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INTRODUCTION

Obstructive sleep apnea (OSA) is a chronic disorder characterized by repetitive episodes of partial or complete airway obstruction [START_REF]Sleep-related breathing disorders in adults: recommendations for syndrome definition and measurement techniques in clinical research. The Report of an American Academy of Sleep Medicine Task Force[END_REF]. Although recent data suggest that this form of sleepdisordered breathing is highly prevalent in the general population, occurring in one in four women and one in two men [START_REF] Heinzer | Prevalence of sleep-disordered breathing in the general population: the HypnoLaus study[END_REF], a significant proportion of moderate to severe OSA patients are undiagnosed [START_REF] Young | Population-based study of sleep-disordered breathing as a risk factor for hypertension[END_REF]. Repeated hypoxemia and fragmented sleep induced by each obstruction increase sympathetic activity to peripheral blood vessels [START_REF] Somers | Sympathetic neural mechanisms in obstructive sleep apnea[END_REF][START_REF] Narkiewicz | Contribution of tonic chemoreflex activation to sympathetic activity and blood pressure in patients with obstructive sleep apnea[END_REF][START_REF] Narkiewicz | Altered cardiovascular variability in obstructive sleep apnea[END_REF] and promote oxidative stress [START_REF] Schulz | Enhanced release of superoxide from polymorphonuclear neutrophils in obstructive sleep apnea. Impact of continuous positive airway pressure therapy[END_REF][START_REF] Jelic | Inflammation, oxidative stress, and repair capacity of the vascular endothelium in obstructive sleep apnea[END_REF], inflammation [START_REF] Jelic | Inflammation, oxidative stress, and repair capacity of the vascular endothelium in obstructive sleep apnea[END_REF][START_REF] Yokoe | Elevated levels of C-reactive protein and interleukin-6 in patients with obstructive sleep apnea syndrome are decreased by nasal continuous positive airway pressure[END_REF][START_REF] Ohga | Effects of obstructive sleep apnea on circulating ICAM-1, IL-8, and MCP-1[END_REF][START_REF] Punjabi | C-reactive protein is associated with sleep disordered breathing independent of adiposity[END_REF] and endothelial dysfunction [START_REF] Jelic | Inflammation, oxidative stress, and repair capacity of the vascular endothelium in obstructive sleep apnea[END_REF][START_REF] Schulz | Decreased plasma levels of nitric oxide derivatives in obstructive sleep apnoea: response to CPAP therapy[END_REF][START_REF] Phillips | Effects of obstructive sleep apnea on endothelin-1 and blood pressure[END_REF]. These alterations lead to numerous adverse cardiovascular consequences including systemic hypertension, arrhythmia, and acute cardiovascular and cerebrovascular events [START_REF] Bradley | Obstructive sleep apnoea and its cardiovascular consequences[END_REF][START_REF] Marin | Long-term cardiovascular outcomes in men with obstructive sleep apnoea-hypopnoea with or without treatment with continuous positive airway pressure: an observational study[END_REF][START_REF] Somers | Sleep apnea and cardiovascular disease: an American Heart Association/American College of Cardiology Foundation Scientific Statement from the American Heart Association Council for High Blood Pressure Research Professional Education Committee, Council on Clinical Cardiology, Stroke Council, and Council on Cardiovascular Nursing[END_REF].

Despite the ample evidence of cardiovascular risk in OSA patients, little is known about the cardiopulmonary response to exercise in these patients. The existing literature shows conflicting results. Some studies have shown that OSA impairs exercise capacity as reflected by peak oxygen uptake (VO2peak) [START_REF] Vanhecke | Cardiorespiratory fitness and obstructive sleep apnea syndrome in morbidly obese patients[END_REF][START_REF] Lin | Cardiopulmonary exercise testing in obstructive sleep apnea syndrome[END_REF][START_REF] Mansukhani | Functional aerobic capacity in patients with sleep-disordered breathing[END_REF][START_REF] Vanuxem | Impairment of muscle energy metabolism in patients with sleep apnoea syndrome[END_REF][START_REF] Ucok | Aerobic and anaerobic exercise capacities in obstructive sleep apnea and associations with subcutaneous fat distributions[END_REF][START_REF] Beitler | Obstructive sleep apnea is associated with impaired exercise capacity: a cross-sectional study[END_REF][START_REF] Chien | C-reactive protein and heart rate recovery in middle-aged men with severe obstructive sleep apnea[END_REF][START_REF] Nanas | Heart rate recovery and oxygen kinetics after exercise in obstructive sleep apnea syndrome[END_REF][START_REF] Wahlin Larsson | Skeletal muscle morphology and aerobic capacity in patients with obstructive sleep apnoea syndrome[END_REF], while others have suggested that exercise capacity is preserved [START_REF] Tryfon | Sleep apnea syndrome and diastolic blood pressure elevation during exercise[END_REF][START_REF] Ozturk | Cardiopulmonary responses to exercise in moderate-to-severe obstructive sleep apnea[END_REF][START_REF] Alonso-Fernandez | Obstructive sleep apnoea-hypoapnoea syndrome reversibly depresses cardiac response to exercise[END_REF][START_REF] Kaleth | Unique cardiopulmonary exercise test responses in overweight middle-aged adults with obstructive sleep apnea[END_REF][START_REF] Hargens | Attenuated heart rate recovery following exercise testing in overweight young men with untreated obstructive sleep apnea[END_REF][START_REF] Rizzi | Does obstructive sleep apnea impair the cardiopulmonary response to exercise?[END_REF][START_REF] Rizzi | Exercise capacity and obstructive sleep apnea in lean subjects[END_REF][START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF][START_REF] Cepeda | Obstructive sleep apnea impairs postexercise sympathovagal balance in patients with metabolic syndrome[END_REF][START_REF] Cintra | Cardiovascular profile in patients with obstructive sleep apnea[END_REF][START_REF] Maeder | Association between heart rate recovery and severity of obstructive sleep apnea syndrome[END_REF][START_REF] Bruni | Obstructive sleep apnea (OSA) does not affect ventilatory and perceptual responses to exercise in morbidly obese subjects[END_REF]. Additionally, some published reports note an altered hemodynamic response in OSA regarding higher peak diastolic blood pressure (DBP) [START_REF] Vanuxem | Impairment of muscle energy metabolism in patients with sleep apnoea syndrome[END_REF][START_REF] Tryfon | Sleep apnea syndrome and diastolic blood pressure elevation during exercise[END_REF][START_REF] Kaleth | Unique cardiopulmonary exercise test responses in overweight middle-aged adults with obstructive sleep apnea[END_REF][START_REF] Rizzi | Does obstructive sleep apnea impair the cardiopulmonary response to exercise?[END_REF], lower oxygen pulse [START_REF] Lin | Cardiopulmonary exercise testing in obstructive sleep apnea syndrome[END_REF][START_REF] Rizzi | Does obstructive sleep apnea impair the cardiopulmonary response to exercise?[END_REF], lower peak heart rate (HR) [START_REF] Chien | C-reactive protein and heart rate recovery in middle-aged men with severe obstructive sleep apnea[END_REF][START_REF] Kaleth | Unique cardiopulmonary exercise test responses in overweight middle-aged adults with obstructive sleep apnea[END_REF], and blunted one-minute post-exercise heart rate recovery (HRR-1) [START_REF] Vanhecke | Cardiorespiratory fitness and obstructive sleep apnea syndrome in morbidly obese patients[END_REF][START_REF] Chien | C-reactive protein and heart rate recovery in middle-aged men with severe obstructive sleep apnea[END_REF][START_REF] Nanas | Heart rate recovery and oxygen kinetics after exercise in obstructive sleep apnea syndrome[END_REF][START_REF] Hargens | Attenuated heart rate recovery following exercise testing in overweight young men with untreated obstructive sleep apnea[END_REF][START_REF] Rizzi | Exercise capacity and obstructive sleep apnea in lean subjects[END_REF][START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF][START_REF] Maeder | Association between heart rate recovery and severity of obstructive sleep apnea syndrome[END_REF]; others, however, found no significant difference in these parameters between those with and without OSA [START_REF] Beitler | Obstructive sleep apnea is associated with impaired exercise capacity: a cross-sectional study[END_REF][START_REF] Hargens | Attenuated heart rate recovery following exercise testing in overweight young men with untreated obstructive sleep apnea[END_REF][START_REF] Rizzi | Exercise capacity and obstructive sleep apnea in lean subjects[END_REF][START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF][START_REF] Cintra | Cardiovascular profile in patients with obstructive sleep apnea[END_REF][START_REF] Maeder | Association between heart rate recovery and severity of obstructive sleep apnea syndrome[END_REF].

Recently, Mendelson et al. published a systematic review and meta-analysis on maximal exercise capacity in patients with OSA [START_REF] Mendelson | Maximal exercise capacity in patients with obstructive sleep apnoea syndrome: A systematic review and meta-analysis[END_REF]. Interestingly, they found that mean VO2peak was significantly lower in patients with OSA compared to controls. However, these authors reported a high level of heterogeneity in their meta-analysis, which may be explained by several methodological limitations including unequal allocation within studies [START_REF] Nanas | Heart rate recovery and oxygen kinetics after exercise in obstructive sleep apnea syndrome[END_REF][START_REF] Tryfon | Sleep apnea syndrome and diastolic blood pressure elevation during exercise[END_REF][START_REF] Alonso-Fernandez | Obstructive sleep apnoea-hypoapnoea syndrome reversibly depresses cardiac response to exercise[END_REF][START_REF] Kaleth | Unique cardiopulmonary exercise test responses in overweight middle-aged adults with obstructive sleep apnea[END_REF][START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF], small sample size [START_REF] Vanuxem | Impairment of muscle energy metabolism in patients with sleep apnoea syndrome[END_REF][START_REF] Tryfon | Sleep apnea syndrome and diastolic blood pressure elevation during exercise[END_REF][START_REF] Hargens | Attenuated heart rate recovery following exercise testing in overweight young men with untreated obstructive sleep apnea[END_REF], and absence of sleep-recording in controls [START_REF] Vanuxem | Impairment of muscle energy metabolism in patients with sleep apnoea syndrome[END_REF][START_REF] Nanas | Heart rate recovery and oxygen kinetics after exercise in obstructive sleep apnea syndrome[END_REF][START_REF] Tryfon | Sleep apnea syndrome and diastolic blood pressure elevation during exercise[END_REF].

Moreover, comparison between trials appears difficult since the apnea severity threshold for OSA categorization fluctuated between 5 and 30 events/h according to the study. Thus, whether OSA patients present impaired exercise capacity and specific hemodynamic response to exercise remain unclear.

We therefore initiated a systematic review and meta-analysis of both individual patient data (IPD) and aggregate data (AD) to determine whether exercise capacity is altered in moderate to severe OSA patients. A combination of results of the different trials available in an IPD metaanalysis increases statistical power, reduces heterogeneity and allows us to transform data to a common OSA threshold in the present study. The secondary objective was to evaluate whether OSA patients have an altered hemodynamic response to exercise.

METHODS

Identification of studies

Nonrandomized studies were first identified in March 2017 from PubMed, Embase and Web of Science using the following keywords: ("Sleep Apnea, Obstructive" [Mesh] OR "Sleep Apnea Syndromes" [Mesh]) AND "Exercise test" [Mesh], limited to articles written in English and dealing with human subjects. The search was updated in September 2018. The reference lists of selected studies were reviewed to identify trials missed out by electronic search. Two investigators (MB and JCB) selected studies independently and any disagreement was resolved by consensus with a third reviewer (FR).

Inclusion and exclusion criteria

Inclusion criteria were the following: ( 

Data collection and management

Each corresponding author of the selected articles was contacted and invited to provide IPD for the following variables: patient characteristics (i.e., age, height, weight, BMI, sex, AHI, nadir oxygen saturation [SaO2min], treated hypertension) and CPET data (i.e., type of protocol, VO2peak [in mL . kg -1. min -1 ], resting and peak HR, HRR-1, peak systolic blood pressure [SBP] and DBP). In case of non-reply, corresponding authors were contacted a second time and alternative email contact was searched. For studies whose corresponding authors did not provide IPD, the following AD were collected from relevant studies: first author's name, year of publication, journal, number of participants, percentage of males, type of sleep recording, OSA threshold, CPET modality (ergocycle or treadmill) and type of protocol, mean age, body mass index (BMI), apnea-hypopnea index (AHI), and CPET data available with standard deviations for OSA patients and controls.

Study quality assessment

The quality of the studies included was assessed by MB and JCB with a modified version of the Newcastle-Ottawa Scale (NOS) previously adapted by Mendelson et al. [START_REF] Mendelson | Maximal exercise capacity in patients with obstructive sleep apnoea syndrome: A systematic review and meta-analysis[END_REF][START_REF] Wells | The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomized studies in meta-analysis[END_REF]. The scale score varied from 0 to 8 and included three dimensions: selection, comparability and exposure.

Disagreements on scale scores were resolved by consensus.

Risk of bias

We performed consistency checks on all IPD. Baseline characteristics, method of analysis and results were compared with the published information. Any discrepancies, missing data, obvious errors, and inconsistencies between variables or outlying values were queried and rectified as necessary with input from the original authors.

OSA cutoff

OSA was assessed using polysomnography or polygraphy in both OSA and control groups. For the AD meta-analysis, the original studies' OSA and control cutoffs were kept. For the IPD analysis, OSA was recategorized based on an AHI ≥15 events/h, corresponding to a commonly used cutoff associated with higher cardiovascular and cerebrovascular risk [START_REF] Gottlieb | Prospective study of obstructive sleep apnea and incident coronary heart disease and heart failure: the sleep heart health study[END_REF] and controls were defined by an AHI <15.

Outcome of interest

Exercise capacity, the prespecified primary outcome of interest in AD and IPD meta-analysis, was assessed by VO2peak during CPET and expressed in mL . kg -1. min -1 . Secondary prespecified outcomes of interest in the IPD meta-analysis included percentage predicted VO2peak, agepredicted peak HR, HR reserve (calculated as peak HR -resting HR), HRR-1, peak SBP and DBP. To standardize predicted VO2peak across studies in the IPD meta-analysis, the Wasserman and Hansen equations were used according to the EACPR/AHA Scientific Statement on Exercise testing [START_REF] Guazzi | AHA Joint Scientific Statement. Clinical recommendations for cardiopulmonary exercise testing data assessment in specific patient populations[END_REF]. The Jones equation (i.e., 210 -[0.65 x age]) was used to calculate agepredicted peak HR [START_REF] Jones | Clinical Exercise testing[END_REF].

Statistical analysis

The meta-analysis was performed in accordance with the PRISMA-IPD Statement [START_REF] Stewart | Preferred Reporting Items for Systematic Review and Meta-Analyses of individual participant data: the PRISMA-IPD Statement[END_REF] (cf. online supplement Table S1 for PRISMA-IPD checklist) and registered in PROSPERO (CRD42019118730). A two-stage IPD meta-analysis model was used to compare between groups in terms of VO2peak (expressed in mL . kg -1. min -1 and in percentage predicted), peak HR, HR reserve, HRR-1, peak SBP, and DBP. Briefly, we created summary statistics out of IPD with adjustment for confounding factors including age, BMI, gender and treated hypertension (stage 1). Then we combined the mean difference (MD) using a DerSimonian and Laird random effect model since we assume that the true effect size could vary from study to study (stage 2).

To assess potential risk of bias associated with nonavailability of IPD and to compare results from analyses that include IPD and non-IPD studies, a two-stage meta-analysis approach was used to combine the available AD with the IPD for the primary outcome without adjustment for cofounding factors [START_REF] Ahmed | Assessment of publication bias, selection bias, and unavailable data in meta-analyses using individual participant data: a database survey[END_REF]. Heterogeneity was assessed by the I 2 test and Cochran's Q test. To check for publication bias, funnel plots of effect size and standard error were constructed. The presence of asymmetry in the funnel plot was assessed using Egger's test [START_REF] Egger | Bias in meta-analysis detected by a simple, graphical test[END_REF]. To investigate the heterogeneity, a sensitivity analysis was performed using sub-groups according to OSA definition based on the AHI threshold chosen by authors. Statistical analysis was performed with IBM SPSS Statistics version 24.0 for Macintosh (IMB Corp., Armonk, N.Y., USA) for the stage 1 statistics and with Comprehensive Meta-Analysis software (V.3.3.070 -November 2014, Biostat: Englewood, USA) for the stage 2 analysis. A p-value of less than 0.05 was considered statistically significant, except for the Cochran's Q and Egger's tests in which the p-value was set at 0.1.

RESULTS

Characteristics of the included studies

A total of 666 studies were identified (140 from PubMed, 323 from Embase, and 203 from Web of Science) (Fig. 1). Among them, 17 studies met inclusion criteria and were included in the meta-analysis. Data from the screening of the EXESAS study (ClinicalTrials.gov: NCT02463890), which focused on the benefit of exercise in obstructive sleep apnea [START_REF] Berger | Benefits of supervised community physical activity in obstructive sleep apnoea[END_REF], were also added. Thus, IPD were sought for 18 studies (N=894) and obtained from five studies (28% of all studies; N=289). Reasons for why IPD were not provided IPD are detailed in Fig. 1. For the 13 studies for which IPD were not provided, AD were available for the primary outcome and used in sensitivity analyses (N=605).

Two studies included in the IPD meta-analysis were conducted in the United States [START_REF] Hargens | Attenuated heart rate recovery following exercise testing in overweight young men with untreated obstructive sleep apnea[END_REF][START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF], two in Brazil [START_REF] Rizzi | Exercise capacity and obstructive sleep apnea in lean subjects[END_REF][START_REF] Cepeda | Obstructive sleep apnea impairs postexercise sympathovagal balance in patients with metabolic syndrome[END_REF] and one in Europe [START_REF] Berger | Benefits of supervised community physical activity in obstructive sleep apnoea[END_REF]. Overall, four of the studies included in the AD meta-analysis were conducted in the United States [START_REF] Vanhecke | Cardiorespiratory fitness and obstructive sleep apnea syndrome in morbidly obese patients[END_REF][START_REF] Beitler | Obstructive sleep apnea is associated with impaired exercise capacity: a cross-sectional study[END_REF][START_REF] Kaleth | Unique cardiopulmonary exercise test responses in overweight middle-aged adults with obstructive sleep apnea[END_REF][START_REF] Butner | Association of obstructive sleep apnea severity with exercise capacity and health-related quality of life[END_REF], four in Brazil [START_REF] Rizzi | Does obstructive sleep apnea impair the cardiopulmonary response to exercise?[END_REF][START_REF] Cintra | Cardiovascular profile in patients with obstructive sleep apnea[END_REF][START_REF] Cavagnolli | Aerobic exercise does not change C-reactive protein levels in non-obese patients with obstructive sleep apnoea[END_REF][START_REF] Barbosa | Obstructive sleep apnea does not impair cardiorespiratory responses to progressive exercise performed until exhaustion in hypertensive elderly[END_REF], four in Europe [START_REF] Alonso-Fernandez | Obstructive sleep apnoea-hypoapnoea syndrome reversibly depresses cardiac response to exercise[END_REF][START_REF] Maeder | Association between heart rate recovery and severity of obstructive sleep apnea syndrome[END_REF][START_REF] Bruni | Obstructive sleep apnea (OSA) does not affect ventilatory and perceptual responses to exercise in morbidly obese subjects[END_REF], and two in Taiwan [START_REF] Lin | Cardiopulmonary exercise testing in obstructive sleep apnea syndrome[END_REF][START_REF] Chien | C-reactive protein and heart rate recovery in middle-aged men with severe obstructive sleep apnea[END_REF].

All participants from the five IPD trials were provided by authors and included in the IPD meta-analysis. No significant issues were identified in checking IPD. In the 5 IPD studies, mean age was 49.7±15.2 y (range from 18 to 80), and mean BMI was 29.0±5.5 kg.m -2 (range from 18.1 to 50.7) (Table 1). A majority of the participants (60.7%) were male and 23% were treated for hypertension. For AD, the mean age of the participants ranged from 30±13 to 71±7 y, and mean BMI from 25.9±2.6 to 50.5±9.4 kg.m -2 (Table 1). The OSA threshold based on AHI varied from ≥5 to >30 events/h across studies. Similarly, the control AHI threshold varied from < 5 to ≤ 30.

All studies included in the IPD meta-analysis were of good quality with at least 6 stars on the NOS, while 7 additional studies included in the AD meta-analysis were of good quality and 6 trials presented lower quality (i.e., 4 or 5 stars) (Table 2).

Main outcome

No significant difference in VO2peak, expressed in mL . kg -1. min -1 , was observed between OSA patients (AHI ≥15 events/h) and controls (AHI < 15 events/h) in the IPD meta-analysis (MD = -1.03 mL . kg -1. min -1 ; 95% CI: -3.82 to 1.76; p=0.47) and heterogeneity across studies was low (I 2 = 0%; p = 0.893) (Figure 2). In the AD meta-analysis, mean VO2peak was significantly lower in OSA patients compared to controls (MD = -2.30; 95% CI: -3.96 to -0.63; p=0.01; Figure 2) and heterogeneity was high (I 2 =83%; p<0.0001 for Cochran's Q test). When including AD with IPD, VO2peak was significantly lower in OSA patients compared to controls (MD = -1.96; 95% CI: -3.40 to -0.53; p=0.01; Figure 2) and heterogeneity was high (I 2 =77%; p<0.0001 for Cochran's Q test). The funnel plot did not identify evident publication bias, either when including or excluding the AD studies (Figure 3) and Egger's test showed no selective reporting bias (p=0. [START_REF] Stewart | Preferred Reporting Items for Systematic Review and Meta-Analyses of individual participant data: the PRISMA-IPD Statement[END_REF].

The subgroup analysis conducted with AD studies did not show significant difference in VO2peak when the OSA definition was based on an AHI >5, 10 or 15 (Figure 4). The only significant difference was observed for an AHI cutoff of 30 (MD = -4.27; 95% CI: -7.56 to -0.96; p=0.01; Figure 4).

In IPD meta-analysis, VO2peak remained nonsignificant between OSA patients and controls after adjustment for age, gender and hypertension (p=0.35; Figure 5A.). Heterogeneity was low (I 2 = 0%; p = 0.973).

Secondary outcomes

between OSA patients and controls after adjusting for treated hypertension (MD = 1.30; 95% CI: -4.48 to 7.08; p = 0.66; Figure 5B.). Likewise, peak heart rate, expressed as percentage predicted, was similar between groups after adjustment for sex, hypertension and BMI (MD = -0.34; 95% CI: -3.50 to 2.82; p = 0.83; Figure 6A.). HRR-1 was significantly lower in OSA patients compared to controls, even after adjustment for confounders (MD = -2.79; 95% CI: -5.18 to -0.41; p=0.02; Figure 6C.). No other significant differences were observed between groups for HR reserve, oxygen pulse (Figure 6B-6D), peak SBP, or peak DBP (Figure 7A-7B) during CPET after adjustment for age, sex, hypertension and BMI. Data were homogeneous, except for HRR-1 and oxygen pulse, for which moderate heterogeneity were reported (I 2 = 51 and 55%, respectively; p<0.1 for Cochran's Q test).

DISCUSSION

Main results

The IPD meta-analysis, which included 5 trials with a common OSA definition and a total of 289 participants, revealed no significant difference in VO2peak between OSA patients (AHI ≥ 15 events per h) and matched controls (AHI < 15 events per h) with a high degree of homogeneity observed across studies.

By contrast, the AD meta-analysis, which included 13 studies that did not provide IPD, showed that VO2peak was significantly lower by 2.3 mL . kg -1. min -1 in OSA patients, which was quite similar to the -2.7 mL . kg -1. min -1 recently reported by Mendelson et al. in an AD metaanalysis including 19 trials [START_REF] Mendelson | Maximal exercise capacity in patients with obstructive sleep apnoea syndrome: A systematic review and meta-analysis[END_REF]. In contrast to their AD meta-analysis, we excluded four studies from the AD meta-analysis which did not assess the absence of OSA in controls via polygraphy or polysomnography and which may have attenuated the mean difference [START_REF] Vanuxem | Impairment of muscle energy metabolism in patients with sleep apnoea syndrome[END_REF][START_REF] Nanas | Heart rate recovery and oxygen kinetics after exercise in obstructive sleep apnea syndrome[END_REF][START_REF] Tryfon | Sleep apnea syndrome and diastolic blood pressure elevation during exercise[END_REF][START_REF] Ozturk | Cardiopulmonary responses to exercise in moderate-to-severe obstructive sleep apnea[END_REF].

Moreover, one study was not included [START_REF] Chien | Electrophysiologic changes with incremental exercise in obstructive sleep apnea[END_REF] since the ClinicalTrials number was identical to a study already included in the meta-analysis [START_REF] Chien | C-reactive protein and heart rate recovery in middle-aged men with severe obstructive sleep apnea[END_REF] and another study was excluded [START_REF] Maeder | N-terminal pro-B-type natriuretic peptide and functional capacity in patients with obstructive sleep apnea[END_REF] since the population characteristics were similar to those from a study previously published by the same author the same year [START_REF] Maeder | Association between heart rate recovery and severity of obstructive sleep apnea syndrome[END_REF]. In addition, three studies not reported by Mendelson et al. were included in the present meta-analysis [START_REF] Cintra | Cardiovascular profile in patients with obstructive sleep apnea[END_REF][START_REF] Maeder | Association between heart rate recovery and severity of obstructive sleep apnea syndrome[END_REF][START_REF] Barbosa | Obstructive sleep apnea does not impair cardiorespiratory responses to progressive exercise performed until exhaustion in hypertensive elderly[END_REF]. Despite no evident publication bias was experienced on the funnel plot, the high level of inconsistency assessed though I 2 and Cochran's Q test reported and the absence of adjustment for confounders in statistical analyses reduces the confidence of these results [START_REF] Higgins | Measuring inconsistency in metaanalyses[END_REF][START_REF] Harbour | A new system for grading recommendations in evidence based guidelines[END_REF].

When pooling the AD results (n=13 studies) with the IPD results (n=5 studies), the overall meta-analysis documented significantly lower VO2peak in OSA patients compared to controls, and heterogeneity remained high (I 2 > 75%). Interestingly, the AD subgroup analysis seems to show a dose-response relationship in that, as higher the OSA threshold was set, the larger the difference in VO2peak between OSA and non-OSA groups. This reduction in VO2peak was only significant for severe OSA (AHI >30) compared to non-OSA.

Concerning the hemodynamic response to exercise, we did not find any difference in age-predicted peak HR, HR reserve, peak oxygen pulse, peak SBP, or peak DBP between those with AHI≥15 and those with AHI<15 in the IPD meta-analysis. Only HRR-1 was significantly blunted in OSA patients, as has been previously observed [START_REF] Nanas | Heart rate recovery and oxygen kinetics after exercise in obstructive sleep apnea syndrome[END_REF][START_REF] Hargens | Attenuated heart rate recovery following exercise testing in overweight young men with untreated obstructive sleep apnea[END_REF][START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF][START_REF] Maeder | Association between heart rate recovery and severity of obstructive sleep apnea syndrome[END_REF]. Thus, this IPD metaanalysis emphasizes a similar hemodynamic response to exercise in OSA patients compared to controls, despite a potential lack of statistical power and some limitations in the studies' heterogeneity which may be explained by the low number of studies included in the IPD metaanalysis (5/18 studies).

Quality of the evidence

The main strength of this study was the use of IPD from five studies. In addition to allowing us to standardize the apnea threshold across studies, the IPD meta-analysis permitted us to adjust analysis for covariates which should minimize the aggregation bias and reveal the true effect of OSA on exercise capacity, independently of age, sex, BMI or hypertension treatment. In the present IPD meta-analysis, we chose the AHI cutoff at 15 events/h since it corresponds to the threshold from which cardiovascular risk increases in OSA patients [START_REF] Punjabi | Sleepdisordered breathing and mortality: a prospective cohort study[END_REF][START_REF] Wang | Obstructive sleep apnea and risk of cardiovascular disease and all-cause mortality: a meta-analysis of prospective cohort studies[END_REF]. This may explain the absence of impairment in VO2peak and cardiovascular response to exercise that we observed in our meta-analysis. Indeed, while there is strong evidence that severe OSA is associated with high cardiovascular risk as well as cardiometabolic comorbidities, it appears less evident for mild OSA [START_REF] Marin | Long-term cardiovascular outcomes in men with obstructive sleep apnoea-hypopnoea with or without treatment with continuous positive airway pressure: an observational study[END_REF][START_REF] Punjabi | Sleepdisordered breathing and mortality: a prospective cohort study[END_REF][START_REF] Wang | Obstructive sleep apnea and risk of cardiovascular disease and all-cause mortality: a meta-analysis of prospective cohort studies[END_REF][START_REF] Mcnicholas | Mild obstructive sleep apnoea: clinical relevance and approaches to management[END_REF]. One could hypothesize that only severe OSA is associated with lower exercise capacity when compared with non-OSA as shown by our subgroup analysis according to OSA definition. authors from eligible studies were contacted to provide IPD, thus addressing the concern of a potential selection bias. Another strength was the investigation of the impact of the studies for which IPD were lacking as recommended by the PRISMA-IPD guidelines [START_REF] Stewart | Preferred Reporting Items for Systematic Review and Meta-Analyses of individual participant data: the PRISMA-IPD Statement[END_REF][START_REF] Ahmed | Assessment of publication bias, selection bias, and unavailable data in meta-analyses using individual participant data: a database survey[END_REF].

Limitations

The main limitation of the present meta-analysis was the inclusion of only five trials upon 18 eligible trials in the IPD meta-analysis which may have induced an availability bias [START_REF] Ahmed | Assessment of publication bias, selection bias, and unavailable data in meta-analyses using individual participant data: a database survey[END_REF]. However, the impact of availability bias is hard to predict and the overall meta-analysis (pooled IPD and AD) including AD results available cannot fully address this threat.

Although the quality of studies included was high according to the modified NOS scale [START_REF] Wells | The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomized studies in meta-analysis[END_REF], the evidence for an OSA-related exercise capacity impairment appears largely incomplete to date. Indeed, though the AD meta-analysis demonstrated significantly lower VO2peak among adults with OSA, the broad variation of OSA severity threshold from one study to another and the lack of adjustment for confounders reduces the confidence of these results. Similarly, the overall meta-analysis should be interpreted with caution due to the 13 heterogenous AD trials which were of a major impact as compared to the 5 IPD trials. It is obvious that it would be better to include more trials in the IPD meta-analysis; however, we were dependent upon the principal investigator to provide IPD. In our opinion, it is higher quality and more suitable to have 5 homogeneous studies with a common pathological definition of OSA than 18 studies with widely varying OSA definitions.

Likewise, it would have been interesting to conduct a subgroup analysis according to non-OSA (<5 events/h), mild (5-15 events/h), moderate (15-30 events/h) and severe (>30 events/h) OSA to further explore the relationship between OSA severity and exercise capacity.

Unfortunately, the low response rate from authors for sharing their IPD required us to limit our IPD meta-analysis to a dichotomous cutoff.

Another limitation was the unequal allocation between case and controls in six of the 18 studies included in the present meta-analysis [START_REF] Alonso-Fernandez | Obstructive sleep apnoea-hypoapnoea syndrome reversibly depresses cardiac response to exercise[END_REF][START_REF] Kaleth | Unique cardiopulmonary exercise test responses in overweight middle-aged adults with obstructive sleep apnea[END_REF][START_REF] Rizzi | Exercise capacity and obstructive sleep apnea in lean subjects[END_REF][START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF][START_REF] Cintra | Cardiovascular profile in patients with obstructive sleep apnea[END_REF][START_REF] Berger | Benefits of supervised community physical activity in obstructive sleep apnoea[END_REF], with ratios varying from 1.5 case for one control to 6 case for one control, which decreases the statistical power. A third limitation was the use of three different definitions of hypopnea (1999, 2007 and 2012 AASM criteria) across the studies included, which might increase the risk of bias. Indeed, the AASM 2007 criteria [START_REF] Iber | The AASM manual for the scoring of sleep and associated events: rules, terminology and technical specifications[END_REF] are considered more restrictive than the 1999 AASM Chicago criteria [START_REF]Sleep-related breathing disorders in adults: recommendations for syndrome definition and measurement techniques in clinical research. The Report of an American Academy of Sleep Medicine Task Force[END_REF], while the 2012 AASM criteria [START_REF] Berry | Rules for scoring respiratory events in sleep: update of the 2007 AASM Manual for the Scoring of Sleep and Associated Events. Deliberations of the Sleep Apnea Definitions Task Force of the American Academy of Sleep Medicine[END_REF] are more liberal. Thus, some patients categorized as mild OSA according to the 2007 AASM criteria might be categorized as moderate OSA according to current guidelines. A fourth limitation was the lack of objective measure of physical activity level in the included studies. Whereas it is well known that one's habitual physical activity level influence maximal exercise capacity [START_REF] Kokkinos | Exercise and physical activity: clinical outcomes and applications[END_REF] and recent evidence suggests that adults with OSA are less active than those without OSA [START_REF] Iber | The AASM manual for the scoring of sleep and associated events: rules, terminology and technical specifications[END_REF], none of the studies included matched OSA patients with controls with respect to physical activity measured via accelerometer. Therefore, it cannot be ruled out that the significant difference observed in VO2peak between OSA patients and controls in the AD meta-analysis may be due, at least in part, to a difference in physical activity level at inclusion. A fifth limitation was the variability of protocol used to evaluate VO2peak across studies. Although all studies included in the metaanalysis performed the same protocol for OSA patients and controls, comparison between studies could be difficult since VO2peak can vary depending on the modality of stress test (ergocycle or treadmill), the workload increment, or the duration of the test [START_REF] Thoracic | ATS/ACCP Statement on cardiopulmonary exercise testing[END_REF]. Lastly, women were clearly underrepresented in previous studies, precluding determination of whether OSA affects exercise capacity in men differently than in women.

Clinical implications

Although the current individual patient data suggest that OSA per se do not alter the cardiovascular response to exercise, it is important to keep in mind that OSA patients have frequent cardiometabolic comorbidities, including obesity, type 2 diabetes mellitus (T2DM) and hypertension, particularly in severe OSA patients [START_REF] Somers | Sleep apnea and cardiovascular disease: an American Heart Association/American College of Cardiology Foundation Scientific Statement from the American Heart Association Council for High Blood Pressure Research Professional Education Committee, Council on Clinical Cardiology, Stroke Council, and Council on Cardiovascular Nursing[END_REF][START_REF] Javaheri | Sleep apnea: Types, mechanisms, and clinical cardiovascular consequences[END_REF][START_REF] Hirotsu | Obstructive sleep apnoea as a risk factor for incident metabolic syndrome: a joined Episono and Hypnolaus prospective cohorts study[END_REF]. Thus, even if OSA per se does not alter the cardiovascular response to exercise, the associated comorbidities may favor a lower exercise capacity [START_REF] Mansukhani | Functional aerobic capacity in patients with sleep-disordered breathing[END_REF][START_REF] Myers | Exercise capacity and mortality among men referred for exercise testing[END_REF]. Interestingly, one recent study highlighted that being physically active reduced the risk of developing OSA over a 8-to 9-year follow-up, had a protective effect against T2DM incidence, and was associated with a better cardiometabolic profile [START_REF] Monico-Neto | Physical activity as a moderator for OSA and cardiometabolic risk in EPISONO study[END_REF]. Therefore, prescribing exercise in OSA patients, independently of initial VO2peak, remains strongly recommended and beneficial, notably by improving glucose uptake, insulin sensitivity, blood lipids, and decreasing blood pressure and inflammation [START_REF] Kokkinos | Exercise and physical activity: clinical outcomes and applications[END_REF][START_REF] Pedersen | Exercise as medicine -evidence for prescribing exercise as therapy in 26 different chronic diseases[END_REF]. Lastly, beyond the reduced risk of cardiovascular disease and all-cause mortality associated with an increase in VO2peak [START_REF] Kokkinos | Exercise and physical activity: clinical outcomes and applications[END_REF][START_REF] Myers | Exercise capacity and mortality among men referred for exercise testing[END_REF][START_REF] Kokkinos | Exercise capacity and mortality in older men: a 20-year follow-up study[END_REF], increased physical activity will have a clinical impact by reducing OSA severity and daytime symptoms of sleepiness [START_REF] Berger | Benefits of supervised community physical activity in obstructive sleep apnoea[END_REF][START_REF] Iftikhar | Effects of exercise training on sleep apnea: a metaanalysis[END_REF][START_REF] Mendelson | Obstructive sleep apnea syndrome, objectively measured physical activity and exercise training interventions: A systematic review and meta-analysis[END_REF].

CONCLUSION

In conclusion, our IPD meta-analysis suggests that the lower exercise capacity previously documented in OSA patients via AD meta-analysis is not obvious in moderate to severe OSA as compared to mild or non-OSA. However, subgroup analysis conducted with AD trials suggests that only severe OSA patients had lower VO2peak compared to controls. Furthermore, the IPD meta-analysis revealed that the cardiovascular response to exercise did not differ between OSA and non-OSA groups, although a moderate to high heterogeneity and risk of bias were reported. Only HRR-1, a measure of autonomic dysfunction, was blunted following maximal exercise in OSA patients compared to controls. Additional high Rizzi [START_REF] Rizzi | Exercise capacity and obstructive sleep apnea in lean subjects[END_REF] 6

Kline [START_REF] Kline | Blunted heart rate recovery is improved following exercise training in overweight adults with obstructive sleep apnea[END_REF] 6

Cepeda [START_REF] Cepeda | Obstructive sleep apnea impairs postexercise sympathovagal balance in patients with metabolic syndrome[END_REF] 7

Berger [START_REF] Berger | Benefits of supervised community physical activity in obstructive sleep apnoea[END_REF] 7
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Alonso-Fernandez [START_REF] Alonso-Fernandez | Obstructive sleep apnoea-hypoapnoea syndrome reversibly depresses cardiac response to exercise[END_REF] 8
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Rizzi [START_REF] Rizzi | Does obstructive sleep apnea impair the cardiopulmonary response to exercise?[END_REF] 6
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Figure 1 .

 1 Figure 1. PRISMA IPD flow diagram of studies included in the meta-analysis.
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 2 Figure 2. Forest plot for subgroup analysis of VO2peak expressed in mL . kg -1. min -1 according to
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 3 Figure 3. Funnel plot for VO2peak expressed in mL . kg -1. min -1 using both individual patient data
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 4 Figure 4. Forest plot for subgroup analysis of VO2peak based on AHI threshold using aggregate
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 5 Figure 5. Forest plot for difference in means in VO2peak expressed in mL . kg -1. min -1 (A) and in
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 6 Figure 6. Forest plot for difference in means in percentage peak heart rate [HR] predicted (A),
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 7 Figure 7. Forest plot for difference in means in peak systolic blood pressure [SBP] (A) and

  as % or mean ± SD or 95% confidence interval in parenthesis. AHI: apnea-hypopnea index; BMI: body mass index; CPET: cardiopulmonary exercise test; CTL: control; ESS: Epworth sleepiness scale; HTN med: hypertension medication; NA: not available; OSA: obstructive sleep apnea; PA: physical activity.

Table 1 .

 1 Characteristics of OSA studies included in the IPD and aggregate meta-analysis.

	Reference Year	OSA	OSA	Group N	Age,	Men,	BMI,	HTN	AHI	PA level	Type	Protocol	VO2peak,
			threshold	method			years	%	kg.m -2	med	events/h		CPET	CPET	mL.kg. -
				assessment											1 min -1
	Studies included in IPD meta-analysis												
	Hargens	2008	AHI ≥ 15 vs	PG	OSA	7	23.7 ± 2.3	100%	33.8 ± 3.6	0%	36.4 (20.2-	Inactive Ergo-	15W/1 min	25.9 ± 3.7
	[30]		AHI < 15	AASM 1999	CTL	23	21.3 ± 2.6	100%	31.0 ± 3.5	0%	52.5)		cycle		28.1 ± 5.5
											4.5 (2.9-6.0)				
	Rizzi [32]	2010	AHI ≥ 15 vs	in-lab PSG	OSA	10	55.4 ± 5.6	20%	23.1 ± 1.5	20%	24.8 (18.4-	Inactive Tread-	Bruce: 2	26.4 ± 8.6
			AHI < 15	AASM 1999	CTL	44	52.3 ± 8.3	41%	21.3 ± 2.4	18%	31.2)		mill	MET/3 min	29.0 ± 9.2
											5.7 (4.5-6.9)				
	Kline [33]	2013	AHI ≥ 15 vs	in-lab PSG	OSA	24	45.0 ± 7.4	50%	36.5 ± 6.3	25%	45.5 (34.5-	Inactive Tread-	Bruce	21.7 ± 6.0
			AHI < 15	AASM 2007	CTL	28	48.4 ± 7.8	61%	32.5 ± 4.6	36%	56.5)		mill		21.6 ± 5.3
											7.5 (6.1-8.9)				
	Cepeda	2015	AHI ≥ 15 vs	PSG	OSA	30	49.2 ± 9.4	60%	31.7 ± 3.0	0%	41.7 (33.8-	Inactive Ergo-	10-20W/1	22.6 ± 5.7
	[34]		AHI < 15	AASM 2007	CTL	30	45.7 ± 7.6	47%	32.0 ± 3.3	0%	49.6)		cycle	min	23.6 ± 6.9
											7.2 (5.5-8.8)				
	Berger	2018	AHI ≥ 15 vs	PG	OSA	79	63.5 ± 6.2	63%	28.4 ± 3.8	51%	25.5 (22.9-	Inactive	Ergo-	20W/2 min	23.1 ± 5.5
	[46]		AHI < 15	AASM 2012	CTL	14	67.1 ± 8.0	64%	25.5 ± 4.5	29%	28.1)	& healthy	cycle		23.5 ± 5.2
											7.4 (5.2-9.6)				

Table 2 .

 2 Quality assessment of the included studies in the individual patient data (IPD) and aggregate data (AD) meta-analysis based on a modified version of the Newcastle-Ottawa Scale[START_REF] Mendelson | Maximal exercise capacity in patients with obstructive sleep apnoea syndrome: A systematic review and meta-analysis[END_REF] 

	Reference	Selection	Comparability	Evaluation	Total
	/		/	/	
	Studies included in IPD meta-analysis			
	Hargens [30]				7

quality cross-sectional studies covering the entire spectrum of OSA severity with standardized sleep and exercise test assessments are needed to confirm these results.
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3) Explore the influence of sex on VO2peak in OSA patients.

Practice Points

1) The IPD meta-analysis revealed that moderate to severe OSA patients had similar VO2peak to mild and non-OSA controls with low heterogeneity.

2) The AD and overall meta-analysis showed that OSA is associated with lower VO2peak as compared to controls with high heterogeneity.

3) AD subgroup analysis revealed that only severe OSA is associated with lower VO2peak as compared to controls.

4) The cardiovascular response to exercise is not altered in moderate to severe OSA. Participants for whom no data were provided (n= )