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RESUMEN 

Introducción. El número de personas que padecen síndrome metabólico ha 

incrementado a nivel mundial durante las últimas dos décadas. Existen numerosos 

estudios que tratan de comparar prevalencias según los diferentes criterios y 

estimaciones del riesgo metabólico. De ellos se puede concluir que el principal hallazgo 

ha sido recalcar la necesidad de una definición estándar universal. A pesar de estas 

discrepancias no hay lugar a duda sobre el problema de salud pública que esto conlleva. 

Se necesitan medidas y estrategias urgentes para prevenir y controlar esta emergente 

epidemia global y para ello se debe prestar especial atención a los cambios en el estilo 

de vida, fundamentalmente dieta y ejercicio. A pesar de todo, existe a día de hoy una 

importante controversia sobre el tipo de ejercicio más efectivo y su combinación con la 

dieta para conseguir mejoras en la salud. 

Objetivos. Estudiar los índices de riesgo metabólico empleados en la literatura 

científica y las terapias basadas en dieta y ejercicio para el tratamiento de los factores 

del síndrome metabólico en adultos con sobrepeso. 

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

primeramente un estudio piloto, y posteriormente parte del estudio “Programas de 

Nutrición y Actividad Física para el tratamiento de la obesidad” (PRONAF). El estudio 

PRONAF es un proyecto consistente en un estudio clínico sobre programas de nutrición 

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

años de intervenciones. Fue diseñado, en parte, para tratar de comparar protocolos de 

entrenamiento de resistencia, cargas y combinado en igualdad de volumen e intensidad, 

con el objetivo de evaluar su impacto en los factores de riesgo y la prevalencia del 

síndrome metabólico en personas con sobrepeso y obesidad. El diseño experimental es 

un control aleatorio y el protocolo incluye 3 modos de ejercicio (entrenamiento de 

resistencia, con cargas y combinado) y restricción dietética sobre diversas variables 

determinantes del estado de salud. Las principales variables para la investigación que 

comprende esta tesis fueron: actividad física habitual, marcadores de grasa corporal, 

niveles de insulina, glucosa, triglicéridos, colesterol total, colesterol HDL, colesterol 

LDL, presión arterial y parámetros relacionados con el ejercicio. 

Conclusiones. A) Los índices de riesgo metabólico estudiados presentan resultados 

contradictorios en relación al riesgo metabólico en un individuo, dependiendo de los 
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métodos matemáticos empleados para el cálculo y de las variables introducidas, tanto en 

mujeres sanas como en adultos en sobrepeso. B) El protocolo de entrenamiento 

combinado (de cargas y de resistencia) junto con la dieta equilibrada propuesto en este 

estudio fue la mejor estrategia para la mejora del riesgo de síndrome metabólico en 

adultos con sobrepeso. C) Los protocolos de entrenamiento supervisado de resistencia, 

con cargas y combinado junto con la restricción nutricional, no obtuvieron mejoras 

sobre el perfil lipídico, más allá de los cambios conseguidos con el protocolo de dieta y 

recomendaciones generales de actividad física habitual en clínica, en adultos con 

sobrepeso. 

Palabras clave. Síndrome Metabólico, índices de riesgo, perfil lipídico, adultos con 

sobrepeso, entrenamiento de resistencia, entrenamiento con cargas, entrenamiento 

combinado, dieta, intervención. 
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ABSTRACT 

Background. Over the past two decades, a striking increase in the number of people 

with the MetS worldwide has taken place. Many studies compare prevalences using 

different criteria and metabolic risk estimation formulas, and perhaps their main 

achievement is to reinforce the need for a standardized international definition. 

Although these discrepancies, there is no doubt it is a public health problem. There is 

urgent need for strategies to prevent and manage the emerging global epidemic, special 

consideration should be given to behavioral and lifestyle, mainly diet and exercise. 

However, there is still controversy about the most effective type of exercise and diet 

combination to achieve improvements. 

Objectives. To study the metabolic risk scores used in the literature and the diet and 

exercise therapies for the treatment of the MetS factors in overweight adults.  

Research design. The data used in the analysis was collected firstly in a pilot study and 

lately, as a part of the “Programas de Nutrición y Actividad física para el tratamiento de 

la obesidad” study (PRONAF). The PRONAF Study is a clinical research project in 

nutrition and physical activity programs for overweight and obesity, carried out in Spain 

(2008-2011). Was designed, in part, to attempt to match the volume and intensity of 

endurance, strength and combined training protocols in order to evaluate their impact on 

risk factors and MetS prevalence in overweight and obese people. The design and 

protocol included three exercise modes (endurance, strength and combined training) and 

diet restriction, in a randomized controlled trial concerning diverse health status 

variables. The main variables under investigation were habitual physical activity, 

markers of body fat, fasting serum levels of insulin, glucose, triglycerides, total, LDL 

and HDL cholesterol, blood pressure and diet and exercise parameters. 

Main outcomes. A) The metabolic risk scores studied presented contradictory results in 

relation to the metabolic risk of an individual, depending on the mathematical method 

used and the variables included, both in healthy women and overweight adults. B) The 

protocol proposed for combination of strength and endurance training combined with a 

balance diet was the optimal strategy for the improvement of MetS risk in overweight 

adults. C) The intervention program of endurance, strength or combined supervised 

training protocol with diet restriction did not achieved further improvements in lipid 

profile than a habitual clinical practice protocol including dietary advice and standard 

physical activity recommendations, in overweight adults. 
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1. BACKGROUND 
 
The clustering of risk factors that constitute the metabolic syndrome (MetS) is found to 

be common in most countries of the world. In America, in Europe, and in India, at least 

one-fourth of the adults carry the syndrome (50). Over the past two decades, a striking 

increase in the number of people with the MetS worldwide has taken place, and this 

increase is associated with the global epidemic of obesity and diabetes (154). However, 

comparisons of published prevalence for different populations are difficult despite 

attempts to reach agreement on the definition of the MetS (19). Many studies compare 

prevalences using different criteria and metabolic risk estimation formulas (92, 115, 

116), and perhaps their main achievement is to reinforce the need for a standardized 

international definition. But, to the best of our knowledge, comparison of the different 

metabolic risk scores, as another way of diagnosis and prevalence determination, has 

not been done.  

There is no question about that the MetS is worldwide a health problem. Taking into 

account the elevated risk, not only for diabetes, but also for cardiovascular diseases 

derived from the MetS (53), there is an urgent need for strategies to prevent and manage 

the emerging global epidemic (154). Special consideration is given to behavioral and 

lifestyle factors that are more readily adaptable and have an early positive effect. 

Nevertheless, despite the well-known benefits of exercise, the best dose-response and 

mode of training remain uncertain (20). 

The PRONAF Study (Programas de Nutrición y Actividad física para el tratamiento de 

la obesidad) was designed to address these questions, among others. In this context, the 

aim of this thesis is to study the metabolic risk scores used in the literature and diverse 

diet and exercise therapies for the treatment of the MetS factors in order to provide 

valuable insights.  
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2. INTRODUCTION 
 
The metabolic syndrome (MetS) is a multifaceted syndrome characterized by five major 

abnormalities: obesity, hypertension, insulin resistance, glucose intolerance and 

dyslipidemia. In addition, a number of other abnormalities such as microalbuminuria, 

hyperuricaemia, hyperfibrinogenaemia and increased levels of plasminogen activator 

inhibitor I and low concentrations of tissue plasminogen activator are often associated 

with the syndrome. All these metabolic disorders are risk factors for atherosclerotic 

cardiovascular disease (CVD). The clinical importance of the MetS is mainly due to the 

clustering of simultaneously occurring atherosclerotic risk factors in the same individual 

(31). 

 

2.1.  Metabolic syndrome: evolution of the concept 

 

The concept of the MetS has existed for at least 80 years (19). This constellation of 

metabolic disturbances, all risk factors for cardiovascular disease, was first described in 

the 1920s by Kylin, a Swedish physician, as the clustering of hypertension, 

hyperglycaemia, and gout (75). Later, in 1947, Vague drew attention to upper body 

adiposity (android or male-type obesity) as the obesity phenotype that was commonly 

associated with metabolic abnormalities associated with type 2 diabetes mellitus 

(T2DM) and CVD (144). 

Historically, Reaven was the first to put forward the concept of ‘syndrome X’, (which 

he later renamed MetS), hypothesizing that it was a central feature in the development 

of CVD and T2DM, mainly through target tissue resistance to insulin action (112). 

Indeed, several terms have been proposed to describe this clustering: metabolic 

syndrome (14), syndrome X (113), “deadly quartet” (66), insulin-resistance syndrome 

(31, 135) and hypertriglyceridemic waist (79).  

Since then, many international organizations and expert groups, such as  the World 

Health Organization (WHO), the European Group for the study of Insulin Resistance 

(EGIR), the National Cholesterol Education Program Adult Treatment Panel III 

(NCEP:ATPIII), the International Diabetes Federation (IDF), and the American Heart 

Association/National Heart, Lung, and Blood Institute (AHA/NHLBI), have attempted 

to incorporate all the different parameters used to define MetS (table 1). They differ in 
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some of the measurements and details in the inclusion criteria and more important on 

how to evaluate insulin resistance (68). 

The first attempt was made in 1998 by the WHO, which proposed that MetS may be 

defined by the presence of insulin resistance or its surrogates, impaired glucose 

tolerance (IGT) or T2DM, as essential components of the syndrome, along with at least 

two of the following parameters: raised blood pressure (BP), hypertriglyceridemia 

and/or low HDL-cholesterol, obesity (as measured by waist/hip ratio or body mass 

index (BMI)), and microalbuminuria (4). Shortly thereafter, the EGIR excluded 

microalbuminuria as an integral component of the syndrome, while it required 

hyperinsulinemia to be present (10). In addition, waist circumference (WC) and not 

BMI was regarded as the main indicator to assess obesity, while introducing different 

cut-offs from those previously used for the other components of the syndrome. In 2001, 

the NCEP: ATPIII published a new set of criteria that included WC, blood lipids, BP, 

and fasting glucose (140). The NCEP:ATPIII definition differed from both the WHO 

and EGIR definitions in that insulin resistance was not considered as a necessary 

diagnostic component. In 2005, the International Diabetes Federation (IDF) published 

newer criteria in an attempt to define the syndrome more precisely, so that it could be 

used by different clinical and research groups. The aim of this new definition was to 

enable comparisons between study results, in the hope that it would be a better predictor 

of risk particularly for CVD, stroke and T2DM (3). The IDF introduced abdominal 

obesity as a prerequisite of the diagnosis of MetS, with particular emphasis on waist 

measurement as a simple screening tool that was also adopted by AHA/NHLBI (51). 

The remaining four components of MetS were identical in the AHA/NHLBI definition 

to those of the IDF, although abdominal obesity was defined differently. The IDF 

recommended that the threshold for waist circumference in Europeans should be 94 cm 

for men and 80 cm for women, while the AHA/NHLBI recommended cut-off points of 

102 and 88 cm, respectively. Currently, the two most widely used definitions are those 

of the NCEP:ATP III and IDF focusing specifically on waist circumference, which is a 

surrogate measure of central obesity. In contrast, the WHO and the EGIR definitions are 

all largely focused on insulin resistance. 
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Table 1. Criteria for metabolic syndrome definitions in adults. 
WHO  
1998 

EGIR  
1999 

NCEP-ATPIII  
2001 

AHA/NHLBI  
2004 

IDF  
2005 

Insulin resistance is 
defined as T2DM or IFG 
(> 100 mg/dl) or IGT 

Insulin resistance defined 
as insulin levels > 75th 
percentile of non-diabetic 
patients 

  Central obesity (defined as 
WC but can be assumed if 
BMI > 30 kg/m2) with 
ethnicity-specific values 

Plus two of the following: Plus two of the following: Any three or more of the 
following: 

Any three of the 
following: 

Plus two of the following: 

WHR > 0.9 in men or  
> 0.85 in women, or BMI 
> 30 kg/m2 

WC 94 cm or greater in 
men, 80 cm or greater in 
women. 

WC > 102 cm in men, 
 > 88 cm in women 

WC 102 cm or greater in 
men, 88 cm or greater in 
women. 

 

TG 150 mg/dl or greater, 
and/or HDL-C < 40 mg/dl 
in men and < 50 mg/dl in 
women. 

TG 150 mg/dl or greater 
and/or HDL-C < 39 mg/dl 
in men or women. 

TG 150 mg/dl or greater. 
HDL-C < 40 mg/dl in men 
and < 50 mg/dl in women. 

TG 150 mg/dl or greater. 
HDL-C < 40 mg/dl in men 
and < 50 mg/dl in women. 

TG 150 mg/dl or greater. 
HDL-C < 40 mg/dl in men 
and < 50 mg/dl in women. 

BP 140/90 mmHg or 
greater 

BP 140/90 mmHg or 
greater or taking 
antihypertensive drugs 

BP 130/85 mmHg or 
greater 

BP 130/85 mmHg or 
greater 

BP 130/85 mmHg or 
greater. 

 Fasting glucose 110 mg/dl 
or greater. 

Fasting glucose 110 mg/dl 
or greater. 

Fasting glucose 100 mg/dl 
or greater. 

Fasting glucose 100 mg/dl 
or greater. 

Microalbuminuria (urinary 
albumin secretion rate 20 
µg/min or greater, or 
albumin-to-creatinine ratio 
30 mg/g or greater) 

    

IGT, impaired glucose intolerance; IFG, impaired fasting glucose; T2DM, type 2 diabetes; WC, waist circumference; BMI, body mass index; 
TG, triglycerides; HDL-C, HDL cholesterol; BP, blood pressure; WHR, waist to hip ratio. 
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2.2. Metabolic syndrome diagnosis and prevalence: controversy over the concept 

The importance of recognizing and addressing multiple risk factors for CVD and T2DM 

is obvious, but it is less obvious how to diagnose the MetS effectively. Rates vary 

depending on the definition used in the diagnosis (92, 116) or the definition applied in 

research criteria (111), and also due to other factors such as lifestyle and genetics, which 

determines sociodemographic differences in the MetS risks (122). The varying 

prevalence rates between studies reflect the lack of a universal definition and makes it 

difficult to draw conclusions (115). Therefore, it must be noted that determining the 

prevalence of the MetS in different regions depends on the defining criteria. Most 

reports have used the NCEP definitions of the syndrome (52, 106). In some cases, the 

NCEP definition has been adjusted for WC differences in different population groups. 

One of the major unresolved issues for defining the syndrome is that of the appropriate 

WC. The primary difference between NCEP and IDF definitions is that WC cut points 

for Whites, Blacks, and Hispanics is higher in NCEP than in IDF. Usually this leads to a 

higher prevalence of the syndrome with the IDF definition, but in others, the differences 

are less than might be expected. In Spain, the percentage affected (age range: 35-64 y) 

is approximately 22.3% men and 30.7% women following NCEP criteria, and 27.7% 

men and 33.6% women according to IDF criteria (50). The lower cut-off point for waist 

circumference may have determined the higher prevalence estimation in the latter one. 

However, it remains clear that MetS with its risk factors for CVD and diabetes is a 

worldwide problem (figure 1). 
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Figure 1. Cardiovascular diseases and diabetes map. Death rates per 100.000 population, age 

standardized. Females (A) and Males (B) in 2008. Worldwide map retrieved (06/08/2012) from 
www.who.int.  

A 

B 
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In this respect, it is not so clear that the MetS concept as a cluster performs any better in 

this regard than its individual components or if a calculation of scores has higher 

sensitivity to identify individuals at risk. In view of this difficulty metabolic risk scores 

(MRS) have been introduced that facilitate the analysis in settings in which definitions 

of the MetS are not established or not easily applicable. Several authors have derived 

different risk scores to represent the clustering of its components (38, 41, 44, 62, 118, 

147) and these scores (table 4 and 6) are the most common and reproducible. In the 

latest years, the Z score approach is the most common in the literature. However, factor 

analysis has been also used. To the best of our knowledge, the only previously validated 

MRS has been calculated by factor analysis (147). Main procedures in adults include 

principal component analysis (147), and Z scores (38, 41, 44, 62, 118). By definition, 

the computed risk scores are continuous variables with lower values indicating a better 

MetS profile and higher values indicating a poorer MetS profile in relation to the 

sample studied. They are restricted in that there is no consensus on which risk factors 

should be included. Furthermore, the use of diversified statistical methods makes it 

difficult to compare results from different studies and to draw more general conclusions.  

Despite the enormous number of publications devoted to the MetS and the enthusiastic 

support of the prestigious scientific organizations involved in the ‘harmonization’ of the 

MetS, the belief that a diagnosis of the MetS is useful is not shared by all professionals. 

Because of the lack of agreement, several reviews in the last years are focused on 

documenting the changes in the definition, diagnosis, calculation of scores and usage of 

the MetS (3, 35, 36, 49, 64, 68, 114, 115, 128). Still, there is no consensus about the 

most discriminant one. 

Most investigators agree that clustering of metabolic risk factors is a real and relatively 

common phenomenon, and a relatively high prevalence of the MetS is a worldwide 

phenomenon. For this reason, there is a need for the development of betters approaches 

to the prevention and management of the syndrome.  

2.3. The pathogenesis of the metabolic syndrome    

Despite the vast number of publications devoted to MetS, pathophysiological 

mechanisms underlying it are still uncertain. The pathogenesis is likely heterogeneous 

with central obesity, sedentary lifestyle, unhealthy diet and largely unknown genetic 

factors, among others, acting together (49) (figure 2). 
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Figure 2. Hypothetical diagram of the metabolic syndrome (MetS). At the top, 
environmental and genetic factors and their interactions contribute to the pathogenesis 
of the MetS. Overweight, especially in the presence of environmental and genetic risk 

factors, leads to abdominal obesity with consequent insulin resistance. On the left, other 
core components of the MetS. On the right, various conditions or processes related to 
the MetS. At the bottom, type 2 diabetes and cardiovascular disease as the end-stage 
consequences of the MetS. CVD, cardiovascular disease. Modified from Lakka and 

Laaksonen, 2007. 

2.3.1. Overweight and obesity 

In 1998, an expert panel was commissioned by the NHLBI and National Institute of 

Diabetes and Digestive and Kidney Diseases (NIDDK) to produce evidence-based 

guidelines on clinical management of overweight and obesity. This panel (99) defined 

overweight and obesity as BMI of 25 to 29.9 kg/m2 and ≥30 kg/m2, respectively. 

Abdominal obesity, defined as a WC ≥102 cm in men and ≥88 cm in women, was 

identified as being particularly associated with several of the components of the MetS. 

For this reason, ATP III recommended that abdominal obesity should be considered as 

one of the risk factors for the MetS. It must be remembered that individuals can suffer 
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the MetS with a lesser degree or without abdominal obesity if 3 of the remaining 

components are present. Abdominal fat accumulation increases the risk of high blood 

pressure, T2DM and glycerol metabolism disorders (3, 102). There is a linear 

connection between excess weight and obesity related health problems. Part of the 

increased risks for obesity related health problems are due to, not obesity itself, but 

inactive and unhealthy lifestyle and low fitness level (20). 

2.3.2. Physical inactivity and sedentary behavior 

Regular exercise and fitness have shown to improve several metabolic risk factors and 

are associated with a reduction in the risk of developing many chronic diseases. For 

these reasons, physical inactivity must be considered to be an important contributor to 

the development of the MetS (142). Moreover, unique subset of individuals termed 

metabolically obese but normal weight has previously been identified (119). These 

individuals, despite having a normal BMI, display metabolic characteristics that may 

predispose them to the development of the MetS. A cluster of sedentary physical 

activity behaviors and a lower level of dietary restraint were factors implicated in the 

deleterious metabolic profile of this unique at-risk population (23). However, because 

the presence of normal weight masks the need for screening, these at-risk individuals 

are frequently undetected and undiagnosed (23, 34). Current physical activity guidelines 

recommend practical, regular, and moderate regimens for exercise and there is a general 

agreement that moderate-intensity physical activity for a minimum of 30 min for 5 

days/wk or vigorous-intensity aerobic physical activity for a minimum of 20 min for 3 

days/wk to promote and maintain health (55). Thus, going beyond current 

recommendations will be particularly beneficial for people with the MetS. Even when 

individuals engage in 150min/wk of physical activity, increasing evidence suggest that 

what happens in the remaining approximately 6500 minutes of the waking week is 

important for health. Prolonged sitting is significantly associated with higher all-cause 

mortality risk independent of physical activity, suggesting an 11% increase of the risk 

for each 3-4 hours/d of sitting (145). 

2.3.3. Unhealthy diet 

Consumption of a Western dietary pattern, characterized by high intakes of refined 

grains, processed meat, fried foods, and red meat, was associated with a 18% greater 
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risk of incident MetS (84). Prevalent MetS has previously been positively associated 

with the consumption of empty-calorie (132) dietary patterns and inversely associated 

with consumption of a healthy dietary pattern (39). ATP III recommendations for diet 

composition for patients with MetS are consistent with general dietary recommendation 

(42, 74). These guidelines call for low intake of saturated fats, trans fats, and 

cholesterol; reduced consumption of simple sugars; and increased intakes of fruits, 

vegetables, and whole grains. 

2.4. Metabolic syndrome risk factors   

The most widely recognized risk factors of the MetS are dyslipidemia, elevated blood 

pressure and elevated plasma glucose. Individuals with these characteristics commonly  

manifest a prothrombotic state and a proinflammatory state as well (52) (figure 2). 

2.4.1. Impaired glucose regulation 

There is strong evidence that insulin resistance has a major role in the development of 

the MetS (3, 20). Impaired glucose regulation is a condition where blood glucose levels 

are higher than normal, but not morbidly and can’t be diagnosed as T2DM. Insulin 

resistance is characterized by a high plasma insulin concentration that fails to suppress 

plasma glucose normally. Impaired glucose tolerance (IGT) and impaired fasting 

glucose (IFG) are both separate categories of impaired glucose regulation. Both of these 

conditions are strongly connected to MetS, CVD, T2DM, and all-cause mortality (3, 

20).  

2.4.2. Dyslipidemia 

Dyslipidemia means abnormalities in blood lipid and lipoprotein concentrations. The 

role of HDL-C is to transport cholesterol from tissues to liver. It also protects the body 

from atherosclerosis. The LDL-C works the opposite direction, transporting cholesterol 

from liver to tissues and is a risk factor for atherosclerosis. The amount and quality of 

LDL-C in plasma are the factors that influence on the formation of atherosclerosis. In 

addition to this, the pathway through which HDL-C works by transporting cholesterol 

out of tissues influences the formation of the atherosclerotic plaque. The atherosclerosis 

forms into the walls of heart’s coronary vessels and if not treated in time, causes the 

complete occlusion of the vessel and ischemia of the heart muscle (1). It is not easy to 
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state which components of MetS definitions are the most important, but it is presently 

accepted that the MetS is generally associated with an atherogenic lipid profile, and 

treatment of dyslipidemia should be a major aim (77). The primary goal of clinical 

management in individuals with the MetS is to reduce risk for clinical atherosclerotic 

disease; therefore, LDL-C is the primary target of therapy (52).  

2.4.3. Elevated blood pressure 

The relationship between BP and risk of CVD events is continuous, consistent, and 

independent of other risk factors. However, the above mentioned factors also contribute 

to develop hypertension directly via an increase in catecholamine activity without a 

change in plasma glucose concentration (35). On the other hand, hypertension tends to 

cluster with metabolic risk factors, and about half of patients with essential hypertension 

are insulin-resistant (82). Coronary risk continues to be higher in drug-treated 

hypertensive patients than in normotensive individuals (120), and some of these 

differences might be due to the presence of additional metabolic risk factors in 

hypertensive patients, which have been collectively identified as the MetS. The Seventh 

Report of the Joint National Committee on Prevention, Detection, Evaluation, and 

Treatment of High Blood Pressure (26) introduced a new category of “prehypertension” 

(120 to 139/80 to 89 mm Hg), in recognition of the fact that underlying risk factors raise 

blood pressure to ranges that increase risk for CVD.  

2.5.  Management of the metabolic syndrome  

The key clinical implication for the diagnosis of the MetS is the identification of a 

patient who needs important lifestyle modifications. Therapeutic lifestyle modification 

deserves initial attention, though drug therapy may be necessary in many patients to 

achieve recommended goals. All current guidelines on the management of the 

individual components of the MetS emphasize that lifestyle modification (diet and 

physical activity) is first-line therapy, whereas drug therapy is considered secondary, if 

at all, unless otherwise indicated by current CVD prevention guidelines (53). General 

guidelines provide an effective strategy for the care of these patient populations, but 

more detailed information is necessary because a different selection of training 

modalities might be instrumental to further optimize clinical benefits of exercise 

intervention. Factors such as training intensity and frequency, session and programme 
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duration, and the need to also implement resistance-type exercise are likely key factors 

that modulate clinical benefits of exercise intervention in MetS components (54). 

Randomized controlled trials (RCTs) have shown that exercise training has a mild or 

moderate favorable effect on many metabolic and cardiovascular risk factors that 

constitute or are related to the MetS (20). Furthermore, information is needed on the 

relative benefits of supervised exercise training, in terms of duration and time, and 

unstructured physical activity (76). There is a growing body of literature supporting the 

important role of diet in the prevention and management of the MetS. The beneficial 

effect of diet has already been highlighted in many clinical and epidemiological studies 

(107). Diet composition can influence each of the factors clustering in the MetS and 

there is general agreement on its basis (117). On the other hand, most of the individuals 

affected by the MetS are overweight; therefore, dietary treatment should be primarily 

focused on weight reduction. 

Research efforts for effective treatment strategies still focus on diet and exercise 

programs, the individual components of which have been investigated in intervention 

trials in order to determine the most effective recommendations and combination 

pathways. Moreover, individuals with the MetS are excessively prone to cardiovascular 

diseases; therefore in defining the ‘optimal diet’ for these people, the need to reduce 

plasma cholesterol levels as much as possible and, in particular, LDL-C, cannot be 

neglected (77).  

2.5.1. Physical activity and supervised exercise programs in the treatment of the 

metabolic syndrome 

It is now clear that regular physical activity – bodily movement that is produced by the 

contraction of skeletal muscle and that substantially increases energy expenditure (21) – 

reduces the risk for coronary heart disease, diabetes and several major chronic diseases 

and conditions (18). Physical activity has been inversely associated with the risk of 

these conditions, specifically cardiovascular disease, in a dose-response fashion (72). 

During the past 10 years, there has been growing epidemiologic evidence linking 

physical activity with cardiorrespiratory fitness measures and health (108), leading to 

general recommendations from expert panels (6). An initial target should be the 

adoption and maintenance of at least 150 min/wk of moderate intensity exercise, which 

has been shown to improve health-related outcomes. Once this initial level of physical 
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activity is achieved, it may be appropriate to gradually progress the individual to at least 

60 minutes of moderate intensity physical activity per day. However, it is not known if 

this recommendation is adequate for improvement in cardiovascular disease risk factors 

in overweight and obese individuals (129). 

On the other hand, exercise, as a subset of physical activity, is a planned, structured, and 

repetitive bodily movement done to improve or maintain one or more components of 

physical fitness (21). Previous meta-analyses demonstrated that structured exercise 

training from randomized control trials (RCTs) including aerobic and resistance 

exercises improved cardiometabolic health, the MetS and the different risk factors (70, 

81, 130).  

At present, there are many studies including behavior strategies based on diet and 

exercise advice because of its feasibility, but there is limited evidence that such 

“standard lifestyle interventions” including specific recommendations for unstructured 

physical activity, improve metabolic abnormalities (8, 110). Therefore, it is not clear so 

far, if supervised exercise may contribute to reach health goals better than following 

standard recommendations. In addition, as many people have difficulty finding time to 

exercise, it is important to better understand which mode(s) of physical activity or 

exercise are the most effective ones. 

2.5.2. What kind of exercise should be recommended for individuals with the 

metabolic syndrome? 

Current recommendations for the treatment of the MetS and the primary prevention of 

cardiovascular diseases encourage the use of physical activity interventions, in the form 

of exercise training programs. The most common experimental design has been to 

assess the effectiveness of individual exercise modalities. Endurance training, with or 

without dietary changes, improves in general the major components of the MetS (58, 

73). Similarly, there is some evidence that strength training may reduce cardiovascular 

disease (CVD) risk factors (138), but not all studies agree (16). There are many clinical 

trials comparing the different exercise modes to know if endurance training or resistance 

training or combination of both can be more effective to improve MetS factors. 

Assuming that both endurance as well as resistance training are able to obtain beneficial 

effects, combined training modes may increase a possible beneficial effect. 
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However, the optimal type of exercise that should be used to maximize health benefits 

in decreasing metabolic risk factors is unclear (62, 76).  

To date, few randomized control trials have examined the optimal mode of combination 

of modalities for specific cardiometabolic health benefits (12, 69, 76). In addition, when 

combining endurance and strength training in a study, the strategies used have been so 

heterogeneous that it remains unaddressed whether the sum of both may provide 

additional improvements (12, 131, 134). 

 

2.5.3. Frequency, intensity and duration of exercise 

 

A combination of frequency, intensity and duration of exercise is responsible for 

producing training effect (133). The interaction of these factors provides the required 

stimulus. There are significant questions regarding the effects of type, intensity, 

duration, and frequency of training on various risk factors for cardiovascular disease.  

Insufficient data from reviewed  RCTs and, furthermore, substantial heterogeneity in the 

results of trials for the outcomes, made it difficult to establish dose-response 

relationships between intensity and volume of the different modes of exercise studied 

and the metabolic clustering. Table 2 presents several characteristics of methodological 

structure for selected RCTs to make clearer the above mentioned heterogeneity. 

The majority of RCTs reviewed dealing with exercise effects on metabolic 

abnormalities have prescribed frequent activity (3-5days/week), typically of a longer 

duration (30-60 minutes per session) at a relatively moderate to moderately vigorous 

intensity (typically 60% of peak oxygen consumption and 50-80% of 1 repetition 

maximum), during 4 up to 12 months of intervention periods (20, 138).  
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Table 2. Methodological characteristics reported within selected randomized controlled trials. 

Study Population 
sample 

Intervention 
groups Intensity Frequency Session 

duration 
Intervention 

duration Conclusions 

Andersen et 
al., 1995 (7) Obese women 

Diet + endurance 11-15 RPE 
90min/wk (wk 1-

26); 2d/wk (wk 27-
48) 

12min-40min 
(wk 1-26); 20-
40min (wk 27-

48) 

48 weeks 

No differences among groups in the 
improvements obtained in lipids. No 
additive effects of exercise to diet weight 
loss program. 

Diet + strength Load that allowed to do >10 rep but not more than 14 rep 

Diet + combined Same for endurance and strength training principles:  
60% strength / 40% endurance 

Diet alone Passive   

LeMura et 
al., 2000 

(80) 
Healthy women 

Endurance 
Weeks 1-8: 70-75% HRmax  Weeks 1-8: 3d/wk   Wk 1-8: 30min  

16 weeks 

Endurance training provided the necessary 
stimulus to alter lipid profiles. Strength 
training did not appear to change lipids in 
any appreciable way. Combination was 
inadequate to alter lipid profile. 

Weeks 9-16: 85% HRmax  Weeks 9-16: 4d/wk  Wk 9-16: 45min 

Strength 
Weeks 1-2: 2x8-10rep; 60-70% 1RM; 12 exercises 

3d/wk 
Weeks 3-16: 3x8-10rep; 60-70% 1RM. 12 exercises 

Combined Same for endurance and strength training principles 4d/wk (2+ 2) 
Control Passive     

Jansenn et 
al., 2002 

(61) 
Obese women 

Diet + endurance 50 to 85% HRmax 5d/wk 15min-60min 
16 weeks 

The addition of endurance or strength 
exercise to the diet protocol did not enhace 
the improvement in the metabolic profile. 

Diet + strength 1x8-12rep to volitional fatigue; 7 exercises. 3d/wk 30min 
Diet alone Passive     

Davidson et 
al., 2009 

(30) 

Obese men and 
women 

Diet + endurance 60-75% VO2peak 5d/wk 30min 

24 weeks 

Combination of strength and endurance 
exercise is the optimal strategy for insuline 
resistance improvement. Diet + strength 1 set of 9 exercises, up to volitional fatigue (~ 15rep) 3d/wk 20min 

Diet + combined Same endurance and strength training together in the 
combined session 3d/wk 50min 

Diet alone Passive     

Sillanpaa et 
al., 2009 

(127) 

Healthy older 
women 

Endurance 

Weeks 1-7: Under aerobic threshold. 

3d/wk  

Weeks 1-7: 
30min.  

21 weeks 

Combined training and endurance training 
alone led to small improvements in 
metabolic risk factors. 
 
 
 
 
 
 
 
 
 
 
 
 
                                   Continued next page 

Weeks 8-14: Interval training below aerobic threshold 
and above anaerobic threshold  

Weeks 8-14: 45-
60min   

Weeks 15-21: Interval training below aerobic threshold 
and above anaerobic threshold 

Weeks 15-21: 
60-90min 

Strength 

Weeks 1-7: 40-60% 1RM; 15-20rep; 3-4sets; 7-8 
exercises 

2d/wk 60-90min Weeks 8-14: 60-80% 1RM; 10-12rep; 3-4sets; 7-8 
exercises 
Weeks 15-21: 70-90% 1RM; 6-8rep; 3-4sets; 7-8 
exercises 

Combined Same endurance and strength training principles 4d/wk 
Control Passive     
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Table 2. Methodological characteristics reported within selected randomized controlled trials (continuation). 

Study Population 
sample 

Intervention 
groups Intensity Frequency Session duration Intervention 

duration Conclusions 

Sillanpaa et 
al., 2009 

(126) 

Health middle 
aged men 

Endurance 

Weeks 1-7: Under aerobic threshold. 

3d/wk  

Weeks 1-7: 30min. 

21 weeks 

Endurance and strength training 
alone can interact positively on 
metabolic risk factors even in 
relative lean older men with 
normal glucose tolerance. A 
combination protocol did not 
produce complementary benefits 
in risk factors. 

Weeks 8-14: Interval training below aerobic threshold and above 
anaerobic threshold  

Weeks 8-14: 45-
60min   

Weeks 15-21: Interval training below aerobic threshold and 
above anaerobic threshold 

Weeks 15-21: 60-
90min 

Strength 

Weeks 1-7: 40-60% 1RM; 15-20rep; 3-4sets; 7-8 exercises 

2d/wk 60-90min Weeks 8-14: 60-80% 1RM; 10-12rep; 3-4sets; 7-8 exercises 

Weeks 15-21: 70-90% 1RM; 6-8rep; 3-4sets; 7-8 exercises 

Combined Same endurance and strength training principles 4d/wk 
Control Passive     

Stensvold et 
al., 2010 

(134) 

Men and women 
with metabolic 

syndrome 

Endurance Interval training 79-95% HRpeak 3d/wk 43min 

12 weeks 

All the exercise protocols have 
beneficial effects on metabolic 
syndrome abnormalities, being 
endurance training the most 
effective. 

Strength 
Week 1: 2x15-20rep; 60% 1RM   3d/wk 40-50min 
Weeks 2- 12: 3x8-12rep; 80% 1RM 

Combined Same endurance and strength training principles. 3d/wk (2+1)   

Bateman et 
al., 2011 (12) 

Overweight men 
and women with 

dyslipidemia 

Endurance 65-80% VO2peak 

3d/wk 

110-150min/wk 

12 weeks 

Combination protocol showed 
robust improvements in the 
metabolic syndrome parameters. 

Strength 3x8-12rep 135-180min/wk 

Combined Same endurance and strength training principles   
 d, day(s); HRmax, maximum heart rate; min, minutes; rep, repetitions; RM, repetition maximum; RPE, rate of perceived exertion; VO2peak, peak of oxygen consumption; wk, week(s). 
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2.5.4. Targeting dyslipidemia through diet and exercise 

 

Many exercise training studies, although generally showing the beneficial effects of 

endurance, strength or combined exercise on plasma lipids and lipoproteins, have 

sometimes reached equivocal conclusions. The results of initial studies of strength 

training on coronary risk factors showed evidence that high intensity strength training 

improved blood lipid profile, without any diet counseling (60). A strength training 

protocol suggested that this exercise without diet could improve HDL-C levels in 

overweight and obesity men, while diet alone did not (63). Another study without diet 

intervention has reported increases in HDL-C ranging from 9% to 15% with endurance 

training, while strength and combination did not result in any significant change in any 

of the blood lipid variables (80). Some investigators found no differences in the blood 

lipid profile improvements obtained among endurance, strength, combined training and 

diet or diet alone intervention (7, 152). Previous studies have suggested a relationship 

between endurance and combined training, without diet intervention, and favorable  

blood lipid profile in men and women (105). On the other hand, dietary and caloric 

intake interventions alone have shown clinical evidence about their influence on plasma 

lipid and lipoprotein levels (7, 78, 95, 152). It seems that the influence of diet on lipid 

profile is clearer than exercise alone or its possible additive effects when combined. 

 

An overview of the chapters this thesis deals with is presented in figure 3. There is a 

pilot study focused on the MetS risk scores analysis previous to PRONAF study (study 

I). Due to the obtained results further analyses will be focused on the MetS risk scores 

with data from the PRONAF study (study II). In studies III and IV, the effects of diet 

combined with three exercises modes or physical activity recommendations on risk 

factors will be analyzed. The methodology from the pilot study and the PRONAF study 

will be described first, followed by the results and discussion of each study.     
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HYPOTHESIS AND AIMS 

The MetS as defined is associated with many uncertainties in terms of concepts and 

exercise therapy. The aim of this thesis is to contribute with an interventional study to 

clarify the MetS cluster usefulness and its management through exercise and diet. The 

work was structured in four sequential papers representing the subsections of the thesis 

(figure 3).  

Hypothesis and objective Study I. 

Hypothesis: The different risk scores created based on the heterogeneous definitions do 

not estimate the risk the same way. 

Objective: To study the reproducible metabolic syndrome scores found in the literature, 

to analyze the diverse methodologies, considering the mathematics procedures and the 

included variables used to calculate them, in healthy women.   

Hypothesis and objective Study II. 

Hypothesis: The metabolic risk estimation of an overweight population obtained 

different values depending on the diverse metabolic risk scores applied. 

Objective: To evaluate the reproducible metabolic syndrome scores found in the 

literature, to analyze the diverse methodologies, considering the mathematic procedures 

and the included variables used to calculate them, in overweight adults. 

Hypothesis and objective Study III. 

Hypothesis: The combination of strength and endurance training together with diet is 

the best option to obtain improvements on the metabolic risk factors. 

Objective: To examine the combined effects of endurance and strength training on 

metabolic syndrome factors following the definition of the National Cholesterol 

Education Program Adult Treatment Panel III (NCEP ATP III), in overweight adults. 
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3. MATERIAL AND METHODS 
 

The presented thesis is developed through 2 main methodologies, corresponding to: 

- Material and Methods Study I: Pilot study. 

- Material and Methods Studies II, III and IV: PRONAF Study (cross-sectional 

and clinical trial). 

A table summary of the methodology used in the studies of this thesis is presented (table 

3). 

 
Table 3. Summary of the methodologies of the studies included in the present 
thesis. 
Study Design Subjects Main Variables 
I. Dissimilar responses of 
metabolic risk scores 
(Pilot Study) 

Cross-
sectional 

14 subjects 
BMI, WC, skinfolds, BP, 
TG, LDL-C, HDL-C, TC, 
glucose, WHR, MRS 

II. Metabolic risk scores 
validation in overweight 
people (PRONAF Study) 

Cross-
sectional 

119 subjects

BMI, BP, WC, skinfolds, 
TC, TG, LDL-C, HDL-C, 
glucose, insulin, WHR, 
MRS. 

III. Combined exercise 
and dietary intervention to 
optimize metabolic risk 
management (PRONAF 
Study) 

Clinical 
trial 

119 subjects

Diet and exercise 
parameters, PA, BMI, WC, 
BP, HDL-C, TG, glucose, 
MetS. 

IV. Effects of dietary 
restriction combined with 
different exercise 
programs or physical 
activity recommendations 
on blood lipids in 
overweight adults 
(PRONAF Study) 

Clinical 
trial 

119 subjects

Diet and exercise 
parameters, PA, HDL-C, 
LDL-C, TG, TC, DEE, 
CH, Prot, Fat. 

BMI, body mass index; WC, waist circumference; WHR, waist to hip ratio; TG, 
triglycerides; TC, total cholesterol; HDL-C, high density lipoproteins cholesterol, 
LDL-C, low density lipoproteins cholesterol; BP, blood pressure; PA, habitual 
physical activity; MRS, metabolic risk score; MetS, metabolic syndrome; DEE, 
daily energy expenditure; CH, carbohydrates; Prot, protein. 
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3.1. MATERIAL AND METHODS STUDY I: Pilot Study  

 
 

3.1.1. Study design and subject recruitment 

 

For this pilot study, fourteen women, students of the Faculty of Physical Activity and 

Sport Sciences of the Universidad Politécnica de Madrid, aged between 18 and 28 

years (age: 21.5±2.6 y; weight: 58.7±4.9 kg; height: 162.7±3.7 cm; BMI: 22.2±1.5) 

were recruited. Inclusion criteria were the following: being physically active, 

nonsmokers, not consuming any substance that could affect the study results, not altered 

health at baseline, no electrocardiographic abnormalities nor infectious processes and to 

have a regular menstrual cycle without using contraception. MRS were calculated for all 

individuals in order to compare them with the only validated one found in the literature, 

described by Wijndaele et al. (147) (MRS5). 

In agreement with the guidelines of the Declaration of Helsinki (149) regarding research 

on human subjects, subjects participating in this investigation read and signed an 

institutionally approved informed consent document before taking part in the study.  

This study was approved by the ethical committee of the Universidad Politécnica de 

Madrid. 

 

3.1.2.  Protocol assessments for Study I 

 

3.1.2.1. Body composition 

 

BMI was calculated as [body weight (kg)/(height (m))2]. Skinfold thicknesses were 

measured with a caliper (Holtain Limited, Crymych, United Kingdom) at the biceps, 

triceps, subescapular, suprailiac and triceps surae and then calculated the sum of 

skinfolds for the scores calculation. Circumferences included waist and hip with a 

Harpenden anthropometric tape (Holtain Ltd.), waist to hip ratio (wait 

circumference/hip circumference) was obtained. Fat mass percentage was calculated 

using the equation proposed by Jackson and Pollock (56). Anthropometric measures 

included height (stadiometer SECA) and body weight (BC-420MA, Bio Lógica. 

Tecnología Médica SL), and were taken following the experts panel national (5) and 

international guidelines (136).  
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3.1.2.2. Blood pressure 

 

Systolic (SBP) and diastolic blood pressure (DBP) were taken as the lower of two 

measurements in the supine position after a rest of 5 min using a manual 

sphygmomanometer following the habitual recommendations (26). 

 

3.1.2.3. Blood analysis 

 

All blood samples were taken after a preceding rest day. All blood samples were drawn 

from the antecubital vein, handled and analyzed according to standardized laboratory 

practice at the Biochemical Laboratory (Red de Laboratorios de la Comunidad de 

Madrid, referencia 242), Faculty of Physical Activity and Sports Science. Serum 

biochemical (total cholesterol, HDL-cholesterol and triglycerides) were determined 

using enzymatic methods (ADVIA 2400, Siemens®). Friedewald formula (43) was used 

to calculate LDL-cholesterol. For glucose, capillary blood was measured through 

glucocard memory strips (Glucocard Memory 2, A. Menarini Diagnostics, Spain).  

 

3.1.2.4. Metabolic risk scores calculation 

 

With the previous variables described in the protocol assessments performed, five 

different metabolic syndrome risk scores (MRS) published in the literature (38, 41, 44, 

118, 147) were applied to (table 4) our sample.  
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Table 4. Description of the metabolic syndrome risk scores analyzed in Study I (Pilot 
study). 

Acronym Obesity 
component Lipids 

Glucose 
or 

Insulin 

Blood 
pressure Statistical processing 

MRS1 - 
HDL-C, 
LDL-C 
and TG 

Glucose - Sum of 4 standarized 
variables 

MRS2 
MRS2_2 

Waist 
circumference 

HDL-C 
and TG 

Glucose 
and 
Insulin 

Mean 
of SBP 
and 
DBP 

Sum of 6 standarized 
variables 

MRS3 
MRS3_3 BMI+WHR/2 HDL-C 

and TG 

Glucose 
and 
Insulin 

Mean 
of SBP 
and 
DBP 

Sum of 6 standarized 
variables 

MRS4 
MRS4_4 

Sum of 5 
skinfolds 

HDLc/TC 
and TG 

Glucose 
and 
Insulin 

SBP 
and 
DBP 

Mean of 
the 7 standardized scores

 MRS5 Waist 
circumference 

HDL-C 
and TG Glucose 

SBP 
and 
DBP 

Principal component 
analysis with varimax 
rotation 

WHR: waist to hip ratio; BMI: body mass index; SBP: systolic blood pressure; DBP: 
diastolic blood pressure; MRS1: García-Artero et al., 2007 Metabolic Risk Score; 
MRS2: Ekelund et al., 2007 Metabolic Risk Score; MRS2_2: Ekelund et al., 2007, 
without obesity component, Metabolic Risk Score; MRS3: Franks et al., 2004 
Metabolic Risk Score ; MRS3_3: Franks et al., 2004, without obesity component, 
Metabolic Risk Score; MRS4: Rizzo et al., 2007 Metabolic Risk Score; MRS4_4: Rizzo 
et al., 2007, without obesity component, Metabolic Risk Score; MRS5: Wijndaele et al., 
2006 Metabolic Risk Score.  
 
 
3.1.3. Evaluation and statistics 

 

All data analyses were performed by using Statistical Package for Social Sciences 

(SPSS) versions 15.0 for Windows (SPSS Inc., Chicago, Illinois, USA). Descriptive 

statistics are shown as mean ± standard deviation (SD) unless otherwise stated. We 

considered P-values ≤0.05 as statistically significant. Variables were tested for normal 

distribution with the Kolmogorov-Smirnov test. Pearson product moment correlation 

coefficients were also calculated. Factor analysis was performed to reproduce the MRS 

proposed by Wijndaele et al. (147) through principal component analysis, varimax 

rotation and Bartlett's sphericity test.  The differences among MRS were evaluated with 

a t-Student test for related samples. To check the validity of the MRS1-4 with respect to 
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3.2.1. Subject recruitment 

 

In figure 6 a flow diagram of the PRONAF Phase II Study is depicted showing the 

overall plan of the study and inclusion criteria of the study subjects. The subjects were 

recruited using a wide variety of techniques, including newspapers, radio, mailers, and 

posters in the Region of Madrid. All study subjects were overweight with a BMI 

between 25–29.9 kg/m2, nonsmokers, not involved in a diet program, and non-diabetic. 

All subjects were sedentary, defined as exercising less than once per week for the past 

year (59). Subjects that had a systematic strength or endurance training of more than 

once a week of moderate- to high-intensity training in the year previous to the study 

period were excluded. Only women with regular menstrual cycles were included. The 

voluntary subjects who fulfilled all inclusion criteria and passed the baseline physical 

examination were stratified by age and sex and randomized into four groups: diet and 

supervised strength training [strength training group (S)], diet and supervised endurance 

training [endurance training group (E)], diet and supervised combined strength and 

endurance training [combined strength and endurance training group (SE)] or diet and 

physical activity recommendations (C). 

A group of 119 middle-aged (range 18-50 years) men (n=46) and women (n=73) were 

finally elegible to participate in this study. 

Adherence criteria for diet and exercise were took into account to determine final 

analyzed subjects for each chapter presented in this thesis and only subjects with 

completed data were included. Adherence to exercise was defined as the proportion of 

sessions completed vs. sessions scheduled [(sessions scheduled/sessions 

completed)/100]. An adherence to training of 90% was demanded. An adherence to diet 

of 90% was elicited and was calculated with a 72-hour dietary recall (124). We 

expressed dietary adherence in relative terms = (expected daily kilocalorie intake/actual 

daily kilocalorie intake). 
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Figure 6. Participant flow diagram in the PRONAF Phase II Study. Recruitment 
methods included all type of media advertisements. A total of 1568 were screened, of 
whom 119 were randomized into de PRONAF Study. The dropout rates in the groups 

were: diet and supervised endurance training (E) was 16.6 %, diet and supervised 
strength training (S) was 26.6 %, diet and supervised combined strength and endurance 
training (SE) was 23.3 % and diet and physical activity recommendations group (C) was 

31.03 %. 
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In agreement with the guidelines of the Declaration of Helsinki regarding research on 

human subjects, subjects participating in this investigation read and signed an 

institutionally approved informed consent document before taking part in the study. All 

subjects were carefully informed about the possible risks and benefits of the project, 

which was approved by the Human Research Review Committee of the Hospital 

Universitario La Paz (HULP) (PI-643). 

 

3.2.2. Study design 

 

3.2.2.1. Study II 

 

For the study II, baseline values from the final participants (62 women age 36.4±8.4; 

BMI 28.7±1.75 and 45 men age 35.5±8.23; BMI 28.9±1.72) were used to calculate the 

different metabolic risk scores in order to compare their applicability in overweight 

participants. The MRS were compared with the only validated one, described by 

Wijndaele et al. (147) (MRS5). 

 

3.2.2.2. Studies III and IV 

 

Phase II PRONAF Study was a 24- week duration intervention trial. The measurements 

took place in the first week (baseline values) for all subjects before starting training, and 

after 22 weeks of training, in week 24 (post-training values). Once the first group 

started the pre-evaluation week, each group started sequentially as explained in figure 7. 

Menstrual cycle was controlled by a diary to define the follicular and luteal phases when 

blood samples were taken (96).  
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Figure 7. PRONAF Study design. Baseline and post-training evaluation week consisted 

of the same tests: peak oxygen uptake ( O2peak) test, habitual physical activity, blood 
analysis, body composition, diet prescription and 15RM. Top bar 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). 

 
 

3.2.2.2.1. Program intervention groups 

 

The endurance training group (E) performed circuit training by walking or running on a 

treadmill, cycling or cross trainer (figure 8).  

The strength training group (S) performed a circuit training which included the 

following 8 exercises: shoulder press, squat, barbell row, lateral lunges, bench press, 

front lunges, biceps curl and French press for triceps (figure 9). 

The strength and endurance training group (SE) performed a combination of cycle 

ergometry, treadmill or cross trainer and strength training with the following 

intercalated exercise equipment: squat, row machine, bench press and front lunges 

(figure 10). 

Physical activity recommendations group (C). These participants followed the habitual 

hospital clinical practice. This means the same dietary intervention as the training 

groups plus general recommendations in physical activity (ACSM) (32), without being 

supervised and regulated. The control of lifestyle changes was registered with 

accelerometer, following the clinical health practitioners’ protocol at hospital units. 
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Each intervention group was identified with a color and a shape, as shown in the next 
figures, in order to make it easier to recognize their circuit exercise and order. 

 

 

 

 

Figure 8. Endurance training circuit. The duration of the laps of the circuit is indicated. 
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Figure 9. Strength training circuit. The duration of each exercise composing the circuit 
is indicated (45 s), corresponding to the time needed to perform 15 repetitions at a 

cadence of 1:2. 
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Figure 10. 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. 
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3.2.2.2.2. Training variables 

 

The exercise programs were designed taking into account each subject’s strength and 

the heart rate reserve (HRR). 

Strength was measured using the 15-repetition maximum (15RM) testing method (94), 

in the S and SE groups (both of which involved strength training). Subjects were given 

a familiarization period to get familiar with the equipment and proper exercise 

techniques. In addition, this familiarization procedure helps to control for large initial 

gains in strength due to motor learning and may help to prevent injuries. This approach 

allowed us to individually assess 15RM performance and carefully monitor the response 

of each subject to the testing protocol. The 15RM for each exercise was recorded on 

different days during a pre-intervention subject strength evaluation period. Subjects 

were given at least 48h of rest between testing exercises involving the same muscle 

group. When consecutive strength test either decreased or did not increase by more than 

±10% weight lifted first, the highest value achieved was recorded as the 15RM. The 

intraclass correlation coefficient of reliability for all exercises was ICCr=0.995 and 

ICCr=0.994 for men and women respectively (groups S and SE subjects together). All 

the assessments and training sessions were carried out with the same equipment 

(Johnson Health Tech. Iberica, Matrix, Spain).  

HRR was also calculated to prescribe endurance exercise intensity for E and SE 

interventions programs (28, 67). HRR was calculated by subtracting resting heart rate 

from the HRmax achieved in the physical fitness test performed.  

 

3.2.2.2.3. Training program design 

 

The three exercise groups followed for 22 weeks a 3 times/wk training program that 

was supervised by certified personal trainers. The intensity and duration of the training 

sessions were increased over the study period in three mesocycles. Table 5 shows the 

progression of the training variables. Training sessions were performed under a circuit 

structure.  

 

 



Morencos E, 2012 

38 
 

 

Table 5. 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 is measured in RM (repetition maximum) or HRR (heart rate reserve) for 

strength and endurance exercises, respectively. Each exercise lasted 45 s, the time 

needed to complete 15 repetitions of the strength exercises. 

 

Each training session for the strength, endurance and the combined groups started with 

a 5-min aerobic warm-up routine, followed by the main respective group session, and 

concluded with 5 min of cool down and stretching exercises (figure 11). In addition, 

each session was monitored for heart rate with a portable heart rate monitor (Polar 

Electro Oy, Finland) and Rate of Perceived Exertion (RPE) scale. Exercise rhythm was 

always controlled by a Compact Disk record. The cadence for the resistance exercises 

was fixed at 1:2 (concentric-eccentric phase). 

Feedbacks for training loads were done once a month with the RPE to subjectively 

evaluate each session and determine where the participant considered the intensity to be 

at, following a similar methodology as used elsewhere and RPE scale (11). 
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3.2.3. Protocol assessments for Studies II, III and IV 

 

3.2.3.1. Biochemical analyses  

 

All blood samples were taken after 12 h fast between 7:00 and 9:00 a.m. The preceding 

day was a rest day from any strenuous physical activity and the participants were asked 

to rest at least 8 h during the previous night. All blood samples were drawn from the 

antecubital vein, handled and analyzed according to standardized laboratory  accredited 

practice (491/LE1130 UNE-EN ISO 15189) at Hospital Universitario La Paz (HULP).  

Blood lipids and lipoprotein. Serum biochemicals [(total cholesterol (TC), low-density 

lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and 

triglycerides (TG) were determined using enzymatic methods with Olympus reagents by 

automated spectrophotometry performed on Olympus AU 5400 (Olympus Diagnostica, 

Hamburg, Germany). 

Glucose and Insulin. Plasma glucose was measured using the hexokinase method 

(Olympus Diagnostica, Hamburg, Germany). Plasma-specific insulin was determined 

by two-site immunometric assays with either 125I or alkaline phosphatase labels. 

 

3.2.3.2. Body composition 

 

Body composition was assessed by dual-energy x-ray absorptiometry DXA (GE Lunar 

Prodigy; GE Healthcare, Madison, WI) and was used to measure total body fat (%) and 

fat free mass (kg). Whole-body DXA was performed and scan analysis was performed 

using GE Encore 2002, version 6.10.029 software. Anthropometric measures included 

height (stadiometer SECA; range 80-200cm), body mass (BC-420MA. Bio Lógica. 

Tecnología Médica SL), waist and hip girths (steel tape; EC P3 metric graduation, 

Sydney, NSW, Australia) and skinfolds thicknesses that were measured with a caliper 

(Holtain Limited, Crymych, United Kingdom) at the biceps, triceps, subscapular, 

suprailiac and triceps surae. 

These anthropometric measurements were obtained using standardized techniques 

(153). Height was measured without shoes and weight was measured without shoes and 

with light indoor clothing. Circumference and skinfolds measurements were taken in 



PhD Thesis 
 

41 
 

duplicate and in rotation. If the difference between two trials exceeded 1.0 mm, a third 

trial was performed and the closest two trials were averaged. Skinfolds measurements 

were taken on the right side of the body. Waist circumference was measured halfway 

between the lower border of the ribs, and the iliac crest in a horizontal plane. Hip 

circumference was measured at the widest point over the buttocks. Body mass index 

(BMI) was calculated as [body weight (kg)/(height (m))2]. All measurements were made 

by the same investigator. 

 

3.2.3.3. Physical fitness 

 

 Peak oxygen uptake ( O2peak) was determined by direct calorimetry on a computerized 

treadmill (H/P/COSMOS 3P ® 4.0, H / P / Cosmos Sports & Medical, Nussdorf-

Traunstein, Germany) using a modified Bruce protocol to exhaustion (17, 87). Volume 

and composition of expired gas were measured breath by breath by a gas analyzer 

Jaeger Oxycon Pro (Erich Jaeger, Viasys Healthcare, Germany). The gas analyzer was 

calibrated before each test with standard mixtures. Heart rate was assessed from the 12-

lead electrocardiogram monitoring (Hellige Cardiotest EK 53, Freiburg). The mean of 

the last three highest rates of oxygen consumption and heart rate were used as O2peak 

and HRmax, respectively. Relative O2peak (to body mass) was also calculated. 

 

3.2.3.4. Blood pressure 

 

Systolic (SBP) and diastolic blood pressure (DBP) were taken twice in the supine 

position after a rest of 5 min and at one-minute interval using an automatic 

sphygmomanometer (Omron, model HEM-705C, Omron Corporation, Hamburg, 

Germany). The lower of two measurements was used for analysis. 
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3.2.3.5. Physical activity 

 

Habitual physical activity (PA) was assessed with a SenseWear Pro3 Armband® (Body 

Media, Pittsburgh) previously validated (86, 104). This device is worn on the right 

upper arm over the triceps muscle and monitors various physiological and movement 

parameters. Information provided by the manufacturer (www.bodymedia.com) indicates 

that the accelerometer uses non-invasive biometric sensors to continuously measure 

physical parameters (heat flux, galvanic skin response, skin temperature, near-body 

temperature, and two-axis accelerometry) and demographic characteristics (gender, age, 

height and weight) to estimate energy expenditure utilizing proprietary equations. Daily 

energy expenditure (DEE) was calculated using the propriety algorithm (Innerview 

Research Software Version 6.0). Subjects were instructed to wear the monitor 

continuously for 5 days including weekend days and weekdays following general 

recommendations (98, 146) at baseline and post-training intervention. Data was 

recorded by 15 min intervals. All subjects were instructed to continue their habitual 

daily activities as before and were provided with a PA diary to log the type, duration, 

and intensity of any PA or exercise undertaken during intervention. 

 

3.2.3.6. Diet program 

Hypocaloric diets (between 1200 to 3000 kcal) were prescribed individually for all 

participants by expert dieticians at the Department of Nutrition of HULP-IdiPAZ. The 

diet was designed to provide 25% less energy than the daily energy expenditure (DEE), 

as measured using SenseWear Pro Armband®. Dietary energy composition was 29–34% 

from fat, 12–18% from protein, and 50–55% from carbohydrates, according to the 

recommendations of the Spanish Society of Community Nutrition (SENC, according to 

its Spanish initials) (29). A dietician interviewed each participant at baseline and at 3 

and 6 months after the start of the intervention and reviewed a 3-day food record diary. 

All subjects were instructed how to record their dietary intake using a daily log, and 

given recommended portion sizes and information on possible food swaps. Food 

records were performed during the week before cited to the interviews. In addition, 

voluntary group nutrition education sessions were given by the dieticians. The goal was 

to equip the participants with knowledge and skills necessary to achieve gradual, 
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permanent behavioural changes. The energy and nutrient content of the foods consumed 

were then calculated using DIAL software (Alce Ingeniería, 2004).  

 

3.2.3.7. Genotyping assays 

The PRONAF Study investigated the potential influence of different genetic single 

nucleotide polymorphisms (SNPs), highly prevalent in general population, on the 

response to different training protocols in overweight and obesity treatment. These 

SNPs are located in genes involved in metabolic pathways related to adiposity (Beta-

Adrenergic and Leptin receptors, and Peroxisome Proliferator-Activated Receptor), and 

in genes involved in energy metabolism and the production of energy during physical 

activity (metabolism of lactate and fatty acids). Genomic DNA was extracted from 

peripheral blood using a QIAamp DNA Blood Mini kit (QIAGEN, Hilden, Germany). 5 

ml of whole blood from each patient were collected in EDTA and sent to the 

Metabolism, Genetics and Nutrition Research Group of the IFIMAV. For this thesis the 

Apolipoprotein E (ApoE: rs7412 and rs429358) genotypes were determined by 

polymerase chain reaction and allele-specific restriction digestion of the amplified 

products with the restriction enzyme HhaI (57).  

 

3.2.3.8. Menstrual cycle 

To control the length and phases of the menstrual cycle (normal length 27-33 days, 

average 29.6 days) women registered their cycles in the diary during the intervention. 

The follicular and luteal phases of the menstrual cycle were determined. Cycle phases 

were estimated back from the first day of bleeding (day 1) with ovulation being 

predicted as 14 days prior to menstruation. This method was chosen because the luteal 

phase is usually more constant in length than the follicular phase (123). 
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3.2.4. Variables Studies II, III and IV 

 

3.2.4.1. Variables Study II 

 

From all variables included in the PRONAF project protocol (Appendix II), for the 

present study levels of triglycerides, low-density lipoprotein cholesterol (LDL-C), high-

density lipoprotein cholesterol (HDL-C), glucose, anthropometric measurements of the 

waist and hip circumference, height, weight, skinfolds and blood pressure, were 

selected. These variables are necessary in order to calculate the 6 different scores 

published in the literature (38, 41, 44, 62, 118, 147) and described in table 6.  

 

Table 6. Description of the metabolic syndrome risk scores analyzed in Study II. 

Acronym 
Obesity 

component 
Lipids 

Glucose or 
Insulin 

Blood 
pressure 

Statistical processing 

MRS1 - 
HDL-C, 
LDL-C 
and TG 

Glucose - 
Sum of 4 standarized 
variables 

MRS2 
MRS2_2 

Waist 
circumference 

HDL-C 
and TG 

Glucose 
and Insulin 

Mean of 
SBP and 
DBP 

Sum of 6 standarized 
variables 

MRS3 
MRS3_3 

BMI+WHR/2 
HDL-C 
and TG 

Glucose 
and 
Insulin 

Mean of 
SBP and 
DBP 

Sum of 6 standarized 
variables 

MRS4 
MRS4_4 

Sum of 5 
skinfolds 

HDL-
C/TC and 
TG 

Glucose 
and Insulin 

SBP and 
DBP 

Mean of 
the 7 standardized 
scores 

 MRS5 
Waist 
circumference 

HDL-C 
and TG 

Glucose 
SBP and 
DBP 

Principal component 
analysis with varimax 
rotation 

MRS6 
Waist 
circumference 

HDL-C 
and TG 

Glucose 
Mean of 
SBP and 
DBP 

Sum of 5 standarized 
variables 

WHR: waist to hip ratio; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic 
blood pressure; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein 
cholesterol; TG: triglycerides; TC: total cholesterol; MRS1: García-Artero et al., 2007 Metabolic 
Risk Score; MRS2: Ekelund et al., 2007 Metabolic Risk Score; MRS2_2: Ekelund et al., 2007, 
without obesity component, Metabolic Risk Score; MRS3: Franks et al., 2004 Metabolic Risk 
Score ; MRS3_3: Franks et al., 2004, without obesity component, Metabolic Risk Score; MRS4: 
Rizzo et al., 2007 Metabolic Risk Score; MRS4_4: Rizzo et al., 2007, without obesity 
component, Metabolic Risk Score; MRS5: Wijndaele et al., 2006 Metabolic Risk Score; MRS6: 
Johnson et al., 2007 
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3.2.4.2. Variables Study III 

 

From all variables included in the PRONAF project protocol, for the present study III 

dependent and independent variables are listed below (table 7). 

 
Table 7. List of variables Study III. 
Dependent Variables 
Abbreviation Description 
VO2peak  (ml/kg/min) Peak oxygen uptake 
Weight (kg) Weight 
BMI (kg/m2) Body Mass Index 
SBP (mmHg) Systolic blood pressure 
DBP (mmHg) Diastolic blood pressure 
WC (cm) Waist circumference 
HDL-C (mg/dl) High density lipoprotein cholesterol 
TG (mg/dl) Triglycerides 
MAP (mmHg) Mean arterial pressure 
GLUC (mg/dl) Glucose 
MSz-Score Continuous score of the 5 MetS variables (ATP-III criteria). 

Briefly, ATP-III criteria requires 3 or more of the following: 
waist circumference >88cm; HDL-C <50mg/dl; Triglycerides 
>150 mg/dl; BP>130/>85 mm Hg; Fasting blood sugar ≥110 
mg/dl. The cut off levels for impaired fasting plasma glucose 
were set at ≥100 mg/dl as suggested by the Expert Committee 
on the Diagnosis and Classification of Diabetes Mellitus in 
2003 (45). Each of these variables was standardized as 
follows: standardized value = (value - mean)/standard 
deviation. Gender-specific MSz-Score equations were used to 
account for variations in the ATP III criteria for men and 
women. 

MSscore-ATPIII MetS risk factor score using the ATP III guidelines (MSscore-
ATPIII) determined for each subject as a sum of the number of 
ATP III criteria met before and after the exercise intervention 
following Bateman et al. (12). 

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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3.2.4.3. Variables Study IV 

 

From all variables included in the PRONAF project protocol, for the present study IV 

dependent and independent variables are listed below (table 8). 

 
Table 8. List of variables Study IV. 
Dependent Variables 
Abbreviation Description 
HDL-C (mg/dl) High density lipoprotein cholesterol 
LDL-C (mg/dl) Low density lipoprotein cholesterol 
TG (mg/dl) Triglycerides 
TC (mg/dl) Total cholesterol 
DEE (kcal/d) Daily Energy Expenditure 
Carbohydrate (%) Carbohydrate percentage in diet composition 
Protein (%) Protein percentage in diet composition 
Fat (%) Fat percentage in diet composition 
Weight (kg) Weight 
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. 

Apo E  
Menstrual Cycle 

Apolipoprotein E (covariable). 
Luteal and follicular phases (covariable). 

 
 
 
3.2.5. Evaluation and statistics 

 

All data analyses were performed by using Statistical Package for Social Sciences 

(SPSS) versions 15.0 for Windows (SPSS Inc., Chicago, Illinois, USA). Descriptive 

statistics are shown as mean ± standard deviation (SD). We considered P-values ≤0.05 

as statistically significant. Variables were tested for normal distribution with the 

Kolmogorov-Smirnov test. The detailed description of statistic procedure is presented: 
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3.2.5.1. Study II 

 

Pearson product moment correlation coefficients were also calculated. Factor analysis 

was performed to reproduce the MRS proposed by Wijndaele et al. (147) through 

principal component analysis, varimax rotation and Bartlett's sphericity test. The 

differences among MRS were evaluated with a t-Student test for related samples. To 

check the validity of the MRS1-4 with respect to MRS5, graphics were drawn for bias, 

following the procedure described by Bland and Altman (15).  

 

3.2.5.2. Study III 

 

Two way analysis of variance (ANOVA) (group x measurement [baseline – post]) for 

repeated measures was used to determine any differences between the four groups and 

differences between baseline and post-training values in each group assessed. 

Bonferroni’s post-hoc test was used to locate specific differences. Change scores were 

calculated by substracting pre values from post values. 

 

3.2.5.3. Study IV 

 

Two way analysis of variance (ANOVA) (group x measurement [baseline – post]) for 

repeated measures was used to determine any differences between the four groups and 

differences between baseline and post-training values in each group assessed. 

Bonferroni’s post-hoc test was employed to locate specific differences. The delta 

percentage was calculated through the standard formula: change (%) = [(post-test 

score−pre-test score)/pre-test score]×100. The effect of menstrual cycle on lipid profile 

was assessed by impaired T-test. The effect of ApoE on lipid profile was assessed by 

univariate analysis of variance (ANOVA).  

 

Once the methodology for each study has been described, the next subsection outlines 

the results obtained from the four studies. Afterwards, these results will be discussed. 
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4. RESULTS  
 

4.1.  STUDY I: DISSIMILAR RESPONSES OF METABOLIC RISK SCORES  

 

Study I aimed to compare the metabolic risk scores published in the literature in a 

homogeneous sample of healthy women, in order to compare with the validated one by 

Wijndaele et al. (147).  

 

Participant characteristics are shown in table 9. 

 
Table 9. Participant characteristics Study I: Pilot 
study. 
Variables Mean  S.D. 

Waist circumference (cm) 69.7 ± 4.2 

Hip circumference (cm) 96.5 ± 4.1 

Waist to Hip ratio 0.7 ± 0.05 

Skinfold summatory (mm) 98.4 ± 18.1 

Total body fat (%) 17.03 ± 2.8 

Glucose (mg/dl) 77.3 ± 5.2 

HDL-cholesterol (mg/dl) 63.6 ± 14.5 

Triglycerides (mg/dl) 94.2 ± 48.6 

Total cholesterol (mg/dl) 182.6 ± 30.4 

LDL-cholesterol (mg/dl) 101.3 ± 20.4 
 
 

Metabolic Risk Scores correlations 

Table 10 shows correlations between each MRS and MRS5, which is the validated one. 

We only found correlation of MRS5 with MRS4_4 (p=0.01). At the same time, MRS4 

seems to be close to signification.  
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Table 10. Correlations between MRS and MRS5 validated in 
Study I: Pilot study. 

          mean   SD MRS5 
      r p 

MRS1 0.000007 ±  2.66 -0.005 0.986 
MRS2 0.0014 ±  1.87 0.042 0.886 
MRS2_2 -0.0007 ±  1.92 0.338 0.238 
MRS3 -0.001 ±  1.86 0.363 0.202 
MRS3_3 -0.0007 ±  1.92 0.338 0.238 
MRS4 0.0007 ±  0.53 0.500 0.068 
MRS4_4 0.0007 ±  0.50 0.656 0.011 
MRS5 0.0006 ±  0.49 - - 
MRS1: García-Artero et al., 2007 Metabolic Risk Score; 
MRS2: Ekelund et al., 2007 Metabolic Risk Score; MRS2_2: 
Ekelund et al., 2007, without obesity component, Metabolic 
Risk Score; MRS3: Franks et al., 2004 Metabolic Risk Score; 
MRS3_3: Franks et al., 2004, without obesity component, 
Metabolic Risk Score; MRS4: Rizzo et al., 2007 Metabolic 
Risk Score; MRS4_4: Rizzo et al., 2007, without obesity 
component, Metabolic Risk Score; MRS5: Wijndaele et al., 
2006 Metabolic Risk Score 

 

Factor analysis 

Factor analysis application to our population showed also two principal components 

(PC1 and PC2) in line with Wijndaele at al. (147). The explained variance is higher in 

our case. However, when comparing variables distribution through principal 

components it can be observed that weights are different when calculated in our 

population (11). HDL-Cholesterol and BP agree in PC1 and TG in PC2. However, 

glucose and WC are weighted higher in PC2 in our data, while in Wijndaele et al. (147) 

factor analysis considered it in PC1. 
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Table 11. Factor analysis comparison in Study I: Pilot study. 
  Wijndaele et al. Morencos et al. 
  PC1 PC2 PC1 PC2 
Variance 33% 27% 38% 31% 
Total 59% 69% 

Variables 
WC 0.61 0.54 -0.27 -0.63 
TG 0.42 0.49 -0.098 0.78 
HDL-C 0.12 -0.9 0.89 -0.15 
BP 0.83 0.01 0.92 0.097 
Glucose 0.62 0.04 -0.44 0.69 

Variables distribution weighted in each component 
  WC TG HDL-C TG 
  HDL-C  BP WC 
  BP   Glucose 
  Glucose    
 PC1: principal component 1; PC2: principal component 2; WC: 
waist circumference; TG: triglycerides; HDL-C: high density 
lipoprotein; BP: blood pressure; GLUC: glucose 

 

 

Metabolic Risk Scores comparison 

There were no mean differences between scores with Z punctuations (MRS1-4) and 

MRS5 (table 10). However, we can observe in figure 12 the high variability of the 

scores. We represented 2 subjects, randomly chosen, who appeared to have a 

completely opposite health status according to the scores depending on which one is 

used. 
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Figure 12. Metabolic risk scores calculated for the same population in Study I (Pilot 
study). Error bars show mean ± standard deviation. Triangles and squares show the 

different risk scored for 2 subjects depending on the MRS used. 
MRS1: García-Artero et al., 2007 Metabolic Risk Score; MRS2: Ekelund et al., 2007 

Metabolic Risk Score; MRS2_2: Ekelund et al., 2007, without obesity component, 
Metabolic Risk Score; MRS3: Franks et al., 2004 Metabolic Risk Score ; MRS3_3: 

Franks et al., 2004, without obesity component, Metabolic Risk Score; MRS4: Rizzo et 
al., 2007 Metabolic Risk Score; MRS4_4: Rizzo et al., 2007, without obesity 

component, Metabolic Risk Score; MRS5: Wijndaele et al., 2006 Metabolic Risk Score; 
MRS6: Johnson et al., 2007. 

 

Scores contrast 

Agreement between the MRS5 and the other MRS evaluated according to the Bland and 

Altman (15) approach is presented in figure 13. Despite the good agreement between all 

of the MRS with the validated one, the only score which showed graphs with points 

similarly dispersed and no tendency, according to the method described by Bland and 

Altman (15), were MRS4 and MRS4_4. The bias for this score without the obesity 

component was of 0.0001 ± 0.41 and of 0.0001 ± 0.47 for the complete score, while the 

bias for the remaining scores oscillated between -0.006 ± 2.70 to 0.35±1.51. 
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Figure 13. Plots depicting all the metabolic risk 
scores compared with the one considered as 

valid in Study I (Pilot study). 
(A) García-Artero et al., 2007 – Wijndaele et al., 

2006; (B)  Ekelund et al., 2007 - Wijndaele et 
al., 2006; (C) Ekelund et al., 2007 without 

obesity component - Wijndaele et al., 2006; (D) 
Franks et al., 2004 -  Wijndaele et al., 2006; (E) 
Franks et al., 2004 without obesity component - 
Wijndaele et al., 2006; (F) Rizzo et al., 2007 - 
Wijndaele et al., 2006; (G)  Rizzo et al., 2007 
without obesity component - Wijndaele et al., 

2006. 
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4.2.  STUDY II: METABOLIC RISK SCORES VALIDATION IN OVERWEIGHT 
PEOPLE 

 
Previous pilot study (Study I) performed with healthy and normoweight women, 

concluded that the metabolic risk scores (MRS) studied presented contradictory results 

in relation to the metabolic risk in an individual, depending on the mathematical method 

used and the variables included (93). Therefore, the aim of the study II was to evaluate 

the reproducible MRS found in the literature, to compare them with the validated MRS, 

in overweight adults. 

Characteristics of the participants are summarized in table 12.  

 
Table 12. Participant characteristics Study II. 
        Women Men 
n 62 45 
Age (y) 36.4 ± 8.4 35.50 ±  8.23 
Body Mass Index (kg/m2) 28.71 ± 1.75 28.97 ±  1.72 
Total body fat (%) 39.26 ± 6.67 39.86 ±  5.74 
Fat free mass (kg) 47.02 ± 9.55 45.81 ±  8.10 
Waist circumference (cm) 92.93 ± 6.55 100.23 ±  5.35 
Hip circumference (cm) 111.12 ± 5.19 109.46 ±  4.85 
Waist to hip ratio 0.84 ± 0.07 0.92 ±  0.05 
Skinfold summatory (mm) 105.73 ± 19.45 89.12 ±  24.99 
Glucose (mg/dl) 97.16 ± 8.44 97.80 ±  6.81 
Insulin (mUI/ml) 8.58 ± 5.16 8.00 ±  4.31 
Systolic blood pressure (mmHg) 116.39 ± 9.29 126.58 ±  12.74 
Diastolic blood pressure (mmHg) 71.27 ± 7.64 76.84 ±  11.85 
HDL-cholesterol (mg/dl) 58.63 ± 10.33 46.18 ±  6.85 
LDL-cholesterol (mg/dl) 123.37 ± 24.66 138.91 ±  32.47 
Triglycerides (mg/dl) 106.03 ± 56.78 113.78 ±  64.11 
Total colesterol (mg/dl) 206.90 ± 32.99 210.98 ±  41.37 
Data shown as mean±SD. 
 

Metabolic Risk Scores correlations 

 

Table 13 shows correlations between each MRS and MRS5, which is the validated one. 

In women, all MRS showed a strong correlation with the validated one (MRS5) (r>0.71, 

p<0.01). In men, we only found correlation of MRS5 with MRS2 (r=0.37, p<0.01) and 
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MRS3 (r=0.33, p=0.02) and stronger correlation of MRS5 with MRS4 (r=0.65, p<0.01) 

and with MRS4_4 (r=0.68, p<0.01). 

 
Table 13. Mean differences and correlations between MRS and MRS5 validated in 
Study II. 
  Women (n=62)                 Men (n=45)   
           MRS5          MRS5 
  mean ±  SD r p mean ± SD r p 
MRS1 -0.0005 ±  2.25 0.717 <0.01 0.0004 ± 2.45 -0.075 0.624 
MRS2 -5.37e-14 ±  3.65 0.894 <0.01 -0.0002 ± 3.94 0.378 0.011 
MRS2_2 0.0002 ±  3.17 0.823 <0.01 -0.0004 ± 3.48 0.251 0.096 
MRS3 -5.00e-15 ±  3.01 0.868 <0.01 -0.0004 ± 3.65 0.335 0.024 
MRS3_3 -0.0008 ±  2.61 0.816 <0.01 -0.0002 ± 3.01 0.257 0.088 
MRS4 0.0002 ±  0.52 0.869 <0.01 -0.0002 ± 0.49 0.652 <0.01 
MRS4_4 0.0002 ±  0.57 0.873 <0.01 0.0004 ± 0.49 0.685 <0.01 
MRS5 -1.00e-17 ±  0.39     0.0007 ± 0.41    
MRS6 -0.0003 ±  2.57 0.943 <0.01 -0.0002 ± 2.95 0.353 0.017 
MRS1: García-Artero et al., 2007 Metabolic Risk Score; MRS2: Ekelund et al., 2007 
Metabolic Risk Score; MRS2_2: Ekelund et al., 2007, without obesity component, 
Metabolic Risk Score; MRS3: Franks et al., 2004 Metabolic Risk Score ; MRS3_3: 
Franks et al., 2004, without obesity component, Metabolic Risk Score; MRS4: Rizzo et 
al., 2007 Metabolic Risk Score; MRS4_4: Rizzo et al., 2007, without obesity 
component, Metabolic Risk Score; MRS5: Wijndaele et al., 2006 Metabolic Risk Score; 
MRS6: Johnson et al., 2007. 
 
 

Metabolic risk scores comparison 

 

There were no mean differences between scores with Z punctuations (MRS1-4 and 6) 

and MRS5 for men and women, respectively (table 13). However, we can observe in 

figure 14 the high variability of the scores. We represented 3 men and 3 women of the 

study, randomly chosen, who appeared to have a completely opposite health status 

depending on the scores used. 
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Figure 14. Metabolic risk scores calculated for the same population in Study II. Error 
bars show mean ± standard deviation. Triangles, circles and squares show the different 

risk scored for 3 subjects depending on the MRS used. 
MRS1: García-Artero et al., 2007 Metabolic Risk Score; MRS2: Ekelund et al., 2007 

Metabolic Risk Score; MRS2_2: Ekelund et al., 2007, without obesity component, 
Metabolic Risk Score; MRS3: Franks et al., 2004 Metabolic Risk Score ; MRS3_3: 

Franks et al., 2004, without obesity component, Metabolic Risk Score; MRS4: Rizzo et 
al., 2007 Metabolic Risk Score; MRS4_4: Rizzo et al., 2007, without obesity 

component, Metabolic Risk Score; MRS5: Wijndaele et al., 2006 Metabolic Risk Score; 
MRS6: Johnson et al., 2007. 
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Factor analysis 

 

Factor analysis application to our population showed also two principal components 

(PC1 and PC2) in line with Wijndaele at al. (147). The explained variance is higher in 

our case in men, but lower in women. However, comparing variables distribution 

through principal components it can be observed that weights are different when 

calculated in our population, for both, men and women (table 14). In men, only TG 

agree in PC1 and HDL-C in PC2. While in women, HDL-C, blood pressure and glucose 

agree in PC1 and TG in PC2. 

 
Table 14. Factor analysis comparison in Study II. 

Men Women 

  Wijndaele et al. Morencos et al. Wijndaele et al. Morencos et al. 

  PC1 PC2 PC1 PC2 PC1 PC2 PC1 PC2 

Variance 33% 28% 34% 22% 33% 27% 31% 24% 

Total 61% 56% 59% 55% 

Variables 

WC 0.51 0.55 0.47 0.1 0.61 0.54 0.09 0.54 

TG 0.82 0.16 0.17 -0.47 0.42 0.49 0.05 0.45 

HDL-C -0.85 0.09 0.19 0.78 0.12 -0.9 0.46 -0.49 

BP 0.12 0.72 0.55 0.09 0.83 0.01 0.54 0.04 

GLUCOSE -0.08 0.73 0.25 -0.09 0.62 0.04 0.49 0.07 

Variables distribution weighted in each component  

  TG WC WC   WC TG   WC 

    HDL-C TG HDL-C HDL-C   HDL-C TG 

    BP BP   BP   BP   

    GLUC GLUC   GLUC   GLUC   

PC1: principal component 1; PC2: principal component 2; WC: waist circumference; TG: 

triglycerides; HDL-C: high density lipoprotein; BP: blood pressure; GLUC: glucose 
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Scores contrast 

 

Agreement between the MRS5 and the other MRS evaluated according to the Bland and 

Altman approach (15) is presented in figures 15 and 16, for men and women, 

respectively. Despite the good agreement between all of the MRS with the validated 

one, the only score which showed graphs with points similarly dispersed and no 

tendency, according to the method described by Bland and Altman (15), was MRS4 and 

MRS4_4, in men and women. The bias for MRS4 was of 0.0009 ± 0.38 and of 0.0001 ± 

0.27 for men and women, respectively. For MRS4_4 was of 0.0002 ± 0.36 and of 

0.0001 ± 0.29 for men and women, respectively. While bias for the remaining scores 

(MRS1, MRS2, MRS2_2, MRS3, MRS3_3, MRS6) oscillated between -0.005 ± 1.98 to 

0.00001±3.28 and -0.0002 ± 2.51 to 0.0009±3.80 for men and women, respectively. 
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Figure 15. Plots depicting all the metabolic risk scores compared with the one considered as valid, in men 

in Study II. 
(A) García-Artero et al., 2007 – Wijndaele et al., 2006; (B)  Ekelund et al., 2007 - Wijndaele et al., 2006; 

(C) Ekelund et al., 2007 without obesity component - Wijndaele et al., 2006; (D) Franks et al., 2004 -  
Wijndaele et al., 2006; (E) Franks et al., 2004 without obesity component - Wijndaele et al., 2006; (F) 

Rizzo et al., 2007 - Wijndaele et al., 2006; (G)  Rizzo et al., 2007 without obesity component - Wijndaele 
et al., 2006; (H) Jonhson et al., 2007 - Wijndaele et al., 2006. 
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Figure 16. Plots depicting all the metabolic risk scores compared with the one considered as valid, in 
women. 

(A) García-Artero et al., 2007 – Wijndaele et al., 2006; (B)  Ekelund et al., 2007 - Wijndaele et al., 2006; 
(C) Ekelund et al., 2007 without obesity component - Wijndaele et al., 2006; (D) Franks et al., 2004 -  
Wijndaele et al., 2006; (E) Franks et al., 2004 without obesity component - Wijndaele et al., 2006; (F) 

Rizzo et al., 2007 - Wijndaele et al., 2006; (G)  Rizzo et al., 2007 without obesity component - Wijndaele 
et al., 2006; (H) Jonhson et al., 2007 - Wijndaele et al., 2006. 
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4.3.  STUDY III: COMBINED EXERCISE AND DIETARY INTERVENTION TO 
OPTIMIZE METABOLIC RISK MANAGEMENT 

 

Study III tried to investigate the combined effects of endurance and strength training on 

MetS following the definition criteria of the National Cholesterol Education Program 

Adult Treatment Panel III (NCEP ATP III) (101). 

Baseline characteristics 

 

The baseline characteristics and adherence to the study are presented for each group in 

table 15. No significant differences were seen between the selected groups for any of 

the baseline measures. Figure 6 describes the flow of participants from recruitment to 

post- intervention testing. There was a 25% drop-out rate from the exercise intervention 

across all groups.  

 
Table 15. Participant completers´ characteristics at baseline Study III. 

S             E            SE  C  
n 21           25            21 18 
Age (y) 36.07 ± 8.67 35.80 ± 7.90 35.76 ± 7.27 36.79 ± 8.89 
Weight (kg) 81.69 ± 12.20 80.07 ± 10.51 79.20 ± 10.70 80.40 ± 9.61 
BMI (kg/m2) 28.67 ± 1.22 28.39 ± 1.36 27.83 ± 1.03 27.97 ± 1.41 
Total body fat (%) 40.45 ± 6.86 39.78 ± 5.73 37.11 ± 6.66 40.56 ± 5.13 
Body fat free (kg) 46.68 ± 10.78 45.98 ± 8.53 48.12 ± 9.54 46.31 ± 7.89 
VO2 peak rel 
(mL/kg/min) 

30.50 ± 7.06 30.87 ± 6.54 33.76 ± 6.92 30.72 ± 6.06 

Daily Energy 
Expenditure (kcal/d) 

2716 ± 386 2410 ± 360 2627 ± 443 2595 ± 472 

Carbohydrate (%) 39.79 ± 6.81 37.02 ± 5.06 40.02 ± 5.54 35.38 ± 7.31 
Protein (%)  17.23 ± 2.53 16.75 ± 2.75 15.99 ± 2.42 19.05 ± 9.94 
Fat (%) 38.20 ± 6.27 42.11 ± 5.17 39.87 ± 6.24 42.23 ± 6.71 
Exercise adherence 
(%) 

91.01 ± 5.13 91.23 ± 4.93 92.30 ± 4.37   
 

  

Body Mass Index (BMI); 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).  
Data shown as mean ± SD. 
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Change in health and metabolic variables 

 

The pre-training (baseline) and post-training changes values for weight, peak oxygen 

consumption, all 5 MetS risk factors, the MSz-Score and the MSscore-ATPIII are 

presented in table 16, with the statistic analysis results for significant pre- to post-

intervention changes highlighted. The weight showed a significant decrease (p<0.01) 

and the oxygen consumption increased significantly (p<0.01), both in all groups. The 

WC significantly decreased in all groups (p<0.01). No significant changes were found 

for HDL in any group. The TG values only showed significant decreases in the strength 

training group (p<0.01). Fasting plasma glucose decreased significantly in the strength 

training, combined training and control groups (p<0.01). Endurance training and 

combination training groups showed a significant decrease in systolic blood pressure (E: 

p=0.02; SE: p<0.01). Combined training group showed statistically significant decrease 

in diastolic blood pressure and mean arterial blood pressure (p<0.01). 
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Table 16. Baseline values and change scores. 
S E SE C 

n=21 n=25 n=21 n=18 

Baseline Change 
p-

value Baseline Change 
p-

value Baseline Change p-value Baseline Change 
p-

value 
Weight (kg) 81.69 ± 12.24 -6.32 ± 3.63 <0.01 80.07 ± 10.54 -7.04 ± 4.00 <0.01 79.19 ± 10.71 -7.87 ± 3.88 <0.01 80.39 ± 9.15 -5.85 ± 4.38 <0.01 

VO2 peak rel (mL/kg/min) 30.50 ± 7.06 5.33 ± 4.88 <0.01 30.87 ± 6.54 7.03 ± 3.95 <0.01 33.76 ± 6.92 9.12 ± 5.57 <0.01 30.72 ± 6.06 5.93 ± 5.62 <0.01 

HDL-C (mg/dl) 53.57 ± 12.36 1.48 ± 6.96 0.31 52.04 ± 9.98 0.48 ± 6.60 0.72 54.29 ± 11.22 -0.33 ± 7.14 0.82 53.00 ± 11.11 1.11 ± 5.36 0.48 

TG (mg/dl) 127.81 ± 66.53 -29.33 ± 44.78 <0.01 92.32 ± 36.14 -1.12 ± 38.93 0.90 100.76 ± 62.37 -12.52 ± 53.38 0.21 116.44 ± 66.73 -4.44 ± 44.23 0.68 

Waist circumference (cm) 97.81 ± 6.88 -7.43 ± 4.42 <0.01 95.90 ± 8.10 -7.85 ± 4.26 <0.01 95.49 ± 7.36 -10.17c ± 3.96 <0.01 93.66 ± 6.11 -6.37 ± 5.16 <0.01 

Fasting glucose (mg/dl) 98.24 ± 7.78 -4.00 ± 3.45 <0.01 96.80 ± 7.70 1.40 ± 6.24 0.32 97.29 ± 6.44 -4.90b ± 8.78 <0.01 99.17 ± 8.75 -5.56 b ± 8.48 <0.01 

Systolic blood pressure (mmHg) 119.90 ± 13.07 -2.71 ± 8.69 0.14 121.68 ± 11.32 -3.92 ± 8.11 0.02 119.82 ± 11.76 -5.00 ± 8.11 <0.01 121.05 ± 12.05 -2.95 ± 8.66 0.13 

Diastolic blood pressure (mmHg)  73.81 ± 11.69 -1.48 ± 7.55 0.39 75.40 ± 9.19 -1.16 ± 6.54 0.46 73.09 ± 10.41 -4.36 ± 9.82 <0.01 72.47 ± 9.29 -0.32 ± 7.01 0.86 

Mean arterial blood pressure (mmHg) 96.86 ± 11.92 -2.10 ± 7.12 0.18 98.54 ± 9.48 -2.54 ± 6.75 0.08 96.45 ± 9.74 -4.68 ± 7.71 <0.01 96.76 ± 10.18 -1.63 ± 7.09 0.32 

MSscore-ATPIII 1.95 ± 1.36 -0.81 ± 0.75 <0.01 1.60 ± 1.04 -0.72 ± 0.79 <0.01 1.27 ± 0.98 -0.55 ± 0.80 <0.01 1.61 ± 1.14 -0.67 ± 0.84 <0.01 

MSz-Score 1.13 ± 3.02 -0.67 ± 1.70 0.19 -0.48 ± 2.81 1.34 ± 2.29 <0.01 -0.47 ± 2.23 -1.06 b ± 2.25 0.03 -0.10 ± 2.74 0.35 ± 2.56 0.58 
a Significant difference with diet and supervised strength training group (S). p≤0.05 
b Significant difference with diet and supervised endurance training group (E). p≤0.05 
c Significant difference with diet and physical activity recommendations group (C). p≤0.05 
Diet and supervised combined strength and endurance training (SE).  
Data shown as mean ± SD. 
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Figure 17 depicts the effects of exercise mode on the changes in the MSz-Score and its risk 
factors. The combined training group resulted in a significant improvement in the MSz-Score 
(p<0.01) with significant differences with endurance training group (p=0.03), which failed to 
significantly alter the MSz-Score. A difference in the effects on the waist circumference was 
observed in the SE group compared to C group (p=0.02). Also, a significant difference was 
observed when comparing the effects of SE and C groups on the changes in glucose compared to 
the E group (p=0.02 and p=0.01, respectively).   
 
 

 
 
 
Figure 17. Effects of exercise modes on changes in metabolic risk factors and score. (A) Waist 

circumference (cm), (B) mean arterial pressure (mmHg), (C) HDL cholesterol (mg/dl), (D) 
triglycerides (mg/dl), (E) glucose (mg/dl), and (F) MSZ-score. Error bars show mean ± standard 
deviation. a Significant difference with diet and supervised strength training group (S) p≤0.05;                  

b Significant difference with diet and supervised endurance training group (E) p≤0.05;                  
c Significant difference with diet and physical activity recommendations group (C) p≤0.05.     

Diet and supervised combined strength and endurance training group (SE). 
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All groups showed a significant decrease in MetS risk following the ATP-III criteria with the 
MSscore-ATPIII (p=0.01) (figure 18).  
 
 
 

 
 
Figure 18. ATP III risk factors and metabolic syndrome prevalence (%) at pre-training and post-

training. Metabolic Syndrome (MetS) defined as having 3 of 5 criteria: waist circumference 
(WC) ≥ 102cm in men and ≥88cm in women, blood pressure (BP) ≥ 130mmHg systolic or ≥85 

diastolic, HDL cholesterol <40mg/dl in men and <50mg/dl in women, TG ≥150 mg/dl, and 
glucose (GLUC) ≥100 mg/dl. Diet and supervised combined strength and endurance training 
(SE); diet and physical activity recommendations group (C); diet and supervised endurance 

training (E); diet and supervised strength training (S). 
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4.4.  STUDY IV: EFFECTS OF DIETARY RESTRICTION COMBINED WITH DIFFERENT 
EXERCISE PROGRAMS OR PHYSICAL ACTIVITY RECOMMENDATIONS ON 
BLOOD LIPIDS IN OVERWEIGHT ADULTS 

 
Study IV attempts to evaluate the impact of different supervised exercise types combined with 

diet restriction on the lipid profile and to compare them to a habitual weight loss intervention 

protocol used in clinical practice, including dietary advice and standard physical activity 

recommendations, in overweight adults. 

Data is presented separated for men and women, and for the total. Even though the main purpose 

of this study was not to analyze gender differences, we decided to include them in order to 

discuss results clearly, taking into account that most of the previous studies are performed with 

only men or women. 

 
Anthropometric and Fitness Measurements 

 

Baseline characteristics of the participants revealed no significant differences for weight, 

percentage body fat, body fat free mass and O2peak. Baseline BMI was significantly different 

between S and C (table 17). Weight change results showed a significant decrease in men and 

women of all groups (p<0.01). 
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Table 17. Participant completers´ characteristics at baseline in Study IV.  
Men Women Total 

n = 37 n = 47 n = 84 
n Mean SD n Mean SD n Mean SD 

Age (years) 

S 7 35.5 ± 9.2 12 36.4 ± 8.6 19 36.1 ± 8.7 
E 10 34.6 ± 8.3 15 36.4 ± 7.9 25 35.8 ± 8.0 

SE 12 37.1 ± 7.7 10 34.7 ± 6.9 22 36.0 ± 7.3 
C 8 36.2 ± 8.6 10 37.2 ± 9.3 18 36.8 ± 8.9 

Weight (kg) 

S 92.7 ± 10.7 76.2 ± 8.6 81.4 ± 12.0
E 89.3 ± 10.0 74.9 ± 6.6 80.1 ± 10.5

SE 86.1 ± 8.8 72.5 ± 7.6 79.6 ± 10.6
C   88.1 ± 7.2   74.8 ± 5.8   80.4 ± 9.2 

BMI (kg/m2) 

S 29.9 ± 2.7 29.8 ± 1.7 29.8 ± 2.0 
E 29.2 ± 1.1 28.8 ± 1.9 29.0 ± 1.7 

SE 28.2 ± 1.8 28.2 ± 1.5 28.2 ± 1.7 
C   29.0 ± 1.4   27.7 ± 1.0   28.3 ± 1.3 

Total body fat 
(%) 

S 39.5 ± 6.8 40.5 ± 6.8 40.1 ± 6.7 
E 39.5 ± 5.7 39.9 ± 6.4 39.7 ± 6.1 

SE 39.2 ± 6.8 36.5 ± 5.6 37.8 ± 6.2 
C   40.8 ± 3.2   40.0 ± 6.8   40.4 ± 5.2 

Body fat free (kg) 

S 48.9 ± 9.0 46.1 ± 11.4 47.2 ± 10.4
E 44.9 ± 8.9 46.0 ± 8.8 45.6 ± 8.6 

SE 45.4 ± 8.1 50.1 ± 10.0 47.8 ± 9.3 
C   45.6 ± 6.8   46.4 ± 9.2   46.0 ± 7.9 

VO2peak  
(mL/kg/min) 

 

S 36.0 ± 8.7 27.5 ± 3.6 30.5 ± 7.1 
E 38.4 ± 4.7 27.1 ± 3.2 30.9 ± 6.5 

SE 38.3 ± 5.3 29.5 ± 5.7 34.1 ± 7.0 
C   30.7 ± 6.1   30.7 ± 6.1   30.7 ± 6.1 

S: diet and supervised strength group; E: diet and supervised endurance group; 
SE: diet and supervised combined strength and endurance group; C: diet and 
physical activity recommendations group. BMI: Body Mass Index. VO2peak: peak 
oxygen uptake. 

 
 
Blood lipids and lipoproteins 

 

Table 18 shows changes in plasma lipid and lipoprotein concentrations in the four groups before 

and after the intervention period. There were no statistically significant differences between 

groups at baseline and post-training values. 

Significant changes can be observed between baseline and post-training values in each group. No 

significant changes were found in the HDL-C, LDL-C and TC levels in the strength training 

group, while a significant decrease was observed for TG levels (22.8%; p<0.01). No significant 
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changes were found in the HDL-C, LDL-C and TG levels in the endurance training group, but 

TC decreased significantly (4.4%; p=0.02). For the combined training group, significant changes 

were found for LDL-C (10.6%; p<0.01) and TC levels (8.8%; p<0.01). LDL-C (10.4%; p<0.01) 

and TC (7.6%; p<0.01) levels significantly decreased in the control group, with no significant 

changes in HDL-C and TG values.      

There were no differences in blood lipid profile concentrations between luteal and non-luteal 

(follicular) phase at baseline and post-training measurements (data not shown). Regarding ApoE 

groups, there were no differences in serum lipids and lipoprotein concentrations at baseline (data 

not shown). 

 
Dietary analyses 

 

Measurements on macronutrient and energy intakes at baseline and post-training are shown in 

table 19. There were no statistically significant differences between groups at baseline and post-

training. Carbohydrate intake % increased significantly in both, strength and endurance training 

group (p<0.01). Fat intake % showed a significant decrease in all four groups (p<0.01). Both 

endurance and combined training groups increased significantly the percentage of protein intake 

(p=0.04 and p=0.02, respectively).  

 

Daily Energy Expenditure 

 

Following accelerometer records, there were no differences between groups neither at baseline 

nor at post-training for daily energy expenditure (DEE). Table 19 shows data from daily energy 

expenditure without the supervised training sessions. No significant changes were found between 

baseline and post-training values for each group, except for the control group that decreased 

significantly (p=0.02). When comparing these data adding the energy expenditure from the 

training sessions, there were no significant differences between the groups: S (p=0.40), E 

(p=0.33), SE (p=0.26). 
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Table 18. Changes in blood lipid profile. 
Men Women Total 

n = 37 n = 47 n = 84 

Baseline Post-training Change 
(%) 

P- 
value

  Baseline Post-training Change 
(%) 

P- 
value 

 

Baseline Post-training Change 
(%) 

P- 
value n Mean SD Mean SD n Mean SD Mean SD n Mean SD Mean SD 

HDL-C 
(mg/dl) 

S  7 41.9 ± 7.8 45.0 ± 9.3 7.4 0.18 12 59.0 ± 9.6 59.5 ± 12.2 0.8 0.77 19 53.5 ± 12.1 54.9 ± 13.1 2.6 0.35 

E 10 48.0 ± 6.8 51.8 ± 5.4 7.9 0.07 15 54.3 ± 10.9 52.9 ± 9.8 -2.6 0.37 25 52.0 ± 10.0 52.5 ± 8.4 1.0 0.72 

SE 12 47.1 ± 7.6 51.1 ± 6.7 8.5 0.03 10 62.3 ± 8.5 57.4 ± 8.9 -7.9 <0.01 22 54.0 ± 11.0 54.0 ± 8.2 0.0 0.97 

C 8 46.1 ± 6.4 48.7 ± 8.4 5.6 0.27 10 57.4 ± 11.4 57.5 ± 12.5 0.2 0.92 18 53.0 ± 11.1 54.1 ± 11.7 2.1 0.47 

LDL-C 
(mg/dl) 

S   138.2 ± 25.2 138.8 ± 24.9 0.4 0.91   121.0 ± 18.8 120.5 ± 23.0 -0.4 0.9 125.9 ± 21.7 125.8 ± 24.4 -0.1 0.97 

E 128.9 ± 29.0 122.8 ± 26.8 -4.7 0.21   117.3 ± 26.3 127.9 ± 21.8 9.0 <0.01 121.4 ± 27.3 126.1 ± 23.3 3.9 0.13 

SE 142.0 ± 31.8 127.0 ± 29.9 -10.6 <0.01   126.2 ± 19.7 112.8 ± 25.3 -10.6 <0.01 134.8 ± 27.6 120.5 ± 28.2 -10.6 <0.01 

C   144.9 ± 35.5 138.3 ± 36.1 -4.6 0.24   125.6 ± 25.9 107.0 ± 28.4 -14.8 <0.01   133.1 ± 30.5 119.2 ± 34.4 -10.4 <0.01 

TG (mg/dl) 

S   158.3 ± 91.1 118.1 ± 70.8 -25.4 0.02   111.3 ± 45.7 87.8 ± 33.3 -21.1 0.05 126.3 ± 65.3 97.5 ± 48.8 -22.8 <0.01 

E 85.2 ± 12.0 85.6 ± 19.2 0.5 0.98   96.3 ± 44.3 94.4 ± 69.1 -2.0 0.87 92.3 ± 36.1 91.2 ± 55.9 -1.2 0.9 

SE 114.3 ± 80.0 100.7 ± 38.6 -11.9 0.31   87.0 ± 20.7 84.4 ± 21.3 -3.0 0.86 101.9 ± 61.1 93.3 ± 32.3 -8.4 0.38 

C   120.0 ± 54.6 135.9 ± 63.4 13.3 0.36   114.2 ± 75.9 96.8 ± 48.9 -15.2 0.21   116.4 ± 66.7 112 ± 56.6 -3.8 0.68 

TC (mg/dl) 

S   204.6 ± 26.4 192.0 ± 42.2 -6.2 0.15   197.7 ± 25.8 197.6 ± 32.0 -0.1 0.99 199.9 ± 25.6 195.8 ± 34.6 -2.1 0.42 

E 209.8 ± 36.4 191.6 ± 26.1 -8.7 0.02   199.5 ± 38.0 197.4 ± 26.5 -1.1 0.72 203.2 ± 37.0 194.3 ± 26.0 -4.4 0.02 

SE 213.5 ± 41.1 198.2 ± 29.6 -7.2 0.02   209.6 ± 25.8 187.1 ± 26.1 -10.7 <0.01 211.7 ± 34.2 193.1 ± 28.0 -8.8 <0.01 

C   218.3 ± 48.9 213.3 ± 49.7 -2.3 0.56   207.9 ± 32.9 184.6 ± 31.5 -11.2 <0.01   211.9 ± 38.8 195.8 ± 40.8 -7.6 <0.01 
HDL-C: High density lipoprotein. LDL-C: Low density lipoprotein. TG: triglycerides. TC: Total cholesterol. Significant difference with baseline (p≤0.05).  
S: diet and supervised strength group; E: diet and supervised endurance group; SE: diet and supervised combined strength and endurance group; C: diet and physical activity recommendations group.
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Table 19. Changes in weight, Daily Energy Expenditure and diet macronutrients after intervention. 
Men Women Total 

n = 37 n = 47 n = 84 

Baseline Post-training Change 
(%) 

P- 
value 

 

Baseline Post-training Change 
(%) 

P- 
value 

 

Baseline Post-training Change 
(%) 

P- 
value n Mean   SD Mean   SD n Mean   SD Mean   SD n Mean   SD Mean   SD 

Weight (kg) 

S 7 92.7 ± 10.7 84.4 ± 9.5 -9.0 <0.01 12 76.2 ± 8.6 70.6 ± 9.1 -7.3 <0.01 19 81.4 ± 12.0 75.0 ± 11.1 -7.9 <0.01 

E 10 89.3 ± 10.0 80.9 ± 10.4 -9.4 <0.01 15 74.9 ± 6.6 68.6 ± 7.8 -8.4 <0.01 25 80.1 ± 10.5 73.0 ± 10.5 -8.9 <0.01 

SE 12 86.1 ± 8.8 77.1 ± 8.4 -10.5 <0.01 10 72.5 ± 7.6 65.5 ± 9.2 -9.7 <0.01 22 79.6 ± 10.6 71.6 ± 10.4 -10.1 <0.01 

C 8 88.1 ± 7.2 81.4 ± 9.0 -7.6 <0.01 10 74.8 ± 5.8 69.6 ± 7.2 -7,0 <0.01 18 80.4 ± 9.2 74.5 ± 9.8 -7.3 <0.01 

Daily Energy 
Expenditure (kcal/d) 

S 3024 ± 336 2799 ± 335 -7.4 0.10 2432 ± 331 2354 ± 266 -3.2 0.40 2621 ± 430 2496 ± 353 -4.8 0.11 

E 2660a ± 317 2935 ± 248 10.4 0.02 2246 ± 285 2209 ± 355 -1.6 0.69 2401 ± 355 2482 ± 477 3.3 0.28 

SE 2893 ± 388 2872 ± 506 -0.7 0.84 2273 ± 198 2198 ± 277 -3.3 0.53 2628 ± 444 2583 ± 537 -1.7 0.57 

C  2924 ± 435 2672 ± 146 -8.6 0.05   2403 ± 245 2264 ± 343 -5.8 0.18   2612 ± 416 2427 ± 344 -7.1 0.02 

Carbohydrate (%) 

S 41.4 ± 5.3 51.0 ± 7.2 23.2 <0.01 39.1 ± 7.4 43.5 ± 5.5 11.3 0.04 39.8 ± 6.8 45.8 ± 6.9 15.1 <0.01 

E 38.0 ± 5.5 42.7 ± 5.4 12.4 0.10 36.5 ± 4.9 46.8 ± 7.5 28.2 <0.01 37.0 ± 5.1 45.4 ± 7.0 22.7 <0.01 

SE 40.3 ± 7.0 44.2 ± 4.6 9.7 0.12 39.7 ± 4.0 41.9 ± 4.6 5.5 0.38 40.0 ± 5.5 43.1 ± 4.6 7.8 0.09 

C  33.0 ± 8.7 41.0 ± 5.8 24.2 <0.01   37.8 ± 5.2 39.9 ± 4.7 5.6 0.44   35.4 ± 7.3 40.4 ± 5.1 14.1 <0.01 

Protein (%)  

S 17.0 ± 2.5 17.2 ± 0.7 1.2 0.93 17.3 ± 2.6 18.9 ± 2.7 9.2 0.22 17.2 ± 2.5 18.4 ± 2.4 7.0 0.28 

E 17.7 ± 3.5 19.7 ± 2.8 11.3 0.23 16.3 ± 2.2 18.4 ± 3.0 12.9 0.09 16.8 ± 2.7 18.9 ± 2.9 12.5 0.04 

SE 15.7 ± 2.4 17.8 ± 2.1 13.4 0.18 16.3 ± 2.6 19.5 ± 2.1 19.6 0.04 16.0 ± 2.4 18.6 ± 2.2 16.3 0.02 

C  21.9 ± 13.5 20.7 ± 2.8 -5.5 0.49   16.2 ± 3.1 19.4 ± 3.0 19.8 0.06   19.0 ± 9.9 20.1 ± 2.9 5.8 0.4 

Fat (%) 

S 36.1 ± 7.1 27.9 ± 7.9 -22.7 <0.01 39.1 ± 5.9 34.4 ± 4.6 -12.0 0.03 38.2 ± 6.3 32.4 ± 6.3 -15.2 <0.01 

E 38.7 ± 3.3 32.3 ± 7.7 -16.5 0.02 43.9 ± 5.1 30.5 ± 7.7 -30.5 <0.01 42.1 ± 5.2 31.1 ± 7.5 -26.1 <0.01 

SE 39.5 ± 7.2 35.0 ± 3.5 -11.4 0.07 40.3 ± 5.5 35.2 ± 3.8 -12.7 0.04 39.9 ± 6.2 35.1 ± 3.6 -12.0 <0.01 

C  41.1 ± 7.4 34.3 ± 5.4 -16.5 0.02   43.3 ± 6.3 37.5 ± 5.3 -13.4 0.04   42.2 ± 6.7 35.9 ± 5.4 -14.9 <0.01 
Significant difference with baseline (p≤0.05). 
a. Significant difference with diet and physical activity recommendations group (C). p≤0.05.  
S: diet and supervised strength group; E: diet and supervised endurance group; SE: diet and supervised combined strength and endurance group; C: diet and physical activity recommendations group. 
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5. DISCUSSION 
 
5.1. STUDY I: DISSIMILAR RESPONSES OF METABOLIC RISK SCORES  
 

The main goal of the analysis was to evaluate several MRS and to compare them with the one 

proposed by Wijndaele et al. (147), which is, to the best of our knowledge, the only validated 

one published in the literature.  

Data scattering varies considerably depending on the mathematic index calculation. Calculation 

using mean of standardized variables (MRS4 and MRS4_4) or factor analysis (MRS5) allows 

obtaining a lower standard deviation compared with the sum of standardized variables (MRS1, 

MRS2, MRS2_2, MRS3 and MRS3_3). Therefore, MRS4 and MRS4_4, calculated as mean of 

standardized variables, concentrated the values more as the validated MRS5 (figure 12). This can 

be seen also in the significant relationship shown between these latter scores (table 10) and 

narrow limits of agreement found between them (figure 13). Another difference in mathematical 

estimation or statistical method is that variables weight is equal with z score, whereas the factor 

analysis measures independently (147).  

So far, the criteria for inclusion or not of the several components in the calculation of different 

scores, are based on the results of previous studies analyzing the degree of relationship between 

different variables (25) and definitions used for the MetS (3). However, as shown in table 4, 

there is no universal approach. In our case, insulin has not been considered in the calculation of 

scores, since, even in healthy populations with T2DM, glucose is still an independent factor of 

better risk prediction (46, 90). 

The absence of difference between the means in our results is due to scores heteroskedasticity, 

positive and negative values delivered in means very close to zero values. In our study, we 

applied the different scores to the same population and, as figure 12 shows, population can be 

scored as low or high risk depending on the index used. When we analyze 2 aleatory cases, we 

can argue why the different equations do not agree on classifying risk in all patients (figure 12). 

The calculus and inclusion of the same variable in different ways (blood pressure: systolic and 

diastolic independently or as mean of both; adiposity as body mass index, skinfolds, waist 

circumference, or even mixed calculation) leaded to a different scores punctuation for the same 

subjects in each index. What happens to these two cases exemplified, though not so prominently, 

it extends to other subjects of the study sample, expanding the limits of agreement in the 

validation procedure (figure 13). 
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The comparison of the principal components derived and the weights obtained for each variable 

using factor analysis resulted in considerable differences (table 11). According to Wijndaele et 

al. (147), when applying this calculation to their sample, the first factor grouped the variables 

WC, HDL-C, BP, and glucose, while the second factor contains only the TG. In our sample, the 

first factor grouped the variables HDL-C and BP and the second grouped WC, TG and glucose. 

These data confirm the relevance of HDL-C as a variable to include in the calculation of risk 

functions in Europe, and more specifically in Spain (22), being included in all scores presented 

in this study. Furthermore, BP is also important, as blood lipid levels in women with low risk 

may lose their advantage when combined with being a smoker or have hypertension intermediate 

level. According to data, a person with a total cholesterol value of 8mmol/l may have a risk 10 

times lower than one with a concentration of 5 mmol/l if the latter is a person with hypertension 

and smoker (47). Regarding the differences in other factors it is likely to be due to the presence 

of geographic differences in the metabolic risks shown in epidemiological studies, both in 

Europe as an interregional level or even in other continents (122). These differences appear to be 

due to cultural issues, socioeconomic status, education (150), etc., differences in lifestyle 

involving such factors as alcohol and tobacco (125), diet, climate or physical activity. For many 

years it has remained the northeast-southwest gradient (122) in terms of cardiovascular risk, but 

studies are continuing to be under review to reconsider the classification of countries into low 

and high risk (97). 
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5.2. STUDY II: METABOLIC RISK SCORES VALIDATION IN OVERWEIGHT PEOPLE 
 
The purpose of this study was to evaluate several MRS and to compare them with the one of 

Wijndaele et al. (147), which is, to the best of our knowledge, the only validated one. Data are 

sex-based presented because scores are calculated through the different risk values considered 

sex-dependent when MetS risk is defined (140).  

The correlations between the factor analysis score (MRS5) and the other Z scores (MRS1, 

MRS2, MRS2_2, MRS3, MRS3_3 and MRS6) are high as shown in table 13, especially in 

women. However, in men, we only found correlation with MRS2 and MRS3 (p<0.05) and a 

stronger correlation with MRS4 and MRS4_4 (p<0.01). Data previously published showed also 

correlation between MRS4 and MRS4_4 with MRS5 (93), but these data referred only to women 

and did not show correlation with the rest of the scores. These could probably be due to the 

population number used for each study, a large population allows finding more significant 

correlations (141). However, we have to remember that a high correlation does not mean that the 

two methods agree. The use of correlation is misleading when assessing agreement between two 

methods of clinical measurement (15). 

Data scattering varies considerably depending on the mathematic index calculation. Calculation 

using mean of standardized variables (MRS4 and MRS4_4) or factor analysis (MRS5) allows 

obtaining a lower standard deviation compared with the sum of standardized variables (MRS1, 

MRS2, MRS2_2, MRS3, MRS3_3 and MRS6). Therefore, MRS4 and MRS4_4, calculated as 

mean of standardized variables, concentrated data more as the validated MRS5 (figure 14), both 

in men and women.  

The absence of difference between the means in our results is due to scores heteroskedasticity, 

positive and negative values delivered in means very closed to zero values. In our study, we 

applied the different scores to the same population and, as figure 14 shows, the population can be 

scored as low or high risk depending on the index used. When we analyze 3 aleatory cases in 

men and women (figure 14), we can argue why the different equations do not agree on 

classifying risk in all patients. The calculus and inclusion of the same variable in different ways 

(blood pressure: systolic and diastolic independently or as mean of both; adiposity as body mass 

index, skinfolds, waist circumference, or even mixed calculation) led to a different score 

punctuation for the same subjects in each index. A clear example is the case of the obesity 

component, taking into account that no consensus exists about the most sensitive and specific 

obesity indicator associated with metabolic risk factors (71). Although neither BMI nor WC 
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provides a complete picture of overall risk, the WC classification of the subjects from a previous 

study revealed stronger associations with multiple risk factors for chronic disease (83).  

Another difference in mathematical estimation or statistical method, is that variables weight is 

equal with z score, while factor analysis measures independently (147). Comparison of the 

principal components derived and the weights obtained for each variable using factor analysis 

obtained considerable differences (table 14) and these agree with our previous study (93). A 

major limitation of the metabolic syndrome scores used in the literature is that this calculation 

method is sample-specific. Therefore, the MRS derived in one study cannot be compared to 

other studies unless the demographic characteristics, distribution of data, and the measures of 

central tendency and variability are similar in the two samples (2, 37). This leads to the problem 

of variables choice included in the standardization process and factor analysis. As shown in table 

6, the variables included in the score and statistical approaches used to derive the score vary 

considerably. Surprisingly, little attention has been paid to the ubiquity of the individual 

components that make up the diagnostic criteria of all the definitions of the MetS. Characteristics 

of the population in conjunction with lifestyle conditions, which are in turn influenced by 

socioeconomic status, cultural habits and country-specific educational opportunities, are strong 

determinants of sampling variability. Data from Okosun et al. (103), call into question whether 

or not even the same set of metabolic components should be used in non-Hispanic white, non-

Hispanic black, and Mexican-American subjects.  

After comparing mathematical methods and variables introduced in the scores presented in this 

study, scatter plots were represented in order to asses agreement between each score with the 

validated one. Figures 15 and 16 showed how MRS4 and MRS4_4 presented the best graphics in 

plot representations with MRS5, both in men and women. The data scattering concentration of 

these two scores obtained better point’s dispersion and no tendency. These results are in 

agreement with our previous study, where the score proposed by Rizzo et al. (118) presented the 

best relationship with the MRS proposed by Wijndaele et al. (147) in healthy and normoweight 

women (93). These could be due to the mathematic method used, being the values of these two 

scores similar in narrow range of variation, therefore reflecting a closer accuracy. 

While the concept has advantages in terms of professional and public education and awareness, 

critics argue that it has limitations and that its clinical utility has been over-interpreted (49, 128). 

The rationale for creating a continuous metabolic syndrome score stems mainly from the fact 

that there is no clear definition of the MetS. As a continuous variable, a MetS risk score is a 

more robust measure of the MetS than a categorical measure, with the following advantages: (i) 

because CVD risk is a progressive function of several MetS components, the use eliminates the 
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need to dichotomize these factors; (ii) continuous MetS risk score is more sensitive and less error 

prone compared with categorical measures of MetS; and (iii) statistical power is increased with 

the use of continuous MetS (147). Based on this evidence and taking into account that The 

American Diabetes Association and the European Association for the Study of Diabetes have 

recommended the use of continuous MetS as an index of MetS (65), it remains important to find 

a homogeneous applicability. However, calculation methodologies are extended but not unified. 
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5.3. STUDY III: COMBINED EXERCISE AND DIETARY INTERVENTION TO OPTIMIZE 
METABOLIC RISK MANAGEMENT 

The present study is, to our knowledge, the first randomized control trial which aims to compare 

the changes in MetS risk factors related to a strength, an endurance and a combined training 

protocol assuring equal volume and intensity of exercise. The most important finding of our 

study is that combined exercise showed robust improvements in the MSz-Score and its 

constituent risk factors. Compared to the other intervention and control group significantly 

improved values for the MSz-Score, waist circumference and fasting plasma glucose were 

obtained.  

In the present study, although S and E did not influence all variables significantly, both exercise 

modes produced positive changes in the MetS components in general. Due to different 

mechanisms, combined endurance and strength training may have synergistic benefits compared 

with either method alone. Large randomized controlled trials and meta-analyses have shown that 

strength training combined with endurance training decreases cardiovascular risk factors (12, 30, 

80, 127), and/or may prevent the risk associated with a continued sedentary lifestyle (134). 

However, depending on the protocol of exercise performed, results on the most efficient training 

program remain equivocal.  

When comparing endurance, strength and combined training, previous studies were not able to 

obtain conclusive results about the effects of combined exercise on different metabolic risk 

factors due to protocols´ design. The study of Lemura et al. (80), evaluated changes in 

lipoprotein-lipid profile in a 16-week training program. The strength and combined groups did 

not show any significant changes in any factors of the lipoprotein-lipid profile, while aerobic-

type exercise provided the necessary stimulus to alter these variables. The lack of changes was 

most likely attributable to the type and intensity of training completed. In a recent study, 

training-induced changes in glucose and lipid metabolism and blood pressure were small and did 

not differ between the training or control groups, even though total workload and energy output 

were much higher during combined training than endurance or strength training (126, 127). 

However, they conclude that combined training was effective in improving body composition 

and physical fitness, which may have a high value in preventing worsening MetS risk factors 

even in low-risk individuals without the Mets (126). 

The results obtained by Stenvold et al. (134), may indicate that endurance exercise for 12 weeks 

is more effective than both, strength and combined training in improving risk factors defining 

MetS. However, they conclude that the effect of longer training interventions needs to be studied 

in the future, especially for combination training regimes that require both resistance and aerobic 
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adaptations. Once again, the number of aerobic and strength training sessions differs between the 

groups. Consequently, the endurance and strength groups performed more of the specific training 

form than the combined group. The combined group performed endurance training twice a week 

and strength training once a week; thus, the strength training components were low in this study 

(134).  

The primary finding of a randomized controlled trial developed by Davidson et al. (30), was that 

the combination of resistance and aerobic exercise is the optimal exercise strategy for the 

improvement of insulin resistance and functional limitation in older men and women. In their 

methodology, the frequency of aerobic exercise was reduced from 5 to 3 days a week when 

combined with resistance exercise enhanced the palatability of the combined intervention. This 

approach ensured that the total energy expenditure or dose of exercise performed between the 

aerobic exercise and combined exercise groups was not different, thereby allowing us to isolate 

the effects of exercise modality. 

In the Studies of Targeted Risk Reduction Interventions through Defined Exercise (STRRIDE), 

researchers also compared the effects of endurance, strength and combination training on MetS 

(12). Their results showed significantly robust improvements in the MSz-Score, in agreement 

with our data. However, they conclude that when weighting the time commitment versus 

cardiometabolic health benefit, aerobic exercise is the most efficient mode. It is important to take 

into account that the combined training group in this study required approximately double the 

time effort of either group alone, resulting in slightly lower protocol adherence. This study did 

not address directly whether the significant benefits accruing to those in the combined group 

resulted from the longer exercise duration or the additive or synergistic nature of the combined 

training stimuli. In our study, the combination of the risk factors into the MSz-Score improved in 

the SE, although all 5 of the ATP III-defined MetS variables did not improve significantly. When 

analyzing risk factor variables, as it happened in the STRIDDE study, in our intervention, SE 

obtained the highest changes in WC and in MAP, and GLUC showed better improvements than 

S and E. The S in our study obtained greater beneficial changes in TG and HDL-C, which might 

seem unusual (138), but this can be partly explained by their worse baseline values (20). 

Nonetheless, in previous studies the impact of endurance and strength training has generally 

been greater in those with more pronounced risk factors at baseline (24, 76). 

Carrol et al., (20) concluded in their meta-analysis about exercise and metabolic abnormalities 

that the majority of RCTs reviewed for exercise effects on metabolic abnormalities have 

prescribed frequent aerobic endurance activity (3–5 days/wk), typically of a longer duration (30–

60 minutes per session) and at a relatively moderate to moderately vigorous intensity (typically 
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60% of maximal aerobic potential). However, absolute energy expenditure does not often exceed 

7 METs. Therefore, well designed randomized control trials are required to establish the lower 

threshold for exercise intensity and amount for metabolic outcomes. 

Our results support the ACSM recommendations, for the appropriate physical activity 

intervention, outstanding that both endurance and resistance training contribute with favorable 

changes in chronic disease risk factors (32). Our findings are in line with these ACSMs 

recommendations which advocate at least 30 min of moderate physical activity on most days of 

the week or exercise of increased intensity for at least 20 min, three times a week and 

furthermore, resistance exercise at least twice a week to prevent coronary heart disease. 
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5.4. STUDY IV: EFFECTS OF DIETARY RESTRICTION COMBINED WITH DIFFERENT 
EXERCISE PROGRAMS OR PHYSICAL ACTIVITY RECOMMENDATIONS ON 
BLOOD LIPIDS IN OVERWEIGHT ADULTS 

 

The main finding of the present study was that adding supervised training to diet restriction did 

not obtain further improvements on the lipid profile versus diet restriction and physical activity 

recommendations commonly used in clinical practice.  

 

Training effects on lipid levels 

 

Effects on HDL-C concentration 

 

Measurements on HDL-C in men, after 22 weeks intervention in this study, indicated a mild 

improvement in S, E and C groups, and a significant increase in SE (8.5%). Previously, other 

studies had confirmed improvements in HDL-C with exercise programs, without following a 

hipocaloric diet (63). These results suggest that only exercise could improve HDL-C levels in 

overweight and obese men, but not only diet. In contrast, women in our study after the 

intervention did not improve HDL-C levels as reported by other authors (63). A relevant clinical 

review exposes that, on average, women have HDL-C levels approximately 10 mg/dl higher than 

men (88). This higher initial value may be responsible for women not enhancing HDL-C levels 

in our study. Possibly, resistance training or endurance training are not an effective stimulus to 

increase HDL-C in women or subjects with high baseline values (109). Nevertheless, the 

importance of increased HDL-C should be emphasized, even though these changes could not 

appear to be significant. The Framingham Heart Study concluded that for every 1 mg/dl rise in 

HDL-C levels, there was a 3 % reduction in cardiovascular risk (148).  

 

Effects on LDL-C concentration 

 

Measurements on LDL-C levels showed significantly greater reductions in SE compared to the 

rest. A similar study reported significant improvements in LDL cholesterol in both diet-only and 

diet-plus exercise conditions in men and women (7). The decrease in body fat percentage and 

increase in body fat free mass may explain the decrease observed in LDL-C (143). A quantitative 

analysis in the study of Durstine et al. (33), about adaptation of blood lipids and lipoproteins 

with contribution of exercise, suggest that LDL-C reductions could occur with intensities of 
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exercise > 60 % of maximal heart rate (HRmax) (33). Our results are in agreement with this 

observation except for E women. There are some studies which observed that LDL-C levels 

increased despite the contribution of exercise and the main reasons that seem to explain this 

result are related to LDL-C particle size and increased resistance to oxidation of LDL-C. These 

studies concluded that other factors than concentration must be considered when determining the 

efficacy of a given intervention, such as exercise training, on LDL-C (121). On the other hand, 

our results showed greater improvements in LDL-C in the SE group, in agreement with others, 

where a combined exercise program demonstrated higher efficacy on LDL-C levels in subjects 

independently if they were engaged in a diet program (108).  

 

Effects on TG concentrations 

 

The results of the present study exhibit a favorable response of TG levels both in men and 

women for exercise groups, but only S group obtained significantly decreased levels. A recent 

review and meta-analyses (137) indicated that strength training leads to lower TG concentrations 

in men and women, regardless of changes in body weight or body composition. It seems that 

strength training improves TG levels better than other exercise types but we should take into 

account also that in our study S group started with worse levels, fact that could have determined 

the significant changes (20). A positive response of TG levels to exercise compared to diet alone 

has been observed previously (27). Reviewing studies that compared weight loss achieved with 

diet or with exercise, Wood et al. (151) observed that fat mass loss get significant reductions in 

TG. In addition, it is necessary to refer to studies that show the efficacy of LDL-TG removal 

from circulation (85). These suggest that there could be an increase of the triglyceride content of 

LDL-C secreted by the liver, which in turn may affect intravascular lipolysis of LDL-triglyceride 

and LDL-triglyceride plasma clearance, because larger, triglyceride-rich particles are more 

susceptible to lipolysis by lipoprotein lipase than smaller particles (85).  

 

Effects on TC concentration 

 

In our study, TC levels after the intervention were maintained or reduced in all groups compared 

with the data of pretraining time. Significant reductions occurred in E, SE and C groups. Several 

studies about blood lipid and exercise concluded that TC levels infrequently change with 

exercise training and, as it happened with LDL-C levels, it appears to be an intensity threshold to 

obtain reductions (33). Studies with similar protocols to our study (7, 152) found no differences 
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between groups, but also achieved significant changes in all groups between baseline and post-

training values. On the other hand, diet intervention must be taken into account, following 

previous study, where plasma TC levels were directly related to total fat intake (91). Therefore, 

reduction in blood TC levels seems to be attributable in a manner to dietary advice resulting to 

improvements in fat intake (139).  

 

Lipid profile and diet treatment 

 

In our study, macronutrient components in the diet of all participants tended to improve the 

distribution towards the current recommendations. Even though changes in macronutrient 

distributions were only significantly different in women of E compared with C, general 

distribution improved in a great manner for all macronutrients in all groups getting closer to the 

ideal recommendations (40).  

There is considerable clinical evidence about the influence of changes in dietary and caloric 

intake on plasma lipid and lipoprotein levels (95). In our study, all groups achieved to lose 

weight and to improve plasma lipid and lipoprotein concentrations. Our data are in agreement 

with similar studies (7, 152) that presented 10-15 % weight losses which obtained with diet alone 

and/or different exercise protocols and associated with significant improvements in serum lipid 

profiles.  

Findings from accelerometer-measured daily physical activity indicated that there were not 

significant changes in any group (non-training activity) after 6 months of intervention, except for 

men in the E and C. No differences between groups were found, including C. Even though 

participants in the C group may have tried to engage in different activities following the ACSM 

recommendations received, it was not enough to increase significantly their lifestyle activity. On 

the other hand, training groups did not result in a more active lifestyle outside the training 

intervention.  

As the flow diagram shows, the C group showed up with the highest dropouts’ percentage (37.9 

%). Recent studies try to investigate predictive variables for weight loss programs abandons, 

meaning that is a big matter of concern (13). Our results showed that supervised exercise did not 

obtain any additive effects to diet restriction and physical activity recommendations, but it seems 

that it was helpful in sustaining adherence in order to finish the intervention program. Hospital 

units tend to supervise with often feedback the dietary modifications, but poor counseling in the 

exercise recommendation is done. When analyzing previous interventions developed to promote 
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changes in diet and/or physical activity in adults it seems to be clear that the key elements to 

successful behavioral change are frequent contact and support (9, 48). 

Menstruation and ApoE were measured as confounding variables. Previous studies suggest the 

existence of a variation in the blood lipid levels during the menstrual cycle, with increases in TC, 

LDL-C and HDL-C during the follicular phase when compared to the luteal phase (96). On the 

other hand, ApoE is a glycoprotein that plays a fundamental role in the lipid metabolism. Many 

studies assessing the role of ApoE polymorphism on plasma lipids have shown that the presence 

of the ε4 allele is associated with elevations in LDL-C, while the presence of ε2 is associated 

with decreased levels of LDL-C (89). Therefore, both menstruation and ApoE polymorphism 

were included in the statistical analysis allowing excluding these variables interference or 

influencing the results obtained in this study. Given that there was no statistically significant 

difference when including menstrual cycle and ApoE, the alterations found after the intervention 

period would appear to have been caused by the diet and/or exercise program. 

We also assumed that, as other studies suggested previously (73), supervised training protocols 

may have not achieved enough intensity in order to obtain significant improvements versus diet 

and unsupervised regular physical activity recommendations. These could be also because of the 

baseline lipid profile concentrations in this study were considered as “low risk” according to the 

guidelines published by the expert panel report (101), and it is known that better baseline values 

determine post-intervention changes (20). Additionally, 22 weeks seems not to be enough time to 

improve physiological adaptations to training and, consequently, to perform exercise at a higher 

intensity. Moreover, baseline macronutrient distribution of the subjects’ diet was far away from 

recommended guidelines (40). This means that a considerable lifestyle change was made in this 

way, dietary intake changed in all groups in great manner and diet adherence was also high. 

Although dieting alone generally achieves beneficial results, regular exercise add salutary effects 

and therefore both strategies support counseling by health practitioners (100).   
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5.5. GENERAL DISCUSSION 

This thesis aims to study the metabolic risk scores and the impact of diet plus exercise 

intervention programs for the treatment of MetS. Within this part of the thesis, the discussion 

will summarize the general results analyzed in the different studies. 

The PRONAF Study as a whole is the first randomized clinical trial developed in Spain that 

provides data on the effects of diet and exercise intervention programs as treatments for weight 

loss and associated markers in overweight and obese adults. The present work is a part of this 

national project, centered in the effects on MetS and its´ components. 

The main findings are recapitulated here to display the most relevant ideas previously discussed 

in the above sections. The results from the Study I and II reported that the metabolic risk scores 

studied vary considerably when evaluating the risk, both in the healthy and the overweight 

population. The results from Study III showed that combined endurance and strength training 

plus diet obtains the most beneficial effects on MetS when compared with the rest of isolated 

programs. Finally, the results from Study IV exhibit that the diet treatment was more important 

in order to achieve improvements in lipid profile, than the supervised training protocols. 

A pilot study was done, since there is no universal definition of the MetS but, together with 

scores, both are widely used in research and it is difficult to choose. The metabolic syndrome 

risk scores are common in the literature, but, to the best of our knowledge it is the first time these 

scores are compared in adults. Data from the pilot study (Study I), although a small sample, 

leaded to question if scores can be calculated and compared without an harmonization of the 

procedures and variables. Furthermore, the same study applied to a larger population (Study II) 

obtained similar results. Our results from these two first studies showed how different equations 

do not agree on classifying risk in all patients. The variables chosen and the mathematical 

procedure determined the variation of data. This is in agreement with previous studies comparing 

prevalence rates with the different definitions of MetS, prevalence of the MetS varies and 

confuses the interpretations of epidemiological studies (92). When factor analysis is evaluated 

results showed the different distribution of variables weights in the principal components when 

compared to other populations (147). Risk scores are sample-specific, as previous studies 

concluded (2, 37, 103). Therefore, the methodology of the scores studied makes difficult to 

compare the metabolic risk in different population. The accuracy and the sensitivity are uncertain 

to detect changes when used in intervention trials. 
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What it is certain is that the MetS as a cluster and its individual components are a worldwide 

problem (19). Lifestyle interventions are the main objective of the researchers in order to 

establish a better combination of diet and exercise. The PRONAF Study was designed to allow 

the clearest comparison between different intervention programs of exercise and diet in 

overweight adults and to evaluate the impact on metabolic variables. Since the beneficial effects 

of endurance or strength training in the major components of the Mets have been proven, it 

seems that the sum of both will provide additional improvements. The results obtained in the 

study III showed the combinative effect on MetS after 22 weeks of intervention program, 

achieving further improvements than strength or endurance protocols alone. This is in agreement 

with previous studies, but their protocols proposed are not equal on volume and intensity 

distribution, making difficult to isolate the effects of exercise modality and therefore to draw 

conclusive results (12, 126, 127). However, our results are still in agreement with Davidson et al. 

(30). They designed exercise protocols where the dose could be comparable, the most 

effective was combined training.  

Trying to get deeper into the understanding of the MetS factors, dyslipidemia appears to be the 

most important target when treating and preventing this disease. In this case, it is known that diet 

is mostly responsible for changes obtained in lipid profile variables (7, 78, 152). However, there 

is still controversy whether exercise can increase improvements in the serum values, by itself or 

in combination with diet (60, 83, 105). Moreover, it is not clear if general recommendations of 

physical activity are enough or structured exercise is needed to obtain effects plus diet benefits. 

Results from study IV showed that diet per se obtained improvements in lipid profile variables 

and exercise did not add further beneficial effects. Our results are in agreement with previous 

studies where diet alone obtained the same improvements as diet plus exercise (7, 152). 

However, other studies that performed exercise without diet obtained improvements on lipid 

profile, with or not changes on body composition (137, 151). The baseline values and the 

intensity of the supervised exercise may explain the differences observed with respect to 

previous studies. 

It seems that structured supervised exercise during 22 weeks did not add effects to the 

improvements already obtained through diet and physical activity recommendations. However, it 

should be noted that frequent contact and support are key elements to promote changes in 

lifestyle factors successfully (9, 48). Exercise counseling contributed to avoid abandons in the 

PRONAF Study.   
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6. CONCLUSIONS 

 
The results presented in this thesis reemphasize the importance of harmonizing the metabolic 

risk scores used in clinical and research area as a tool of diagnosis, epidemiology and/or 

education. Moreover, the results show the relevance of exercise and diet in the treatment of MetS 

and the type of exercise that is better prescribed in combination with diet. The main conclusions 

are summarized as follows: 

 

STUDY I: 

The metabolic risk scores studied present contradictory results, being the punctuations very 

heterogeneous when used in the same population. Our study suggests that the most valid 

metabolic risk score with respect to the proposed by Wijndaele et al., is the score presented by 

Rizzo et al., when applied to a population of healthy women. 

STUDY II: 

The metabolic risk scores compared present discrepant results, being the punctuations very 

heterogeneous when used in the same population. Our study suggests that the most valid 

metabolic risk score with respect to the proposed by Wijndaele et al., is the score presented by 

Rizzo et al., for overweight adults.  

STUDY III: 

The protocol proposed in our study for the combination of strength and endurance training 

together with a diet restriction may be more effective than endurance or strength training apart in 

the improvement of MetS risk, in overweight adults.  

STUDY IV:  

An intervention program of  supervised training protocol (endurance, strength or combined) with 

diet restriction did not appear to achieve further improvements in the lipid profile than diet 

restriction and habitual physical activity recommendations developed in clinical practice in 

overweight adults. 
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7. LIMITATIONS AND PERSPECTIVES 
 
 

Some limitations of the present study deserve comment. The pilot study was performed in a 

small sample and only in women, what limits the applications of the results to other populations. 

The PRONAF Study design considered the important principle of progression in terms of 

training. Due to this, supervised training protocols may have not achieved enough intensity in 

order to obtain significant improvements versus diet and unsupervised regular physical activity 

recommendations, and maybe this was necessary. Also, the PRONAF Study sample in phase II 

was considered at “low risk” in terms of health status, this could have influenced the absence of 

changes in several MetS factors after intervention.  

Unfortunately, our sample size could have turned to be too small to detect significant changes in 

all variables. The sample size of the PRONAF Study was calculated to detect a main effect of 

training and diet on body fat (%) with 80% statistical power at 5% significance, assuming a 0.80 

correlation between repeated measures and an estimated percentage of experimental death. 

 

Some strengths of the PRONAF Study should also be stated here. The PRONAF Study is the 

first Spanish clinical trial covering exercise and diet, clinicians and exercise professionals 

working together in the methodology. This study includes the randomized-controlled design, the 

long supervised training period and the lifestyle and genetic factors controlled. Also the excellent 

adherence to the exercise regimens and a low dropout rate, which attests the feasibility of the 

exercise performed. Additional strengths include the tight control of all exercise sessions 

performed under direct supervision. Monitoring of dietary intake for each participant helped to 

ensure that the composition and caloric intake of the prescribed diet was maintained throughout 

the intervention and, consequently, that the treatment effects were attributable to the exercise 

modality. In the same way, objective physical activity measured by accelerometer, showed that 

none of the groups changed their lifestyle significantly outside the protocol intervention. The 

inclusion of a non-sedentary traditional control group allows studying the additive effects of 

supervised structured exercise. From an ethical point of view researches must apply what it is 

known to be an effective treatment. 
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The present status leads to future perspectives. It is still necessary to validate a universal 

methodology to determine the metabolic risk. There is heterogeneity in the metabolic risk scores, 

and this could result in inconsistent valuations. Thus, in light of the results, it is necessary to 

appropriately choose the metabolic risk score when needed to be applied to a group of subjects. 

This would allow unifying criteria as the inclusion of which variables and which mathematical 

and/or statistical procedures apply, in order to achieve a simple and practical method with 

standardized reference criteria. Cross-sectional studies are needed with a larger sample of men 

and women in different populations, to confirm the results obtained in this thesis. Moreover, due 

to the relevance of sedentary behavior in CVD, T2DM, overweight or obesity, to sit less and be 

more physically active may be an important factor to be included in the scores.  

On the other hand, future research is required in order to investigate if higher intensity of any 

supervised training protocol mode can add improvements to dietary modification. Further studies 

need to deepen and expand the present findings. Also, data from the phase III of PRONAF Study 

is being analyzed in order to continue with this research line and keep shedding light on these 

aspects, public health is at stake. 
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APPENDIX  

I. Appointments’ sheet (page 29) 

Each participant received this sheet inside their diary in order to manage each citation 
for each assessment test. During the pre and post evaluation period the participants were 
required to attend to the different facilities needed during the PRONAF Study 
intervention.  

IDENTIFICACIÓN: 

PRUEBA FECHA HORA LUGAR INSTRUCCIONES 

ANALÍTICA 

PRE PRE Unidad de extracciones. 

Está fuera del hospital. 
Es un edificio a parte al 
lado del infantil.  

Tendrá que mantener un ayuno 
de 12 horas. 

POST POST 

DXA 

  Unidad de Medicina 
Nuclear 

Entrada por el Hospital 
General. (Planta Sótano 
hacia Medicina Nuclear), 

Venir desprovisto de objetos 
metálicos: pendientes, cadenas, 
pulseras, etc.  

Llevar ropa y calzado fácil de 
quitar ya que para la medición 
habrá que desnudarse y ponerse 
una bata que le proporcionarán 
en el servicio. 

  

ANTROPOMETRÍA 
Y EVALUACIÓN 
NUTRICIONAL 

   

Unidad de Nutrición y 
Dietética.  

Entrada por el Hospital 
General. (Planta 
semisótano). 

Mantener ayuno de más de 2 
horas. 
No practicar ejercicio intenso en 
las 24 horas previas. 
No ingerir alcohol, café, 
refrescos con cafeína o 
chocolates en las 24 horas 
previas. 
En el caso de mujeres, si está en 
el periodo menstrual o en los 3 
días que anteceden, 
comuníqueselo al investigador. 
Haber orinado 30 minutos antes. 
Venir desprovisto de objetos 
metálicos: pendientes, cadenas, 
pulseras, etc.  
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METABOLISMO 
BASAL 

  Centro deportivo Zagros 
Sport. 

 

Deberá acudir con un ayuno de 
al menos 9 horas. 

   

PRUEBA DE 
ESFUERZO 

  

Centro deportivo Zagros 
Sport. 

A esta prueba deberá acudir con 
ropa deportiva cómoda 
(camiseta, pantalones de deporte 
o mallas y zapatillas de deporte). 

Recuerde comer al menos dos 
horas antes de la prueba e 
hidratarse adecuadamente. 

  

CHARLAS 
EDUCACIÓN 

NUTRICIONAL 

  

Hospital. 

Salón de actos de 
TRAUMATOLOGÍA 

Entrada por el Hospital General, 
dirigirse hacia traumatología 
(pasillo de la derecha), atravesar 
la sala de espera de pacientes y a 
la derecha la 2ª puerta “SALÓN 
2 DE ACTOS”. 

  

  

  

  

RESONANCIA 
MAGNÉTICA 

  
Hospital. 

Unidad de medicina 
nuclear 

Durante esta prueba no podrá 
llevar ningún tipo de metal 
(pendientes, pulseras, 
cremalleras, botones, etc.).   

ENTRENAMIENTOS 

LUNES  

Centro deportivo Zagros 
Sport. 

A esta prueba deberá acudir con 
ropa deportiva cómoda 
(camiseta, pantalones de deporte 
o mallas y zapatillas de deporte). 

Recuerde comer al menos dos 
horas antes de la prueba e 
hidratarse adecuadamente. 

MIÉRCOLES  

VIERNES  

ACELEROMETRÍA 
 Centro deportivo Zagros 

Sport. 
Las instrucciones están incluidas 
en su carpeta y se le recordarán 
en el momento de la prueba. 
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II. List of the PRONAF study variables (page 43) 

Other variables measured in the PRONAF Study but not used in this thesis.  

Prueba Descripción de la variable 

Análisis genético 

Polimorfismos: 

I/D Enzima Convertidor de la Angiotensina. 

Gln27Glu Receptor Beta-Adrenérgico 2. 

Trp64Arg Receptor Beta-Adrenérgico 3. 

Gln223Arg Receptor Leptina. 

Lys656Asn Receptor Leptina. 

Pro12Ala Receptor Activado por el Proliferador de 

Peroxisomas- gamma2. 

Glu490Asp Transportador Monocarboxilatos 1. 

Val368Ile Carnitina Palmitoil Transferasa 2. 

Met647Val Carnitina Palmitoil Transferasa 2. 

Apolipoproteína E. 

Dinamometría 

Valor de fuerza alcanzado en dos intentos 

dinamometría para manos, piernas y espalda. 

Además se calcularon diferentes índices de fuerza 

a partir de la dinamometría y de la prueba de 

repeticiones máximas. 

Ritmo metabólico basal 

De pie, tumbado, en la evaluación inicial y final, 

calculado por estimación y por calorimetría 

directa. 

Cuestionarios 

Cuestionario de motivación sobre la realización del 

programa PRONAF. 

Cuestionario EuroQol – 5D (EQ5D).  

International Physical Activity Questionnaire 

(IPAQ). 

Cuestionario de salud SF-36. 

Bioimpedancia 
Bioimpendencia en cada visita al departamento de 

nutrición. 

Resonancia Magnética 
Resonancia magnética en abdomen y muslo. 

Evaluación inicial y final. 
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Análisis bioquímico 

Lipasa 

Interleuquina-6 

Interleuquina-10 

Factor de Necrosis Tumoral alfa. 

Factor de Necrosis Tumoral beta 

Inhibidor 1 de la activación de plasminógeno. 

Hemoglobina. 

Hematocrito. 

Hierro. 

Ferritina. 

Lactato deshidrogenasa 

Fosfatasa alcalina 

Urea 
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PRONAF STUDY GROUP 

 

Coordinator: Benito P.J. 

Local clinical treatment teams and researchers (Principal Investigators are bolded, 

alphabetical order): 

 

1. Universidad Politécnica de Madrid (UPM, Madrid): Álvarez M, Benito PJ, 

Bermejo M, Butragueño J, Calderón FJ, Cupeiro R, Díaz V, González-Gross M, 

Morencos E, Peinado AB, Rossignoli  I, Torres RM, Valtueña J, Zapico AG. 

 

2. Hospital Universitario La Paz: Instituto de Investigación Hospital 

Universitario La Paz (HULP-IdiPAZ, Madrid): Bermejo LM, Fernández C, 

Gómez-Candela C, Zurita, L. 

 

3. Instituto de Formación e Investigación Marqués de Valdecilla (IFIMAV, 

Santander): Amigo T, García-Fuentes M, González-Lamuño D, Redondo C. 
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