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ABSTRACT 
INTRODUCTION: It has been demonstrated that obesity in childhood and adolescence 

may lead to cardiovascular and metabolic alterations and early onset of organ damage. In 

addition, obesity can generate low-grade chronic inflammation, body composition 

modifications and increasing the risk of metabolic or cardiovascular diseases.  Physical 

activity has been recognized as the best and most economic method to manage obesity 

and to prevent cardiovascular and metabolic diseases. However, it is still not clear what 

kind of physical activity can be considered as the most suitable to face obesity. Thus, the 

aim of this study was to assess the effects of 24 weeks of resistance versus combined 

training on cardiovascular and metabolic profile and body composition in obese 

adolescents. METHODS: 31 adolescents with moderate to severe obesity were enrolled 

for this study. Cardiovascular system was evaluated monitoring heart rate variability (HRV) 

through a 20-minute electrocardiography, ABPM over the course of 24-h and PWV. 

Metabolic profile was asses analysing a blood sample. In addition, body composition was 

evaluated using BIA-ACC medical device (Biotekna, Italy). All measurements were 

assessed after recruitment (T0). Then, participants were randomly assigned to either 

resistance (RT) or combined (CT) training. All assessments were re-evaluated after 24 

weeks (T1) of low to moderate-intensity training. Body compositions were evaluated again 

after 12 weeks of detraining (FU).  RESULTS: The mean age was 15.5 ±1.55 years, BMI 

33.3±5.1 kg/m2, (prevalence of male 43.8%, prevalence of clinic hypertension 18.8%). It 

was observed in both groups a significant decrease in office diastolic blood pressure 

(DBP) (75 ± 7.2 vs. 68 ± 6.9 mmHg, p<0.01) and heart rate (HR) (84 ± 17.1 vs. 74 ± 10.4 

bpm, p<0.05). Metabolic profile showed a significant change in triglycerides (p< 0.05) and 

a trend to improvement in values of HDL (p=0.067) and blood sugar (p=0.075) in both 

groups. For that it concerns body composition, Fat Mass, AAT and IMAT were significantly 

reduced after 24 weeks of training (T1) in both groups (p< 0.05), while TBW, FFM, RMR 

and body density increased significantly (p<0.01). Bone Mass, T-score, Muscle Mass and 

S-Score were increased just in RT (p< 0,01) while BMI were reduced only in CT (p<0.05).  

After 12 weeks of detraining, values of TBW, FFM, FM, BMR, AAT and AT are significantly 

regressed (p<0.01). CONCLUSION: Both RT and CT produced benefits on obese 

adolescents. However, resistance training provided improvements of muscle and bone 

revealing more efficient in modify body composition. For this reason, RT should be 

considered in the management of obesity in adolescence. 
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FREQUENTLY USED ABBREVIATIONS 

(body composition) 
 

BMI   Body Mass Index 

TBW    Total Body Water 

FFM    Fat Free Mass 

FM    Fat Mass 

BMR    Basal Metabolic Rate 

AT    Adipose Tissue 

AAT    Abdominal Adipose Tissue 

IMAT    Inta Muscolar Adipose Tissue  
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INTRODUCTION 

Overweight and obesity are defined as abnormal or excessive fat accumulation that 

presents a risk to health. As a matter of fact, obese patients have greater chances to 

develop many medical problems, including cardiovascular diseases, diabetes mellitus type 

2, obstructive sleep apnea, certain types of cancer, osteoarthritis and asthma [1]–[3]. The 

World Health Organisation (WHO) underlines as 2,8 million of People die every year 

because of obesity and its related diseases. In addition, it was estimated that 2.3% of the 

world DALY (Disability-Adjusted Life Year) is due to this condition. Consequently, because 

of its serious health consequences, obesity has very high costs that affect the Health Care 

System of many countries. Several studies [4], [5] show as 4854 million euros are spent 

every year in direct contrast to this disease. The amount is greater (5019 million euros) 

when indirect costs are considered.  

Obesity: Epidemiology, Diagnosis and limits of BMI 
A person has traditionally been considered obese when body weight is more than 20 

percent over the ideal one. In 1997, WHO formally recognized obesity as a global 

epidemic [6] and in 2013 the American Medical Association classified it as disease. The 

causes that generate this medical condition are complex and multifactorial. First of all, 

genetics and individual behaviours such as incorrect diet, sedentary life style and lack of 

sleep during night-time (the so called “social jetlag”[7])  are considered very important risk 

factors [8]. Furthermore, level of educations, socio-economic status and life environment 

play an important role in onset of obesity [9]. According to several studies [9]–[11], people 

from lowest social levels of our industrialized society show lower levels of education, a 

trend to consume more junk food, to adopt bad behaviour and, consequently, to be more 

exposed to the risk of being obese. Furthermore, electronical devices and very urbanized 

areas provides lots of chances to be active and awake during the night. Nevertheless, our 

“internal clock” regulates energy consumption and distribution following a circadian rhythm 

and controls the sleep timing through the process of entrainment [12]. Thus, its destruction 

due to bad behaviours and a lifestyle “against the clock” increases obesity outbreak [7].   

Regardless of the reasons which led to its onset, obesity is a medical problem and it 

should be diagnosed as any other pathology. The most common methods to identify 

obesity is to calculate the Body Mass Index (BMI) of a person. BMI is a value derived from 

the person’s weight and height.  It is identified as the body weight divided by the square of 

the body height. It is universally expressed in metrics units where mass is conveyed in 
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Kilograms and height in meters (Kg/m2). According to WHO, a person with a BMI greater 

than or equal to 30 kg/m2 is considered obese. When BMI is over the value of 30 kg/m2 

three grade of obesity are identified: grade 1 (BMI 30·0–<35·0 kg/m²), grade 2 (35·0–

<40·0 kg/m²) and grade 3 (40·0–<60·0 kg/m²). On the other hand, normality is considered 

when BMI is from 18.5 to 25 kg/m2, overweight from 25 to 30 kg/m2 and underweight 

<18.5 kg/m2. These data are summarized in table 1. 

 

Values of BMI* 

Underweight <18.5 kg/m2  

Normal weight 18.5 to 25 kg/m2  

Overweight 25 to 30 kg/m2  

Obese >30 kg/m2  

Obese Grade I 30·0–<35·0 kg/m² 

Obese Grade II 35·0–<40·0 kg/m² 

Obese Grade III 40·0–<60·0 kg/m² 
WHO. Obesity and overweight. Fact sheet N°311. Geneva: World Health 

Organization, 2015 

Table 1.  Categories of body weight according to BMI values.  

 

For that it concerns children and adolescent, a better strategy is to consider BMI 

normalized for age and calculated in percentiles. Children are considered obese if their 

BMI is –<95th percentile given by the Centres for Disease Control and Prevention [CDC] 

ad overweight if it is from 85th to 95th percentile. This classification seems to be valid as an 

indicator of body fatness and risk children and adolescents [13].  

High values of BMI are strictly related to all causes of mortality in all over the world. In a 

meta-analysis of 239 prospective studies leaded in four continents, Di Angelantonio et 

colleagues [14] underline as this relation is broadly consistent independently from the 

ethnical diversity of the investigated populations. Therefore, BMI seems to be a good and 

simple way to diagnose overweight and obesity, in particular in children and sedentary 

people[13], [15]   
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As explained before, BMI is a number that represents the relationship between a person’s 

height and weight. BMI was created as a tool that people could use to determine whether 

they were too heavy for their height. Unfortunately, it has begun a sort of “fat-meter” able 

to identify how fat a person is. However, body weight represents the sum of all body 

components (organs, tissues, bone, muscles etc.), not only the expression of body fat. 

Whether BMI can effectively neutralize the influence of height on body weight, it provides 

no distinction between Fat Mass (FM) and body Free Fat Mass (FFM) [16]. People with 

very developed muscles mass such as athletes can show high levels of BMI due to their 

muscle weight and not because they have an excess of fat [17]. Consequently, certain 

types of population such as athletes or very active people cannot be evaluated only on 

BMI values. It is recommended to identify the amount of fat percentage using secondary 

tools as skinfold [18] or body composition analysis [19].  On the other hand, BMI can be 

not so suitable in other situations. Patients with metabolic dysregulation, organ damage 

due to a persistent inflammatory status, inflammatory chronic disease, chronic stress etc., 

may present a normal BMI, but very low levels of bone and muscles if their body 

composition is analysed [20]. This condition can create an important impairment in bone-

muscle-fat ratio, leading to a new form of obesity, the so-called Osteo Sarcopenic Obesity 

(OSO) [21]. OSO will be discussed later in this essay.  

Finally, BMI is a useful tool that provides a general idea about a person's health status. it is 

a simple, quick to calculate and not expensive at all. However, BMI does not completely 

inform about people's individual weight and health risks. Thus, further evaluations are 

needed to better investigate obesity epidemic.  

Obesity and body composition 
As previously discussed, further investigations are needed to better diagnose obesity. One 

way to accomplish it is to analyse the body composition.  

Body composition describes how the human body is made of. This method provides 

objective data that is unobtainable from scale weight alone and describe the health status 

better than BMI because it can differentiate between fat, protein, minerals, and body water, 

more simply between fat mass (FM) and fat-free mass (FFM) [22].   

In the last decades, the interest about body composition is increased together with 

scientific researches on this matter and new evaluation methods in this field. Wang et al 

[23] proposed a five-level model for body composition research. In this representation, 
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authors purposed 5 compartments in which body composition can be investigated: Atomic 

level, Molecular level, Cellular level, Tissue-organ level, Whole-body level. Each level can 

be analysed separately with different methods, but all are interconnected and work 

together as a “whole body”[23]. The first one, the atomic level represents the essential 

building blocks of the human body, that are atoms or elements.  About 50 elements of the 

106 discovered where identified in our body. The most represented are 6: oxygen, carbon, 

hydrogen, nitrogen, calcium and phosphorus. They account for 98% of the total elements 

and, the 60% of this amount is constitute by oxygen. [24].  

The second level is the Molecular level, that involves how the elements are organized to 

build molecules and components. The majors are water, lipid, protein, mineral and 

glycogen. Here, a special mention goes to lipids (that are extremely involved in the 

epidemic of obesity). Among the principal components of this level, lipid is the most 

confusing because the term lipid and fat are usually confounded and wrongly utilized. 

Lipids are defined as a group of chemical compounds that are insoluble in water and very 

soluble in organic solvents such as diethyl ether, benzene and chloroform [25]. In human 

body were recognized about 50 different lipids that where divided according to their 

organic chemistry into five subcategories: simple lipids (including triglycerides and waxes), 

compound lipids (phospholipids and sphingolipids), steroids, fatty acids and terpenes [25].  

The term fat is synonymous of triglyceride; therefore, it can be affirmed that fat is a 

subcategory of lipids (the first one: simple lipids). Furthermore, lipids can also be classified 

as essential (Le) and non-essential (Ln). Essential lipids (eg. sphingomyelin and 

phospholipids) serve very important functions such as forming cell membranes while non-

essential lipids (mostly triglyceride) fulfil other function as thermic isolation and “fuel” 

storage. Commonly, about 10% of total body lipid is essential and 90% non-essential [23] 

[25].  

The Cellular level is the third one. It comes from the seconds where molecules 

conglomerate together to form cells. The coordination and interactions among the function 

of different cells are the core of the study of human physiology both in health and disease 

[23]. In addition, this level is an important area in body composition research.  Cellular 

level is characterized of three main components: cells, extracellular fluid and extracellular 

solid.  

The fourth level is the so-called Tissue-system. Cell, extracellular fluid and solid 

conglomerate together to form organs, tissues and system. It is also particularly important 
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because in this level tissues and organs such as adipose tissue, bone and muscle mass 

are investigated. Especially, in these last years it is possible to easily investigate this 

organs and tissues thanks to new bio-impedance devices able to provide a valid overlook 

on organs and tissues health status [26]. System is related to the co-operation of several 

organs (an example of system is the cardiovascular system with blood, hearth and vessels 

working together).  

Finally, the fifth level contemplates the Whole-body. It concerns body size, shape and 

exterior physical characteristics. Ten dimensions are identified at this level: stature, 

segments length, body breadths, circumferences, skinfold thicknesses, body surface area 

(BSA), body volume, Bwt (head weight + neck weight + trunk weight), Body Mass Index 

(BMI) and body density[23], [27]. These parameters are also part of what it is called 

“anthropometrics”.  

Body composition can be analysed using many techniques, depending of the which level it 

would be investigated. The cheapest and easiest is measuring the Whole-body by 

recording anthropometrics. Body composition is evaluated recording some anthropometric 

parameters such as height, weight, circumferences, skinfolds (etc…). After data collection, 

equations and predictive models provide an overview of how the body is made of [18], 

[28]. However, even if it is considered valid, the analysis only of the Whole-body level can 

present a lack of information in the assessment of body composition. It is necessary to 

improve data through other methods able to investigate the problem at a molecular, 

cellular or tissue-system level.  

Dual-Energy X-Ray Absorptiometry (DXA) is often considered one of the most accurate 

methods of body composition analysis [19]. It is based on a three-compartment model that 

measures bone mineral content, FM and FFM. It uses a very small dose of ionizing 

radiation to produce pictures of the inside of the body. Measurement protocol of a full body 

DXA involves the individual lying on the device open scanner for approximately 8 minutes. 

During this time, the ‘arm’ of the machine moves over the length of the body, and scanning 

using two x-ray beams. The more energy that is absorbed, the denser is the tissue. Two 

energies are used to allow estimates of soft tissue absorption, separate to bone [29]. The 

DXA also provide segmental body composition analysis and it is considered the gold 

standard measurement tool for the diagnosis of osteopenia and osteoporosis [30]. 

Although it is often considered one of the most accurate methods of body composition 

analysis, it shows limitations as well. Measurements on athletes or very trained people 
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may be affected by muscle glycogen levels, hydration status and changes in muscle 

metabolites such as creatine [31]. This may lead to a misrepresentation of FFM, 

influencing estimates of body composition made with DXA. In addition, DXA could not be 

performed if the person’s weight is higher that the machine table limit. Consequently, 

extreme obese people may not be evaluated with DXA [32].  

Finally, an attractive option for body composition analysis has increased its popularity, 

particularly in epidemiological research. It is the Bioelectrical Impedance Analysis (BIA). 

Thanks to the low cost, speed of measurement and lack of need for technical expertise 

BIA is more and more utilized in the field of body composition. BIA is based on the concept 

that electric current flows through the body at different rates depending on its composition 

[33]. It involves running a light physiological electrical current through the body and 

determining body composition through the resistance of the tissues to the electrical 

current. This provides a measure of total body water, which is converted to FFM on the 

assumption that 73% of the body’s FFM is water [34].  BIA data is influenced by hydration 

status. Consequently a very severe obesity, bad lifestyle or very hard physical exercise 

could affect body composition analysis because of alterations in hydration status [35]. 

Despite this, BIA was found as a good method to asses body composition. Quick, easy, 

practical and accurate in determinate the Tissue-system (bone and muscle mass, adipose 

tissue etc.) [26].  

Fat mass and its distributions in the whole body are parameters investigated by these 

techniques. Body fat distribution is a strong metabolic and cardiovascular risk factor [36]. 

Moreover, fat storage placement is extremely important in determining obesity comorbidity. 

In fact, a marked storage of adipose tissue in the upper body (abdominal region) is 

associated with the development of obesity-related comorbidities and even all-cause 

mortality. In contrast, accumulation of fat in the lower body (gluteofemoral region) seems 

to provide a protective lipid and glucose profile together with a decrease in cardiovascular 

and metabolic disease prevalence [37], [38]. Considering this, information about 

Abdominal Adipose Tissue (AAT), visceral fat or Intra Muscolar Adipose Tissue (IMAT) 

can be very useful to manage obesity and its related comorbidities.  

Osteo Sarcopenic Obesity (OSO) 
In these last years a new form of obesity was identified, the Osteo Sarcopenic Obesity 

(OSO). It is an emerging health problem characterized by the simultaneous manifestation 

of excess body fat and low muscle and bone mass. Roubenoff [39] described this 
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condition as the confluence of the aging and the obesity epidemics. In OSO the 

impairment of bone, muscle and fat is associated with a low-grade chronic inflammation, 

caused overall by an inadequate diet and lifestyle [40]. Typically, loss in muscle and bone 

are associated with decreases in physical activity. When losses hit a threshold, physical 

activity becomes even more limited, leading to a vicious cycle of progressive loss of 

muscle and bone and gain in fat. Moreover, this condition represents a sort of “priority 

lane” for the insurgence of others serious diseases such as cancer or diabetes [41]. This 

condition is usually related to aging. So, it seems to be a problem of the elderly. 

Nevertheless, Stefanaki and colleagues [42] found a sort of forme fruste of OSO in youth 

obese. Even if they are the only group to have identified a precursor of OSO in youth, the 

problem should not to be underestimated considering that obesity is growing in youth 

population of our industrialized society.   

OSO can be diagnosed only with techniques that examine the Tissue-System level. The 

diagnostic criteria include measurements of bone, muscle, and fat. In clinics, these criteria 

are usually investigated with dual energy X-ray absorptiometry (DXA) technology. 

However, recently the setting of some medical devices working with BIA technology are 

also able to provide a good diagnose of OSO.   

Ilich and collegues [21] described three key factors to diagnose OSO: bone mineral 

density, appendicular lean mass (muscle) and fat mass. 

To asses bone mineral density (BMD) 𝑇-scores ≤ −1.0 standard deviation (SD) of the 

femoral neck, proximal femur, or lumbar spine is utilised, as recommended by the official 

diagnostic criteria for osteopenia/osteoporosis [43].  

Appendicular lean mass (ALM) is a common measured in the diagnosis of sarcopenia [44].  

Negative residuals from a linear regression model are used to identify those individuals 

whose amount of ALM is lower than the predicted value for their height and fat mass. The 

20th percentile of the residual distribution is used as the cut-off point for sarcopenic 

obesity. 

Finally, when fat mass values (obtained with DXA or validated BIA) are ≥ 32% and 

associated with a T-scores ≤ −1.0 standard deviation (SD) and a lean mass (muscle) on 

the 20th percentile OSO is diagnosed.  
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Obesity and cardiovascular diseases 
Obesity has consistently been associated with an increased risk for metabolic and 

cardiovascular disease [45]. An excess of fat mass has a high negative impact on vessels 

surrounding adipose tissue and, consequently, on blood circulation that lead to heart 

overuse with possible risk of failure [46]. Cardiovascular risk is improved if obesity persists 

from childhood. Buscot and collegues in the the Cardiovascular Risk in Young Finns Study 

[47], showed that trends of worsening or persisting obesity were associated with an 

increased risk of cardiovascular disease in adulthood. On the contrary, it was found 

that participants who reduced their elevated childhood body mass index (BMI) to normal 

levels had a similar risk for dyslipidaemia and hypertension compared with those who were 

never obese or overweight. In another big longitudinal cohort study conducted on 67,278 

subjects, half of whom where obese, Foy and collegues [48] found that participants with 

obesity were significantly more exposed to the risk of develop hypertension and diabetes. 

Moreover, eight years after the first screening, obesity was strongly associated with 

diagnosis of atrial fibrillation after controlling for age, gender, hypertension, and diabetes.  

Recent studies show that the most common myocardial disorder in people with obesity is 

HFpEF, characterized by ventricular fibrosis, decreased distensibility and modestly 

increased cardiac volume together with relatively low natriuretic peptide levels and 

impaired renal function [49], [50]. HFpEF produce an higher risk of all-cause mortality 

when excess of fat is stored in the abdominal region (Abdominal Adipose Tissue – AAT) 

[51].  

Furthermore, if the excess of fat may represent a problem for the cardiovascular system, 

the condition of obesity makes the things worse. Obesity promotes systemic inflammation, 

and inflammation can drive adipogenesis. Consequently, fat mass is likely to increase. 

Chronic systemic inflammation, along with increased accumulation of epicardial adipose 

tissue has been observed in people with obesity [52].  A big problem starts when 

atherogenic lipoproteins in the circulation become entrapped in the subendothelium. They 

generate an inflammatory reaction that promotes atheromatous plaque. This is the 

beginning of atherosclerosis [52]. In addition, it is increasingly recognized that the 

adiposopathic ‘sick fat’ surrounding the heart can also transmit inflammatory responses 

that promote heart disease [52]. Sequentially, a systemic inflammatory status provoked by 

obesity promotes the expression of a proinflammatory phenotype in epicardial fat, 

particularly the adipose tissue surrounding the coronary arteries. Chronic inflammation and 
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accumulation of epicardial fat is strongly associated with the presence, severity and 

progression of coronary artery disease, independent of visceral adiposity [53].  

Considering these dangerous consequences that an obese may have on cardiovascular 

system, a good monitoring of heart and vessels is necessary. Firstly, the simplest way to 

learn about cardiovascular system is to record blood pressure. An optimal blood pressure 

level is a reading under 120/80 mmHg with a tolerance up to 139/89mmHg [54]. Values 

that not match with this range should be considered as non-normal and need an 

investigation. Increased adiposity, is strongly associated with higher blood pressure and 

development of hypertension [55]. Wilson and colleagues in the Framingham Heart Study 

[56], followed participant for up to 44 years and estimated that excess body weight 

(including overweight and obesity) accounted for approximately 26 percent of cases of 

hypertension in men and 28 percent in women. In addition, Forman and colleagues [57] in 

the Nurses' Health Study followed a group of women up to 16 years and identified that the 

40 percent of new hypertension cases were due to overweight and obesity.  

Blood pressure monitoring is accomplished through several methods. Office blood 

pressure is usually recorded using the auscultatory or the oscillometric method. In 

addition, a 24-hours screening can be performed by Ambulatory Blood Pressure 

Monitoring over the course of 24 hours (ABPM 24 hours). The auscultatory method (also 

known as the Riva Rocci Korotkoff or manual method for blood pressure measurement) 

consists in the listening of Korotkoff sounds in the brachial artery [58]. This is considered 

as the gold standard for blood pressure assessment. Blood pressure is acquired using 

sphygmomanometer and stethoscope for listening the Korotkoff sounds. However, there 

are many variables that affect the accuracy of this method and numerous studies have 

shown that physicians and healthcare providers rarely follow the established guidelines for 

taking proper manual blood pressure measurements [59]. On the other hand, the 

oscillometric method is the measuring of the pressure variations in the blood pressure cuff 

caused by the oscillation of blood flow through the brachial artery. The blood pressure 

values are then calculated by an empirically derived algorithm. Most automated blood 

pressure monitors use the oscillometric method for blood pressure since is it less 

susceptible to external noise [60]. Finally, twenty-four-hour ambulatory blood pressure 

monitoring (ABPM 24 hours) is a way of measuring blood pressure and monitoring and 

managing hypertension.  ABPM 24 hours allows many blood pressure readings to be 

recorded over a 24-hour period, whether the patient is awake or asleep. In most cases, 
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with ABPM, readings are recorded every 20 to 30 minutes during the day and every hour 

at night. In addition, the heart rate can also be measured at the same time. With this 

methods, multiple blood pressure readings can be averaged over the 24-hour period to 

obtain the mean or average blood pressure. Furthermore, variations in blood pressure, 

heart rate, blood pressure distribution pattern, and other statistics can be calculated. 

Recent findings [61] show that ABPM more accurately reflect the risk of cardiovascular 

events respect of office measurements of blood pressure.  In addition. It can better 

recognized white coat, masked and sustained hypertension [62].   

Another way to investigate cardiovascular system health is to calculate the Pulse Wave 

Velocity. Pulse Wave Velocity (PWV) is a measure of arterial stiffness, or the rate at which 

pressure waves move down the vessel. Arterial stiffness is an independent risk factor for 

cardiovascular disease [63]–[66] and has been suggested as a marker of vascular aging 

[67]. The main structural changes in the vessel wall leading to arterial stiffness are 

degradation of elastic fibres and replacement with collagen fibres leading to 

arteriosclerosis [68].  

PWV is considered the gold standard for arterial stiffness assessment [69], [70]. Arterial 

stiffness has been recognized as an indicator of target organ damage and has been 

established as a highly reliable prognostic parameter for cardiovascular morbidity and 

mortality in a variety population including obesity, diabetes and hypertension [71], [72]. 

Obese people shows an altered arterial stiffness that is visible since childhood and 

adolescence [73]. 

Non-invasive assessment of PWV can be performed using magnetic resonance imaging, 

vascular ultrasound, echotracking, mechanotransducers and tonometric devices [74]. 

Generally, these devices determine the time elapsed between two pressure wave forms 

from two different anatomical sites, usually between carotid and femoral artery sites. The 

travel distance used to calculate velocity is normally taken from body surface landmarks 

on the subject. Although new methods to assess PWV have been partially validated, the 

gold standard method of non-invasive assessment of PWV continues to be applanation 

tonometry [69], [75]–[77]. In general, pressure waveforms are gated with simultaneous 

electrocardiographs and are used to calculate the PWV between the two sites (carotid–

femoral). Foot-to-foot PWV is calculated by determining the delay between the 

appearance of the pressure waveform foot in the carotid and femoral sites (Δt). The 

measurement of the tonometry transit distance is made using a measuring tape on the 
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surface of the body connecting the carotid measuring site with the suprasternal notch and 

the suprasternal notch with the femoral measuring site, respectively. The aortic transit 

distance is estimated by subtracting two times the suprasternal notch–carotid distance 

from tonometry transit distance, to account for parallel transmission in the aorta and 

common carotid [78].  Finally, aortic PWV is estimated by dividing aortic transit distance by 

Δt, using a validated computerized system [75], [78]–[80].  

 

Obesity and physical activity 
One of the best and most economic method that can be used in the “fight” against obesity 

is certainly physical activity. Obesity is characterized by an unbalance in energy intake and 

expenditure ratio in favour of intake that produce an excess of fat storage. Consequently, 

to lose fat it is necessary to increase energy expenditure. Physical activity and physical 

exercises prolonged over long periods of time can generate energy deficit and induce 

weight loss [81]–[83]. However, just moving a little bit more is not enough. Physical 

exercise should be voluntary and organized to be efficient. It is widely demonstrated that 

voluntary exercise is the most important discretionary component of total daily energy 

expenditure and, as a result, it has the potential to affect energy balance [84]. Thus, it is 

necessary to rationally exercise over time to be efficient in weight loss.  

Muscles consume energy synthetizing their “fuel” from fat and glycogen [85]. This fuel is 

the ATP that is produced by the oxidation of both fatty acids and glucose from the 

bloodstream and triglyceride and glycogen acquired from intramuscular stores [85]. The 

more ATP is requested to provide energy, the bigger is the amount of fat or glycogen 

involved in ATP generation, according to exercise intensity. When physical activity 

intensities are greater than approximately 60% maximal oxygen consumption (VO2max), 

blood glucose and muscle glycogen are the primary fuels oxidized to produce the 

necessary ATP. On the other hand, prolonged exercises at intensities lower that 60% 

VO2max promote fatty acid oxidation to produce energy [86].  

According to this physiological process, it should be obvious that aerobic training at 

moderate intensity (lower that 60% VO2 max) may be the best way to lose weight and 

reduce obesity. Aerobic training at low-to moderate intensity is normally prescribed from 

physician because it is simple to practise, economic and provides several benefits in 

prevention and treatment of obesity and its comorbidity. Aerobic activity (also known as 

“cardio”) is physical exercise of low to high intensity that depends primarily on the 
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aerobic energy-generating process and involve all that light-to-moderate intensity activities 

that are sufficiently supported by aerobic metabolism and that can be performed for 

extended periods of time [87]. This activity is mostly supported by fatty acids oxidation and 

fat storage mobilization. Examples of aerobic activities are running and jogging, swimming, 

cycling and walking. First of all, aerobic exercise improve insulin sensitivity, reduce blood 

pressure and promotes weight loss when associated with a diet [88]–[90]. However, 

aerobic exercise seems to have small effects on Resting Metabolic Rate (RMR) and lean 

mass [91], [92]. Considering that RMR is the minimal amount of energy that a person 

needs to live a day in resting state, higher is RMR higher will be the daily energy 

consumption necessary to live. RMR can be strongly modified by resistance training 

because the goal of this training is to modify and increase the lean mass (muscles) [93]  

that is metabolically more active that fat mass. Consequently, the more metabolically 

active the mass is, the greater will be the daily expenditure to maintain the body alive.   

Resistance training is an anaerobic activity intense enough to cause lactate formation and 

accumulation in the bloodstream. It is use when great amount of strength, speed and 

power is required. Additionally, because of its participation in strength and power, muscle 

mass growth is promoted. Muscle energy system involved in resistance training comes 

from stored ATP and from a limited supply of stored muscle glycogen, necessary to 

support intense activity that last from some seconds to up to two minutes [87]. A specific 

amount of recovery among sets is necessary to restore ATP and muscle glycogen, in 

order to allow to perform exercise another time. Examples of anaerobic activities are 

weightlifting and sprinting. Resistance training can improve insulin sensitivity as aerobic 

training does [94]. In addition, a great meta-analysis of De Sousa and colleagues [95] 

underlines as resistance training alone provides reduction in systolic blood pressure so it 

may be a good tool to manage systemic hypertension. Weight loss reduction is dispensed 

by increasing in lean mass and RMR. Moreover, resistance training affect the self-concept 

in young obese adolescents, leading them to continue and improve physical activity and to 

avoid desertion [96]. Finally, actual guidelines suggest utilizing resistance training in the 

management of obesity through physical activity. 

A combined approach (aerobic and resistance training in the same session) is starting to 

be purposed but it is difficult to identify standardized combination of aerobic and resistance 

training. Actually, HIIT (High Intensity Interval Training) is becoming very popular thanks to 

its positive effect on physical fitness and fat mass reduction in a lower amount of time [97] 
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However, HIIT is not properly recommended for beginners because of the high intensities 

of exercises that require a good background in technical execution of specific movements 

and body motor control.  

 

Aim of the study 

 

The aim of this study is to identify changes in cardiovascular profile and body composition 

due to resistance or combined training in a population of obese adolescents with and 

without hypertension. In addition, our second goal is to identify which kind of training may 

be the most suitable in terms of adherence to the program, tolerance to exercise and 

persistence over time in a population of obese adolescents.  

 

METHODS 

 

Subjects  

This study was approved by the local ethical committee (AOU CIttà della Salute, Turin, 

Italy). Before starting the experimental phase, subjects were informed about the aim of the 

study. They have voluntary accepted to participate and their parents have given them the 

permission to be involved by signing and informed consent.  Thirty-eight obese and fifteen 

healthy adolescents aged between 14 and 17 years were enrolled for this study. The 

recruitment process has been conducted in Molinette Hospital (AOU CIttà della Salute, 

Turin, Italy) in cooperation with Pediatric Division of Regina Margherita Hospital (AOU 

CIttà della Salute, Turin, Italy) and the School of Exercise and Sport Science (Department 

of Medical Science) of the University of Turin.  Each subject was checked in an authorized 

centre of sport medicine in order to obtain the medical permission to practice physical 

activity. Seven subjects have decided to retire themselves from the program after medical 

check-up, so the study started with the remaining thirty-one participants. In addition, fifteen 

healthy adolescents were measured at baseline and considered as reference group for 

measurements of body composition. The inclusion criteria for that in concern the obese 

sample were as follow: “teen-age” at the beginning of the study, recognized obesity (BMI 

>30), sedentary lifestyle (less than 60 minutes of physical activity per week), no special 

diet or involvement in dietary programs, absence of hypertension, or moderate 
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hypertension but not yet pharmacologically treated and no history of any medical condition 

that would prevent participation in the exercise intervention. The only pharmacological 

treatment that we accepted was metformin in that patient who showed a beginning of 

insulin-resistance. People that were not “teen-age”, unable to practise physical activity 

and/or pharmacologically treated for hypertension or other heart diseases were excluded 

from this study. On the opposite, healthy subjects should be life active (at least 120 

minutes of organized physical activity per week), have a BMI lower that 26 and not to be 

pharmacologically treated for any disease to be included in the reference group.  Total 

body fat percentages (acquired with bioelectrical impedance) for obese and healthy 

adolescents were 37%-44% and 11%-26% respectively. The subjects in the experimental 

group performed at least 60% of the training sessions on the 6-months-long experimental 

period. The training schedules were performed from January to June 2018 with the first 

part of the group (15 subjects) and from January to June 2019 for the second part (16 

subjects). Enrolment process and subjects’ allocation are represented in figure 1 in the 

CONSORT 2010 flow diagram [98]. 
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CONSORT 2010 Flow Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. CONSORT 2010 flow diagram. The chart shows how subjects were enrolled and allocated in 

the study design. 

  

Assessed for eligibility (n=38) 

Excluded (n=7) 
   Not meeting inclusion criteria (n=0) 
   Declined to participate (n= 7) 
   Other reasons (n=0) 

Analysed (from baseline to the end of the trial) 
n= 15); after detraining (n=12) 

 Excluded from analysis (detraining not 

completed) (n= 3) 

Lost to follow-up (n=0) 

Discontinued intervention (detraining not 
completed) (n=3) 

Allocated to intervention (n=15) 

 Received allocated intervention (n= 15) 
 Did not receive allocated intervention (n=0) 

Lost to follow-up (training aborted) (n=1) 

Discontinued intervention (detraining not 
completed) (n= 3) 

Allocated to intervention (n=16) 

 Received allocated intervention (n=16) 
 Did not receive allocated intervention (n=0) 

Analysed (from baseline to the end of the trial) 
n= 15); after detraining (n=12) 

 Excluded from analysis (detraining not 

completed) (n= 3) 

Allocation 

Analysis 

Follow-Up 

Randomized (n=31) 

Enrollment 
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Procedures  

All obese participants were randomly assigned to one of the two training group. On the 

opposite, healthy adolescents performed only baseline measurement of body composition 

as reference group. Before starting, all subjects were checked up in hospital where they 

were evaluated on the following parameters: anthropometric measures (body weight, 

height, BMI, waist circumference, blood pressure, heart rate, breath rate) to assess clinical 

report; lipid profile, blood glucose and insulin values, homeostatic model evaluation – 

HOMA to analyse metabolic profile; 20 minutes ECG Holter monitoring, Ambulatory Blood 

Pressure Monitoring (ABPM) 24h with an actigraphic evaluation of physical activity and 

oximetry index, oxygen supply, transthoracic echo and wrist Pulse Wave Velocity (PWV) to 

measure the functionality of cardiovascular system. Furthermore, at baseline, eating habits 

and psychological profile were also defined through specific questionnaires. After that 

these measurements were completed, people were moved to the School of Exercise and 

Sport Science (Department of Medical Science) of the University of Turin to assess body 

composition and to receive their training program. On the opposite, healthy subjects 

moved directly to the School of Exercise and Sport Science to be evaluated on body 

composition. Evaluations were performed 3 times during the experimental period: at the 

beginning, at the end of the 6-months-long training program and after 3 months of 

detraining. Measurements were administrated at the same time of day for each subject. 

During training span all participants attended 2 non-consecutive training sessions (about 

60 minutes long) a week for a total of 40 sessions during the entire period. Subjects could 

choose between these training days matching these purposes: Monday and Wednesday; 

Tuesday and Thursday or Wednesday and Friday. Exceptionally, we also accepted people 

who asked to train on Tuesday and Friday because of school duties.  All the sessions were 

performed in the afternoon from 2 to 6 pm in a gym validated from the Faculty of Sport 

Science of the University of Turin and all the training sessions were supervised by 

certificated and sport graduated trainers. Adherence to training was acquired electronically 

by scanning the personal gym’s season pass on the access gate in the period between 

January and June 2019. In the previous years, adherence was self-reported by signing on 

a properly signature sheet. Finally, all subjects were educated to follow a balanced diet 

and adherence to this nutritional behaviour was self-reported and registered during body 

composition analysis.  
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Data collections 

Data were collected on three moments as follow: First session (T0) at the beginning of the 

study (January 2018 for the first part of the subjects involved and January 2019 for the 

second part), Second session (T1) at the end of the 6-months-long training period (June 

2018 for the first part of the subjects involved and June 2019 for the second part) and 

Third session (T2) after 3 months of detraining (September 2018 for the first part of the 

subjects involved and September 2019 for the second part). Each session was completed 

on two separate days.  

Blood Sampling, clinical report and metabolic profile 

Blood sampling, urine analysis clinical report, metabolic and cardiovascular profile were 

evaluated in the first day blood sugar, insulin, serum creatinine, serum sodium, serum 

potassium, total cholesterol, hdl, triglycerides, uricemia, sodium excretion were traced from 

blood analysis. Anthropometric measures (body weight, height, BMI, waist circumference, 

blood pressure, heart rate, breath rate) were considered for clinical evaluation report. For 

that it concerns Metabolic profile, lipid profile, blood glucose and insulin values, 

homeostatic model evaluation – HOMA were assessed. HOMA index is based on a 

homeostatic mathematical model and it is used to calculate serum-glucose-related insulin 

resistance and fasting insulin concentration according to the following formula:  

HOMA index = blood sugar (mmol/L) x insulin (mU/L) / 22.5 

 

Cardiovascular Profile 

Finally, Cardiovascular profile was evaluated through ECG Holter monitoring (20 minutes) 

to assess HRV, ABPM 24h with an actigraphic evaluation of physical activity and oximetry 

index, oxygen supply, transthoracic echo and wrist Pulse Wave Velocity (PWV).  

ECG Holter monitoring was 20 minutes long and performed after some minutes of rest, in 

a quite a comfortable place with standardized condition of air temperature. ECG (including 

QT interval) was registered using Fukuda Denshi FM-180 device and software SCM-510 

to process data. In addition, LH/FH ratio was reported to investigate sympatho-vagal 

responsiveness of cardiovascular system. 

ABPM 24h was recorded using the Spacelabs 90207 (Spacelabs Inc. Redmond, 

Washington, USA). Monitoring started at 9 in the morning and finished the day after at 

same time. No physical or stressing activity were allowed during monitoring. Blood 
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pressure was registered every 15 minutes over the course of 24 hours. Furthermore, blood 

pressure load was detected. It is defined as the percentage of abnormally elevated blood 

pressure readings during ABPM, considered when blood pressure exceeds the 95-

percentile related for sex and height. Masked or isolated hypertension were also 

investigated to be excluded. Each participant should report all daily activities on a diary. 

Measures acquired during napping time were not considered in the analysis [99], [100].  

Ultrasound scanner Philips iE33 (Bothell, Washington) was utilized for transthoracic echo 

evaluation. Left ventricular mass (LVM) was calculated from left ventricular internal 

diameter during telediastolic phase (LVIDd), from interventricular septum thickness 

(SWTd) and the inferior-lateral wall (ILW) according to the Devereux formula [101]:  

LVM = 0.8 (1.04 [(LVIDd + ILWd + SWTd)3 – LVIDd3] + 0.6 

Pulse wave velocity was “foot-to foot” calculated [102] using SphygmoCor SCOR-PVx 

System (Atcor Medical, Sydney, Australia).  

 

Body Composition 

On the second day of measurements, participants were moved to School of Exercise and 

Sport Science (Department of Medical Science) of the University of Turin to assess their 

body composition. People arrived in Adapted Training and Performance Laboratory of the 

School of Exercise and Sport Science from 8 to 9 am after a 10-h overnight fast and 8 h of 

sleep. Subjects removed their right sock and rested on a physiotherapy bed in a supine 

position for 15 min while bio-impedance machine was prepared. Lower limbs were 45o 

open wide and upper limbs abducted of 30o. A couple of electrodes were applied on the 

right foot and another couple on the right hand. The first electrode was attached between 

the second and the third finger both in the foot and hand, while the second one was 

applied to 5 cm. Body composition was acquired using a BIA-ACC Medical Device 

(Biotekna, Venice, Italy) able to analyse the following parameters: Body Mass Index (BMI), 

Total Body Water (TBW), , Free Fat Mass (FFM), Fat Mass (FM),  Resting Metabolic Rate 

(RMR), Body Density, Bone, T-Score, Muscle, S-Score, Adipose Tissue (AT), Abdominal 

Adipose Tissue (AAT), Intra Muscolar Adipose Tissue (IMAT).  

Training Program 

Obese adolescents were randomly assigned to one of the two intervention groups: 

Resistance Training (RT) and Combined Training (CT). RT performed a counter-resistance 

training lifting weights while CT trained mixing both weights lifting and aerobic activities. 
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The 6-months-schedule was devised into three parts composed of two months each (table 

2). 

Table 2. Representation of training schedule for both resistance and combined training 

Every session of each group was preceded by 15 minutes warm up (10 minutes cycling at 

low intensity maintaining 70-80 RPM and 5 minutes of active and dynamic stretching) and 

followed by a 5 minutes cool-down in which people performed some static stretching for 

lower and upper limbs. Work-out was different between the groups for that it concerns the 

main part of the schedule. RT lifted only weights in a total body routine. Eight exercises, 

one for each main muscle group were accomplished. Subjects started to train the core by 

performing crunches for rectus abdominis and hyperextensions for the lumbar muscles 

chain. Then, leg press for quadriceps, bench press for pectoralis major, lat machine for 

latissimus dorsi, shoulder press for deltoideus and, to conclude, biceps curl for biceps 

brachii and French press for triceps brachii. The first period has been intended as 

familiarisation and technical learning. People performed 3 sets using an ascending-in-

repetitions-pyramid scheme. The first set was accomplished using 12 repetitions, the 

second with 15 and the third with 20. Every set was completed using an overweight of 45-
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55% (low intensity) of their estimated 1 MVC (Maximal Voluntary Contraction). In the 

second period intensity increase up to 60% (low-to-moderate) of their estimated 1 MVC 

and the previous pyramid was reversed (20-15-12) Now the pyramid scheme is ascending 

in load and descending in repetitions. Finally, in the third period, intensity increased again 

up to 70% of estimated 1 MVC, pyramid was cut at the second increment off (1x12-10-10) 

in order not to exceed intensity limit of 70% of 1 MVC.  Resting time among sets was 

standardised at 1 minutes and 30 second and was applied for the entire training period. In 

period two and three, 1 MVC was predicted using Brzycki formula [103]. Conversely, in 

period one load to lift was estimated according to subjects’ sensations recorded using a 

VAS scale. Resistance training schedules are reported in the following table (Table 3):  

 

Table 3. Resistance training schedule 

 

WEEKS REST

/
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec

/
/

/
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec

/
/

/
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec
1 min 30 sec

/
/

45-50% 1 MVC

/

Static Stretching during rest pauses / 2 times a week whole body
Cycling on a cyclette 1 x 10min 60% MHR 2 times a week cool down

Biceps Curl 1 x 12-10-10 65-70% 1 MVC 2 times a week biceps brachii
Push Down 1 x 12-10-10 65-70% 1 MVC 2 times a week triceps brachii

Lat Machine 1 x 12-10-10

Leg Press 1 x 12-10-10 65-70% 1 MVC 2 times a week quadriceps
Bench Press 1 x 12-10-10 65-70% 1 MVC 2 times a week pectoralis major

rectus abdominis
Iperextention (lower back machine) 1 x 12-10-10 65-70% 1 MVC 2 times a week lumbar muscles strain

16-24

Cycling on a cyclette 1 x 10min 60% MHR 2 times a week warm up
Crunches 1 x 12-10-10 65-70% 1 MVC 2 times a week

65-70% 1 MVC 2 times a week latissiums dorsi
Shoulder Press 1 x 12-10-10 65-70% 1 MVC 2 times a week deltoideus

Biceps Curl 1 x 20-15-12 55-65% 1 MVC 2 times a week biceps brachii

Cycling on a cyclette 1 x 10min 60% MHR 2 times a week cool down

Push Down 1 x 20-15-12 55-65% 1 MVC 2 times a week triceps brachii
Static Stretching during rest pauses / 2 times a week whole body

2 times a week pectoralis major
Lat Machine 1 x 20-15-12 55-65% 1 MVC 2 times a week latissiums dorsi

Shoulder Press 1 x 20-15-12 55-65% 1 MVC 2 times a week deltoideus

warm up
Crunches 1 x 20-15-12 55-65% 1 MVC 2 times a week rectus abdominis

8-16

Cycling on a cyclette 1 x 10min 60% MHR 2 times a week

Iperextention (lower back machine) 1 x 20-15-12 55-65% 1 MVC 2 times a week lumbar muscles strain
Leg Press 1 x 20-15-12 55-65% 1 MVC 2 times a week quadriceps

Bench Press 1 x 20-15-12 55-65% 1 MVC

Static Stretching during rest pauses
60% MHR

2 times a week whole body
Cycling on a cyclette 1 x 10min 2 times a week cool down

Biceps Curl 1 x 12-15-20 45-50% 1 MVC 2 times a week biceps brachii
Push Down 1 x 12-15-20 45-50% 1 MVC 2 times a week triceps brachii

pectoralis major
Lat Machine 1 x 12-15-20 45-50% 1 MVC 2 times a week latissiums dorsi

Shoulder Press 1 x 12-15-20 45-50% 1 MVC 2 times a week deltoideus

rectus abdominis
Iperextention (lower back machine) 1 x 12-15-20 45-50% 1 MVC 2 times a week lumbar muscles strain

1-8

Cycling on a cyclette 1 x 10min 2 times a week warm up
Crunches 1 x 12-15-20

60% MHR
2 times a week

Leg Press 1 x 12-15-20 45-50% 1 MVC 2 times a week quadriceps
Bench Press 1 x 12-15-20 45-50% 1 MVC 2 times a week

RESISTANCE TRAINING SCHEDULE 
EXERCISE SET AND REPS INTENSITY FREQUENCY TARGET
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On the other hand, CT accomplished both weightlifting and aerobic exercises in the same 

session. This group worked-out with a “super-circuit design”, where a weightlifting exercise 

is followed by aerobic activity maintained for a certain amount of time. Weightlifting 

procedures were the same as RS about exercises routine, resting time among sets and 

prediction of 1 MVC. Differently, CT accomplished only two set each period. Repetitions 

grew gradually: 8-10 (eight in the first set and ten in the second) in the first period, 12-15 in 

the second and 15-20 in the third. Intensity grew slightly from 45% up to 60% of 1 MVC. 

Pyramid scheme is respected only in repetitions, while load remain the same in each 

period. Aerobic activity was practised on cyclette or elliptical machine. In each period, 

participants practised 30-35 minutes of weightlifting and 30 minutes of aerobic activity 

organizes as follow: one counter-resistance exercise followed by 5 minutes of aerobic 

activity at moderate intensity in the first period. Two consecutive counter-resistance 

exercises followed by 10 minutes of aerobic activity at moderate intensity in the second 

period. Finally, in the third period three consecutive counter-resistance exercises were 

accomplished before practising 15 minutes of aerobic activity. Training design for this 

group is represented in the following table (Table 4):  
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Table 4. Combined training schedule  

 

 

 

 

 

 

 

WEEKS REST

1 min 30 sec
/

1 min 30 sec
/

1 min 30 sec
/

1 min 30 sec
/

1 min 30 sec
/

1 min 30 sec
/

1 min 30 sec
1 min 30 sec

/
/

1 min 30 sec
1 min 30 sec

/
1 min 30 sec
1 min 30 sec

/
1 min 30 sec
1 min 30 sec

/
1 min 30 sec
1 min 30 sec

/
/

1 min 30 sec
1 min 30 sec
1 min 30 sec

/
1 min 30 sec
1 min 30 sec
1 min 30 sec

/
1 min 30 sec
1 min 30 sec

/
/

2 times a week
2 times a week
2 times a week
2 times a week
2 times a week

whole body

cardiovascular fitness

pectoralis major
latissiums dorsi

60% 1 MVC
60% 1 MVC

Leg Press 1 x 12-15 quadriceps
Cycling on a cyclette 1x 15 min cardiovascular fitness

16-24

2 times a week
2 times a week
2 times a week
2 times a week
2 times a week
2 times a week
2 times a week
2 times a week
2 times a week

Static Stretching during rest pauses 2 times a week

Cycling on a cyclette 1x 15 min
2 times a week
2 times a week

60% 1 MVC
75-80% MHR

Bench Press 1 x 12-15
Lat machine 1 x 12-15 2 times a week

Shoulder Press 1 x 12-15 deltoideus

1-8

8-16

50-55% 1 MVC
50-55% 1 MVC
70-75% MHR

50-55% 1 MVC
50-55% 1 MVC
70-75% MHR

50-55% 1 MVC
50-55% 1 MVC

Static Stretching during rest pauses

Cycling on a cyclette 1 x 10 min

Bench Press 1 x 12-15

Crunches 1 x 12-15

Push Down 1 x 8-10

Cycling on a cyclette

Cycling on a cyclette 1 x 5 min cool down2 times a week60% MHR

Biceps Curl 1 x 12-15 biceps brachii
Push Down 1 x 12-15 triceps brachii

2 times a week
2 times a week

60% 1 MVC
60% 1 MVC

60% 1 MVC
75-80% MHR

Crunches 1 x 12-15 rectus abdominis
iperextention (lower back machine) 1 x 12-15 lumbar muscles strain

60% 1 MVC
60% 1 MVC

whole body/ 2 times a week

Push Down 1 x 12-15 triceps brachii
Cycling on a cyclette 1 x 5 min cool down

50-55% 1 MVC
60% MHR

2 times a week
2 times a week

cardiovascular fitness
Biceps Curl 1 x 12-15 biceps brachii

70-75% MHR
50-55% 1 MVC 2 times a week

Lat machine 1 x 12-15 latissiums dorsi
Shoulder Press 1 x 12-15 deltoideus

pectoralis major
Cycling on a cyclette 1 x 10 min cardiovascular fitness

Cycling on a cyclette 1 x 10 min cardiovascular fitness
Leg Press 1 x 12-15 quadriceps

rectus abdominis
iperextention (lower back machine) 1 x 12-15 lumbar muscles strain

whole body stretching 5 minutes cool down/ 2 times a week

triceps brachii
Static Stretching during rest pauses whole body

40-45% 1 MVC
/

2 times a week
2 times a week

Cycling on a cyclette 1 x 5 min cardiovascular fitness
Biceps Curl 1 x 8-10 biceps brachii

65% MHR
40-45% 1 MVC

2 times a week
2 times a week

cardiovascular fitness
Shoulder Press 1x 8-10 deltoideus

65% MHR
40-45% 1 MVC

2 times a week
2 times a week

Cycling on a cyclette 1 x 5 min cardiovascular fitness
Lat machine 1x 8-10 latissiums dorsi

65% MHR
40-45% 1 MVC

2 times a week
2 times a week

1 x 5 min

cardiovascular fitness
Bench Press 1x 8-10 pectoralis major

65% MHR
40-45% 1 MVC 2 times a week

Cycling on a cyclette 1 x 5 min cardiovascular fitness
Leg Press 1 x 8-10 quadriceps

65% MHR
40-45% 1 MVC

2 times a week
2 times a week
2 times a weekCycling on a cyclette 1 x 5 min

Cycling on a cyclette 1 x 5 min cardiovascular fitness
Iperextention (lower back machine) 1 x 8-10 lumbar muscles strain

65% MHR
40-45% 1 MVC

COMBINED TRAINING SCHEDULE 
EXERCISE SET AND REPS TARGET

Crunches 1 x 8-10 rectus abdominis
INTENSITY FREQUENCY

40-45% 1 MVC 2 times a week
2 times a week
2 times a week
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Statistical analysis 

 

Data were analysed using IBM SPSS Statistics 22.0 (for Windows) and GraphPad Prism 5 

(for Windows). The Kolmogorov-Smirnov test was used to examine the normality of the 

data. Mann-Whitney tests for unpaired data were used to determinate the differences at 

baseline between groups.  

Data are presented as the mean ± SD when normal, or as the median (25°-75° percentile) 

when not normal. Statistical significance was set at P < 0.05 

Wilcoxon signed-rank test was used to determinate the effects of the two different types of 

physical activity over time. Spearman’s correlation was used to identify possible 

associations between variables. Finally, Friedman test was used to determinate the effects 

of three months of detraining on body composition variables only. 

 

 

RESULTS 

Adherence to training and diet 

Adherence to training was calculated electronically on a total amount of 40 training 

sessions, while adherence to dietary advices was self-reported on a scale of 10. Averaged 

adherence to training was 57% (23 training sessions on 40) and self-reported adherence 

to dietary advices was 3 on 10.  

Anthropometrics and clinical features  

Thirty-one obese adolescents were involved in a 6-months-training program. The 62,5% of 

them were obese from at least 5 years, while severe obesity (BMI ≥ 35) was identified in 

the 37,5% of the sample. Nobody was previously involved in any sport or physical activity.  

The mean age of the sample was 15.5 ± 1.55 years (range 13 to 18 years), height 164 ± 

6.50 and prevalence of male was 43.8% equally distributed in both groups. The sample 

mean BMI was 33.3 ± 5.1 kg/m2 and the prevalence of clinic hypertension was 18.8%.  

Cardiac autonomic function was altered in most of the subjects (SDNN 66.8 ± 33.3ms, 

LF/HF 1.71 ± 0.77). One participant decided to abort the program and was excluded from 

the study. The remaining 30 subjects completed the 6-months-program randomly 

associated to one of the two training group. No differences in mean weight (CT: 87.1 ± 

16.8 vs. RT: 87 ± 17.7 Kg, p=0.9), BMI (CT: 34.8 ± 7.2 vs. RT: 31.3 ± 3.1, p=0.4) and body 

composition parameters (table 5) were observed between groups at baseline. A significant 
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decrease in office diastolic blood pressure (DBP) (75 ± 7.2 vs. 68 ± 6.9 mmHg, p=0.004) 

and heart rate (HR) (84 ± 17.1 vs. 74 ± 10.4 bpm, p=0.04) was identified in both group 

after 6 months of training but no differences were noticed when groups were compared. In 

addition, an improvement of HRV parameters in both groups and a decrease in 

hypertension prevalence was identified in both groups at the end of the training protocol.  

 

 
Table 5. Groups at baseline. Body composition parameters were acquired with BIA-ACC Medical 

Device (Biotekna s.r.l., Italy). No differences were detected between groups at baseline.   

 

Metabolic profile 
Participants’ metabolic profile is presented in table 6. It is important to notice high values of 

HOMA-index (3.9 ± 2,1 mcU/ml) even if blood sugar levels were in normal range (blood 

sugar 82.1± 7,2 mg/dl). Prevalence of insulin-resistance was identified in 62,3% of the 

sample considering as cut off the reference HOMA-index set at 3,54 to determinate 

insulin-resistance. For this reason, further analysis was necessary to verify if this condition 

affected outcomes compared to non-insulin-resistant people (table 7). No differences were 

registered at baseline between groups and between insulin and non-insulin-resistant).  

A significant decrease in blood triglycerides (p=0,037) was found after 24 weeks of training 

in the whole sample. In addition, a trend to significant increase of HDL values (p=0,067, 

table 8) was found in the whole sample with no differences within groups. Non significance 

difference was found in all other variables.  

 

COMBINED TRAINING (15) p value

87.1 ± 16.8 =0.900
31.89 ± 5.278 =0.566
39.60 ± 3.996 =0.968
59.27 ± 5.230 =0.921
40.73 ± 5.230 =0.921
1456 ± 123.6 =0.678
1.005 ± 0.009 =1.000
3.82 ± 0.683 =0.570
-0.10± 0.694 =0.677
19.35 ± 4.429 =0.527
1.43 ± 1.087 =0.451

594.0 ± 239.2 =0.593
2.207 ± 0.385 =0.591
44.76 ± 15.44 =0.693

Weight (KG) 87.0 ± 17.7 

AAT (addominal adipose tissue) (cm2)  613.3 ± 211.0
% IMAT (Intra Muscolar Adipose Tissue) 2.269 ± 0.340

AT (Adipose Tisssue) (Kg) 45.20 ± 13.96

T-Score -0.22 ± 0.640
Muscle (kg) 20.29 ± 4.550

S-score 1.11 ± 0.984

BMR (basal metabolic rate)(kcal/die) 1474 ± 129.8
Body Density (g/cm³) 1.005 ± 0.008

Bone (kg) 3.96 ± 0.699

%TBW (total body water) 39.76 ± 4.320
%FFM (free fat mas) 59.31 ± 4.6827

%FM (fat mas) 40.69 ± 4.827

RESISTANCE TRAINING VS COMBINED TRAINING  AT BASELINE
PARAMETER RESISTANCE TRAINING (16)

BMI (Kg/m2) 31.84 ± 4.172
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Table 6. Differences between insulin and non-insulin resistance at baseline. Body composition 

parameters were acquired with BIA-ACC Medical Device (Biotekna s.r.l., Italy).  

 

 

NON-INSULIN-RESISTANCE p value

83 ± 9.9 =0.471

162 ± 7.8 =0.739

31.5 ± 3.0 =0.291

1.9 ± 0.4 =0.067

94 ± 10.7 =0.464

118 ± 6.9 =0.028

74 ± 8.0 =0.638

78 ± 3.8 =0.243

165 ± 22.2 =0.021

54 ± 16.9 =0.240

69 ± 31.5 =0.025

97 ± 9.7 =0.402

116 ± 10.3 =0.514

65 ± 4.5 =0.506

75 ± 7.8 =0.149

115 ± 7.9 =0.072

66 ± 4.3 =0.113

78 ± 8.5 =0.166

106 ± 11.9 =0.517

56 ± 2.6 =0.330

71 ± 6.1 =0.325

72.3 ± 35.4 =0.626
20.8 ± 12.8 =0.050
60.7 ± 42.9 =0.546

346.8 ± 23.4 =0.996
0.29 ± 0.1 =0.230
0.26 ± 0.1 =0.493
1.3 ± 0.2 =0.029

29.2 ± 8.6 =0.551

5.5 ± 0.5 =0.448

97 ± 4.1 =0.023

66 ± 6.7 =0.119

40.0 ± 1.9 =0.857
60.2 ± 3.4 =0.438
39.8 ± 3.4 =0.438

1454 ± 99.2 =0.751
41.8 ± 8.2 =0.447

548.5 ± 130.0 =0.390
1.8 ± 0.4 =0.317

INSULIN-RESISTANCE VS NON-INSULIN-RESISTANCE
PARAMETER INSULIN-RESISTANCE

Weight (kg) 90 ± 19.9 
Height (cm) 161 ± 7.5 
BMI (kg/m2) 34.4 ± 5.9 
BMI z-score 2.2 ± 0.3 

Waist circumference (cm) 100 ± 15.6 
Clinic SBP (mmHg)* 124 ± 8.8 
Clinic DPB (mmHg) 76 ± 7.0 

Clinic Hearth rate (bpm) 88 ± 20.7 
Total cholesterol (mg/dl) * 171 ±12.4 

HDL (mg/dl) 45 ± 4.9 
TG (mg/dl) * 116 ± 39.4 
LDL (mg/dl) 103 ±17.9 

SBP 24 hours (mmHg) 119 ± 6.7 
DBP 24 hours (mmHg) 66 ± 4.6 

Heart rate 24 hours (bpm) 
SBP daily (mmHg) 

Daytime DBP  (mmHg) 
Daytime Heart rate (bpm) 

Night SBP (mmHg) 
Night DPB (mmHg) 

Night Heart rate (bpm) 

83 ± 10.6 
123 ± 7.4 
70 ± 5.2 
86 ± 10.9 
110 ± 8.4 
58 ± 5.4 
77 ± 12.6 

QTc (ms) 
LF (NU) 
HF (NU) 
LF/HF * 

LVMI (g/m2.7) 

PWV m/s 

Central DPB (mmHg) 
Central SBP (mmHg)* 

SDNN (ms) 

TBW (%) 
FFM (%) 
FM (%) 

BMR (Kcal/die) 
AT (Kg) 

ATT (cm2) 
IMAT (Kg) 

63.5 ± 33.5 
13.9 ± 14.1 
48.1 ± 37.2 

346.8 ± 23.4 
0.37 ± 0.1 
0.21 ± 0.1 
2.0 ± 0.8 
31.7 ± 6.8 

5.7 ± 0.7 

108 ± 12.4
74 ± 9.5 

40.3 ± 4.8 
57.9 ± 5.9 
42.1 ± 5.8 

SDANN (ms)* 
RMSSD (ms) 

1476 ± 132.6 
48.8 ± 18.6 

669.4 ± 283.4
2.2 ± 0.9 

COMBINED TRAINING (15) p value

83.5 ± 7.68 =0.348

17.43 ± 9.5 =0.994

0.70 ± 0.14 =0.43

140.4 ± 1.20 =0.843

4.58 ± 0.23 =0.584

168.73 ± 19.84 =0.229

50.36 ± 14.80 =0.781

96.18 ± 37.27 =0.571

99.09 ± 17.37 =0.455

5.87 ± 0.98 =0.366

3.83 ± 2.33 =0.855

METABOLIC PROFILE OF THE WHOLE SAMPLE AT BASELINE
PARAMETER RESISTANCE TRAINING (16)

Blood sugar (mg/dl) 80.77±6.77
Insulin (mcUI/dl) 17.46 ± 10.25
Creatin (mg/dl) 0.75 ± 0.16
Sodium (mmol/l) 140.2 ± 2.3 

Potassium (mmol/l) 4.64 ± 0.25 
Total Chol. (mg/dl) 158.0 ± 12.22 

HDL (mg/dl) 52.16 ± 16.65
TG (mg/dl) 86.75 ± 41.25

LDL (mg/dl) 93.82 ± 12.73 
Uricemia (mg/dl) 5,5 ± 0. 877 

HOMA-i (mcU/ml) 3.70 ± 1.20
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Table 7. Metabolic profile of the whole sample at baseline. No differences were detected between 

resistance and combined training group at baseline. 

 

 
Table 8. Metabolic profile of the whole sample after 24 weeks of training. No differences were 

detected between resistance and combined training group after the training schedule. 

 

Cardiovascular profile 
Cardiovascular profile outcomes at baseline are shown in table 9. No significant 

differences are detected at baseline between groups and all the variables are in reference 

range for age and sex [104], [105]. No differences were detected in all variables in both 

groups after 24 weeks of training. (table 9a and 9b).  

 
Table 9. Cardiovascular profile of the whole sample at baseline. No differences were detected 

between resistance and combined training group at baseline. 

 

AFTER 24 WEEKS OF TRAINING p value

78.36 ± 5.00 =0.075

17.43 ± 9.5 =0.241

168.73 ± 19.84 =0.423

50.36 ± 14.80 =0.067

76.28 ± 27.06 =0.037

99.09 ± 17.37 =0,297

3.83 ± 2.33 =0,262HOMA-i (mcU/ml) 3.70 ± 1.20

Total Chol. (mg/dl) 158.0 ± 12.22 
HDL (mg/dl) 52.16 ± 16.65
TG (mg/dl) * 91.26 ± 38.85
LDL (mg/dl) 93.82 ± 12.73 

Blood sugar (mg/dl) 82.08 ± 7.22
Insulin (mcUI/dl) 17.46 ± 10.25

METABOLIC PROFILE OF THE WHOLE SAMPLE AFTER 24 WEEKS OF TRAINING
PARAMETER BASELINE

COMBINED TRAINING (15) p value

56.87 ± 29.92 =0.318

17.43 ± 9.5 =0.206

44.33 ± 21.79 =0.243

342.37 ± 1.295 =0.114

1117.04 ± 1002.66 =0.303

726.83 ± 677.27 =0.216

1.77 ± 1.72 =0.969

5.25 ± 0.64 =0.279

102.38 ± 8.29 =0.719

74.25 ± 6.97 =0.096

QTc (ms) 356.43 ± 22.78
LF (NU) 1730.71 ± 1570.39
HF (NU) 17433.21 ± 1737.24
LF/HF 2.10 ± 1.37

CARDIOVASCULAR PROFILE OF THE WHOLE SAMPLE AT BASELINE
PARAMETER RESISTANCE TRAINING (16)

SDNN (ms) 69.85 ± 35.22 
SDANN (ms) 22.56 ± 20.16
RMSSD (ms) 51.13 ± 36.02 

PWV m/s 5.48 ± 0.62 
Central SBP (mmHg) 

68.35 ± 10.25Central DBP (mmHg) 
103.2± 11.15
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Table 9a. Cardiovascular profile of resistance training group after 24 weeks of training. No 

differences were detected between baseline and after the training schedule. 

 
Table 9b. Cardiovascular profile of combined training group after 24 weeks of training. No 

differences were detected between baseline and after the training schedule. 

 

Body composition 
Body composition parameters are shown in Table 10a (RT) and 10b (CT), while reference 

group is represented in Table 10 compared with the whole sample. As reference group, we 

enrolled fifteen healthy active adolescents (height 17 ± 7.8 cm, weight 64 ± 6.5 cm, BMI 

21.0 ± 2.9 Kg/m2). At baseline, all parameters were significantly different from the whole 

sample (p< 0,001) except RMR. MUSCLE AND BONE that were not significance (p= 

0,725, 0,282 and 0,646 respectively; Table 10). However, the whole sample showed better 

scores in T-Score (p< 0,05) and S-Score (p< 0,001).  

Comparing the two training groups, results show stronger significative reduction of Fat 

Mass in RT (FM, RT p< 0,01 vs CT p< 0,05). On the opposite, Adipose Tissue and 

Abdominal Adipose Tissue depletion was greater in CT (AT and AAT, RT p< 0,05 vs CT 

p<0,01). Intra Muscolar Adipose Tissue showed stronger differences in RT (IMAT, RT p< 

0,01 vs CT p< 0,05) after 6-months-training program.  

AFTER 24 WEEKS OF TRAINING 
(16) p value

79.03 ± 50.48 =0.811

19.32 ± 22.86 =0.507

59.44 ± 59.50 =0.173

370.36 ± 32.36 =0.224

1908.33 ± 2447.8 =0.470

2284.17 ± 4440.24 =0.569

1.82 ± 1.37 =0.258

33.67 ± 7.13 =0.102

5.48 ± 0.85 =0.987

106.00 ± 7.76 =0.104

68.67 ± 8.25 =0.723

Central SBP (mmHg) 100.6 ± 11.12
Central DBP (mmHg) 68.35 ± 10.25

LF (NU) 1730.71 ± 1570.39
HF (NU) 17433.21 ± 1737.24
LF/HF 2.10 ± 1.37

LVMI (g/m2.7 ) 27.55 ± 6.33 
PWV m/s 5.48 ± 0.62 

CARDIOVASCULAR CHANGES AFTER 24 WEEKS OF RESISTANCE TRAINING

PARAMETER BASELINE (16)

SDNN (ms) 69.85 ± 35.22 
SDANN (ms) 22.56 ± 20.16
RMSSD (ms) 51.13 ± 36.02 

QTc (ms) 356.43 ± 22.78

AFTER 24 WEEKS OF TRAINING 
(15) p value

62.37 ± 27.32 =0.470

17.38 ± 11.45 =0.439

51.09 ± 35.64 =0.135

358.41 ± 26.71 =0.070

1420.83 ± 1117.59 =0.205

978.33 ± 1168.44 =0.237

2.35 ± 1.48 =0.210

5.06 ± 0.61 =0.085

99.44 ± 7.60 =0.070

69.18 ± 7.49 =0.089

SDANN (ms) 17.43 ± 9.5
RMSSD (ms) 44.33 ± 21.79

QTc (ms) 342.37 ± 1.295
LF (NU) 1117.04 ± 1002.66

Central DBP (mmHg) 74025 ± 6.97

HF (NU) 726.83 ± 677.27
LF/HF 1.77 ± 10.72

PWV m/s 5.48 ± 0.85
Central SBP (mmHg) 104.56 ± 10.70

CARDIOVASCULAR CHANGES AFTER 24 WEEKS OF COMBINED TRAINING

PARAMETER BASELINE (16)

SDNN (ms) 56.87 ± 29.92
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Moreover, RT revealed stronger increments in Total Body Water (TBW, RT p<0,001 vs CT 

p< 0,01) and RMR (RT p< 0,01 vs CT p< 0,05) while Free Fat Mass and Body Density 

increased in both groups (FFM p< 0,05, Body Density p<0,01 for both groups). 

Finally, Bone Mass (p<0,01), T-score (p<0,01), Muscle Mass (p<0,05) and S-Score 

(p<0,01) were increased just in RT while BMI were significantly reduced only in CT (p< 

.05).  In addition, we analysed the effects of twelve weeks of detraining on body 

composition using the Friedman Test and it was noticed that, FM, AAT and AT were 

significantly increased after 12 weeks of detraining (Friedman test p< 0,001; Dunn’s post 

hoc p< 0,01), while TBW, FFM and Body density were significantly decreased (Friedman 

test p< 0,001; Dunn’s post hoc p< 0,01) ( Table 11) 

 

Table 10. Intervention vs Reference group at baseline. Body composition parameters were acquired 

with BIA-ACC Medical Device (Biotekna s.r.l., Italy). Significance was set at p< 0.05. Reference group 

shows generally better scores, apart from T-Score and S-Score, where intervention is significantly 

better. RMR, BONE and MUSCLE mass are no different between reference and intervention group.   

 

 

REFERENCE (15) p value

21.6 ± 3.2 <0,001 
56.5 ± 5.9 <0,001
80.1 ± 8.3 <0,001
19.9 ± 8.3 <0,001

1466 ± 122.5 =0.725
1.049 ± 0.018 <0,001
4.0 ± 0.539 =0.282
-0.7 ± 0.553 <0,05
19.7 ± 3.371 =0.646
-0.5 ± 0.668 <0,001

205.9 ± 147.6 <0,001
205.9 ± 147.6 <0,001

17.1 ± 9.7 <0,001

AAT (addominal adipose tissue) (cm2)  
% IMAT (Intra Muscolar Adipose Tissue) 

AT (Adipose Tisssue) (Kg)

20.07 ± 4.426

631.13 ± 234.260
2.3 ± 0.318
44 ± 12.775

Muscle (kg)
1.30 ± 1.188S-score

Bone (kg)
T-Score

3.91± 0.679
1.006 ± 0.009Body Density (g/cm³)

-0.3 ± 0.675

%FM (fat mas) 40 ± 4.667
BMR (basal metabolic rate)(kcal/die) 1458 ± 115.521

%TBW (total body water) 40 ± 4.202
%FFM (free fat mas) 60 ± 4.667

INTERVENTION VS REFERENCE AT BASELINE
PARAMETER INTERVENTION (30)

BMI (Kg/m2) 33 ± 5.106

AFTER 24 WEEKS OF 
RESISTANCE TRAINING (15) p value

31.28± 3.896 =0.255
42.43 ±4.700 <0.001
61.19 ± 4.875 <0.01
38.81 ± 4.875 <0.01
1508 ± 120.8 <0.01
1.010 ± 0.009 <0.01
4.17 ± 0.713 <0.01
0.6 ± 0594 <0.01

21.08 ± 3.746 <0.05
1.49 ± 1.002 <0.01
575.6 ± 195.5 <0.05
2.150 ± 0.332 <0.01
42.66 ± 12.95 <0.05AT (Adipose Tisssue) (Kg) 45.20 ± 13.96

S-score 1.11 ± 0.984
AAT (addominal adipose tissue) (cm2)  613.3 ± 211.0

% IMAT (Intra Muscolar Adipose Tissue) 2.269 ± 0.340

Bone (kg) 3.96 ± 0.699
T-Score -0.22 ± 0.640

Muscle (kg) 20.29 ± 4.550

%FM (fat mas) 40.69 ± 4.827
BMR (basal metabolic rate)(kcal/die) 1474 ± 129.8

Body Density (g/cm³) 1.005 ± 0.008

BMI (Kg/m2) 31.84 ± 4.172
%TBW (total body water) 39.76 ± 4.320

%FFM (free fat mas) 59.31 ± 4.6827

BODY COMPOSTION CHANGES AFTER 24 WEEKS OF RESISTANCE TRAINING

PARAMETER BASELINE (15)
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Table 10a. Body composition changes after 24 weeks of resistance training. Parameters were 

acquired with BIA-ACC Medical Device (Biotekna s.r.l., Italy). Significance was set at p< 0.05. Except 

for BMI, all parameters are significantly changed after 24 weeks of resistance training.   

 

 

Table 10b. Body composition changes after 24 weeks of combined training. Parameters were 

acquired with BIA-ACC Medical Device (Biotekna s.r.l., Italy). Significance was set at p< 0.05. 

Differently from other parameters, Bone, T-score, Muscle and S-score do not show significant 

changes after 24 weeks of training. 

 

 
Table 11. Body composition changes after 12 weeks of detraining in the whole sample. Parameters 

were acquired with BIA-ACC Medical Device (Biotekna s.r.l., Italy). Significance was set at p< 0.05. 

TBW, Body density and FFM showed a significant decrease in 12 weeks of detraining while FM, AAT 

and AT increased.  

 

AFTER 24 WEEKS OF COMBINED 
TRAINING (15) p value

31.30± 5.118 <0.05
41.50 ±4.146 <0.01
61.14 ± 5.885 <0.01
40.14 ± 8.887 <0.05
1474 ± 117.8 <0.05
1.09 ± 0.012 <0.01
3.95 ± 0.584 =0.096
0.050 ± 0645 =0.083
19.84± 4.156 =0.362
1.53 ± 1.523 =0.914
563.8 ± 239.2 <0.01
2.093 ± 0.451 <0.05
42.51 ± 15.60 <0.01

BODY COMPOSTION CHANGES AFTER 24 WEEKS OF COMBINED TRAINING

PARAMETER BASELINE (16)

BMI (Kg/m2) 31.89 ± 5.278
%TBW (total body water) 39.60 ± 3.996

%FFM (free fat mas) 59.27 ± 5.230
%FM (fat mas) 40.73 ± 5.230

BMR (basal metabolic rate)(kcal/die) 1456 ± 123.6
Body Density (g/cm³) 1.005 ± 0.009

% IMAT (Intra Muscolar Adipose Tissue) 2.207 ± 0.385
AT (Adipose Tisssue) (Kg) 44.76 ± 15.44

Bone (kg) 3.82 ± 0.683
T-Score -0.10± 0.694

Muscle (kg) 19.35 ± 4.429
S-score 1.43 ± 1.087

AAT (addominal adipose tissue) (cm2)  594.0 ± 239.2

AFTER 24 WEEKS OF TRAINING
AFTER 12 WEEKS OF 

DETRAINING

Friedman 
Test p 
value

Dunn's Post (after 24 weeks 
of training vs after 12 weeks o 

detrainng) p value

30.799 ± 4.533 31.03 ± 4.172 =0.125 ns
42.08 ± 4.085 40.75 ± 4.225 <0.0001 <0.01
61.38 ± 5.323 60.46 ± 5.283 <0.0001 <0.01
38.63 ± 5.323 39.54 ± 5.283 <0.0001 <0.01
1474 ± 112.2 14567 ± 120.2 <0.01 ns
1.010 ± 0.011 1.008 ± 0.011 <0.0001 <0.01
3.99 ± 0.600 3.89 ± 0.689 <0.0001 ns
-0.03± 0.634 -0.14± 0.612 <0.0001 ns
20.05 ± 3.996 19.64 ± 4.156 <0.0001 ns
1.413 ± 1.033 1.179 ± 0.852 <0.0001 ns
553.1 ± 209.1 571.9 ± 201.5 <0.0001 <0.01
2.117 ± 0.357 2.146 ± 0.414 <0.0001 ns
41.51 ± 13.65 42.56 ± 13.42 <0.01 <0.01AT (Adipose Tisssue) (Kg) 43.68 ± 13.60

T-Score -0.237 ± 0.691
Muscle (kg) 19.36 ± 4.20

S-score 1.183 ± 1.056

AAT (addominal adipose tissue) (cm2)  583.8 ± 211.0
% IMAT (Intra Muscolar Adipose Tissue) 2.213 ± 0.365

%FFM (free fat mas) 59.58 ± 4.924
%FM (fat mas) 40.42 ± 4.942

BMR (basal metabolic rate)(kcal/die) 1449 ± 119.0
Body Density (g/cm³) 1.006 ± 0.0089

Bone (kg) 3.82± 0.656

BODY COMPOSITION IN THE WHOLE SAMPLE AFTER 12 WEEKS OF DETRAINING 

PARAMETER BASELINE

BMI (Kg/m2) 31.65 ± 4.579
%TBW (total body water) 39.96 ± 3.906
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Correlations 
Spearman’s correlation was utilized to verify if cardiovascular variables were related to 

anthropometrics and body composition parameters. A strong correlation was detected 

between Abdominal Adipose Tissue (AAT) and Diastolic Blood Pressure (DPB) (r= 0.56; 

p< 0,001, Figure 1), BMI and Pulse Wave Velocity (PWV) (r= 0.57; p< 0.001, Figure 2) and 

ABPM DBP daytime and waist circumference (r= 0.58; p<0.001 Figure 3). Furthermore, 

moderate correlation was identified between HOMA-index and ABPM DBP daytime (r= 

0.6; p<0,01, Figure 4) and central SBP and Adipose Tissue (r=0.55; p< 0,01, Figure 5). 

 
 
 
 
. 

 
Figure 1. Correlation between AAT and clinical DBP at baseline.  A strong correlation was found 

between these two variables (r= 0.56; p< 0,001).  
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Figure 2. Correlation between BMI and PWV at baseline.  A strong correlation was found between 

these two variables (r= 0.57; p< 0,001).  

 

 
Figure 3. Correlation between Waist circumference and ABPM SBP at baseline.  A strong correlation 

was found between these two variables (r= 0.58; p< 0,001). 
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Figure 4. Correlation between HOMA-Index and ABPM SBP at baseline.  A moderate correlation was 

found between these two variables (r= 0.60; p< 0,01).  

 

 
Figure 5. Correlation between AT and central SBP at baseline.  A moderate correlation was found 

between these two variables (r= 0.55; p< 0,01). 
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DISCUSSION 

The findings of this study provide interesting information regarding the role of physical 

activity in the prevention and treatment of obesity. As know, obesity is a big problem of our 

industrialized society, in particular when related to children and adolescents [106]. Obesity 

in “teenage” can affect cardiovascular and metabolic profile causing hypertension, 

reducing HRV and promote insulin-resistance [107]–[109]. Therefore, exercises has been 

suggested as a powerful mean to reduce fat mass, provide insulin-sensitivity and improve 

cardiovascular health [88], [110], [111]. In the present study a significant reduction of 

diastolic blood pressure and heart rate was identified after 24 weeks of physical activity. 

This outcome agrees with literature where it is reported that physical exercise has the 

power to improve cardiovascular profile of obese and/or hypertensive people [89], [112]. 

The most interesting aspect of this outcome is that these results has been reached 

independently from type of physical activity. Even if aerobic or endurance exercise is 

usually preferred to resistance one in the management and prevention of obesity and/or 

hypertension [113], resistance training has also a great power in improving cardiovascular 

and metabolic profile [95]. It was demonstrated as supervised resistance training can be 

very helpful to reduce and manage cardiovascular diseases and obesity [114]. However, 

resistance training is not as easy to incorporate into people’s daily routine. Liu and 

colleagues [115]  reported that it is easier to involve people to practise aerobic activities 

such as walking or biking than weightlifting. On the opposite, considering benefits that 

resistance training can provide, this study suggests people to utilize resistance training in 

the management of obesity, taking in account that this activity has also a captivating power 

on young people [96].   

As regards metabolic profile, a significant decrease of blood triglycerides was found in the 

whole sample after 24 weeks of training. In addition, it was detected a trend to increase 

(p=0.067) in values of HDL and reducing blood sugar (p=0.070). For that it concern HDL 

values, this finding are conformed to literature, where studies declare the importance of 

physical activity in reducing triglycerides and increasing HDL [116], [117]. On the other 

hand, blood sugar showed a trend to decrease, even if not significant. This outcome is 

conform to the findings of Teh and colleagues [118] about the power of physical activity in 

reducing blood sugar. The reason why we noticed only a trend in the growth of HDL and 

reduction of blood sugar might be led to the sample size. Differently from studies where it 

was found a significant increase of HDL [116]–[118], our sample is smaller. Thus, this is a 
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possible reason why we detected only a trend and not a significant difference as cited 

authors reported.  However, this trend is very important if it is consider that higher levels of 

HLD has been identified as a preventive factor for metabolic syndrome [119]. Therefore, 

this study shows and confirm the role of physical activity as a non-pharmacological 

treatment in the management of obesity and metabolic syndrome. Unfortunately, we were 

not able to discriminate how the two types of physical activity influenced metabolic profile. 

A systematic review of Escalante and colleagues [117] underline as combined training can 

improve HDL concentrations while pure aerobic (endurance) training improves LDL 

cholesterol and triglycerides values. We found a similar behaviour of metabolic profile in 

our combined and resistance training group but without a significative difference. 

According to Gordon and colleagues [120], resistance training can help in reducing 

triglycerides and increase HDL as combined and aerobic training do. Thus, even if we 

found a significant difference only when the whole sample was analysed, this study seems 

to confirm the power of physical activity in improving metabolic profile of obese people. 

Concerning body composition, strong differences were identified between the whole 

sample and a reference group of healthy adolescents of the same age, except in resting 

metabolic rate (BMR) (p=0.725), bone and muscle mass (p=0.282 and 0.646 respectively). 

Result on BMR are in accordance with Dal and colleagues [121] who found that resting 

energy expenditure is similar in obese and normal weight people. Moreover, bone and 

muscle mass increase if stimulated by training. A review of Damas and colleagues [122] 

shows as resistance training induced changes in skeletal muscle protein synthesis and, 

consequently, contribute to hypertrophy. Reference group was composed by healthy and 

active adolescents but not athletes. Thus, even if healthy, without a specific training it is 

not possible to gain muscle and bone mass. For this reason, we do not identify differences 

between the whole sample and reference group at baseline.  Conversely, Fat Mass, BMI, 

Adipose Tissue, Abominal Adopise Tissue, Intra Muscolar Adopose Tissue and body 

density were strongly different in favour of reference group (p< 0.001). Alterations in this 

parameters are discriminant in the diagnosis of obesity and OSO [13], [40]. As previously 

reported, OSO raise when a strong impairment between muscle, bone and fat mass 

occurs in favour of fat mass (T-score and S-score are below 2 standard deviation from 

normality). Fortunately, we did not identify any participant being in OSO during this study, 

even this condition can appear in young people associated with other metabolic diseases 

[42].   
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On the opposite, no differences were detected at baseline between Resistance Training 

and Combined Training at baseline. It means that both groups started training with the 

same body composition profile.  

After 24 weeks of training, both groups strongly improved most of the parameters of body 

composition expect BMI in Resistance Training (p=0.255) and Bone, T-score, Muscle and 

S-score in Combined Training group (p=0.086; 0.093; 0.363; 0.914 respectively). 

Stagnation of BMI in Resistant Training is maybe due to the insight property of this kind of 

training. As previously reported [93], [122] resistance training induced changes in skeletal 

muscle protein enhancing hypertrophy. Thus, Muscle mass and Fat Free Mass increase 

replacing Fat Mass. Consequently, total body weight does not change but its components 

were modified in favour of Fat Free Mass. Considering that BMI is calculated from height 

and body weight, if body weight does not change, BMI will remain the same too. On the 

opposite, Resistance Training has significantly improved parameters of Bone, T-score, 

Muscle and S-score (p<0.01) while combined training does not. With this study we confirm 

what in literature was previously reported [93], [122]. Resistance Training improved 

significantly Muscle and Bone stimulating it through insight properties of this kind of 

training. On the opposite, combined training was not able to improve these variables. 

Nevertheless, these findings are in accordance with Yan and Colleagues [123] that 

declared how only resistance training can enhance Muscle and Bone mass while aerobic 

does not. Differently from them, we utilized a combined training instead of a pure aerobic 

(endurance) one but the “resistance component “contained in this program was not strong 

enough to provoke changes in Muscle and Bone mass. Therefore, stasis in Muscle and 

Bone values in combined training proposed in this study suggest that this kind of training 

can maintain parameters avoiding a decrease of values of Muscle and Bone mass.  For 

the same reason, combined training decreased significantly BMI values. That is due to the 

“aerobic component” of this kind of training [124]. Contrary to “resistance component”, the 

aerobic one is strong enough to allow a fat reduction. Considering that muscle and bone 

does not change, a total body weight reduction can arise influencing BMI (p<0.05). 

Enhancing or maintaining bone and muscle mass together with a reduction of BMI honours 

physical activity with a key role in the prevention and management of obesity and OSO. 

Adipose Tissue (AT), Abdominal Adipose Tissue (AAT) and Intra Muscolar Adipose Tissue 

(IMAT) were significantly reduced in both groups (p<0.001). Therefore, both training 

efficaciously influenced these variables. AAT and IMAT are related with cardiovascular 
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diseases onset and increased risk of death [51], [125]. Consequently, these findings 

empower the role of physical activity in the prevention of cardiovascular diseases and in 

their management. No differences were identified between groups in these three variables. 

Therefore, both resistance and combined training may be considered efficient in fat 

reduction in a young obese population.  

BMR and Body density increased significantly after 24 weeks of training in both groups 

(p<0.01 for body density in both groups; p< 0.01 for BMR in resistance training; p< 0.05 for 

BMR in combined training). Logically, when Free Fat Mass (FFM) and muscle growth 

occurs it would be right to think that also energy needed to maintain body alive should 

increase. However, our findings disagree with the study of Alberga and colleagues and 

Miller and colleagues [126], [127] who did not find changes in BMR after resistance 

training but is in accordance with Cardoso and colleagues [128] that, conversely, identified 

improvements in BMR after resistance training. Miller and colleagues [127] analysed 

results on a period of four months of activity with indirect calorimetry acquired from DEXA, 

while Alberga and colleagues’ outcomes [126] where acquired over a period of 22 weeks 

and BMR was directly calculated. The reason why our findings disagree with these two 

researches may lay on the study length in the case of Miller and colleagues (16 weeks vs 

24 of our study) and in the BMR measurement for that it concerns Alberga and colleagues’ 

results. We analysed BMR indirectly through BIA-ACC device while Alberga and 

colleagues calculated through respiratory exchanges analysis. However, the study of 

Cardoso and colleagues [128] measured BMR analysing oxygen consumption (VO2) and 

carbon dioxide production (VCO2) and claims that BMR can significantly increase after 

resistance training in obese women confirming our findings.  This disagreement on BMR 

effects of resistance training might be elicited from workout intensity. Both Alberga and 

colleague and Miller and colleagues [126], [127] does not increase intensity (in terms of 

amount of lifted load) during their researches period. On the opposite, this study and the 

research of Cardoso gradually increased workout intensity. This fact probably guided to 

different outcomes on BMR.  

For that in concern body density, a significant increase was identified after 24 weeks of 

training in both groups (p<0,01). This outcome confirm and enhance the role of physical 

activity in changing body composition and increasing body density [129]. Body density can 

be represented as the quotient of mass divided by volume. Body fat has a density of 0.90, 

while the density of fat free body mass is 1.10. Determination of density by measuring 
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body volume and weight, permits calculation of the proportions of fat and lean body tissue. 

Thus, the more body density is near to 1.10, the higher and efficient the Fat Free Mass will 

be.   

Finally, Total Body Water (TBW) increased significantly in both training groups. Water is 

an extremely important component of every bodily function such as digestion, transporting 

nutrients, lubricates brain and joint tissue, eliminate waste from cells and regulate body 

temperature. Consequently, hydration is a key process to remain healthy and efficient. 

Usually obese people are less hydrated than active one. They drink less and are less 

efficient that normal- weight [130]. Physical activity was identified as a good tool to help 

people increase their levels of hydration. In particular, Ribeiro and colleagues [131] 

showed as resistance training can be a good tool to increase TBW both in men and 

women. Our findings confirm this trend underlining again the role of physical activity in 

restoring body efficacy. In addition, we demonstrated that combined training can produce 

the same effects as resistance one on TBW. Consequently, TBW is altered indipendenlty 

from the type of physical activity.  

Finally, we investigated correlations between cardiovascular, metabolic and body 

composition variables. We detected a strong correlation between Abdominal Adipose 

Tissue (AAT) and Diastolic Blood Pressure (DBP) (r =0.56; p< 0.001), BMI and Pulse 

Wave Velocity (PWV) (r= 0.57; p< 0.001), ABPM SBP and Waist circumference (r= 0.60; 

p< 0.001). In addition, moderate correlations were found between Homa Index and ABPM 

SBP (r= 0.6; p=0.003) and central SBP and Adipose Tissue (AP) (r= 0.55; p= 0.002).   

This study confirms the existent connection between AAT and alteration in cardiovascular 

system. As previously reported, [51] abdominal obesity is related with an increased risk of 

low grade inflammation [132], heart failure and death. However, after the 24 weeks of 

training purposed in this research both groups reduced AAT. Consequently, findings of this 

study reinforce the role of physical activity in preventing cardiovascular diseases due to an 

excess of abdominal fat.  

This study reveals that Pulse Wave Velocity (PWV) is strictly connected with BMI. As 

previously reported, BMI is related to fat mass [13] and PWV seems to be related to body 

fat [133]. Consequently, our findings suggest that higher levels of BMI are potentially risky 

for cardiovascular health.  
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The same relationship was identified by this study between ABPM SBP and waist 

circumferences. Therefore, higher values of waist circumference can warn that 

cardiovascular health can be compromised. BMI and waist circumference are two 

diagnostic tools very easy to be acquire, so they can be use on a large scale as a first 

screening in order to manage cardiovascular risk in obese people. The relationship 

between body composition and cardiovascular profile is strengthened by the correlation 

found in this study within SBP and AT. Moreover, the correlation between ABPM SPB and 

Homa-index suggests as cardiovascular and metabolic profile are connected. Therefore, 

human body changes its cardiovascular and metabolic profile when insight properties are 

altered, and modifications in body compositions affects cardiovascular and metabolic 

systems [134]. In conclusion, this research highlights the role of physical activity in 

modifying body composition, and, consequently, cardiovascular and metabolic profile 

despite of diet. Adherence to dietary advices was very poor, so physical activity played an 

important role in determining our outcomes.  

Limitations  
There may be some possible limitations in this study. First, the sample size can be 

considered the greatest one. This study was conducted in an ecological environment, so 

people were asked to modify their daily routine and investing time in physical activity. The 

difficulty in involving and motivating obese adolescents in physical activity is a strong 

limiting factor in recruiting participants. In addition, these boys and girls usually have low 

school performances. For this reason, parents hardly encourage their children to spend 

time in activities that are different from studying and accomplish school assignments. 

Moreover, it is not so easy to insert a new activity in the daily routine, so the risk of 

rejecting the physical activity purpose is tangible. Finally, the recruitment was done in 

hospital after clinical evaluation. However, a lot of obese people and their family do not or 

do not want to recognize their status. Consequently, a great potential sample could not be 

involved in the study.  

Secondly, adherence to dietary advices may be affected results limiting the study potential. 

Probably, with a restricted diet and a clinical diet monitoring effects on body composition, 

metabolic and cardiovascular profile would be empowered and increased. The facts of 

being in their “real world” permitted them to have access to all kind of food and lifestyles 

that may affected results. On the other hand, the ecological environment in which the 
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study was done could represent a great chance to register data coming from “the real life” 

and shows what effectively could be the role of physical activity in managing youth obesity.  

Finally, another limitation may be identified in the exercise’s intensity. Even if intensity 

increased during the 24 weeks of training, participants where all beginners and they need 

to learn how to train and training to train themselves. A more intense training program 

might provide greater effects, but beginners needed to be educated before increasing 

training intensity. 

CONCLUSIONS 

 

Overweight and obese adolescents are at risk for significant health problems both during 

their youth and as adults. Their condition exposes them to higher risk factors associated 

with cardiovascular disease and insulin resistance (e.g. high blood pressure, high 

cholesterol and type 2 diabetes mellitus) and to develop an early form of OSO. Physical 

activity is one of the most powerful and non-pharmacological treatment to manage and 

prevent this medical condition. Even if the sample size was small, results from this study 

have demonstrated the role of physical activity in improving cardiovascular, metabolic 

profile and promoting changes in body compositions. Resistance and combined training 

were both efficient in improving health profile of obese adolescents.  Resistance training is 

associated with an increase of muscle and bone mass but without a decrease in BMI while 

combined training leads to a decrease of BMI but no increments in bone and muscle 

mass. Despite this, both are efficient in reducing fat mass, blood pressure and improve the 

metabolic profile emphasizing the importance of prescribe and suggest physical activity in 

obese adolescents. These outcomes reinforce the benefits of resistance training 

confirming is potential in re-modelling body composition by affecting muscle, bone and fat 

mass and reveal as combined training is useful in reducing BMI and fat mass in a 

population of obese adolescents. 
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APPENDIX 

(PARALLER PROJECTS CONCERNING PHYSICAL ACTIVITY) 

 

PHYSICAL ACTIVITY AND DIABETES TYPE I 

 

ISPAD Congress 2019 (ORAL PRESENTATION) – Article under submission- 

Comparison of basal insulin in adolescents with type 1 diabetes during a school 

camp. The GLiDE Study 

 Tinti D, Bonfanti R, Abate Daga F, Cavallo A, Cravero D, Gollin M, Trada M, De Donno V, 

Bracciolini G, Mossetto C., Giorda S, Arlotto S, Porta G, Maresca M, Giraudo 

I, Rigamonti A, Rabbone I.  

Objectives: It is not clear whether specific basal insulin gives different glycemic profiles 

in type 1 diabetes (T1D) adolescents regularly exercising. We conducted a study 

(GLiDE Study) to compare Glargine (GL) and Degludec (DE) insulin and to evaluate the 

percentage of time in range 70-180 mg/dl (TIR), below range (TBR) 

and above range (TAR) in T1D adolescents during a sport-school 

camp.  Methods: 27 moderate active adolescents with T1D for at least 1 year, using either 

GL or DE, without co-morbidities (such as celiac or hypothyroidism), were selected to 

participate in a 4-day sport-school camp with different sessions of exercise.  

Before camp, patients underwent physical activity tolerance test (using Bruce protocol) to 

evaluate maximum heart rate and aerobic fitness. Patients’ clinical data and fitness levels 

are represented in the Table. During camp, patients reduced both basal insulins by 

the same amount (20%). They wore a glucose sensor (Dexcom ® G6) to 

be constantly, remotely monitored to prevent hypoglycemia (glucose < 70 mg/dL). All 

corrections were decided upon glucose value adjusted for the 

trend. Data were compared with values obtained 3 

days before the camp. All patients also wore a Bluetooth heart rate sensor (Polar ® 

H10) to monitor heart rate while exercising. Results. We present preliminary data. 

No severe hypoglycemia nor diabetic ketoacidosis were observed during the 

camp. Mean TBR before camp was 2.8% in GL and 2.4% in DE, while during camp 

TBR was 0.6% and 1.6% (p=0.79), respectively. TIR before camp was 66% for GL 

and 51.3% for DE, while during camp it was 53.2% and 55.9% (p=0.75). TAR before camp 

was 31.6% for GL and 46.2% for DE, while during camp was 46.1% and 42.6% 

(p=0.68). Glucose consumption was comparable between groups, both during and after 
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physical activity (p-values > 0.5) and during the night (p-values > 0.9). Conclusions: data 

show an equivalence in TBR, TIR and TAR using two basal insulins during a physical 

structured sport-school camp. 

 

ISPAD Congress 2019 (POSTER SESSION) – Article under submission- 

Using trend arrow-protocol in adolescents with type 1 diabetes in continuous 

glucose monitoring minimizes the risk of hypoglycemia during a sport-school camp. 

 Tinti D, Bonfanti R, Abate Daga F, Cavallo A, Cravero D, Gollin M, Trada M, De Donno V, 

Bracciolini G, Mossetto C., Giorda S, Arlotto S, Porta G, Maresca M, Giraudo I, Rigamonti 

A, Rabbone I.  

 Introduction: Insulin therapy needs to be adapted in adolescents with type 1 diabetes 

(T1D) while exercising. Hypoglycemia is the major issue and while insulin reduction is 

recommended, carbohydrate supplementation is also frequently needed.  

We conducted a study to evaluate carbohydrate supplementation to prevent hypoglycemia 

in T1D adolescents during a sport-school camp.  Methods: 27 adolescents with T1D for at 

least 1 year, treated with multiple daily injections, without co-morbidities (such as celiac or 

hypothyroidism), were enrolled in a 4-day sport-school camp with different session of 

physical activity.  During camp, participants reduced their basal insulin by 20% and pre-

meal insulins up to 50%, as recommended by international guidelines. Patients wore a 

glucose sensor (Dexcom ® G6) to monitor directly and remotely their glucose in order to 

prevent hypoglycemia (< 70 mg/dL). All corrections, made with liquid glucose, were 

decided using glucose value corrected for the trend, with a protocol showed in the Figure. 

Time spent in range 70-180 mg/dL (TIR), below range (TBR), above range (TAR) and 

coefficient of variation (CV) were compared with values obtained 3 days before the camp.  

Results. We present preliminary data. No severe hypoglycemia and diabetic ketoacidosis 

were observed during the camp. Mean glucose and standard deviation resulted similar 

during and before the camp (177±56 and 170±59 mg/dL, p=0.38). TBR was lower during 

camp (1% vs. 2,7%, p=0,04), and time spent with glucose < 54 mg/dL was 0.03% (before 

was 0.9%, p=0.008). TIR was comparable (54.3 vs. 59.8%, p=0.25), as well as TAR (44.8 

and 37.5%, p=0.14) and CV (34.6 vs. 32.2, p = 0.18). Sensor usage was above 90% both 

during and before the camp. Conclusions: correction with glucose using sensor value 

adjusted for trend were helpful in strongly reducing values below 70 and 54 mg/dL, without 

increasing TAR in T1D adolescents while exercising. 
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PHYSICAL ACTIVIY IN CHILDHOOD 

 
SISMES Congress 2017 (ORAL PRESENTATION)  

 

Prevention and Perfomance in Soccer: differences between kicking and supporting 
lmb in soccer school children 

Federico Abate Daga Luca Beratto, Ruben Allois, Matteo Ponzano, Marco Alessandria, 
Massimiliano Gollin 

Backgroung: Physical features assessment is considered a necessary process to set 

appropriate training schedules for young players and to prevent injuries. Hamstring 

damages are one of the most common injuries in football. For this reason, coaching staff 

are always applying to find new ways to warn this kind of muscle injury. Aim: Considering 

this, the aim of this study consists in identify and set a preventive screening protocol 

comparing kicking versus supporting limb parameters in a group of children playing 

football. Methods: 20 children (8 ± 2 years, 31 ± 9 kg, 132 ± 10 cm), belonging to a local 

soccer school were recruited for this study. All their parents approved the attendance at 

this study by signing an informed consent. Children were tested using Gwalk (BTS S.p.A., 

Italy) to analyse the gait cycle while baropdometry and stabilometry were investigated 

using P-Walk balance board (BTS S.p.A., Italy). In addition, the Spinal Mouse® (Idiag, 

Volketswil, Switzerland) and a digital goniometer (GetMyRom for Iphone 5s, USA) were 

used to evaluate respectively the spine morphology and the hip joint mobility. Results: 

Results show a significant difference in the evaluation of hip joint mobility between kicking 

and supporting limb (p<0.05, 5%), while other trials did not show any significant difference. 

Discussion and Conclusion: Data shows that playing soccer can enhance joint mobility 

differences between the kincking and supporting limbs since childhood. Considering that 

mobility and strenght discrepancy between the limbs increase the risk of muscolar injuries 

(Knapik et al 1991) it is reccomended to propose training programs aible to minimize joint 

mobility differences between legs. References 1) Daneshjoo A., Mokthar A., Rahnama N., 

Yosuf A., Effects of the 11+ and harmoknee warm up programs on physical performance 

measures in professional soccer players.  Journal of sports science & medicine. Spt 2013; 

12(3): 489-495. 2) Knapik JJ, Bauman CL, Jones BH, Harris J, Vaughan L. Preseason 

strength and flexibility imbalances associated with athletic injuries in female collegiate 

athletes. The American Journal of Sport Medicine. 1991; 18(1): 76-81. 
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SISMES Congress 2018 (ORAL PRESENTATION) – Article under submission- 
 

Game-based vs open-skill mulitaleral training: effects of a 12-week program on 
motor skill acquisition and physical fitness development in soccer school children 

Federico Abate Daga, Luca Beratto, Golfieri Matteo, Massimiliano Gollin 

Purpose: The importance of motor skill acquisition, physical development and health-

related fitness of children has been significantly noted. (William et al, 2008). Nowadays, 

sport disciplines are extremely focused in young athlete development to improve 

performance levels and to identify future talent (Huijgen et al. 2009). This study 

investigates the effects of a 12-week-game-based training on motor skills acquisition 

compared with a traditional open-skill multilateral schedule. Methods: 31 children (8 ± 1 

years, 29 ± 4 kg, 134 ± 5 cm, 16 ± 2 of BMI, 2±1 Years of Practice) belonging to a 

professional soccer academy were recruited for this study. All their parents approved the 

attendance at this study by signing an informed consent. Children were randomly arranged 

into one of the two experimental groups, trained for 12 weeks and tested on shuttle dribble 

test and 10x5 shuttle test using a pair of photocells (Witty, Microgate, Bolzano, Italy). 

Results: Both Game-Based Group (G-BG) and Open-Skill Group (O-SG) improved 

significantly in shuttle dribble test (G-BG -19%, p=0,001; O-SG -14% p=0,0037) and 

shuttle run test (G-BG -6%, p=0,0021; O-SG -4% p=0,0047) No difference was found 

between the groups at the end of the study. Conclusion: Data shows that both game-

based training and an open-skill multilateral schedule can provide improvements in 

children motor skills acquisition and fitness development. Considering this, it might be 

possible to advice trainers to focus on both technical and fitness abilities , to ensure a 

complete coordinative and physical development. 

References: 1) Huijgen, BCH, Elferink-Gemser, MT, Post, WJ, Visscher C. Soccer skill 
development in professionals. International Journal of Sports Medicine 2009; 30: 585-591 
2) Williams HG, Pfeiffer KA, O'Neill JR, et al. Motor skill performance and physical activity 
in preschool children. Obesity. 2008;16(6):1421-1426. 
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SISMES Congress 2019 (ORAL PRESENTATION) – Article under submission- 

 

Age-Related Effect and physical performance in pre-pubertal football players: an 
exploratory study 

Federico Abate Daga, Vanzina Stefano, Massimiliano Gollin 

Purpose: In youth football, as in many other team sports, players are usually grouped 

based on their chronological age. Generally, more mature children present greater 

anthropometric parameters and could exhibit differences in biological maturity (Carrascosa 

et al. 2018). Thus, this study aims to investigate the effects of age on aerobic capacity 

(VO2 MAX) and the technical abilities of leading the ball in U10 and U12 male players. 

Methods: Nineteen U10 and fifteen U12 boys were recruited from a local soccer school. 

Aerobic capacity (VO2max) were estimated by performing a Yo-Yo Test adapted for 

children (Ahler et al. 2011). Technical abilities were assessed with the shuttle dribble test 

(Huijgen et al. 2009). Results: Participants’ anthropometric characteristics were as follow: 

under 10 group: age: 9±1year, height: 133.0 ± 7.0 cm, weight: 34.5 ± 7 kg, BMI: 18.17 ± 

2,3); under 12 group (age 11 ±1 year, height 146.4 ± 8.3 cm, weight 40.2 ± 9.2 kg, BMI: 

18.64 ± 3.4 of BMI). U12 group showed significant differences in both technical abilities (p 

< 0.0001, -15% of time required) and aerobic capacity (p= 0.0016, +9%). No significant 

differences were detected on BMI between both groups (p=0.9423). A moderate negative 

correlation was observed between technical abilities and aerobic capacity (r = -0.61, p < 

0.0001) Conclusion: U12 show better technical abilities and greater aerobic capacity 

(VO2 Max). On the other hand, BMI was not different between the groups. In addition, we 

have observed a link between technical abilities and aerobic capacity. Thus, the findings of 

this study suggest paying great attention to physical conditioning in pre-pubertal age, 

because a good fitness can positively affect the technical expression of leading the ball. 
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Purpose:  
Football is a multi-directional and intermittent sport that requires high technical abilities, 

tactical awareness, and a high level of physical conditioning (Emmonds et al. 2019). It has 

been demonstrated that stronger athletes are also faster during sprint performance 

(McBride et al 2009). The aim of this study is to investigate the effect of age on lower limb 

muscle strength and agility in pre-pubertal football players. Methods: 56 Under 10  and 72 

Under 12 players were recruited from different local soccer schools. Lower limbs muscle 

strength was estimated based on long jump test scores while time needed to complete the 

hexagon test was used to evaluate agility (Beekhuinzen et al. 2009). Results: 

Demographic and anthropometric characteristics were: age 9 ± 1 years, height 136.7 ± 6.1 

cm, weight 34.9 ± 9.2 kg, BMI 18.5 ± 3.9, and age 11 ± 1 years, height 153.2 ± 9.2 cm, 

weight 48.6 ± 11.9 kg, BMI 20.5 ± 3.8 for U10 and U12 groups, respectively. Data shows 

higher values of both strength (p < 0.0001; +24%) and agility (p < 0.0001; -35%) tests in 

U12 group compared of U10 group. In addition, BMI and long jump scores are negatively 

correlated (r = -0,19, p = 0.032) while BMI and Hexagon tests are not significantly 

associated. Conclusion: Older and more experienced children have better strength and 

agility abilities. Specific training programs are needed to improve physical abilities and 

avoid weight gain that might lead to higher BMI values and a consequent worsening in 

muscle strength. References 1) Emmonds S, Nicholson G, Begg C, Jones B, Bissas A.. 

Importance of Physical Qualities for Speed and Change of Direction Ability in Elite 

Female SoccerPlayers. J Strength Cond Res. 2019 Jun;33(6):1669-1677. 2) Beekhuizen 

KS, Davis MD, Kolber MJ, Cheng MS. Test-retest reliability and minimal detectable 

change of the hexagon agility test. J Strength Cond Res. 2009 Oct;23(7):2167-71. 


