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ABSTRACT 

 

An increase in fat-free mass (FFM) improves athletic performance. The aim of this 
study was to determine if a decrease in the FFM, expressed as the AKS index, is 
associated with physiological alterations after a training period in swimmers 
between 8-15 years old. Forty-two swimmers participated in this study, after 15 
weeks of training the swimmers were divided into two groups, those who 
decreased (A) and those who increased FFM (B). In group A there was a decrease 
in both, body weight and muscle, mass while in group B there was an increase in 
body weight. We found that group A showed a reduction in lymphocytes count, in 
addition to an increase in serum urea, a decrease in VO2, and a decrease in their 1 
min recovery. We showed here that a reduction in FFM is positively associated 
with physiological alterations that reduce athletic performance. 

 

KEY WORDS: Adolescents, schoolchildren, active body substance index (AKS), 

swimming. 

 

RESUMEN 

 

En los deportistas la masa libre de grasa (MLG) es una característica física que se 
busca incrementar para aumentar el rendimiento deportivo. El objetivo de este 
estudio fue determinar si la reducción de la MLG, expresada como índice AKS, se 
asocia a alteraciones fisiológicas después de un periodo de entrenamiento en 
nadadores de 8 a 15 años de edad. Se estudiaron 42 nadadores, después de 15 
semanas de entrenamiento se formaron 2 grupos, los que disminuyeron (A) y 
aumentaron (B) MLG. Se encontró que el grupo A redujo el peso y la masa muscular 
mientras que en el grupo B aumentó. En el grupo A se observó una disminución en 
los linfocitos, un aumento en la urea sérica, una disminución en el VO2 y en la 
recuperación a un minuto. La reducción de la MLG se asoció con alteraciones 
fisiológicas que reducen el rendimiento deportivo.  

 

PALABRAS CLAVE: Adolescentes, escolares, índice de sustancia corporal activa 
(AKS), natación. 

 

 

INTRODUCTION 

 

In Mexico, overweight and obesity (Ow&Ob) are a public health problem, it is 
estimated that at a national level the prevalence of Ow&Ob in schoolchildren and 
adolescents is 33.2% and 36.3%, respectively (Hernández-Ávila et al., 2016). One 
of the main strategies for Ow&Ob prevention and control in schoolchildren and 
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adolescents is the promotion of physical activity (Barquera et al., 2010; Vera-
Estrada et al., 2018). One way to promote physical activity is through sports, in this 
regard it has been shown that sport in schoolchildren and adolescents have 
multiple physiological and psychological benefits (Merkel, 2013). The positive 
physiological adaptations that sport generates occur if there is a gradual increase 
in training loads, with the appropriate intensity, duration, and frequency (Pancorbo, 
2003). One of the main physiological adaptations that occur through sports is the 
reduction of low density lipoproteins (LDL) and the increase in high density 
lipoproteins (HDL); thus reducing cardiovascular risk in schoolchildren and 
adolescents (Koozehchian et al., 2014). Sport also decrease resting heart rate and 
fat mass; in addition, increase bone resistance, muscle mass, free fat mass (FFM), 
the oxygen uptake (VO2), the glycogen reserve, among other positive effects 
(Merkel, 2013; Nalcakan, 2014; Stasinaki et al., 2015). However, in case of greater 
requirement in training, the adaptation mechanisms of the athlete may fail due to 
the stress generated (Pancorbo, 2003; Brandão et al., 2015). This condition 
generally occurs when there is an intense training for a long period of time, before 
competition events, in addition to little recovery time between them (Veal, 1991; 
Meeusen et al., 2006; Kreher and Schwartz, 2012). As a consequence, the athlete 
may experience fatigue, lower performance and mood changes (Brandão et al., 
2015; Veal, 1991; Griffin et al., 1999). This is partially due to an increase in protein 
catabolism which promotes a decrease in muscle mass (Johnson and Thiese, 
1992). The importance of muscle mass gain during sports activity is associated to 
increase in strength, endurance, bone mineral density, VO2 and a decrease in 
musculoskeletal injuries (Hart et al., 1985; Schiplilow et al., 2013). 

 

In order to assess the gain of FFM in schoolchildren and adolescents, the active 
body substance (AKS) index can be used; this value determines the amount of 
FFM in relation to the height of the subjects (Tittel and Wutscherk, 1972; 
Henríquez-Pérez et al., 2009). The AKS index was originally described and applied 
to the evaluation of muscle development in athletes, and it is useful in the 
nutritional anthropometric evaluation of schoolchildren and in growing and 
developing athletes. It is also known that the AKS index is useful for estimating the 
level of musculoskeletal development (Henríquez-Pérez et al., 2009; Serrato-Roa, 
2008). 

 

The aim of this study was to determine the association of loss of FFM, estimated 
through the AKS index, with physiological alterations in schoolchildren and 
adolescent swimmers after a period of 15 weeks of training. 

 

MATERIAL AND METHODS 

 

Design and study population 

 

An observational, prospective and comparative study was conducted. An amateur 
swimming team was invited to participate in Querétaro (central Mexico). The team 
consisted of 64 schoolchildren and adolescents from 8 to 15 years old. The 
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swimmers' training consisted of 2h in the pool and 1h on the track per day, for a 
total of 5 days/week, for 15 weeks. All participating swimmers dominated the four 
swimming strokes (freestyle, backstroke, breaststroke and butterfly stroke), and 
they had at least one year of continuous training. 

 

The training objectives were to increase the physical abilities of swimmers such as 
endurance, strength, speed, flexibility, coordination, balance and agility. During this 
study, at no time there was an interference with the training as scheduled by the 
team's coaches. The study began after a transition stage before a holiday period 
(January) and concluded until after a competition stage (April). After 15 weeks of 
training, two groups were formed according to the modification in the FFM 
expressed as the AKS index. Schoolchildren and adolescents who decreased the 
AKS index were in group A, and those who increased it were in group B. 
Swimmers who had an injury during the study period and those who missed 
training for more than 3 times during the 15 weeks period were excluded. In 
addition, those participants in whom not all analyzes were performed were 
removed from the study. All swimmers participated freely and voluntarily under the 
informed consent (free and clear) signed by at least one of the parents or legal 
guardians. This study was approved by the Bioethics Committee of the Facultad de 
Medicina de la Universidad Autónoma de Querétaro (Registration number 01-
07/08/2014) observing the principles of the Declaration of Helsinki. 

 

Anthropometric measurements 

 

Weight, height, waist (WCi) and hip (HCi) circumferences were measured 
according to standard procedures (World Health Organization, 1995). The weight 
of all participants was recorded in fasting conditions using an electronic scale 
(JAWON Medical X-Scan Plus II; Korea). Height was determined using a 
stadiometer (SECA 206, Germany). Nutritional status including growth rates, z-
scores for weight-for-age, height-for-age and body mass index (BMI)-for-age were 
determined using the criteria of the World Health Organization (OMS, 2008), 
considering overweight school children and adolescents with a z-score between 1 
and 1.99 of BMI for age, and as obese with a z-score ≥ 2. 

 

Body composition analysis 

 

Body composition was performed by mean of tetrapolar electrical bioimpedance 
using 8 tactile electrodes (JAWON Medical X-Scan Plus II; Korea), recording the 
data for percentage of fat, FFM, soft tissue, muscle mass, bone mass, total body 
water, intracellular water and the AKS index was calculated with the following 
formula (Henríquez-Pérez et al., 2009): FFM in kg/height m3 x 10. 

 

Biochemical analyses 

 

All participants had a fasting blood sample obtained by peripheral venous 
puncture. Glucose, urea, creatinine levels and lipid profiles were determined (A15 
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Biosystems, Spain) and a complete blood count was performed (Kx-21N Sysmex, 
USA). For all laboratory procedures the indications of manufacturer were followed. 

 

Metabolic analyses 

 

The VO2, carbon dioxide production (VCO2), respiratory quotient, resting metabolic 
rate (RMR) and resting heart rate were determined by indirect resting calorimetry 
with a Cardio-Coach CO2 equipment (KorrTM Medical Technologies Inc., USA). 
Participants over 12 years of age underwent an indirect postprandial calorimetry in 
movement in a treadmill (Prisma, M10 66110, BH Fitness, Germany) under the 
modified Bruce protocol (Marshall et al., 2014), keeping the slope constant at 10º. 
The calorimetry in movement consisted in that every 3 min the speed increased 2 
km/h starting at 4 km/h. Indirect calorimetry was performed 2h after the subjects 
received a standardized breakfast, and 24h after their last exercise. In the 
calorimetry in movement, VO2, VCO2, respiratory quotient, energy expenditure and 
metabolic equivalents (METS) were also determined. METS are defined as the 
oxygen consumed at rest to express the energy expenditure of physical activity as 
a multiple of the resting metabolic rate, the aerobic threshold, the anaerobic 
threshold and the maximum peak of VO2. The initial heart rate during recovery was 
also determined, at one minute and two minutes later. To rule out heart problems 
before performing the calorimetry in movement, a 12-channel surface 
electrocardiogram (Smart Wav 15 SonoMedic) was performed by an experienced 
pediatric cardiologist. The unipolar and bipolar electrodes were placed in the 
ventral position using the standard pediatric technique. Registration was performed 
without having drinks with caffeine or food ingestion for the last 2h. 

 

Statistical analyses 

 

The initial and final data were analyzed with the Student's t-test for the parametric 
variables and the Mann Whitney U-test for the non-parametric variables; a 
statistical significance of p <0.05 was accepted. The GraphPad Prism 5® statistical 
and graphics program (Graph Pad Inc., USA) was used. 

 

RESULTS 

 

From the 64 members of the swimming team only 42 subjects were included in this 
study and the remaining 22 subjects were excluded either because did not meet 
the inclusion criteria or decided not to participate. From the 42 participants that 
were included in the study, 24 (57%) were women and 18 men, 20 (48%) 
schoolchildren and 22 (52%) adolescents. The average age was 11.8 years in the 
initial evaluation. When comparing the initial measurement versus the final one, an 
increase in size was observed due to the effect of age; however, the z-score for 
height-for-age value decreased (-8.9%; Table 1). 

 

Based on BMI-for-age, the percentage of swimmers with Ow&Ob at the beginning 
of the study was 26%, 10 overweight and 1 obese (data not shown). At the end of 
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the study, the percentage of overweight swimmers was 24% and none was found 
obese (data not shown). The participant with obesity at baseline reduced his BMI-
for-age, however, he did not change his fat mass (initial: 14.4 kg versus final: 14.4 
kg); the lost body weight in this participant was at the expense of muscle mass 
(initial: 13.8 kg versus final: 13.4 kg) for that reason also the AKS index was also 
reduced (initial: 1.21 kg/m3 versus final: 1.19 kg/m3; data not shown). On the other 
hand, there were no participants with malnutrition. 

 

The main changes that occurred in the study group (Table 1), like a decrease in 
resting heart rate and an increase in HDL, LDL, total cholesterol and triglycerides 
levels. HDL levels on average were higher than the normal range (>60 mg/dl). 
2.3% of swimmers had high LDL (>160 mg/dl), 9.5% showed high triglycerides (> 
150 mg/dl) and 6.6% showed elevated total cholesterol (>200 mg/dl). In 14%, 
elevated levels of hemoglobin, hematocrit and mean corpuscular volume were 
present. Likewise, it was observed that creatinine increased while maintaining 
normal values, and there was an increase in the respiratory quotient. 

 

Table 1. Anthropometric, body composition and biochemical characteristics of schoolchildren and 

adolescents swimmers after 15 weeks of intense exercise. 

Variable 
Initial 

measurement 
(n=42) 

Final 
measurement 

(n=42) 

p 

Age (years) 11,8 ± 1,8 12,1 ± 1,8 < 0,0001 

Weight (kg) 43,4 ± 9,7 43,6 ± 9,1 < 0,01 

Height (cm) 152,1 ± 11,5 153,2 ± 11,1 < 0,0001 

Height for age (z-score) 0,43 ± 0,75 0,28 ± 1,04 < 0,01 

BMI of age (z-score) 0,24 ± 1,00 0,16 ± 0,96 < 0,01 

AKS index (kg/m3) 1,012 ± 0,10 1,017 ± 0,10 NS 

Fat body mass (%) 16,9 ± 7,1 17,1 ± 6,4 NS 

Muscle mass (kg) 13,7 ± 3,4 13,9 ± 3,6 NS 

Glucose (mg/dl) 82,2 ± 6,8 85,7 ± 7,4 < 0,01 

HDL-C (mg/dl) 42,6 ± 6,7 49,8 ± 11,9 < 0,0001 

LDL-C (mg/dl) 88,4 ± 30,1 104,4 ± 26,2 < 0,0001 

Triglycerides (mg/dl) 63,1 ± 30,7 90,1 ± 55,2 < 0,01 

Total cholesterol (mg/dl) 163,9 ± 31,6 172,3 ± 28,4 < 0,01 

Urea (mg/dl) 33,7 ± 9,3 32,8 ± 7,5 NS 

Creatinine (mg/dl) 0,7 ± 0,1 0,6 ± 0,1 < 0,01 

Respiratory quotient  0,8 ± 0,1 0,9 ± 0,1 < 0,05 

VO2 (ml/kg/min) 5,3 ± 2,2 5,1 ± 1,3 NS 

Heart rate (bpm) 80,7 ± 16,6 74,9 ± 10,5 < 0,01 

AKS: Active body substance; BMI: Body mass index; bpm: beats per minute; HDL: high density 
lipoproteins; LDL: low density lipoproteins; VO2= oxygen uptake; NS= No significant. Values 

represent the median ± standard deviation. 
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It was found that 52.3% (n= 22) of the participants reduced their AKS index, after 
15 weeks of training, while 33% (n= 14) increased it, discarding 4.7% (n= 6) that 
showed no changes in this parameter (Table 2). Group A reduced weight (-0.1%), 
WCi (-1.5%), HCi (-2.4%) and the waist/height index (-2,3%). On the contrary, 
group B increased weight (1.9%), height (0.8%), WCi (1.9%) and HCi (2.1%). In 
relation to the body composition it was observed that group A also reduced FFM (-
0.2%), soft tissue (-0.2%), muscle mass (-3.3%), bone mass (-0.2%), total body 
water (-0.2%) and extracellular water (-1.6%). On the contrary, an increase in FFM 
(4.6%), soft tissue (4.6%), muscle mass (8.8%), bone mass (3.6%) was observed 
in group B, as well as total body water (5.2%), intracellular water (4.6%) and 
extracellular water (4.8%). 

 
Table 2. Comparison of the anthropometric, body composition and final biochemical variables less 

initial () of both groups after 15 weeks of intense exercise. 

Variables 

Group A 

AKS reduction 
(n=22) 

Group B 

AKS increase 
(n=14) 

P 

Anthropometry    

Weight (kg) -0,1 ± 1,2 1,9 ± 1,2 < 0,0001 

Waist circumference (cm) -1,0 ± 2,0 1,9 ± 2,0 0,0001 

Hip circumference (cm) -2,1 ± 4,1 1,6 ± 1,7 0,0001 

Waist/stature ratio  -0,01 ± 0,01 0,01 ± 0,01 < 0,0001 

AKS index (kg/m3) -0,03 ± 0,01 0,03 ± 0,03 < 0,0001 

BMI-for-age (z-score) -0,2 ± 0,2 0,1 ± 0,2 < 0,0001 

Body composition     

Free fat mass (kg) -0,1 ± 0,4 1,6 ± 0,9 < 0,0001 

Fat body mass (%) 0,8 ± 3,3 0,0 ± 1,5 NS 

Total fat mass (kg) 0,0 ± 0,9 0,3 ± 0,7 NS 

Soft tissue (kg) -0,1 ± 0,3 1,5 ± 0,8 < 0,0001 

Muscle mass (kg) -0,5 ± 0,6 1,2 ± 0,9 < 0,0001 

Bone mass (kg) 0 ± 0,1 0,1 ± 0,1 < 0,01 

Total body water (kg) -0,1 ± 0,3 1,3 ± 0,8 < 0,0001 

Intracellular water (kg) 0,1 ± 0,3 0,7 ± 0,4 < 0,0001 

Extracellular water (kg) -0,2 ± 0,2 0,5 ± 0,4 < 0,0001 

Biochemical parameters    

Urea (mg/dl) 2,6 ± 9,9 -4,4 ± 8,9 < 0,05 

Lymphocytes (k/µl) -1,89 ± 4,48 2,38 ± 5,17 < 0,01 

Hemoglobin (mg/dl) 0,1 ± 1,0 -0,4 ± 0,9 < 0,05 

AKS: Active body substance; BMI: Body mass index; NS= No significant. Values represent the 
median ± standard deviation. 

 

Based on the analysis of biochemical markers group A increased serum urea 
(13.4%) and decreased the number of lymphocytes (-5.8%), within normal 
reference values. Group B showed a reduction in serum urea (-8.1%) and 
hemoglobin (-2.6%), while lymphocyte counts increased (12.1%). Regarding the 
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resting metabolic variables, VO2 increased in both groups (4.5% and 8.9%; 
respectively for groups A and B; Table 3); on the other hand, in group B the RMR 
value increased (9.1%). During the Bruce protocol, group B decreased VO2 in the 
initial stage (-34.9%), the METS in the initial stage (-35.5%) and the rapid recovery 
value at one minute (-14.6%) (Table 4).  

 
Table 3. Comparison of metabolic variables at rest at final less initial () of both groups after 15 

weeks of intense exercise. 

Variable 

Group A 

AKS decrease 

(n=17) 

Group B 

AKS increase 

(n=8) 

p 

Hearth rate (bpm) -9,5 ± 15,7 -1,6 ± 10,5 NS 

VO2 (ml/min) -0,05 ± 21,3 17,1 ± 30,9 <0,05 

VO2 (ml/kg/min) 0,0 ± 0,5 0,2 ± 0,6 NS 

VCO2 (ml/min) 4,5 ± 15,2 11,8 ± 27,3 NS 

VCO2 (ml/kg/min) 0,1 ± 0,7 0,2 ± 1,0 NS 

RMR (kcal) -6,8 ± 150,6 120,8 ± 210,6 < 0,05 

RMR/FFM (kcal/kg) -0,2 ± 4,7 1,5 ± 4,7 NS 

RMR/Muscle mass (kcal/kg) 2,8 ± 16,3 0,6 ± 11,9 NS 

Respiratory quotient (CO2/O2) 0,03 ± 0,1 0,01 ± 0,1 NS 

Carbohydrates (%) 10,5 ± 33,2 1,2 ± 31,1 NS 

Fats (%) -10,5 ± 33,1 -1,2 ± 31,1 NS 

AKS: Active body substance; bpm: beats per minute; RMR: resting metabolic rate. VO2: oxygen 
uptake; VCO2: Carbon dioxide production; FFM: Free fat mass; NS: No significant. Values 

represent the median ± standard deviation. 
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Table 4. Comparison of metabolic variables at movement at final less initial () of both groups after 

15 weeks of intense exercise. 

Variable 

Group A 

AKS decrease 

(n=5) 

Group B 

AKS increase  

(n=4) 

p 

VO2 initial (ml/min) 0,2 ± 2,2 -6,0 ± 5,4 < 0,05 

VO2 anaerobic threshold (ml/min) 11,4 ± 10,0 2,9 ± 10,7 NS 

VO2 aerobic threshold (ml/min) 12,6 ± 7,9 2,7 ± 16,6 NS 

VO2 peak (ml/min) 4,1 ± 9,4 -2,5 ± 2,8 NS 

Initial heart rate (bpm) -16,8 ± 38,9 -13,5 ± 3,8 NS 

Heart rate anaerobic threshold (bpm) 13,4 ± 26,0 -1,0 ± 22,5 NS 

Heart rate aerobic threshold (bpm) 9,0 ± 15,9 3,3 ± 33,0 NS 

Heart rate peak (bpm) -4,2 ± 6,4 -9,0 ± 1,8 NS 

METS initial 0,0 ± 0,6 -1,7 ± 1,5 <0,05 

METS anaerobic threshold 3,3 ± 2,8 0,8 ± 3,1 NS 

METS aerobic threshold 3,6 ± 2,2 0,8 ± 4,7 NS 

METS peak 1,2 ± 2,7 -0,8 ± 0,8 NS 

Recovery peak (bpm) -4,2 ± 6,4 -9,0 ± 1,8 NS 

Recovery 1 min (bpm) -0,2 ± 10,9 -20,8 ± 13,6 <0,05 

Recovery 2 min (bpm) -7,2 ± 6,6 -28,8 ± 21,3 NS 

Aerobic threshold (min) 2,6 ± 2,6 1,2 ± 4,2 NS 

Anaerobic threshold (min) 2,5 ± 3,9 0,9 ± 0,6 NS 

AKS: Active body substance; bpm: beats per minute; METS: metabolic equivalents; NS: No 
significant. Values represent the median ± standard deviation. 

 

DISCUSSION 

 

The physical-sports activity provides psychological and physiological benefits for 
the subjects who practice it habitually (Merkel, 2013). The HF-Action study 
(O'Connor et al., 2009) reported that subjects who performed physical activity 
reduced by 11% and 15% the risk of hospitalization for cardiac causes and death 
from cardiovascular disease; respectively. The data of the present study showed 
that the swimmers presented physiological cardiovascular adaptations 
representing an improvement in physical fitness, such as the decrease in resting 
heart rate; and an increase in hemoglobin, hematocrit and mean corpuscular 
volume (Boraita et al., 2000; Santhiago et al., 2009). However, the reduction in 
height-for-age suggests that height gain was compromised in order to meet the 
energy demand of the physical activity (Maïmoun et al., 2014). 

 

The increase in FFM and especially muscle mass is important for the athletes as 
they are related to greater physical abilities and prevention of musculoskeletal 
injuries (Pancorbo, 2003). In group A, the lost body weight was at the expense of 
FFM and not at the expense of adipose tissue. In order to prevent this loss, a 
consumption of 1-2.3 g of protein/kg of body weight is recommended for the 



Rev.int.med.cienc.act.fís.deporte - vol. 20 - número 78 - ISSN: 1577-0354 

 

284 
 

maintenance of FFM in young athletes during training (Mettler et al., 2010). One of 
the main limitations of this study was the lack of evaluation of diet consumption. 
Mello et al. (2015), in adolescent swimmers, indicated that this age group should 
have a very close nutritional surveillance, because they usually have an excessive 
consumption of food supplements, high energy and protein consumption and a low 
intake of carbohydrates and micronutrients. In addition, the loss of the swimmers' 
FFM could be explained by an insufficient diet for their energy and nutritional 
needs; however, we found overweight but no swimmers with undernutrition. 
Likewise, it is important to consider the growth and development of the athlete who 
performs intense physical activity in order to take care of the diet, rest times and 
training that affect him in his physical development and avoid psychological 
changes such as frustration in the face of sports failures (Merkel, 2013). 

 

In group A, serum urea probably increased in relation to the increase in exercise 
intensity and increased protein catabolism, suggesting a negative nitrogen balance 
(Pancorbo, 2003). On the other hand, in group B the serum urea decreased 
suggesting protein anabolism, reflected in an increase in muscle mass (Pancorbo, 
2003). The decrease in the number of lymphocytes suggests changes in the 
immune system of the subjects that may be due to different causes, including 
stress (Gleeson et al., 1995). 

 

In calorimetry at rest, VO2 increased in group B, possibly because swimming is in 
greater proportion an aerobic exercise that demands significant oxygen transport. 
This type of training increases the maximum oxygen consumption and therefore 
increases the physical condition (Nikolic and Ilic, 1992). In group B the energy 
requirement increased by approximately 120 kcal, while in group A the RMR 
decreased, this was probably due to the decrease in FFM (Marchini et al., 2005; 
Vargas et al., 2011). 

 

Regarding the calorimetry in movement it was observed that group B had a better 
adaptation to the exercise with a lower energy expenditure at the start of the test 
measured by the METS, in addition to achieving a better recovery with 20 beats 
per minute less at one minute of recovery, reflecting an adequate physical 
condition (Knechtle, 2014; Winsley and Matos, 2011). Interestingly, in group A no 
modifications were observed. These data suggest that this information could be 
used for training planning, using frequencies, volumes and thresholds (Ramos-
Álvarez et al., 2016). 

 

Finally, another limitation of the work to consider was the lack of analysis of 
psychological variables such as stress and anxiety. These psychological factors 
can impact on different levels affecting, food, sleep, motivation to train, among 
other causes (Stults-Kolehmainen and Sinha, 2015; Pancorbo, 2003). Some 
probable sources of psychological stress that can affect physical activity and 
training, but which were not analyzed in this work, are the demands of parents and 
coaches as well as the athletes' own social commitments such as academic 
performance in school. In this regard, it is convenient to emphasize the 
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recommendation to parents and coaches to closely monitorize the young athletes 
training through the care of food, adequate sleep and the appearance of behaviors 
different from the usual in order to prevent stress. 

 

CONCLUSIONS 

 

Intense exercise accompanied by a decrease in FFM has adverse effects that may 
have an impact on sports performance and health. Multidisciplinary surveillance of 
a health team for the athlete is essential to ensure that athletes do not present the 
risks of an unsupervised sports activity. 
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Instituto Nacional de Salud Pública. 

Johnson, M.B., y Thiese, S.M. (1992). A review of overtraining syndrome-
recognizing the signs and symtoms. Journal of Athletic Training, 27(4), 352-4. 

Knechtle, B. (2014). Relationship of anthropometric and training characteristics 
with race performance in endurance and ultra-endurance athletes. Asian 
Journal Sports Medicine, 5(2), 73-90.  

Koozehchian, M., Nazem, F., Kreider, R., Roberts, W., Best, T., Rong, Y., et al. 
(2014). The role of exercise training on lipoprotein profiles in adolescent 
males. Lipids in Health and Disease, 13,95. https://doi.org/10.1186/1476-
511X-13-95 

Kreher, J.B., y Schwartz, J.B. (2012). Overtraining Syndrome: A Practical Guide. 
Sports Health, 4(2), 128-38. https://doi.org/10.1177/1941738111434406 

Maïmoun, L., Georgopoulos, N.A., y Sultan, C. (2014). Endocrine disorders in 
adolescent and young female athletes: impact on growth, menstrual cycles, 
and bone mass acquisition. Journal of Clinical Endocrinology and 
Metabolism, 99(11), 4037-50. https://doi.org/10.1210/jc.2013-3030 

Marchini, J.S., Fett, C.A., Fett, W.C., y Suen, V.M. (2005). Calorimetría: las 
consideraciones prácticas de la aplicación y críticos. Fitness and 
Performance Journal, 4(2), 90-6. https://doi.org/10.3900/fpj.4.2.90.s 

Marshall, M.R., Coe, D.P., y Pivarnik, J.M. (2014). Development of a prediction 
model to predict VO2 (peak) in adolescent girls using the Bruce protocol to 
exhaustion. Research Quarterly for Exercise and Sport, 85(2), 251-6. 
https://doi.org/10.1080/02701367.2014.893053 

Meeusen, R., Duclos, M., Gleeson, M., Rietjens, G., Steinaker, J., y Urhausen, A. 
(2006). Prevention, diagnosis and treatment of the overtraining syndrome: 
ECSS Position Statement Task Force. European Journal Sport Science, 6(1), 
1-14. https://doi.org/10.1080/17461390600617717 

Mettler, S., Mitchell, N., Tipton, K.D. (2010). Increased protein intake reduces lean 
body mass loss during weight loss in athletes. Medicine & Science in Sports 
& Exercise, 42(2), 326-337. https://doi.org/10.1249/MSS.0b013e3181b2ef8e 

Merkel, D.L. (2013). Youth sport: positive and negative impact on young athletes. 
Open Access Journal of Sports Medicine, 4, 151–160. 
https://doi.org/10.2147/OAJSM.S33556 

Nalcakan, G.R. (2014). The effects of sprint interval vs. Continuous endurance 
training on physiological and metabolic adaptations in young healthy adults. 
Journal of Human Kinetics, 30(44), 97-109. https://doi.org/10.2478/hukin-
2014-0115 

Nikolic, Z., e Ilic, N. (1992). Maximal oxygen uptakeintrainedand untrained 15-year-
old boys. British Journal of Sports Medicine, 26(1), 36-38. 
https://doi.org/10.1136/bjsm.26.1.36 

O'Connor, C.M., Whellan, D.J., Lee, K.L., Keteyian, S.J., Cooper, L.S., Ellis, S.J., 
et al. (2009). Efficacy and safety of exercise training in patients with chronic 

https://doi.org/10.1186/1476-511X-13-95
https://doi.org/10.1186/1476-511X-13-95
https://doi.org/10.1177/1941738111434406
https://doi.org/10.1210/jc.2013-3030
https://doi.org/10.3900/fpj.4.2.90.s
https://doi.org/10.1080/02701367.2014.893053
https://doi.org/10.1080/17461390600617717
https://doi.org/10.1249/MSS.0b013e3181b2ef8e
https://doi.org/10.2147/OAJSM.S33556
https://doi.org/10.2478/hukin-2014-0115
https://doi.org/10.2478/hukin-2014-0115
https://doi.org/10.1136/bjsm.26.1.36


Rev.int.med.cienc.act.fís.deporte - vol. 20 - número 78 - ISSN: 1577-0354 

 

287 
 

heart failure: HF-ACTION randomized controlled trial. JAMA, 301(14),1439-
50. https://doi.org/10.1001/jama.2009.454 

Organización Mundial de la Salud. (2008). Patrones de crecimiento del niño de la 
OMS: curso de capacitación sobre la evaluación del crecimiento del niño. 
Ginebra, OMS.  

Pancorbo, A. (2003). Diagnóstico y prevención de la fatiga crónica o del síndrome 
de sobre entrenamiento en el deporte de alto rendimiento. Una propuesta de 
mecanismos de recuperación biológica. Cuadernos de Psicología del 
Deporte, 3(1), 61-80. 

Ramos-Álvarez, J.J., Del Castillo-Campos, M.J., Polo-Portes, C., Ramón-Rey, M., 
y Bosch-Martín, A. (2016). Análisis de parámetros fisiológicos en jugadores 
juveniles españoles de bádminton. Revista Internacional de Medicina y 
Ciencias de la Actividad Física y del Deporte, 16(61), 45-54. 
https://doi.org/10.15366/rimcafd2016.61.004 

Santhiago, V., da Silva, A.S., Papoti, M., & Gobatto, C.A. (2009). Responses of 
hematological parameters and aerobic performance of elite men and women 
swimmers during a 14-week training program. The Journal of Strength and 
Conditioning Research, 23(4): 1097-105. 
https://doi.org/10.1519/JSC.0b013e318194e088 

Schipilow, J.D., Macdonald, H.M., Liphardt, A.M., Kan, M., y Boyd, S.K. (2013). 
Bone micro-architecture, estimated bone strength, and the muscle-bone 
interaction in elite athletes: an HR-pQCT study. Bone, 56(2), 281-9. 
https://doi.org/10.1016/j.bone.2013.06.014 

Serrato-Roa, M. (2008). Medicina del deporte. Bogotá: Editorial del Rosario. 

Stasinaki, A.N., Gloumis, G., Spengos, K., Blazevich, A.J., Zaras, N., Georgiadis, 
G., et al. (2015). Muscle strength, power and morphologic adaptations after 6 
weeks of compound vs. complex training in healthy men. The Journal of 
Strength and Conditioning Research, 29(9), 2559-69. 
https://doi.org/10.1519/JSC.0000000000000917 

Stults-Kolehmainen M. A. y Sinha R. (2015). The effects of stress on physical 
activity and exercise. Sports Medicine, 44(1), 81–121. 
https://doi.org/10.1007/s40279-013-0090-5 

Tittel, K., y Wutscherk, H. (1972). Sportanthropometrie. Leipzig, Johann Ambrosius 
Barth. 

Vargas, M., Lancheros, L., y Barrera, M.P. (2011). Energy expenditure in repose 
related to body composition adults. Revista de la Facultad de Medicina, 
59(1), 43-58. 

Veal, D. (1991). Psychological aspects of staleness and dependence on exercise. 
International Sports Medicine, 12(1991), S19-S22. https://doi.org/10.1055/s-
2007-1024745 

Vera-Estrada, F., Sánchez-Rivas, E., y Sánchez-Rodríguez, J. (2018). Promoción 
de la actividad física saludable en el recreo escolar/Promotion of Healthy 
Physical Activity in School Recreation. Revista Internacional de Medicina y 
Ciencias de la Actividad Física y el Deporte, 18(72), 665-668. 
https://doi.org/10.15366/rimcafd2018.72.004 

https://doi.org/10.1001/jama.2009.454
https://doi.org/10.15366/rimcafd2016.61.004
https://doi.org/10.1519/JSC.0b013e318194e088
https://doi.org/10.1016/j.bone.2013.06.014
https://doi.org/10.1519/JSC.0000000000000917
https://doi.org/10.1007/s40279-013-0090-5
https://doi.org/10.1055/s-2007-1024745
https://doi.org/10.1055/s-2007-1024745
https://doi.org/10.15366/rimcafd2018.72.004


Rev.int.med.cienc.act.fís.deporte - vol. 20 - número 78 - ISSN: 1577-0354 

 

288 
 

World Health Organization. (1995). WHO technical report series, 854. WHO Expert 
Committee on Physical Status: the use and interpretation of anthropometry 
physical status. Geneva, WHO. 

Winsley, R., y Matos, N. (2011). Overtraining and elite young athletes. Medicine 
and Sport Science, 56, 97-105. https://doi.org/10.1159/000320636 

 

 

Número de citas totales / Total references: 36 (100%)  

Número de citas propias de la revista / Journal's own references: 02 (5.5%)  

 
Rev.int.med.cienc.act.fís.deporte - vol. 20 - número 78 - ISSN: 1577-0354 

 

https://doi.org/10.1159/000320636

