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      Abstract


      We aimed to report sex differences in ventilation during EVH challenge in University athletes while exploring whether they achieve inspiratory target. Seventy-seven athletes (n = 42 males, n = 35 females) performed six-minute EVH challenge involving compressed gas (5% CO2, 21% O2 and balance N2) inhalation at an inspiratory target of 85% MVVindirect. Ventilation was recorded every 15 seconds during EVH challenge with pre-and post-challenge measurements of FEV1 determining outcomes. Males reached significantly higher ventilation (412.0 ± 55.0 L) compared with female athletes (292.5 ± 43.2 L), (F = 3890.0, p < 0.05), and a significant effect of time (F(23) = 3689.8, p < 0.05) as well as interaction (F = 106.3, p < 0.05) was noted. There were significant differences in cumulative ventilation attained (679.5 ± 146.6 L) during the 6-min EVH compared with inspiratory target (807.0 ± 169.6 L), amongst both sexes (t(76) = 5.0, p < 0.05) as well as EIB positive and negative groups (p < 0.05). The results support sex differences in ventilation achievement and suggest EVH inspiratory target of 85% MVVindirect is generally not reached by athletes, thereby requiring re-evaluation and further exploration of sex differences in future EVH studies.


      Keywords


      Exercise-induced bronchoconstriction, Sex differences, Eucapnic voluntary hyperpnea, Inspiratory target, Maximal voluntary ventilation


      Introduction


      Eucapnic voluntary hyperpnea (EVH) challenge is an easily standardised airway challenge which exhibits high sensitivity for detecting Exercise-Induced Bronchoconstriction (EIB) in the elite athlete population [1,2]. The EVH challenge is designed to promote breathing at high ventilation, allowing it to act as a surrogate to exercise. It has been used to diagnose EIB in various athletic populations, ranging from cold-weather Olympic athletes to national level athletes competing in long-distance running and speed and power games [3,4].


      Few studies have focused explicitly on game players who typically train in an outdoor environment and exhibit high levels of ventilation during training and play [5,6]. Game players such as field hockey or footballers perform high level exercise and therefore require high levels of ventilation, albeit in a sporadic or non-constant manner [7]. Data from elite female field hockey players highlight total distances covered during game play exceed 5 km, and heart rates reach 96% of maximal heart rate (HRmax) [8].


      Despite the relative paucity of data focused upon female athlete ventilatory achievements in response to an EVH challenge, there is some evidence that demonstrates females are less likely to reach ventilatory targets than males [9]. In comparison to age-matched males, females exhibit higher work of breathing at given ventilation and a higher susceptibility to expiratory flow limitation [10,11]. Although these differences in lung function do not necessarily translate into sex differences in EIB prevalence [12], current studies may be insufficient to note any sex differences due to the scarcity in studies recruiting female athletes [13]. Moreover, the female menstrual cycle and contraceptive use have been exhibited to exert effects upon ventilatory measurements, thereby requiring further investigation [14,15].


      Despite the generally reported fact that athletes do achieve set inspiratory target, there is no consensus on which inspiratory target should be used for EVH challenge in athletic populations. However, 85% of the subject's maximum voluntary ventilation (MVVindirect) or 30x forced expiratory volume in 1 second (FEV1) have been typically employed [16]. More recent EIB investigations include reports of target ventilation, quantified through relative and absolute values [17,18] and suggest some athletes may not necessarily achieve 100% of inspiratory target [5,17]. Earlier EIB studies argued that underperformance of the test allows for false-negative results and that the bronchoconstrictive response to EVH is directly proportional to inspiratory target, set at 30x FEV1 [19]. Despite this, there is still limited reporting of ventilatory achievement during EVH challenge and a lack of data to allow investigation of male-female comparisons, especially in game players. In this study, we investigate ventilatory achievement in a sample of University athletes and assess male: female differences.


      Material and Methods


      Forty-two (42) male and thirty-five (35) female University athletes (hockey, football and rugby) participated in the study and were selected based on their regular training history and participation levels. Inclusion criteria were: Age between 18 to 25 years, non-smokers, free from illness or injury and history of elite-level competition. The study was approved by the Loughborough University Ethical Advisory Committee and conducted according to the Declaration of Helsinki (World Medical Association, 2004). All participants signed informed consent and completed health screen questionnaires. Female athletes were tested during the follicular phase of the menstrual cycle (days 1-8) identified by a questionnaire to reduce variation in ventilation [15].


      EVH challenge was conducted following standardised guidelines with reference to medication, exercise, alcohol and caffeine [16,20]. Pre- and post-EVH spirometry measurements were performed as per American Thoracic Society and European Respiratory Society (ATS/ERS) criteria for spirometry testing [21], using Micro Loop spirometer (Micro Medical/Williams Medical supplies, Rhymney, Gwent, UK). Upon completion of EVH, the percentage fall in FEV1 was calculated using the following formula:


      Pre-challenge  FEV 1  - Post-challenge  FEV 1 Pre-challenge  FEV 1  × 100


      A drop in FEV1 ≥ 10% at two consecutive time-points was recorded as EIB positive outcome (Figure 1).


      Prior to bronchoprovocation with EVH, inspiratory target was set at 85 percent of maximal voluntary ventilation (MVVindirect), which was derived from maximal pre-challenge FEV1. EVH was performed as per previously published protocol [16] with participants inhaling a supply of compressed air with five percent carbon dioxide (21% oxygen and balance nitrogen) (BOC group, part number: 280890; Surrey, UK) via a mouthpiece attached to a T-shaped two-way non-rebreathing valve (Hans Rudolph Valve No. 2700, Kansas City, Mo). A digital display on a dry gas meter exhibited volume of air expired to the nearest decimal, allowing visual feedback regarding individual inspiratory target. Participants were coached rigorously with verbal encouragement. Achieved ventilation values were recorded every 15 seconds, allowing for an exact determination of V ˙ E (L/min) for each minute of the challenge. Prior to the six-minute EVH challenge using gas mix (5% CO2), participants underwent a one-minute familiarisation period breathing room air in order to practise individual rate and depth of breathing required to reach inspiratory target. A rest period followed between the familiarisation and the EVH challenge.


      Statistical analysis


      Statistical analyses were performed using IBM SPSS v.24 software. Means and standard deviations were used to report data. Normality of the data was confirmed using Shapiro-Wilks tests. Independent two-tail t-tests were used to calculate differences in anthropometry and ventilation across sexes and EIB groups. Mixed model repeated measures ANOVAs were used to compare ventilation every 15 seconds between groups. Two tail t-tests were used to explore differences between cumulative and target ventilation. Significance was set at p-value ≤ 0.05, with Bonferroni correction applied to multiple comparisons.


      Results


      Participant characteristics are summarised in (Table 1). There are significant differences in anthropometric (weight t(75) = -7.2 , p < 0.05; and height t(75) = -9.8 , p < 0.05) and baseline lung function indices (FEV1 t(75) = -9.7 , p < 0.05; and FVC t(75) = -9.8 , p < 0.05) between male (n = 42) and female (n = 35) athletes. The lowest FEV1predicted recorded was 73% (2.56 L) amongst females and 86% (3.67 L) amongst males. The highest FEV1predicted was 125% (4.47 L) and 128% (6.29 L) respectively. All participants demonstrated FEV1 predicted values and FEV1/FVC ratios above 70% [22].


      Twelve athletes (7 males: 5 females) were EIB positive and the remaining 65 athletes were EIB negative. There were no differences noted in anthropometry or baseline FEV1 and FVC between EIB positive (n = 12) and negative (n = 65) athletes.


      A mixed measures ANOVA shows a significant main effect of time (F(23) = 3689.8, p < 0.05 all 24 time-points, with Bonferroni correction) and significantly higher mean ventilation achieved by male (mean 412.0 ± 55.0L across all time-points) compared with female (292.5 ± 43.2 Litres, mean across all time-points) athletes (F = 3890.0, p < 0.05), as well as a significant interaction (F = 106.3, p < 0.05) between sex and time (Figure 2).


      An inspiratory target was set at 85% MVVindirect. Males reach an average of 85.6 ± 10.0% and females attain 83.4 ± 9.4% of target. Unpaired t-test analysis shows no difference in relative achievement between sexes (t(75) = -1.0, p = 0.32).


      As an overall group, athletes did not attain (679.5 ± 146.6 L achievement) inspiratory target set at 85% MVVindirect (corresponding to 807.0 ± 169.6 L), (t(76) = 5.0, p < 0.05). When the group is divided into males (782.5 ± 102.0 L vs. 921.5 ± 132.6 L, t(41)=-8.6, p < 0.05) and females (556.0 ± 82.0 L vs. 669.5 ± 85.9 L, t(34)= -9.8, p < 0.05), the same is noted (Figure 3).


      There was no difference in relative achievement of ventilation by EIB negative; 84.7 ± 9% compared with EIB positive athletes; 84.3 ± 12% (t(75) = -0.1, p = 0.91). Total ventilation reached throughout 6-min EVH was also similar, with EIB positive athletes (n = 12) reaching 630.1 ± 146.8 L and negative athletes (n = 65) reaching 688.6 ± 145.9 L, t(15) = -1.3, p = 0.22.


      Eighteen female athletes were currently taking contraceptive pills. A mixed measures ANOVA shows a significant main effect of time (F(23)= 1553.2, p < 0.05 all 24 time-points, Bonferroni correction) but no significant difference in achieved ventilation (F = 2.1, p = 0.16) between females reporting oral contraceptive use (n = 18, 302.4 ± 47.1 L) compared with those not taking contraceptives (n = 17, 282.0 ± 37.1 L) (Figure 4). There was a significant interaction (F = 2.6, p < 0.05 Greenhouse-Geisser correction) between OC use and time.


      Discussion


      The primary aim of this study was to make comparisons in male and female ventilatory achievement during EVH challenge testing for EIB in a group of elite University based game players. Our main finding exhibits a sex difference in ventilation consistently throughout six-minute EVH challenge. The results are comparable to findings by Brummel, et al. who demonstrated that EVH inspiratory target (at 60% MVVindirect) was 2.38 times less likely reached by female, in contrast to male patients (including athletes) referred for EIB assessment [9]. The authors further noted females exhibited significantly higher EIB outcome than males although EIB prevalence did not differ between sexes in our study. There is evidence which supports the view that female athletes should perform better during hyperpnea than female non-athletes, thereby making it difficult to apply findings by Brummel, et al., which included patients, to athletic populations. The consequence of differences in fitness level is thought to cause greater usage of ventilatory reserves and greater expiratory flow limitation amongst fit compared with less fit women [23].


      Similarly, Stadelmann, et al. demonstrated significant differences in achieved ventilation between female (n = 9, reaching 81% of inspiratory target) and male (n = 15; 87% of inspiratory target at 85% MVVdirect) swimmers [24]. We did not observe a sex difference in relative ventilation but instead observed both sexes were similarly 'off-target'. Our study provides novel insight as both absolute and relative ventilations were reported for the first time.


      There is concern regarding female contraceptive use during athletic training and competition [14]. The current study demonstrated no difference in ventilation during 6-min EVH between females self-reporting contraceptive use in comparison to those who did not take contraceptives. Although this novel finding requires further research to support or negate the lack of impact of female contraceptive use, it may enhance much-needed debate around contraceptive use during female athletes' competition and game play [25]. Future studies may benefit from comparisons between different types and doses of oral contraceptives, which have been shown to exhibit varying effects on exercise [26].


      A secondary aim of this study was to assess if athletes undergoing six minutes of EVH challenge reach 85% MVVindirect inspiratory target. In addition to a failure of athletes to reach inspiratory targets, no differences in relative ventilations were noted between EIB positive and negative groups, which is comparable to previous literature suggesting EIB diagnosis does not impact outcome from EVH challenge [9]. Our findings, therefore, question continued use of target at 85% MVVindirect for EVH challenge in athletes. Further studies are required to refute its use while simultaneously investigating if alternative targets such as 30 x FEV1 or 21 x FEV1 may be more suitable.


      EIB studies investigating sex differences in ventilation achievement are currently sparse although some support exists for underperformance during EVH challenge, prominently amongst female athletes [9,24]. Underlying mechanisms owing to the lack in athletes achieving inspiratory target are not fully elucidated, although causes may be multifactorial e.g. lack of effort and respiratory muscle fatigue. Since effort may prove difficult to assess quantitatively, respiratory muscle fatigue in athletes with larger lungs and presence of underlying airway inflammation in EIB positive athletes may act as plausible theories. Indeed, some of the athletes with large lungs in the current study produced above-average MVVindirect targets, exceeding 170 L/min (ten male footballers and hockey players). A high level of sustained ventilatory output exceeding 125 L/min has been shown to contribute to diaphragmatic fatigue [27]. However, in order to quantify the presence of respiratory muscle fatigue, additional tests such as muscle inspiratory pressure measurements or body plethysmography would be required, which represents a novel opportunity for future EVH studies. In such context, quantification of achieved ventilation during EVH, such as that carried out in the current study, may add value to findings.


      Perspective


      The current study for the first time quantifies and notes significant ventilatory sex differences during EVH challenge, thereby presenting a novel method allowing for cross-comparison between and within EIB studies. Our study adds support to previous research which noted EVH inspiratory target at 85% MVVindirect is too high for athletes, consequently questioning its continued use. Since overall literature supporting or refuting ventilatory sex differences is sparse, it is suggested that future EIB studies quantify these, alongside further exploring effect of contraceptives on ventilatory parameters amongst female athletes.
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        Figure 1: EVH laboratory set-up.

        Laboratory set-up of Eucapnic voluntary hyperpnea challenge including pre- and post-EVH spirometry. View Figure 1

      


      
        Figure 2: Attained ventilation every 15 sec during EVH (M and F).

        The plots highlight achievement of ventilation every 15 seconds during 6-min EVH challenge in male (top lines and bars) and female
(bottom lines and bars) athletes. Panel A corresponds to sex differences in whole population (n = 42 males vs. n = 35 females), panel B
only shows EIB negative athletes (n = 35 males vs. n = 30 females) whereas panel C represents EIB positive athletes (n = 7 males vs. n
= 5 females).
NB: Values displayed in panel C should be interpreted with caution due to a small sample size. View Figure 2

      


      
        Figure 3: Differences in target and achieved ventilation.

        Significant differences between cumulative target and achieved ventilation during 6-min EVH challenge amongst all male (n = 42, panel A) and female (n = 35, panel B) athletes. Significant differences between target and achievement is also noted amongst EIB negative males (n = 35, panel C), EIB negative females (n = 30, panel D), EIB positive males (n = 7, panel E) and EIB positive females (n = 5, panel F).

        Significance is denoted as *, accepted at p < 0.05. View Figure 3

      


      
        Figure 4: Attained ventilation (15 sec) in females with & without contraceptives.

        Females on contraceptive pills (n = 18, orange) and those using no contraceptive pills (n = 17, grey) achieve similar ventilation every 15 sec during six-minute EVH challenge. View Figure 4

      


      
        Table 1: Anthropometry and spirometry measurements recorded prior to EVH challenge in male and female athletes. View Table 1
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