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Introduction

Training programmes that include exercising of the leg muscles performed with walking, stationary cycling, or treadmill exercise are commonly used in sedentary population [START_REF] Pescatello | American College of Sports Medicine. ACSM's guidelines for exercise testing and prescription[END_REF] and patients suffering from chronic obstructive pulmonary disease (COPD), chronic heart failure (CHF) and pulmonary arterial hypertension (PAH) to improve exercise performance, reduce symptom perception (shortness of breath and leg discomfort) and improve quality of life [START_REF] Pescatello | American College of Sports Medicine. ACSM's guidelines for exercise testing and prescription[END_REF][START_REF] Balady | Core components of cardiac rehabilitation/secondary prevention programs: A statement for healthcare professionals from the American Heart Association and the American Association of Cardiovascular and Pulmonary Rehabilitation Writing Group[END_REF](3).

The effects of training on the cardiovascular, metabolic and ventilatory adaptation/response to exercise are largely known in these populations (3)[START_REF] Laviolette | Dyspnoea: a multidimensional and multidisciplinary approach[END_REF][START_REF] Laveneziana | Physical activity, nutritional status and systemic inflammation in COPD[END_REF] and in sport elite athletes [START_REF] Pescatello | American College of Sports Medicine. ACSM's guidelines for exercise testing and prescription[END_REF][START_REF] Whipp | Breathing during exercise[END_REF][START_REF] Dempsey | Airway, lung and respiratory muscle function[END_REF].

The ventilatory response to exercise can be evaluated in terms of ventilatory demand, ventilatory efficiency and ventilatory profile. Ventilatory demand can be assessed as the relative contributions of tidal volume (V T ) and respiratory frequency (fR) to total ventilation (V E ), ventilatory efficiency as the steepness with which V E rises with respect to carbon dioxide production (VCO 2 ) (i.e., the V E /VCO 2 slope and ratio) and ventilatory response profile as the inflection points of the V T and V E relationship during exercise which is usually determined by examining individual Hey plots [START_REF] Hey | Effects of various respiratory stimuli on the depth and frequency of breathing in man[END_REF]. In healthy subjects, one, and sometimes two inflection points (V T /V E inflection 1 and 2) can be observed [START_REF] Hey | Effects of various respiratory stimuli on the depth and frequency of breathing in man[END_REF]. In addition, the V T /V E inflection corresponds to the attainment of critical constraints on V T expansion and it marks the point where both dyspnoea intensity and selection of perceived unsatisfied inspiration sharply escalate in asthma and COPD patients (9)[START_REF] Laveneziana | Evolution of dyspnea during exercise in chronic obstructive pulmonary disease: impact of critical volume constraints[END_REF][START_REF] Laveneziana | Does expiratory muscle activity influence dynamic hyperinflation and exertional dyspnea in COPD?[END_REF].

Little is known on the effects of training on the ventilatory profile during exercise and whether this may affect exercise performance in elite sport athletes. The aim of this study was therefore to evaluate the effects of eight months of training and competitive season on the ventilatory profile response to treadmill exercise in elite sport athletes of the Italian soccer "Serie A" league.

We hypothesized that eight months of training and competitive season would have a beneficial impact (reduction) on the ventilatory response to exercise in these athletes by postponing the occurrence of V T /V E inflection 1 and 2, thus ameliorating the ventilatory profile. This, in turn, would likely contribute to improve exercise performance under these circumstances.

Material and Methods

Study Design and Subjects

This exploratory, observational and follow-up study sample consists of 14 professional male soccer players, aged between 21 and 33 years, belonging to two Italian "Serie A" league soccer teams. The population was examined before the the beginning of the championship (July 2014) and after 8 months of competitive season during the championship (March 2015) according to a standardized protocol consisting of clinical and functional assessment. The clinical assessment included history of risk behavior and physical examination. Functional assessment included spirometry and ergospirometry. After receiving the description of the procedures and potential risks, all subjects gave their written informed consent. This study was approved by Internal Institutional Review Board of both team 1 and team 2. All procedures performed in this study were in accordance with the ethical standards of the Internal Institutional Review Board Committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

Spirometry and Ergospirometry

A pneumotachograph was used for the measurement of dynamic volume indices such as forced vital capacity (FVC) and indices derived from it such as the forced expiratory volume in one second (FEV 1 ) and its proportion in relation to FVC (FEV 1 /FVC ratio). The observed values were expressed as a percentage of the predicted values based on the American Thoracic Society/European Respiratory Society reference values [START_REF] Miller | General considerations for lung function testing[END_REF]. For heart rate (HR) monitoring, a polar heart rate monitor was used (Polar, Kempele, Finland).

For the ergospirometric test (Vmax Encore, Yorba Linda, CA, USA), a "ramp" protocol at constant grade (1%) (starting from 8 km/h, increasing speed by 1 km/h every 60 seconds) on the treadmill was used. Using "breath by breath" analysis of the flows and concentrations of respiratory inhaled and exhaled gases (VO 2 and VCO 2 ) obtained via mass flow and fastresponding gas analyzers (fuel cell and infrared analyzers), the following variables were measured: oxygen uptake (VO 2 ) and its relationship to heart rate (oxygen pulse or VO 2 /HR), the derived ventilatory variables (V E and V T ) and the ventilatory equivalents for O 2 and CO 2 (V E /VO 2 , V E /VCO 2 ). The anaerobic threshold (AT or ventilatory threshold) was evaluated using non-invasive measurements of respiratory variables derived from the VCO 2 /VO 2 slope method [START_REF] Beaver | A new method for detecting anaerobic threshold by gas exchange[END_REF] and verified against the increase in V E /VO 2 without change in V E /VCO 2 during exercise [START_REF] Reinhard | Determination of the anaerobic threshold by the ventilation equivalent in normal individuals[END_REF].

The VO 2 test was rigorously performed to verify the attainment of maximal VO 2 (V'O 2 max), accordingly to established procedures [START_REF] Day | The maximally attainable VO2 during exercise in humans: the peak vs. maximum issue[END_REF].

The breathing respiratory reserve (BRR) was expressed as the difference in liters between the maximum voluntary ventilation (MVV) of each athlete and ventilation achieved at peak exercise (V E peak), where the predicted MVV was defined as FEV 1 ×40. Exercise tolerance was expressed as the maximal speed reached (Maximal Exercise Velocity: MEV), adjusted according to a modified Kuiper's equation (eq. 1):

where represents the speed achieved at the last exercise step and the number seconds attained during the last stage.

For each subject, the V T inflection point was manually identified on the graphical representation of the relationship between V T and V E .

All functional measures were performed before and after 8 months of competitive season during the championship. Specialized sports physicians individualized the training regimens for each player. Investigators were blinded to the physical training programme performed by each soccer team. This was specifically asked by both football clubs in order to preserve and not reveal the physical training programme performed by each soccer team. All measurements were performed according to standardized criteria of the American Thoracic Society and American College of Chest Physicians (ATS/ACCP) [START_REF]ATS/ACCP Statement on Cardiopulmonary Exercise Testing[END_REF].

Statistical analysis

We studied 14 soccer players with a normal body mass index (BMI) and no spirometric evidence of an obstructive ventilatory defect [START_REF] Pellegrino | Interpretative strategies for lung function tests[END_REF]. This sample size provides an 80% power to detect a significant difference (two-sided α = 0.05) in V' E measured at a standardised speed (iso-speed)

during incremental cardiopulmonary exercise testing, based on a relevant difference in V E of ~8-10 L/min, a standard deviation of ~9-12 L/min for V' E changes having been found in the literature (3).

Data are reported as mean ± standard deviation. Baseline differences between groups were evaluated using independent-samples Mann-Whitney U tests. Differences before and after 8months of competitive season were evaluated using related-samples Wilcoxon signed rank tests.

A p-value less than 0.05 was used as the threshold of statistical significance. All analyses were performed using SPSS version 21 (IBM, USA). Four main evaluation time-points during treadmill exercise were considered for comparisons between "before and after 8-months of competitive season": iso-speed (16 km/h), V T /V E inflection 1, V T / V E inflection 2 and peak exercise. The choice of iso-speed (16 km/h) was to compare each variable of interest in each test

for each athlete at a standardised stimulus "before and after 8-months of competitive season" to unmask the real effects of training thus avoiding the confounding factors related to a potential amelioration in VO2 peak and MEV after eight months of training and competitive season.

Results

Baseline characteristics and changes in cardiopulmonary response after training

The 14 soccer players were non-smokers (never smoked), with normal blood level of hemoglobin, and they were free of any respiratory or cardiac condition (asthma and other). No one was under any medication/treatment, such inhalers or other.

Anthropometric characteristics of the subjects are shown in Table 1.

Tables 2 and3 summarise differences pre vs post eight months of training and competitive season in team 1 and team 2 during exercise as well as a whole group (Figure 1). Separating exercise responses between teams allowed us to better appreciate the amplitude of training-andcompetitive season-related response to exercise of each variable in each team.

There were no differences in baseline age, weight, height and BMI between groups. FEV 1 increased significantly after eight months of training and competitive season in team 1, but not in team 2.

Table 2 shows the cardiopulmonary measurements during incremental treadmill exercise at baseline (8 km/h), at iso-speed and at maximal exercise, before and after eight months of training and competitive season.

Overall, there were no differences in resting cardiopulmonary variables before and after eight months of training and competitive season except for a decrease in V E /VCO 2 . At iso-speed, there were overall improvements in VCO 

Change in V T /V E inflection points after training

Upon evaluation of individual Hey plots (8), V T /V E inflection point 1 was discernible in all athletes, whereas V T /V E inflection point 2 was discernible only in 11/14 before training and in 12/14 after eight months of training and competitive season.

When considering all subjects, V T /V E inflection point 1 occurred at a greater exercise time, VO 2 and VCO 2 and, notably, at a larger V E and V T (Table 3 and Figure 2) after eight months of training and competitive season.

In a similar fashion, V T /V E inflection point 2 also occurred at a greater exercise time, VO 2 , VCO 2 , V E and V T , but also at a greater HR.

Discussion

The main findings of this study are as follows: 1) exercise performance (peak symptom-limited 2). We were satisfied that exercise tests were maximal in the subjects as a whole group: RER was greater than 1.15 at the peak of exercise and athletes generally demonstrated On the contrary, the finding of a modified ventilatory profile after eight months of training and competitive season is new and novel and deserves some discussion. The contributions of V T and fR to the ventilatory response to incremental exercise can be usefully discerned from the V E /V T relationship [START_REF] Hey | Effects of various respiratory stimuli on the depth and frequency of breathing in man[END_REF][START_REF] Milic-Emili | Frequency of breathing as a function of ventilation during a march[END_REF][START_REF] Milic-Emili | Frequency of breathing as a function of respiratory ventilation during rest[END_REF] although it has become more recently usual in clinical practice for V T to be plotted as a function of V E (V T /V E relationship) [START_REF] Laveneziana | Evolution of dyspnea during exercise in chronic obstructive pulmonary disease: impact of critical volume constraints[END_REF].

Two and sometimes even three ranges can normally be discerned in the V T /V E relationship. In normal unfit subjects, V E initially increases linearly with respect to V T (range 1) up to a value corresponding to ~50-60% of vital capacity (VC), being modest the contribution of fR in this range [START_REF] Hey | Effects of various respiratory stimuli on the depth and frequency of breathing in man[END_REF][START_REF] Milic-Emili | Frequency of breathing as a function of respiratory ventilation during rest[END_REF][START_REF] Bechbache | The effects of hypercapnia, hypoxia, exercise and anxiety on the pattern of breathing in man[END_REF][START_REF] Gallagher | Breathing pattern during maximal exercise and during submaximal exercise with hypercapnia[END_REF][START_REF] Folinsbee | Respiratory patterns and control during unrestrained human running[END_REF].

When subjects train with a constant fR despite increasing work rate, the V T /V E relationship typically becomes markedly steeper (range 2); this increase of V E is achieved largely by progressive increases in fR [START_REF] Hey | Effects of various respiratory stimuli on the depth and frequency of breathing in man[END_REF][START_REF] Milic-Emili | Frequency of breathing as a function of ventilation during a march[END_REF]. As peak exercise is approached, especially in highly fit subjects, V T may be seen to actually decrease (range 3), the increasing V E being sustained by disproportionately large increases in fR [START_REF] Whipp | The effects of work intensity on the transient respiratory responses immediately following exercise[END_REF][START_REF] Jensen | The relationship between maximal ventilation, breathing pattern and mechanical limitation of ventilation[END_REF]. The point at which range 1 becomes range 2 and range 2 becomes range 3 can be labelled as V T /V E inflection point 1 and V T /V E inflection point 2, respectively. The mechanisms that dictate this behaviour can only be speculated upon, even in normal healthy subjects or elite athletes, but may include: the influence of respiratory-mechanical factors related to the disproportionately large increase in the elastic work of breathing as V T encroaches on the flatter region of the pulmonary compliance curve, especially as respiratory compensation for the metabolic acidosis develops above the ventilatory threshold (or lactic threshold) and volume-related activation of vagal pulmonary mechanoreceptors [START_REF] Whipp | Breathing during exercise[END_REF][START_REF] Dempsey | Airway, lung and respiratory muscle function[END_REF][START_REF] Gallagher | Breathing pattern during maximal exercise and during submaximal exercise with hypercapnia[END_REF]. The disproportionately large contribution of fR to the V E response that is often seen in mild-to-more severe COPD [START_REF] Laveneziana | Evolution of dyspnea during exercise in chronic obstructive pulmonary disease: impact of critical volume constraints[END_REF][START_REF] Laveneziana | Does expiratory muscle activity influence dynamic hyperinflation and exertional dyspnea in COPD?[END_REF][START_REF] Bradley | Regulation of breathing during exercise in normal subjects and in chronic lung disease[END_REF][START_REF] Ofir | Mechanisms of dyspnea during cycle exercise in symptomatic patients with GOLD stage I chronic obstructive pulmonary disease[END_REF], in restrictive lung disease [START_REF] Bradley | Regulation of breathing during exercise in normal subjects and in chronic lung disease[END_REF][START_REF] Marciniuk | Clinical exercise testing in interstitial lung disease[END_REF], in asthma (9), in CHF [START_REF] Laveneziana | Effect of biventricular pacing on ventilatory and perceptual responses to exercise in patients with stable chronic heart failure[END_REF] and PAH ( 29) is also associated with a disproportionately large increase in fR during exercise and coheres with these suggestions.

In our study V T /V E inflection point 1 was discernible in all elite athletes, whereas V T /V E 

Study limitations

This study has certain limitations that need to be acknowledged. First, lack of measurement of to each athlete (these soccer players had "no time" available for coming to our laboratory and run a complete study involving measures of inspiratory and expiratory pressure, lactates and so on; therefore of the current paper went to their football clubs to run exercise testing in a rigorous manner but with a limited time and equipment). Last but not least, the physical training programme performed by each soccer team was blinded (as asked specifically by each football club to preserve and not reveal the physical training programme performed by each soccer team)

which represents an important limitation given that the ventilatory improvement seen cannot be attributed to any particular exercise protocol; this therefore limits to great extent the applicability, feasibility and potential benefits of these protocols in patients affected from cardiorespiratory disorders.

Perspectives

To our knowledge, our study is the first to report the observation of the effects of eight months of training and competitive season on the ventilatory profile response to treadmill exercise in elite soccer athletes. The ventilatory effects were more pronounced than the effects on the cardiovascular and metabolic systems in these athletes. As such, this study paves the way for training programme relying more on the recording and assessing of ventilatory profile response and breathing activity than of heart rate, lactic threshold and other metabolic variables that may not change significantly. The subjects of this study were elite athletes who started the training season having already a greater than normal cardiovascular and metabolic capacity. However, as observed, the benefits on the ventilatory system were largely out of proportion of those that can be obtained on the cardiovascular and metabolic systems.

The lung plays a fundamental role in the exercise performance in patients with "ventilatory limitations". This is quite often neglected in athletes (excluded those presenting with exerciseinduced bronchospasm), in healthy subjects and in some patients suffering from cardiorespiratory disorder such as CHF and PAH because it is erroneously believed that the ventilatory system has enough "reserve" to cope with exercise. Indeed, this may not be the case in some healthy asymptomatic subjects and in some endurance athletes in whom expiratory flow limitation and diaphragm fatigue can impair exercise performance as much as dynamic lung hyperinflation and mechanical constraints on tidal volume expansion can do in some of those suffering from cardiovascular and respiratory disorders.

Despite this fact, the ventilatory response to exercise has never been considered as a crucial tool for assessing performance. This is also bolstered by the observation that by inserting in PubMed the words "Exercise, Athletes, Heart" 1536 papers are displayed in the last ten years; only 157

when "Heart" is replaced with "Lung". In addition the attention is almost always focused on the lung as "gas exchanger" rather than on the "ventilatory response to exercise".

In light of this, the assessment of ventilation, its response and profile/behaviour to exercise using measurements derived from tidal breathing and respiratory frequency (such as cardiopulmonary exercise testing) could perhaps complement heart rate-based training programme, offer a simple and sensitive access to the state of the respiratory system, and contribute to unmask the mechanisms of improved exercise performance in elite athletes. This should also prompt respiratory physicians focused on respiratory pathophysiology to 1) raise the important question as whether ventilatory changes during exercise may represent a physiological mechanism for the improvement seen in patients after pulmonary rehabilitation, 2) pay more attention and be more sensitised to the role that the ventilatory system may play in some patients in whom the ventilatory system seems not necessarily (but erroneously) to contribute to exercise limitation.

Further studies are required to assess whether the evaluation of the ventilatory response to exercise could offer information on the potential improvement of technical, tactical, psychological and athletic skills of these elite sport athletes [START_REF] Paco | Ventilatory response to exercise of elite soccer players[END_REF].

In Graph represents mean values at baseline (starting from 8 km/h), iso-speed (16 km/h), V T /V E inflection 1, V T / V E inflection 2 and peak exercise. P values before versus after training and competitive season at the same measurement point are expressed in Tables 2 and3.

Abbreviations: L=Liters; min=minutes; kg=kilograms. 2 and3. Abbreviations: L=Liters; min=minutes; km=kilometers; h=hours.

VO 2

 2 and MEV) was significantly improved and ventilatory demand to treadmill exercise was diminished at a given speed in soccer players as a whole group after eight months of training and competitive season; 2) ventilatory profile was characterized by a significant delay in the appearance of V T /V E inflection points during exercise after eight months of training and competitive season. Peak symptom-limited VO 2 , VO 2 at ventilatory threshold and MEV significantly increased by approximately 10%, 14% and 5% respectively after eight months of training and competitive season (Table

  significant encroachment on their cardiac and metabolic reserves. Although the improvement of exercise performance was likely multifactorial and the proximate cause likely varied among athletes (effect and intensity of training, initial exercise performance at the beginning of the training, and so on), significant improvement in the ventilatory response to exercise in terms of ventilatory demand, ventilatory efficiency and ventilatory profile were evident in the majority.Our findings of an ameliorated ventilatory demand and efficiency after eight months of training and competitive season in our athletes confirm previously published training-related studies in patients with cardiopulmonary diseases (3) and athletes[START_REF] Pescatello | American College of Sports Medicine. ACSM's guidelines for exercise testing and prescription[END_REF][START_REF] Whipp | Breathing during exercise[END_REF][START_REF] Dempsey | Airway, lung and respiratory muscle function[END_REF]. V E was significantly decreased by approximately 8-10 L/min at a given submaximal treadmill speed (iso-speed), and it was accompanied by an increased V T at iso-speed. The mechanisms of the ameliorated ventilatory response to exercise are likely to be multifactorial, were beyond the objectives of the present study and were not, therefore, fully elucidated. Nevertheless, it is conceivable that a combination of factors may have contributed to it, such as 1) the increased FEV 1 after eight months of training and competitive season which allowed athletes to increase their "ventilatory ceiling" during exercise and to better adapt V T expansion and fR, 2) the known effects of locomotor muscles training on the reduced ventilatory demand via the reduced metabo-and mechanoreceptor stimulation after training (5) and 3) the better ventilatory efficiency as demonstrated by reduced V E /VCO 2 and V E /VO 2 which may reflect a better ventilation/perfusion coupling during exercise in our soccer players after eight months of training and competitive season. Other factors contributing to the ventilatory demand to exercise, such as the arterial partial pressure of carbon dioxide (PaCO 2 ) set point and the dead space-to-tidal volume ratio (V D /V T ), were not assessed in this study and our data provide no insight into the relative contributions of these different factors in the reduced exercise ventilation in our athletes.

inflection point 2

 2 was discernible only in 11/14 athletes before training. After eight months of training and competitive season, V T /V E inflection point 1 occurred at a greater exercise time and treadmill speed than before training programme. Notably, V T /V E inflection point 2 was discernible in 12/14 athletes after eight months of training and competitive season and also occurred at a greater exercise time and treadmill speed than before training programme. What would the benefit possibly be in delaying the appearance of V T /V E inflection point 1 and 2 in elite sport athletes after eight months of training and competitive season? The answer is unclear but we speculate that it may be related to: 1) an attempt to delay the attainment of a disproportionately large increase in the elastic and resistive work of breathing as V T encroaches on the flatter region of the pulmonary compliance curve, especially as respiratory compensation for the metabolic acidosis develops above the ventilatory threshold, and 2) an attempt to delay or hamper the V Trelated activation of vagal pulmonary mechanoreceptors. However, these hypotheses remain speculative and our data provide no insight into the relative contributions of these different factors in the amelioration of the ventilatory profile/behaviour in our athletes after training. Regardless of the mechanisms, the improved ventilatory profile after training likely contributed to the greater exercise performance in our soccer athletes as a whole group, despite non significant changes in heart rate at a standardised speed and a negligible improvement in VO 2 and MEV after eight months of training and competitive season.

PaCO 2

 2 and V D /V T during exercise prevents us from achieving a definite conclusion on the relative contributions of these different factors in the improved ventilatory demand and efficiency during exercise in our athletes after eight months of training and competitive season. Second, the lack of respiratory mechanics-related pressure measurements, the absence of dynamic lung volumes measurements during exercise and the lack of measurements of locomotor muscle oxygenation and lean body mass prevent us from achieving a definite conclusion on the relative contributions of these different factors in the improved ventilatory profile/behaviour during exercise in our athletes after eight months of training and competitive season. However, it should be noted that these choice was largely justified by the exploratory nature of the study, our concern to keep the study as close to observational as possible, the tight time-schedule imposed by each football club

Figure 1 .

 1 Figure 1. Oxygen uptake (VO 2 , upper left panel), heart rate (HR, upper right panel), ventilation (V E , lower left panel) and the ventilatory equivalents for CO 2 (V E /VCO 2 , lower right panel) are plotted in response to symptom-limited treadmill exercise in soccer players as a whole group

Figure 2 .

 2 Figure 2. Tidal volume (V T ) is plotted as a function of ventilation (V E ) in response to symptomlimited treadmill exercise in soccer players as a whole group before (filled circles) and after (open

TABLE 1 .

 1 summary, this is the first study to demonstrate that the improved ventilatory profile response after training likely contributed to the greater exercise performance in our soccer athletes, despite non significant changes in heart rate at a given speed and a negligible improvement in VO 2 and MEV after eight months of training and competitive season. Anthropometric, demographic and resting physiological characteristics of the whole study population.

	Tables						
		Age (years) Weight (Kg) Height (cm)	BMI	FEV 1 pre-training (L)	FEV 1 post-training (L)
	TEAM 1						
	ATHLETE 1	29	88	194	23.4	5.39	5.65
	ATHLETE 2	24	83	187	23.7	5.04	5.33
	ATHLETE 3	26	88	191	24.1	5.01	5.61
	ATHLETE 4	30	78	177	24.9	3.82	4.34
	ATHLETE 5	30	80	177	25.5	3.36	3.88
	ATHLETE 6	23	80	182	24.1	4.43	4.94
	ATHLETE 7	30	88	183	26.3	4.96	5.17
	Mean (SD) for Team 1	27 (3)	84 (4)	184 (7)	24.5 (1.0) 4.57 (0.74) 4.99 (0.66)*
	TEAM 2						
	ATHLETE 1	25	79	179	24.6	5.5	5.74
	ATHLETE 2	33	84	183	25.1	5.33	5.68
	ATHLETE 3	21	80	182	24.1	5.03	4.99
	ATHLETE 4	23	74	180	22.8	4.52	4.42
	ATHLETE 5	23	63	165	23.1	3.84	3.86
	ATHLETE 6	28	87	186	25.1	5.94	5.99
	ATHLETE 7	27	86	186	24.8	5.74	5.54
	Mean (SD) for Team 2	26 (4)	79 (8)	180 (7)	24.3 (0.9) 5.13 (0.74)	5.17 (0.8)
	Overall mean (SD)	27 (7)	81 (7)	182 (7)	24.4 (1.0) 4.85 (0.77) 5.08 (0.70)*
	Values are means ± SD.						
	Abbreviations: FEV 1 = Forced expiratory volume at first second. BMI = body mass index. SD = standard
	deviation						
	*p<0.05 by related-samples Wilcoxon signed rank test				

TABLE 2 .

 2 Cardiopulmonary measurements during incremental cycle exercise, before and after training

		Baseline (8 km/h)	Iso-speed (16 km/h)	Peak exercise
		Pre-training	Post-training	Pre-training	Post-training	Pre-training	Post-training
	Team 1						
	MEV km/h					19.1 (0.8)	19.3 (0.9)
	VO 2 , ml/kg/min	17.3 (4.9)	18.5 (8.3)	55.5 (4.1)	54.2 (3.9)	62.5 (4.2)	64.1 (3.5)
	VO 2 , % predicted					154 (12)	159 (11)
	VCO 2 , ml/min	1114 (46)	1080 (188)	4507 (611)	4372 (402)	5505 (246)	5749 (280) p=0.06
	V E , L/min	35.2 (7.1)	35.3 (14.3)	119.2 (14.3)	110.9 (11)*	150 (17.2)	156.1 (10.0)
	V E /VCO 2	31.5 (5.7)	32.4 (10.9)	26.5 (1.7)	25.4 (1.1)*	27.2 (2.8)	27.2 (0.9)
	V T , L	1.4 (0.4)	1.5 (0.4)	2.9 (0.4)	3.0 (0.5)*	3.2 (0.6)	3.1 (0.2)
	fR, breaths/min	30 (11)	23 (6)	43 (8)	38 (6)*	48 (7)	51 (6)
	HR, beats/min	97 (8)	90 (15)	166 (8)	165 (5)	179 (4)	181 (4)
	HR, % predicted					94 (2)	95 (2)
	VO 2 /HR, ml/beat	15.3 (2.4)	19.2 (8.7)	27.9 (1.8)	27.5 (2.7)	30.1 (1.9)	30.2 (2.7)
	VO 2 /HR, % predicted					169 (13)	169 (14)
	Team 2						
	MEV km/h					17.7 (1.1)	19.5 (0.8) *
	VO 2 , ml/kg/min	12.8 (8.6)	16.4 (5.8)	58.5 (4.3)	61.6 (4.4)	65.0 (3.8)	75.7 (3.6)*
	VO 2 , % predicted					158 (14)	182 (11)*
	VCO 2 , ml/min	860 (313)	1043 (216)	4658 (769)	4466 (447)	5603 (875)	6357 (777)*
	V E , L/min	25.1 (12.7)	28.0 (4.6)	125.6 (24.1)	117.1 (18.8)*	165 (32.5)	179.8 (27.6)
	V E /VCO 2	29.2 (9.7)	31.3 (3.4)	27.0 (3.0)	26.1 (2.6)	29.3 (2.5)	28.2 (2.2)
	V T , L	0.9 (0.5)	1.2 (0.3)	2.8 (0.7)	2.7 (0.7)	3.2 (1.0)	3.2 (0.7)
	fR, breaths/min	25 (7)	25 (7)	47 (11)	45 (9) p=0.05	53 (9)	57 (7)*
	HR, beats/min	80 (16)	82 (16)	171 (4)	169 (8)	185 (6)	183 (7)
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