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Introduction

Obstructive sleep apnea (OSA), a prevalent disease in childhood [START_REF] Kaditis | Obstructive sleep disordered breathing in 2-to 18-year-old children: diagnosis and management[END_REF], is mediated by a combination of anatomic and neuromotor factors, including ventilatory control [START_REF] Marcus | The obstructive sleep apnoea syndrome in adolescents[END_REF]. Loop gain (LG) is a dimensionless value quantifying the stability of the ventilatory control system; it represents the sensitivity of the feedback loop controlling ventilation and is defined as the size of a corrective ventilatory response relative to the size of the ventilatory disturbance that elicits the correction. The corrective response to a ventilatory disturbance is determined not only by chemoreceptor sensitivity or controller gain (CG) but also by plant gain (PG), which quantifies the extent to which changes in ventilation affect changes in pulmonary capillary blood gas tensions. LG and its components, CG and PG, are frequency-dependent parameters that can be accurately estimated from data-driven dynamic mathematical models [START_REF] Bokov | Comparison of different methods of chemical loop gain measurement during tidal ventilation in awake healthy subjects[END_REF]. Unstable ventilatory control is characterized by high LG and may contribute to cyclical airway obstruction by promoting airway collapse during periods of low ventilatory drive.

It has been stated by Deacon-Diaz and Malhotra in a recent review that "although much evidence supports that unstable chemoreflex control contributes to propagating apneas in OSA, whether loop gain is elevated in OSA, and whether high controller or plant gain contribute to high loop gain, is currently unclear" (4). This issue is important because therapeutic approaches to OSA aimed at lowering both plant and loop gains are currently being investigated [START_REF] Eckert | Phenotypic approaches to obstructive sleep apnoea -New pathways for targeted therapy[END_REF]. Thus, the respective contributions of CG and PG to LG deserve to be studied in children with OSA.

In otherwise healthy children, Armoni Domany and colleagues recently showed that children with OSA had higher PG and lower CG at baseline compared to healthy controls, resulting in similar LG [START_REF] Domany | The Effect of Adenotonsillectomy on Ventilatory Control in Children with Obstructive Sleep Apnea[END_REF]. It has also been stated that LG could be elevated in untreated OSA patients due to the combined effects of intermittent hypoxia-induced ventilatory long-term facilitation and increased hypoxic sensitivity (4); thus, the LG for oxygen also deserves investigation.

The aim of this study was to assess whether an increased PG could increase LG in a sample of consecutive otherwise healthy children referred for suspicion of OSA. Gains (loop, controller, and plant) were calculated using methods that involved spontaneous variations in ventilation and expiratory gases during wakefulness [START_REF] Bokov | Comparison of different methods of chemical loop gain measurement during tidal ventilation in awake healthy subjects[END_REF]. Three analytical models, two autoregressive, unconstrained models (one bivariate for LG and one trivariate for O2 and CO2 LG) and one constrained model for LG in order to assess the consistency of the analytical methods, were used to better explain the underlying components of the modifications of LG and its components that were expected and to assess whether increased hypoxic sensitivity could be observed. The main objective of our study was to assess whether an increase in LG and its components (PG and CG) can be evidenced in moderate to severe OSA children as compared to children without OSA or with mild OSA since previous studies showing an increased LG involved mainly adults with moderate to severe OSA [START_REF] Deacon-Diaz | Daytime loop gain is elevated in obstructive sleep apnea but not reduced by CPAP treatment[END_REF][START_REF] Gederi | Model-based estimation of loop gain using spontaneous breathing: a validation study[END_REF][START_REF] Hudgel | Instability of ventilatory control in patients with obstructive sleep apnea[END_REF].

Material and Methods

Patients

The inclusion criteria were symptoms of upper airway obstruction (snoring, apnea, restless sleep, oral breathing) in otherwise healthy children with or without obesity.

Non-inclusion criteria were midface deficiency, marked mandibular hypoplasia, prematurity (based on a report of birth at least 4 weeks early), genetic disorders and ongoing treatment for OSA.

Exclusion criteria were the inability to perform tidal breathing recording, an insufficient number of breaths for analysis and failure of computation for all models.

This study was approved by our local Ethics Committee (PHENOSAS: N° 2018-416), and the database of collected data was declared to the French regulatory agency (CNIL). The subjects and their parents were informed of the collection of their prospective data for research purposes, and they could request to be exempted from this study in accordance with French law (non-interventional observational research). This study was non-interventional since the recording of the CO2 response is part of our usual checkup when suspecting OSA (act of health insurance: GLQP006).

Tidal breathing measurements

All recordings started between 7:00 and 8:00 p.m., before polysomnography, in order to avoid the nycthemeral cycling of LG. Recordings of tidal breathing were performed as previously described (3), lasting 20 min, with the first 5 min being discarded. During the recordings, subjects were awake and lying in their beds in a calm and non-stimulating atmosphere. Flow rate, end-tidal PO2 (PETO2) and end-tidal PCO2 (PETCO2) were continuously monitored, and signals were digitized using the MP-100 system (Biopac System Inc., Santa Barbara, CA) at a rate of 50 Hz; these were stored for further analysis.

Loop gain models

The models were fitted on the changes from baseline (mean) levels of the ventilatory parameters ( E V When not specified, the gains given are those for CO2 (the gains for oxygen are always specified). Since tidal breathing measurements were done while awake, the analyses were specifically related to chemosensitivity. It is known that changes in pharyngeal patency that occur in parallel with PCO2 will raise CG. In this case, the overall controller gain (chemoresponsiveness) is equal to the intrinsic gain (chemosensitivity) multiplied by the effectiveness of the upper airways that were not assessed.

In-laboratory polysomnography

Polysomnography studies were performed overnight. An Alice 6 LDx polysomnography system (Philips, Murrysville, PA) recorded the following parameters: chest and abdominal wall motion using respiratory inductance plethysmography, heart rate by electrocardiogram, arterial oxygen saturation by pulse oximetry, transcutaneous PaCO2, airflow using a 3pronged thermistor, nasal pressure by a pressure transducer, electroencephalographic leads (C3/A2, C4/A1, F3A2, F4A1, O1/A2, O2/A1), left and right electrooculograms, submental electromyogram, and tibial electromyogram. Study participants were also recorded with an infrared video camera. Experienced pediatric sleep physicians scored patients using standard pediatric sleep scoring criteria, as previously done [START_REF] Bokov | The utility of acoustic pharyngometry and rhinometry in pediatric obstructive sleep apnea syndrome[END_REF]. The definition of OSA was sleep disorder breathing symptoms and an obstructive apnea hypopnea index (OAHI) ≥2 episode.h -1

(1). Based on the OAHI, patients were further classified as having mild (2 ≤ OAHI < 5) or moderate to severe (OAHI ≥ 5) OSA [START_REF] Bokov | The utility of acoustic pharyngometry and rhinometry in pediatric obstructive sleep apnea syndrome[END_REF].

Statistics

Sample size calculation. In our study of healthy adult subjects, the normal value of unconstrained bivariate model LG was 0.136 ± 0.107 [START_REF] Bokov | Comparison of different methods of chemical loop gain measurement during tidal ventilation in awake healthy subjects[END_REF]. The objective of our study was to assess whether children with OSA were characterized by an increased LG. Setting this increase at 0.085 (by ~60%), with a type I error rate of 0.05 (two-tailed) and a type II error rate of 0.20, we had to include 26 children in each group (OAHI <5.h -1 and ≥5.h -1 : calculated using the T statistic and non-centrality parameter). Thus, at least 54 children had to be included in the study.

Results were expressed as medians [25 th -75 th percentiles] due to the non-normal distribution of gain values. Comparisons of continuous variables between the groups were performed using the Mann-Whitney U test. The different groups evaluated were children with OAHI <5.h -1 versus those with ≥5.h -1 (main objective), and children with OSA (OAHI≥2.h -1 ) versus those without OSA (OAHI<2.h -1 ) (descriptive objective). Categorical variables were compared using the chi-square test. Correlations were evaluated using Pearson's correlation coefficient. The other statistical tests are described in the text. A P-value <0.05 was deemed significant. No correction for multiple testing was done due to the pathophysiological design of the study [START_REF] Rothman | No adjustments are needed for multiple comparisons[END_REF]. All statistical analyses were performed with Statview 5.0 software (SAS institute, Cary, North Carolina, USA).

Results

Failure p=0.047), while the time constants were not different. Circulatory delays were not different (see Figure 3 legend).

Finally, the unconstrained trivariate model was utilized to assess the respective contributions of both CO2 and O2 chemosensitivities. Figure 4 shows the results of oxygen LG (medium frequency) and its components (CG and PG for O2) in children without OSA or mild OSA compared to those with moderate to severe OSA. The figure shows that the gains for oxygen

were not increased in children with moderate to severe OSA. Similar results for CO2 gains were observed with the trivariate unconstrained model compared with the two bivariate models (data not shown).

Total LG was determined by both O2 and CO2 LGs and logically correlated to each gain. In a multivariate analysis with total LG (medium frequencies) as a dependent variable and O2 and CO2

LGs as independent variables, only O2 LG remained independently correlated with total

LG (p=0.006, r 2 =0.47) in the children with OSA (n=19). In the non-OSA group (n=35), only

CO2
LG was independently linked to total LG (p<0.001, r 2 =0.56).

Discussion

In this study, we showed that children with moderate to severe OSA had not an increased LG as compared to those without OSA or with mild OSA, children with OSA had a higher PG compared to children without OSA, and PG was positively associated with the severity of OSA. The higher PG in children with OSA was related to an increase in steady-state PG, while no modification of CG was observed. Additionally, we demonstrated no argument for increased hypoxic sensitivity.

Although OSA is often related to adenotonsillar hypertrophy in children, this effect is generally associated with underlying abnormalities of upper airway function [START_REF] Marcus | The obstructive sleep apnoea syndrome in adolescents[END_REF]. OSA involves functional factors related to control of breathing (CG) and the effectiveness of gas exchange (PG), which is suggestive of abnormal LG. However, whether LG and its components are consistently modified in OSA patients remains debated (4). We previously reported that OSA was associated with increased PG, but not increased LG, in obese women [START_REF] Bokov | Loop gain in severely obese women with obstructive sleep apnoea[END_REF]. The present study extends these results to otherwise healthy younger patients. Moreover, we found a positive relationship between PG and AHI, which is in line with previous studies (with a similar degree of explained variance) [START_REF] Domany | The Effect of Adenotonsillectomy on Ventilatory Control in Children with Obstructive Sleep Apnea[END_REF][START_REF] Domany | Cardioventilatory Control in Preterm-born Children and the Risk of Obstructive Sleep Apnea[END_REF]. We also found that AHI was independently linked to the BMI z-score and PG, and the time constant of PG, which is linked to lung CO2 stores, was similar in children with and without OSA. Thus, the effect of obesity on lung stores as a cause of increased PG can be definitively ruled out, as previously suggested [START_REF] Domany | The Effect of Adenotonsillectomy on Ventilatory Control in Children with Obstructive Sleep Apnea[END_REF][START_REF] Bokov | Loop gain in severely obese women with obstructive sleep apnoea[END_REF]. The bivariate constrained model further demonstrated that the increase in PG was due to an increase in steady-state PG, which is a novel result. This steady-state PG is proportional to alveolar PCO2 and inversely proportional to alveolar ventilation and cardiac output ( 14). Accordingly, it may be anticipated that children suffering from OSA would show a mild degree of alveolar hypoventilation, as evidenced in adult OSA [START_REF] Zerah-Lancner | Pulmonary function in obese snorers with or without sleep apnea syndrome[END_REF]. Interestingly, in our children with OSA, PETCO2 was not increased during wakefulness (Table 1), while more pronounced nocturnal hypoventilation was evidenced in moderate to severe OSA. This increase may be related to modifications of blood/tissue CO2 stores [START_REF] Khoo | Factors inducing periodic breathing in humans: a general model[END_REF], which warrants further investigation.

Armoni Domany and colleagues showed that PG was normalized following adenotonsillectomy, suggesting that high PG values were a consequence of OSA [START_REF] Domany | The Effect of Adenotonsillectomy on Ventilatory Control in Children with Obstructive Sleep Apnea[END_REF].

Furthermore, the reported resolution of complex sleep apnea and the amelioration of ventilatory control abnormalities after positive pressure therapy suggested that OSA may lead to ventilatory control abnormalities [START_REF] Orr | Pathogenesis of central and complex sleep apnoea[END_REF]. Thus, chemical control instability may not only be a consequence but also a cause of obstructive apnea as detailed below.

Medium frequency LG values > 1 are associated with major respiratory instability but have not been observed in OSA patients to the best of our knowledge. Based on this assumption, it is interesting to point out that loop gain and its component, plant gain, can favor an obstructive event following an apnea by at least two mechanisms.

First, after an apnea, the LG will produce a ventilatory overshoot of magnitude LG*Veupnea, with Veupnea being the eupneic ventilation. This overshoot will itself induce a state with reduced ventilation [Veupnea*(1-LG 2 )]. If the reduction of the ventilation exceeds 30% of Veupnea, this event will be scored as a hypopnea. Hence, if loop gain exceeds a threshold value of 0.3 1/2 (≈0.55), a hypopnea can potentially be induced by an apnea, and a substantial reduction of the LG would theoretically at least divide the AHI by a factor of 2. Among our subjects with OSA, no child presented with a value of medium frequency LG higher than 0.55 either with the unconstrained or constrained bivariate models. Thus, in our opinion, the notion that a relative increase in LG (less stable LG) in OSA contributes to apnea-hypopnea genesis remains speculative.

The second mechanism by which an apnea could induce an obstructive event is by reduced ventilatory drive to the upper airways leading to obstructive and/or central events. After an apnea, the ventilatory overshoot is still given by LG*Veupnea. This modification of the ventilation will decrease alveolar CO2 (relative hypocapnia) that scales as PG*LG*Veupnea.

This relative hypocapnia will induce a decrease in the drive of the upper airway muscles and will consequently increase the upper airway resistance, leading to an obstructive event. Sleep also unmasks a highly sensitive hypocapnia-induced apneic threshold, whereby apnea is initiated by small transient reductions in PaCO2 below eupnea and respiratory rhythm is not restored until PaCO2 has risen significantly above the eupneic level. It has been proposed that the CO2 reserve (i.e., the difference in PaCO2 between eupnea and the apneic threshold) when combined with PG and CG are the key determinants of breathing instability in sleep. The CO2 reserve varies inversely with PG, regardless of the stimulus and whether it acts primarily at the peripheral or central chemoreceptors [START_REF] Dempsey | The ventilatory responsiveness to CO(2) below eupnoea as a determinant of ventilatory stability in sleep[END_REF]. Thus, an increased PG will further decrease PaCO2 to the extent that ventilatory drive is decreased and favors both central and obstructive apneas. As a consequence, one may also hypothesize that a high PG per se (independently of

LG) will contribute to the pathophysiology of apnea. In our opinion, the contribution of the second mechanism to airway instability in OSA is probably the most important mechanism, justifying the causal relationship between PG and AHI and the usual beneficial effects of therapies directed at reducing PG.

Finally, the results of LG and its components in the group without OSA can be regarded as normal values. Overall, it seems that both PG and LG are reduced in these children as compared to healthy adults (3). More stable ventilatory control may contribute to the lower normal AHI value (<1.h -1 ) of children as compared to adults (<5.h -1 ).

The unconstrained trivariate model allowed the exploration of O2 chemosensitivity. CO2 is considered the primary stimulus to chemoreflex control; accordingly, in children without OSA, total LG was independently linked to the sole CO2 LG. In contrast, in children with OSA, oxygen LG was the main contributor to total gain, suggesting a pathophysiological regulation. It has been shown that if the additional stimuli of hypoxia is combined with hypercapnia, such as during apneas, the contribution of the peripheral chemoreceptor drive to ventilation will increase and the gain of the ventilatory response to CO2 will increase further; a relationship described as hypoxic sensitization of the peripheral chemoreflex response to CO2 [START_REF] Duffin | Measuring the ventilatory response to hypoxia[END_REF]. Nevertheless, we did not observe any result arguing for such a phenomenon since controller gains were similar whatever the group. This result seems at odds with the recent findings of Alex and colleagues who have demonstrated that exposure to mild intermittent hypoxia increases LG in OSA and have suggested that it could be due to enhanced CG [START_REF] Alex | Exposure to mild intermittent hypoxia increases loop gain and the arousal threshold in participants with obstructive sleep apnoea[END_REF].

The increase in PG in children with OSA may have therapeutic implications. Respiratory stimulants (e.g., inhaled CO2, rebreathing, acetazolamide, and theophylline) act to increase CO2 damping and reduce PG (due to the reduction in the difference between alveolar and inspired PCO2). Accordingly, did not show any difference in loop gain values (mean ± SD = 0.41 ± 0.09 and 0.41 ± 0.12, respectively; no trend is evidenced) [START_REF] Domany | The Effect of Adenotonsillectomy on Ventilatory Control in Children with Obstructive Sleep Apnea[END_REF]. Nevertheless, an increase in LG in a specific endotype, as evidenced in adults [START_REF] Eckert | Defining phenotypic causes of obstructive sleep apnea. Identification of novel therapeutic targets[END_REF], cannot be ruled out. Second, our tidal ventilation recordings were made during wakefulness, while an impairment of ventilatory CO2 response, suggesting impaired chemosensitivity and controller gain, seems specific to a sleep state (2), even though Armoni Domany and colleagues observed similar results to ours during sleep [START_REF] Domany | The Effect of Adenotonsillectomy on Ventilatory Control in Children with Obstructive Sleep Apnea[END_REF].

Our study also has strengths. First, we used an additional bivariate constrained model to assess the consistency between models. As previously demonstrated in healthy subjects (3), the two bivariate models gave similar results; this finding is important because part of the discrepancies of the literature could have been due to different modeling approaches. We confirmed the results of Armoni Domany and colleagues using both 1) a bivariate unconstrained model (standard autoregressive model) (while they used a non-standard autoregressive model) [START_REF] Domany | The Effect of Adenotonsillectomy on Ventilatory Control in Children with Obstructive Sleep Apnea[END_REF] and 2) a bivariate constrained model. Second, the bivariate constrained model allowed us to ascribe the increase in PG to an increase in steady-state plant gain, which eliminated the role of lung CO2 reserve.

In conclusion, in children with OSA, plant gain was higher compared to healthy controls and positively associated with AHI. Ventilatory control abnormalities, mainly the extent to which changes in ventilation affect changes in pulmonary capillary blood gas tensions, may contribute to OSA pathophysiology. The constrained model allowed computing of the steady-state controller gain (CG) and plant gain (PG) (upper panel) and the time constant for both controller and plant gains. The children with an OAHI ≥5.h -1 were characterized by a higher steady-state PG (more negative values) as compared to those with OAHI <5.h -1 . These two groups of children had similar circulatory delays, whether expressed as seconds (6.20 [3.76; 8.94 
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 1 Figure 1. Loop gain and its components according to the severity of OSA.

Figure 2 .

 2 Figure 2. Linear correlation between the apnea-hypopnea index (AHI) and plant gain

Figure 3 .

 3 Figure 3. Steady-state gains and time constants determined with the bivariate constrained

Figure 4 .

 4 Figure 4. Loop, controller and plant gains for oxygen according to the severity of OSA.

  to obtain reliable recordings of resting ventilation (inability to perform tidal breathing

	those without OSA or with mild OSA (43.5 mmHg [43.0; 44.7], n=10 versus 42.0 mmHg
	[41.0; 43.2], n=29, respectively; p=0.041).
	Figure 2 shows the correlations between AHI and PG. We chose AHI rather than OAHI, since
	recording [n=4], an insufficient number of breaths for analysis [n=2], inability to support the an increase in gain may favor both obstructive and central apneas. Whatever the model, a
	face mask [n=6], and leaks [n=2]) was observed in 14/68 children (21%). Failure to obtain similar positive correlation was observed between AHI and PG. Further correlation analyzes
	recordings was not related to age. Failure of computation was observed for 4/54 patients in showed that BMI z-score (R=0.26, p=0.039) and LG (medium frequency, bivariate
	the constrained bivariate model; no failures were observed for both the unconstrained constrained model) (R=0.32, p=0.019) were linearly correlated with AHI.
	bivariate and trivariate models. A multivariate analysis with AHI as the dependent variable and BMI z-score, PG and LG
	(medium frequency) as the independent variables demonstrated that BMI z-score (p=0.023)
	and PG (p=0.046) remained independently related to AHI (r 2 of the model=0.25, p=0.003).

Table

1

describes the characteristics of included and excluded children. There was no obvious selection bias, the included and excluded children had similar characteristics. OSA was observed in 35% (19/54) of included children, and moderate to severe OSA was observed in 31% (17/54) of included children.

Table

2

shows the comparisons between children with and without OSA and the results of LG analysis with the unconstrained bivariate model, which had no failure rate. PG was significantly increased in children with OSA compared with children without OSA.

Then, we analyzed whether the moderate to severe children, requiring OSA treatment (1), differed from the less severe children. Figure

1

shows the results of LG (medium frequency) and its components (CG and PG) with the two bivariate models of children without OSA or mild OSA as compared to those with moderate to severe OSA. Overall, the two models showed similar results; PG was increased in children with moderate to severe OSA. Children without OSA or with mild OSA had similar CG compared to children with moderate to severe OSA. Valid data of transcutaneous PCO2 were obtained in 39/54 children (72%). The children with moderate to severe OSA were characterized by a higher nocturnal PaCO2 as compared to

The constrained bivariate model allowed the evaluation of the underlying mechanisms of the increased PG in children with OSA. Figure

3

shows the steady-state and time constant values for both CG and PG. An increased steady-state PG (higher negative value) was demonstrated in children with moderate to severe OSA (-0.97 [-1.16; -0.61] versus -0.58 [-0.97; -0.37],

  Xie and colleagues have shown that hypercapnic rebreathing reduced AHI to 15 ± 4% of control in most OSA subjects (17/21)[START_REF] Xie | Effects of stabilizing or increasing respiratory motor outputs on obstructive sleep apnea[END_REF], further suggesting that increased PG is prevalent in OSA, probably independently of the value of LG.Our study has limitations. First, our study is mainly descriptive. Nevertheless, the results of the different studies of LG in patients suffering from OSA are conflicting, as recently reviewed by Deacon-Diaz and Malhotra (4). Thus, the confirmation of the relationship between PG and AHI deserved to be done and is an important finding. An increase in loop gain has not been found that may be related to underpowered sample sizes since a new sample size calculation based on the present results shows that at least 368 children would have been necessary for such a demonstration. Nevertheless, the recent study of Armoni Domany et al.

	included 99 otherwise healthy children (53 with OSA [OAHI>1/h] and 46 without OSA) and

Table 1 .

 1 Characteristics of the included children.

	Characteristics	Excluded children	Analysed children	P
		N=14	N=54	value#
	Age, years	10.1 [5.7; 11.9]	11.6 [8.1; 15.2]	0.156
	Sex, female/male, n	4/10	19/35	0.758
	Ethnicity: C/B/A/M, n &	13/0/0/1	35/11/3/5	0.177
	Height, m	139 [116; 154]	152 [132; 165]	0.104
	Weight, cm	30.7 [21.5; 65.0]	51.0 [27.0; 61.4]	0.240
	BMI z-score	+0.3 [-0.4; +2.0]	+0.5 [-0.3; +1.7]	0.773
	Polysomnography			
	AHI.h -1	1.8 [1.1; 8.7]	1.5 [0.7; 7.3]	0.779
	OAHI.h -1	1.1 [0.7; 7.1]	1.0 [0.3; 5.6]	0.651
	OAHI≥2.h -1 , n	5	19	0.999
	OAHI≥5.h -1 , n	5	17	0.999
	ODI.h -1	1.7 [0.6; 4.1]	1.4 [0.5; 5.4]	0.809
	Resting ventilation			
	Cycle duration, s		3.2 [2.7 ; 3.8]	
	VT, mL		337 [275 ; 440]	
	V'E, L.min -1		6.56 [5.38 ; 7.67]	
	VD, mL		115 [80 ; 150]	
	PETCO2, mmHg		37.2 [35.0 ; 39.7]	
	PETO2, mmHg		101 [98 ; 104]	
	ODI is oxygenation desaturation index; AHI is apnea-hypopnea index; OAHI is obstructive
	AHI ; BMI is body mass index ; VT is Tidal volume ; V'E is minute ventilation ; VD is
	volume of dead space : PETCO2 is end-tidal CO2.		
	& : C denotes Caucasian, B denotes Sub-Saharan African/Caribbean, A denotes Asian and M
	denotes mixed ethnicity			

# : comparison of excluded and included children using Mann Whitney U test or chi two test

Table 2 .

 2 Characteristics of the analysed children according to the presence or absence of OSA.

	Characteristics	Without OSA	With OSA	P value
		(OAHI<2.h -1 ), N=35	(OAHI≥2.h -1 ), N=19	
	Age, years	11.9 [7.6; 15.8]	10.6 [9.2; 13.9]	0.612
	Sex, female/male, n	15/20	4/15	0.142
	Ethnicity: C/B/A/M, n &	25/6/2/2	10/5/1/3	0.469
	Height, m	148 [128; 165]	152 [140; 164]	0.568
	Weight, cm	46.9 [25.7; 59.0]	61.0 [36.8; 77.5]	0.054
	BMI z-score	0.4 [-0.4; +0.9]	2.0 [-0.1; +2.3]	0.011
	OAHI≥5.h -1 , n	0	17	
	Unconstrained bivariate model			
	Plant Gain, mmHg.min.L -1	0.17 [0.06; 0.26]	0.26 [0.15; 0.36]	0.036
	Controller Gain, L.mmHg.min -1	0.37 [0.23; 0.54]	0.36 [0.31; 0.56]	0.772
	Loop Gain, low frequencies	0.057 [0.019; 0.243]	0.121 [0.069; 0.198]	0.221
	Loop Gain, medium frequencies	0.076 [0.019; 0.128]	0.104 [0.073; 0.140]	0.205
	Loop Gain high frequencies	0.040 [0.011; 0.085]	0.044 [0.027; 0.068]	0.737
	OSA is obstructive sleep apnea; BMI is body mass index; AHI is apnea-hypopnea index

& : C denotes Caucasian, B denotes Sub-Saharan African/Caribbean, A denotes Asian and M denotes mixed ethnicity

  ] versus 7.44[3.77; 12.57], respectively; p=0.489) or number of breaths (1.8 [1.0; 2.6] versus 2.0 [1.2; 3.9], respectively; p=0.315).
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