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RESUMEN 

 

Introducción. La obesidad puede definirse como una enfermedad metabólica crónica 

de origen multifactorial, lo que provoca trastornos o problemas físicos y psicológicos a 

la persona, con patologías asociadas que limitan la esperanza de vida y deterioran la 

calidad de la misma, siendo determinante para sus áreas sociales y laborales. Este 

trastorno metabólico crónico se caracteriza por una acumulación excesiva de energía en 

el cuerpo en forma de grasa, lo que lleva a un aumento de peso con respecto al valor 

esperado por sexo, edad y altura. La gestión y el tratamiento de la obesidad tienen 

objetivos más amplios que la pérdida de peso e incluyen la reducción del riesgo y la 

mejora de la salud. Estos pueden ser alcanzados por la pérdida modesta de peso (es 

decir, 10.5% del peso corporal inicial), la mejora del contenido nutricional de la dieta y 

un modesto incremento en la actividad física y condición física. La dieta es uno de los 

métodos más populares para perder peso corporal. El ejercicio es otra alternativa para 

perder peso corporal. El aumento de ejercicio provoca un desequilibrio cuando se 

mantiene la ingesta calórica. También tiene ventajas, como la mejora del tono muscular, 

la capacidad cardiovascular, fuerza y flexibilidad, aumenta el metabolismo basal y 

mejora el sistema inmunológico. 

Objetivos. El objetivo de esta tesis es contribuir en un estudio de intervención para 

aclarar la evolución del peso corporal durante una intervención de dieta y ejercicio. Para 

ello, se evaluaron los efectos de la edad, sexo, índice de masa corporal inicial y el tipo 

de tratamiento en las tendencias de pérdida de peso. Otro objetivo de la tesis era crear 

un modelo de regresión lineal múltiple capaz de predecir la pérdida de peso corporal 

después del periodo de intervención. Y, por último, determinar el efecto sobre la 

composición corporal (peso corporal, índice de masa corporal, la masa grasa, y la masa 
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libre de grasa) de las diferentes intervenciones basadas en ejercicios (fuerza, resistencia, 

resistencia combinada con fuerza, y las recomendaciones de actividad física (grupo 

control)) en combinación con dieta de adultos con sobrepeso y obesidad, después de la 

intervención, así como los cambios de la composición corporal 3 años más tarde. 

Diseño de la investigación. Los datos empleados en el análisis de esta tesis son parte 

del proyecto “Programas de Nutrición y Actividad Física para el tratamiento de la 

obesidad” (PRONAF). El proyecto PRONAF es un estudio clínico sobre programas de 

nutrición y actividad física para el sobrepeso y la obesidad, desarrollado en España 

durante varios años de intervención. Fue diseñado, en parte, para comparar diferentes 

tipos de intervención, con el objetivo de evaluar su impacto en las dinámicas de pérdida 

de peso, en personas con sobrepeso y obesidad. Como diseño experimental, el estudio 

se basó en una restricción calórica, a la que, en algunos casos, se le añadió un protocolo 

de entrenamiento (fuerza, resistencia, o combinado, en igualdad de volumen e 

intensidad). Las principales variables para la investigación que comprende esta tesis 

fueron: el peso corporal y la composición corporal (masa grasa y masa libre de grasa). 

Conclusiones. En esta tesis, para los programas de pérdida de peso en personas con 

sobrepeso y obesidad con un 25-30% de la restricción calórica, el peso corporal se 

redujo significativamente en ambos sexos, sin tener en cuenta la edad y el tipo de 

tratamiento seguido. Según los resultados del estudio, la pérdida de peso realizada por 

un individuo (hombre o mujer) durante los seis meses puede ser representada por 

cualquiera de las cinco funciones (lineal, potencial, exponencial, logarítmica y 

cuadrática) en ambos sexos, siendo la cuadrática la que tiende a representarlo mejor. 

Además, se puede concluir que la pérdida de peso corporal se ve afectada por el índice 

de masa corporal inicial y el sexo, siendo mayor para las personas obesas que para las 

de sobrepeso, que muestran diferencias entre sexos sólo en la condición de sobrepeso. 
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Además, es posible calcular el peso corporal final de cualquier participante involucrado 

en una intervención utilizando la metodología del proyecto PRONAF sólo conociendo 

sus variables iniciales de composición corporal. Además, los cuatro tipos de 

tratamientos tuvieron resultados similares en cambios en la composición corporal al 

final del período de intervención, con la única excepción de la masa libre de grasa, 

siendo los grupos de entrenamiento los que la mantuvieron durante la restricción 

calórica. Por otro lado, sólo el grupo combinado logra mantener la reducción de la masa 

grasa (%) 3 años después del final de la intervención. 

Palabras clave. Peso corporal, masa grasa, masa libre de grasa, ejercicio, restricción 

calórica. 
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ABSTRACT 

 

Introduction. Obesity can be defined as a chronic metabolic disease from a 

multifactorial origin, which leads to physical and psychological impacts to the person, 

with associated pathologies that limit the life expectancy and deteriorate the quality of 

it, being determinant for the social and labor areas of the person. This chronic metabolic 

disorder is characterized by an excessive accumulation of energy in the body as fat, 

leading to increased weight relative to the value expected by sex, age and height. The 

management and treatment of obesity have wider objectives than weight loss alone and 

include risk reduction and health improvement. These may be achieved by modest 

weight loss (i.e. 5–10% of initial body weight), improved nutritional content of the diet 

and modest increases in physical activity and fitness. Weight loss through diet is one of 

the most popular approaches to lose body weight. Exercise is another alternative to lose 

body weight. The increase of exercise causes an imbalance when the caloric intake is 

maintained. It also has advantages such as improved muscle tone, cardiovascular 

fitness, strength and flexibility, increases the basal metabolism and improves immune 

system. 

Objectives. The aim of this thesis is to contribute with an interventional study to clarify 

the evolution of the body weight during a diet and exercise intervention. For this, the 

effects of age, sex, initial body mass index and type of treatment on weight loss 

tendencies were evaluated. Another objective of the thesis was to create a multiple 

linear regression model able to predict the body weight loss after the intervention 

period. And, finally, to determine the effect upon body composition (body weight, body 

mass index, fat mass, and fat-free mass of different exercise-based interventions 

(strength, endurance, combined endurance and strength, and physical activity 
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recommendations group (control group)) combined with diet in overweight and obese 

adults, after intervention as well as body composition changes 3 years later. 

Research Design. The data used in the analysis of this thesis are part of the project 

"Programs of Nutrition and Physical Activity for the treatment of obesity" (PRONAF). 

The PRONAF project is a clinical trial program about nutrition and physical activity for 

overweight and obesity, developed in Spain for several years of intervention. It was 

designed, in part, to compare different types of intervention, in order to assess their 

impact on the dynamics of weight loss in overweight and obese people. As experimental 

design, the study was based on caloric restriction, which, in some cases, added a 

training protocol (strength, endurance, or combined in equal volume and intensity). The 

main research variables comprising this thesis were: body weight and body composition 

outcomes (fat mass and fat-free mass). 

Conclusions. In this thesis, for weight loss programs in overweight and obese people 

with 25-30% of caloric restriction, the body weight was significantly decreased in both 

sexes, regardless the age and type of followed treatment. According to the results of the 

study, the weight loss performed by an individual (male or female) during six months 

can be represented by any of the five functions (linear, power law, exponential, 

logarithmic and quadratic) in both sexes, being the quadratic one which tends to 

represent it better. In addition, it can be concluded that the body weight loss is affected 

by the initial body mass index and sex condition, being greater for the obese people than 

for the overweight one, showing differences between sexes only in the overweight 

condition. Moreover, it is possible to calculate the final body weight of any participant 

engaged in an intervention using the PRONAF Project methodology only knowing their 

initial body composition variables. Furthermore, the four types of treatments had similar 

results on body composition changes at the end of the intervention period, with the only 
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exception of fat-free mass, being the training groups the ones that maintained it during 

the caloric restriction. On the other hand, only the combined group achieved to maintain 

the fat mass (%) reduced 3 years after the end of the intervention. 

Keywords. Body weight, fat mass, fat-free mass, exercise, caloric restriction. 
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1. INTRODUCTION 

 

Throughout evolution, humans and animals have evolved redundant mechanisms 

promoting the accumulation of fat during periods of feast to survive during periods of 

famine. However, what was an asset during evolution has become a liability in the 

current ‘pathoenvironment’ or ‘obesogenic’ environment (Ravussin, 1995). This 

hypothesis of the ‘thrifty genotype’ has, however, recently been challenged by 

Speakman, who offers an alternative explanation called the ‘predation release’ 

hypothesis (Speakman, 2007). Speakman argues that around 2 million years ago, 

predation was removed as a significant factor by the development of social behaviors, 

weapons, and fire. The absence of predation led to a change in the population 

distribution of body fatness due to random mutations and genetic drift. According to 

Speakman, such random drift, rather than directed selection, explains why some 

individuals are able to remain thin while living in an obesogenic environment 

(Speakman, 2007). 

Regardless of the origin of the genetic predisposition to obesity, the recent abrupt 

change in environmental conditions in which high-fat food is readily available and in 

which there is little need for physical activity has allowed obesity to reach epidemic 

proportions in both industrialized countries and in urbanized populations around the 

world. This epidemic is the result of a normal physiology (genetic variability) in a 

pathoenvironment (Galgani & Ravussin, 2008). 

Nowadays, alarming is the data we have about obesity and overweight. Spain is the 

European leader in this condition, where one out of four people are overweight or obese 
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(12.5 million people). In fact, two-thirds of men are overweight and one out of six, 

obese (Zapico et al., 2012). 

Children and young people suffering from obesity in Spain is 13.9%, and 12.4% for 

overweight, representing the 26.3% of the Spanish population aged between 2 and 24 

years. These data were based on the definition of overweight as values of body mass 

index (BMI) between the 85th and 97th percentiles (specific for age and sex) of the 

reference values, and obesity for values of BMI at or above the 97th percentile. Obesity 

is higher in men (15.6%) compared to women (12.0%). Among boys, the highest 

prevalence rates were observed between 18 and 24 years (Aranceta-Bartrina, Serra-

Majem, Foz-Sala, & Moreno-Esteban, 2005). 

For the adult population, between 25 and 65 years, is estimated a prevalence of obesity 

at 15.5%, with a higher prevalence in women (17.5%) than men (13.2%). In this group, 

the prevalence of overweight is estimated at 39.2%, being higher among males (46.4%) 

than females (32.9%) (Aranceta-Bartrina, et al., 2005). 

For elderly people (over 65 years), the prevalence of obesity undergoes a significant 

growth in relation to younger ages until the threshold of 75 years. The prevalence of 

obesity is estimated at 35% (with 30.9% in men and 39.8% in women) (Aranceta-

Bartrina, et al., 2005). 

Obesity in Spain is not distributed with homogeneity, as in the regions of the northeast, 

southeast of the country and the Canary Islands it is higher. In Figure 1 we can see how 

that distribution is. 
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Figure 1. Distribution of the prevalence of obesity (BMI above 30 kg/m2) by region and sex. 

(Aranceta Bartrina, 2013). 

 

1.1. What is obesity  

 

Obesity can be defined as a chronic metabolic disease from a multifactorial origin, 

which leads to physical and psychological impacts to the person, with associated 

pathologies that limit the life expectancy and deteriorate the quality of it, being 

determinant for the social and labor areas of the person (SEEDO, 2012). 

This chronic metabolic disorder is characterized by an excessive accumulation of 

energy in the body as fat, leading to increased weight relative to the value expected by 

sex, age and height (Arrebola Vivas, 2012). In clinical practice, the body fatness is 

assessed by the body mass index (BMI) (Tsigos et al., 2008). However, it is possible 

that a person who is on normal weight can be obese (due to an excess body fat). It may 

also happen for an individual with a great muscle and bone development, whose body 

weight is high but a healthy percentage of fat (<25% for men and <30% for women) 
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(Okorodudu et al., 2010). It is also possible to increase the body weight without excess 

fat due to fluid retention (caused by congestive heart failure, liver cirrhosis, renal 

failure, etc.). Therefore, the weight would not be the best indicator to determine the 

overweight or obese condition (SEEDO, 2012). 

 

1.2. Factors affecting obesity  

 

As previously mentioned, obesity is a multifactorial and complex disease, which social, 

cultural, genetic, physiological, metabolic, psychological and behavioral factors are 

involved (McPherson, Marsh, Brown, & Britain, 2007). 

Regarding dietary factors that have favored the rise in obesity is the increased energy 

density of current diets and the increased of the average size of the portions. Currently, 

excess protein, refined sugars and saturated fat are consumed (meat products, pastries 

and savory snacks), while we have stopped consuming complex carbohydrates found in 

fruits, vegetables and fiber. It can be also observed wrong dietary habits such as 

skipping breakfast. Also, intermittent diets are wrong since can cause the famous "yo-

yo" effect (Arrebola Vivas, 2012). 

It is well known that another cause of this pathology is the lack of physical activity, 

which practice has declined over the years, as currently, the number of hours watching 

TV and using motorized transport for movements is very high. To quantify it, we can 

highlight that from young people, the 28.4% do not exercise at least three times per 

week (Arrebola Vivas, 2012). 
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Depression, anxiety and stress lead to an increased food intake, usually from high 

energy density, like chocolate or alcohol. Binge eating is also common (Chicharro, 

2008). 

Obesity can also be influenced by lack of physical activity due to mechanical causes, 

diseases like arthritis or osteoarthritis, respiratory problems, sleep apnea or incontinence 

(Chicharro, 2008). 

Also the low socio-economic status is related to obesity, since a low purchasing power 

reduces the possibilities for leisure activities and to follow a healthier diet as prices of 

fruits and vegetables is high compared to junk food. In addition, the lack of knowledge 

about health issues is one of the potential causes (Arrebola Vivas, 2012). 

 

1.3. Diagnosis and classification  

 

It is possible to distinguish different types of obesity according to the criteria used to 

classify it. They can be related to the amount of stored fat, the location thereof, its 

causes, clinical characteristics or the life stages when it occurs (Table 1) (SEEDO, 

2012). 
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Criteria Types of obesity 

 

Body Mass Index 

 

 Type I 

 Type II 

 Type III (morbid) 

 Type IV (extreme) 

Body fat distribution 
 Upper or android 

 Lower or gynoid 

Etiology 
 Primary or essential 

 Secondary 

Morbidity associated 
 Simple 

 Complicated 

 

 

Stage of life in which it appears 

 

 

 Infant 

 Youth 

 Adult 

 Elderly 

 Gestational 

 Perimenopausal 

 

Table 1. Types of obesity according to different classification criteria. 
 

1.3.1. According to the Body Mass Index (BMI)  

  

The Body Mass Index relates the body weight (BW) to height (H). 

BMI = BW (kg) / H
2 
(m

2
) 

Equation 1. Body Mass Index. 
 



Introduction 

 

7 
 

This method accepted by the World Health Organization (WHO) and scientific societies 

is the ratio of weight in kilograms to the square of height in meters. The estimation of 

the percentage of fat mass from anthropometric data has demonstrated an acceptable 

correlation in sedentary people. We know that BMI has limitations and may 

overestimate the percentage of fat in athletes and undervalue it for the elderly people by 

decreasing lean mass (Arrebola Vivas, 2012). 

Table 2 shows the classification of overweight and obesity according to this method, 

determined by the Spanish Society for the Study of Overweight and Obesity (SEEDO, 

2012). 

Degree of overweight or obesity BMI limit values (kg/m
2
) 

Under weight < 18.5 

Normal weight 18.5 - 24.9 

Overweight grade I 25 - 26.9 

Overweight grade II (pre-obesity) 27 - 29.9 

Obesity type I 30 - 34.9 

Obesity type II 35 - 39.9 

Obesity type III or morbid 40 - 49.9 

Obesity type IV or extreme ≥ 50 

 

Table 2. SEEDO classification of overweight and obesity according to the Body Mass Index. 

. 
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1.3.2. According to the body fat distribution  

  

We can distinguish two types of obesity (SEEDO, 2012): 

1. Upper, central, abdominal, visceral or android type: fat accumulates mostly in the 

upper half of the body (face, neck, trunk and upper abdomen region). Android is 

called as it is the most common form in men.  

2. Lower, peripheral, gynoid or gluteofemoral type: fat accumulates preferentially in 

the lower half of the body (infraumbilical regions, hips, buttocks, thighs and skin 

surface). It is the most common form in women. 

The accumulation of fat in the abdominal region (android), is associated with increased 

risk of cardiovascular disease, diabetes mellitus, dyslipidemia, and overall mortality, 

whereas its distribution in the gluteal-femoral (gynoid) region, is related to 

osteoarticular diseases of mechanical type and venous insufficiency of the lower limbs 

(Arrebola Vivas, 2012). 

 

1.3.3. According to the percentage of body fat 

 

BMI has always been used to assess the degree of overweight/obesity, mainly in 

epidemiological studies; being a wrong diagnosis in many cases, as overweight and 

obesity carry excess of body fat. However, people with a large muscle mass, would 

have an overweight or obese condition, according to the BMI classification. 

Already in an article published in 2010, body fat per cent was further dichotomized 

based on standard clinical definitions for men (normal fat ,25%, over fat ≥25%) and for 

women (normal fat ,30%, over fat ≥30%) (Okorodudu, et al., 2010), which has shown to 
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be associated with a higher risk for all-cause and CVD mortality (Lee, Blair, & Jackson, 

1999; Sui et al., 2007). 

 

1.3.4. Other classifications 

 

Etiologically, sometimes, the mechanism responsible for weight gain is well known. 

This allows us to distinguish two types of obesity: 

1. Primary or essential obesity: the physiological regulatory mechanisms of weight 

adjustment are altered, without being any determinant factor (eg, imbalance 

between food intake and energy expenditure).  

2. Secondary obesity: caused by hormonal, genetic, drug or changes in lifestyle 

(eg, smoking cessation). 

According to the morbidity associated, two obesities can be distinguished depending on 

the associated diseases: 

1. Simple obesity: the person feels good and no analytical or functional 

abnormalities are detected.  

2. Complicated obesity: it has associated analytical and clinical abnormalities, 

revealing an affectation of the metabolic and cardiovascular organs. 

Moreover, depending on the stage of life in which it appears, we can distinguish 

between childhood obesity, juvenile, adult obesity and overweight, elderly obesity, 

gestational obesity and perimenopause obesity (SEEDO, 2012). 
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1.4. Body composition 

 

The body composition is a health-related component of physical fitness that applies to 

body weight and the relative amounts of muscle, fat, bone, and other vital tissues of the 

body. Most often, the components are limited to fat and fat-free mass: 

 

1.4.1.    Fat mass 

 

Body fat mass is the total weight of the person's fat and consists of essential body fat 

and storage body fat. Essential body fat is necessary to sustain life and reproductive 

functions. Storage body fat comprises of fat accumulation in the adipose tissues, 

specifically the visceral and subcutaneous adipose tissues. 

The visceral fat is located deeper within the body, and serves as an energy reserve and 

as a cushion between organs. The subcutaneous fat is located directly beneath the skin, 

and serves as an energy reserve and as insulation against outside cold. 

 

1.4.2.    Fat-free mass  

 

Fat-free mass is the total amount of nonfat components of the human body. Skeletal 

muscle, bone and water are all examples of fat-free mass. It consists of approximately 

73% water, 20% protein, 6% mineral, and 1% ash. Fat-free mass is further divided into 

body cell mass and extracellular mass: 

Body Cell Mass (BCM) contains all the metabolically active tissues (living cells) of the 

body, including muscle cells, organ cells, blood cells, and immune cells. BCM includes 
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the “living” portion of fat cells, but not the stored fat lipids. BCM also includes water 

inside living cells. This water is called Intracellular Water (ICW). The main electrolyte 

of intracellular water is potassium. 

Extracellular Mass (ECM) contains all the metabolically inactive (non-living) parts of 

the body, such as bone minerals and blood plasma. ECM includes water contained 

outside living cells. This water is called Extracellular Water (ECW). The main 

electrolyte of extracellular water is sodium. 

The figure 2 below provides a graphical representation of the relationship of mass and 

water distribution. 

 

Figure 2. Five-Compartment model. 

(Biodynamics, 2014) 
 

1.5. Alterations associated to obesity  

 

The overweight and obese population has an increased risk of morbidity and mortality 

and its associated health disorders are: 
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 Diabetes mellitus type 2. Hyperglycemia maintained over time is what makes 

the β cells of the pancreas to be exhausted and the disease appear. Adiponectin 

and leptin also play an important role, as they decrease insulin resistance and it 

has been shown that obese people have lower levels of adiponectin in plasma 

(Arrebola Vivas, 2012). 

 Dyslipidemia. Obesity is accompanied by (Foz, 2012):  

o Increased total cholesterol.  

o Increase in the fraction of low-density lipoprotein (LDL).  

o Increase in the fraction of very low density lipoproteins (VLDL).  

o Decreased of about 5% of the values of high density lipoprotein (HDL). 

o Increased triglycerides (Tg). This is caused by a fault in the postprandial 

inhibition of hepatic secretion of VLDL.  

 High blood pressure (HBP). This association might be due to greater body 

volume requires greater cardiac output and stroke volume which can cause an 

increase in systolic blood pressure (SBP). In addition, the renin-angiotensin-

aldosterone system or the secretion of cortisol and its derivatives can contribute 

to hypertension. Finally, insulin resistance promotes sodium retention and 

increased peripheral resistance (Foz, 2012). 

 Low-grade chronic inflammation is one of the key metabolic alterations linked 

to excessive energy intake, physical inactivity and adiposity, and the markers of 

this inflammation -tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6) and 

C-reactive protein (CRP)- have all been associated with the development of 

atherosclerosis and insulin resistance (Fisher et al., 2011; Robbie & Libby, 

2001). 
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 It should be also mentioned other alterations such as coronary and 

cerebrovascular disease, cholelithiasis, osteoarthritis, heart failure, sleep apnea 

syndrome, some cancers, menstrual disorders, infertility and psychological 

distress (Rubio et al., 2007). 

 

1.6. Criteria of therapeutic intervention 

 

The management and treatment of obesity have wider objectives than weight loss alone 

and include risk reduction and health improvement. These may be achieved by modest 

weight loss (i.e. 5–10% of initial body weight), improved nutritional content of the diet 

and modest increases in physical activity and fitness (Knowler et al., 2002; Pietrobelli & 

Heymsfield, 2002; Slentz et al., 2004). 

Regarding about when and how to treat the obesity, it depends on the magnitude of the 

variables, since is a hard work to standardize a protocol. Age, BMI, body fat 

distribution, physical inactivity and the presence of comorbidities lead us to 

differentiate attitudes that we must consider to patients with obesity (Rubio, et al., 

2007). 

In the next lines, it is shown the intervention, proposed by the 2007 Consensus from 

SEEDO, to be performed according to the BMI (Rubio, et al., 2007). 

For people considered in "normal weight" (18.5-24.9 kg/m2) is advisable to make 

recommendations of healthy diet and exercise habits. We must pay special attention to 

this group in the following cases (Rubio, et al., 2007): 

 There is a significant family burden of obesity.  

 The weight increase was greater than 5 kg in the past year.  
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 An excessive development of fat tissue, especially in the abdominal region, is 

observed in the body composition.  

 There are disturbances in blood pressure. 

For people with slightly overweight (25-26.9 kg/m2), a visit to the doctor is required. If 

the weight is stable, the distribution of fat is gluteofemoral and there are no associated 

risk factors, the therapeutic intervention from the medical point of view will not be 

recommended. If the previously mentioned conditions are not met, it is advised an 

intervention based only in advices related to food, physical exercise and conducting 

clinical controls periodically (Rubio, et al., 2007). 

For people with a BMI between 27 and 29.9 kg/m2, an increased morbidity and 

mortality associated with fat accumulation starts to appear, and the visit to the doctor is 

mandatory. In the event that the weight is stable, the topographic distribution of fat is 

gluteofemoral and no associated risk factors, medical intervention is optional, but will 

be suitable dietary advice and physical exercise. If any of the conditions are not met, the 

patient should be treated with the final objective of losing between 5 and 10% of their 

body weight in six months thanks to a combined program of nutrition and physical 

activity and, if the proposed target is not met, the use of drugs would be justified 

(Rubio, et al., 2007). 

People whose BMI is between 30 and 34.9 kg/m2 have an increased risk of 

comorbidities, like altered carbohydrate metabolism, especially the onset of type 2 

diabetes mellitus, dyslipidemia and hypertension. Treatment consisting on hypocaloric 

diet and physical exercise, shall be binding and, in addition, comorbidities must be 

treated. In these cases, the use of anti-obesity drugs can be beneficial. The main 
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objective will be to reduce the weight at least 10%, and therefore, decrease the 

cardiovascular risk (Rubio, et al., 2007). 

For population framed in the fringe between 35 and 39.9 kg/m2 is very important a 

similar therapeutic intervention than stated in the previous section, with the main 

objective of achieving a body weight loss up from 10% in six months. If the target did 

not occur, the patient should be referred to a hospital specialist obesity unit to study 

other courses of action as bariatric surgery or the imposition of diets very low in 

calories (Rubio, et al., 2007). 

In cases of obesity grade III and IV (BMI <40 kg/m2) there is high risk of 

cardiovascular disease. Bariatric surgery is often the path chosen by these patients 

(Rubio, et al., 2007). 

 

1.7. Treatments applied in obesity and overweight 

 

1.7.1.    Dietary treatment  

 

It is important to mention that when prescribing dietary treatment is not enough to suit it 

to comorbidities detected when making medical history, since the characteristics of each 

subject, i.e., the place where he eats, the appetite and the satiety of the subject, culinary 

preferences, purchasing power and the environment culture, should be known. For these 

reasons, the individualization is needed (Arrebola Vivas, 2012). 

Weight loss through diet is one of the most popular approaches to lose body 

weight. Depending on the amount or importance of the reduction in caloric intake, the 

following classification is proposed (Chicharro, 2008): 
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A) Fasting and starvation: used to describe situations in which it stops eating. 

Starvation differs of fasting that in it are ingested vitamins and minerals, 

which does not happen in starvation. Food intake is restricted for a period of 

time that can reach 3 weeks. 

B) Caloric restriction: the constraint can be from 200 Kcal/day to an important 

restriction, even lower than the basal metabolic rate. Within caloric 

restriction, it can be differentiated: 

a. Semi-fasting or semi-starvation or very low-calorie diets: these diets 

seek to reduce energy intake. Provide between 400 and 800 kcal per 

day through foods rich in high quality protein. They should not be 

followed for more than three months. These diets must be 

supplemented with daily medication. Both, semi-fasting and semi-

starvation, are totally discouraged. 

b. Hypocaloric diets or low-calorie diets: seeking to reduce energy 

intake while maintaining activity levels. Provide between 800 and 

1200 kcal per day for women and 1200 to 1800 kcal per day for men. 

As advice for achieving these declines can be highlighted the 

decrease in fat intake and the inclusion meals with fiber. Other kind 

of caloric diet is that which looks for a calorie restriction from a 

percentage of the daily energy expenditure (DEE), for example, as 

was done in PRONAF, from 25 to 30% of the DEE of the study 

participants. 

c. Miracle diets: that promise to lose weight quickly without sacrifices. 

Some examples are the diet of the artichoke, moon, soup, Atkins, 

Dukan ... 
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It is advisable to make four or five meals in a day, providing the breakfast the 25% of 

total intake, the mid-morning and the snack a 10% each, the lunch a 35% and the dinner 

a 20% (Arrebola Vivas, 2012). 

In addition, as dietary tips that help treatment we will name the following (Gargallo 

Fernandez et al., 2012): 

 Weight gain can be prevented by diets containing foods with low density energy. 

 Strategies should be devised make possible food availability and access to 

healthy food, specially fruits and vegetables to create favorable environments to 

maintain the mean BMI population. 

 Limit the habitual consumption (often more than once a week) of fast food can 

prevent weight gain due to this factor. 

 Using smaller confined portions reduces energy intake. 

 Greater adherence to the Mediterranean Diet could prevent overweight and 

obesity and prevent increased abdominal girth. 

 Eating vegetarian diets could lead to less weight gain over time in healthy 

adults. 

 Diets for healthy adults seeking to prevent weight gain should have a significant 

presence of complex carbohydrates (greater than or equal to 50% of total energy 

intake, approximately). 

 To prevent weight gain in healthy adults is more important the control of total 

energy intake, than the intake of total fat. 

 Increase fiber intake from plant foods can prevent weight gain in healthy adults. 

 Limit high intake of ethanol could prevent weight gain due to this factor. 
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 Dietary prevention of weight gain may be modulated by diet containing high 

levels of fruit and vegetables. 

 It is recommended, for the prevention of weight gain, diet containing a 

significant amount of whole grains. 

 Limit the frequency of consumption of sweetened beverages can lead to less 

weight gain over time. 

 Moderate consumption of nuts has advantages to prevent chronic diseases, 

without compromising the risk of weight gain. 

 Limit high consumption of meat and meat products can prevent weight gain due 

to this factor. 

 It is enough an energy deficit of 500 to 1.000 kcal daily energy needs of obese 

adult patient to produce a weight loss of 8% in the first 6 months of treatment. 

 Downsizing the diet rations consumed and/or energy density of the diet are 

effective in reducing weight in obese patients through dietary management 

strategic measures. 

 To maximize the effect of diet on weight loss is not decrease the ratio of 

carbohydrates and increase fat. 

 To control LDL cholesterol is effective conducting a low fat diet, while HDL 

cholesterol and triglycerides are better controlled performing a low carbohydrate 

diet. 

 Diets low in carbohydrates should not contain a high percentage of animal fats. 

 In the treatment of obesity, fiber supplements (mainly glucomannan) can 

increase efficiency of the diet on weight loss.  

 Obese with lipid abnormalities may benefit from the prescription of diets rich in 

fiber or fiber supplements (mainly glucomannan). 
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 It cannot be recommended decreasing glycemic index and glycemic load as a 

strategy specified in the dietary management of obesity. 

 In the treatment of obesity is not recommended to induce changes in the 

proportion of dietary protein. 

 To ensure the maintenance or increase of the lean mass during a low calorie diet, 

it is effective to increase the protein content of the diet above 1.05 g/kg. 

 If a high protein diet is prescribed the intake of animal protein should be limited 

to prevent an increased risk of long-term mortality. 

 Replacing some meals by meal replacements in the context of low calorie diets 

may be useful for weight loss and maintenance of weight loss in overweight or 

obese adults. 

 The very low-calorie diets (VLCD) may be used in the treatment of obese 

patients, based on a specific clinical indication and with close medical 

supervision. 

 VLCD should not be used in patients who do not meet the indications and 

requirements. 

 The use of VLCD can be justified in the preoperative bariatric surgery in 

patients with hepatic steatosis and increased surgical risk, under medical 

supervision and considering the potential adverse effects that can be observed. 

 The use of VLCD commercial products could be justified in the immediate 

postoperative bariatric surgery to help the patient to achieve an adequate protein 

intake. 
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1.7.2    Physical activity plan  

 

Exercise is another alternative to lose body weight. The increase of exercise causes an 

imbalance when the caloric intake is maintained. It also has advantages such as 

improved muscle tone, cardiovascular fitness, strength and flexibility, increases the 

basal metabolism and improves immune system (Chicharro, 2008). 

In Table 3 we can see how it has influenced the performance in several studies in which 

a control group was compared with other exercise groups. 
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Author Group 

Body Weight change 

(kg) 

Body Weight 

change (%) 

Fat Mass change 

(kg) 

Fat Mass 

change (%) 

(Camargo et al., 
2008) 

Control 0.4 ± 0.7 0.4 ± 0.5 0.7 ± 0.5 0.7 ± 0.1 

Endurance -2.6 ± 0.3 -3.3 ± 0.2 -2.1 ± 0.6 -1.9 ± 0.5 

Strength -0.5 ± 0.5 -0.6 ± 0.4 -1.2 ± 0.4 -1.3 ± 0.5 

(Sillanpaa et al., 
2009) 

Control -0.4 ± 0.6 -0.6 ± 0.7 -0.2 ± 1.0 -0.6 ± 1.5 

Endurance -1.0 ± 1.7 -1.6 ± 1.6 -1.3 ± 1.9 -2.1 ± 2.2 

Strength 0.0 ± 1.4 0.0 ± 1.4 -0.4 ± 1.4 -0.9 ± 1.8 

Endurance 
+ Strength -0.1 ± 1.7 -0.2 ± 1.7 -0.9 ± 1.2 -1.9 ± 1.7 

(Kirk et al., 
2009) 

Control 2.4 ± 0.6 2.9 ± 0.5 2.3 ± 0.6 2.1 ± 0.6 

Strength 2.5 ± 0.7 2.9 ± 0.6 0.9 ± 0.6 0.3 ± 0.5 

(Willis et al., 
2012) 

Endurance -1.8 ± 3.0 -2.0 ± 2.5 -1.7 ± 2.7 -1.0 ± 1.9 

Strength 0.8 ± 2.3 0.9 ± 2.1 -0.3 ± 2.2 -0.7 ± 1.7 

Endurance 
+ Strength 

-1.6 ± 3.2 -1.8 ± 3 -2.4 ± 2.9 -2.0 ± 2.2 

(Ho, Dhaliwal, 
Hills, & Pal, 

2012) 

Control 0.0 ± 4.0 0.0 ± 4.0 0.2 ± 2.1 0.2 ± 1.8 

Endurance -0.9 ± 4.0 -1.0 ± 3.9 -0.7 ± 1.9 -0.5 ± 1.8 

Strength -0.1 ± 4.1 -0.1 ± 4.0 -0.4 ± 2.0 -0.5 ± 1.7 

Endurance 
+ Strength 

-1.6 ± 3.8* -1.8 ± 3.9* -1.6 ± 1.9 -1.0 ± 1.4 

(Sanal, Ardic, & 
Kirac, 2013) 

Endurance -3.7 ± 0.4 -4.3 ± 2.5 -6.7 ± 6.1 -4.0 ± 5.6 

Endurance 
+ Strength 

-3.8 ± 0.3 -4.2 ± 3.1 -14.1 ± 14.4 -11.8 ± 13.9 

 

Table 3. Results obtained in some studies analyzing and comparing the body weight loss 
achieved by different types of exercise. 

Changes calculated as final value less initial value. *p<0.05 than other groups. 
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1.7.2.1.     How much exercise is needed to lose body fat  

 

The response to a dose of exercise can be considered in terms of changes in such 

parameters as body weight, body composition, body fat distribution, blood pressure, 

depression score, and insulin sensitivity. For general health benefits, exercising 3 days 

per week will produce changes, but more frequent sessions will be more effective. The 

American College of Sports Medicine (J. Donnelly et al., 2009) recommends that all 

adults aim to accumulate 30 minutes of moderate-intensity physical activity on most, 

and preferably all, days of the week. Saris et al. (2003) indicated that although this is 

probably an adequate dose for general health promotion and disease prevention, more 

recent evidence suggests that this recommendation is not sufficient to prevent unhealthy 

weight (re)gain. 

In the context of weight management, the American College of Sports Medicine (J. 

Donnelly, et al., 2009) has suggested that significant health benefits can be achieved 

only with a minimum of 150 minutes (2.5 hours) of moderate-intensity exercise per 

week. Over time, overweight and obese adults should progressively increase this initial 

amount. Recent evidence suggests that there are advantages in gradually progressing to 

200–300 minutes (3.3–3.5 hours or 2000 kcal) of exercise per week, which facilitates 

the long-term maintenance of weight loss. This recommendation may present a 

significant challenge to many health professionals and patients. However, with gradual 

progression toward this higher level, overweight and obese individuals can achieve 

significant health improvements (Barlow, Kohl, Gibbons, & Blair, 1995; Lee, Jackson, 

& Blair, 1998). 
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Despite the lack of definitive evidence, Saris et al. confirmed that approximately 45–60 

minutes of moderate-intensity activity each day is necessary to prevent the transition to 

overweight or obesity. For those who were formerly obese, preventing weight regain 

requires 60–90 minutes of moderate-intensity activity or shorter amounts of more-

vigorously intense activity each day (2003). 

The following general advice may help individuals achieve a progression to higher 

levels of energy expenditure from a very low base of physical activity. Because the 

obese have an increased risk of musculoskeletal injury, exercise intensity should be 

maintained at or below the level necessary to improve cardiorespiratory endurance. 

Some individuals may benefit from a lower level of weight-bearing activity, choosing 

from a range of exercise modalities and adjusting exercise frequency and duration. It is 

most important to appreciate that from the perspective of energy expenditure, as long as 

total work output is the same, there is no selective effect of the type of training on body 

composition changes. All exercise modalities, given an appropriate volume of work, 

will result in reductions in body mass and body fatness if energy expenditure exceeds 

energy intake. Walking is the most effective mode of exercise for most obese 

individuals, because it carries a low risk of musculoskeletal injury, requires no special 

skills, is suitable for most settings, and has the ability to produce a training effect. Many 

suggest that walking for at least 1 hour on most days represents the best exercise 

prescription for most obese individuals (as long as the exercise prescription is amended 

to meet adaptations to the training load). Swimming and related activities help reduce 

loading on joints, minimize the risk of injury, and also minimize heat stress (because it 

is done in water). Resistance weight training is an important component in exercise 

prescription for people of all ages, because long-term weight management depends on 

the maintenance of metabolically active tissue (Hills & Byrne, 1998). 
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In summary, the total amount of energy expended with physical activity depends on the 

characteristics of the physical activity (duration, intensity, and type) and the individual 

performing the exercise (body size and fitness level). If weight loss is the goal and time 

is limited, patients should exercise at an intensity that suits and enables them to expend 

as much energy as possible during the time available (Hills & Byrne, 2004). 

 

1.7.2.2.   The post-exercise metabolic effect 

 

Physical exercise causes an increase in oxygen consumption after cessation of activity 

during periods from minutes to 24 hours depending on the intensity of physical activity 

and degree of training (the greater the intensity of exercise, the greater the excess post-

exercise oxygen consumption). This post-exercise response seems to have effect on the 

rates of oxidation of metabolic substrates and can promote negative energy balance 

(López-Fontana, Martínez-González, & Martínez, 2003). Also, an increased muscle 

mass reduce the risk of osteopenia or osteoporosis, have a role in body 

thermoregulation, and increases the basal metabolism rate, that for most of people, it 

represents the 60-70% of daily energy expenditure (Marks & Rippe, 1996). 

 

1.7.3    Combination of diet and exercise 

 

There is no doubt that the best way to lose weight is by performing a combination of 

diet and exercise or physical activity, because the increased caloric expenditure during 

exercise coupled with a restriction of food intake and lifestyle and education is the most 

suitable alternative to treat this epidemic of XXI century. 
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A meta-analysis published in 2005 showing the results of 9 studies makes it clear that 

when an intervention is developed, the combination of diet and exercise is better than 

diet alone (Curioni & Lourenco, 2005). 

Table 4 shows the quantification of the body weight loss, from some intervention 

studies with selected groups and the changes before and after the intervention, after 

making only diet or making diet and exercise. 

Author Group 
Body Weight change 

(kg) 

Body Weight 

change (%) 

Fat Mass change 

(kg) 

Fat Mass 

change (%) 

(Hunter et al., 
2008) 

Control -12.9 ± 6.5 -16.26 ± 6.4 -11.4 ± 5.2 -9.5 ± 5.4 

Diet + 
Endurance 

-13 ± 6.8 -16.9 ± 6.7 -11.9 ± 5.1 -10.6 ± 5.0 

Diet + 
Strength 

-11.6 ± 7.7 -14.9 ± 7.6 -11.9 ± 5.2 -11.3 ± 5.2 

(Del Corral, 
Chandler-

Laney, 
Casazza, 

Gower, & 
Hunter, 2009) 

Control -12.2 ± 3.0 -15.6 ± 3.4 -11.3 ± 4.6 -9.3 ± 4.2 

Diet + 
Endurance 

-12.5 ± 2.2 -16.3 ± 2.6 -12.1 ± 4.1 -10.2 ± 4.0 

Diet + 
Strength 

-11.7 ± 2.4 -15.0 ± 2.5 -12.0 ± 4.7 -10.6 ± 4.1 

(Brochu et al., 
2009) 

Control -5.1 ± 4.7 -7.0 ± 5.4 -4.0 ± 3.5 -2.5 ± 2.7 

Diet + 
Strength -5.6 ± 5.0 -6.0 ± 5.0 -5.6 ± 4.7 -4.4 ± 3.5 

 

Table 4. Results obtained in some studies comparing body weight loss by diet and by the 
combination of diet and exercise, vs. a control group (only diet). 

 

1.7.4    Alternative treatments  

 

The main goal of counseling is to provide the patient some technics and skills to change 

their lifestyle and maintain those changes over time. The behavioral programs in group 
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are a good choice for psychological treatment of this disease, as they strengthen the 

control of stimulus and self-control (Arrebola Vivas, 2012). 

We can find several systematic reviews on diet supplements based on plants, such as 

chitosan, chromium picolinate, Ephedra sinica, Garcinia cambogia, etc. It has been 

shown that none of these substances show efficacy and/or safety to use in the control of 

overweight from medium to long term. Therefore, after considering risks and benefits, 

they are not recommended for the treatment of obesity (Rubio, et al., 2007). 

The use of drugs in treating obesity is reserved for patients with BMI≥27 kg/m2 

presenting any serious comorbidity, and has not reached the goal of weight loss after 

changing the lifestyle habits. In recent years, pharmaceutical companies have been 

investigating new active substances and bringing to market drugs to treat obesity. 

Surgical treatment is used in morbid obesities (BMI≥40 kg/m
2). Bariatric surgery, 

gastric balloon and gastric bypass, are some techniques employed. These techniques 

also help to reduce appetite, producing disturbances in the digestive tract hormones 

(Chicharro, 2008). 

 

1.8. Body weight loss dynamics 

 

The prevalent view of public health organizations is that both diet and exercise are 

important for body weight loss (Andersson et al., 1991; Stiegler & Cunliffe, 2006). 

Energy restriction through dieting is seen as the most important factor for a change in 

weight with exercise making a contribution to the retention of fat-free mass and long-

term maintenance of BW loss (Stiegler & Cunliffe, 2006). Previous studies have shown 

no differences in the BW loss between different ranges of age (Ghroubi et al., 2009) or 
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type of treatment if diet is included (Brochu, et al., 2009; Crncevc-Orlic et al., 2008; 

Jakicic, Marcus, Lang, & Janney, 2008; Redman et al., 2007; Redman et al., 2009), 

while the sex condition has been shown as an important factor for the BW loss (Hagan, 

Upton, Wong, & Whittam, 1986). Moreover, initial adiposity may impact changes in 

body mass after an intervention (Forbes, 2000; Goodwin et al., 1998), as Hall et al. 

(Hall, Bain, & Chow, 2007) stated that the person with more initial body fat has a 

greater fraction of their weight change attributable to changes of body fat versus 

changes of lean tissue than does a person with less initial body fat. Since body fat 

contributes less than lean tissue to overall energy expenditure (Hansen et al., 2001), the 

person with higher initial body fat will lose a greater amount of weight to achieve a new 

state of energy balance. 

The usual approaches in weight loss therapies, published in the scientific literature, 

show that weight is lost very fast in the very first phase of the program, and where the 

greatest loss peak occurs precisely 6 months after beginning treatment; however, weight 

is slowly regained up to a point where weight returns to its initial level (Jeffery, 

Drewnowski, Epstein, & al., 2000; Svetkey, Stevens, Brantley, & al., 2008). Moreover, 

typically 30-35% of the lost weight is regained within the following year after the 

treatment (Wadden, Butryn, & Byrne, 2004). Therefore, approximately 20% of 

individuals could be considered as successfully maintaining the results of following a 

weight-loss program, which can be defined as reducing by (at least) 10% of one’s 

weight and maintaining that loss for a minimum of one year (R. Wing & Hill, 2001). 

Predicting weight loss outcomes from information collected from subjects before they 

start weight management programs is a long-standing goal (A. R. Weiss, 1977). In the 

area of human energy metabolism and body weight regulation, several mathematical 

models of weight change have been proposed over the past few decades (Chow & Hall, 
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2008; Christiansen & Garby, 2002; Hall, 2006, 2009, 2012; Hall et al., 2011; Kozusko, 

2001, 2002; D. Thomas, Ciesla, Levine, Stevens, & Martin, 2009). Such models provide 

a theoretical prediction of how body weight will change for a given energy intake and 

physical activity intervention assuming perfect adherence. These models have been 

validated under highly controlled conditions when adherence to the intervention can be 

assured. However, under less controlled conditions of people following an outpatient 

weight loss program, the ability to estimate the loss of body mass (or weight) at the end 

of it represents an intellectual gap for health professionals, since the body weight is 

influenced by a great amount of variables (see Figure 3) (Kopelman, Jebb, & Butland, 

2007). 

 

Figure 3. Obesity system map. 

(Shift, 2008) 
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1.8.1. Factors affecting the body weight loss dynamics 

 

As already seen, the degree of caloric restriction of the diet and the amount of physical 

activity performed along the intervention, affects the body weight loss dynamics. In 

addition, there are some factors that can affect body weight loss intrinsically: 

 

1.8.1.1. Sex 

 

In the literature, a few studies compared the effect of exercise training on body 

composition in both sexes (Preedy, 2012). Sanal et al. suggested that both, aerobic and 

resistance training produces marked reductions in body fat in both sexes (Sanal, et al., 

2013). This is in contrast to research suggesting that exercise-induced reductions in 

body weight and fat mass are more pronounced in males than females (Ballor & 

Keesey, 1991; J. E. Donnelly et al., 2003). Ballor and Keesey observed in their meta-

analysis that men showed a larger body weight loss as a result of dietary restriction and 

exercise training, when compared with women (Ballor & Keesey, 1991). In contrast, 

Andersson et al. showed that the body weight and fat mass (FM) loss was comparable 

between obese men and women as a result of a 3-month combined intervention program 

(Andersson, et al., 1991). However, when we looked at the data in more detailed, it 

revealed that the baseline fat mass was greater in the female participants. After 

correction for differences in baseline fat mass, the men had actually lost a higher 

amount of fat. In HERIGATE Family Study (Wilmore et al., 1999), the effect of a 20 

week aerobic training program on body composition was assessed in 557 individuals 

(258 men, 299 women) by hydrostatic weighing and computerized tomography. They 

reported that aerobic exercises provided small but significant increases in the fat-free 
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mass (FFM) of the whole body, a decrease in FM, and fat mass in percentage (FM%) in 

both sexes; but men lost a greater amount of abdominal visceral fat in comparison to 

women. 

Several studies have shown that for the same BMI, the amount of body fat, regardless of 

fat depot, is significantly influenced by sex (Demerath et al., 2007; Despres et al., 2000; 

Geer & Shen, 2009; Schreiner et al., 1996; Seidell, Oosterlee, Deurenberg, Hautvast, & 

Ruijs, 1988). They concluded that men and women differed in regard to body 

composition. For a given BMI, men had higher lean mass and more visceral and hepatic 

adipose tissues, whereas women had elevated general adiposity, subcutaneous adipose 

tissue in particular. Kuk and Ross published an article about the distribution of body fat 

and its response to weight loss program (calorie restriction, exercise or both) in obese 

men and women (Kuk & Ross, 2009). The participants were 81men and 72 women with 

a starting BMI of over 27. They assessed the body fat by whole-body magnetic 

resonance imaging scans before and after the intervention. They found no significant 

difference regarding total fat loss between men and women, but men lose more visceral 

fat than women, while the women lose lower body total subcutaneous fat than man. 

 

1.8.1.2. Age 

 

According to the most recent Behavioral Risk Factor Surveillance Survey (BRFSS) 

data, approximately half of young adults, <35 years of age, are overweight or obese 

(BRFSS). Further, this age group is at greater risk for weight gain than older adults, and 

overweight young adults are at the highest risk for additional weight gain (Lewis et al., 

2000; Norman, Bild, Lewis, Liu, & West, 2003; Truesdale et al., 2006). Despite the 
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prevalence of obesity in the young adult population, this age group is less likely to 

enroll in standard behavioral weight loss programs than older adults; they are also less 

likely to be retained over time and on average lose less weight in these programs than 

older adults (LaRose et al., 2009). However, LaRose demonstrated in 2013 that young 

adults are able to achieve weight losses comparable to those of older adults (LaRose, 

Leahey, Hill, & Wing, 2013). Nonetheless, the motivations and strategies used by 

young adults differ from those of older age. Specifically, young adults appear to place a 

greater emphasis on appearance, social factors, and physical activity and less emphasis 

on their health and the use of formal programs (LaRose, et al., 2013). Data indicate that 

social influences are greater for young adults compared with older adults (Albarracin, 

Kumkale, & Johnson, 2004) and peers play a significant role in the initiation and 

maintenance of many health-related behaviors during these years (Borsari & Carey, 

2006; Thompson et al., 2007). Further, although not specific to young adults, in a study 

examining the spread of obesity within social networks, Christakis & Fowler (2007) 

reported that same-sex mutual friends appeared to have the strongest influence on each 

other's weight gain (Christakis & Fowler, 2007). Peers can clearly serve as positive 

interpersonal influences as well; in fact, Leahey et al. demonstrated that among 

overweight/obese young adults, having more social contacts trying to lose weight was 

associated with greater intention to lose weight (Leahey, LaRose, Fava, & Wing, 2011). 

Thus, enhancing peer supports or incorporating peers in treatment may be one way to 

make behavioral programs more appealing to young adults, and also improve weight 

losses in this age group (LaRose, et al., 2013). 
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1.8.1.3. Body composition 

 

Obesity carries a body fat percentage than adequate and that is a risk factor for multiple 

box morbidity and reduced life expectancy. Among the pathologies we can cite the 

metabolic syndrome, type 2 diabetes mellitus, cardiovascular disease, nonalcoholic fatty 

liver, asthma, certain types of cancer, sleep apnea and/or musculoskeletal problems. To 

this must be added the psychosocial consequences such as low self-esteem, depression 

and social discrimination. It is the second leading cause of preventable death in most 

developed countries (Chicharro, 2008). 

More and more importance is given to the location and distribution of fat in the body. In 

fact, not all obese people have cardiovascular risk factors or diabetes. If excess fat is in 

the subcutaneous area, the metabolic profile is normal, with little intramuscular, liver 

and pericardial fat. In contrast, selectively localized excess fat in the abdominal and/or 

visceral fat is the most correlated with risk for insulin resistance and metabolic 

syndrome. There are numerous data on the metabolism of free fatty acids stating that 

can contribute to the state of insulin resistance observed in individuals with visceral 

obesity. Hypertrophied intraabdominal adipocytes are characterized by a hiperlipolitic 

state that makes them resistant to the anti-lipolytic effect of insulin (Ochner, Barrios, 

Lee, & Pi-Sunyer, 2013). In this case, the fat content of skeletal muscle, cardiac, and 

liver is high, and thus increases the risk of cardiovascular disease and type 2 diabetes 

(Chicharro, 2008). 

There is scientific evidence that adipose tissue is not only specialized in storage and 

mobilization of lipids, but it is an important endocrine organ that releases numerous 

cytokines, such as interleukin-6 and tumor necrosis factor (TNF) alpha (Ohashi, 
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Shibata, Murohara, & Ouchi, 2014). Other adipokines are adiponectin and leptin. 

Adiponectin is low in obese subjects. In addition, low levels of this substance have been 

established as predictors of the development of type 2 diabetes and cardiovascular 

disease. The relation of adiponectin with the secretion of inflammatory cytokines such 

as TNF-alpha in the atherogenic process is checked. Furthermore, leptin produced by 

adipocytes mainly acts to regulate appetite and weight through satiety, suppressing food 

intake and stimulating energy expenditure. Circulating leptin levels reflect both body 

stores energy as the energy balance. Obesity appears to be a major focus in syndrome of 

leptin resistance whose mechanism is still poorly understood. Elevated plasma levels of 

leptin in healthy adolescents are associated with decreased arterial compliance and 

arteriosclerotic diseases and the prevalence of certain cancers. There is evidence that, in 

case of obesity, there is an infiltration of macrophages in adipose tissue which can 

contribute to proinflammatory profile that has been observed in patients with abdominal 

obesity. Plasma levels of C-reactive protein, an inflammatory marker that is used to 

calculate the risk of myocardial infarction, are also increased in patients with visceral 

obesity. Also, visceral obesity has been proposed as a marker of defective fat 

distribution between adipose tissue, skeletal muscle, liver and heart (Chicharro, 2008). 

Moreover, gut hormones influence on energy homeostasis. These include gastric 

hormone ghrelin and gut hormones peptide YY (PYY), pancreatic polypeptide (PP), 

glucagon-like peptide-1 and oxyntomodulin, which reduce food intake and appetite. The 

scientific data available to us at this time show that there is a system that detects the 

presence of food in the gastrointestinal tract and sends information to the brain, 

particularly the hypothalamus, both via neuronal and endocrine to regulate appetite and 

satiety. In obese subjects have been appreciated reduced levels of ghrelin, beneficial 
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effect in the face of reduced appetite, but also reduced levels of PYY and PP 

(Chicharro, 2008). 

Proponents of the theory of fixed point consider that in our body there is an internal 

control mechanism, possibly located in the hypothalamus, which tries to maintain a 

certain level of body fat. Once the certain level, the body resists changing it and makes 

adjustments for changes do not occur abruptly. In a way, this theory is consistent with 

findings related to increased activity of lipoprotein lipase (LPL) and increased adipocyte 

regulatory center as this would determine the amount of fat that we should keep our 

body and makes necessary adjustments to resist this change and preserve it. A typical 

setting would be decreasing basal metabolism. According to proponents of this theory, 

the (constant) vigorous exercise can put this point to a lower level while increasing 

body fat-free mass, which may result in increased basal metabolism, or resting, as a 

result of increased active muscle mass (Chicharro, 2008). 

The body composition, as said before, applies to body weight and the relative amounts 

of muscle, fat, bone, and other vital tissues of the body. Most often, the components are 

limited to fat-free mass and fat mass. An increased fat-free mass would increase the 

basal metabolism rate, that for most of people, it represents the 60-70% of daily energy 

expenditure (Marks & Rippe, 1996). In case of fat mass, two depots should be 

distinguished, visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT). 

Evidence that VAT is more pathogenic than abdominal SAT in humans is rapidly 

emerging (Tchernof & Despres, 2013). In obese subjects, basal free fatty acid (FFA) 

flux (E. Murphy, 2006), lipolysis rates and secretory protein expression are markedly 

higher in visceral compared with subcutaneous adipose cells (Matsuzawa, 2006). 

Additionally, FFA excretion from excess VAT is insensitive to insulin and highly 

sensitive to catecholamine stress signals in obese humans (Bousquet-Melou, Galitzky, 
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Lafontan, & Berlan, 1995). Owing to the proximity and portal access of VAT to the 

liver, these FFAs are thought to promote hepatic insulin resistance in obesity (Arner, 

2002; Regitz-Zagrosek, Lehmkuhl, & Weickert, 2006). These and other data provide 

strong evidence that excess VAT is a key factor in the dyslipidemia, insulin resistance 

and inflammation associated with obesity (Cancello et al., 2006). Hence, a prominent 

biological role for visceral fat in the regulation of energy metabolism is becoming 

apparent. From a clinical perspective, preferential loss of VAT during initial weight loss 

may be metabolically advantageous. However, despite the variety of weight loss 

methods, and competing claims of intervention-induced preferential loss of visceral fat, 

it remains unclear whether relative rates of change in VAT and SAT can be manipulated 

at all (Chaston & Dixon, 2008). 

Moreover, human adipose tissue is heterogeneous with respect to free fatty acid uptake 

and mobilization (Jensen, 1997). In situ (Arner, Kriegholm, Engfeldt, & Bolinder, 1990) 

and in vivo (Jensen, Cryer, Johnson, & Murray, 1996) evidence suggests that 

catecholamine-stimulated lipolysis differs substantially between visceral, lower-body, 

and abdominal subcutaneous adipose tissue, and that sex appears to influence these 

regional differences (Jensen, 1997). Whereas basal free fatty acid release is greater in 

upper- compared to lower-body subcutaneous AT in both sexes, lower-body adipocytes 

in women are resistant to catecholamine stimulation in comparison to men of a similar 

phenotype (Jensen, et al., 1996). These observations suggest that sex may influence the 

effects of weight loss on AT distribution. Indeed, that gluteal-femoral adipocyte are 

resistant to catecholamine stimulation suggests that women may preferentially reduce 

abdominal subcutaneous AT. Accordingly, by comparison to men, women would lose 

less lower-body subcutaneous AT. As exercise is known to increase plasma 

catecholamine levels in both sexes with the effects persisting for several hours post 
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exercise (Friedmann & Kindermann, 1989), exercise may potentiate the influence of 

weight loss on AT distribution. 

It is well documented that, by comparison to subcutaneous adipose tissue, visceral 

adipose tissue is preferentially reduced in response to a negative energy balance induced 

by exercise and/or diet (Ross, 1997). Indeed, Janssen et al. observed that independent of 

sex, the decrease in visceral to subcutaneous adipose tissue ratio in response to diet 

alone or the combination of diet and aerobic exercise was significant, and not different 

between abdominally obese men and women (Janssen & Ross, 1999). However, the 

visceral-to-subcutaneous ratio did not decrease within the diet and resistance trained 

groups. This finding is inconsistent with previous studies wherein for both men (Ross, 

Rissanen, Pedwell, Clifford, & Shragge, 1996) and women (Ross & Rissanen, 1994; 

Treuth et al., 1995), resistance exercise is associated with a preferential reduction of 

visceral adiposity with (Ross & Rissanen, 1994; Ross, et al., 1996) or without (Treuth, 

et al., 1995) weight loss. That the visceral-to-subcutaneous ratio did not decrease within 

the diet and resistance exercise groups is explained by the greater reduction in 

abdominal subcutaneous adipose tissue by comparison to the other treatments. A 

rationale that explains this observation is unclear (Janssen & Ross, 1999). 

 

1.8.2. Body weight regain 

 

Losing weight either by dietary intervention, increased physical activity, or 

pharmacological and/or surgical treatment, is usually successful, but then a hard time 

follows trying to keep the weight at its reduced level, which seems impossible for most 

people. While meta-analysis suggests that after a small weight loss long-term 



Introduction 

 

37 
 

maintenance is achievable (Franz et al., 2007), studies indicate that between 35% and 

80% of subjects who lost at least 10% of their body weight do not succeed in 

maintaining this weight for over 1 year (G. A. Bray, 2010; Kraschnewski et al., 2010; 

Turk et al., 2009; E. C. Weiss, Galuska, Kettel Khan, Gillespie, & Serdula, 2007; R. 

Wing & Phelan, 2005). Since reducing weight is of importance from a health 

perspective, it is necessary to clarify the factors and mechanisms determining the 

chance for successful weight maintenance. Psychosocial and lifestyle influences are 

obviously involved (Maclean, Bergouignan, Cornier, & Jackman, 2011), but recent 

studies lead to a growing awareness of the effect of various physiological and molecular 

parameters. This leads to four functional modules that contribute to the risk for weight 

regain. 

Module 1: Energy Expenditure by Fat-Free Mass 

Several studies have pointed out that weight or weight-related parameters are associated 

with the risk for weight regain. In women who lost 10% of body weight, weight regain 

after 1 year was significantly associated with maximum lifetime weight or BMI (Byrne, 

Cooper, & Fairburn, 2004). A high baseline BMI, waist circumference or fat mass 

indicated a lower weight regain 1 year after weight loss by a very low-calorie diet 

(VLCD) as reported by Vogels and Westerterp-Plantenga (2005). Even after 2 years, a 

high baseline BMI and fat mass were still associated with <10% weight regain (Vogels, 

Diepvens, & Westerterp-Plantenga, 2005; Vogels & Westerterp-Plantenga, 2007), 

which was confirmed in another study (Goyenechea, Parra, Crujeiras, Abete, & 

Martinez, 2009). Also, the percentage of body fat lost during the VLCD was found to be 

negatively associated with the percentage of body weight regain (Vogels & Westerterp-

Plantenga, 2007). Percentage weight regain was negatively correlated to baseline resting 

metabolic rate (Vogels, Diepvens, et al., 2005), indicating that a high resting metabolic 
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rate promotes successful weight maintenance after weight loss. As the closely related 

basal metabolic rate is largely determined by fat-free mass (Johnstone, Murison, 

Duncan, Rance, & Speakman, 2005; Weinsier, Schutz, & Bracco, 1992), it can be 

assumed that a fat-free mass sparing effect is strongly involved in the risk for weight 

regain (Vogels & Westerterp-Plantenga, 2005). In this respect, the ratio of fat mass/fat-

free mass in the lost weight could be easily higher for people with a high baseline body 

fat content, giving them an advantage with respect to the risk for weight regain. 

The importance of preserving fat-free mass is also related to the fact that this body 

component is highly involved in energy expenditure by physical activity. In fact, the 

level of physical activity is a commonly recognized factor influencing weight regain. 

Increased body weight is associated with reduced physical activity, and so is rebound 

weight gain, but at the same time energy expenditure does not decrease much, because 

with increasing body weight the amount of labor needed to perform similar activities as 

before increases in parallel (Blair & Buskirk, 1987; Ekelund et al., 2002). Reversely, 

when weight is lost, activity-related energy expenditure (AEE) is considerably reduced 

(Foster et al., 1995; Taylor & Keys, 1950). In fact, the daily energy requirement and 

total energy expenditure drop an extra ~15% below the level that would be expected 

based on the new body weight (Doucet et al., 2003; Leibel, Rosenbaum, & Hirsch, 

1995; Weigle, Sande, Iverius, Monsen, & Brunzell, 1988), and this drop in energy 

expenditure is accompanied by changes in the activities of energy-regulating enzymes 

in the skeletal muscle (Doucet, Tremblay, Simoneau, & Joanisse, 2003). It persists for 

more than a year if the reduced body weight is maintained (Rosenbaum, Hirsch, 

Gallagher, & Leibel, 2008) and leads to a positive energy balance after weight loss that 

can be (partly) compensated for by an extra increase in the level of physical activity. 

Failures to maintain such a level will add to the risk of weight regain. A long-term study 
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among 4,558 premenopausal women who intentionally had lost >5% of their body 

weight showed that 80% of them had regained >30% of the lost weight after 6 years, but 

that weight regain was less in women who maintained a moderate daily activity 

(Mekary, Feskanich, Hu, Willett, & Field, 2010). Further, a decrease in energy 

expenditure ideally should be accompanied by a sufficient reduction in energy intake, 

helping to keep the risk for weight regain low (Rosenbaum, Kissileff, Mayer, Hirsch, & 

Leibel, 2010). 

An interesting observation was reported by Tremblay and Chaput (2009) in a study on 

weight loss by reduced energy intake of obese men to a level of resistance to further 

weight loss. In this study, fat-free mass did not change, but fat mass did. At the end of 

the study, loss of fat mass was positively associated with reduction in thermogenesis, a 

form of energy expenditure to which both non-fat tissues and adipose tissue contribute. 

It suggests that reduction of thermogenesis can cause resistance to lose fat. In this 

regard, lipophilic pollutants stored in the fat and released upon fat loss (Hong et al., 

2012) are suspected to induce reduction of thermogenesis, thereby stopping fat loss and 

further release of those potentially harmful pollutants (Major, Doucet, Trayhurn, 

Astrup, & Tremblay, 2007). It has been proposed that loss of (activity of) brown 

adipose tissue is involved in this reduction of thermogenesis, but this has to be further 

investigated (Rosenbaum & Leibel, 2010). 

The role of the body fat-free mass in weight maintenance has led to a search for ways to 

preserve this component during weight loss. In this respect, several studies into the 

macronutrient composition of the diet have been performed. With regard to 

carbohydrates, the glycemic load (GL) of the food seems important, which is the 

glycemic index (GI) multiplied by the amount of carbohydrates in a food. It was 

reported that compared to a low-fat diet a low-GL diet has a smaller lowering effect on 
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resting energy expenditure, leads in addition to a reduced feeling of hunger, can 

minimize postprandial insulin secretion and helps to maintain insulin sensitivity 

(Pereira, Swain, Goldfine, Rifai, & Ludwig, 2004). This may explain at least in part 

why a low-GI diet leads to greater weight loss (Abete, Astrup, Martinez, Thorsdottir, & 

Zulet, 2010). Equally interesting is the influence of the protein percentage of the diet on 

weight management. High protein diets, besides inducing higher energy expenditure by 

increasing thermogenesis and besides stimulating satiety, have a sparing effect on fat-

free mass that in some individuals may lead to an improved metabolic profile (Abete, et 

al., 2010; Paddon-Jones et al., 2008; Westerterp-Plantenga, Nieuwenhuizen, Tome, 

Soenen, & Westerterp, 2009). Experiments indicate that different amino acids have a 

specific activity with respect to the observed effects (Westerterp-Plantenga, et al., 2009) 

with a special role for branched-chain amino acids, in particular leucine (Layman, 2004; 

Morrison, Xi, White, Ye, & Martin, 2007). 

The above findings indicate that low-GL and high-protein diets or a combination would 

be advantageous for weight maintenance after weight loss. This aspect of dietary 

macronutrient composition was recently investigated in the Diogenes study (Larsen, 

Dalskov, van Baak, Jebb, Kafatos, et al., 2010) in which overweight/obese subjects lost 

>8% of body weight during an 8-week low-calorie diet (800–1000 Kcal/day). Testing 

the effect of GI and protein content during a 6-month follow-up period, it was observed 

that a modest reduction of GI and a modest increase in protein content indeed improved 

maintenance of lost weight. In accordance, significant weight regain was seen in the 

group taking a high-GI/low-protein diet (Larsen, Dalskov, van Baak, Jebb, Papadaki, et 

al., 2010). To have an optimal chance for weight maintenance after weight loss by 

caloric restriction, based on the role of fat-free mass and energy expenditure it is 

advised to increase the protein content of the diet and preferably decrease its GI while 
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increasing physical activity throughout the weight loss phase and the subsequent weight 

maintenance period. 

Module 2: Energy Regulation by Metabolic Hormones 

For weight maintenance after weight loss, careful control of energy intake is necessary. 

Major mediators for this are the metabolic hormones regulating the feelings of hunger 

and satiety, and one would expect that their behavior has been profoundly studied in the 

context of weight maintenance. However, research has largely been centered on leptin. 

During weight loss, fat mass reduces and as expected, plasma leptin levels drop. In fact, 

leptin levels decrease proportionally much more than fat mass. As a typical example, in 

a recent studies in which overweight subjects lost about 20% of their fat mass, leptin 

levels on average dropped by 50% (F. G. Bouwman et al., 2009; Sumithran et al., 

2011). Such a reduction in leptin level was found with different protocols of weight loss 

pointing to a uniform effect (Ozcelik et al., 2005; Sumithran, et al., 2011). Rosenbaum 

et al. (2005) suggested that this drop of leptin leads to leptin deficiency in the brain, 

creating a high risk for increased energy intake during the after-weight-loss period. 

Interestingly, experiments in the mouse indicated that part of the physiological 

consequences of starvation can be prevented by leptin injection compensating the leptin 

drop (Ahima et al., 1996). Because subjects who lose 10% of their body weight show 

symptoms characteristic of humans with leptin deficiency, similar experiments were 

performed with human volunteers. When leptin was injected during the maintenance 

period, a reversal was noticed of activities in those regions of the brain that are typical 

for energy intake regulation (Rosenbaum, Sy, Pavlovich, Leibel, & Hirsch, 2008). 

In addition to characteristics of energy intake, leptin injections reverse several other 

weight loss-induced changes to the pre-weight loss state including energy expenditure, 
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skeletal muscle work efficiency, and sympathetic nervous system tone (Rosenbaum, et 

al., 2005). Goldsmith et al. (2010) demonstrated that mechanical efficiency of skeletal 

muscle at low work load correlates with the change by weight loss in the ratio of 

glycolytic to oxidative enzyme activity, which links weight loss-induced changes in 

AEE to changes at the muscle biochemical level. Eventually, studies like this may help 

to explain why AEE drops significantly below the level that would be expected based 

on changes in body weight and composition (Doucet, Imbeault, et al., 2003; Leibel, et 

al., 1995; Weigle, et al., 1988). The idea is now that leptin or similar drug treatment 

may delimit the negative physiologic consequences of weight loss with a positive effect 

on weight maintenance. 

In search for more mechanistic insight, Rosenbaum et al. (2002) observed that 10% 

weight loss is not only accompanied by a reduction of circulating concentrations of 

leptin, but also of triiodothyronine (T3) and thyroxine (T4), which persists during 

maintenance of the newly acquired weight. When they subsequently adjusted leptin to 

the pre-intervention level, also the thyroid hormone levels were reversed, suggesting a 

coordinated action between leptin and thyroid hormones (Trexler, Smith-Ryan, & 

Norton, 2014). This observation is in line with leptin supplementation in women with 

hypothalamic amenorrhea, which led to increased thyroid hormone levels (Welt et al., 

2004). It shows that the hypothalamic-pituitary-thyroid axis is important for weight 

maintenance (Ahima, et al., 1996; Rosenbaum, et al., 2005; Rosenbaum, Sy, et al., 

2008), which is under the influence of leptin and possibly other metabolic hormones. 

The link between weight maintenance and leptin was substantiated by Crujeiras et al. 

(2010) who reported in women a correlation of weight regain with leptin levels at the 

beginning and at the end of the weight loss period, as well as with the change of leptin 

over that period. The fact that higher baseline plasma levels seemed to predict weight 
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regain had been reported before (Goyenechea, et al., 2009). Further, in a study with a 

weight loss phase of 6 months and a follow-up of 7–24 months, Erez et al. (2011) 

showed that weight regain was predicted by a relatively strong decrease in weight 

together with a decrease in leptin. On the other hand, conflicting findings have been 

reported as well. Vogels et al. (2005) measured the leptin drop in successful and 

nonsuccessful weight maintainers after weight loss by a 6-week VLCD. The 

unsuccessful group (n = 99) lost 7.2 kg body weight (4.6 kg fat mass) and regained 4.9 

kg within 1 year, whereas the successful group (n = 21) lost a comparable 7.6 kg body 

weight (4.9 kg fat mass) and lost an additional 1.8 kg. During the VLCD, leptin dropped 

by 17.9 ng/ml in the unsuccessful group and by 18.0 ng/ml in the successful group, 

suggesting that the change of leptin is not predicting success of weight maintenance 

after weight loss. This finding is in keeping with the outcome of an earlier study by 

Wing et al. (1996) who found no predictive power of baseline leptin concentrations, nor 

of the changes in leptin levels during weight loss, on weight maintenance. The different 

outcome of all these studies may be due to ethnic background, limited statistical power, 

and difference in study design. 

For ghrelin, similar findings have been reported as for leptin. Higher baseline ghrelin 

levels seem to predict better weight maintenance after weight loss (Crujeiras, et al., 

2010). In a 12-month weight loss intervention, it was found that baseline ghrelin levels 

are related to the degree of weight loss. In the same study it was observed that after 6 

months plasma ghrelin concentration was increased but returned to its original level at 

12 months, suggesting that ghrelin cannot have a long-term effect on body weight 

(Garcia et al., 2006). In a study in women on the effect of milk on appetite sensation 

during weight loss by a calorie-restricted diet, it was shown that the change in plasma 

ghrelin concentration is related to the change in desire to eat (Gilbert et al., 2011). 
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Apparently, manipulating the ghrelin concentration by diet composition could have 

potential for weight regulation. 

Recently, the plasma concentration of an elaborate set of metabolic hormones was 

studied during weight loss and a 1-year follow-up period including insulin, leptin, 

ghrelin, pYY, gastric inhibitory peptide, GLP1, amylin, pancreatic polypeptide, and 

CCK. Although after 1 year on average 40% of the weight had been regained, the 

plasma level of some hormones like pYY and CCK still reflected the after-weight loss 

situation (Sumithran, et al., 2011). Since this promotes appetite, trying to adjust the 

levels of those hormones might be a way to lower the risk for weight regain. 

Module 3: Physiologic Resistance against Weight Loss 

Physiologic activities of tissues and organs in our body are reflected in plasma 

metabolite concentrations. Remarkably, for some plasma components the change in 

concentration during weight loss reverts during the weight maintenance phase and the 

concentration may even return to the pre-weight loss level. This includes triglycerides, 

free fatty acids, β-hydroxybutyrate, glucose, HDL, and total cholesterol. Sjöström et al. 

(L. Sjostrom et al., 1998) as well as others observed that the original level can be 

reached again 2 years after the weight loss period (Kovacs, Lejeune, Nijs, & 

Westerterp-Plantenga, 2004; L. Sjostrom, et al., 1998). Those observations comply with 

a model in which the plasma levels are fixed in a homeostatic framework. During 

weight loss under a negative energy balance plasma concentrations deviate from the 

framework levels, but as soon as energy balance is re-established, levels are brought 

back to fit into the homeostatic framework. In this regard, the plasma metabolites may 

reflect processes in the body that resist weight change. Ultimately, they may act as a 

factor driving the weight back to its original value. As mentioned above, a similar 
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observation was made for the metabolic hormone ghrelin in a 12-month weight loss 

intervention during which its plasma concentration first increased but then returned to 

its original level (Garcia, et al., 2006). Diepvens et al. (2006) observed that the return 

effect may even occur already during the late weight loss phase. However, in that study 

the weight loss was relatively small, about 3% of body weight, and the rate of weight 

loss at the late weight loss phase (weeks 5–12) was 3 times less than at the beginning 

(weeks 1–4), so that the late phase resembled a weight maintenance condition. In the 

pan-European Diogenes study, Wang et al. (2012) observed this phenomenon for 32 

blood proteins and steroid hormones, indicating that it is probably not confined to a 

particular functional process in the body. Overall, the chance that these parameters 

maintain an adjusted level after weight loss seems to depend on the amount of lost 

weight and on the rate of weight loss. It has been proposed that at least 10% of body 

weight should be lost to achieve a long-term persistence in the change of these 

parameters (C. D. Sjostrom, Lissner, & Sjostrom, 1997). 

Other factors like time after weight loss may be involved. Sjöström et al. (1998) showed 

that the plasma levels of risk factors for cardiovascular defects after 2 years were back 

at their original values although a 5% body weight reduction was maintained. This 

suggests that with time the processes beyond the return effect lose their grip on weight 

regain. In the Diogenes study population, after the 6-month weight maintenance phase, 

both the females regaining weight and those maintaining weight after weight loss 

showed this return effect (Wang, Holst, Astrup, et al., 2012). Yet, for various factors 

including angiotensin I-converting enzyme (ACE) and insulin, the final plasma 

concentration still significantly differed between weight regainers and maintainers, 

suggesting that for some factors the change in concentration during the weight loss 

phase has a strong influence. Assuming a threshold concentration for weight regain, 
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both the change in plasma level during weight loss and the rate of reversal based on the 

homeostatic framework during the follow-up period would reflect on the risk for weight 

regain. A good example is ACE, of which a fold change of <0.85 during weight loss in 

women was found to be a strong predictor of subsequent weight maintenance (C. D. 

Sjostrom, et al., 1997; Wang et al., 2011; Wang, Holst, Astrup, et al., 2012), which 

recently has been confirmed in men (Wang, Holst, Wodzig, et al., 2012). Leptin is also 

one of the factors that can show this return effect (Wang, Holst, Astrup, et al., 2012). 

Module 4: Cellular Resistance against Weight Loss 

The observations that factors like plasma leptin, baseline BMI, and fat mass are 

associated with the risk for weight regain point to an active role of the adipocytes. 

Recent experimental findings argue for a cellular mechanism underlying the poor 

success of weight maintenance after weight loss. Using a proteome subtraction method 

it was found that after losing weight and returning to energy balance, adipocytes prepare 

for re-storing triglycerides (F. G. Bouwman, et al., 2009). At the same time, differential 

expression of proteins belonging to the socalled stress proteome was observed (F. G. 

Bouwman, et al., 2009; Mariman, 2009; Wang, Bouwman, & Mariman, 2009). 

Together, this indicates that, after losing fat, adipocytes experience cellular stress, 

which they try to alleviate by renewed fat storage. For this, they adjust their fatty acid 

metabolism and probably also the secretion profile of adipokines, changing whole body 

energy metabolism and energy intake of the host in such a way that the supply of 

sufficient fat to the adipose tissue is guaranteed. In this respect, the adipocyte-based 

demand for energy re-storage places people after weight loss at an increased risk for 

weight regain. Interestingly, this model complies with the extraordinary drop in the 

level of leptin as one of the adipokines. 
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The structural make-up of adipocytes may underlie the cellular stress during weight 

loss. Adipocytes are protected against mechanical disruption by a strong outer skeleton, 

a basal lamina. Mature adipocytes spend a lot of their energy on the maintenance of this 

strong extracellular matrix (F. Bouwman, Renes, & Mariman, 2004), which is partly 

accounted for by the costly synthesis of collagen (Mariman & Wang, 2010). 

Overproduction of extracellular matrix components in obesity may lead to fibrosis 

(Divoux & Clement, 2011; Khan et al., 2009), which has been proposed to interfere 

with hypertrophy of adipocytes and with fat mass loss from subcutaneous adipocytes 

after surgery (Divoux et al., 2010). On the other hand, when people lose weight, the 

adipocytes lose fat and become smaller (Pasarica et al., 2009; You et al., 2006). As they 

shrink in volume, the extracellular matrix should be adjusted accordingly. However, 

under conditions of calorie restriction or increased energy expenditure, this process may 

be hampered, leading to traction forces between the cell and the surrounding 

extracellular matrix. It is assumed that this is the basis of adipocyte cellular stress and 

that this stress can most easily be relieved by letting the cell return to its original 

volume, i.e., by storing fat again (Eastman, 2009). 

The outcome of studies on the rate of weight loss suggests that a fast initial weight loss 

leads to a larger amount of lost weight, but that a gradual initial weight loss has a higher 

chance for long-term weight maintenance. This fits well with the model of cell stress, 

because one could imagine that gradual weight loss allows the adipose tissue to adjust 

to reduction of the fat content and leads to a lower level of cellular stress. However, 

controversial data exist, and Nackers et al. (2010) showed that fast initial weight loss 

was not accompanied by a higher susceptibility for weight regain. The central idea, 

however, stands that during weight loss adipocytes develop resistance against loss of 

fat, which forms a driving force for fat re-storage and weight regain. 
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2. HYPOTHESIS AND AIMS 

 

The body weight loss dynamics are associated with many uncertainties in terms of 

concepts and type of interventions. The aim of this thesis is to contribute with an 

interventional study to clarify the evolution of the body weight during a diet and 

exercise intervention. The work was structured in five sequential studies representing 

the subsections of the thesis. 

 

Hypothesis and objective Study I 

Hypothesis: The body weight loss can be fitted to any mathematical function along time 

in overweight people. 

Objective: Evaluate the effects of age, sex and type of treatment on weight loss 

tendencies, and analyze how they can be captured by a general function that represents 

weight loss dynamics, in overweight people. 

 

Hypothesis and objective Study II  

Hypothesis: A mathematical function can fit the body weight loss along time in obese 

people. 

Objective: Evaluate the effects of age, sex and type of treatment on weight loss 

tendencies, and analyze how they can be captured by a general function that represents 

weight loss dynamics, in obese people. 
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Hypothesis and objective Study III 

Hypothesis: The obese people lose more body weight than the overweight one, and men 

more than women in both cases. 

Objective: Evaluate the effect of the initial BMI and sex on the velocity of body weight 

loss, when the degree of energy restriction is similar for all participants. 

 

Hypothesis and objective Study IV 

Hypothesis: The body weight loss can be predicted by a linear regression based on the 

initial body composition variables. 

Objective: Create a multiple linear regression model able to predict the body weight 

loss. 

 

Hypothesis and objective Study V 

Hypothesis: The body composition changes were similar among groups 3 years after the 

intervention, as equal as after the intervention. 

Objective: Determine the effect upon body composition (body weight, body mass index 

(BMI), fat mass (FM), and fat-free mass (FFM) of different exercise-based interventions 

(strength, endurance, combined endurance and strength, and physical activity 

recommendations group (control group)) combined with diet in overweight and obese 

adults, after intervention as well as body composition changes 3 years later. 
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Figure 4. Flow chart of the research line followed for this thesis. 

  

Study I 
Effects of age, sex and treatment on weight loss 

dynamics in overweight people 

Study II 
Effects of age, sex and treatment on weight loss 

dynamics in obese people 

Study III 
Initial body composition and sex affects to the 

velocity of body weight loss: A PRONAF study 

Study IV 
Multiple linear regression models to predict body 

weight loss 

Study V 
Body composition changes after a weight loss 

intervention: A 3-years follow-up study 
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3. MATERIALS AND METHODS 

 

The present randomized clinical trial (ClinicalTrials.gov ID:  NCT01116856) was 

conducted from January, 2010, through June, 2011. PRONAF study was a 22 week-

intervention study performed among Spanish overweight and obese adults, who were 

randomly assigned to one of the following intervention groups: strength training group 

(S), endurance training group (E), combined strength plus endurance training group 

(SE), and physical activity recommendations group (C) that are described in detail 

below. The intervention for overweight and obese participants were performed 

separately, one year apart: first year for the overweight sample and the second year for 

the obese (Zapico, et al., 2012). A table summary of the methodology used in the 

studies of this thesis is presented (Table 5): 

Study Design Subjects Main variables 

I. Effects of age, sex and 
treatment on weight loss 
dynamics in overweight 
people 

 
Clinical Trial 

 
84 

BW, BMI, FM, FM 
(%), FFM, BMD, 
RMR, R2 

II. Effects of age, sex 
and treatment on weight 
loss dynamics in obese 
people 

 
Clinical Trial 

 
96 

BW, BMI, FM, FM 
(%), FFM, BMD, 
RMR, R2 

III. Initial body 
composition and sex 
affects to the velocity of 
body weight loss: 
PRONAF study 

 
 

Clinical Trial 

 
 

180 

BW, BMI, FM, FM 
(%), Android FM, 
Gynoid FM, FFM, 
BMD, slopes of the 
linear regressions 

IV. Multiple linear 
regression models to 
predict body weight loss 

 
Clinical Trial 

 
180 

 
BW, FM, FFM 

V. Body composition 
changes after a weight 
loss intervention: A 3-
years follow-up study 

 
 

Clinical Trial 

 
 

180 

 
BW, BMI, FM, FM 
(%), FFM 

BW, body weight; BMI, body mass index; FM, fat mass; FM (%), fat mass in percentage; 
FFM, fat-free mass; BMD, bone mineral density; RMR, resting metabolic rate; R2, 
determination coefficients. 
 

Table 5. Summary of the methodologies of the studies included in the present thesis. 
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3.1.    Population and sample size estimation 

 

The estimation of the sample size was calculated to detect a main effect of the treatment 

on the percentage of body fat with an 80% statistical power at 5% significance, 

assuming a 0.80 correlation between repeated measures (Singhal, Trilk, Jenkins, 

Bigelman, & Cureton, 2009). The initial calculated sample size per intervention group 

(n = 22) permits the detection of a large effect size (Cohen’s d=−0.8), as observed in a 

previous investigation (Singhal, et al., 2009). 

The initial adjustment of sample size for dropouts carried out used a maximum of 25% 

of dropouts in each group (Brochu, et al., 2009). Adjusted dropouts sample = n (1/1-R), 

where n = number of subjects needed to complete the intervention, and R = expected 

proportion for dropouts. With our data, the initial necessary sample size was: 88 (1/1–

0.25) = 118 subjects or 29/30 in each intervention group, this being applicable for both 

the overweight and the obese interventions groups. A total of two hundred thirty nine 

people initiated the study, completing it 180 (75.3%), which supposed 59 dropouts for 

different reasons. For personal reasons 17 (28.8%), low exercise adherence 3 (5.1%), 

low diet adherence 6 (10.2%), job change 6 (10.2%), and lost interest 27 (45.8%). After 

3 years, a total of 98 (41%) participants came back to the laboratory for the 3 years post-

intervention assessment. 

 

3.2.    Recruitment of the subjects 

 

Subjects were recruited by means of diverse advertisements published in the media and 

the applicants filtered using different criteria. The voluntary subjects who fulfilled the 

inclusion criteria and passed the baseline physical examination were stratified by age 

ranges and sex, and randomized into the different intervention groups (Figure 5). 
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Figure 5. Participant flow diagram. 

S, strength training group; E, endurance training group; SE, combined strength plus endurance training group; C, physical activity recommendations group. 
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3.2.1. Inclusion and exclusion criteria 

 

Inclusion criteria were being male or female living in the region of Madrid, being 

overweight (BMI 25–29.9 kg/m2) or obese (BMI 30–34.9 kg/m2), middle-aged (from 18 

to 50 years), having a sedentary lifestyles (<30 min physical activity/day) (Brochu, et 

al., 2009), fasting glycemia <5.6 mmol/L(<100mg/dL) (Rutter, Massaro, Hoffmann, 

O'Donnell, & Fox, 2012), and non-smoker (Brochu, et al., 2009; Del Corral, et al., 

2009). Regarding the female participants, they had regular menstrual cycles.  

The exclusion criteria were suffering from a physical (orthopedic limitations, stroke, 

etc.) and/or psychological (anorexia, bulimia, etc.) disease that may have precluded the 

performance of the requested strength or endurance training, intake of any medication 

(beta blockers, alcohol, etc.) known to influence physical performance or the 

interpretation of the results, having a history of systematic strength or endurance 

training (moderate to high intensity training more than once a week) in the year before 

the beginning of the study (Brochu, et al., 2009; Sillanpaa, et al., 2009). 

After the intervention period, participants who failed to comply with 90% of assistance 

to the training sessions and less than 80% of adherence to the diet were excluded from 

further analysis. The characteristics of the final sample (completers) are shown in Table 

6. 

 Table 6. Baseline data. 

  Overweight (n=84)  Obesity (n=96) 

  Women (n=48)  Men (n=36)  Women (n=48)  Men (n=48) 

Age (years)  37.3 ± 8.3  37.4 ± 8.0  39.02 ± 7.7  38.8 ± 8.0 
Body weight (kg)  73.5 ± 5.9  88.2 ± 8.1  88.3 ± 10.1  102.0 ± 8.9 
Height (m)  1.6 ± 0.1  1.8 ± 0.1  1.6 ± 0.1  1.8 ± 0.1 
Body Mass Index (kg/m2)  28.0 ± 1.3  28.6 ± 1.1  32.4 ± 1.9  32.4 ± 1.9 
Body fat (%)  43.3 ± 3.6  33.8 ± 4.6  47.1 ± 3.5  38.2 ± 4.0 
Body fat-free mass (kg)  40.3 ± 4.3  56.0 ± 5.5  44.3 ± 4.7  58.6 ± 9.0 
Bone mineral density (g/cm2)  1.2 ± 0.1  1.3 ± 0.1  1.2 ± 0.1  1.3 ± 0.1 
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3.3.   Ethical issues 

 

The protocols and procedures of the PRONAF study were in agreement with the ethical 

guidelines on biomedical research on human subjects of the World Medical 

Association’s Declaration of Helsinki (World Medical Association, 2001) and further 

amendments. Before participating in this research, all subjects were carefully informed 

about the possible risks and benefits of the project, being required to read and sign an 

institutionally approved informed consent document. PRONAF study was approved by 

the Human Research Review Committee of the University Hospital La Paz (PI-643). 

Access to the database was restricted to the researchers that participated in the 

PRONAF study. Therefore, the data and information obtained in the project was 

considered as confidential following current Spanish legislation regulating personal data 

protection ("LEY ORGÁNICA 15/1999, de 13 de diciembre, de Protección de Datos de 

Carácter Personal," 1999; "REAL DECRETO 1720/2007, de 21 de diciembre, por el 

que se aprueba el Reglamento de desarrollo de la Ley Orgánica 15/1999, de 13 de 

diciembre, de protección de datos de carácter personal," 2007).  

 

3.4.   Intervention 

 

3.4.1. Time line intervention 

 

The assessments took place for all subjects one week before and after 22 weeks of 

intervention. Additionally, body weight was measured every 15 days, training intensity 

and physical activity were controlled monthly, and dietary intake was evaluated every 

three months (Figure 6). 
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Figure 6. PRONAF Study design. 

Baseline and post-training evaluation weeks consisted on the same tests: peak oxygen 

uptake (VO2peak) test, physical activity analysis, blood analysis, body composition 

analysis, diet prescription and 15RM test. Top bar on figure 6 shows intensity (HRR 

and RM) and volume (minutes) progression during 22 weeks. Diet and supervised 

endurance training (E); diet and supervised strength training (S); diet and supervised 

combined strength and endurance training (SE); diet and physical activity 

recommendations group (C) (Zapico, et al., 2012). 

 

3.4.2. Exercise protocols 

 

Four different intervention groups were involved in the study as stated above. The S, E 

and SE groups followed the corresponding training program (similar in volume –time- 

and intensity) plus the dietary intervention, and the C group followed the dietary 

intervention and was instructed about the general recommendations regarding physical 

activity for weight loss from the American College of Sports Medicine (ACSM) (J. 

Donnelly, et al., 2009). Thus, the C subjects were advised to undertake at least 200-300 

minutes of moderate-intensity physical activity per week (30-60 minutes on most, if not 

all, days of the week). 
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Subjects in the S, E and SE groups performed training 3 times/week for 22 weeks at a 

Sports Centre in Madrid (Spain). All training sessions were carefully supervised by 

certified personal trainers. The exercise programs were designed taking into account 

each subject’s muscle strength (MS) and the heart rate reserve (HRR). MS was 

measured using the 15-repetition maximum (15 RM) testing method (Morgan, 

Woodruff, & Tiidus, 2003) in the S and SE groups (both of which involved strength 

training). Both volume and intensity of exercise was increased over the study period 

(Figure 6) according to standard procedures (Del Corral, et al., 2009; Hunter, et al., 

2008). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Endurance training circuit. 

The duration of each exercise is indicated. 
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Figure 8. Strength training circuit. 

The duration of each exercise composing the circuit is indicated (45 seconds), corresponding to 
the time needed to perform 15 repetitions at a cadence of 1:2. The time between exercises is 15 
seconds. 
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Figure 9. Combined training circuit. 

The duration of each exercise composing the circuit is indicated, both for the strength and 
aerobic exercises. For the strength exercises, is the time needed to perform 15 repetitions at a 
cadence of 1:2. The time between exercises is 15 seconds. 
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Prior to each training session each subject started with a 5-minute aerobic warm-up 

routine, followed by the session routine, and concluded with a 5-minute cool down and 

stretching exercises routine (Figure 10). Moreover, an MP3 audio track was played for 

each participant to set the execution rhythm of the exercises during all the sessions. The 

heart rate (HR) was monitored by a pulse-meter (Polar RS800CX, Polar Electro, 

Kempele, Finland). The cadence for the resistance exercises was fixed at 1:2 

(concentric-eccentric phase). A session routine consisted in the execution on eight 

scheduled exercises in the case of group S (i.e., shoulder press, squat, barbell row, 

lateral split, bench press, front split, biceps curl and extension for triceps). Regarding 

types of exercises, running, cycling or elliptical (self-selected) exercises were the main 

components of the session routine for group E, while the routine for the SE group 

consisted in a combination of cycle ergometry, treadmill or elliptical intercalated with 

squat, row machine, bench press and front split. 

Figure 10. Circuit structure design, based on a standard week. 

 

The volume and intensity of the three training programs increased progressively. During 

the adaptation period (weeks 1–4) subjects were taught on the exercise technique. 

Between the fifth and eight week, exercises were carried out at an intensity of 50% of 
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15RM and HRR, performing 2 laps to the circuit (51 minutes and 15 seconds), then 

between the 9th and 14th week the intensity was increased up to 60% of 15RM and HRR, 

and finally during the period between the 15th and 24th week the volume increased from 

2 to 3 laps to the circuit (64 minutes). A five-minute recovery period was set between 

the circuits. The S and SE participants performed 15 repetitions (45”) for each exercise 

with a rest period of 15 seconds between them (Table 7). 

Table 7. Training Periodization and sessions´ design of the intervention program. 

 Weeks  

2-5 

Weeks  

6-14 

Weeks  

15-23 

Intensity 
50% of the 15RM 

and HRR 

60% of the 15RM 

and HRR 

60% of the 15RM 

and HRR 

Total training session 

duration 
51 min 15 s 51 min 15 s 64 min 

Number of circuit laps 2 2 3 

Recovery period between 

laps to the circuit 
5 min 5 min 5 min 

Recovery period between 

each exercise of the 

circuit 

15 s 15 s 15 s 

Duration of each exercise 

composing the circuit 
45 s 45 s 45 s 

Intensity was measured in RM (repetition maximum) or HRR (heart rate reserve) for strength 

and endurance exercises, respectively. Each exercise lasted 45 seconds, the time needed to 

complete 15 repetitions of the strength exercises. 

 

3.4.3. Diet intervention 

 

Hypocaloric diets (between 1200 and 3000 Kcal) were prescribed individually for all 

participants by expert dieticians at the Department of Nutrition, La Paz University 

Hospital, Madrid. The diet was designed to provide 25-30% less energy than the daily 

energy expenditure (DEE), as measured using SenseWear Pro3 Armband™ (Body 
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Media, Pittsburgh, PA). Approximately, 29–34% of the energy came from fat, 14–18% 

from protein, and 50–55% from carbohydrates (Sacks et al., 2009). In the obesity group, 

energy provided from protein was increased up to 14–20%. 

 

3.5. Pre-post measurements 

 

3.5.1. Physical fitness and health 

 

The maximal aerobic power test was conducted on a computerized treadmill 

(H/P/COSMOS 3P® 4.0, H/P/Cosmos Sports & Medical, Nussdorf-Traunstein, 

Germany). Peak oxygen uptake (VO2 peak) was measured with the modified Bruce 

protocol used elsewhere with overweight and obese population (Ghroubi, et al., 2009; 

Hunter, et al., 2008). Volume and composition of expired gas was analyzed with a gas 

analyzer Jaeger Oxycon Pro (Erich Jaeger, Viasys Healthcare, Germany) which validity 

and reliability has been demonstrated previously (Carter & Jeukendrup, 2002; Foss & 

Hallen, 2005). Participants were also monitored by a continuous 12-lead 

electrocardiographic monitor. The exercise test was maintained until exhaustion. The 

mean of the three highest measurements was used as VO2 peak. Identical procedure was 

carried out to calculate the maximal HR. 

 

3.5.2. Resting metabolic rate 

 

Subjects were asked to refrain from any exercise for at least 24 hours before the test. To 

assess the resting metabolic rate (RMR), participants were cited between 7 AM to 10 

AM, after a 9 hours overnight fasted period. RMR was then measured by indirect 

calorimetry standing up (during 11 minutes) and in a lying position (additional 20 
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minutes). Oxygen uptake (VO2) and carbon dioxide production (VCO2) were recorded 

by a gas analyzer Jaeger Oxycon Pro (Erich Jaeger, Viasys Healthcare, Germany), and 

resting heart rate (RHR) was measured using a heart rate monitor (Polar Electro Oy, 

Kempele, Finland). All these parameters were averaged during the last 5 minutes of the 

standing up position and the last 10 minutes of the lying position. Oxygen uptake and 

VCO2 data were used to calculate RMR according to the formula of Weir (1949). 

 

3.5.3. Maximal dynamic strength 

 

Muscle strength was measured with the 15 RM testing method described elsewhere 

(Morgan, et al., 2003) for both strength training groups S and SE. The 15 RM for each 

exercise was tested twice on different days during the evaluation periods. The intraclass 

correlation coefficient of reliability for all the exercises was ICCr = 0.995 and ICCr = 

0.994 for men and women, respectively. All the assessments, the data collection 

sessions and the previous trainings were carried out with the same machines and free 

weights (Johnson Health Tech. Iberica, Matrix, Spain). 

 

3.5.4. Static strength (dynamometry) 

 

The general strength index (SI) was calculated using previous criteria (Jurca et al., 

2004). This method measures leg and arm strength with respect to body weight via two 

exercises: the bench press and squat. The dynamometric strength index (DSI) was 

calculated by measuring muscular strength using a Tecsymp Tkk5401 hand 

dynamometer and a Tecsymp Tkk5002 leg and back dynamometer (Tecsymp, 
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Barcelona, Spain). The DSI value was calculated as the sum of the values obtained with 

both apparatuses divided by subject’s body weight. 

 

3.5.5. Physical activity and daily energy expenditure 

 

Habitual physical activity (PA) was assessed with a SenseWear Pro3 ArmbandTM (Body 

Media, Pittsburgh, PA), that underestimates by a mean value of 8.8% (Papazoglou et al., 

2006). Subjects were instructed to wear the monitor continuously for 5 days including 

weekend days and weekdays following general recommendations (S. Murphy, 2009). 

Data was recorded by 1 minute intervals. DEE was calculated using the Body Media 

propriety algorithm (Interview Research Software Version 6.0). 

 

3.5.6. Energy balance, adherence to diet and exercise 

 

All subjects were instructed to continue their habitual daily activities as before the 

intervention period. They were required to report the kind, duration, and intensity of any 

physical activity and the amount of any food undertaken during the intervention period. 

At the beginning of the intervention, negative energy balance was calculated taking into 

account the DEE, and a 3-day food record, in order to decrease the energy intake of the 

diet by a 25-30% during the intervention. In one hand, adherence to diet was calculated 

as the estimated Kcal of the diet divided by the real Kcal intake in percentage 

([estimated kcal of diet/real Kcal intake] • 100), representing the highest adherence the 

value 100%. Higher values mean a higher restriction and vice versa. On the other hand, 

adherence to exercise was calculated by the number of sessions completed in regard to 

the theoretical sessions ([sessions performed/total sessions] • 100). 
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3.5.7. Body composition 

 

Body composition was determined by anthropometric measurements, dual-energy x-ray 

absorptiometry and bioelectrical impedance analysis. 

 

3.5.7.1. Anthropometric measurements 
 

Body height was measured using a SECA stadiometer (range 80-200 cm, Valencia, 

Spain). Body weight (BW) was measured using a TANITA BC-420MA balance (Bio 

Lógica Tecnología Médica S.L, Barcelona, Spain). BMI was calculated as [body weight 

(kg)/(height (m))2]. Waist circumference (WC) was measured using a SECA 201 steel 

tape (Quirumed, Valencia, Spain).  

 

3.5.7.2. Dual-energy x-ray absorptiometry 

 

Dual-energy x-ray absorptiometry (DXA) was used to measure percentage of total FM, 

percentage of android fat, the android/gynoid fat ratio and lean mass (kg), using a GE 

Lunar Prodigy apparatus (GE Healthcare, Madison, Wisconsin, USA). All DXA scan 

analyses were performed using GE Encore 2002 software v 6.10.029. 

Body fat percentage was also measured using bioelectrical impedance analysis (BIA) 

with an OMRON BF 306® analyzer (OMRON HEALTHCARE Co., Ltd, Ukyo-ku, 

Kyoto, Japan). 

 

 

 



Study of the dynamics of body weight loss in exercise and nutritional programs 

 

68 
 

3.6. Assessment during the intervention 

 

During the intervention several variables related to training, physical activity, body 

weight and dietary intake were controlled. 

 

3.6.1. Training control 

 

Feedbacks for training loads were done once a month using the Rate of Perceived 

Exertion (RPE) to subjectively evaluate each session and determine where the 

participant considered the intensity to be at, following a similar methodology previously 

used (Shaibi et al., 2006). When the load was not correct, it was fitted to the required 

intensity. 

 

3.6.2. Physical activity control 

 

PA was assessed by accelerometry as described above once a month. All subjects were 

instructed to continue their habitual daily activities as before the intervention period and 

were provided with a PA diary to log the type, duration, and intensity of any physical 

activity or exercise undertaken during the intervention. 

 

3.6.3. Body weight control 

 

BW was measured in kilograms as described earlier every fifteen days at the Sports 

Center with a Tanita scale (TANITA BC-420MA. Bio Lógica. Tecnología Médica SL). 

Subjects included in group C used their own scales to monitor BW at home during the 

intervention, except for the initial and final measures. These measurements at the sports 
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center were performed under similar conditions, and participants in group C were 

instructed to do also the same. 

 

3.6.4. Dietary intake control 

 

A dietitian interviewed each participant at baseline, and at 3 and 6 months after the start 

of the intervention. All subjects were instructed about how to record their dietary intake 

using a daily log, and given recommended portion sizes and information on possible 

food swaps. In addition, voluntary group nutrition education sessions were given by the 

dieticians. The goal was to equip the participants with the necessary knowledge and 

skills to achieve gradual, permanent behavioral changes. 

 

3.7. Assessment during the 3 years follow-up after the intervention 

period 

 

After the intervention period, all participants were under a free-living condition, and 

they were required to inform about their body weight and their nutritional and physical 

activity behaviors every 6 months, by e-mail or telephone call. In addition, another 

measurement took place 3 years after the intervention period for the 98 participants that 

came back to the laboratory. 
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3.8. Main variables analyzed 

 

The weight loss is the main concern of the people who follow up a weight loss program. 

Due to this reason, the analyses of this study were mainly done using the variable body 

weight. Moreover, analyses with body composition variables (fat mass and fat-free 

mass) were also conducted. 

The main independent variables of the study were: intervention group, age, sex, 

measurement (baseline – post) and BMI classification (overweight or obese). The delta 

percentage was calculated thought the standard formula: change (%) = [(post-test score 

− pre-test score)/pre-test score]*100. 

Overweight and obesity were defined by a body mass index (BMI) of 25 to 29.9 kg·m-2 

and 30 kg·m-2 or greater, respectively. Body fat percentage was further dichotomized 

based on standard clinical definitions for men (normal fat <25%, overfat ≥25%) and for 

women (normal fat <30%, overfat ≥30%) (Okorodudu, et al., 2010). The BMI was 

calculated as [body weight (kg)/(height (m))2]. 

Short-term success was defined as a body weight loss equal to or greater than 10 percent 

from the initial body weight (R. Wing & Hill, 2001), and long-term maintenance 

success was determined as a maintenance equal to or greater than 5% (Milsom, Ross 

Middleton, & Perri, 2011). 
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3.8.1. Effects of age, sex and treatment on weight loss dynamics in 

overweight people (Study I) 

 

For the study I, which objectives were to evaluate the effects of age, sex and type of 

treatment on weight loss tendencies, and to analyze how they can be captured by a 

general function that represents weight loss dynamics in overweight people, the 

dependent and independent variables are listed below (Table 8). 

 

Table 8. List of variables Study I. 
Dependent Variables 

Abbreviation Description 

BW 
BMI 
FM 
FM (%) 
FFM 
BMD 
RMR 
R2 

Body Weight 
Body Mass Index 
Fat Mass 
Fat Mass percentage 
Fat-free Mass 
Bone Mineral Density 
Resting Metabolic Rate 
Determination Coefficient 

Independent Variables 

Abbreviation Description 

Intervention group  
(E, S, SE, C) 

E: diet and supervised endurance training group 
S: diet and supervised strength training group 
SE: diet and combined supervised endurance and strength 
group 
C: diet and physical activity recommendations group 

Sex 
Age 

Male or Female 
Age in years 

Type of equation Linear, power law, exponential, logarithmic and quadratic 
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3.8.2. Effects of age, sex and treatment on weight loss dynamics in obese 

people (Study II) 

 

For the study II, which objectives were to evaluate the effects of age, sex and type of 

treatment on weight loss tendencies, and to analyze how they can be captured by a 

general function that represents weight loss dynamics in obese people, the dependent 

and independent variables are listed below (Table 9). 

 

Table 9. List of variables Study II. 
Dependent Variables 

Abbreviation Description 

BW 
BMI 
FM 
FM (%) 
FFM 
BMD 
RMR 
R2 

Body Weight 
Body Mass Index 
Fat Mass 
Fat Mass percentage 
Fat-free Mass 
Bone Mineral Density 
Resting Metabolic Rate 
Determination Coefficient 

Independent Variables 

Abbreviation Description 

Intervention group  
(E, S, SE, C) 

E: diet and supervised endurance training group 
S: diet and supervised strength training group 
SE: diet and combined supervised endurance and strength 
group 
C: diet and physical activity recommendations group 

Sex 
Age 

Male or Female 
Age in years 

Type of equation Linear, power law, exponential, logarithmic and quadratic 
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3.8.3. Initial body composition and sex affects to the velocity of body weight 

loss (Study III) 

 

For the study III, which objective was to evaluate the effect of the initial BMI and sex 

on the velocity of body weight loss when the degree of energy restriction is similar for 

all participants, the dependent and independent variables are listed below (Table 10). 

 

Table 10. List of variables Study III. 
Dependent Variables 

Abbreviation Description 

BW 
BMI 
FM 
FM (%) 
FFM 
BMD 
Android FM 
Gynoid FM 
Slopes of the linear 
regressions 

Body Weight 
Body Mass Index 
Fat Mass 
Fat Mass percentage 
Fat-free Mass 
Bone Mineral Density 
Android Fat Mass 
Gynoid Fat Mass 
Slopes of the linear regressions 

Independent Variables 

Abbreviation Description 

BMI condition Overweight or obese 
Sex Male or Female 
 

 

3.8.4. Multiple linear regression models to predict body weight loss (Study 

IV) 

 

For the study IV, which objective was to create a multiple linear regression model able 

to predict the body weight loss, the dependent and independent variables are listed 

below (Table 11). 
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Table 11. List of variables Study IV. 
Dependent Variables 

Abbreviation Description 

BW 
FMD 
FMB 
FFMD 
FFMB 

Body Weight 
Fat Mass DXA 
Fat Mass BIA 
Fat-free Mass DXA 
Fat-free Mass BIA 

Independent Variables 

Abbreviation Description 

Final BW Final Body Weight 
 

3.8.5. Body composition changes after a weight loss intervention: A 3-years 

follow-up study (Study V) 

 

For the study V, which objective was to determine the effect upon body composition 

(body weight, body mass index, fat mass and fat-free mass of different exercise-based 

interventions (strength, endurance, combined endurance and strength, and physical 

activity recommendations group) combined with diet in overweight and obese adults, 

after intervention as well as body composition changes 3 years later, the dependent and 

independent variables are listed below (Table 12). 

Table 12. List of variables Study V. 
Dependent Variables 

Abbreviation Description 

BW 
BMI 
FM 
FM (%) 
FFM 
DEE 
EI 
RMR 

Body Weight 
Body Mass Index 
Fat Mass 
Fat Mass percentage 
Fat-free Mass 
Daily Energy Expenditure 
Energy intake 
Resting Metabolic Rate 

Independent Variables 

Abbreviation Description 

Intervention group  
(E, S, SE, C) 

E: diet and supervised endurance training group. 
S: diet and supervised strength training group. 
SE: diet and combined supervised endurance and strength 
group. 
C: diet and physical activity recommendations group. 
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3.9. Statistical analysis 

 

The analyses of the data were done using the PASW 18 statistical package of SPSS for 

Windows (SPSS Inc., Chicago, Illinois, USA). Data was presented as mean ± standard 

deviation (M±SD). Finally, the significant level was set at α = 0.05 for all studies. In all 

studies, an exploration of the data prior to statistical analysis of interest was performed. 

Thus, the normal distribution was tested by the nonparametric Kolmogorov-Smirnov 

test and asymmetry and kurtosis. 

A different statistical analysis was performed for each study. Then, the statistical 

analysis used in each one was: 

 

3.9.1. Effects of age, sex and treatment on weight loss dynamics in 

overweight people (Study I) 

 

The BW values obtained every fifteen days were used to derive the functions to assess 

the dynamics of weight loss by applying different types of regression methods. In 

particular, five different regression equations (linear, power law, exponential, 

logarithmic and quadratic) were calculated. Moreover, the determination coefficients of 

the functions to assess weight loss dynamics (R2) were obtained. 

A multivariate analysis of variance (MANOVA) was employed to analyze the baseline 

measures by sex, age and treatment. Next, an analysis of covariance (ANCOVA) with 

repeated measures was used to compare the initial and final body weight by sex, age and 

group with the diet and exercise adherence as covariates. A three-way analysis of 

variance (ANOVA) with repeated measures (sixth and twelfth month measurements) 

was used to compare the R2 of the functions of the dynamics of weight loss by sex and 
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type of equation. Finally, a two-way analysis of variance (ANOVA) with repeated 

measures (pre-post six-month intervention measurements) was used to compare the 

FFM and the RMR changes by treatment. Moreover, multiple evaluations were made 

with the Bonferroni post-hoc test. 

 

3.9.2. Effects of age, sex and treatment on weight loss dynamics in 

obese people (Study II) 

 

The BW values obtained every fifteen days were used to derive the functions to assess 

the dynamics of weight loss by applying different types of regression methods. In 

particular, five different regression equations (linear, power law, exponential, 

logarithmic and quadratic) were calculated. Moreover, the determination coefficients of 

the functions to assess weight loss dynamics (R2) were obtained. 

A MANOVA was employed to analyze the baseline measures by sex, age and 

treatment. Next, an ANCOVA with repeated measures was used to compare the initial 

and the final body weight by sex, age and group with the diet and exercise adherence as 

covariates. A three-way ANOVA with repeated measures (in the sixth and twelfth 

month) was used to compare the R2 of the functions of the dynamics of weight loss by 

sex and type of equation. Finally, a two-way ANOVA with repeated measures (pre-post 

six-month intervention) was employed to compare the FFM and the RMR changes by 

treatment. Additionally, multiple comparisons were made with the Bonferroni post hoc 

test. 
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3.9.3. Initial body composition and sex affects to the velocity of body 

weight loss (Study III) 

 

Conventional linear regression analyses were performed to identify the time course of 

body weight loss dynamics in both sexes and BMI conditions, by plotting initial and 

final BW for each subject individually using a linear scale. The body weight scores 

were regressed on the linear of time given f (t) = a + b (t), where t is the time of 

intervention, a is the BW score at intervention onset, and b is the slope of BW loss 

dynamics. Thus, the slopes of these lines appeared to provide a valuable measure of 

velocity of loss. 

Changes between initial and final body composition measurements were compared 

employing a repeated measures three-way ANOVA by sex and BMI condition. A 

multivariate analysis of variance was employed to compare the slopes of the functions 

of the dynamics of weight loss by sex and initial BMI. Additionally, multiple 

comparisons were made with the Bonferroni post hoc test. 

 

3.9.4. Multiple linear regression models to predict body weight loss 

(Study IV) 

 

The predictive power of a model is often estimated by some form of cross-validation 

(CV). A chosen predictive power statistic (i.e., discrepancy measure or generalization 

error) is then used to verify a newly devised set of descriptors. Most existing variations 

of the CV technique could be reduced to some form of the leave-group-out cross-

validation, where a sample of n observations is partitioned (i.e., split) into calibration 

(i.e., training) and validation (i.e., test) subsets. As implied by their names, the 

calibration subset (with nc data points) is used to train a model, while the validation 
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subset (nv = n - nc data points) is used to test how well the model predicts the new data, 

that is, the data points not used in the calibration procedure. The main historical 

justification for reporting various fitting ability statistics was, and still is; because of 

simple linear regression (SLR) or multiple linear regressions (MLR) is being widely 

used in models. Since a typical MLR is performed with a relatively small number of 

predictor variables, it is considered to be safe from over fitting, and therefore, a chosen 

fitting statistic is assumed to be a good approximation of the corresponding predictive 

statistic (Konovalov, Llewellyn, Vander Heyden, & Coomans, 2008). 

The sample was partitioned into calibration and validation subsets through a Bernouille 

distribution (0.7). In this way, only the seventy per cent of the sample (n=134) was 

considered to train the predictive models and the remaining thirty per cent (n=46) was 

used to test them. A MANOVA with repeated measures was employed to compare the 

initial and final body composition variables between calibration and validation subsets. 

Next, conventional linear regression analyses were performed to identify the time 

course of body weight loss dynamics in the calibration subset. These multiple linear 

regression models were fitted to predict the final body weight, with DXA and BIA data. 

In each case, the dependent variable was measured final body weight (in kilograms) and 

the independent variables were sex, age, initial body weight, height, type of treatment, 

fat mass and fat-free mass, in both DXA and BIA models. A backward elimination 

approach was used to finalize the regression models. If the slope for an independent 

variable was not found to be significantly different than zero at α = 0.05, that 

independent variable was excluded from the model. To assess the fit of the predictive 

model, we used conventional linear regression models according to the coefficient of 

determination (R2). After the predictive models were fitted, they were applied to the 

remaining thirty per cent of the sample, carrying out a cross-validation. Therefore, they 
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were validated by comparing the means from the measured and the estimated body 

weight measurements, using a paired Student’s t test.  Pearson correlation coefficient (r) 

was used to assess the linear bivariate relationship among predicted and measured BW, 

and the Standard Error of Mean (SEM) determined to calculate the standard deviation of 

the sampling distribution. Bland-Altman plots (Bland & Altman, 1986) were drawn to 

establish the limits of agreement for the real body weight against the estimated, for both 

DXA and BIA models. 

 

3.9.5. Body composition changes after a weight loss intervention: A 3-

years follow-up study (Study V) 

 

The primary analysis (per protocol analysis) was performed in participants with 

complete data on the study outcomes at the three measurement points (pre-intervention, 

post-intervention and 3 years post-intervention). We also conducted intention to treat 

analysis; if the outcome value was missing for the participant, the last valid observation 

was carried forward assuming no change in that outcome variable. We conducted chi-

square test to compare the prevalence of dropouts at post- and 3 years after the 

intervention across groups. Differences on the outcome variables (body weight, BMI, 

fat mass and FFM) between dropouts and participants with available data in the study 

outcome 3 years post-intervention was conducted with an ANCOVA, after adjusting for 

sex, age and the corresponding value of the study outcome at pre-intervention. 

Moreover, we conducted an ANCOVA to compare the outcome variables (body weight, 

BMI, fat mass and FFM) between overweight and obese participants at post-

intervention, after adjusting for sex, age and the corresponding value of the study 

outcome at pre-intervention. 
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A two-factor (group and time) ANCOVA with repeated measures was used to assess the 

intervention effects on the outcome variables (body weight, BMI, fat mass and FFM) 

after adjusting for sex and age. For each variable, the p value corresponding to the 

group (between-subjects), time (within-subjects) and interaction (groupXtime) effects 

was reported. We calculated the p value for within-group differences separately by 

group when a significant interaction effect was present. Moreover, we conducted an 

ANCOVA to compare mean differences in the study outcome (post- minus pre-

intervention and 3 years minus pre-intervention) where the variable group was inserted 

as a fixed factor; sex, age, and the corresponding baseline value of the study outcome 

were entered as covariates, and the outcome variables were entered as dependent 

variable. Multiple comparisons were made with the Bonferroni post-hoc test. 

An ANOVA with repeated measures was used to compare the outcome variables 

(energy expenditure, energy intake and resting metabolic rate) between pre-, post- and 3 

years after intervention. 

We conducted a chi-square test to compare the prevalence of normal weight, overweight 

and obese participants, as well as the prevalence of normal fat or over fat participants at 

pre-, post- and 3 years after the intervention among groups. Moreover, a chi-square test 

was also conducted to compare the frequency of participants who maintained, decreased 

or increased their weight status (normal weight, overweight, and obese according to 

BMI, and normal fat or over fat according to fat mass) after the exercise intervention 

(post- minus pre intervention), and 3 years later (3 years minus post-intervention, and 3 

years minus pre-intervention) among groups. Finally, we determined the percentage of 

“successful weight maintainers”. 
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4. RESULTS 

 

4.1. Effects of age, sex and treatment on weight loss dynamics in 

overweight people (Study I) 

 

MANOVA revealed differences regarding sex conditions vs. BW (kg) (F1,62=79.071; 

p<0.001), vs. BMI  (F1,62=10.148; p=0.002), vs. body fat (%) (F1,62=79.031; p<0.001), 

vs. body fat-free mass (F1,62=189.548; p<0.001), vs. bone mineral density (F1,62=14.436; 

p<0.001) and vs. RMR (F1,62=259.379; p<0.001) at the baseline characteristics. All 

these values were higher for men than for women, except the body fat (%). Finally, no 

differences were found in these baseline variables by taking into account the range of 

age and treatment (p>0.05) (see Table 13). 

 

Table 13. Baseline data of the overweight sample. 

 

Women n= 48  Men n= 36 

 

Mean ± SD Min Max  Mean ± SD Min Max 

Age (years) 37.29 ± 8.25 19 50  37.42 ± 8.02 20 50 

Body Weight (kg) 73.54 ± 5.89 63 86  88.09 ± 7.96* 72 110 

Height (cm) 1.62 ± 0.06 148 174  1.75 ± 0.07 160 192 

BMI (kg/m2) 28.01 ± 1.32 25.21 29.78  28.57 ± 1.12* 26.01 29.89 

Body fat (%) 43.28 ± 3.62 32.20 50.10  33.80 ± 4.63* 26.70 44.90 

Body fat free mass (kg) 40.25 ± 4.30 32.77 47.57  55.99 ± 5.47* 44.56 67.44 

Bone mineral density (g/cm2) 1.18 ± 0.10 0.87 1.33  1.26 ± 0.09* 1.10 1.44 

RMR (Kcal/day) 1486 ± 76 1353 1636  1908 ± 157 1627 2259 

Note. n=84. BMI= Body Mass Index; RMR= Resting Metabolic Rate. 

*. p< 0.05 significantly different from women. 
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After the intervention period, the FFM only decreased significantly in the C group        

(-0.91±1.64 kg) (p=0.006) while it remained unaltered for the S, E and SE groups 

(0.19±.87, p=0.551; -0.38±1.25, p=0.176; and 0.02±1.62, p=0.937, respectively). The 

RMR was significantly decreased in all groups (S: -62.94±52.93; E: -78.54±58.8; SE: -

104.35±44.75; and C: -276.53±62.57 kcal) (p<0.001). The DEE significantly decreased 

in the S and SE groups (-200±290, and -24±386 kcal, respectively, p<0.005), and 

increased in E group (117±389 kcal, p=0.001), whereas remained unchanged in C group 

(-217±474 kcal, p>0.05). No differences were found between the different treatments 

for FFM, RMR and DEE, either initial or final (p>0.05). The RMR consistently 

decreased in both sexes (women: -56.90±36.65, and men: -111.22±60.79; p<0.001). 

However, the DEE decreased only in women (-101±33, p<0.001), while remained 

similar for men (-6±49, p=0.399). 

Results related to BW remained unaltered when the analyses were adjusted for diet and 

exercise adherences covariates. Only differences were found between sexes 

(F1,59=66.742; p<0.001) in the BW loss, which cannot be clearly shown when the 

weight loss is compared to percent changes from baseline. The observed statistical 

power for these comparisons was 0.999. No differences were found on age (F2,59=0.412; 

p=0.664) and type of treatment (F3,59=0.258; p=0.856). Table 14 shows changes in BW 

(in kg) in the four groups before and after the intervention period, differentiated by sex, 

range of age and type of treatment. Within each group of treatment there were no 

differences between the different age ranges, either initial or final (p>0.05). Similarly, 

within each age range no significant differences were found between the different 

treatments, either initial or final. 

After the intervention period, women with ages between 41 and 50 years reduced their 

BW in S by 7.45%, in E by 10.49%, in SE by 10% and in C by 8.52% (p<0.05). Women 
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with ages between 31 and 40 years reduced their BW in S by 8.18%, in E by 5.29%, in 

SE by 9.43% and in C by 9.42% (p<.05). However, those female subjects with an age 

between 18 and 30 years only reduced their BW in S by 6.52%, in SE by 10.94% and in 

C by 8.1% (p<0.05). In the case of men, those participants with an age between 41 and 

50 years reduced their BW in S by 7.49%, in E by 9.97%, in SE by 10.52% and in C by 

9.38% (p<0.05). BW was also reduced for the men with ages between 31 and 40 years 

following the E, SE and C treatments (by 6.09%, 11.64% and 10.22%, respectively; 

p<0.05), and for those participants with ages in the range of 18 and 30 years, BW was 

only reduced in the case of treatments E and SE (by 16.55% and 8.33%, respectively, 

p<0.05). 
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Table 15 shows the extracted coefficients (R2) to apply a linear, power law, exponential, 

logarithmic and quadratic fit to the BW changes, according to sex. For this analysis the 

sample set consisted in the fifty-one subjects that completed the on-line form done six 

Table 14. Changes in body weight by age, sex and type of treatment in overweight people. 

  

 Women   Men 

 

Age (years) n Initial BW (kg) Final BW (kg) %  n Initial BW (kg) Final BW (kg) % 

S 18 to 30 3 72.7 ± 7.4 67.9# ± 7.1 -6.52  1 76.0 ± 0.0 73.0 ± 0.0 -3.95 

Women n= 12 31 to 40 4 77.0 ± 7.4 70.7# ± 7.6 -8.18  2 90.5* ± 7.8 86.3* ± 7.4 -4.70 

Men n= 7 41 to 50 5 73.0 ± 4.1 67.6# ± 5.5 -7.45  4 92.8* ± 7.8 85.8#* ± 10.5 -7.49 

 
Total 12 74.3 ± 5.9 68.7 ± 6.2 -7.48  7 89.7 ± 8.9 84.1 ± 9.4 -6.25 

E 18 to 30 2 69.0 ± 2.8 68.6 ± 6.6 -0.65  2 84.0* ± 2.8 70.1# ± 3.1 -16.55 

Women n= 16 31 to 40 7 74.6 ± 7.5 70.7# ± 8.5 -5.29  3 89.9* ± 7.2 84.4#* ± 9.3 -6.09 

Men n= 9 41 to 50 7 74.2 ± 4.0 66.4# ± 7.5 -10.49  4 92.3* ± 13.4 83.1#* ± 12.0 -9.97 

 
Total 16 73.7 ± 5.7 68.6 ± 7.6 -7.04  9 89.6 ± 9.6 80.6 ± 10.6 -10.04 

SE 18 to 30 2 64.0 ± 1.4 57.0# ± 3.4 -10.94  1 102.0* ± 0.0 93.5#* ± 0.0 -8.33 

Women n= 10 31 to 40 3 74.7 ± 10.7 67.6# ± 10.5 -9.43  6 83.8 ± 9.0 74.0# ± 9.8 -11.64 

Men n= 12 41 to 50 5 71.6 ± 6.7 64.4# ± 7.8 -10.00  5 86.1* ± 4.5 77.0 #* ± 1.9 -10.52 

 
Total 10 71.0 ± 7.8 63.9 ± 8.3 -9.99  12 86.3 ± 8.4 76.9 ± 8.7 -10.85 

C 18 to 30 3 74.8 ± 2.0 68.8# ± 9.4 -8.10  2 95.0* ± 0.0 91.5* ± 2.3 -3.68 

Women n= 10 31 to 40 3 77.5 ± 3.5 70.2# ± 2.4 -9.42  4 87.1 ± 3.6 78.2# ± 6.5 -10.22 

Men n= 8 41 to 50 4 73.0 ± 4.4 66.8# ± 4.7 -8.52  2 83.7 ± 8.9 75.9 # ± 13.5 -9.38 

 
Total 10 74.6 ± 3.6 68.2 ± 5.8 -8.59  8 88.2 ± 6.0 80.9 ± 9.4 -8.25 

Total 18 to 30 10 70.9 ± 5.6 66.1 ± 7.8 -6.68  6 89.3 ± 9.7 81.6 ± 11.8 -8.63 

Women n= 48 31 to 40 17 75.6 ± 7.1 70.0 ± 7.5 -7.33  15 86.8 ± 7.2 78.8 ± 9.2 -9.15 

Men n= 36 41 to 50 21 73.1 ± 4.6 66.3 ± 6.3 -9.28  15 89.2 ± 8.8 80.8 ± 9.3 -9.38 

 
Total 48 73.5 ± 5.9 67.5# ± 7.1 -8.07  36 88.2* ± 8.1 80.1#* ± 9.4 -9.16 

Note. BW= Body Weight; S= Strength group; E= Endurance group; SE= Strength and Endurance group; C= Diet and physical 

recommendations group. Presented as M ± SD (adjusting for diet and exercise adherences). #. p< 0.05 significantly different from pre; *. 
p< 0.05 significantly different from women. 
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months after the end of the intervention. When the R2 values are compared for the 

different subjects, significant differences were found between sexes (F1,243=12.686; 

p<0.001) and the type of function (F4,243=11.271; p<0.001). The observed statistical 

powers for these comparisons were 0.944 and 0.999, respectively. Figures 11 and 12 

represents the five types of functions analyzed in both sexes, at months six and twelve. 

In 6 months, no differences were revealed for women and men (p>0.05) between the 

different equations. In both cases, it is shown that the quadratic function has the highest 

coefficient (R2=0.893±0.16 for women and 0.948±0.051for men) and the power law 

function has the lowest one (R2=0.779±0.209 for women and 0.878±0.09 for men). In 

the one hand, men have the higher R2 in the five functions and significantly higher in 

the power law (0.878±0.09) and logarithmic (0.882±0.089) functions than women 

(0.779±0.209 and 0.784±0.211, respectively; p<0.05). In 12 months, the R2 decrease in 

all functions for both sexes respect to the R2 at 6 months (p<0.05), except in the 

quadratic function, in which it remains higher (0.864±0.204 for women and 

0.927±0.064 for men). In this case, the men’s R
2 are not significantly different from 

women’s R
2. In the other hand, the quadratic function has the highest R2 and it is 

different from the other four functions (p<0.05) for women too. It does not occur for 

men, whose R2 for the quadratic function is the highest one too, but not significantly 

different from all the other models. The quadratic function for the men is shown as 

clearly differentiated from the linear (0.575±0.228) and the exponential (0.583±0.231) 

fitting functions. 
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Table 15. R2 of the linear, power law, exponential, logarithmic and quadratic equations from the BW 
evolution by sex, in overweight people.  

  

Women  Men 

 

Equation 6 months 12 months  6 months 12 months 

R
2
 

Linear 0.830 ± 0.244 0.502# ± 0.275  0.887 ± 0.103 0.575# ± 0.228 

Power law 0.779 ± 0.209 0.678#a ± 0.258  0.878* ± 0.090 0.796#a ± 0.175 

Exponential 0.833 ± 0.246 0.520# ± 0.271  0.890 ± 0.104 0.583#b ± 0.231 

Logarithmic 0.784 ± 0.211 0.683#a ± 0.259  0.882* ± 0.089 0.800#ac ± 0.176 

Quadratic 0.893 ± 0.160 0.864abcd ± 0.204  0.948 ± 0.051 0.927ac ± 0.064 

Note. n= 51. Presented as M ± SD 

a. < 0.05 significantly different from linear equation; b. p < 0.05 significantly different from power law equation; c. p < 
0.05 significantly different from exponential equation; d. p < 0.05 significantly different from logarithmic equation. 

#. p< 0.05 significantly different from 6 months; *. p< 0.05 significantly different from women. 
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Figure 11. Functions and R2 of dynamics of weight loss for overweight women. 

Mean values and Statistical Error of Mean. 
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Figure 12. Functions and R2 of dynamics of weight loss for overweight men. 

Mean values and Statistical Error of Mean. 
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4.2. Effects of age, sex and treatment on weight loss dynamics in 

obese people (Study II) 

 

MANOVA revealed differences regarding sex conditions vs. BW (kg) (F1,95=73.378; 

p<0.001), vs. height (F1,95=99.128; p<0.001), vs. body fat (%) (F1,95=135.604; p<0.001), 

vs. body fat free mass (F1,95=247.929; p<0.001) and vs. bone mineral density 

(F1,95=21.45; p<0.001) at the baseline characteristics. All these values were higher for 

men than for women, except the body fat (%). Then, no differences were found in these 

baseline variables by range of age and treatment (p>0.05) (see Table16). 

Table 16. Baseline data of obese people. 

 
Women n= 48  Men n= 48 

 
Mean ± SD Min Max  Mean ± SD Min Max 

Age (years) 39.02 ± 7.74 23.00 50.00  38.79 ± 7.99 24.00 50.00 

Body Weight (kg) 86.8 ± 8.6 72.0 110.0  101.27* ± 7.94 83.0 114.0 

Height (cm) 1.64 ± 0.07 1.48 1.78  1.77* ± 0.06 1.63 1.88 

BMI (kg/m2) 32.41 ± 1.85 30.10 34.86  32.40 ± 1.90 30.02 34.78 

Body fat (%) 47.11 ± 3.49 39.70 54.50  38.17* ± 4.02 28.20 46.50 

Body fat free mass (kg) 44.30 ± 4.71 34.27 53.75  59.88* ± 4.98 44.79 69.99 

Bone mineral density (mg/cm2) 1.21 ± 0.11 1.00 1.47  1.30* ± 0.10 1.09 1.55 

RMR (Kcal/day) 1616 ± 115 1422 1904  2087 ± 148 1727 2373 

Note. n=96. BMI= Body Mass Index; RMR= Resting Metabolic Rate. 

*. p< 0.05 significantly different from women. 

 

After the intervention period, the FFM was significantly decreased in the SE and C 

groups (-0.74±1.29 kg, p=0.01; and -1.35±1.66 kg, p<0.001, respectively) while it 

remained unaltered for the S, E groups (0.13±1.35 kg, p=0.630; and -0.25±1.06 kg, 

p=0.371, respectively) (p>0.05). The RMR was significantly decreased in all groups (S: 



Study of the dynamics of body weight loss in exercise and nutritional programs 

 

90 
 

-108.96±58.52, E: -124.73±47.78, SE: -122.54±60.87, and C: -114.62±65.96 kcal; 

p<0.001). The DEE remained statistically unchanged in all groups (S: -24±250, E: 

88±342, SE: -138±384, and C: 58±338 kcal; p>0.05). No differences were found 

between the different treatments for FFM, RMR and DEE, either initial or final 

(p>0.05). The RMR significantly decreased in both sexes (women: -88.47±35.67, and 

men: -146.83±60.59; p<0.001). The DEE remained similar for women and men            

(-11±330, and 29±336, respectively, p>0.05). 

Results related to BW remained unaltered when the analyses were adjusted for diet and 

exercise adherences covariates. Only differences were found between sexes 

(F1,72=38.89; p<0.001) in the BW loss, which cannot be clearly shown when the weight 

loss is compared to percent changes from baseline. The observed statistical power for 

these comparisons was 0.999. No differences were found on age (F2,72=0.295; p=0.746) 

and type of treatment (F3,72=1.173; p=0.326). Table 17 shows changes in BW (in kg) in 

the four groups before and after the intervention period, differentiated by sex, range of 

age and type of treatment. Within each group of treatment there were no differences 

between the different age ranges, either initial or final (p>0.05). Similarly, within each 

age range no significant differences were found between the different treatments, either 

initial or final. 

After the intervention period, women aged 41 to 50 years reduced their BW in S by 

10.32%, in E by 11.59%, in SE by 9.27% and in C by 12.49% (p<0.05).  Women aged 

31 to 40 only reduced their BW in S by 7.45%, in E by 10.57%, and in SE by 10.79% 

(p<0.05). Moreover, those aged 18 to 30 reduced their BW in S by 12.57%, in E by 

14.41%, in SE by 12.16% and in C by 7.79% (p<0.05). In the case of men, those aged 

41 to 50 years reduced their BW in S by 10.63%, in E by 12.77%, in SE by 12.59% and 

in C by 11.1% (p<0.05). BW was also reduced for men aged 31 to 40 following S, E, 
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SE and C treatments (7.68%, 10.27%, 8.89% and 10.57%, respectively; p<0.05) and for 

those aged 18 to 30 years was only reduced applying treatments S, E and SE (10.02%, 

11.26% and 8.94%, respectively, p<0.05). 

Table 17. Changes in body weight by age, sex and type of treatment in obese people. 

Presented as M ± SD (adjusting for diet and exercise adherences) 

  

 Women   Men 

 

Age (years) n Initial BW (kg) Final BW (kg) %  n Initial BW (kg) Final BW (kg) % 

S 18 to 30 2 93.9 ± 0.5 82.1# ± 4.6 -12.57  3 97.1 ± 8.2 87.4# ± 5.1 -10.02 

Women n= 11 31 to 40 4 90.6 ± 10.8 83.8# ± 13.6 -7.45  5 102.8 ± 10.1 94.9# ± 8.7 -7.68 

Men n= 13 41 to 50 5 87.4 ± 9.8 78.4# ± 8.5 -10.32  5 103.5* ± 5.6 92.5#* ± 5.7 -10.63 

 
Total 11 89.7 ± 8.9 81.0 ± 9.7 -9.7  13 101.8 ± 7.9 92.2 ± 7.0 -9.35 

E 18 to 30 2 91.3 ± 5.1 78.1# ± 1.7 -14.41  3 91.7 ± 2.9 81.4# ± 5.0 -11.26 

Women n= 15 31 to 40 4 91.5 ± 11.4 81.8# ± 12.3 -10.57  3 106.2* ± 4.3 95.3# ± 2.5 -10.27 

Men n= 11 41 to 50 9 88.5 ± 8.2 78.2# ± 9.0 -11.59  5 98.2 ± 7.6 85.7# ± 4.7 -12.77 

 
Total 15 89.7 ± 8.4 79.2 ± 9.0 -11.7  11 98.6 ± 7.7 87.1 ± 6.8 -11.65 

SE 18 to 30 1 91.3 ± 0.0 80.2# ± 0.0 -12.16  3 111.9 ± 3.8 101.9# ± 2.6 -8.94 

Women n= 12 31 to 40 4 92.0 ± 7.6 82.0# ± 10.3 -10.79  8 98.4 ± 15.7 89.7# ± 13.6 -8.89 

Men n= 12 41 to 50 7 92.2 ± 15.4 83.7# ± 14.9 -9.27  13 108.3* ± 9.9 94.7#* ± 12.0 -12.59 

 
Total 12 92.1 ± 12.1 82.8 ± 12.3 -10.02  24 105.6 ± 12.0 94.2 ± 11.6 -10.8 

C 18 to 30 2 85.4 ± 9.0 78.7# ± 8.3 -7.79  1 109.0* ± 0.0 104.7* ± 0.0 -3.94 

Women n= 10 31 to 40 3 76.3 ± 5.5 72.0 ± 3.5 -5.64  5 101.6* ± 5.7 90.9#* ± 9.2 -10.57 

Men n= 12 41 to 50 5 80.7 ± 8.7 70.6# ± 7.4 -12.49  6 100.9* ± 8.5 89.7#* ± 7.1 -11.1 

 
Total 10 80.3 ± 7.8 72.7 ± 6.8 -9.54  12 101.9 ± 7.1 91.5 ± 8.4 -10.24 

Total 18 to 30 7 90.3 ± 5.6 79.7 ± 4.3 -11.75  9 99.9 ± 9.7 90.5 ± 10.3 -9.4 

Women n= 48 31 to 40 15 88.3 ± 10.4 80.4 ± 10.8 -8.93  17 102.0 ± 9.4 92.6 ± 9.0 -9.52 

Men n= 48 41 to 50 26 87.8 ± 11.1 78.3 ± 10.9 -10.84  22 102.9 ± 8.5 90.8 ± 8.3 -11.79 

 
Total 48 88.3 ± 10.1 79.2# ± 10.1 -10.39  48 102.0* ± 8.9 91.4#* ± 8.8 -10.78 

Note. BW= Body Weight; S= Strength group; E= Endurance group; SE= Strength and Endurance group; C= Diet and physical 
recommendations group. 

#. p< 0.05 significantly different from pre; *. p< 0.05 significantly different from women. 
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Table 18 shows the determination coefficients (R2) of the linear, power law, 

exponential, logarithmic and quadratic equations of the BW changes by sex. For this 

analysis the sample was sixty-six completers of the on-line form done six months after 

the end of the intervention. When the R2 represented in kg lost are compared significant 

differences are found between the type of function (F4,320=19.045; p<0.001), but not by 

sexes (F1,320=2.63; p>0.05). The observed statistical powers for these comparisons were 

0.999 and 0.366, respectively. Figures 13 and 14 represents the five types of functions 

analyzed in both sexes, at months six and twelve. In 6 months, no differences were 

revealed for women and men (p>0.05) between the different equations. In both cases, it 

is shown that the quadratic function has the highest coefficient (0.9619±0.048 for 

women and 0.9378±0.094 for men) and the power law function has the lowest one 

(0.8256±0.167 for women and 0.8493±0.118 for men). In 12 months, the R2 decrease in 

all functions for women respect to the R2 at 6 months (p<0.05), except in the power law, 

logarithmic and quadratic functions, in which them remain higher (0.759±0.225, 

0.7655±0.227 and 0.9527±0.08, respectively). For men, the R2 decrease in all functions 

respect to the R2 at 6 months (p<0.05), except in the quadratic function, in which it 

remain higher (0.9248±0.112). In the other hand, the quadratic function has the highest 

R2 and it is different from the other four functions (p<0.05) for both sexes. 
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Table 18. R2 of the linear, power law, exponential, logarithmic and quadratic equations from the BW evolution 
by sex, in obese people.  

  

Women  Men 

 

Equation 6 months 12 months  6 months 12 months 

R2 

Linear 0.8817 ± 0.208 0.6481# ± 0.268  0.8928 ± 0.136 0.5249# ± 0.244 

Power law 0.8256 ± 0.167 0.759 ± 0.225  0.8493 ± 0.118 0.7355#a ± 0.202 

Exponential 0.8838 ± 0.209 0.6536# ± 0.273  0.8958 ± 0.137 0.5272#b ± 0.248 

Logarithmic 0.8315 ± 0.168 0.7655 ± 0.227  0.8545 ± 0.12 0.7407#ac ± 0.203 

Quadratic 0.9619bd ± 0.048 0.9527abcd ± 0.08  0.9378 ± 0.094 0.9248abcd ± 0.112 

Note. n= 66. Presented as M ± SD 

a. p < 0.05 significantly different from linear equation; b. p < 0.05 significantly different from power law equation; c. p < 
0.05 significantly different from exponential equation; d. p < 0.05 significantly different from logarithmic equation. 
#. p< 0.05 significantly different from 6 months; *. p< 0.05 significantly different from women. 
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Figure 13. Functions and R2 of dynamics of weight loss for obese women. 

Mean values and Statistical Error of Mean. 
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Figure 14. Functions and R2 of dynamics of weight loss for obese men. 

Mean values and Statistical Error of Mean. 
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4.3. Initial body composition and sex affects to the velocity of body 

weight loss (Study III) 

 

The characteristics of the one-hundred and eighty volunteers who completed the 

intervention are shown in Table 19. ANOVA revealed differences regarding sex 

conditions vs. BW (F1,175=124.351), vs. height (F1,175=183.028), vs. body fat (%) 

(F1,175=242.039), vs. fat-free mass (F1,175=458.035) and vs. bone mineral density 

(F1,175=34.672) (p<0.001 for all comparisons) at the baseline characteristics. Differences 

were also revealed regarding initial BMI condition vs. BW (F1,175=126.456), vs. BMI 

(F1,175=289.759), vs. body fat (%) (F1,175=49.866), vs. fat-free mass (F1,175=28.917) and 

vs. bone mineral density (F1,175=7.221) (p<0.001 for all comparisons) at the baseline 

characteristics. No interactions between sex and BMI conditions were discovered 

(p>0.05).



Results 

 

Table 19. Characteristics of the whole sample. 

 

Overweight (n= 84) Obese (n= 96) 

 

Women (n=48) Men (n=36) Women (n=48) Men (n=48) 

 Initial Final Initial Final Initial Final Initial Final 

Age (years) 37.29 ± 8.25 37.29 ± 8.25 37.42 ± 8.02 37.42 ± 8.02 39.02 ± 7.74 39.02 ± 7.74 38.79 ± 7.99 38.79 ± 7.99 

BW (kg) 73.46 ± 5.92 67.53# ± 7.14 88.21* ± 8.13 80.13#* ± 9.44 88.33^ ± 10.1 79.15#^ ± 10.08 102.04*^ ± 8.94 91.36#*^ ± 8.78 

Height (cm) 1.62 ± 0.06 1.62 ± 0.06 1.75* ± 0.07 1.75* ± 0.07 1.64 ± 0.07 1.64 ± 0.07 1.77* ± 0.06 1.77* ± 0.06 

BMI (kg/m2) 27.99 ± 1.32 25.70# ± 1.96 28.57 ± 1.12 25.95# ± 1.88 32.41^ ± 1.85 29.54#^ ± 2.64 32.40^ ± 1.90 29.23#^ ± 2.34 

FM (%) 43.28 ± 3.62 38.57# ± 4.88 33.80* ± 4.63 27.84#* ± 5.60 47.09^ ± 3.58 42.41#^ ± 4.66 38.27*^ ± 4.00 32.78#*^ ± 4.94 

FM (kg) 30.70 ± 3.57 25.45# ± 4.89 28.79 ± 5.54 21.84#* ± 5.94 39.52^ ± 6.48 32.56#^ ± 7.06 37.37^ ± 5.89 29.28#*^ ± 6.36 

Android Fat Mass (kg) 2.49 ± 0.51 1.86# ± 0.56 2.87* ± 0.72 1.88# ± 0.70 3.33^ ± 0.74 2.66#^ ± 0.82 3.93*^ ± 0.79 2.92#^ ± 0.86 

Gynoid Fat Mass (kg) 5.65 ± 0.91 4.65# ± 1.02 4.41* ± 1.14  3.35#* ± 1.08 7.07^ ± 1.38 5.80#^ ± 1.28 5.55*^ ± 1.00 4.36# *^ ± 1.00 

FFM (kg) 40.25 ± 4.30 40.00 ± 4.60 55.99* ± 5.47 55.72* ± 5.70 44.12^ ± 4.68 43.66#^ ± 4.80 59.92*^ ± 5.02 59.34#*^ ± 4.91 

BMD (mg/cm2) 1.18 ± 0.10 1.17# ± 0.10 1.26* ± 0.09 1.24#* ± 0.09 1.21 ± 0.11 1.21 ± 0.11 1.30*^ ± 0.10 1.31*^ ± 0.10 

Note. n=180. BW=Body weight; BMI= Body mass index; FM= Fat mass; FFM=Body fat free mass; BMD= Bone mineral density. 

#. p< 0.05 significantly different from pre; *. p< 0.05 significantly different from women; ^. p< 0.05 significantly different from overweight. 
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Figure 15 show the slopes of the linear regressions of the functions of weight loss 

dynamics by sex and initial BMI for women and men. When the slopes are compared 

significant differences are found between overweight and obese conditions 

(F1,175=22.806; p=0.003) and both sexes (F1,175=8.938; p<0.001). The slopes from the 

obese men and women (-0.889±0.368 and -0.764±0.312, respectively) are significantly 

greater than the overweight ones (-0.673±0.368 and -0.493±0.308, respectively). The 

slopes of the men functions are significantly higher than the women ones in the 

overweight condition, while in the obese condition both slopes are similar (p>0.05). 

 

 

Figure 15. Slopes of the linear regressions of the functions of weight loss dynamics. 

 

After the intervention period, overweight women significantly reduced their BW by 

5.96±3.84 kg, obese women by 9.35±3.79 kg, overweight men by 8.08±4.42 kg and 

obese men by 10.69±4.46 kg (see table 19). Differences were found between sexes 

(F1,175=7.3273; p=0.008) and initial BMI condition (F1,175=22.14; p<0.001) in the BW 

loss. In the one hand, the BW loss of the overweight men was greater than the women 
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ones (p<0.05), while the obese men and women lost the same amount of BW (p>0.05). 

On the other hand, the obese participants lost more BW than overweight participants, in 

both sexes (p<0.05). Focusing on FM, overweight women significantly reduced it by 

5.25±3.30 kg, obese women by 6.96±3.27 kg, overweight men by 6.94±3.48 kg and 

obese men by 8.09±3.67 kg, after the intervention period. Differences were found 

between sexes (F1,175=7.33; p=0.007) and initial BMI condition (F1,175=7.485; p=0.007) 

in the FM loss. In the one hand, the FM loss of the overweight men was greater than the 

women ones (p<0.05), while the obese men and women lost the same amount of FM 

(p>0.05). On the other hand, the obese women lost more FM than overweight women 

(p<0.05), while overweight and obese men lost the same amount of FM (p>0.05). 

Analyzing the FFM, after the intervention period, obese women reduced it significantly 

by 0.46±1.24 kg, overweight men by 0.26±1.84 kg and obese men by 0.58±1.60 kg; 

while overweight women reduced their FFM by 0.32±0.97 kg, but not significantly. 

 

4.4. Multiple linear regression models to predict body weight loss 

(Study IV) 

 

At baseline, calibration and validation subsets had similar characteristics in all the 

measured variables (p> 0.05). After the intervention period, both calibration and 

validation subsets had significant and similar reductions in BW (-8.49±4.40 and -

8.53±4.48 kg, respectively, F1,175=0.003; p=0.958), fat mass by DXA (FMD) (-

6.83±3.74 and -6.69±3.03 kg, respectively, F1,175=0.048; p=0.826), fat-free mass by 

DXA (FFMD) (-0.36±1.50 and -0.50±1.18 kg, respectively, F1,175=0.294; p=0.589), fat 

mass by BIA (FMB) (-7.60±3.80 and -7.71±3.65 kg, respectively, F1,175=0.029; 

p=0.865) and fat-free mass by BIA (FFMB) (-1.03±1.69 and -0.84±1.85 kg, 

respectively, F1,175=0.391; p=0.532) (see Table 20). 
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Table 20. Participants Characteristics. 

 
Calibration subset (n= 134)  Validation subset (n= 46) 

 
Initial Final  Initial Final 

Age (years) 38.55 ± 7.78 38.55 ± 7.78  37.09 ± 8.51 37.09 ± 8.51 

Body Weight (kg) 88.52 ± 13.6 80.03# ± 12.80  86.75 ± 12.78 78.22# ± 11.13 

Height (cm) 1.70 ± 0.09 1.70 ± 0.09  1.67 ± 0.10 1.67 ± 0.10 

Fat mass DXA (kg) 34.37 ± 6.90 27.55# ± 7.05  34.27 ± 7.25 27.57# ± 7.69 

Fat-free mass DXA (kg) 50.15 ± 9.66 49.79# ± 9.67  48.42 ± 9.32 47.93# ± 9.28 

Fat mass BIA (kg) 31.35 ± 7.83 23.75# ± 7.19  31.03 ± 7.63 23.32# ± 7.33 

Fat-free mass BIA (kg) 57.50 ± 10.86 56.46# ± 10.88  55.46 ± 9.76 54.62# ± 9.91 

Note.n=180. #. p< 0.05 significantly different from initial. 

 

In this study, two predictive models were trained and validated: the first, employing 

DXA data; and the second, BIA data. In both cases, the dependent variable was 

measured final body weight (in kilograms) and the independent variables included in 

the models were fat mass and fat-free mass. Both models had a high level of prediction, 

since R2 over 0.9 were achieved. The standardized coefficients from the multiple linear 

regressions are shown in table 21. In this table, we can observe that the fat-free mass has 

more predictive power than the fat mass in both models. The models fitted were as 

follow: 

 

Model 1 (DXA, R2=0.909): Final BW (kg) = -0.379 + (0.89 x FMD[kg]) + (0.99 x FFMD[kg]) 

Equation 2. Predictive model with DXA data. 

 

Model 2 (BIA, R2=0.903): Final BW (Kg) = -0.344 + (0.876 x FMB[kg]) + (0.92 x FFMB[kg]) 

Equation 3. Predictive model with BIA data. 
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Table 21. Standardized Coefficients from the 
Multivariate Linear Regression Models. 

 Model 1 (DXA) Model 2 (BIA) 

   

Fat Mass 0.486 0.532 

Fat-Free Mass 0.741 0.776 

 

Then, these models were tested by applying them to the remaining thirty per cent of the 

sample. Table 22 shows the mean differences between predicted and measured weights 

with their standard errors in calibration and validation subsets. The p-values for the 

paired t-test are also given. In this table, it can be observed that the trained models were 

calibrated and validated with a high correlation (over 0.94), not showing the paired t-

tests significant differences between predicted and measured body weights. It can also 

be shown that the mean differences between predicted and measured weights are 

relatively small (from 0.07 to 0.11 kg) in the validation subset. On the one hand, model 

1 (DXA data) overestimated the BW change, resulting the mean predicted BW lower 

than the measured one. On the other hand, model 2 (BIA) underestimated the BW 

change. The Bland-Altman agreement analysis for real body weight and estimated by 

the two predictive models are shown in figure 16. 
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Figure 16. Bland-Altman plot comparing the real body weight and the estimated body weight.  

Predictive model with DXA data (left panel) and predictive model with BIA data (right panel). 

 

Table 22. Mean differences and standard errors between predicted and measured body weights with the paired 
t-test data. 

 Mean differences (kg) Standard Error (kg) Correlation Paired Student’s t test 

Calibration subset (n=134)     

Model 1 (DXA) -0.01 0.33 0.954 (p<0.001) t133= -0.043; p= 0.965 

Model 2 (BIA) -0.02 0.35 0.951 (p<0.001) t133= -0.046; p= 0.963 

Validation subset (n=46)     

Model 1 (DXA) 0.07 0.55 0.947 (p<0.001) t45= 0.122; p= 0.903 

Model 2 (BIA) -0.11 0.51 0.954 (p<0.001) t45= -0.206; p= 0.838 

 

 

4.5. Body composition changes after a weight loss intervention: A 3-

years follow-up study (Study V) 

 

A total of 239 participants initiated the study, completing it 180 (75.3%), which 

supposed 59 dropouts for different reasons: for personal reasons 17 (28.8%), low 

exercise adherence 3 (5.1%), low diet adherence 6 (10.2%), job change 6 (10.2%), and 
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lost interest 27 (45.8%). After 3 years, a total of 98 (41%) participants came back to the 

laboratory for the 3 years post-intervention assessment (Figure 5). There was no 

association in the prevalence of dropouts among groups at post- (χ
2=6.118, p=0.106) 

and 3 years after the intervention (χ
2=1.468, p=0.690) (Table 23). There was also no 

association in the prevalence of dropouts among training groups (S, E and SE) and C 

group at post- (χ
2=2.381, p=0.123) and 3 years after the intervention (χ

2=0.733, 

p=0.392) (Table 24). Moreover, there were no associations on the study outcomes at 

post-intervention between drop-outs and participants who remained in the study (all 

p>0.1, data not shown). No significant interaction between groups and BMI status was 

observed (all p>0.05) for the study outcomes, showing a tendency to significance for the 

variable FM in percentage, being the loss greater for the combined-SE group than the 

others for those participants that were overweight at the beginning, and not for the obese 

people (data not shown). 

 

Table 23. Prevalence of dropouts, pre intervention, 
post intervention and 3 years after the intervention by 
group.  

Group   Post   3 years 

S  17 (7.1)  35 (14.6) 
E  9 (3.8)  35 (14.6) 

SE  14 (5.9)  39 (16.3) 
C  19 (7.9)  32 (13.4) 

Total  59 (24.7)  141 (59) 
Note. Presented as Frequency (%). 
S: Strength training group; E: Endurance training 
group; SE: Combined Strength and Endurance 
training group; C: Control group. 
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Table 24. Prevalence of dropouts, pre intervention, post 
intervention and 3 years after the intervention by training 
groups and C group.  

Group   Post   3 years 

Training groups  40 (16.7)  109 (45.6) 
C  19 (7.9)  32 (13.4) 

Total  59 (24.7)  141 (59) 
Note. Presented as Frequency (%). 
Training groups (S: Strength training group; E: Endurance 
training group; SE: Combined Strength and Endurance 
training group); C: Control group. 

 

 

Table 25 shows the values of the study outcomes, at pre, post and 3 years assessments 

by group. We observed a significant interaction effect (group X time) for the fat mass in 

percentage (p=0.017). Fat mass percentage decreased in all groups after the 6-months 

intervention period (all p<0.05). However, it was regained 3 years after the intervention 

period to similar values as pre-intervention, except for the combined-SE group, who 

maintained it reduced (p<0.001). On the other hand, SE was the only group that 

achieved lower levels of fat mass percentage for both, post and 3 years, in comparison 

with the other groups (p<0.05). We did not observe a significant interaction effect 

(group X time) in the body weight, body mass index, fat mass (kg) and fat-free mass, 

after adjusting for multiple comparisons. 

 

 

 

 

 



Results 

 

105 
 

 

Table 25. Values of body composition variables at pre-, post-intervention and 3 years after. 
Presented as Mean (Standard Error of Mean) 

 Group Pre Post 3 years p-group p-time p-interaction 

Body Weight (kg) 

S 92.3 (2.0) 83.7 (2.0) 89.1 (2.5) 

0.019 0.139 0.435 
E 85.9 (2.0) 77.0 (2.0) 83.8 (2.5) 

SE 83.3 (2.2) 74.4 (2.2) 78.6 (2.7) 

C 86.8 (1.9) 79.0 (1.9) 85.5 (2.4) 

Body Mass Index (kg/m2) 

S 31.6 (0.5) 29.0 (0.5) 30.7 (0.7) 

0.002 0.102 0.382 
E 30.4 (0.5) 27.3 (0.5) 29.8 (0.7) 

SE 29.0 (0.5) 25.9 (0.6) 27.4 (0.8) 

C 30.7 (0.5) 28.1 (0.5) 30.4 (0.7) 

Fat Mass (%) 

S 41.5† (0.9) 36.1*†§ (1.0) 40.1*§ (1.3) 

0.001 0.586 0.017 
E 40.5† (0.9) 35.2◊†§ (1.0) 40.6◊§ (1.3) 

SE 38.1†¥ (1.0) 31.0*◊#† (1.1) 33.6*◊#¥ (1.4) 

C 41.5† (0.9) 36.6#†§ (1.0) 40.9#§ (1.3) 

Fat Mass (kg) 

S 36.3 (1.3) 28.7 (1.3) 33.9 (1.9) 

0.005 0.927 0.123 
E 33.0 (1.3) 26.2 (1.3) 33.4 (1.9) 

SE 29.9 (1.4) 22.0 (1.4) 25.8 (2.1) 

C 34.0 (1.3) 27.8 (1.3) 33.1 (1.9) 

Fat-free Mass (kg) 

S 51.7 (1.1) 51.5 (1.1) 50.7 (1.2) 

0.198 <0.001 0.205 
E 48.7 (1.1) 48.5 (1.1) 48.3 (1.2) 

SE 49.1 (1.2) 49.1 (1.2) 49.6 (1.3) 

C 48.5 (1.1) 47.7 (1.1) 48.1 (1.2) 
Note. 
S: Strength training group; E: Endurance training group; SE: Combined Strength and Endurance training group; C: Physical 
Activity recommendations group. 
*: SE-S differences; #: C-SE differences; ◊: SE-E differences; †: Post-Pre differences; §: 3 years-Post differences; ¥: 3 years-Pre 
differences. 
Significant statistical level set at α=0.05. 

 

Figure 17 shows the body composition changes between post- minus pre-intervention, 3 

years minus post-intervention, and 3 years minus pre-intervention. The combined-SE 

group achieved greater reductions in fat mass percentage compared to endurance and 

control groups (p<0.05) after 3 years. Although this reduction was also higher than the 

obtained by the strength group, no statistical differences were found. The control group 

had a higher reduction in FFM compared to the training groups (p<0.05), after the 

intervention period. 
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Figure 17. Body composition changes between post and pre (6 months intervention) and 3 years 
and post (3 years follow-up), adjusted by sex, age and the corresponding baseline value of the 
study outcome. 

Common superscripts indicate a significant difference between groups (all p ≤0.05). BW: Body 

Weight; BMI: Body Mass Index; FM: Fat Mass; FFM: Fat-Free Mass. 

 

In addition, in figure 18 it is shown the evolution of the energy balance throughout the 

intervention period plus the 3 years follow-up. In this figure it can be observed that the 

energy expenditure assessed by accelerometry did not change (F2,146=2.297; p=0.104) 

while differences were discovered for the energy intake registered by 72-hours food 
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records (F2,140=40.931; p<0.001) and the resting metabolic rate (F1,172=653.817; 

p<0.001)  between the different assessments. Energy intake was significantly decreased 

at the end of the intervention period. Moreover, resting metabolic rate was significantly 

decreased after the intervention period. 

 

Figure 18. Energy Balance changes between post and pre (6 months intervention) and 3 years 
and post (3 years follow-up). 

* indicates a significant difference with pre; # indicates a significant difference with post. 

 

Table 26 shows the prevalence of normal weight, overweight and obese participants, as 

well as the prevalence of normal fat or over fat participants, at pre-, post-intervention 

and 3 years after the intervention by group. There was association in BMI categories 
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among groups (χ
2=12.925, p=0.044) post-intervention; the combined-SE group had 

significantly higher percentage of normal weight participants than expected 

(standardized residual: 2.4). There was association in BMI categories among groups 3 

years after the intervention (χ
2=16.778, p=0.010); the combined-SE group had 

significantly higher percentage of normal weight participants than expected 

(standardized residual: 3.0). In fat mass categories, there was association 3 years after 

the intervention among groups (χ
2=13.224, p=0.004); the combined-SE group had 

significantly higher percentage of normal fat participants than expected (standardized 

residual: 2.9). 

 

Table 26. Prevalence of normal weight, overweight and obese participants, as well as the prevalence of normal fat or over fat participants, at pre 
intervention, post intervention and 3 years after the intervention by group. 

   Pre Post 3 years 

  Group Freq. (%) Mean (SD) Freq. (%) Mean (SD) Freq. (%) Mean (SD) 

Body 
Mass 
Index 

Normal Weight 

S - - 2 (7.4) 23.7 (0.3) 2 (18.2) 24.2 (0.5) 

E - - 6 (22.2) 23.5 (0.8) - - 

SE - - 13 (48.2) 23.9 (0.7) 7 (63.6) 23.6 (1.2) 

C - - 6 (22.2) 23.6 (1.2) 2 (18.2) 24.3 (0.6) 

Overweight 

S 21 (23.9) 28.8 (1.1) 30 (27.3) 27.7 (1.2) 9 (23.6) 28.2 (1.1) 

E 26 (29.5) 28.4 (1.3) 36 (32.7) 27.3 (1.4) 13 (34.2) 27.5 (1.1) 

SE 23 (26.1) 27.8 (1.2) 20 (18.2) 27.3 (1.4) 8 (21.1) 27.3 (1.2) 

C 18 (20.5) 28.3 (1.3) 24 (21.8) 27.4 (1.1) 8 (21.1) 27.9 (1.5) 

Obese 

S 21 (23.1) 32.5 (1.6) 9 (24.3) 31.9 (1.9) 14 (29.2) 33.2 (2.1) 

E 25 (27.5) 32.4 (1.8) 9 (24.3) 31.2 (0.8) 12 (25.0) 32.5 (3.1) 

SE 23 (25.3) 32.9 (2.0) 11 (29.7) 32.5 (1.9) 6 (12.5) 32.0 (1.7) 

C 22 (24.1) 32.5 (1.7) 8 (21.7) 32.2 (2.3) 16 (33.3) 32.8 (2.3) 

Fat Mass 

Normal Fat 

S - - 4 (22.2) 22.0 (1.7) 2 (22.2) 22.9 (0.9) 

E - - 5 (27.8) 24.4 (0.3) - - 

SE - - 7 (38.9) 21.7 (3.6) 6 (66.7) 19.2 (5.8) 

C - - 2 (11.1) 22.5 (2.1) 1 (11.1) 23.9  

Over Fat 

S 43 (23.9) 41.2 (6.2) 39 (24.7) 37.5 (5.7) 21 (26.3) 42.1 (5.9) 

E 51 (28.3) 41.3 (6.0) 44 (27.8) 37.8 (5.6) 24 (30.0) 40.0 (7.4) 

SE 46 (25.6) 40.5 (7.3) 38 (24.1) 36.7 (7.2) 13 (16.3) 38.0 (7.9) 

C 40 (22.2) 41.2 (5.4) 37 (23.4) 37.2 (5.8) 22 (27.4) 43.0 (6.0) 
Note. 
S: Strength training group; E: Endurance training group; SE: Combined Strength and Endurance training group; C: Physical Activity 
recommendations group. 
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Figure 19 shows the frequency of participants that maintained, decreased or increased 

their body weight status according to their BMI and according to their fat mass, by 

group. There were no differences in BMI categories among groups in pre-, post- and 3 

years after the intervention (all p>0.05). There was however significant association 

among groups in fat mass categories 3 years after the intervention (χ
2=13.224, p=0.004); 

the SE group had significantly higher percentage of normal fat participants than 

expected (standardized residual: 2.9). 

 

Figure 19. Frequency of participants who maintained, decreased or increased their body weight 
status according to their body mass index and according to their fat mass by group. 

Figure 19 shows the frequency of participants who maintained (black column), decreased (white 
column) or increased (gray column) their body weight status according to their body mass index 
(left panel) and according to their fat mass (right panel) by group. Pre-post: changes between 
pre- and post-intervention (6 months); Post-3 years: changes between post-intervention and 3 
years (3 years follow-up); Pre-3 years: changes between pre-intervention and 3 years after 
intervention (3 years and 6 months). 

We observed that 85 out of 180 participants (47.2%) reduced their body weight after the 

intervention higher than the 10%. Considering the groups strength, endurance, 

combined-SE and control, the distribution of these participants was 16 (18.8%), 28 

(32.9%), 25 (29.5%) and 16 (18.8%), respectively (χ
2=4.766, p=0.190). After 3 years, 

32 out of 98 participants (32.7%) were able to maintain their body weight at values 

lower than the 5%, about one of every three participants. Considering the groups 

strength, endurance, combined-SE and control, the distribution of these participants was 

9 (28.1%), 7 (21.9%), 10 (31.3%) and 6 (18.7%), respectively (χ
2=3.848, p=0.278). 
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Intention to treat analysis did not show any significant changes from the results obtained 

with the per protocol analysis (data not shown). 
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5. DISCUSSION 

 

The PRONAF study is the first randomized controlled intervention study performed in 

Spanish overweight and obese adults without any other associated disease with the aim 

of losing weight and improving several health related parameters by means of 

combining caloric restriction and controlled training programs. One of the strengths of 

the PRONAF study is the multidisciplinary approach. A group of professionals and 

researchers with expertise in a specific field: physical activity and fitness, nutrition, 

body composition, genetics and biochemical markers have designed together the study 

protocol after an in-depth review of the state of the art in the literature (Arciero et al., 

2006; Bouchard, Soucy, Senechal, Dionne, & Brochu, 2009; Brochu, et al., 2009; 

Camargo, et al., 2008; Castaneda et al., 2002; Cauza et al., 2005; Davidson et al., 2009; 

Hunter, et al., 2008; G. Hunter, Bryan, Wetzstein, Zuckerman, & Bamman, 2002; G. 

Hunter, Wetzstein, Fields, Brown, & Bamman, 2000; Janssen, Fortier, Hudson, & Ross, 

2002; Kirk, et al., 2009; Park et al., 2003; Reynolds, Supiano, & Dengel, 2004; Sigal et 

al., 2007; Sillanpaa, et al., 2009). Exercise protocols were tested in healthy subjects and 

study protocols harmonized in a pilot study (Benito et al., 2012). 

 

Studies I and II 

Although the abdominal fat loss could have been used as an appropriate metric unit due 

to its higher rates of pathogenesis, from a practical point of view, the study of the 

dynamics of weight loss is more interesting for health professionals, as weight loss is 

the main concern for the people following any weight loss program. Therefore, the BW 

loss in kilograms was analyzed, as it is the easiest measurement that any person can 
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obtain every 15 days since only a scale is necessary, conversely to other measurements, 

such as, body fat (%) that requires more complex equipment and a large spectrum of 

possibilities exist to measure this variable (e.g., anthropometric, BIA, DXA, etc.). 

Nonetheless, even though a possible limitation was not to assess the DXA value more 

frequently, we believe it was not needed to perform a DXA every 15 days since it is an 

expensive method and, moreover, not recommended for humans due to the high 

frequency to X-ray exposition. During the exercise intervention, any weight loss would 

be due to fat mass because it has been demonstrated that exercise preserves lean tissue 

during any period of significant weight loss (Janssen, et al., 2002; Janssen & Ross, 

1999; Rice, Janssen, Hudson, & Ross, 1999). Hence, it was enough to measure BW to 

know that the person was having a new water balance or a decrease in fat mass (%), 

although the water rebalancing tends to occur in the early stages of exercise. In fact, this 

situation was observed in this study, as the training groups conserved the FFM. 

In addition, the diet and physical recommendations group was not completely sedentary. 

This group carried out some exercise according to physical activity recommendations, 

like in real life occurs when a person begins a weight loss program, but it appears that 

these recommendations are not sufficient to maintain the FFM. Thus, when the 

regulated exercise is not included in a weight loss program, as in the C group, it should 

be taken into account that part of the BW loss is due to FFM (Forbes, 1987, 2000). For 

this reason, although weight loss was also significant in this group, except for the men 

aged 18 to 30, physical exercise should be included to maintain the FFM in any weight 

loss program, which would contribute to keep the body’s overall energy expenditure 

rate (Ravussin, Lillioja, Anderson, Christin, & Bogardus, 1986), and has significant 

cardio-metabolic health benefits (Larson-Meyer et al., 2010). However, since exercise 

cannot guarantee a 25% caloric use constraint by itself (i.e., it requires approximately 
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120 min for women and 90 min for men, which is very difficult to guarantee with the 

current busy professional lives today (Redman, et al., 2007), the combination of 

exercise with diet might be the best treatment. 

As previously explained, in order to achieve weight loss in any program it is necessary 

to generate a negative energy balance, mainly by a restrictive diet because a significant 

decrease of the BW cannot be achieved only with exercise (Villareal et al., 2011). In 

this study, negative energy balance was generated by a 25-30% calorie restriction (CR), 

which was combined in some groups with the training protocols. To analyze the weight 

loss we took into account the 6 months intervention period. There was a significant 

reduction in the BW in both sexes, according to the results obtained by Hagan (1986) 

and Redman in the CALERIE Study (Redman, et al., 2007). As people age, there is a 

loss on the fat-free mass and a decrease on the RMR (Kraemer et al., 1997; Pavlou, 

Hoefer, & Blackburn, 1986; Redman, et al., 2007). This could produce a lower loss in 

the middle-aged than the younger-aged. Nevertheless, it does not occur when the 

intervention is controlled and supervised (Ghroubi, et al., 2009), and the diet is 

individually adapted to the daily energy expenditure estimated by accelerometry, as in 

this study. The results do not show differences in weight loss between the types of 

treatment. A growing body of literature supports this indicating that exercise, in 

combination with dietary restriction, leads to similar reductions in BW (Brochu, et al., 

2009; Crncevc-Orlic, et al., 2008; Deibert et al., 2007; Larson-Meyer, et al., 2010; 

Redman, et al., 2007). Similar BW changes were obtained in other 6-month 

interventions with overweight population. In those cases, the BW was reduced by 

approximately 10% (Crncevc-Orlic, et al., 2008; Jakicic, et al., 2008; Larson-Meyer, et 

al., 2010; Redman, et al., 2007; Redman, et al., 2009). Hagan and Kraemer showed a 

reduction in the BW around 10% in a 3-months intervention, differing from previous 
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ones. Hagan’s results can be explained by the 1200 kcal·day-1 diet intervention and the 

endurance exercise treatment consisting of 5 days·week-1 instead of 3 days·week-1. The 

Kraemer’s results can be explained by the exercise intensity, which was from 70 to 80% 

of the functional capacity for the endurance exercise and 5 to 10 RM for the strength 

exercise (Kraemer, et al., 1997). Moreover, Del Corral obtained greater values of BW 

reductions (about 15.6%) due to the 800 kcal·day-1 meals that were provided twice a 

week (Del Corral, et al., 2009). When the interventions are conducted on a clinic (Del 

Corral, et al., 2009), programs obtain greater results. However, these results are closer 

to real life, because each participant prepared their own meals at home, and lead to a 

long-lasting acquisition of healthy habits. Figures 11, 12, 13 and 14 show how the 

weight was maintained for at least 6 months. 

In the studies I and II, the BW loss matches with a quadratic function in a 6-months 

program. Furthermore, these results are similar beyond 6 months of weight maintenance 

after the 6-months program. These two studies were based on the observation of the BW 

evolution during the intervention, and after the intervention took place in a completely 

autonomous lifestyle. A 6-months intervention could have been a limitation for this 

study because it has been shown in previous studies that weight regains occur in a 

longer term. Jackicic (2008) showed that after a similar weight loss at 6 months in an 

intervention similar to this, the BW increases progressively to 24 months. The decrease 

on the physical activity from the month 6 and the no compliance with dietary 

recommendations may have contributed (Jakicic, et al., 2008; J. G. Thomas, Bond, 

Phelan, Hill, & Wing, 2014) to regain the BW. In the future, it would be interesting to 

develop a longer intervention period and to determine different factors that influence the 

dynamics of weight loss. Probably, the expected weight reduction may not be observed 

or weight loss maintenance difficult to achieve after intervention period due to 
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hormonal factors (Hagobian et al., 2009), to genetics characteristics (M. S. Bray, 2008), 

to a decline in adherence to diet (Acharya et al., 2009; Svetkey, et al., 2008), to an 

energy intake substantially higher than reported by the subjects (Heymsfield, Harp, 

Reitman, & al., 2007; Lichtman et al., 1992) or to a metabolic adaptation (MA) 

(Heilbronn et al., 2006; Martin et al., 2007; Tremblay, Royer, Chaput, & Doucet, 2013). 

In fact, MA occurs when the body adapts to CR by decreasing RMR. This adaptation 

occurred in this sample, as the RMR was decreased at the sixth month for all the 

participants of different treatments, even in the training groups that maintained the 

FFM. This MA has been also previously observed in calorie-restricted clinical studies 

with durations between 3 and 8 months, where RMR decreased by approximately 6%, 

which confirms our results that indicate a decrease of 4.8% (Apfelbaum, Bostsarron, & 

Lacatis, 1971; G. Bray, 1969; Heilbronn, et al., 2006). There appears to be a 

considerable variance in how much MA inhibits individual weight loss (Heilbronn, et 

al., 2006; Martin, et al., 2007). For example, Pavlou reports that even without kilojoule 

restriction, obese individuals are characterized by a suppressed RMR when compared to 

individuals of normal BW and body composition (Pavlou, et al., 1986). Redman showed 

that the total daily energy expenditure was lower during weight loss with 25% CR and 

tended to be lower at weight loss maintenance (Redman, et al., 2009). Additionally, 

Brochu and Hunter showed this decreased RMR in a 6-month intervention (Brochu, et 

al., 2009; Hunter, et al., 2008). However, the strength training group from Hunter’s 

study did not decrease the RMR that led to maintenance of RMR following a return to 

energy balance, as this group trained at 65-80% of the 1 RM, a higher intensity than 

ours. This means that exercise intensity should be high in any weight loss program 

based on calorie restriction in order to maintain the RMR and avoid the MA. This 

“physiological adaptation” is postulated to be an integral factor contributing to 
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protection against excessive weight loss during CR and importantly predisposing to 

weight regain in post-obese individuals (Leibel, et al., 1995; Tremblay, et al., 2013). In 

other studies, a 10% weight loss in lean subjects resulted in a 10-15% lower energy 

requirement for weight maintenance. These adaptations in metabolic rate could be 

explained by an improved metabolic efficiency of the skeletal muscle or as also 

postulated, due to a reduction in physical activity with weight loss, as the energy cost of 

physical activity is proportional to BW (Hall, 2009; Leibel, et al., 1995; Rosenbaum, 

Ravussin, Matthews, Gilker, & Ferraro, 1996; Rosenbaum, Vandenborne, Goldsmith, 

Simoneau, & Heymsfield, 2003). An interesting phenomenon was also observed in 

different CR studies is the change in non-exercise activity thermogenesis (NEAT). The 

impact of NEAT on resistance to change in body mass has been the focus of several 

studies, which found that physical activity levels decreased over three months of CR 

(Hirsch, 2003; Leibel, et al., 1995; Levine, Eberhardt, & Jensen, 1999; Martin, et al., 

2007; Sims, 1976). In short, a possible combination of all these factors may contribute 

to reduce the usual course of weight-loss dynamics, even to increase the BW after the 6-

month intervention period, as has been previously demonstrated (Jeffery, et al., 2000), 

describing thus the BW loss a quadratic function. 

Study III 

The main finding of the study III is that the BW loss is affected by the initial BMI and 

sex. All participants reduced their BW significantly though the OB participants lost 

more BW than the OW participants in the same period of time. This greater velocity 

(slope) of BW loss is shown in figure 15, where the slopes of the linear functions are 

compared, showing that the obese people lose weight significantly quicker than the 

overweight one in the same period of time. It can also be observed that the velocity is 

greater for men than for women in the overweight condition, while men and women 
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from obese condition lost their BW at the same rhythm. The variable group of 

intervention was not introduced in the analyses due to no significant differences 

between groups within this sample (Rojo-Tirado, Benito, Atienza, Rincon, & Calderon, 

2013). Differences in the BW loss between both BMI conditions could be attributable to 

its initial body composition. Initial adiposity may impact changes in body mass after an 

intervention (Forbes, 2000; Goodwin, et al., 1998). Changes of body fat and lean tissue 

are related by a non-linear function on the initial body fat mass such that people with 

higher initial adiposity partition a greater proportion of a net energy imbalance towards 

gain or loss of body fat versus lean tissue than do people with low initial adiposity 

(Forbes, 1987; Hall, 2007). Hall (2007) stated that the person with more initial body fat 

has a greater fraction of their weight change attributable to changes of body fat versus 

changes of lean tissue than does a person with less initial body fat. Since body fat 

contributes less than lean tissue to overall energy expenditure (Ravussin, et al., 1986), 

the person with higher initial body fat will lose a greater amount of weight to achieve a 

new state of energy balance (Hall & Jordan, 2008; Hall, et al., 2011). In addition, 

Hansen et al (2001) showed that participants with a higher BMI lost more weight after 

an intervention compared with those with a lower BMI, as it occurred in this study. 

Moreover, as the calorie restriction of the diet was similar to every participant because it 

was adjusted in percentage according to their daily energy expenditure measured by 

accelerometry, the energy cost of physical activity could have contributed as it is 

proportional to BW (Hall, 2009; Leibel, et al., 1995; Rosenbaum, et al., 1996; 

Rosenbaum, et al., 2003). As the obese people have a greater BW and FFM, the energy 

cost of all of their physical activities is bigger than the overweight people’s, resulting in 

a major BW loss. Therefore, any weight loss program should pursue the maintenance of 

the FFM, with exercise sessions at intensity about 65-80% of the 1 RM (Hunter, et al., 
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2008), contributing to the body’s overall energy expenditure rate (Ravussin, et al., 

1986). 

On the one hand, there are sex-specific differences in body fat distribution: in males, fat 

distribution is concentrated in the upper body, while in females fat distribution is 

concentrated in the lower body (Lonnqvist, Thorne, Large, & Arner, 1997; Shimokata et 

al., 1989). Furthermore, a recent study reported that there was a nonlinear relationship 

between regional fat mass and visceral fat area, and these relationships differed by 

visceral obesity levels (Demura & Sato, 2008). These reports indicate that the 

relationships between subcutaneous, visceral and total fat may differ by obesity level 

and obesity type. The contribution of subcutaneous fat to total body fat declines with 

increasing obesity level. This may suggest that, although subcutaneous and visceral fat 

increase with increasing obesity level, there may be a limitation in the capacity for 

subcutaneous fat accumulation which is dependent on sex, and accumulation of visceral 

fat may progress more when this capacity is exceeded (Sato & Demura, 2009). These 

differences in android and gynoid fat mass were found in our sample between both BMI 

conditions, as our obese females had more fat in the upper body than the overweight 

ones (see table 19). 

On the other hand, there is evidence suggesting than women have greater difficulty in 

losing weight after an exercise intervention than men. Preliminary evidence suggests 

that women compared with men have different rate of lipolysis, less sympathetic 

nervous system activity and a smaller catecholamine response at a given intensity to 

exercise (McMurray & Hackney, 2005). Research has shown that women tend to lose 

significantly less weight than men after an exercise program (J. E. Donnelly, et al., 

2003; Mauriege et al., 1999; Ross, 1997; Sartorio, Maffiuletti, Agosti, & Lafortuna, 

2005). However, in our study these differences were only found in the overweight 
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participants, showing that obese men and women lost the same amount of BW in kg. 

According to the literature, the body composition would be a related individual factor 

able to explain these differences. Women who possess upper body obesity (obese 

women) have been shown to lose more fat than those with lower body obesity 

(overweight women) (Despres, Tremblay, Nadeau, & Bouchard, 1988; Tai, Lau, Ho, 

Fok, & Tan, 2000). This may be due to the effect of exercise-induced catecholamines 

that have a site-specific on body fat (Bjorntorp, 1999; Tai, et al., 2000). For example, 

visceral adipose tissue is especially sensitive to lipolytic activation by the adrenal 

system (Arner, 1995). Lipolysis is increased in intra-abdominal adipose tissue because 

of more catecholamine-sensitive-β-receptors compared with subcutaneous adipose 

tissue, like femoral and gluteal fat depots, which has a higher density of α2-receptors 

(Arner, 1999; Bjorntorp, 1999; Mauriege et al., 1991; Ostman, Efendic, & Arner, 1969; 

Rebuffe-Scrive, Anderson, Olbe, & Bjorntorp, 1990; Rebuffe-Scrive, Andersson, Olbe, 

& Bjorntorp, 1989; Wahrenberg, Lonnqvist, & Arner, 1989). Thus, both males and 

females possessing more intra-abdominal adipose tissue may lose more fat when 

undertaking exercise interventions, especially when exercise is performed at an intensity 

that brings about increases in catecholamines. Moreover, Volek et al. (2004) affirmed 

that there was a preferential loss of fat in the trunk region in both men and women. 

Wahrenberg et al. (1989) concluded that the lipolytic effect of catecholamines was four- 

to fivefold more mark in abdominal adipocytes than in other depots. Consequently, 

overweight women compared with overweight men may have possessed more 

subcutaneous rather intra-abdominal fat and had increased gluteofemoral adipose tissue 

which could account for their lack of exercise-induced weight loss compared with males 

(Boutcher & Dunn, 2009). 
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Study IV 

In this study values from DXA and BIA methods for assessing body composition have 

been presented. The most accurate method for assessing the body composition is DXA 

(Laskey, 1995; Plank, 2005; Svendsen, Haarbo, Hassager, & Christiansen, 1993). 

However, it is not as accessible as the bioelectrical impedance (besides having a lower 

cost). For this reason, both methods have been employed for the analyses. Due to DXA 

is the most accurate method for assessing the body composition, the prediction from 

DXA data should have been greater than that of BIA. However, this did not occur, as 

we could predict the BW loss similarly with both methods. 

A multiple linear regressions were used to compare body composition variables to 

predict the final BW. According to the predictive models developed, initial FM and 

FFM are the most predictive variables to estimate the final BW in a weight loss 

program, while the variables sex, age, initial body weight, height, type of treatment 

were excluded from the models. The knowledge of the initial FM and FFM would let us 

predict the final BW of any participant. This result was likely due to the fact that FM 

and FFM are the primary determinants of energy expenditure (Ravussin, et al., 1986) 

and therefore the same intervention to diet and physical activity will result in greater 

energy deficit in those people with a higher FM and FFM resulting in greater predicted 

weight loss. 

In this study, it is noteworthy that the final weight can be predicted based on only two 

variables from the initial body composition, such as fat mass and fat-free mass. These 

models are able to predict the final weight with a low standard error (0.55 kg), and a 

high correlation with the actual weight (>0.94). 
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The aim of weight loss is loss of FM, but inevitably a proportion of weight loss is FFM 

(Chaston, Dixon, & O'Brien, 2007; Durrant et al., 1980). Loss of FFM may be 

undesirable if excessive as non-adipose tissues are responsible for the majority of 

resting metabolic rate (RMR), regulation of core temperature, preservation of skeletal 

integrity, and maintenance of function and quality of life as the body ages (Marks & 

Rippe, 1996; Stiegler & Cunliffe, 2006).  The fact of having a great amount of it could 

contribute to achieve a higher BW loss due to an increase in energy expenditure, with an 

increased RMR and a greater energy cost of physical activity (Hall, 2009; Leibel, et al., 

1995; Rosenbaum, et al., 1996; Rosenbaum, et al., 2003). For this reason, any weight 

loss program should include exercise, specially focused on muscle strength, because it 

maintains the FFM, contributing to the body’s overall energy expenditure rate 

(Ravussin, et al., 1986), has greater cardio metabolic health benefits (Larson-Meyer, et 

al., 2010), and prevents against the body weight regain (Hunter et al., 2010; G. R. 

Hunter, Fisher, Neumeier, Carter, & Plaisance, 2015). Redman showed that the total 

daily energy expenditure was lower during weight loss with 25% CR and tended to be 

lower at weight loss maintenance (Redman, et al., 2009). Brochu and Hunter showed 

this decreased RMR in a 6-months intervention (Brochu, et al., 2009; Hunter, et al., 

2008). However, the strength trainers group from Hunter’s study did not decrease the 

RMR that led to maintenance of RMR following a return to energy balance, as this 

group trained at 65-80% of the 1RM, intensity higher than ours. This means that 

exercise intensity should be high in any weight loss program based on calorie restriction 

in order to maintain the FFM and the RMR. 

Study V 

In weight loss programs that exceed 16 weeks of intervention, a flattening occurs in the 

weight loss curves, and if the maintenance period is not continued by a hypo caloric 
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diet, then the body weight regain occurs (Hall, et al., 2011). A recent review concluded 

that weight loss tends to reach a plateau, ranging between 5.0 and 8.5 kg (5-9% initial 

body weight) after six months’ treatment, gradually decreasing to 3.0-5.0 kg (3-6% 

initial body weight) after 48 months (Santarpia, Contaldo, & Pasanisi, 2013). The 

results obtained in this thesis are in accordance with the previous literature published 

elsewhere reaching loses of about 10% from initial body weight (Santarpia, et al., 

2013), as a weight loss of about 8.6 and 8.1 kg for diet and physical exercise and diet 

plus physical activity recommendations, respectively (9.7 and 9.3% initial body weight) 

was observed at 6 months. Three years after post-intervention, a weight loss of about 

3.3 and 1.2 kg for training groups and physical activity recommendations group, 

respectively (3.8 and 1.1% initial body weight) was observed. It is important to 

highlight that no differences were discovered among groups at the two time points. 

In this study, overall weight loss was similar, but body composition changes were much 

better after 22 weeks of diet plus physical exercise, compared to diet alone plus physical 

activity recommendations. All training groups maintained their FFM, while the control 

group decreased it. Direct or indirect evidence of the beneficial effects of physical 

exercise on FFM have also been described in other studies (Kerksick et al., 2010). Fat-

free mass (FFM) is the main factor that accounts for the magnitude of resting 

metabolism (Tataranni, Harper, Snitker, & al., 2003). Therefore, any diet or exercise 

interventions, which are capable of maintaining  FFM or at least attenuating its decline 

following weight loss, could have significant effects on total energy balance (Stiegler & 

Cunliffe, 2006). 

Evaluation of both endurance and strength training for treatment of overweight indicates 

that higher intensities may bring about more favorable changes in body composition. 

However, this may be difficult to realize with respect to low cardiovascular fitness in 
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severely obese subjects. While the findings for strength exercise show promising 

outcomes with respect to changes in body composition and maintaining RMR, many 

studies have methodological limitations and/or results that are somewhat equivocal 

(Stiegler & Cunliffe, 2006). Hunter et al. (2010) stated that as little as 80 minutes/week 

endurance or strength training had modest positive effects on preventing weight regain 

following a diet induced weight loss. In addition, several meta-analyses and systematic 

reviews have addressed the role of exercise in weight loss maintenance. Miller et al. 

reviewed 152 studies that had evaluated diet, exercise, or diet plus exercise and reported 

at least 1 year of follow-up data (Miller, Koceja, & Hamilton, 1997). At 1-year post 

program, the mean amount of weight loss maintained (6.6 kg, 6.1 kg and 8.6 kg in the 

diet, exercise or diet plus exercise group, respectively) was the greatest in the diet plus 

exercise group, though this result was not significant. Curioni and Lourenco (2005) 

reviewed randomized controlled trials comparing diet plus exercise interventions with 

diet alone, all with follow-up greater than 1 year after initial intervention. In the six 

studies they identified, programs that included both diet and exercise produced a 20% 

greater weight loss than diet alone by the end of the intervention period and at 1-year 

follow-up. In this thesis, these differences at the end of the intervention are smaller, 

probably due to the low intensity of the physical exercise program. 

Three types of exercise were compared, obtaining similar behaviors at the BW loss 

period and the following body weight regain for the outcomes analyzed. However, as 

previously published by Sillanpaa et al. (2009), the Combined-SE group was the one 

who reported the best results for the FM change (%) at post-intervention and even 3 

years after. Sillanpaa et al. (2009) affirmed that these changes might be due to 

differences in the amount and intensity of training and the specific exercises performed. 

Moreover, it can be hypothesized that the combination of endurance and strength 
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exercises within the same training session might be assumed by the participants as more 

motivating, decreasing the level of exertion perceived. This agrees with previous studies 

in which the exercise self-efficacy has been presented as a mediator for weight loss 

(Reyes et al., 2012; Teixeira et al., 2010). Therefore, the combination of strength and 

endurance exercise within the same training session could help the participants to 

initiate a healthier life style. 

Evaluating the evolution of the energy balance, and assuming that the tools to evaluate 

the energy balance (accelerometry and 72-hours food record) have errors of 

measurement,  in figure 18 it can be observed that the metabolic adaptation previously 

described by Heilbronn et al. (2006) and Martin et al. (2007) occurred in this sample. 

The resting metabolic rate decreased at the end of the intervention period, and it 

maintained reduced 3 years after. The energy intake was decreased, contributing to the 

body weight loss during the intervention period. However, it was increased after that 

moment favoring the body weight regain during the following 3 years, along with the 

reduced resting metabolic rate. In case of energy expenditure, it was similar at the three 

time points of assessment. 

Wing (2005) concluded that weight regain was approximately 43% across a 40-month 

period following initial weight loss, and similar results have been reported by Perri 

(Perri, 2014). In this thesis, similar results (~60%) were obtained 3 years after the 

intervention. However, analysis based on randomized group assignment did not indicate 

a favorable contribution of exercise to weight loss maintenance as reported by Jakicic et 

al. previously (2008). Studies of a similar duration have shown comparable results, with 

physical activity initially increasing before gradually decreasing over time (Jakicic, 

Winters, Lang, & Wing, 1999). Thus, the inability to sustain weight loss appears to 

mirror the inability to sustain physical activity (Jakicic, et al., 2008). 
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In summary, although professional organizations have historically focused exercise 

guidelines on endurance training for weight loss and maintenance (Jakicic et al., 2001), 

recent guidelines and position statements targeting body weight reduction and 

maintenance have suggested that strength training may also be effective for reducing fat 

mass (J. Donnelly, et al., 2009). 

 

Main findings 

Finally, in the next lines are described, with a brief summary, the main findings 

obtained by this thesis in relation to the main purposes proposed to analyze the object of 

study: 

 The main purpose of the first and the second studies was to evaluate the effects of 

the variables sex, age and treatment on the weight loss for overweight people and 

how they affect the function that represents these dynamics. With this thesis it was 

shown that the BW loss is mainly affected by sex, as age and treatment did not 

present any difference in the BW loss, and the function that better fits the BW loss 

dynamics is the quadratic one for both sexes. 

 The main purpose of the third study was to compare the body weight loss between 

overweight and obese people, for both sexes. The main finding is that the BW loss is 

affected by the initial BMI and sex condition. All participants reduced their BW 

significantly though the OB participants lost more BW than the OW participants in 

the same period of time. Moreover, it can be observed that the velocity is greater for 

men than for women in the overweight condition, while men and women from obese 

condition lost their BW at the same rhythm. 
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 The main purpose of the fourth study was to create a linear regression model able to 

predict the body weight loss. With this thesis, two different linear regression models 

were set to estimate the final body weight after a six-month intervention, from initial 

body composition variables , with a R2 over 0.9, showing very little differences 

between real and estimated BW means. 

 The main finding of the fifth study was that the four types of treatment developed 

during the weight loss intervention, in combination with caloric restriction obtained 

similar results for body weight at post-intervention and 3 years post-intervention. 

However, differences were observed between groups regarding to the fat mass in 

percentage. 
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6. CONCLUSIONS 

 

6.1. Effects of age, sex and treatment on weight loss dynamics in 

overweight people (Study I) 

 

1. Body weight loss is affected by sex, regardless of age and type of treatment. 

2. Body weight loss can be represented by any of the five functions (linear, power law, 

exponential, logarithmic and quadratic) in both sexes at six months, but the 

quadratic fitting achieves the best results. 

3. After six months of the intervention period, the best representation of the weight 

evolution is shown to be achieved by the quadratic function formulation for both 

women and men. 

 

6.2. Effects of age, sex and treatment on weight loss dynamics in obese 

people (Study II) 

 

1. Body weight loss is affected by sex, regardless of age and type of treatment. 

2. Body weight loss can be represented by any of the five functions (linear, power law, 

exponential, logarithmic and quadratic) in both sexes at six months, being the 

quadratic one which tends to represent it the best. 

3. Six months after the end of the intervention period, the weight evolution is 

represented by the quadratic function in both sexes. 
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6.3. Initial body composition and sex affects to the velocity of body 

weight loss (Study III) 

 

1. Body weight loss is affected by the initial BMI and sex condition, being greater for 

the obese people than for the overweight one, showing differences between sexes 

only in the overweight condition. 

2. Physical exercise should be included in all weight loss programs in order to 

maintain the fat-free mass. 

 

6.4. Multiple linear regression models to predict body weight loss 

(Study IV) 

 

1. It is possible to calculate the final body weight of any participant engaged in an 

intervention using the PRONAF Project methodology only knowing their initial 

body composition variables. 

2. Physical exercise should be included in all weight loss programs, in order to 

maintain the fat-free mass. 

 

6.5. Body composition changes after a weight loss intervention: A 3-

years follow-up study (Study V) 

 

1. All treatments had similar results on body composition changes at the end of the 

intervention period, with the only exception of FFM, being the training groups the 

ones that maintained it during the caloric restriction. 

2. Only the combined SE group achieved to maintain the FM (%) reduced 3 years after 

the end of the intervention.



Limitations and Perspectives 

 

129 
 

7. LIMITATIONS AND PERSPECTIVES 

 

The PRONAF study has both strengths and limitations. 

 

The main limitation is that the study did not include psychological control of the 

subjects. During the study and in the final questionnaire evaluation the subjects pointed 

out the need of some psychological support especially when the body weight changes 

were not so evident. Some other limitations include the lack of information about the 

changes in the visceral adipose tissue of our sample. It impedes to full assert that the 

results obtained in this study are due to lipolytic activity in the visceral adipose tissue. 

Future research is needed to evidence these changes in the visceral adipose tissue. 

The great difficulty and limitation of weight loss studies is that they only report the 

mean group weight changes and not the frequency of expected responses to the 

interventions, ie, how many people actually lost weight. Means are not appropriate to 

evaluate how many people attained a clinically significant weight loss (Curioni & 

Lourenco, 2005). For this reason, the frequency of participants that modified their body 

weight status has also been presented. In addition, this study is one of few investigations 

overall to involve a multiple-year follow-up after initial behavioral weight loss 

treatment. 

However, the present thesis has other limitations. First, the percentage of participants 

who completed the follow-up study was relatively low. Of note, the majority of 

participants who did not complete the follow-up study was not able to be contacted by 

our staff and did not specifically decline to participate. Given that the original study was 

not designed with this multiyear follow-up assessment in mind, we were reliant upon 
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the limited contact information collected at the month 36 assessment to locate the 

participants. It is worth noting that this rate of participation is comparable with that of 

other long-term studies with 3–4-year follow-up. In this study, the attrition rate was 

46.2%, in accordance with previous studies with a similar follow-up time frame, whose 

average attrition rates were 51.8% and 53.0% (Melin, Reynisdottir, Berglund, Zamfir, & 

Karlstrom, 2006). Thus, this limitation is not unique to this study and is a common 

problem in long-term follow-up of behavioral interventions. Therefore, our 

understanding of weight loss and regain is complicated by high attrition rates of up to 

90% in obesity treatment trials (Moroshko, Brennan, & O'Brien, 2011). High dropout 

rates produce difficulties in analysis and interpretation of results in all clinical trials. 

This issue has recently received increased attention. Little et al. (2012) outlined a 

number of suggestions for improving future research, including improved trial design, 

subject retention plans, long-term follow-up procedures and different methods of 

statistical analysis. 

 

On the other hand, the PRONAF study has also several strengths: 

 The final sample size of our study was maintained according to the sample size 

estimation, keeping a low dropout rate. It is important to note that there were no 

differences between groups in the number of dropouts. 

 The intervention was conducted by a multidisciplinary group, with more than 2500 

variables per subject studied. 

 During the training sessions the participants in the study were continuously 

monitored by certified trainers to ensure the correct execution of the exercises and 

the completion of each training session. 
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 Physical activity of each subject was assessed by accelerometry. 

 The inclusion of a control group. 

 

Finally, future research is needed to determine if the conclusions obtained and the 

developed models could be extrapolated to other weight loss programs. 
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PRONAF STUDY GROUP 

 

PRONAF was a research project funded by the Ministry of Science and Innovation 

through its call for I+D projects. The following institutions participated: 

1. Faculty of Physical Activity and Sport Sciences of the Technical University of 

Madrid (UPM). Coordinating group. 

2. Nutrition Department, Hospital La Paz Health Research Institute (IdiPAZ), La Paz 

University Hospital, Madrid, Spain. 

3. Faculty of Computing, Complutense University of Madrid (UCM).  

4. Unit of Metabolism, Genetics and Nutrition from the Foundation Marqués de 

Valdecilla (IFIMAV) of the University of Cantabria. 

 

Figure 20. PRONAF Study partners interaction. 
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The PRONAF study (Programas de Nutrición y Actividad Física para el tratamiento de 

la obesidad) main objective was the comparison of four programs of diet and exercise to 

combat overweight (years 2009-2010) and obesity (years 2010-2011). However, the 

PRONAF Study was carried out in 3 phases (Figure 21): 

 

Figure 21. PRONAF project phases. 

 

All work presented in this thesis with respect to the PRONAF project was part of the 

PRONAF Study Phases II and III. 

 

 

 

 
Phase I 
2009 

• Training protocol testing for energy expenditure (circuit weight 
training: free weights, machine, combination) 

• 30 subjects physically active 

 
Phase II 

2010 

• Diet and exercise intervention program: strength training, 
endurance training, combined training 

• 119 overweight subjects 

 
Phase III 

2011 

• Diet and exercise intervention program: strength training, 
endurance training, combined training 

• 120 obese subjects 
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