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ABSTRACT 

Purpose: The aim of this study was to evaluate respiratory function and symptom perception in 

professional cyclists completing a Grand Tour (GT). Methods: Nine male cyclists completed La Vuelta 

or Tour de France (2018/19). At study entry, airway inflammation was measured via fractional exhaled 

nitric oxide (FeNO). Respiratory symptoms and pulmonary function were assessed prior to the first 

stage (Pre-GT), at the second rest day (Mid-GT) and prior to the final stage of the GT (Late-GT). Sniff 

nasal inspiratory pressure (SNIP) was assessed at pre and late-GT timepoints. Results: Seven cyclists 

reported respiratory symptoms during the race (with a prominence of upper airway issues). Symptom 

severity increased either mid or late-GT for most cyclists. A decline in FEV1 from pre-to-mid GT (-

0.27 ± 0.24 l, -5.7%) (P = 0.02) and pre-to-late GT (-0.27 ± 0.13 l, -5.7%) (P < 0.001) was observed. 

Similarly, a decline in FVC (-0.22 ± 0.17 l, -3.7%) (P = 0.01) and FEF25-75 (-0.49 ± 0.34 l/s, -11%) (P 

= 0.02) was observed pre-to-late GT. Overall, eight (89%) and six (67%) demonstrated a clinically 

meaningful decline (> 200 ml) in FEV1 and FVC during the GT follow-up, respectively.  SNIP remained 

unchanged pre-to-late GT (n = 5) however a positive correlation was observed between ΔSNIP and 

ΔFVC (r = 0.99, P = 0.002). Conclusion: GT competition is associated with a high prevalence of upper 

respiratory symptoms and a meaningful decline in lung function in professional cyclists. Further 

research is now required to understand the underpinning physiological mechanisms and determine the 

impact on overall respiratory health and elite cycling performance and recovery. 
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ABBREVIATIONS 

EIB  Exercise-induced bronchoconstriction 

FEF25-75  Mean forced expiratory flow between 25% and 75% of forced vital capacity 

FeNO  Fractional exhaled nitric oxide 

FEV1  Forced expiratory volume in one second 

FVC  Forced vital capacity 

GT  Grand tour 

ICS  Inhaled corticosteroid 

IQR  Interquartile range 

LTRA  Leukotriene receptor antagonist 

PEF  Peak expiratory flow 

PPB  Parts per billion 

RMF  Respiratory muscle fatigue 

SABA  Short-acting beta-2 agonist 

SNIP  Sniff nasal inspiratory pressure 

TDF  Tour de France 

UCI  Union Cycliste International 

VAS  Visual Analogue Scale 

VO2max  Maximal Oxygen Uptake 

Vuelta  Vuelta a España
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INTRODUCTION 

Grand Tours (GTs) are major three-week annual cycling stage races (total distance > 3,000 km) that are 

recognised to be amongst the most challenging endurance sporting events in the world (Lucía et al. 

2003). Indeed, professional GT cyclists are often considered to represent the ‘elite of the elite’ and 

typically demonstrate advanced cardio-respiratory physiology (i.e. maximal oxygen uptake (VO2max) > 

70 ml.kg-1.min-1 ) (Bell et al. 2017; Sanders and Heijboer 2019).  

 

The physiological load endured during a GT is influenced by the type of stage (i.e. flat, semi-

mountainous, mountain, and time trial) and a rider’s specialist background. In addition to locomotor 

muscle fatigue, it is now recognised that participation in a GT places significant metabolic demands on 

the respiratory system (Fernández-García et al. 2000; Dominelli et al. 2019). Moreover, GT riding is 

punctuated by periods of maximal intensity exercise, required in certain critical race scenarios (i.e. 

establishing a breakaway or sprint finish) (Abbiss et al. 2013) that can elicit ventilation rates > 150 

l/min (Lucia et al. 2002). It is therefore not uncommon for highly trained endurance athletes to develop 

evidence of expiratory airflow limitation (Derchak et al. 2000; Foster et al. 2014) which is associated 

with a considerable and sustained increase in work of breathing and potential for respiratory muscle 

fatigue (RMF) (Guenette et al. 2007). 

 

In addition to the physiological stress of sustained exercise hyperpnoea from this type of endurance 

sport, GT cyclists are also regularly exposed to variable environmental conditions (i.e. fluctuations in 

temperature and humidity), aeroallergens and combustion engine particulate matter arising from the 

close proximity of team support cars +/- media motorbikes. This exposure is pertinent from a respiratory 

health perspective as it has previously been argued that this type of endurance exercise may actually 

result in airway changes that are akin to an ‘injury’; i.e. promoting the development of airway hyper-

responsiveness and allied respiratory symptoms (Price et al. 2013). In this respect, it has been 

recognised for some time that asthma or exercise-induced bronchoconstriction (EIB) (a condition 
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characterised by transient lower airway narrowing) occurs in up to one in five elite-endurance athletes 

and is prominent in competitive cyclists and triathletes (Dickinson et al. 2005; Dickinson et al. 2006b). 

 

It is therefore perhaps not unsurprising that professional cyclists often report a heightened perception 

of breathlessness, troublesome end-race cough and/or the sensation of having ‘smaller lungs’ during 

and/or following GT competition (variety of personal communications). This anecdotal evidence 

corroborates with recent observations of a deterioration in lung function and the presentation of 

troublesome respiratory symptoms following single and multi-stage ultra-endurance sporting events 

(Vernillo et al. 2015; Tiller et al. 2019; Stensrud et al. 2020). Although symptom-perception is 

recognised to correlate poorly with objective physiological testing (Rundell et al. 2001; Simpson et al. 

2015; Price et al. 2016a; Price et al. 2016b), the potential for GT competition to impair respiratory 

function remains a concern. Indeed, repeated acute exacerbations in athletes are associated with a 

deterioration in airway health (Vergès et al. 2004) whereas respiratory symptoms may affect 

performance by decreasing sleep quality and race recovery (Kennedy et al. 2016). Furthermore, 

bronchoconstriction +/- RMF has the potential to limit exercise tolerance through perceptual and 

physiological mechanisms (Romer and Polkey 2008; Price et al. 2014b).  

 

Despite these concerns, to date there has been little published data detailing the respiratory impact of 

GT participation. We therefore undertook this study with the aim of providing contemporary insight 

concerning the impact of a GT on respiratory function in professional male cyclists. It was hypothesised 

that over the course of the event, cyclists would experience a decline in respiratory function and perceive 

an increased frequency and severity of symptoms.   



8 

 

METHODS 

Study population and experimental design 

Eleven Union Cycliste Internationale (UCI) World-Tour registered professional male cyclists were 

invited to participate in this pragmatic, real-world, observational trial, during the Vuelta a España 

(Vuelta) or Tour de France (TdF) between 2018-19. All cyclists were free from respiratory tract 

infection two weeks prior to study entry with no history of cardiac, metabolic or psychiatric disease or 

any other significant medical condition except allergy, mild asthma or EIB; five cyclists had a prior 

EIB diagnosis of which one also suffered from seasonal allergic rhinitis. Of those with EIB, all were 

prescribed inhaled corticosteroid (ICS) maintenance therapy, and four were prescribed a short-acting 

bronchodilator (short-acting beta-2 agonists (SABA) or anti-cholinergic) to be used on an ‘as-needed’ 

basis. Three were prescribed oral antihistamines, and one was prescribed a leukotriene receptor 

antagonist (LTRA). All cyclists maintained any regular medication use, as prescribed, throughout the 

study.  

 

At study entry, baseline airway inflammation was measured via fractional exhaled nitric oxide (FeNO). 

Respiratory symptoms and pulmonary function were assessed at rest on three separate occasions: (i) 

p.m. 48-hours prior to the GT (Pre-GT), (ii) p.m. on the second rest day (i.e. 17 days following the start 

of the race) (Mid-GT) and (iii) a.m., prior to the final stage of the GT (Late-GT). Respiratory muscle 

strength was assessed pre-GT and late-GT. The study was approved by Leeds Beckett University ethics 

committee (ethics ID: 50593) and all cyclists provided written informed consent. 

 

Clinical assessment  

Respiratory symptoms were evaluated using visual analogue scales (VAS) (Gift 1989; Lee et al. 2013). 

The VAS assessed perceptions of cough, throat discomfort, voice changes, breathlessness and difficulty 

swallowing, eating or drinking using a 100-mm scale. Perceived changes to taste and smell were 

determined via either a yes or no response.  
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Lung function and airway inflammation 

Lung function was assessed at rest (> 2 hours following any prior exercise, > 4 hours from SABA 

administration) using seated, maximal forced flow-volume spirometry (MicroLoop Mk8 spirometer; 

Micro Medical, Carefusion, 2010) with reference values employed in accordance with international 

guidelines (Quanjer et al. 2012; Graham et al. 2019). A change in FEV1 and FVC > 200 ml was 

considered a minimal clinically important difference (Bonini et al. 2020). Airway inflammation was 

assessed via the measurement of FeNO (NObreath; Bedfont Scientific, Kent, UK) and evaluated against 

established thresholds: normal: < 25 ppb; intermediate: 25 – 50 ppb; high: > 50 ppb (Dweik et al. 2011).  

 

Sniff-nasal inspiratory pressure 

Inspiratory muscle strength was determined via sniff nasal inspiratory pressure (SNIP) manoeuvres 

(MicroRPM, Micro Medical Ltd, Kent, UK) in accordance with international guidelines (Laveneziana 

et al. 2019). In brief, cyclists exhaled to functional residual capacity prior to performing a maximal sniff 

manoeuvre through the contralateral, non-occluded, nostril. In order to obtain reproducible efforts (± 

10%) and minimise the potential for RMF, a minimum of two, and a maximum of eight manoeuvres 

was performed with the maximum value recorded for analysis.  

 

Statistical analysis 

Data are presented as mean ± SD and median (interquartile range (IQR)) for continuous outcomes 

dependent on normality. Baseline between group differences (i.e. healthy vs. EIB) were evaluated using 

an independent t-test. Pre-GT, mid-GT and late-GT spirometric indices were assessed using a one-way 

repeated measures ANOVA. Pre-to-late GT changes in SNIP were evaluated using a paired t-test. The 

perception of respiratory symptoms was quantified as a non-zero VAS response and analysed over time 

using a Cochran’s Q test. The association between symptom severity (individual symptoms and total 

VAS score) and lung function were evaluated using Pearson’s and Spearman’s rank correlations. Data 

were analysed using SPSS Statistics 26 statistical software package (SPSS Inc., Version 26, Chicago, 
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IL) and GraphPad Prism Version 8.0 (GraphPad Software, San Diego, California, USA). Data are 

presented as mean ± SD and P < 0.05 was considered statistically significant.  
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RESULTS 

Study population and race information 

Two cyclists withdrew from the study due to injury and thus nine cyclists completed the GT and study 

measurements. Specifically, four cyclists completed the Vuelta and five completed the TdF. Race 

distance and duration was comparable between events: Vuelta 3,255 km and 84 hours; TdF 3,480 km; 

and 85 hours; Vuelta + TdF combined average: 3,380 ± 119 km and 85 hours. Clinical characteristics 

are presented in Table 1.  

 

Respiratory symptoms  

A total of seven cyclists (78%) were symptomatic on at least one occasion, with four cyclists reporting 

respiratory symptoms at each time-point. Cough, voice changes and breathlessness were reported by 

five cyclists and throat discomfort by four cyclists at one or more time-points. One cyclist reported 

difficulty swallowing at all time-points. Of note, voice changes were reported concurrently with cough 

on six out of seven occasions, whereas throat discomfort and breathlessness coincided with the 

perception cough on five occasions. Although symptom frequency was unchanged over the course of 

the event (Table 2), symptom severity increased either mid or late-GT for most cyclists (Figures 1a-e).  

 

Lung function, airway inflammation and respiratory muscle strength 

All cyclists had normal lung function pre-GT, with no evidence of expiratory airflow limitation (FEV1 

> lower limit of normal (LLN)) (Table 1). Five cyclists had an elevated FeNO pre-GT. Four cyclists (n 

= 2 with EIB) were classified as intermediate and one cyclist with EIB was classified as high. No 

difference was observed in spirometric indices between those with or without EIB. A decline in FEV1, 

FVC and FEF25-75 was observed over time (P < 0.05) (Figures 2a, b, e). However, no change in PEF 

and FEV1/FVC were observed over time (P > 0.05) (Figures 2c, d). Specifically, a decline in FEV1 from 

pre-to-mid GT (-0.27 ± 0.24 l, -5.7%) (P = 0.02) and pre-to-late GT (-0.27 ± 0.13 l, -5.7%) (P < 0.001) 

was observed. Similarly, a decline in FVC (-0.22 ± 0.17 l, -3.7%) (P = 0.01) and FEF25-75 (-0.49 ± 0.34 

l/s, -11%) (P = 0.02) was observed pre-to-late GT. Importantly, eight and six cyclists demonstrated a 
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decline in FEV1 > 200 ml at mid-GT (n = 5 with EIB) and late-GT (n = 4 with EIB), respectively. 

Likewise, six and five cyclists demonstrated a decline in FVC > 200 ml at mid-GT (n = 4 with EIB) 

and late-GT (n = 3 with EIB), respectively. Five cyclists completed SNIP measurements. Respiratory 

muscle strength remained unchanged from pre-to-late GT (90 ± 22 vs 81 ± 18 cm H2O, P = 0.39) (Figure 

3). Although a positive correlation was observed between ΔSNIP and ΔFVC (r = 0.99, P = 0.002), no 

relationship was observed with any other spirometric parameter. 

 

Respiratory function vs. symptom perception  

The severity of pre-GT symptoms did not correlate with baseline airway inflammation (P = 0.10) or 

lung function parameters (P > 0.05). Likewise, pre-to-mid GT and mid-to-late GT changes in lung 

function were not associated with changes in cough, throat discomfort, voice change and breathlessness 

when evaluated in isolation (P > 0.05). However, changes in PEF were associated with changes in total 

VAS score pre-to-mid GT (r = -0.85, P = 0.03) and mid-to-late GT (r = -0.97, P = 0.006). No association 

between the changes in total VAS and changes in FEV1, FVC, FEV1/FVC or FEF25-75 were observed (P 

> 0.05). Pre-to-late GT changes in total VAS score were not associated with changes in SNIP.   
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DISCUSSION 

This pragmatic and real-world study revealed that in professional cycling, participation in a GT is 

associated with a high prevalence of troublesome upper airway and respiratory symptoms and a 

concurrent reduction in some indices of respiratory function. Specifically, in a cohort of professional 

cyclists, we found a reduction in FEV1 at mid and late-GT, a pre-to-late GT decline in FVC and FEF25-

75 and a relationship between pre-to-late change in FVC and SNIP (a marker of respiratory muscle 

strength). The reasons underpinning these changes remain to be determined but highlight the presence 

of respiratory dysfunction and functional impairment, that may be relevant in the context of elite cycling 

performance and race recovery.  

 

The respiratory system is typically considered over-engineered for the demands of intense exercise 

(Dempsey et al. 2020) and it is common for elite endurance athletes to have ‘supra-normal’ lung 

function (i.e. whereby capacity exceeds upper predicted limits) (Medelli et al. 2006; Bonini et al. 2007; 

Holmberg et al. 2007). Indeed, even in athletes with a confirmed diagnosis of asthma or EIB - the degree 

of impairment only becomes apparent following an exercise or indirect bronchial provocation challenge 

(Price et al. 2014a). In support of this concept, all cyclists in the present study (including those with 

EIB) had normal baseline lung function. However, a clinically meaningful (> 200 ml) (Bonini et al. 

2020) decline in FEV1 and FVC was observed in eight (89%) and six (67%) cyclists during GT follow-

up, respectively. The pre-to-late GT reduction in FVC (~ 4%) is comparable to the recent findings of 

Tiller and colleagues (Tiller et al. 2019), who observed a decline in resting FVC (~ 6%) in recreational 

runners following the completion of nine consecutive marathons over a nine day period. The authors 

suggested this finding may be explained by a non-significant decline in maximal expiratory mouth-

pressure, attributed to a perturbation in calcium availability within the respiratory muscles (Tiller et al. 

2019). Similar findings have previously been observed following exhaustive time-trial exercise in well-

trained cyclists (Romer et al. 2006). It is therefore plausible to speculate that the cumulative duration 

of a GT (~ 80 hours) with extended periods > 70% VO2max (Fernández-García et al. 2000) may 

contribute to impaired respiratory muscle function. Although the relationship between pre-to-late GT 
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ΔFVC and ΔSNIP observed in the current study may indicate an interplay between changes in muscle 

strength and lung volume - the dataset was modest and a significant within-group reduction in SNIP 

was not found. Thus, other factors are likely to be relevant, including stresses placed on the airway tract 

and ventilatory system on a daily basis during a GT.  

 

The decline in FEV1 (~ 6%) observed in the present study is similar in magnitude to the reductions in 

FEV1 observed following a sport-specific exercise challenge in endurance athletes (~ 6%) (Dickinson 

et al. 2006a; Knöpfli et al. 2007). Although bronchoconstriction typically subsides within a short-period 

of time following acute exercise (~ 30 - 60 mins) (Parsons et al. 2013), the potential for repeated acute 

exacerbations of EIB to induce a chronic decline in lung function cannot be ruled out. In this regard, 

GT cycling results in a ventilation rate far exceeding the capacity of the upper airway (~ 40 l/min) 

(Niinimaa et al. 1980) that exposes the lower airways to unconditioned air and noxious environmental 

stimuli (Rundell et al. 2015) - which can act to desiccate the airway lining and promote airway 

inflammation and bronchial obstruction (Price et al. 2013; Rundell et al. 2018). Moreover, Simpson and 

colleagues (Simpson et al. 2017) have previously reported a reduction in FVC following mild whole-

body dehydration (~ 2.5%), which is consistent with the typical daily end-stage average fluid loss (~ 

2.8%) reported in professional cyclists (Tammie et al. 2007). It is thought that dehydration may elicit 

the redistribution of fluid away from the airway surface and impair small airway function and lung 

emptying (Simpson et al. 2017). Pertinent to a GT, repeated acute airway stress is recognised to elicit 

airway injury and/or airway smooth muscle remodelling (Kippelen and Anderson 2012), which may 

have long-term implications for airway health (Rundell 2004; Vergès et al. 2004; Bougault et al. 2018).  

 

It is also important to highlight that changes in lung function may also relate to an increased 

parasympathetic tone that is recognised to occur following acute high-intensity exercise (Seiler et al. 

2007) and chronic physiological strain (Pichot et al. 2002; Le Meur et al. 2013). Indeed, it has previously 

been suggested that heightened parasympathetic activity may actually increase basal bronchomotor tone 
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which is associated with an increased susceptibility to develop bronchoconstriction (Moreira et al. 

2011). 

 

The prevalence and increased severity of respiratory symptoms supports previous findings observed in 

endurance athletes during the competitive season (Kennedy et al. 2016). One third of cyclists reported 

cough mid-GT which subsequently increased to almost half late-GT. Although not fully understood, it 

is thought that mechanical stimulation of receptors in the lung (Widdicombe et al. 2009) or direct 

irritation of receptors in the upper airway (Irwin et al. 2006) during periods of high ventilation may 

cause exercise-induced cough in susceptible individuals (Hull et al. 2017). A novel finding is the 

prominence of upper airway focused symptoms; almost all athletes reported voice changes or throat 

discomfort concurrent to cough at mid and/or late-GT performance. Symptom severity during, and late-

GT, was elevated from baseline and in most cases higher mid-GT compared to late-GT. Whilst changes 

in overall symptom severity demonstrated a correlation with changes in PEF (a measure influenced by 

upper airway dysfunction) that may suggest an influence from lung function, no differences in PEF 

were observed over time. In addition, the severity of respiratory symptoms has previously been reported 

to increase in the presence of environmental stressors (Bogaerts et al. 2005), that may be pertinent for 

cyclists during mid-GT, compared to the later in the event.  

 

Impact and practical implications  

The decline in lung function and increased severity of respiratory symptoms is potentially concerning 

for GT performance. Indeed, lower resting lung function has previously been associated with expiratory 

airflow limitation in endurance athletes (Vergès et al. 2005), that alters operating lung volumes, and 

leads to a corresponding reduction and increase in the contractile efficiency and metabolic demand of 

the respiratory muscles (Aaron et al. 1992). The observed impairment to respiratory function during GT 

has the potential to induce a respiratory muscle metaboreflex (Sheel et al. 2001; Dominelli et al. 2017) 

and in turn, exacerbate locomotor muscle fatigue and impair endurance performance (Harms et al. 2000; 

Babcock et al. 2002). In addition, respiratory symptoms have been reported to affect sleep quality in 
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elite athletes (Kennedy et al. 2016), that may further impair performance (Fullagar et al. 2015). It is 

also important to recognise that all cyclists with EIB were prescribed pharmacological inhaler therapy, 

and thus it is plausible to speculate that if medication were to be withheld, the deleterious impact of GT 

competition on respiratory function may be even greater. Overall, our findings indicate that the 

monitoring of respiratory function during professional cycling stage racing is warranted in order to 

implement strategies to preserve lung function and maintain respiratory health. Although it has 

previously been reported that deteriorations in lung function may reverse following retirement from 

elite sport (Helenius et al. 2002), optimising respiratory health during an athlete’s career remains a 

priority (Price and Hull 2014). It is also logical but speculative to acknowledge that persistent symptoms 

may impact affect recovery and cause distraction and cognitive distress, thereby indirectly impacting 

elite performance. 

 

Methodological considerations and future research  

This study was conducted as a real-world observational study in professional cyclists, at two of the most 

prestigious races within elite cycling. It is acknowledged that consistency in alignment to pre-test 

guidance was likely variable between cyclists due to competing logistical demands (i.e. team 

commitments and kit preparation etc.) and although there was a small difference in the timing of 

measurements, the influence of diurnal variability on lung function measures cannot be entirely 

discounted. However, all measurements were conducted in accordance with relevant technical 

international guidelines and standards. Further research is warranted to substantiate these findings in 

association with different multi-stage endurance competitions to fully understand the time-course and 

mechanisms of physiological and/or pathophysiological decline in respiratory function, the proliferation 

of inflammatory cells and markers of airway epithelial injury (i.e. club cell secretory protein-16). 

Moreover, ideally a more comprehensive battery of tests would be utilised (e.g. lung volumes +/- 

oscillometry) and neural drive electromyography measures conducted, allied with detailed measures of 

small airway function (e.g. multiple-breathe nitrogen washout or partitioned FeNO) - these tests are not 

easy to deliver nor achievable within the setting of a moving race scenario. However, measurements of 
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inspiratory and expiratory muscle strength (via mouth-pressure metres) and maximal voluntary 

ventilation manoeuvres would certainly be feasible and should therefore be considered in the design of 

future studies. 

 

Conclusion 

In summary, our findings indicate that participation in GT competition is associated with a high 

prevalence of upper respiratory symptoms and a meaningful decline in lung function in professional 

cyclists. Further research is now required to understand the underpinning physiological mechanisms 

and determine the impact on overall respiratory health and elite cycling performance and recovery.  
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TABLE HEADERS 

Table 1. Clinical characteristics and baseline lung function. 

Table 2. Frequency of perceived respiratory symptoms.  
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Table 1.  

Variable Mean (SD) 

Age (yrs.) 30 ± 3 

Height (cm) 179.2 ± 4.8 

Body mass (kg) 68.9 ± 6.3 

BMI (kg.m-2) 21.4 ± 1.0 

FEV1 (L) 4.81 ± 0.54 

FEV1 (% predicted)  105  ± 7 

FVC (L) 5.97 ± 0.77 

FVC (% predicted)  107 ± 11 

PEF (L/s) 10.32 ± 1.35 

PEF (% predicted)*  99  13 

FEV1/FVC (%) 81 ± 6 

FEV1/FVC (% predicted)  98 ± 7 

FEF25-75 (L/s) 4.71 ± 1.05 

FEF25-75 (% predicted)  102 ± 19 

FeNO (ppb)* 28   19 

Data presented as mean ± SD. * denotes median IQR.  
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Table 2.  

VAS measure 

Frequency of non-zero response 

Pre-GT Mid-GT Late-GT 

Cough 0 3 4 

Throat Discomfort 1 3 3 

Voice Changes 2 3 3 

Breathlessness 3 3 2 

Difficulty swallowing, eating or drinking 1 1 1 

Changes in smell 0 1 1 

Changes in taste 0 0 1 
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FIGURE CAPTIONS 

Figure 1. VAS score of non-zero responders for cough (a), throat discomfort (b), voice changes (c), 

breathlessness (d) and difficulty swallowing (e).  

 

Figure 2. GT changes in FEV1 (a), FVC (b), PEF (c), FEV1/FVC (d), FEF25-75 (e) (■ - mean ± SD; ▲ - 

median ± IQR). *denotes significant difference from pre-GT, P<0.05. 

 

Figure 3. Individual (●) and group (■) pre-to-late GT changes in SNIP.  
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