OR "non-alcoholic steatosis" OR "non-alcoholic 

fatty liver disease" OR "fatty liver" OR "hepatic fat") AND ("exercise" OR "physical 

activity" OR "exercise intervention" OR "training") AND ("intervention*" OR 

"program*" OR "trial*" OR "treatment*" OR “pre-post stud*”) 
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Supplemental Fig 1- Flow diagram for the selection of studies included in the systematic review and meta-

analysis of the effect of supervised-exercise interventions on liver fat content and non-alcoholic fatty liver 

disease in children and adolescents, according to the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA)17. 
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Supplemental Fig 2- Methodological quality of the included studies. The methodological quality of randomized controlled trials (N=5) 

was assessed using the Cochrane risk of bias tool (7 evaluation critical methodological components)20 (A). The methodological quality 

of non-randomized controlled trials and studies without control group (N=11) was assessed using the Quality Assessment Tool for 

Quantitative Studies of the Effective Public Health Practice Project (EPHPP) (6 evaluation critical methodological components)21,22 (B). 

K= concordance inter-reviewers in risk of bias scores. 
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Supplemental Fig 3- Funnel plots to assess publication bias in effects of exercise on liver fat content in exercise 

vs. control analysis (A), exercise post vs. pre analysis (B) and prevalence of NAFLD (C) included in the meta-

analysis. Each white point represents a meta-analyzed group. Diagonal lines represent pseudo-95% confidence 

intervals. In reference of Y axis, studies located at the lower part of the graph have a higher standard error (a 

lower weight in the pooled analysis). The vertical line represents the calculated estimate effect of liver fat content. 
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Supplemental Fig 4- Meta-analysis (pooled effect size and 95% confidence intervals) among subgroup by type (aerobic vs. 

resistance exercise) (A), intensity (moderate vs. moderate-to-vigorous and vigorous) (B), volume (<60 vs. ≥60 min/session) (C), 

and frequency in intervention vs. control analysis. The size of the square represents the weight of each study. Abbreviations: AeT: 

aerobic training group; C: control group; CI: confidence intervals; ES: effect size; MI: moderate intensity; RT: resistance training 

group; VI: vigorous intensity.  
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Supplemental Fig 5- Meta-analysis (pooled effect size and 95% confidence intervals) among subgroup by type (aerobic vs. 

resistance exercise) (A), intensity (moderate vs. moderate-to-vigorous and vigorous) (B), volume (<60 vs. ≥60 min/session) (C), 

and frequency (<3 vs. ≥3 sessions/week) (D) in post vs. pre analysis. The size of the square represents the weight of each study. 

Abbreviations: AeT: aerobic training group; CI: confidence intervals; ES: effect size; MI: moderate intensity; RT: resistance 

training group; VI: vigorous intensity. 
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Supplemental Fig 6- Meta-regression analysis (standardized β coefficient and P values in post vs. pre analysis) of 

changes in cardiorespiratory fitness (VO2max in ml/kg/min) (A and B) or in strength (muscular strength index) (C), in X 

axis, against the effect size of the liver fat content, in Y axis. The more negative the effect size is, the more effective is 

the exercise at reducing liver fat content after the intervention. Figure Supplementary 4B shows the CRF changes 

analyses but removing the group where exercise intensity was moderate (Hay et al. 201026 Moderate Intensity training 

group). The size of the circle represents the weight of each study. Abbreviations: AeT: aerobic training group; C: control 

group; MI: moderate intensity; RT: resistance training group; VI: vigorous intensity. If nothing is specified about 

intensity of exercise, it corresponds to a moderate to vigorous exercise intensity. 
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Supplemental Fig 7- Meta-analysis (pooled effect size and 95% confidence intervals) among subgroup by frequency (<3 vs. ≥3 

sessions/week) (A) in NAFLD analysis. The size of the square represents the weight of each study. Abbreviations: AeT: aerobic 

training group; C: control group; MI: moderate intensity; RT: resistance training group; VI: vigorous intensity. If nothing is 

specified about intensity of exercise, it corresponds to a moderate to vigorous exercise intensity. 
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Abstract 

Objective: Pediatric hepatic steatosis is highly prevalent and closely related to type 2 

diabetes. To determine whether the addition of supervised exercise to a family-based 

lifestyle and psycho-educational intervention results in greater reduction of percentage of 

hepatic fat (HF), adiposity, and cardiometabolic risk factors in children with 

overweight/obesity. 

Research Design and Methods: The study subjects of this nonrandomized, two-arm, 

parallel design clinical trial were 116 overweight/obese children (10.6±1.1 years of age, 

53.4% girls) living in Vitoria-Gasteiz (Spain). For 22 weeks, they followed either a 

lifestyle- and psycho-education program (control intervention [CInt], N=57), consisting 

of two family-based education sessions/month, or the same plus supervised exercise 

(intensive intervention [II], N=59) focused mainly on high-intensity aerobic workouts (3 

sessions/week, 90 min/session). The primary outcome was the change in percentage of 

HF (as measured by MRI) between baseline and the end of the intervention period. 

Secondary outcomes included changes in BMI, fat mass index (FMI), abdominal fat 

(measured by DEXA), blood pressure, triglycerides, HDL, LDL, γ-glutamyl-transferase, 

glucose, and insulin concentrations. 

Results: A total of 102 children completed the trial (N=53 and N=49 in the CInt and II 

groups, respectively). Percentage of HF decreased only in the II group (-1.20±0.31% vs. 

0.04±0.30%, II and CInt groups, respectively), regardless of baseline value and any 

change in adiposity (P<0.01). BMI, FMI, abdominal fat (P≤0.001), and insulin (P<0.05) 

were reduced in both groups. 
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Conclusions: Multicomponent intervention programs that include exercise training may 

help to reduce adiposity, insulin resistance, and hepatic steatosis in overweight/obese 

children. 

Keywords: hepatic steatosis, childhood, physical activity, nutrition, psychology, obesity 

ClinicalTrials.gov ID: NCT02258126  
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Introduction 

Children with overweight/obesity are at greater risk of the development of 

cardiovascular diseases (CVDs), type 2 diabetes, and nonalcoholic fatty liver disease 

(NAFLD) in adulthood (1,2) and even in childhood (3). Pediatric NAFLD is affecting 

nearly 34% of children with obesity (4). It is estimated that by 2025, 38 million children 

will have hepatic steatosis, the earliest manifestation of NAFLD (5). 

Pediatric hepatic steatosis is an independent risk factor for type 2 diabetes (6,7). 

Excessive body mass gains during childhood may eventually induce the histological 

features of adult NAFLD (8). The treatment of overweight/obesity before puberty, 

however, can reduce the risk of the development of type 2 diabetes in adulthood (9). The 

early treatment of childhood overweight/obesity and its comorbidities is therefore vital. 

Currently, there are no pharmacological options for NAFLD in children (10). 

Lifestyle modification is therefore the primary option (10). A systematic review of 

lifestyle interventions for the treatment of overweight/obesity in children 6–11 years of 

age observed that multicomponent behavior-changing programs achieved small, short-

term reductions in BMI (11). However, no studies have examined the effect of a 

nonhypocaloric diet–based lifestyle intervention program on the percentage of hepatic fat 

(HF) in children. 

Exercise training seems to be effective in reducing HF in adolescents (12), and in 

reducing the risk of the development of CVD and type 2 diabetes (13) in children. In a 

systematic review (12), it was reported that supervised exercise, designed following the 

international recommendations of physical activity, reduced HF in youths. However, 

there has been no such study exclusively involving children under 12 years of age, and 

certainly none that has used imaging methods to assess HF. 
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Given the above, lifestyle and behavioral modifications plus exercise training 

might be expected to have greater effects on HF as well as on children’s health and 

psychological well-being) than interventions based on lifestyle modifications alone. The 

aim of the present work was to determine whether a multicomponent intervention 

program designed according to current evidence and guidelines, and including a family-

based lifestyle and psycho-education program plus a supervised exercise intervention, is 

more effective at reducing the percentage of HF than the lifestyle program alone, in 

children with overweight/obesity who were 8–12 years of age. The effects of these 

interventions on fat mass, CVD, and type 2 diabetes risk factors, physical fitness, dietary 

habits, physical activity, and psychological well-being are also discussed. 

Research Design and Methods 

Study design 

The EFIGRO project is a nonrandomized two-arm, parallel-design controlled trial 

(Clinical trial reg. no. NCT02258126, clinicaltrials.gov) (14). The study was conducted 

at the University of the Basque Country in Vitoria-Gasteiz (northern Spain), from 

September 2014 to June 2017. The Euskadi Clinical Research Ethics Committee 

approved the study protocol (PI2014045), which complies with the ethical guidelines of 

the Declaration of Helsinki (2013 revision). All parents/legal guardians gave their 

informed, written consent for their children to be included in the study; the children also 

gave their assent before enrolment. 

The EFIGRO project compared difference in changes in the percentage of HF, and 

cardiometabolic and diabetes risk factors between two groups: one group received a 

family-based lifestyle and psycho-educational program hereafter referred as the control 
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intervention (CInt), and another group received the same intervention plus an exercise 

program hereafter referred as the intensive intervention (II). 

Participants 

Children and their families were recruited at the Pediatric Endocrinology Unit of the 

University Hospital of Araba, and at Primary Care Clinics in the city of Vitoria-Gasteiz. 

The main entry criterion was having overweight/obesity, as defined by the cutoffs for sex 

and age (by month) established by the World Obesity Federation (15). All children had 

to be 8–12 years of age. Subjects whose medical condition or medication limited their 

physical activity, or might affect the results obtained, were excluded. None of the children 

had diabetes or any other endocrine disorder, and all were nonsmokers. 

Assignment to intervention arms and blinding 

Children were allocated to the CInt or II groups after baseline measurements. The 

design of the current project was conceived as a randomized controlled trial; however, 

this assignment was not completely random. A number of children/families (N=11) did 

not have time to attend the exercise sessions and were thus allocated to the CInt group. 

This decision was made since the children/families had been encouraged to participate in 

the study by their pediatricians, citing probable health benefits. 

Neither the staff delivering the intervention nor the study subjects were blinded to 

the arm assignment. However, the researcher in charge of analyzing the outcomes was 

thus blinded. 

Intervention protocols 

Lifestyle and psycho-educational program 

Both the CInt and the II groups participated in the lifestyle and psychoeducational 
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program. Parents/caregivers and children separately attended the lifestyle (45 min) and 

psycho-educational (45 min) programs once every 2 weeks (i.e., 11 sessions in total), as 

has been explained in detail previously (14). The focus of the program was to increase 1) 

the parents’ and children’s knowledge about healthier dietary habits, 2) their physical 

activity level, and 3) to promote sleep hygiene. The aim of the psychoeducational program 

was to provide skills to the parents/caregivers in order to optimize the family environment 

for making positive lifestyle changes and to learn assertive communication skills. The 

program also provided skills to children for managing their emotions and feelings, and 

for improving their self-esteem and psychological well-being. 

Design of the supervised exercise program 

Only the subjects in the II group took part in the exercise program. The full design 

of the program is available elsewhere (14). Children attended three sessions per week. 

Briefly, sessions were designed and supervised by exercise specialists and consisted of 5 

min of instruction time, 10 min of warm-up, 60 min of game-based cardiovascular 

endurance, 10 min of muscle strength exercises, and 5 min of cooling down and stretching 

exercises (overall, 90 min/session). Subjects were encouraged through motivation and 

game strategies to spend as much time as possible during the session in vigorous, high-

intensity physical activity (16). The maximum heart rate was defined as the highest value 

obtained during the cardiopulmonary exercise test in the laboratory, or in the 20 m shuttle 

run test (msrt). Children wore a Polar RS300X HR monitor during the sessions for 

recording exercise intensity (16). 

Participant retention and addressing compliance and adherence 

The attendance of both the children and their parents/caregivers at the lifestyle 

and psycho-educational sessions was recorded. In the exercise program, children were 
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marked “absent” if they did not attend a session or refused to participate in the proposed 

games or activities. Regardless of their adherence record, all subjects were encouraged to 

return for postintervention data collection. 

Measurements 

Primary and secondary outcomes were assessed at baseline and after 22 weeks of 

intervention by the same trained researchers.  

Primary outcome measure: percentage of HF  

The percentage of HF was measured by MRI using a MAGNETOM Avanto 1.5-

T System (Siemens Healthcare, Erlangen, Germany) equipped with a phased-array 

surface coil and a spine array coil, and running Siemens Medical System software 

v.syngo.MR B17A, following the manufacturer instructions (17). Children with ≥5.5% 

HF were deemed to have hepatic steatosis (18). 

Secondary outcomes measurements 

Physical examination and body composition 

Body mass and height were measured in duplicate. The cut points established by 

the World Obesity Federation (http://www.worldobesity.org/) by sex and for each month 

of age were used to define overweight and obesity (15). Pubertal stage was recorded by a 

pediatrician (19). Systolic and diastolic blood pressure were measured following 

recommendations for children (20). Participants were deemed hypertensive when their 

systolic or diastolic blood pressure was >90th age-, sex-, and height-specific percentile 

(20). 
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Total and abdominal fat, as well as lean mass, were measured by DEXA using a 

HOLOGIC QDR 4500 W device. The fat mass index (FMI) was then determined as (FMI: 

fat mass [kg]/stature2 [m2]) and lean mass index (LMI: lean mass [kg]/ stature2 [m2]). 

Physical fitness 

Cardiorespiratory fitness (CRF) and muscle strength were determined following 

validated protocols for children (21). CRF was assessed by two tests: 1) an incremental 

CRF treadmill protocol with respiratory gas analysis until exhaustion, and 2) the 20msrt. 

Upper and lower body muscular strength were assessed by the handgrip and the standing 

broad jump tests, respectively. 

Biochemical measurements 

Plasma triglycerides (TGs), HDL cholesterol (HDLc), LDL cholesterol (LDLc), 

insulin, glucose, and γ-glutamyl transferase (GGT) concentrations were determined as 

reported previously (14). Insulin resistance-HOMA and the TG/HDLc ratio were then 

calculated. Insulin resistance was defined according to the age- and sex-specific cut points 

for HOMA values (22). Subjects with TG/HDLc ratio values of ≥2.0 were deemed to be 

at increased cardiometabolic risk (23). 

Physical activity, sedentary time, sleep and dietary habits assessment 

Physical activity was determined by accelerometry (wGT3X-BT; Actigraph, 

Pensacola, FL), and dietary habits were assessed using two nonconsecutive 24-h recall 

records and food frequency questionnaires, as detailed previously (14). 

Psychological assessment 

Anxiety was assessed using the State-Trait Anxiety Inventory for Children; stress 

was determined using the Children’s Daily Stressors Inventory; self-concept was assessed 
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using the Self-Concept Form-5 Questionnaire; and depression was examined using the 

translated version of the Children’s Depression Inventory (14). 

Statistical analyses 

Since no information on the effect of exercise on the percentage of HF in children 

was available, the required sample size was calculated using information available for 

closely associated secondary outcome variables. The sample size actually obtained was 

N=116. This figure was expected to provide at least 80% power for detecting an effect 

size (Cohen’s d) between the two experimental groups of 0.7 for insulin resistance and 

total body fat (minimum number required in each group=34 for 80% power and =0.05). 

The baseline characteristics of the subjects’ in the two intervention groups were 

compared using either the Student t test (for continuous variables) or the χ2 test (for 

categorical variables). Differences between the intervention groups in terms of 

postintervention values for the primary and secondary outcomes were also examined 

using the Student t test. Within group differences (pre vs. post values) in primary and 

secondary outcomes were examined using the Student paired t test following per protocol 

and intention-to-treat principles. For the intention-to-treat analyses, missing values at 

follow-up were obtained by multiple imputation using the following predictor variables: 

preintervention values, postintervention values, age, sex, and intervention group. 

Imputations were performed as four blocks: body composition variables (HF, body mass, 

BMI, FMI, LMI, abdominal fat), blood pressure variables (systolic and diastolic blood 

pressure), cardiometabolic risk variables (TG, HDLc, LDLc, TG/HDLc ratio, insulin, 

glucose, HOMA, GGT), and fitness variables (VO2 peak, end-time treadmill test, 20msrt 

result, handgrip strength, and standing broad jump). 
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In both the per protocol and the intention-to-treat analyses, differences between 

the CInt and II groups in terms of changes in primary and secondary outcomes were 

examined by ANCOVA adjusting for baseline values. Cohen’s d was used to estimate the 

effect size and 95% CI. Differences between the CInt and II groups in terms of changes 

in the percentage of HF were examined in extended models: Model 1, unadjusted; Model 

2, adjusted by the corresponding baseline value and changes in height; Model 3, adjusted 

by baseline values and changes in the FMI; and Model 4, adjusted by baseline values and 

changes in abdominal fat. 

Finally, the relationship between the changes (preintervention to postintervention 

values) in physical fitness variables and in the percentage of HF in each intervention 

group (CInt and II) were examined by regression analysis 1) using an unadjusted model, 

and 2) adjusting for baseline physical fitness and percentage of HF. 

Significance was set at P<0.05. All calculations were made using the Statistical 

Package for Social Sciences version 24.0 for Windows (SPSS Inc, Chicago, IL).
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Results 

Figure 1 shows the flow chart for the trial, plus subject inclusions and exclusions.  

 

Figure 1—Flowchart showing enrollment into the study groups. Control group: children participating in 

the family-based lifestyle- and psycho-educational program; Intensive group: children participating in the 

latter plus exercise training. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N=49 were included in per protocol analysis  

Excluded from analysis (assistance to lifestyle 

sessions <50%, n=1) 

N=59 were included in intention-to-treat analysis 

Refused to participate (N=7) 

The child does not want to participate 

(N=2) 

Lack of time of parents to participate 

in the sessions (N=2) 

Too many medical assessments (N=1) 

Other reasons (N=2) 

N=59 Allocated to intensive 

intervention  

N=57 Allocated to control 

intervention 

N=132 Informed about the program 

by the research team  

N=125 Assessed for eligibility  

Excluded. Not meeting inclusion criteria (n=5) 

 Age (n=1) 

Normal weight (N=3) 

 Secondary Obesity (N=1) 

Refused to participate (N=4) 

 Not having time, cannot take the child to the 

sessions (N=3) 

 Others (n=1) 
 

N=116 Allocated 

N=9 Discontinued intervention  

Parents cannot take the child to the sessions 

(N=3, weeks 2, 4, 11) 

Other reasons (N=6, weeks 2, 8, 10, 17) 

N=4 Discontinued intervention  

Parents cannot take the child to the sessions 

(N=1, week4) 

Disease of a family member (N=1, week4) 

Other reasons (N=2, week1) 

N=53 were included in per protocol analysis  

N=57 were included in intention-to-treat 

analysis 
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Table 1 shows the participants' baseline characteristics. Overall, there were no 

significant differences in the socioeconomic, sociodemographic, anthropometric or 

clinical characteristics between the CInt and II groups.  

Table 1—Characteristics of the children participating in the study 
  Total   Control group (CInt) Intensive group (II)  

 N Mean SD N Mean SD N Mean SD    P 

Age (years) 116 10.6 1.1 57 10.6  1.1 59 10.5 1.0 0.701 

Girls (N, %) 116 62 53.4 57 30 52.6 59 32 54.2 0.862 

Non-Spanish origin of the mother (N, %) 116 18 15.5 57 6 10.5 59 12 20.3 0.114 

High maternal educational level (N, %) 115 84 73.0 57 46 80.7 58 38 65.5 0.092 

Family history of diabetes (N, %) 115 9 7.8 57 7 11.3 58 2 4.0 0.094 

Tanner stage (N, %)           

Telarche or gonadarche 108   55   53   0.277 

I  38 34.3  20 36.4  22 41.7  

II  30 38.9  20 36.4  12 22.6  

III  19  15.7  12 21.0  11 20.8  

IV-V  10 11.1  3 5.4  8 15.1  

Pubarche 108   55   53   0.865 

I  37 34.3  20, 36.4   17 32.1  

II  42 38.9  22, 40.0   20 37.7  

III  17 15.7  7, 12.7   10 18.9  

IV-V  12 11.1  6, 10.9   6 11.3  

Weight status 116   57   59   0.727 

Overweight (N, %)  49 42.3  25 43.9  24 40.7  

Obesity grade I (N, %)  58 50.0  29 50.9  29 49.2  

Obesity grade II (N, %)  6 5.2  2 3.5  4 6.8  

Obesity grade III (N, %)  3 2.6  1 1.8  2 3.4  

High blood pressure (N, %) 116 8 6.9 57 3  5.3 59 5 8.5 0.350 

Hypertriglyceridaemia (N, %) 115 9 7.8 57 3 5.3 58 6 10.3 0.490 

High TG/HDLc (N, %) 114 37 32. 56 17 30.4 58 20 34.5 0.692 

Hepatic steatosis (N, %) 115 41 35.7 57 18 31.6 58 23 39.7 0.239 

Insulin resistance (N, %) 114 51 44.7 55 24 42.9 58 27 46.6 0.705 
Control group: children participating in the family-based lifestyle and psycho-educational program; Intensive group: children 

participating in the same program plus the supervised exercise program. 
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A total of 102 of the original 116 subjects (87.9%; N=53 in the CInt group; N=49 

in the II group) successfully completed the trial, attending at least 50% of the sessions. 

Their data were included in the per protocol analyses. The data for those children that 

discontinued the intervention (N=4 in the CInt group; N=9 in the II group), or who did 

not attend at least 50% of the educational program sessions (N=1 in the II group), were 

also included in the intention-to-treat analyses. 

Attendance, adverse events and main characteristics of the program 

No significant difference was seen between the CInt and II groups in terms of 

attendance at the lifestyle- and psychoeducation program sessions, either for the 

parents/caregivers (86.4±12.9% vs. 80.6±15.3%; P=0.334) or the children (87.2±12.0% 

vs. 82.5±14.6%; P=0.496). The mean attendance rate for the II subjects with respect to 

the exercise program was 72.0±16.1% sessions. Exercise-related adverse events included 

knee and ankle pain (N=2); no adverse events were recorded for the lifestyle and psycho-

education programs. 

In the exercise program, the mean HR per session was 146±16 bpm. High-

intensity exercise was maintained for 49±23% of the time, and moderate-intensity 

exercise for 32±15% of the time.  

Effects of the intervention on primary outcome 

Percentage hepatic fat  

No significant difference in percentage of HF was seen between the CInt and II 

groups at baseline (Table 2 and Supplementary Table 1, for the per protocol and 

intention-to-treat analyses, respectively). Although there were no significant differences 

in postintervention values of the percentage of HF between the two groups (Table 2 and 

Supplementary Table 1), only children in the intensive group reduced the percentage of 
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HF after the intervention (Table 2 and Supplementary Table 1, for the per protocol and 

intention-to-treat analyses, respectively). The difference in the change in percentage of 

HF between the two groups (per protocol analysis) was significant (P<0.02) (Fig. 2 and 

Supplementary Fig. 1); these results persisted after adjustment for baseline values for 

percentage of HF and changes in height (-1.20±0.31% vs. 0.04±0.30% for the II and CInt 

groups, respectively; P=0.006), and when changes in FMI (-1.13±0.27% vs. -0.02±0.27% 

for the II and CInt groups respectively; P=0.004) and abdominal fat (-1.19±0.26% vs. 

­0.03±0.28% for the II and CInt groups, respectively; P=0.004) were adjusted for instead 

of changes in height (Supplementary Fig. 1). Further adjustment for baseline VO2 peak 

(measured via the treadmill test) did not substantially alter the results (P<0.05). The 

intention-to-treat analyses for differences between groups in terms of the change in 

percentage of HF returned similar results (Supplementary Fig. 2). 
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Table 2. Percentage hepatic fat, body composition, cardiometabolic and diabetes risk factors, and physical fitness before (Pre) and after (Post) participation 

in the family-based lifestyle and psycho-educational intervention program (control group, CI) or the plus exercise training (intensive group, II) in children 

with overweight/obesity (per protocol analysis). 
Cint group II group 

        Pre      Post        Pre       Post   CI vs. II 

N Mean SD Mean SD     P N Mean SD Mean SD    P PPre Ppost 

Primary outcome 

HF (%)* 50 5.2 2.8 5.2 2.9 0.769 49 5.6 4.5 4.5 3.6  0.006 0.836 0.193 

Secondary outcomes 

Body composition 

Body mass (kg) 53 53.4 8.9 53.9 9.8 0.122 49 55.9 11.3 54.9 11.3   0.011 0.224 0.491 

Height (cm) 53 145.5 7.9 148.1 7.8 <0.001 49 146.9 8.3 149.4 8.5 <0.001 0.350 0.430 

Body mass index (kg/m2) 53 25.1 2.8 24.4 3.2 <0.001 49 25.7 3.3 24.4 3.3 <0.001 0.325 0.813 

Fat mass index (kg/m2) 53 9.8 2.1 9.0 2.4 <0.001 48 10.4 2.3 9.2 2.2 <0.001 0.191 0.345 

Lean mass index (kg/m2) 53 14.6 1.1 14.5 1.3 0.141 48 14.4 1.2 14.3 1.3 0.242 0.408 0.869 

Abdominal fat (kg) 53 5.7 2.1 5.3 2.2 0.001 48 6.4 2.5 5.7 2.1 <0.001 0.151 0.215 

Cardiometabolic and diabetes risk factors 

SBP (mmHg) 52 96.7 10.6 97.1 10.6 0.835 49 95.6 10.2 96.0 11.9 0.815 0.586 0.738 

DBP (mmHg) 52 62.4 7.5 61.5 6.6 0.354 49 60.1 7.8 62.5 7.6 0.049 0.162 0.356 

MAP (mmHg) 52 85.3 8.5 85.3 7.9 0.982 49 83.8 8.5 84.9 9.1 0.408 0.386 0.973 

TG (mg/dL)* 51 81.4 35.3 79.8 28.4 0.876 48 78.6 37.6 69.3 26.4 0.079 0.907 0.122 

HDLc (mg/dL) 51 50.3 10.7 49.0 9.4 0.235 48 53.7 11.8 50.3 10.9 0.003 0.198 0.627 

TG/HDLc 51 1.72 0.89 1.72 0.81 0.992 48 1.61 1.08 1.52 0.93 0.460 0.882 0.299 

LDLc (mg/dL) 51 102.8 24.7 99.2 23.9 0.052 48 102.9 22.9 90.9 18.7 <0.001 0.711 0.046 

Insulin (IU/mL)* 50 11.7 4.4 10.5 4.6 0.008 47 12.3 4.5 11.4 5.4 0.027 0.400 0.334 

Glucose (mg/dL) 51 85.3 5.6 85.2 5.4 0.910 48 85.5 5.1 84.9 6.7 0.446 0.813 0.846 

HOMA* 50 2.50 1.06 2.23 1.05 0.017 48 2.64 1.12 2.44 1.35 0.054 0.438 0.354 

Gamma-GT (units/L) 51 15.3 3.9 15.3 4.1 0.894 46 17.0 4.9 15.4 4.4 0.010 0.079 0.878 

Physical fitness 

VO2 peak treadmill test (mL/kg/min) 41 35.9 6.3 38.7 6.8 0.017 44 32.2 5.0 37.6 5.6 <0.001 0.010 0.422 

End-time treadmill test (sg) 41 598 155 674 165 0.004 44 569 136 693 141 <0.001 0.365 0.567 

20msrt (laps) 44 24 12 30 11 0.001 47 20 11 29 16 <0.001 0.284 0.912 

Handgrip strength (kg/body mass) 52 0.34 0.06 0.37 0.07 <0.001 49 0.32 0.06 0.37 0.07 <0.001 0.229 0.732 

Standing broad jump (cm) 46 103.6 16.0 110.0 24.5 0.042 46 98.4 19.0 111.0 20.7 <0.001 0.130 0.807 
DBP, diastolic blood pressure; MAP, mean arterial pressure calculated as diastolic pressure + [0.333 3 x (systolic blood pressure - diastolic pressure)]; Post, after; Ppost indicates statistical 

differences in Postintervention values between the control and the II groups (Student t test); Ppre indicates statistical differences in baseline values (Student t test); Pre, before; SBP, 

systolic blood pressure. *Analyzed with log (ln)-transformed values, but nontransformed data are shown. P indicates statistical differences between Pre and Post values (paired Student t 

test). Bold type values indicate statistically significant differences (P<0.05).
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Figure 2—Unadjusted effect size (Cohen’s d and 95% CI) and differences in changes (Δ) in percentage of HF, body mass and composition, cardiometabolic and diabetes risk 

factors between the control group (children participating in the family-based lifestyle and psycho-educational program), and intensive groups (children participating in the 

multicomponent intervention, including lifestyle and psycho-educational program). Differences between the control and the II groups in terms of changes in primary and 

secondary outcomes were examined (per protocol) by ANOVA. Changes were calculated as postintervention minus preintervention values. Data are the mean (SD). *Negative 

Cohen’s d values obtained for the differences in the changes in adiposity and cardiometabolic and diabetes risk between the two groups (in favor of the II group) were multiplied 

by -1 for illustrative purposes.
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Effects of the intervention on secondary outcomes 

Adiposity and CVD and type 2 diabetes risk factors 

No significant differences were seen between the CInt and II groups in terms of 

any of the studied cardiometabolic or type 2 diabetes risk factors at baseline (Table 2 and 

Supplementary Table 1). Both groups returned significantly reduced BMI, FMI, and 

abdominal fat values after the intervention (P<0.01), while no significant changes were 

seen in LMI (Table 2 and Supplementary Table 1 for the per protocol and intention-to-

treat analyses, respectively). No significant differences were seen between the groups in 

terms of postintervention in any adiposity estimate (Table 2 and Supplementary Table 1). 

The reduction in BMI was significantly greater in the II group (P<0.01), but no significant 

differences were seen between the groups in terms of the change in FMI or abdominal fat 

(Fig. 2). These results did not substantially differ after adjusting for baseline values 

(Supplementary Fig. 2). The intention-to-treat analyses returned similar results 

(Supplementary Fig. 3).  

Per protocol analysis showed the insulin concentration and HOMA value to be 

significantly smaller (P<0.01 and P<0.05, respectively) in the CInt group after the 

intervention (Table 2). These reductions were not significant, however, in the intention-

to-treat analysis (P<0.09) (Supplementary Table 1). In the II group, the HDLc (P<0.01), 

LDLc (P<0.001), insulin (P<0.05), and GGT (P<0.05) concentrations all decreased 

significantly by the end of the intervention program (per protocol analysis). Diastolic 

blood pressure increased significantly in the II group, whereas no significant change was 

observed in the control group (Table 2). The intention-to-treat analysis returned similar 

results, but only the changes in TG (P<0.05), insulin (P<0.001), and GGT (P<0.01) 

remained significant (Supplementary Table 1).  
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No significant differences were seen in terms of postintervention cardiometabolic 

and diabetes risk factors between the two groups (Table 2 and Supplementary Table 1), 

except with respect to the LDLc level (P<0.05; both per protocol and intention to treat). 

However, greater reductions in LDLc level were seen in the II group than in the CInt 

group after the intervention; the per protocol and the intention-to-treat analyses returned 

similar results (Fig. 2 and Supplementary Figs. 2 and 3). 

In the per protocol analysis, significant difference was seen between the groups in 

terms of the effect of the interventions on TG (P<0.05) (Table 2), but this was attenuated 

in the intention-to-treat analyses (P<0.07) (Supplementary Table 1). However, the 

differences in the change in TG levels were not consistent between the per protocol (Fig. 

2 and Supplementary Fig. 2) and intention-to-treat analyses (Supplementary Fig. 3). 

Similarly, analysis-inconsistent differences were seen between groups in terms of the 

effect of the interventions on GGT levels (Fig. 2 and Supplementary Figs. 2 and 3).  

Physical fitness  

At baseline, VO2 peak as measured by the treadmill test was lower in the II group 

than in the CInt group (P<0.05), but no significant differences were seen in the rest of the 

fitness variables (Table 2 and Supplementary Table 1). Significant increases were seen in 

both groups for all physical fitness variables after the intervention (P≤0.001) (Table 2 and 

Supplementary Table 1), but no significant differences were seen between them in terms 

of the changes in these values (Fig. 2), even after adjustment for baseline values 

(Supplementary Fig. 2). The intention-to-treat analysis returned similar results 

(Supplementary Fig. 3).  

The increase in CRF measured in the 20msrt was significantly associated with the 

reduction in percentage of HF content in the II group subjects—at least in the per protocol 
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analysis (Supplementary Table 2). This relationship was attenuated and became 

nonsignificant (P<0.06) in the intention-to-treat analysis (Supplementary Table 3).  

Effects of the intervention on lifestyle and psychological well-being factors 

All comparisons were per protocol (Supplementary Table 4). No significant 

differences in dietary and physical activity variables were seen between the two groups 

at baseline. By the end of the intervention, both groups had significantly reduced their 

energy and fat intake and increased their intake of fruits and vegetables. No significant 

changes were seen, however, in the consumption of sugar and sugar-sweetened 

beverages. Neither moderate-to-vigorous physical activity nor sleep time changed after 

the intervention in either group, although sedentary time was significantly reduced in the 

II group (P<0.05). No significant differences in dietary or physical activity variables were 

seen between the two groups at the end of the intervention. 

No significant differences were seen in psychological variables between the two 

groups at baseline (Supplementary Table 4). By the end of the intervention, the subjects 

of both groups had experienced a significant increase in terms of emotional self-concept 

(P<0.05). Improvements were also seen in physical self-concept, total depression, 

dysphoria, and anxiety, although they were only significant in the CInt group (P<0.05 

and P<0.09, for the CInt and II intervention groups, respectively). No significant 

differences in the improvement in psychological wellbeing were seen between the two 

group at the end of the intervention. 
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Conclusions 

The present results reveal the II subjects to have experienced a clinically important 

reduction (nearly 20%) in percentage of HF; no such reduction was seen in the CInt group. 

Both the CInt and II subjects experienced a reduction in total and abdominal fat and 

insulin resistance. The II subjects also enjoyed a significant reduction in LDLc. Given the 

importance of treating pediatric hepatic steatosis early, not only to prevent future liver 

damage, but also to prevent type 2 diabetes, these findings should be taken into account 

in pediatric obesity management programs. 

Family-based lifestyle education programs accompanied with psychological 

support are recommended for the treatment and prevention of pediatric obesity and related 

comorbidities (24). However, the current study shows that while the educational program 

followed was able to effectively reduce adiposity and insulin resistance, it was unable to 

reduce the percentage of HF in the children. HF was only reduced in those who 

participated in the supervised exercise program in addition to the lifestyle education 

program. These results agree with those of a study involving obese adolescents (25), in 

which a 4-month intervention focused on changing the quality of carbohydrate intake 

resulted in significant improvements in insulin sensitivity, but only a combined lifestyle, 

psycho-education, and resistance exercise training program resulted in a reduction in 

percentage of HF. 

As far as we are aware, the present work is the first to report the additional effect 

of supervised exercise on HF as measured by MRI in children. Other studies have reported 

significant reductions in HF after aerobic or resistance exercise training interventions, but 

in adolescents (13,26–28). In a recent systematic review and meta-analysis, it was 

reported that exercise training at moderate-to-vigorous or vigorous intensity, in sessions 
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of at least 60 min, and a frequency ≥3 sessions per week are effective reducing HF content 

in youth (12). The present findings are in agreement with these recommendations. 

In adults and adolescents with overweight or obesity, lifestyle interventions 

including exercise, or not, have been reported to significantly reduce HF (29,30). 

However, these programs were based on hypocaloric diets that caused large body mass 

losses (30,31). In the current study, which involved preadolescent children, the lifestyle 

education program was not designed to achieve body weight loss in the short term, and 

certainly the CInt subjects lost no body mass or lean mass. 

A systematic review and meta-analysis comparing the effect of exercise training 

and a hypocaloric diet on visceral adiposity (32) reported the latter to result in a larger 

body mass loss, whereas exercise training tended to induce larger reductions in visceral 

adiposity. Interestingly, in the present work, the effects of exercise on the percentage of 

HF were independent of the change in total or abdominal fat, suggesting a direct 

metabolic effect of exercise training on HF metabolism. 

Family-based, structured lifestyle modification programs combined with 

behavioral strategies for treating obesity have been associated with adiposity reductions 

in children (33). In the current study, the children’s dietary habits were improved with 

respect to the development of obesity after the 22-week intervention. Improvements were 

also seen in several components of self-concept, depression, stress, and anxiety in 

children. These improvements in both dietary habits and psychological health are quite 

notable. 

Physical activity was not increased at the end of the intervention in either the CInt 

or II group; indeed, in the CInt group there was even a trend toward a reduction in total 

physical activity. It should also be noted that several families declined to participate in 
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the II arm given the relatively large number of sessions involved. A possible solution 

might be to reduce the number of sessions per week or the duration of each session. Future 

studies examining the effectiveness of less intensive exercise programs on the percentage 

of HF and cardiometabolic risk in overweight/obese children are warranted. 

One of the strengths of this study is the use of MRI for measuring percentage of 

HF. Moreover, the sample size was also larger, and the duration of the intervention 

program was longer than in previous studies (13,26,27). Of note, however, is that several 

families did not agree to participate in the II due to the relatively elevated number of 

sessions, which may comprise the feasibility of the intensive program. There are, 

however, some limitations that should be mentioned. The most important limitation of 

the study is its not entirely strict randomization (14). This may limit the validity of the 

results. However, the participants in both groups were comparable at baseline, and 

adjustment for potential baseline differences between groups were made in analyses. 

Finally, the results were not adjusted for multiple comparisons. 

Summary 

A family-based, multicomponent intervention program including supervised 

exercise training, and lifestyle and psycho-education designed following international 

recommendations for obesity prevention and health promotion in children was shown to 

have the potential to reduce HF, total and abdominal fat, and insulin resistance, and to 

improve dietary habits and psychological well-being in preadolescent children with 

overweight/obesity. These findings highlight the importance of promoting such programs 

as part of pediatric obesity treatment: improvements may be achieved not only in total 

and abdominal fat and insulin resistance, but also in hepatic steatosis, a metabolic 

abnormality that increases the risk for type 2 diabetes and CVD. 
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Supplemental Material 

 

Supplemental Figure 1. Change in percentage hepatic fat in the group of children participating in the 

lifestyle- and psycho-educational program (grey bars, control), and in those participating in the latter plus 

exercise training (white bars, intensive). Model 1: unadjusted; Model 2: analyses were adjusted with 

baseline values and changes in height; Model 3: analyses were adjusted with baseline values and changes 

in fat mass index; Model 4: analyses were adjusted with baseline values and changes in abdominal fat. **: 

P<0.01. 
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Supplemental Figure 2. Adjusted  effect size (d-Cohen and 95 %CI) and differences in the change in percentage hepatic fat, body mass and composition, cardiometabolic and 

diabetes risk factors between the control group (children participating in the family based lifestyle and psycho-educational program) and the intensive group (children 

participating in the multicomponent intervention including lifestyle and psycho-educational program and exercise training). Differences between the control and the intensive 

intervention groups in terms of the changes in primary and secondary outcomes were examined per protocol by ANCOVA, adjusting for baseline values. *Negative Cohen's d 

values obtained for the differences in the changes in adiposity and cardiometabolic and diabetes risk between the two groups (in favor of the intensive group) were multiplied 

by -1 for illustrative purposes. HDL: high density lipoprotein; HOMA: homeostasis model assessment; TG/HDL: triglycerides to high density lipoprotein ratio; LDL: low 

density lipoprotein; GGT: gamma glutammyl transferase; VO2peak: peak oxygen consumption in the treadmill test; 20msrt: performance in the 20 meters shuttle run test. 
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Supplemental Figure 3. Effect size (d-Cohen and 95 %CI) and differences in the change in percentage hepatic fat, body mass and composition, cardiometabolic and diabetes risk factors between 

the control group (children participating in the family based lifestyle and psycho-educational program) and the intensive group (children participating in the multicomponent intervention including 

lifestyle and psycho-educational program and exercise training). Differences between the control and the intensive intervention groups in terms of the changes in primary and secondary outcomes 

were examined on an intention to treat basis ANOVA (unadjusted P) and ANCOVA adjusting for baseline values (adjusted P). Changes were calculated as post-intervention minus pre-intervention 

values. Data are means (standard deviation). *Negative Cohen's d values obtained for the differences in the changes in adiposity and cardiometabolic and diabetes risk between the two groups (in 

favor of the intensive group) were multiplied by -1 for illustrative purposes. HDL: high density lipoprotein; HOMA: homeostasis model assessment; TG/HDL: triglycerides to high density lipoprotein 

ratio; LDL: low density lipoprotein; GGT: gamma glutamyl transferase; VO2peak: peak oxygen consumption in the treadmill test; 20msrt: performance in the 20 meters shuttle run test. 

  



186 

 

Supplemental Table 1. Percentage hepatic fat, body composition, cardiometabolic and diabetes risk factors, and physical fitness before (Pre) and 

after (Post) participation in the family-based lifestyle and psycho-educational intervention program (control group, CI) or the plus exercise training 

(intensive group, II) in children with overweight/obesity (intention-to-treat analysis). 

   Control group (CI)    Intensive group (II)  CI vs. II 

  Pre  Post  P   Pre  Post  P  Ppre Ppost 

 N Mean SD Mean SD   N Mean SD Mean SD     

Primary outcome                 

Hepatic fat (%)* 57 5.3 2.9 5.2 2.6 0.901  59 6.0 4.8 4.8 3.4 0.001  0.346 0.303 

Secondary outcomes                 

Body composition                 

Body mass (kg) 57 53.8 9.7 54.0 9.5 0.716  59 55.6 11.4 55.0 11.1 0.211  0.361 0.613 

Body mass index (kg/m2) 57 25.2 2.8 24.5 3.1 <0.001  59 25.8 3.7 24.5 3.5 <0.001  0.355 0.976 

Fat mass index (kg/m2) 57 9.8 2.1 9.0 2.3 <0.001  59 10.5 2.6 9.3 2.4 <0.001  0.124 0.464 

Lean mass index (kg/m2) 57 14.7 1.2 14.6 1.3 0.134  59 14.5 1.3 14.4 1.2 0.380  0.289 0.508 

Abdominal fat (kg) 57 5.7 2.1 5.4 2.1 0.003  59 6.5 2.7 5.9 2.3 <0.001  0.085 0.260 

Cardiometabolic and diabetes risk factors               

SBP (mm Hg) 57 96.8  10.3 97.3 10. 3 0.799  59 96.1  10.3 95.7  11.3 0.841  0.681 0.453 

DBP (mm Hg) 57 62.7 7.5 61.7 6.5 0.329  59 61.2 9.0 63.0 7.6 0.083  0.334 0.327 

MAP (mm Hg) 57 85.5 8.2 85.4 7.8 0.976  59 84.4 9.0 84.8 8.8 0.733  0.522 0.707 

Triglycerides (mg/dL)* 57 80.9 37.9 78.9 27.3 0.648  58 85.0 40.7 71.8 28.5 0.010  0.577 0.166 

HDLc (mg/dL) 57 50.4 10.6 49.6 10.0 0.431  58 51.1 12.0 49.4 11.9 0.089  0.741 0.841 

TG/HDLc 56 1.71 0.95 1.69 0.77 0.893  58 1.84 1.16 1.60 0.89 0.074  0.507 0.516 

LDLc (mg/dL) 57 104.4 25.4 100.6 24.0 0.030  58 104.4 22.5 92.5 18.3 <0.001  0.998 0.035 

Insulin (IU/mL)* 57 11.7 4.8 10.5 4.3 0.054  58 12.6  5.0 11.5 5.1 0.090  0.323 0.306 

Glucose (mg/dL) 56 85.3 5.5 85.4 5.3 0.897  58 85.5  5.3 84.9 6.2 0.364  0.860 0.534 

HOMA* 56 2.48 1.08 2.23 1.00 0.086  58 2.69 1.16 2.45 1.28 0.148  0.305 0.343 

Gamma-GT (U/L) 57 15.5 4.0 15.4 3.9 0.677  56 17.1 5.2 15.2 4.3 0.001  0.070 0.618 

Physical fitness                 

VO2 peak treadmill test (ml/kg/min) 44 35.5 6.4 38.4 6.7 0.008  51 31.9 5.1 37.0 5.6 <0.001  0.003 0.184 

Endtime treadmill test (sg) 44 597 153 663 164 0.004  51 549 143 673 141 <0.001  0.116 0.759 

20msrt (laps) 55 23 12 29 11 0.001  56 20 12 29 15 <0.001  0.152 0.975 

Handgrip strength (kg/body mass) 56 0.34 0.06 0.38 0.07 <0.001  59 0.32 0.06 0.36 0.07 <0.001  0.173 0.348 

Standing broad jump (cm) 55 103.5 15.7 110.5  23.1 0.008  59 96.6 18.8 109.7 20.1 <0.001  0.100 0.794 
SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure calculated as diastolic pressure + [0.333 × (systolic blood pressure - 

diastolic pressure)]; HDLc: high density lipoprotein cholesterol; LDLc: low density lipoprotein cholesterol; TG/HDL: triglycerides to high density lipoprotein 

cholesterol ratio; HOMA: homeostasis model assessment; Gamma-GT: gamma-glutamyl transferase. 20msrt: 20 meters shuttle run test.  

*Analyzed with log (ln) transformed values, but non-transformed data are shown in table. P indicates statistical differences between Pre and Post values (paired 

Student t test). Ppre indicates statistical differences in baseline values (Student t test). Ppost indicates statistical differences in Post-intervention values between the 

control and the intensive intervention groups (Student t test). 
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Supplemental Table 2. Associations of changes in physical fitness with changes in percentage hepatic fat in children with 

overweight/obesity after their participation in the family-based lifestyle and psycho-educational intervention program (control group, CI) 

and the same plus exercise training (intensive group, II) (per protocol analyses). 

  Percentage hepatic fat  

 Control group (CI)  Intensive group (II) 

 Unadjusted Model Adjusted Model*  Unadjusted Model Adjusted Model* 

 N β P β P  N β P N β P 

VO2 peak treadmill test 

(ml/kg/min) 

41 -0.002 0.988 -0.007 0.972  44 0.061 0.697 -0.057 0.696 

 20msrt (laps) 44 0.098 0.541 -0.012 0.949  47 -0.359 0.023 -0.291 0.006 

 Handgrip strength (kg/body mass) 52 -0.294 0.057 -0.270 0.064  49 0.152 0.318 -0.069 0.589 

 Standing broad jump (cm) 46 0.050 0.748 -0.041 0.796  46 0.007 0.964 -0.135 0.272 

*Regression analyses were adjusted with baseline physical fitness and percentage hepatic fat. β: unstandardized regression coefficient. : Changes calculated as 

Post intervention-Pre intervention values. 
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Supplemental Table 3. Associations of changes in physical fitness with changes in percentage hepatic fat in children 

with overweight/obesity after their participation in the family-based lifestyle and psycho-educational intervention 

program (control group, CI) and the same plus exercise training (intensive group, II) (intention-to-treat analyses). 

  Percentage hepatic fat  

 Control group (CI)  Intensive group (II) 

 Unadjusted Model Adjusted Model*  Unadjusted Model Adjusted Model* 

 N β P β P  N β P N β P 

VO2 peak treadmill test (ml/kg/min) 44 -0.011 0.943 0.002 0.991  51 0.024 0.869 -0.038 0.734 

 20msrt (laps) 55 0.049 0.727 -0.056 0.697  56 -0.219 0.122 -0.180 0.051 

 Handgrip strength (kg/body mass) 56 -0.267 0.048 -0.203 0.107  59 0.174 0.187 -0.004 0.968 

 Standing broad jump (cm) 55 0.058 0.678 -0.062 0.620  59 0.036 0.785 -0.077 0.417 

*Regression analyses were adjusted with baseline physical fitness and baseline percentage hepatic fat. β: unstandardized regression 

coefficient. : Changes calculated as Post intervention-Pre intervention values. 
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Supplemental Table 4. Main lifestyle and psychological variables before (Pre) and after (Post) participation in the family-based lifestyle and 
psycho-educational intervention program (control group, CI), and the same plus exercise training (intensive group, II) in children with 
overweight/obesity (per protocol analysis). 

 Control group (CI)  Intensive group (II)  CI vs. II 

 N Pre Post P  N Pre Post P  Ppre Ppost P group*time 

Dietary and physical activity outcomes    

Energy intake (kcal/day)* 53 1828 (428) 1695 (425) 0.039  49 1785 (408) 1595 (332) 0.007  0.625 0.165 0.641 

0.224 

0.402 

0.953 

0.962 

0.394 

0.348 

0.018 

0.697 

Fat intake (g/day)* 53 81 (26) 72 (27) 0.033  49 81 (26) 65 (21) <0.001  0.929 0.193 

Fruits and vegetables (g/day)* 53 239 (142) 343 (210) 0.001  49 237 (189) 314 (216) 0.034  0.590 0.283 

Sugar intake (g/day)* 53 88 (32) 79 (26) 0.061  49 81 (30) 72 (25) 0.055  0.194 0.118 

Sugar-sweetened beverages (g/day)* 53 80 (144) 50 (92) 0.179  49 57 (90) 25 (84) 0.073  0.392 0.097 

Physical activity (counts/min) 47 3689 (697) 3575 (827) 0.126  35 3536 (620) 3615 (699) 0.370  0.606 0.825 

MVPA (min/day) 47 92 (26) 89 (29) 0.392  35 88 (22) 90 (26) 0.618  0.930 0.929 

Sedentary time (min/day) 47 515 (63) 517 (76) 0.744  35 531 (78) 496 (76) 0.026  0.313 0.212 

Sleep time (min/day) 50 464 (31) 458 (44) 0.259  43 460 (45) 457 (30) 0.561  0.710 0.882 

Psychological outcomes   

Self-concept              

Academic self-concept 37 8.3 (1.9) 8.0 (1.7) 0.316  37 8.1 (1.0) 7.9 (1.7) 0.300  0.762 0.717 0.980 

Social self-concept 37 7.8 (1.5) 8.1 (1.5) 0.202  38 7.9 (1.4) 7.8 (1.7) 0.902  0.812 0.381 0.284 

Emotional self-concept 37 5.9 (2.1) 6.8 (2.1) 0.032  38 5.1 (2.1) 5.9 (2.4) 0.036  0.168 0.122 0.838 

Family self-concept 37 9.3 (1.0) 9.4 (0.7) 0.325  38 8.9 (1.4) 9.2 (1.1) 0.150  0.138 0.273 0.497 

Physical self-concept 37 6.6 (1.9) 7.2 (2.1) 0.036  38 5.8 (2.0) 6.4 (2.3) 0.089  0.068 0.126 0.893 

Total Depression 35 10.3 (6.6) 7.9 (4.6) 0.008  33 6.2 (3.8) 5.6 (3.1) 0.071  0.917 0.489 0.601 

Dysphoria 36 4.0 (3.4) 2.7 (2.4) 0.004  33 4.1 (3.6) 3.1 (3.0) 0.056  0.919 0.521 0.638 

Negative Self-Esteem 35 6.2 (3.7) 5.2 (2.7) 0.056  37 6.2 (3.8) 5.6 (3.1) 0.223  0.892 0.459 0.585 

Total Stress 34 6.1 (3.3) 5.2 (3.1) 0.073  31 6.2 (4.3) 6.0 (4.0) 0.629  0.923 0.732 0.343 

Health problems  36 2.4 (1.8) 2.0 (1.7) 0.094  34 2.8 (1.9) 2.2 (1.9) 0.063  0.557 0.614 0.829 

School stress 36 2.0 (1.5) 1.9 (1.5) 0.906  34 1.9 (1.6) 2.3 (1.5) 0.276  0.888 0.764 0.335 

Family stress 36 1.9 (1.3) 1.4 (1.0) 0.017  34 1.5 (1.5) 1.5 (1.4) 0.891  0.319 0.722 0.130 

Trait-Anxiety 35 34.0 (7.6) 31.9 (6.3) 0.030  36 34.5 (7.8) 32.8 (8.7) 0.083  0.481 0.746 0.786 

*Analyzed with logarithmically transformed data. 

P indicates statistical differences between Pre and Post values (paired Student t test). Ppre indicates statistical differences in baseline values between the control and the 

intensive intervention groups (Student t test); Ppost indicates statistical differences in Post-intervention values between the control and the intensive intervention groups 

(Student t test). Pgroup*time indicates statistical differences between groups in changes (before and after values) (ANOVA). 
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Abstract 

Background: Exercise and lifestyle interventions have been shown to reduce hepatic fat 

(HF) and adiposity in children. However, the interindividual response in HF after a 

lifestyle intervention with or without exercise in children is unknown.  

Objectives: To compare interindividual variability for HF, overall and central adiposity, 

and gamma-glutamyl transferase (GGT) in children with overweight/obesity (N=102, 

55% girls, 9-12 years) participating in a 22-week lifestyle intervention with (intensive 

intervention) or without exercise (control intervention).  

Methods: HF (magnetic resonance imaging), weight, body and fat mass index (BMI and 

FMI), GGT, and cardiorespiratory fitness (CRF, 20 meters shuttle run test, laps) were 

assessed.  

Results: The prevalence of responders for HF (54% vs. 34%), weight (27% vs. 11%), BMI 

(71% vs. 47%), FMI (90% vs. 60%), and GGT (69% vs. 39%) was higher in the intensive 

than in the control group (P<0.05). Responders for weight (16±3 vs. 6±2 laps) and BMI 

(11±2 vs. 3±4 laps) improved more CRF levels than non-responders in the intensive group 

(Ps<0.05).  

Conclusions: The addition of exercise to a lifestyle intervention may increase the rates of 

responders for HF, adiposity, and GGT in children with overweight/obesity. 

Improvements in CRF may explain differences between responders and non-responders 

for weight and BMI. 

Key words: interindividual variability, NAFLD, cardiorespiratory fitness, muscular 

strength, pediatric obesity. 
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Abbreviations  

HF, hepatic fat 

NAFLD, non-alcoholic fatty liver disease 

GGT, gamma-glutamyl transferase 

BMI, body mass index 

FMI, fat mass index 

CRF, cardiorespiratory fitness 

MF, musculoskeletal fitness 

DEXA, dual energy X-ray absorptiometry 

20mSRT, 20m shuttle run test 

SDs, standard deviations 

ANCOVA, univariate lineal models 

HIIT, high-intensity interval training 
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Introduction 

Exercise and lifestyle interventions reduce fat mass1 and hepatic fat (HF),2 as well 

as the prevalence of non-alcoholic fatty liver disease (NAFLD)2 in children and 

adolescents, and have been recommended as a treatment option for pediatric obesity1,3 

and hepatic steatosis.4 Improvements of cardiorespiratory fitness (CRF) or/and 

musculoskeletal fitness (MF) after lifestyle5 or exercise2 intervention programs are 

associated with greater reductions in both HF2 and fat mass.2,5  

There is a large interindividual variability in the response to the same 

intervention;6 whereas some participants improve in one or several outcomes after an 

intervention (responders), others do not change or even a worsen their response (non-

responders) to the interventions.6 However, this information is rarely provided, and the 

vast majority of published studies only report the results as overall mean values.7 

Interindividual variability exist after pharmacological,8 nutritional,9 or exercise10–12 

interventions. Occasionally, some studies have compared the prevalence of responders or 

non-responders between different exercise intervention programs13 with the aim of 

knowing the most appropriate an effective design for the prevention/treatment of obesity 

or other obesity-related comorbidities. Several studies in adults provided data of the 

interindividual variability in variables such as body composition11,12 or other health 

outcomes,14 while there is scarce evidence in the pediatric population.10,13,15 Our group 

has shown that the addition of supervised exercise to a family-based lifestyle education 

program resulted in significantly greater reduction of percentage HF (≈20%) in children 

with overweight/obesity.16 Other studies also reported the overall mean change in the 

percentage HF2 after exercise-based programs in youths. However, the interindividual 

variability on changes in HF, as well as the prevalence of responders/non-responders to 

lifestyle or exercise interventions in children is unknown.   
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Previous studies have identified genes,17 metabolic or behavioral responses,12 or 

diet and physical activity changes11,14 as potential determinants of interindividual 

variability. However, little is known about the role of changes in physical fitness after an 

intervention on interindividual variability. Therefore, the aims of the present study were: 

(1) to compare the prevalence of responders regarding percentage HF, overall and 

abdominal adiposity, and GGT levels among children with overweight/obesity 

participating in a 22-week lifestyle intervention with or without supervised exercise and, 

(2) to analyze whether physical fitness may explain differences in the interindividual 

variability between responders and non-responders. 

Methods 

Study design and participants 

The present study was conducted at the University of the Basque Country in 

Vitoria-Gasteiz (northern Spain), from September 2014 to June 2017. The Euskadi 

Clinical Research Ethics Committee approved the study protocol (PI2014045), which 

complies with the ethical guidelines of the Declaration of Helsinki (2013 revision). All 

parents/legal guardians gave their informed, written consent for their children to be 

included in the study; the children also gave their assent before enrolment.  

The current study is a secondary analysis of the EFIGRO study (ClinicalTrials. 

gov ID: NCT02258126).18 The main aim of the EFIGRO study was to analyze whether 

the addition of supervised exercise to a 22 weeks family-based lifestyle- and psycho-

educational intervention program resulted in greater reduction of HF, fat mass, and 

cardiometabolic risk factors in children with overweight/obesity. The primary results of 

the EFIGRO study (i.e., overall mean changes after the intervention and differences 

between groups in HF, adiposity and cardiometabolic risk factors) have been previously 
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published. The study design and methodology of the EFIGRO study have been published 

elsewhere.18 The design of the EIFIGRO project was conceived as a randomized clinical 

trial; however, it was not possible to perform the assignment to the control or the intensive 

intervention groups strictly at random. The research team decided not to exclude some 

children (and families) who did not have time availability to attend exercise sessions, and 

they were allocated in the control group for this reason (N=11). This decision was adopted 

because children/families were recruited and encouraged to participate in the study by 

their pediatricians arguing the probable health benefits associated to the program. 

Children included in the study were between 8 to 12 years and had primary 

overweight or obesity according to the World Obesity Federation.19 Additionally, at least 

one parent or caregiver should have participated in the lifestyle and psycho-educational 

program. Children whose medical condition or medication limited physical activity or 

could affect the results of the study were excluded from the study. Children who 

completed the intervention and whose adherence to the lifestyle and psycho-educational 

program was at least 50% of the sessions were included in the current analysis (N=102) 

(Figure S1). 

Intervention 

Children were assigned to a lifestyle-and psycho-educational program (control 

group) or to a lifestyle-and psycho-educational plus exercise program (intensive group). 

All the families from both groups (control and intensive) attended a lifestyle-and psycho-

educational program composed by eleven sessions of 90 minutes (once every two weeks). 

In these sessions, experienced nutritionists and psychologists worked with families to 

improve their dietary habits and physical activity patterns as well as children’s and 

parents’ psychological well-being. Children of the intensive group, additionally 
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participated in a supervised exercise program that included aerobic games and strength 

exercises 3 days per week, 90 mins per session.18 

All measurements were carried out before and after the intervention by the same 

trained researchers. Post-intervention measurements were assessed within three days 

following the last lifestyle-and psycho-educational or exercise session. 

Hepatic fat, adiposity and GGT levels 

Percentage HF was assessed by magnetic resonance imaging (Magnetom Avanto, 

Siemens Healthcare, Erlangen, Germany) as previously reported.18 Weight (kg) and 

height (m) were measured in duplicate using standard procedures in light indoor clothes 

and without shoes. Total and abdominal fat were assessed by dual energy X-ray 

absorptiometry (DEXA, Hologic QDR 4500W; Hologic Inc., Waltham, MA). Thereafter, 

body mass index (BMI; weight (kg)/height (m2)) and fat mass index (FMI; fat mass 

(kg)/height (m2)) were calculated. Then, BMI z-score was calculated with the World 

Health Organization reference values.20 Serum concentration of GGT was measured 

using standard protocols from blood samples collected by experienced nurses after an 

overnight fast. Details of blood extraction and collection methods have been published 

previously.18 

Physical fitness 

Cardiorespiratory fitness was estimated from the number of laps obtained in the 

20m shuttle run test (20mSRT).21 The handgrip test (kg) was employed to evaluate upper 

muscular strength of children. Both tests are part of the Alpha-fitness test battery, which 

was validated for assessing health-related physical fitness components in children of this 

age.22 
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Classification of responders and non-responders 

The individual response to the control or to the intensive group was categorized 

based on the effect size (d-Cohen) into responders and non-responders for each outcome. 

The minimum change after the intervention required in each variable to be considered the 

participant as responders was an effect size (d-Cohen) ≥0.2. Thus, children were 

considered as non-responders when the change in the outcome after the intervention was 

<0.2. Other different methodological classification criteria have been employed in 

previous studies to define responders,23 such as to achieve: 1) a clinical meaningful 

change, 2) any improvement (change) from baseline value,24 or 3) a change above the 

technical error of the test.10 However, we have selected the minimum change required 

according the effect size as definition of responders and non-responders because: 1) not 

all variables have a cut-off point that determine a meaningful clinical change in children, 

2) a change above 0 does not consider other sources of variability such as the random 

variability,23 and 3) the technical error of the test was not available for all the 

measurements in our study (i.e., measurements from external laboratory tests). Moreover, 

this method allow us to define responders and non-responders in a more similar and 

standard way for all the different variables. Participants were categorized as responders 

or non-responders for six different outcomes: weight, BMI, FMI, abdominal fat, HF and 

GGT levels. Likewise, the same children could be classified as responder for one of the 

variables, and as non-responder for others.   

Statistical analysis 

Data were analyzed to detect extreme values and then, were winsorized (i.e., FMI, 

GGT).  The normality of data distribution was tested by Kurtosis. Transformation to their 

natural logarithms was used for variables non-normally distributed (i.e. HF). However, 

non-transformed data are presented in tables and figures. Changes (Δ) in physical fitness 
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were calculated as Post-intervention minus Pre-intervention values. Categorical variables 

were presented as absolute frequencies and percentages, whereas continuous variables are 

presented as means (standard deviations, SDs). 

Baseline differences between control and intensive interventions were calculated 

using chi-square (categorical variables) and Student's t-tests (continuous variables). Chi-

square tests were performed to analyze the difference in the prevalence of responders 

between the control and the intensive groups. The comparison of the likelihood of being 

non-responders for the different outcomes between intervention groups (control and 

intensive) was analyzed using logistic regression analysis. 

Differences in physical fitness between responders and non-responders for the 

considered outcomes (i.e., weight, BMI, FMI, abdominal fat, HF and GGT levels) were 

examined by univariate lineal models (ANCOVA) adjusting for age, sex, baseline value 

and attendance to the program in each intervention group.  

All the analyses were repeated after excluding those children who were not 

randomly assigned to an intervention group (N=11). 

All the analyses were performed using the Statistical Package for the Social 

Sciences (SPSS, IBM, version 23.0 for WINDOWS; SPSS Inc., Chicago), and the level 

of significance was set at = 0.05. 

  



202 

 

Results 

Flow diagram of participants through the study is provided in Figure S1. Table 1 

shows the baseline descriptive characteristics of the study sample according to the 

intervention group. There were no significant differences in any of the studies outcomes 

between groups.  

Table 1. Baseline characteristics of children that completed the EFIGRO study 

participating in the lifestyle-and psycho-educational intervention (control group) or in the 

lifestyle-and psycho-educational plus exercise intervention (intensive group). 

 Control group 

(N=53)   

 Intensive group 

(N=49) 

P 

Age (years) 10.6 (1.1)  10.5 (1.1) 0.691 

Girls (N, %) 29, 55  27, 55  

Hepatic fat content (%) 5.2 (2.8)  5.6 (4.5) 0.836 

Weight (kg) 53.4 (9.0)  55.9 (11.3) 0.224 

Height (m) 1.45 (0.08)  1.47 (0.08) 0.350 

Body mass index (kg/m2) 25.1 (2.8)  25.7 (3.3) 0.325 

    Children with obesity (N, %) 29, 55  29, 59  

Body mass index z-score 2.5 (0.6)  2.6 (0.6) 0.613 

Fat mass (%) 38.8 (4.7)  40.4 (4.4) 0.069 

Fat mass index (kg/m2) 9.8 (2.0)  10.3 (2.1) 0.184 

Abdominal fat (kg) 5.7 (2.1)  6.4 (2.5) 0.151 

GGT (U/L) 15 (4)  17 (5) 0.074 
     

Physical fitness     

CRF (laps) 23 (12)  21 (12) 0.284 

Handgrip strength (kg) 18 (4)  18 (4) 0.972 
     

Values are means (standard deviation) unless otherwise indicated. Abbreviations: CRF: 

cardiorespiratory fitness; GGT: gamma-glutamyl transferase. 

Missing data: hepatic fat content (N=1), fat mass and fat mass index (N=1), GGT (N=3), laps 

(N=4), handgrip strength (N=1). Reasons: it was not possible to perform the test (equipment 

problems, injuries), families did not attend the tests, or there were not enough valid days in 

accelerometer data collection or analysis. P values are baseline differences between control 

and intensive group. 
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Figure S2 shows the individual changes and the distribution of responders and 

non-responders in each intervention group ordered by their identification code. It can be 

observed that the same child could be classified as responder for some variables, but as 

non-responder for others (for example, the first participant of the control group was 

classified as BMI responder, but as non-responder for the rest of the variables). In the 

control group none participant was classified as responder for all the variables, whereas 

in the intensive group 6 children (12%) were responders for all the variables. Moreover, 

12 children (23%) were non-responders for all the variables in the control group, whereas 

only 2 children (4%) were non-responders for all the variables in the intensive group.  

The prevalence of responders was significantly higher in the intensive group 

compared with the control group for all the variables except for abdominal fat (Figure 

1). The likelihood of being non-responder for HF (OR=2.294; CI-95%=1.015-5.184; 

P=0.046), BMI (OR=2.800; 95% CI, 1.231-6.367, P=0.014), FMI (OR=5.644; CI-

95%=1.922-16.574; P=0.002) and GGT (OR=3.432; CI-95%=1.474-7.991; P=0.004) 

was higher in the control than intensive group. 
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Figure 1: Prevalence of responders (d-Cohen>0.2) for hepatic fat content, weight, body mass index (BMI), fat mass index (FMI), abdominal fat and gamma-glutamyl transferase (GGT) in the lifestyle 

intervention group (control group) and lifestyle plus exercise intervention group (intensive group) after the EFIGRO intervention. The dotted line represents responder cut-off point (effect size=0.2) 

for each variable. The numbers represent the percentage of responders for each variable. P values indicate differences (chi-square) in the prevalence of responders between control and intensive groups. 

Δ: changes calculated as Post-intervention–Pre-intervention values. 
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Differences in the number of laps in the 20mSRT between responders and non-

responders for the considered outcomes in each intervention group are depicted in Figure 

2. In the intensive group, the increase in the number of laps after the intervention was 

higher in weight-responders (16±3 vs. 6±2 laps for responders and non-responders, 

P<0.02, respectively) and BMI-responders (11±2 vs. 3±4 laps for responders and non-

responders, P<0.05, respectively) than in the non-responders. In the control group, only 

the BMI-responders increased more the number of laps than their non-responders peers 

(14±4 vs. 5±1 laps for responders and non-responders, P<0.02, respectively). There were 

no significant differences in the change of the number of laps between responders and 

non-responders for the rest of the outcomes (i.e., HF, FMI, abdominal fat, GGT), neither 

in the control, nor in the intensive group (P<0.05) (Figure 2). There were no significant 

differences in changes on the handgrip test at the end of the intervention between 

responders and non-responders in none of the variables in both groups (Ps>0.05, Figure 

S3). 
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Figure 2: Differences in changes (Δ) in the number of laps in the 20mSRT between responders and non-

responders for the considered outcomes (i.e., hepatic fat content, weight, BMI, FMI and GGT levels) in the 

lifestyle intervention group (control group) and lifestyle plus exercise intervention group (intensive group). 

ANCOVA was adjusted for age, sex, baseline value and attendance to the program. Abbreviations: 20mSRT: 

20 meters shuttle run test; BMI: body mass index, FMI: fat mass index; GGT: gamma-glutamyl transferase. 

Δ: changes calculated as Post-intervention–Pre-intervention values. 
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In sensitivity analysis, after excluding those children who were not randomly 

assigned to an intervention group (N=11), we observed similar results except in the 

difference of the prevalence of responders for weight between groups that was attenuated 

and became non-significant (27% vs. 14% of responders in the intensive and the control 

group, respectively, P=0.137).  

Discussion 

The main findings of the present study were that (1) the number of responders for 

HF, weight, BMI, FMI, and GGT was significantly higher in the intensive than in the 

control group and, (2) weight and BMI responders increased more CRF than their non-

responders peers. To our knowledge, this is the first study analyzing and comparing 

interindividual variability in HF, total and abdominal fat, and GGT after a lifestyle 

intervention including or not exercise in children with overweight/obesity. Hereby, the 

addition of supervised exercise to a lifestyle and psycho-education intervention program 

seems to reduce the number of children not achieving beneficial effects in HF, adiposity, 

and GGT after the intervention. These findings may have important implications in the 

design of intervention focused on the prevention/treatment of pediatric obesity and related 

comorbidities such as hepatic steatosis. 

The most novel finding of the current study is that the prevalence of responders 

for percentage HF and GGT levels was significantly higher in the intensive group (54% 

and 68% of responders for HF and GGT, respectively) than in the control group (34% 

and 39% of responders for percentage HF and GGT levels, respectively). The lack of 

previous studies providing interindividual response to lifestyle intervention programs 

regarding HF or GGT hampers comparisons. Nevertheless, a recent published meta-

analysis in children and adolescents showed that the prevalence of hepatic steatosis 

decreased2 after an exercise intervention in combination with other lifestyle components. 
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For example, Koot et al.25 observed a reduction of 19.4% in the prevalence of hepatic 

steatosis after a 6-months multidisciplinary intervention. Similarly, Damaso et al.26 

reported a significant reduction in the prevalence of hepatic steatosis from 33% to 10% 

after a one-year of aerobic and resistance exercise training plus a nutritional intervention. 

Of note that in the aforementioned studies, hepatic steatosis was measured by ultrasound, 

which is a non-accurate method to measure percentage HF, and that the studies were 

performed in adolescents. Metabolic effects of exercise, such as the stimulation of fatty 

acid oxidation in the liver, the reduction of lipogenic enzymes, or insulin resistance, have 

been proposed as potential mechanisms to explain the beneficial effects of exercise in the 

reversion of hepatic steatosis.27 This is clearly an area in need of more research. 

Our results show that the number of responders for weight (27% vs. 11%), BMI 

(71% vs. 47%), and FMI (90% vs. 47%) was higher in the group of children who 

performed exercise in addition to the family-based lifestyle education program. One 

previous report in children and adolescents examining the interindividual variability after 

a multidisciplinary lifestyle intervention including exercise15 reported a lower prevalence 

of BMI responders than in our group of children participating in the program that included 

exercise (50% vs. 71%). This difference may be explained by the different criteria used 

to define responders, or by differences in the design of the program. In another previous 

study, not designed to evaluate interindividual variability, the authors found a similar 

number of participants reducing their weight and BMI after two lifestyle interventions 

with and without exercise their both lifestyle interventions (with or without exercise); 

unfortunately, they did not provide statistical analyses.24 In any case, the number of 

responders for weight and for BMI was higher after their dietary advice or dietary advice 

plus exercise programs than at the end of our control or intensive programs. However, 

our cut-off point to define the responsiveness is much strict than in the study of 
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Schwingshandl et al.24 In this regard, Schwingshandl et al.24 considered as “responders” 

those participants reducing their body weight or BMI, while our cut-off point is a 

minimum effect size of 0.2.  

We observed that the risk of being non-responders for BMI, FMI, HF and GGT 

was higher in the control than in the intensive group. To the best of our knowledge, there 

are no previous studies analysing the likelihood of being non-responder for adiposity, HF, 

or GGT in children or adolescents after different lifestyle or exercise interventions which 

hampers comparisons. The risk of being non-responder for adiposity related outcomes 

has been previously reported in some studies in adults.28,29 However, they compared the 

likelihood of being non-responder between different clinical status: women with high or 

low insulin resistance,28 and women with normotension or pre-hypertension.29  

Several mechanisms besides of genetic factors have been proposed to explain 

either interindividual variability or responsiveness to lifestyle and exercise intervention 

programs. Among them, the adherence to the programs30 and behavioral and metabolic 

compensatory mechanisms.12 Previous studies have observed that several individuals 

reduced their resting energy expenditure, increased energy intake, lowered physical 

activity levels or reduced fat oxidation rate in response to the exercise-associated increase 

of energy expenditure or energy intake restriction programs.11,12,31,32 We did not measure 

energy and substrate metabolism in our study; nevertheless, as we did not observe any 

significant difference in the adherence to the lifestyle education program or in changes 

on dietary intake variables and physical activity levels between the two groups at the end 

of the intervention (data not shown), the higher number of responders in the intensive 

than in the control group may be explained by the addition of supervised exercise to the 

program. 
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The improvement of CRF has been proposed as a potential mediator of metabolic 

effects of exercise on adiposity and related comorbidities, such as hepatic steatosis.2,33,34  

In an experiment performed in rats, the level of CRF was associated with hepatic 

steatosis.35 Rats with lower levels of CRF had a reduced hepatic mitochondrial oxidative 

capacity and a higher liver triglycerides content.35 Therefore, we hypothesize that the 

improvement of CRF could be a mechanism that may explain the reduction of percentage 

hepatic fat and, similarly, the reduction of the adiposity in other tissues. Our data showed 

that responders for weight and BMI increased more their CRF than non-responders, 

which is in line with this hypothesis. There are no previous studies comparing physical 

fitness between responders and non-responders in children; anyway, in adults, De Luis et 

al.14 observed that only weight responders, but not non-responders, increased their CRF 

after a diet plus exercise intervention. In contrast, a previous analysis that examined the 

prevalence of non-responders for different metabolic outcomes (i.e. fasting insulin, 

triglycerides, blood pressure) from various studies, did not observe greater improvements 

of CRF in responders than in non-responders.36 Thus, further research is needed to 

elucidate whether responders for a certain outcome are those who experience greater 

improvements in CRF. 

The current study presents some limitations. The main limitation, which is 

common to most reports in this field, is related to the vast variety of definitions of the 

response to an intervention in order to discern the systematic change and the 

interindividual variability from the intra-individual or the random variability.23,37,38 Thus, 

these results must be interpreted with caution, and it would be important to search a 

consensus in the definition of responders and non-responders. On the other hand, genetic 

factors or energy metabolism that could be determinants of the interindividual variability 

were not measured in the present study. The strengths of the present study include the use 
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of magnetic resonance imaging for HF quantification, the homogeneity of the studied 

sample that includes children with a narrow age range and all of them with overweight or 

obesity status, as well as the strict control of the intervention and measurements. The 

inclusion of a non-exercise control group allow us to determine the exercise-induced 

improvements for the different parameters. Finally, this study constitutes the first study 

focused on a comparison between interventions groups of the interindividual response in 

after a 22-week lifestyle intervention including or not exercise in children with 

overweight/obesity. 

In conclusion, the addition of supervised exercise to a family-based lifestyle 

intervention may increase the rates of responders for fat mass, percentage hepatic fat and 

gamma-GT levels in children with overweight/obesity. Improvements in CRF may 

explain differences between responders and non-responders for weight and BMI after a 

multidisciplinary lifestyle intervention program including supervised exercise. Further 

research exploring interindividual variability is needed in order to know the more 

effective intervention in the treatment and prevention of hepatic steatosis and obesity in 

children. 

Conflict of interest statement  

The authors declare no conflict of interest. 

Acknowledgements 

This work was conducted under the umbrella of the EFIGRO study 

(ClinicalTrials.gov ID: NCT02258126) which was supported by the Spanish Ministry of 

Health, “Fondo de Investigación Sanitaria del Instituto de Salud Carlos III”, “Fondos de 

la Unión Europea (FEDER), una manera de hacer Europa” (PI13/01335) and by the 

University of the Basque Country (GIU14/21); by the University of Granada Plan Propio 



212 

 

de Investigación 2016 (Excellence actions: Unit of Excellence on Exercise and Health 

[UCEES]), by the Junta de Andalucía, Consejería de Conocimiento, Investigación y 

Universidades, and FEDER, ref. SOMM17/6107/UGR, by Redes Temáticas de 

Investigación Cooperativa RETIC grant Red SAMID RD16/0022, and the EXERNET 

Research Network on Exercise and Health in Special Populations (DEP2005-

00046/ACTI). MM is supported by grant from the Spanish Ministry of Education, Culture 

and Sport (FPU14/03329) and EST17/00210. LA is supported by a grant from Education, 

Linguistic Policy and Culture Department of the Government of the Basque Country 

(PRE_2016_1_0057). 

We would thank all the children and parents/caregivers for participating in the 

study. We acknowledge the paediatricians for their participation in the recruitment, the 

members involved in the assessments for their efforts and to Siemens Medical Systems 

for supplying the software to quantify hepatic fat content, and to the pre- and post-

graduate students for their collaboration in the exercise training sessions and in the 

educational program.  

Author contribution to manuscript 

IL designed the study. MM analyzed the data and takes full responsibility for the 

integrity of the data analyses. MM and IL drafted the manuscript. MM generated the 

figures. MM, LA and IL collected the data. All the authors participated in the 

interpretation of the results, critically revised the manuscript for important intellectual 

content and approved the final version of the submitted manuscript. 

  



213 

 

References 

 

1.  Stoner L, Rowlands D, Morrison A, et al. Efficacy of Exercise Intervention for 

Weight Loss in Overweight and Obese Adolescents: Meta-Analysis and Implications. 

Sports Med. 2016; 46(11): 1737-1751. 

2.  Medrano M, Cadenas-Sanchez C, Álvarez-Bueno C, et al. Evidence-Based 

Exercise Recommendations to Reduce Hepatic Fat Content in Youth- a Systematic 

Review and Meta-Analysis. Prog Cardiovasc Dis. 2018; 61(2): 222-231. 

3.  Mead E, Brown T, Rees K, et al. Diet, physical activity and behavioural 

interventions for the treatment of overweight or obese children from the age of 6 to 11 

years. Cochrane Database Syst Rev. 2017; 6: CD012651. 

doi:10.1002/14651858.CD012651. 

4.  Vos MB, Abrams SH, Barlow SE, et al. NASPGHAN Clinical Practice Guideline 

for the Diagnosis and Treatment of Nonalcoholic Fatty Liver Disease in Children: 

Recommendations from the Expert Committee on NAFLD (ECON) and the North 

American Society of Pediatric Gastroenterology, Hepatology and Nutrition. J Pediatr 

Gastroenterol Nutr. 2017; 64(2): 319-334. 

5.  Kantartzis K, Thamer C, Peter A, et al. High cardiorespiratory fitness is an 

independent predictor of the reduction in liver fat during a lifestyle intervention in non-

alcoholic fatty liver disease. Gut. 2009; 58(9): 1281-1288. 

6.  Bouchard C, Rankinen T. Individual differences in response to regular physical 

activity. Med Sci Sports Exerc. 2001; 33(6 Suppl): S446-51; discussion S452-3. 

7.  Buford TW, Roberts MD, Church TS. Toward exercise as personalized medicine. 

Sports Med. 2013; 43(3): 157-165. 

8.  Turner RM, Park BK, Pirmohamed M. Parsing interindividual drug variability: an 

emerging role for systems pharmacology. Wiley Interdiscip Rev Syst Biol Med. 2015; 

7(4): 221-241. 

9.  Healey GR, Murphy R, Brough L, Butts CA, Coad J. Interindividual variability in 

gut microbiota and host response to dietary interventions. Nutr Rev. 2017; 75(12): 

1059-1080. 

10.  Álvarez C, Ramírez-campillo R, Ramírez-vélez R. Effects of 6-Weeks High-

Intensity Interval Training in Schoolchildren with Insulin Resistance : Influence of 

Biological Maturation on Metabolic , Body Composition , Cardiovascular and 

Performance Non-responses. Front Physiol. 2017; 8: 444. 

doi:10.3389/fphys.2017.00444 

11.  Hammond BP, Stotz PJ, Brennan AM, Day AG, Ross R. Individual Variability in 

Waist Circumference and Body Weight in Response to Exercise. Med Sci Sports 

Exerc. 2019; 51(2): 315-322. 



214 

 

12.  King NA, Hopkins M, Caudwell P, Stubbs RJ, Blundell JE. Individual variability 

following 12 weeks of supervised exercise: identification and characterization of 

compensation for exercise-induced weight loss. Int J Obes (Lond). 2008; 32(1): 177-

184. 

13.  Álvarez C, Martínez C, Izquierdo M. Metabolic effects of resistance or high-

intensity interval training among glycemic control-nonresponsive children with insulin 

resistance. Nature. 2017; 42(1): 79-87. 

14.  De Luis DA, Aller R, Izaola O, Gonzalez-Sagrado M, Conde R, Perez-Castrillon 

JL. Effects of lifestyle modification on adipocytokine levels in obese patients. Eur Rev 

Med Pharmacol Sci. 2008; 12(1): 33-39. 

15.  Kinder M, Lotze M, Davids S, et al. Functional imaging in obese children 

responding to long-term sports therapy. Behav Brain Res. 2014; 272: 25-31. 

16.  Labayen I, Medrano M, Arenaza L, et al. Effects of exercise in addition to a 

family-based lifestyle intervention program on hepatic fat in children with overweight. 

Diabetes Care. 2019; Epub ahead of print. doi: 10.2337/dc19-0351. 

17.  Erskine RM, Williams AG, Jones DA, Stewart CE, Degens H. Do PTK2 gene 

polymorphisms contribute to the interindividual variability in muscle strength and the 

response to resistance training? A preliminary report. J Appl Physiol. 2012; 112(8): 

1329-1334. 

18.  Medrano M, Maiz E, Maldonado-Martín S, et al. The effect of a multidisciplinary 

intervention program on hepatic adiposity in overweight-obese children: Protocol of 

the EFIGRO study. Contemp Clin Trials. 2015; 45(Pt B): 346-355. 

19.  Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for 

thinness, overweight and obesity. Pediatr Obes. 2012; 7(4): 284-294. 

20.  Growth reference 5-19 years. WHO - World Health Organization. 

https://www.who.int/growthref/en/. Accedded April 10, 2019. 

21.  Léger L a, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run 

test for aerobic fitness. J Sports Sci Med. 1988; 6(2): 93-101. 

22.  Ruiz JR, Castro-Pinero J, Espana-Romero V, et al. Field-based fitness assessment 

in young people: the ALPHA health-related fitness test battery for children and 

adolescents. Br J Sports Med. 2011; 45(6): 518-524. 

23.  Hecksteden A, Kraushaar J, Scharhag-Rosenberger F, Theisen D, Senn S, Meyer 

T. Individual response to exercise training - a statistical perspective. J Appl Physiol. 

2015; 118(12): 1450-1459. 

24.  Schwingshandl J, Sudi K, Eibl B, Wallner S, Borkenstein M. Effect of an 

individualised training programme during weight reduction on body composition: a 

randomised trial. Arch Dis Child. 1999; 81(5): 426-428. 

https://www.who.int/growthref/en/


215 

 

25.  Koot BGP, van der Baan-Slootweg OH, Tamminga-Smeulders CLJ, et al. 

Lifestyle intervention for non-alcoholic fatty liver disease: prospective cohort study of 

its efficacy and factors related to improvement. Arch Dis Child. 2011; 96(7): 669-674. 

26.  Dâmaso AR, de Piano A, da Silveira Campos RM, et al. Multidisciplinary 

approach to the treatment of obese adolescents: effects on cardiovascular risk factors, 

inflammatory profile, and neuroendocrine regulation of energy balance. Int J 

Endocrinol. 2013; 12(5): 237-241. 

27.  Ordonez R, Carbajo-Pescador S, Mauriz JL, Gonzalez-Gallego J. Understanding 

nutritional interventions and physical exercise in non-alcoholic fatty liver disease. 

Curr Mol Med. 2015; 15(1): 3-26. 

28.  Álvarez C, Ramírez-Campillo R, Ramírez-Vélez R. Prevalence of Non-

responders for Glucose Control Markers after 10 Weeks of High-Intensity Interval 

Training in Adult Women with Higher and Lower Insulin Resistance. Front Physiol. 

2017; 8: 479. doi:10.3389/fphys.2017.00479. 

29.  Álvarez C, Ramírez-campillo R, Cristi-montero C, Low DA. Prevalence of Non-

responders for Blood Pressure and Cardiometabolic Risk Factors Among 

Prehypertensive Women After Long-Term High-Intensity Interval Training. Front 

Physiol. 2018; 9: 1443. doi:10.3389/fphys.2018.01443. 

30.  Solomon TPJ. Sources of inter-individual variability in the therapeutic response 

of blood glucose control to exercise in type 2 diabetes: Going beyond exercise dose. 

Front Physiol. 2018; 9: 896. doi:10.3389/fphys.2018.00896. 

31.  Ruiz JR, Ortega FB, Rodriguez G, Alkorta P, Labayen I. Validity of resting energy 

expenditure predictive equations before and after an energy-restricted diet intervention 

in obese women. PLoS One. 2011; 6(9): e23759. doi:10.1371/journal.pone.0023759. 

32.  Labayen I, Ortega FB, Ruiz JR, Lasa A, Simon E, Margareto J. Role of baseline 

leptin and ghrelin levels on body weight and fat mass changes after an energy-

restricted diet intervention in obese women: effects on energy metabolism. J Clin 

Endocrinol Metab. 2011; 96(6): E996-1000. doi:10.1210/jc.2010-3006. 

33.  Senechal M, Rempel M, Duhamel TA, et al. Fitness is a determinant of the 

metabolic response to endurance training in adolescents at risk of type 2 diabetes 

mellitus. Obesity. 2015; 23(4): 823-832. 

34.  Borel AL, Nazare JA, Baillot A, et al. Cardiometabolic risk improvement in 

response to a 3-yr lifestyle modification program in men: contribution of improved 

cardiorespiratory fitness vs. weight loss. Am J Physiol Endocrinol Metab. 2017; 

312(4): E273-E281. doi:10.1152/ajpendo.00278.2016 

35.  Thyfault JP, Rector RS, Uptergrove GM, et al. Rats selectively bred for low 

aerobic capacity have reduced hepatic mitochondrial oxidative capacity and 

susceptibility to hepatic steatosis and injury. J Appl Physiol (1985). 2009; 587(Pt 8): 

1805-1816. 



216 

 

36.  Bouchard C, Blair SN, Church TS, et al. Adverse Metabolic Response to Regular 

Exercise: Is It a Rare or Common Occurrence? PLoS One. 2012; 7(5): e37887. 

doi:10.1371/journal.pone.0037887. 

37.  Voisin S, Jacques M, Lucia A, Bishop DJ, Eynon N. Statistical Considerations for 

Exercise Protocols Aimed at Measuring Trainability. Exerc Sport Sci Rev. 2019; 47(1): 

37-45. 

38.  Pickering C, Kiely J. Do Non ‑ Responders to Exercise Exist — and If So, What 

Should We Do About Them? Sports Med. 2019; 49(1): 1-7. doi:10.1007/s40279-018-

01041-1. 

 

  



217 

Supplemental Material 

 

 

 

Refused to participate (N=7) 

The child does not want to participate 

(N=2) 

Lack of time of parents to participate in 

the sessions (N=2) 

Too many medical assessments (N=1) 

Other reasons (N=2) 

N=59 Allocated to the intensive 

group intervention  

N=57 Allocated to the control 

group intervention 

N=132 Informed about the program 

by the research team  

N=125 Assessed for eligibility 

Excluded. Not meeting inclusion criteria (n=5) 

Age (n=1) 

Normal weight (N=3) 

Secondary Obesity (N=1) 

Refused to participate (N=4) 

Not having time, cannot take the child to the 

sessions (N=3) 

Others (n=1)

N=116 Allocated 

N=49 included in analysis N=53 included in analysis 

Figure S1. CONSORT flow diagram of the EFIGRO study. 
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Figure S2. Responders and non-responders for hepatic fat content, weight, BMI, FMI and GGT level after the EFIGRO intervention 

ordered by their ID code in the lifestyle intervention group (control group) and lifestyle plus exercise intervention group (intensive 

group). The dotted line represents responder cut-off point (effect size=0.2) for each variable. Abbreviations: GGT: gamma-glutamyl 

transferase. Δ: changes calculated as Post-intervention–Pre-intervention values. 
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Figure S3. Differences in changes in the handgrip test (kg) between responders and non-responders for 

the considered outcomes (i.e., hepatic fat content, weight, BMI, FMI and GGT levels) in the lifestyle 

intervention group (control group) and lifestyle plus exercise intervention group (intensive group). 

ANCOVA was adjusted for age, sex, baseline value and attendance to the program. Abbreviations: BMI: 

body mass index, FMI: fat mass index; GGT: gamma-glutamyl transferase. Δ: changes calculated as Post-

intervention–Pre-intervention values. 
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The main findings of the studies included in the present International Doctoral 

Thesis are that: I) CRF is associated with liver enzymes levels in adolescents, although 

waist circumference is a stronger predictor of liver enzyme profile than CRF. Among 

adolescents with high waist circumference, those having high levels of CRF have lower 

levels of ALT and higher AST/ALT ratio than their unfit peers; II) higher levels of CRF 

are associated with lower percentage hepatic fat and a healthier profile of liver enzymes 

in preadolescent children with overweight/obesity. Moreover, fit children with 

overweight/obesity have lower insulin resistance and TG/HDL ratio than their unfit 

peers; III) supervised exercise interventions reduce percentage hepatic fat and hepatic 

steatosis prevalence in children and adolescents. Both aerobic and resistance exercise at 

vigorous or moderate-to-vigorous intensity, with a volume of ≥60 min/session and a 

minimum frequency of 3 sessions/week significantly reduce hepatic fat content. 

Moreover, higher increases in CRF and MF levels are associated with greater reductions 

in hepatic fat after supervised exercise interventions; IV) the addition of supervised 

exercise to a family-based lifestyle and psycho-educational program lead to a clinically 

relevant percentage hepatic fat reduction of nearly 20% in children with 

overweight/obesity. Percentage hepatic fat is only reduced in those children 

participating in the program that includes supervised exercise in addition to the 

educational intervention, but not in those children participating only in the lifestyle and 

psycho-educational program. Both intervention programs reduce total and abdominal 

adiposity, and insulin resistance; nonetheless, the addition of exercise training to the 

lifestyle and psycho-educational program results in larger decreases of adiposity, LDL 

and GGT in children with overweight/obesity; and V) the number of responders for 

percentage hepatic content, weight, BMI, FMI, and GGT is significantly higher in the 

lifestyle plus exercise intervention than in the lifestyle intervention alone. Weight and 

BMI responders increase more CRF than their non-responders peers.
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4.1. Cross-sectional associations of physical fitness and physical activity with 

percentage hepatic fat, liver enzymes, insulin resistance and cardiometabolic risk 

in youth 

Studies I and II of this Thesis analysed the cross-sectional associations of 

physical fitness components and/or PA levels with percentage hepatic fat, liver 

enzymes, insulin resistance, and cardiometabolic risk in European adolescents (Study I) 

or in preadolescent children with overweight/obesity (Study II). 

4.1.1. Cross-sectional association of physical fitness with percentage hepatic fat and 

liver enzymes in youth 

To our knowledge, the Study I is the first to examine the association of CRF with 

all liver enzymes levels and AST/ALT ratio in adolescents. Study II is the first to 

examine the associations of the main health-related physical fitness components with 

percentage hepatic fat and liver enzymes in children. 

In the Study I, we observed that high CRF levels were associated with lower 

ALT and GGT plasma concentrations and higher AST and AST/ALT ratio. In the Study 

II, CRF, but not MF or speed-agility, was negatively associated with percentage hepatic 

fat, GGT and AST/ALT. In agreement with our results, Wittmeier et al.68, in a sample 

of 137 adolescents that included both normal weight and overweight participants, 

observed that CRF (measured by a graded maximal cycle ergometer test and normalized 

to fat free mass) was negatively associated with percentage hepatic fat (determined by 

1H-MRS). With regard to liver enzymes levels, the National Health and Nutrition 

Examination Survey did not find any significant association between low CRF and ALT 

below the 80th percentile of ALT, while the relationships became significant above this 

cut-off in a large sample of adolescents (N=2844)78. In a smaller sample of adolescents 
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(N=95, 12-18 years old), CRF was also inversely correlated with ALT in both non-

overweight and overweight youth71. As far as we are aware, no studies have examined 

the relationship between other physical fitness components and percentage hepatic fat 

and liver enzymes or between CRF and GGT or AST/ALT in young people, which 

hamper comparisons. 

Among adolescents with high waist circumference (WC), those having high 

levels of CRF had lower levels of ALT and higher AST/ALT ratio than those who were 

unfit (Study I). In the Study II, CRF-fit children with overweight/obesity had lower GGT 

and higher AST/ALT, but not statistically significant lower percentage hepatic fat or 

ALT than their unfit counterparts. In agreement with our results, other study observed 

that youth classified in the higher categories of CRF (assessed by the 20mSRT) had 

lower levels of liver enzymes than those in the lower CRF categories78. We did not find 

any study in the scientific literature analysing differences in hepatic fat content 

(particularly, measured by MRI) between fit and unfit children. However, in a previous 

study with obese male adults, CRF-fit participants had lower levels of 

intrahepatocellular lipids (MRI) than CRF-unfit ones79, which is consistent with our 

results. 

The mechanisms underlying the relationship between CRF and hepatic fat and 

liver enzymes have not been clearly elucidated. A plausible mechanism that might 

explain this association could be that the intrinsic aerobic capacity is linked with hepatic 

mitochondrial oxidative capacity and susceptibility to hepatic steatosis80. An experiment 

performed in an animal model showed that rats with low aerobic fitness had a reduced 

hepatic mitochondrial content and a reduced mitochondrial oxidative capacity. The 

reductions in the hepatic mitochondrial content and oxidative activity were associated 

with a higher liver triglycerides content, percentage of hepatocytes with lipid droplets 

and lipid peroxidation in low CRF rats, which in turn was associated with hepatic 

steatosis. 
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4.1.2. Cross-sectional associations of physical activity with percentage hepatic fat and 

liver enzymes in children with overweight/obesity 

Regarding PA, we did not find any significant association between PA levels 

and percentage hepatic fat or liver enzyme levels in children with overweight/obesity 

(Study II). Likewise, we did not find significant differences in percentage hepatic fat or 

liver enzymes levels between active and inactive children. To the best of our knowledge, 

the Study II is the first study analysing the relationship between objectively measured 

PA and percentage hepatic fat (measured by MRI) in preadolescent children. 

Nevertheless, other studies have reported significant associations with PA 

(questionnaires) and other hepatic health markers (US69,81, liver enzymes69,75) in youth. 

In a longitudinal analysis  with a large sample (N= 1292), it was observed that 

objectively measured total PA and MVPA at 12 years was inversely associated with the 

risk of hepatic steatosis (US), and abnormal GGT levels, but not with ALT levels at 17.8 

years of age69. Another study, performed exclusively in adolescents (both normal weight 

and overweight), reported significant associations of total PA and MVPA (measured by 

accelerometry) with AST/ALT, but not with ALT or GGT75. The authors also observed 

that active adolescents had a higher AST/ALT ratio than their inactive peers75. In 

summary, direct comparisons among studies are difficult because of differences in the 

age, or BMI categories of participants, as well as the different methodology used to 

assess PA or hepatic steatosis. A possible explanation for the lack of association 

between PA and percentage hepatic fat in Study II could be that our sample is 

exclusively composed by prepubertal children with overweight/obesity with a narrow 

range of PA levels. 
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4.1.3. Cross-sectional association of physical fitness and physical activity with insulin 

resistance and cardiometabolic risk in children with overweight/obesity 

In the Study II, we observed inverse associations between physical fitness (CRF, 

lower body MF and speed-agility) and insulin resistance (HOMA-IR) in children with 

overweight/obesity. However, these associations disappeared after controlling for BMI. 

In line with our results, previous studies showed that associations of physical fitness 

with HOMA-IR disappeared after adjusting for BMI or other adiposity estimates82,83. 

However, in other reports, the associations between physical fitness components and 

HOMA-IR were significant irrespective of BMI84. Thereby, the potential influence of 

physical fitness on insulin resistance in youth, independently of BMI or adiposity, 

remains unclear due to the contradictory results. The non-significant association 

between physical fitness and HOMA-IR after controlling for BMI could be explained 

both by the influence of BMI on insulin resistance and by the association of physical 

fitness levels and BMI in children85. Differences in the results among studies could be 

related to the various adiposity variables used for adjustment, physical fitness tests used 

and children’s characteristics.  

In addition, we found that HOMA-IR levels were lower in CRF-fit than in CRF-

unfit children. In line with our results, Llorente-Cantarero et al.86 observed that Spanish 

prepubertal children (N=141) categorized in the higher CRF group had lower levels of 

HOMA-IR than those categorized in the lower CRF group (classified according to other 

reference values). When children were classified as MF-fit or MF-unfit according to 

both the handgrip or standing long jump results, we did not find differences in HOMA-

IR levels across physical fitness categories. By contrast, other authors observed 

differences in HOMA-IR across handgrip87,88 or standing long jump88 categories. 
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Maturational state (adolescents88 or both children and adolescents87), as well as ethnic 

and or regional differences87 could be underlying discrepancies among studies’ findings. 

We did not observe any significant association of PA with insulin resistance in 

children with overweight/obesity. Nevertheless, other studies in youth reported 

significant associations between different PA intensities (measured by questionnaires) 

and HOMA-IR89,90. Moreover, we did not find differences in HOMA-IR levels between 

active and inactive children with overweight/obesity. In agreement with our findings, 

no significant differences in HOMA-IR levels were found between active and inactive 

children and adolescents (N=745) in week days PA (measured by accelerometry) in the 

study by Janssen et al.91.  

Several studies have examined the association between physical fitness or/and 

PA and cardiometabolic risk factors, included as individual risk factors92,93 or in 

clustered scores94 in children. However, we only found one study examining the 

relationship between physical fitness or PA and the TG/HDL ratio95. In line with our 

results, this study observed inverse correlations between CRF (VO2peak calculated from 

a progressive cycle ergometer test) and the TG/HDL ratio in a similar sample size 

(N=155) of schoolers (10–14 years old) in all BMI categories. They also found that 

CRF-fit had a lower TG/HDL ratio than CRF-unfit children95. In contrast to our 

findings, this study did not observe any significant association between vigorous PA 

(VPA) or MVPA and the TG/HDL in the sample of both children and adolescents95. 

Moreover, these authors did not find significant differences in the TG/HDL ratio across 

PA categories. However, in the study of Bailey et al.95, different model of 

accelerometers ((RT3® triaxial accelerometers) and different cut-offs for defining PA 

intensities were employed, which could have a large impact in the outcomes60.   
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4.2. Effects of supervised exercise on hepatic steatosis and other cardiometabolic 

risk factors in youth 

Studies III, IV and V analysed, from different perspectives, the effect of 

supervised exercise on hepatic steatosis and others cardiometabolic risk factors in youth. 

In the Study III, we systematically reviewed and meta-analysed the effects of supervised 

exercise on percentage hepatic fat and hepatic steatosis prevalence in children and 

adolescents. The Study IV provided the overall main effects of a supervised exercise 

program in addition to a 22-week family-based lifestyle- and psycho-educational 

intervention on hepatic steatosis and other cardiovascular risk factors in children with 

overweight/obesity. Finally, in the Study V we compared the interindividual variability 

and prevalence of responders regarding percentage hepatic fat, overall and abdominal 

adiposity, and GGT levels between the two different 22-week lifestyle interventions 

(with or without supervised exercise) of the EFIGRO study in children with 

overweight/obesity. 

4.2.1. Systematic review and meta-analysis of the effects of supervised exercise on 

hepatic steatosis in children and adolescents 

Our systematic review and meta-analysis (Study III) shows that supervised 

exercise alone has beneficial and strong effects on percentage hepatic fat reduction in 

youth, compared to a non-exercise control group. Likewise, supervised exercise 

interventions, in conjunction to other lifestyle components (nutritional and/or 

physiological activities), reduced hepatic steatosis prevalence in children and 

adolescents. 

Findings of the Study III are consistent with another published systematic review 

and meta-analysis47 which showed that exercise significantly reduced intrahepatic fat 
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content in youth. A narrative review46 also suggested that exercise alone may improve 

hepatic steatosis in children and adolescents. Keating et al.96 in adults, and Orci et al.97 

in adults and adolescents also demonstrated benefits of exercise alone or in addition to 

a dietary intervention on hepatic fat content and NAFLD management. Many of the 

studies reviewed in the Study III reported significant reductions in percentage hepatic 

fat after exercise training interventions50,51,98,99. However, it is important to note that the 

majority of the studies included in our systematic review were performed in 

adolescent50,51,98–106, and that the remaining studies included both children and 

adolescents107–111. None of the studies were focused only in children (≤12 years). Hence, 

the EFIGRO study was the first research intervention examining the effect of supervised 

exercise on percentage hepatic fat (measured by MRI) exclusively in children (Studies 

IV and V). 

4.2.1.1. Specific evidence-based exercise recommendations to reduce hepatic fat in 

youth 

The subgroup analyses performed in the Study III revealed that both aerobic and 

resistance exercise training at vigorous and moderate-to-vigorous intensities, in sessions 

of ≥60 minutes and a frequency ≥3 sessions per week were effective reducing 

percentage hepatic fat in children and adolescents. Although lifestyle interventions 

involving diet and exercise were already considered a cornerstone of paediatric hepatic 

steatosis treat12, this is the first time that evidence-based specific exercise 

recommendations, regarding the type, intensity, duration and frequency, were provided 

in adolescents and children.  

Our results were in line with the international recommendations of PA for the 

promotion of health in young people63,64. Thus, these results suggested that the design 

of future exercise interventions for hepatic steatosis management and prevention in 
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children and adolescents should include both aerobic and resistance exercise, it should 

be performed at vigorous or moderate-to-vigorous intensity, with at least a volume of 

60 min/session and a frequency of three sessions/week since they have shown greater 

benefits in reducing percentage hepatic fat and hepatic steatosis prevalence. However, 

these results should be taken with caution given the reduced number of studies included 

in the meta-analysis.  

A recent systematic-review in adults concluded that both aerobic and resistance 

exercise similarly reduced hepatic steatosis112, which concurs with our findings. In 

contrast, a meta-analysis in adults concluded that aerobic exercise was more effective 

than resistance training in the reduction of intrahepatic lipid content97. As far as we are 

aware, there is only one study comparing the effects between vigorous and moderate 

exercise intensities on percentage hepatic fat in youth99, which is included in the meta-

analysis of Study III. Only those children participating in the vigorous intensity group 

reduced their percentage hepatic fat; while youths of the control and moderate intensity 

groups increased their hepatic fat content; although there were no significant differences 

among groups after the intervention99. To the best of our knowledge, there are no more 

previous studies in humans comparing the effects of moderate-to-vigorous exercise with 

just vigorous exercise on percentage hepatic fat or hepatic steatosis prevalence; 

nevertheless, a study performed in mice showed that vigorous exercise was more 

effective than moderate exercise improving hepatic steatosis113. Finally, Hashida et al. 

in their meta-analysis112 proposed as a median effective protocol to improve hepatic 

steatosis in adults a volume of 40 min/session, three times/week for aerobic exercise or 

45 min/session and three times/week for resistance exercise, which is similar to our 

results.  
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4.2.2. Effects of supervised exercise in addition to a 22-week multidisciplinary family-

based lifestyle intervention on hepatic fat and other cardiovascular risk factors in 

children with overweight/obesity 

In line with the findings of the Study III, we observed that children with 

overweight/obesity participating in a 22-week family-based lifestyle plus exercise 

intervention significantly reduced percentage hepatic fat (Study IV). In contrast, those 

children participating in the lifestyle program but without exercise, did not reduce liver 

fat. Study IV results agree with those of a study involving obese adolescents102, in which 

a 4-month intervention focused on changing the quality of carbohydrate intake resulted 

in significant improvements in insulin sensitivity -but only the combined lifestyle, 

psycho-education and resistance exercise training program resulted in a reduction in 

percentage hepatic fat. In adults and adolescents with overweight or obesity, lifestyle 

interventions including exercise -or not- have been reported to significantly reduce 

percentage hepatic fat114,115. However, these programs were based on hypocaloric diets 

that caused large body mass losses115,116. In our study, the lifestyle education program 

was not designed to achieve body weight loss in the short term, and certainly children 

participating only in the lifestyle and psycho-education program lost no body mass or 

lean mass. A systematic review and meta-analysis117 comparing the effect of exercise 

training and a hypocaloric diet on visceral adiposity reported the latter to result in a 

larger body mass loss, whereas exercise training tended to induce larger reductions in 

visceral adiposity. Interestingly, in the Study IV, the effects of exercise on percentage 

hepatic fat were independent of the change in total or abdominal fat, suggesting a direct 

metabolic effect of exercise training on hepatic fat metabolism. Metabolic effects of 

exercise, such as the stimulation of fatty acid oxidation in the liver, the reduction of 
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lipogenic enzymes, or insulin resistance, have been proposed as potential mechanisms 

to explain the beneficial effects of exercise in the reversion of hepatic steatosis33. 

In regard with other cardiovascular risk factors, both lifestyle interventions 

(including or not supervised exercise) reduced total and abdominal fat and insulin 

resistance in children with overweight or obesity (Study IV). Children in the lifestyle 

plus exercise intervention also significantly reduced low-density lipoprotein cholesterol. 

In line with our results, other family-based, structured lifestyle modification programs 

combined with behavioural strategies for treating obesity have been associated with 

adiposity reductions in children40,41. Likewise, lifestyle interventions have beneficial 

effects on insulin resistance and other cardiovascular risk factors in children42. On the 

other hand, we observed significant increases in both groups for all physical fitness 

variables after the intervention, but no significant differences were seen between groups. 

In contrast with our study, statistically significant improvements in MF and speed, but 

not in CRF were observed in children with overweight after a similar exercise, 

nutritional and psychological intervention43. In another study44, the authors observed 

that those children participating in the program that included exercise increased more 

their MT than the usual care group, whereas none of the groups improved CRF. 

Differences among findings of the studies could be explained by differences in the 

physical fitness measurements, the intervention design, or the participant characteristics.  
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4.2.3. Effects of supervised exercise in addition to a 22-week multidisciplinary family-

based lifestyle intervention on interindividual variability for hepatic fat and other 

cardiovascular risk factors in children with overweight/obesity 

The Study V reports the interindividual effect and the responder prevalence for 

percentage hepatic fat in the children with overweight/obesity of the EFIGRO project. 

The most novel finding of Study V is that the prevalence of responders for percentage 

hepatic fat was significantly higher in the group of children who performed exercise in 

addition to the family-based lifestyle education program (54% of responders), than in 

those who only participated in the lifestyle program (34% of responders). There are no 

studies providing the interindividual variability in hepatic steatosis in response to a 

lifestyle and exercise intervention, which hampers comparisons. Thus, this is clearly an 

area in need of more research. 

The number of responders for weight (27% vs. 11%), BMI (71% vs. 47%), FMI 

(90% vs. 47%) and GGT (68% vs. 39%) was higher in the group of children who 

performed exercise in addition to the family-based lifestyle education program, than in 

those who only participated in the lifestyle program (Study V). One previous report in 

children and adolescents examining the interindividual variability after a 

multidisciplinary lifestyle intervention including exercise118 reported a lower prevalence 

of BMI responders than in our group of children participating in the program that 

included exercise (50% vs. 71%). This difference may be explained by the different 

criteria used to define responders, or by differences in the design of the programs. In 

another previous study, not designed to evaluate interindividual variability, the authors 

found a similar number of participants reducing their weight and BMI after two different 

lifestyle interventions, with or without exercise; unfortunately, they did not provide 
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statistical analyses119. In any case, the number of responders for weight and for BMI 

was higher after their dietary advice or dietary advice plus exercise programs, than at 

the end of our programs. However, our cut-off point to define the responsiveness is 

much strict than in the study of Schwingshandl et al.119 In this regard, Schwingshandl et 

al.119 considered as “responders” those participants reducing their body weight or BMI, 

while our cut-off point is a minimum effect size of 0.2.  

Several mechanisms besides of genetic factors have been proposed to explain 

either interindividual variability or responsiveness to lifestyle and exercise 

interventions. Among them, the adherence to the programs120 and behavioural and 

metabolic compensatory mechanisms121. Previous studies have observed that several 

individuals reduced their resting energy expenditure, increased energy intake, lowered 

physical activity levels or reduced fat oxidation rate in response to the exercise-

associated increase of energy expenditure or energy intake restriction programs121–124. 

We did not measure energy and substrate metabolism in the EFIGRO study; 

nevertheless, as we did not observe any significant difference in the adherence to the 

lifestyle education program or in changes on dietary intake variables and physical 

activity levels between the two groups at the end of the intervention, the higher number 

of responders in the intensive than in the control group may be explained by the addition 

of supervised exercise to the program. 
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4.3. Role of fitness improvements on changes in percentage hepatic fat and 

adiposity after supervised exercise interventions in youth 

Studies III, IV and V analysed the role of improvements in CRF and MF on 

percentage hepatic fat and/or on adiposity changes after exercise programs in youths. 

The meta-regression analyses showed that higher improvements in CRF and MT 

are associated with greater reductions in percentage hepatic fat (Study III). Similarly, in 

the main analysis of the EFIGRO study (Study IV), we observed that the increase in 

CRF (measured by the 20msrt) was significantly associated with the reduction in 

percentage hepatic fat in the lifestyle plus exercise intervention group subjects (just in 

the per protocol analysis). Study V reports that the increment of CRF was higher in 

weight and BMI responders than in their non-responders peers. Thus, altogether, these 

results suggest a relevant role of physical fitness improvements, particularly CRF, on 

the reduction of hepatic fat and adiposity after an exercise intervention in youths. Our 

findings are in accordance with those reported by Senechal et al.77, which showed that 

CRF was the best predictor of the reduction of percentage hepatic triglycerides in 

adolescents at risk of T2D after an exercise intervention. In adults, Kantartzis et al.76 

reported a significant correlation between changes in VO2peak and percentage hepatic 

fat after a lifestyle intervention that included unsupervised aerobic exercise and sports.  

In the Study III, we also observed that the association of changes in CRF levels 

and changes in percentage hepatic fat was stronger when aerobic exercise at a moderate 

intensity was excluded from the analyses. This suggests that exercise interventions 

aiming to improve CRF levels in the management and prevention of hepatic steatosis 

should be performed at least at a moderate-to-vigorous intensity.  
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There are no previous studies comparing physical fitness between responders 

and non-responders in children. Anyway, in adults, De Luis et al.125 observed that only 

weight responders, but not non-responders, increased their CRF after a diet plus exercise 

intervention. In contrast, a previous analysis that examined the prevalence of non-

responders for different metabolic outcomes (i.e. fasting insulin, triglycerides, blood 

pressure) from various studies, did not observe greater improvements of CRF in 

responders than in non-responders126. Thus, further research is needed to elucidate 

whether responders for a certain outcome are those who experience greater 

improvements in CRF. 

The improvement of CRF has been proposed as a potential mediator of 

metabolic effects of exercise on adiposity and related comorbidities, such as hepatic 

steatosis77,127. In an experiment performed in rats, it was observed that lower levels of 

CRF were related to lower reduced hepatic mitochondrial oxidative capacity and a 

higher liver triglycerides content80. Therefore, we hypothesize that the improvement of 

CRF could be a mechanism that may explain the reduction of hepatic fat content and, 

similarly, the reduction of the adiposity in other tissues. Our results are in line with this 

hypothesis.  
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      5. CONCLUSIONS AND CLINICAL HEALTH IMPLICATIONS/  

               CONCLUSIONES E IMPLICACIONES CLÍNICAS 
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5.1. Conclusions 

The conclusions of the present International Doctoral Thesis are: 

I. High cardiorespiratory fitness levels may attenuate the deleterious consequences

associated with a high waist circumference on liver enzymes in adolescents.

II. High levels of cardiorespiratory fitness seem to have specific protective effects on

hepatic fat, liver enzyme levels, insulin resistance, and cardiometabolic risk in

children with overweight/obesity.

III. Supervised exercise alone reduces percentage hepatic fat in children and adolescents

and, its combination with lifestyle activities, is an effective approach to reduce

hepatic steatosis prevalence in youth. Both aerobic and resistance exercise at

vigorous or moderate-to-vigorous intensities in sessions of at least 60 minutes and

with a minimum of 3 sessions per week, focused on increasing cardiorespiratory

fitness and musculoskeletal fitness, should be included in the design of exercise

programs for the prevention and management of hepatic steatosis in children and

adolescents.

IV. A 22-week family-based multicomponent intervention program that included

supervised exercise in addition to a lifestyle- and psycho-education program has the

potential to reduce hepatic steatosis, total and abdominal fat, and insulin resistance

in preadolescent children with overweight/obesity. These findings highlight the

importance of including supervised exercise in addition to other lifestyle components

for the management of hepatic steatosis and related health risks in children with

overweight/obesity.

V. The addition of supervised exercise to a 22-week family-based lifestyle educational

intervention seems to increase the rates of responders for percentage hepatic fat,

adiposity, and gamma-glutamil-transferase levels in children with
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overweight/obesity after the intervention. Improvements in cardiorespiratory fitness 

may explain the differences between responders and non-responders for weight and 

body mass index. 

5.2. Clinical health implications 

Altogether, the findings of this Thesis may have practical and clinical 

implications for the design of future lifestyle interventions for the prevention/treatment 

of paediatric obesity and hepatic steatosis, and other related comorbidities such as type 

2 diabetes and cardiovascular diseases. Specifically, supervised exercise, both aerobic 

and resistance exercise at least at moderate-to-vigorous intensity, in sessions of 60 

minutes and 3 sessions per week and focused on the improvements of cardiorespiratory, 

should be included in the programs for the management of hepatic steatosis and related 

health risks in youth, and particularly in children with overweight/obesity.  
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5.1. Conclusiones  

Las conclusiones de esta Tesis Doctoral Internacional son: 

I. Una elevada capacidad cardiorrespiratoria podría atenuar las consecuencias 

negativas de la circunferencia de la cintura sobre las concentraciones plasmáticas de 

las enzimas hepáticas en los adolescentes. 

II. Una elevada capacidad cardiorrespiratoria podría tener efectos beneficiosos 

específicos sobre la grasa hepática, las concentraciones plasmáticas de las enzimas 

hepáticas, la resistencia a la insulina y el riesgo cardiometabólico en niñas y niños 

con sobrepeso u obesidad. 

III. El ejercicio físico supervisado reduce el porcentaje de grasa hepática en niños y 

adolescentes, y conjuntamente con otras actividades basadas en los cambios del estilo 

de vida, es una estrategia eficaz para reducir la prevalencia de esteatosis hepática en 

los jóvenes. Tanto el ejercicio aeróbico como el de fuerza, a intensidades vigorosas 

o de moderadas a vigorosas, en sesiones de al menos 60 minutos de duración, con un 

mínimo de 3 sesiones por semana, con el objetivo de aumentar la capacidad 

cardiorrespiratoria y la fuerza muscular, deberían ser incluidos en el diseño de los 

programas de ejercicio para la prevención y el tratamiento de la esteatosis hepática 

en niños y adolescentes. 

IV. Un programa de intervención familiar multicomponente de 22 semanas de duración 

que incluye ejercicio físico supervisado, además de un programa basado en 

educación familiar en estilos de vida saludable y psicoeducación, es capaz de reducir 

la esteatosis hepática, la adiposidad total y abdominal, y la resistencia a la insulina 

en niñas y niños preadolescentes con sobrepeso u obesidad. 

V. La adición de ejercicio físico supervisado a un programa de educación familiar de 22 

semanas de duración, basado en educación familiar en estilos de vida saludable y 
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psicoeducación, parece aumentar la tasa de respondedores en cuanto al porcentaje de 

grasa hepática, la adiposidad y las concentraciones plasmáticas de gamma-glutamil-

-transferasa en niñas y niños con sobrepeso u obesidad tras la intervención. Las 

mejoras en la capacidad cardiorrespiratoria podrían explicar las diferencias entre 

respondedores y no respondedores en relación con el peso y el índice de masa 

corporal. 

5.2. Implicaciones clínicas 

Los resultados de esta Tesis pueden tener implicaciones clínicas y prácticas a la 

hora de diseñar intervenciones basadas en los estilos de vida y el ejercicio físico para la 

prevención o el tratamiento de la obesidad y la esteatosis hepática pediátrica, así como 

de otras comorbilidades asociadas como la diabetes tipo 2 o las enfermedades 

cardiovasculares. Concretamente, el ejercicio físico supervisado, tanto el aeróbico como 

el de fuerza, realizado al menos a intensidad moderada a vigorosa, en sesiones de 60 

minutos y 3 sesiones por semana, y cuyo objetivo sea el aumento de la condición física 

cardiorrespiratoria, debería formar parte de los programas de prevención y tratamiento 

de la esteatosis hepática y de los factores de riesgo cardiovascular en jóvenes, 

particularmente en niñas y niños con sobrepeso u obesidad.  
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Justification of the contribution to the publications 

This is the author’s implication for each Study of the Thesis, where the contribution of 

the author of the Thesis (MM) is specified for each study: 

Study I 

IL designed the study. MM and IL analyzed the data. MM and IL drafted the 

manuscript. MM generated the figures. LA, JRR, GR, CB, MC, RP, KW, AK, YM, 

DM, MG-G, FBO and LAM collected the data. All the authors participated in the 

interpretation of the results, critically revised the manuscript for important intellectual 

content and approved the final version of the submitted manuscript. 

Study II 

IL designed the study. MM analyzed the data and takes full responsibility for 

the integrity of the data analyses. MM and IL drafted the manuscript. MM generated 

the figures. MM, LA, BRV, and IL collected the data. All the authors participated in the 

interpretation of the results, critically revised the manuscript for important intellectual 

content and approved the final version of the submitted manuscript. 

Study III 

MM: Study concept and design, Acquisition, Statistical analysis, Drafting of the 

manuscript and Critical revision of the manuscript for important intellectual content. 

She is the guarantor. CC-S: Study concept and design, Acquisition, Statistical analysis, 

Drafting of the manuscript and Critical revision of the manuscript for important 

intellectual content. CA-B: Acquisition, analysis, or interpretation of data, Statistical 

analysis, Critical revision of the manuscript for important intellectual content and 

Administrative, technical, or material support. IC-R: Acquisition, analysis, or 

interpretation of data, Statistical analysis, Critical revision of the manuscript for 

important intellectual content and Administrative, technical, or material support. JRR: 
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Acquisition, analysis, or interpretation of data, Critical revision of the manuscript for 

important intellectual content and Supervision. FBO: Acquisition, analysis, or 

interpretation of data, Critical revision of the manuscript for important intellectual 

content and Supervision. IL: Study concept and design, Acquisition, analysis, or 

interpretation of data, Drafting of the manuscript, Critical revision of the manuscript for 

important intellectual content and Supervision. 

 

Study IV 

I.L. designed the study, analyzed the data, and drafted the manuscript. IL takes 

full responsibility for the integrity of the data analyses. IL, VMV, JRR, and FBO 

participated in the interpretation of the results. MM, LA, EM, and MO collected the 

data and critically revised the manuscript. IL, MM, LA, EM, MO, VMV, JRR, and FBO 

critically revised the manuscript for its intellectual content and approved the final 

version. IL is the guarantor of this work and, as such, had full access to all the data in 

the study and takes responsibility for the integrity of the data and the accuracy of the 

data analysis. 

Study V 

IL designed the study. MM analyzed the data and takes full responsibility for 

the integrity of the data analyses. MM and IL drafted the manuscript. MM generated 

the figures. MM, LA and IL collected the data. All the authors participated in the 

interpretation of the results, critically revised the manuscript for important intellectual 

content and approved the final version of the submitted manuscript. 
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Justificación de la contribución de la doctoranda a los estudios de la Tesis 

A continuación, se expone la implicación de los autores para cada uno de los Estudios 

incluidos en la Tesis, en donde la contribución de la doctoranda (MM) se especifica para 

cada uno de los estudios: 

Estudio I 

IL diseñó el estudio. MM e IL analizaron los datos. MM e IL redactaron el 

manuscrito. MM generó las figuras. LA, JRR, GR, CB, MC, RP, KW, AK, YM, DM, 

MG-G, FBO and LAM recogieron los datos. Todos los autores participaron en la 

interpretación de los resultados, revisaron críticamente el contenido intelectual relevante 

del manuscrito y aprobaron la versión final del manuscrito presentado. 

Estudio II 

IL diseñó el estudio. MM analizó los datos y asume la total responsabilidad de 

la integridad de los análisis. MM e IL redactaron el manuscrito. MM generó las figuras. 

MM, LA, BRV, and IL recogieron los datos. Todos los autores participaron en la 

interpretación de los resultados, revisaron críticamente el contenido intelectual relevante 

del manuscrito y aprobaron la versión final del manuscrito presentado. 

Estudio III 

MM: diseño del estudio y del concepto, adquisición, análisis estadístico, 

redacción del manuscrito y revisión crítica del manuscrito para contenido intelectual 

importante. Ella es la responsable.CC-S: diseño del estudio y del concepto, adquisición, 

análisis estadístico, redacción del manuscrito y revisión crítica del manuscrito para 

contenido intelectual importante. CA-B: adquisición, análisis o interpretación de los 

datos, análisis estadístico, revisión crítica del manuscrito para contenido intelectual 
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importante y apoyo administrativo, técnico o material. IC-R: adquisición, análisis o 

interpretación de los datos, análisis estadístico, revisión crítica del manuscrito para 

contenido intelectual importante y apoyo administrativo, técnico o material. JRR: 

adquisición, análisis o interpretación de los datos, revisión crítica del manuscrito para 

contenido intelectual importante y supervisión. FBO: adquisición, análisis o 

interpretación de los datos, revisión crítica del manuscrito para contenido intelectual 

importante y supervisión. IL: diseño del estudio y del concepto, adquisición, análisis o 

interpretación de los datos, redacción del manuscrito, revisión crítica del manuscrito 

para contenido intelectual importante y supervisión. 

Estudio IV 

I.L. diseñó el estudio, analizó los datos y redactó el manuscrito. IL asume la total 

responsabilidad de la integridad de los análisis. IL, VMV, JRR, y FBO participaron en 

la interpretación de los resultados. MM, LA, EM, y MO recogieron los datos y revisaron 

de manera crítica el manuscrito. IL, MM, LA, EM, MO, VMV, JRR, y FBO revisaron 

críticamente el contenido intelectual y aprobaron la versión final. IL es la responsable 

de este trabajo, y por la tanto, tuvo acceso total a todos los datos del estudio y asume la 

responsabilidad de la integridad de los datos y de su exactitud en los análisis. 

Estudio V 

IL diseñó el estudio. MM analizó los datos y asume la total responsabilidad de 

la integridad de los análisis. MM e IL redactaron el manuscrito. MM generó las figuras. 

MM, LA y IL recogieron los datos. Todos los autores participaron en la interpretación 

de los resultados, revisaron críticamente el contenido intelectual relevante del 

manuscrito y aprobaron la versión final del manuscrito presentado. 
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