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Study Objectives: Adults with obesity and obstructive sleep apnea (OSA) are at risk for cardiometabolic disease, and this risk likely extends to children with both
conditions. Noninvasive ventilation (NIV; including continuous and bilevel positive airway pressure) is often used to treat OSA in children with obesity. The aim of this study
was to examine the impact of NIV treatment on heart rate variability (HRV), as a marker of cardiovascular risk, in children with obesity and newly diagnosed OSA.
Methods: A prospective multicenter cohort study was conducted in children with obesity prescribed NIV therapy for newly diagnosed moderate-severe OSA.
Measurements of HRV were derived from polysomnography recordings at baseline and after 12 months of treatment. HRV parameters were examined by sleep
stage, before and after arousal and oxygen desaturation events. HRV parameters were compared between time points using pair ¢ tests as well as mixed
model analysis.

Results: Twelve children had appropriate data for analysis at baseline and 12 months. Heart rate decreased by 4.5 beats/min after NIV treatment, with no change

in HRV parameters. HRV parameters differed by sleep stage and showed an increase in arousal-related sympathetic-parasympathetic balance after 12 months of
NIV treatment. HRV parameters did not differ before and after oxygen desaturation events.

Conclusions: NIV for the treatment in children with obesity and OSA resulted in a small decrease in heart rate and an increase in arousal-related sympathetic-
parasympathetic balance. These findings suggest small, potentially positive impacts of NIV on cardiovascular risk in children with concurrent obesity and OSA.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Cardiovascular disease risk is increased in children with obesity and compounded by obstructive sleep apnea. Heart
rate variability, an established marker of cardiovascular risk in adults, differs between children with obstructive sleep apnea and control children, and improves
with adenotonsillectomy. It is not known whether treatment with noninvasive ventilation (including continuous and positive airway pressure) has the same effect.
Study Impact: Our results demonstrate a small reduction in heart rate and improvementin heart rate variability to arousal events in children with obesity after
12 months of treatment of obstructive sleep apnea. These results support a potentially positive impact of noninvasive ventilation treatment on cardiovascular
risk in a largely adherent group of children and youth.

resistance and hypertension, and are particularly prevalent in those
with concurrent OSA. Our group previously reported a high
prevalence of metabolic dysfunction and hypertension at the time of
OSA diagnosis in a cohort of children with obesity and OSA who

INTRODUCTION

High rates of childhood obesity have contributed to an increasing
number of pediatric cases of obesity-related sleep-related breathing
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disorders, including obstructive sleep apnea (OSA). With 1 in 3 North
American children being overweight or obese, obesity is an im-
portant risk factor for childhood OSA.'* OSA prevalence is
significantly higher among children with obesity, with estimates of
13-71% in cohorts who have undergone polysomnography”~’
compared with 1-5% in otherwise healthy children.® Residual
OSA post-adenotonsillectomy is present in 22—59% of children
with obesity,”™'' making noninvasive ventilation (NIV), including
continuous positive airway pressure (CPAP) and bilevel pos-
itive airway pressure (BPAP), common secondary treatments.®

Obesity-related complications are increasingly recognized
in children, including metabolic disturbances with insulin

Journal of Clinical Sleep Medicine, Vol. 16, No. 12 2063

were started on NIV.'? Forty percent of our population had elevated
homeostatic model assessment of insulin resistance (HOMA-IR)
relative to a reference population at baseline and 40% were hy-
pertensive, with 70% ofthe sample having a loss of nocturnal blood
pressure dip. Increased inflammatory markers were also present in
63% at the time of OSA diagnosis, independent of OSA severity.'?
These findings highlight the need to evaluate markers of early
cardiovascular disease in this high-risk population of children
with OSA and obesity, many of whom will already have sub-
clinical cardiometabolic disease at the time of OSA diagnosis.
Heart rate variability (HRV) is an established marker of
cardiovascular risk in adults. HRV measures the fluctuation in
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the time from one R wave peak, or heartbeat, to the next.'
Analysis of HRV can be described in the time domain, quan-
tifying the amount of variability in the interbeat interval, and in
the frequency domain, which separates the HRV waveform into
its component rhythms to describe how variance and amplitude
is distributed as a function of the time period of a given rhythm
(eg, low frequency, LF, 0.04—-0.15 Hz; high frequency, HF,
0.15-0.4 Hz)." The LF band captures rhythms repeating 7-25 s
and is affected by breathing rates between 3 and 9 breaths/min.
The HF, or respiratory band, captures rhythms repeating
2.5-7 s and is influenced by breathing rates between 9 and
24 breaths/min. The standard deviation of the NN interval
measures the difference between R-R intervals and largely re-
flects parasympathetic activity. HF changes reflect the activity of
the parasympathetic system as well. The etiology of LF changes
are less clear and may be under both sympathetic and para-
sympathetic influence, while the LF/HF is an index of the balance
of sympathetic and parasympathetic tone or vagal activity.'

Changes in both heart rate and HRV reflect the combined
activity of the internal control system, primarily via the auto-
nomic nervous system, interaction with other systems, in-
cluding the respiratory system, and stressors, which include
specific disease states.'*'® In the context of cardiovascular risk
for at-risk adults, lower HRV is associated with greater risk of
cardiovascular events and mortality.'® Reduced HRV is also
implicated in sudden infant death syndrome, while factors
shown to be protective for sudden infant death syndrome im-
prove HRV.'7?° Compared to children acting as controls,
children with OSA demonstrate evidence of altered HRV with a
reduction in HRV that is more pronounced in more severe
OSA.?' While age is the strongest determinant of HRV in
children, central obesity adds to the reduction in HRV seen with
OSA .?*In otherwise healthy preschool aged children, resolution
of OSA is associated with a reduction in both parasympathetic
and sympathetic activity as measured by a reduction in LF and
HF power HRV parameters.” A study of a novel method of
heart rate pattern analysis demonstrated that school-aged children
who underwent adenotonsillectomy for OSA showed a reduc-
tion in cardiac autonomic modulation during sleep regardless of
whether OSA had been cured as measures by apnea-hypopnea
index (AHI).** The impact of treatment of OSA with NIV on
HRYV, as a marker of cardiovascular risk, has not been studied.

Given the mounting evidence that the cardiometabolic dis-
ease associated with obesity and OSA in adults is also present in
children and youth, we hypothesize that NIV treatment for
children with obesity and OSA will improve HRV and lower
cardiovascular disease risk. The primary aim of this study was,
therefore, to compare HRV at the time of sleep-related breathing
disorders diagnosis and after 1 year of NIV treatment in children
with obesity and sleep-related breathing disorders .

METHODS

Study design

This study is a substudy of a larger prospective, multicenter
cohort study of children and youth with obesity and OSA where
participants were recruited from 4 tertiary care pediatric centers
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across Canada. Twenty-seven participants were followed for
1 year after enrolment, with study evaluations performed at
baseline (within 3 months of starting NIV), 6 months, and 12
months. The primary aim of the overall study was to determine the
effect of NIV treatment on metabolic and cardiovascular param-
eters in children and youth with newly diagnosed OSA. Ethics
approval was obtained from the Research Ethics Board at each of
the participating study sites. Informed consent/assent was obtained
from participants and their parents/guardians. The current study
included a subset of the data collected with the main study protocol
and additional results published elsewhere.'***

Study population

The study population included children and youth 8-16 years
old with a body mass index > 95th percentile for sex and
age”® who had newly diagnosed moderate-severe OSA and/or
hypoventilation and were prescribed NIV and followed by their
treating physician as per standard clinical protocols. Partici-
pants and their parent/guardian were fluent in either English or
French. Exclusion criteria included craniofacial anomalies;
central nervous system lesions; neuromuscular, neurological, or
genetic syndromes; congenital heart disease and/or diagnosed
ventricular dysfunction; chronic respiratory disease (with the
exception of asthma); use of systemic corticosteroids within the
past 3 months; current use of pharmacological sleep aids or
medication for the treatment of type 1 or 2 diabetes.

The presence of OSA and hypoventilation were identified by
overnight in-laboratory diagnostic polysomnography con-
ducted and scored by sleep technologists, according to the
American Academy of Sleep Medicine recommendations.?”-?
Moderate to severe OSA was defined as an obstructive apnea-
hypopnea index > 5 events/h. Hypoventilation was defined as
CO, > 50 mm Hg for > 25% of total sleep time.*®

Participants were excluded from this substudy if they did not
have polysomnography recordings at baseline and 12 months
with sufficient data for HRV analysis.

Measurements

Data included in the analysis included demographics, anthro-
pometric measures, NIV adherence, and polysomnography.
Height, weight, and waist measurements taken at baseline and
the 12-month visit were used to calculate height, weight, waist,
waist:height ratio, and body mass index z-scores.*® Sleep du-
ration was obtained from a self-report diary and activity from
a self-report questionnaire. Adherence to NIV was assessed by
1-month machine downloads as well as participant usage diaries
and self/parent-report at clinic visits with adherence to therapy
defined as use for an average of >4 h/night for>50% ofnights. If
machine downloads were unavailable, a summary judgement of
adherence to therapy was made by the treating physician based
on the review of available information and was used where
machine download data were unavailable.

Polysomnography was completed as a diagnostic study at
baseline and with a treatment study (NIV titration) 12 months
after starting NIV. AHI was calculated as the total number of
obstructive, mixed and central apneas and hypopneas per hour
of sleep. The obstructive-mixed AHI included obstructive
and mixed apneas and hypopneas per hour of sleep, while the
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Table 1—Characteristics of the cohort at baseline and follow-up (n = 12).

Baseline Median Follow-up Median
(IQR) (IQR)
Age (years) 12.8 (6.1) 14.3 (6.2)
Height z-score 1.4 (3.3) 1.6 (3.3)
Weight z-score 3.3 (1.56) 3.1(1.7)
BMI z-score 2.6 (0.6) 2.7 (0.5)
Sleep efficiency (%) 87.6 (15.7) 87.5(10.2)
Arousal index (events/h)** 19.2 (22.0) 7.9 (5.0)
Apnea-hypopnea index (events/h)** 16.0 (13.6) 1.9 (4.1)
Obstructive mixed apnea-hypopnea index (events/h)** 13.8 (17.3) 0.90 (2.6)
Central apnea-hypopnea index (events/h) 0.35 (6.1) 0.80 (1.6)
Mean oxygen saturation (%) 95.8 (4.0) 97.3 (2.7)
Mean carbon dioxide (mmHg)** 44.2 (4.4) 40.5 (5.4)
Lowest oxygen saturation (%)** 84.7 (9.2) 89.9 (3.9)
Highest carbon dioxide (mmHg)** 50.0 (5.8) 42.7 (9.4)

Follow-up polysomnography data are from treatment studies where NIV was used during the study. **P <.001. BMI = body mass index, IQR = interquartile

ratio, NIV = noninvasive ventilation.

Table 2—Univariate comparison of heart rate and heart rate variability during sleep at baseline and after 12 months of treatment.

Baseline (mean * SE) Posttreatment (mean * SE) Mean Difference (mean * SE)
Heart rate (beats/min)* 820+29 776 +£35 -45+20
SDNN (ms) 541+7.1 56.8 + 8.6 60+76
LF/HF ratio 1.40 £ 0.34 1.68 £ 0.32 028 +0.25
LF (nu) 412+50 48042 62+39
HF (nu) 55.0+5.0 499+38 -50+4.0
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*P <.05. nu = normal units.

central AHI included central apneas and hypopneas per hour
of sleep.

Short-term HRV and heart rate were derived from electro-
cardiogram tracings acquired during polysomnography testing
for baseline and follow-up studies. Sampling rates for elec-
trocardiogram measurements during polysomnography were >
200 Hz. Heart rate was measured from the R-R interval. HRV
was analyzed in time domains via the standard deviation of the
NN interval and the frequency domain via the LF and HF
powers, including the LF/HF ratio.* HRV was determined
from the electrocardiogram recordings using a Hann (cosine-
bell) data window (window overlap of 50%) and a fast-Fourier
transform size of 1,024. A range of 0.04-0.15 Hz and 0.15—
0.45 Hz was used for the LF and HF spectrums, respectively
(LabChart Pro software; Version 8.1.9, ADInstruments, Colo-
rado Springs, CO). Two-minute sections of recording, uninter-
rupted by apneas/hypopneas, arousals, or oxygen desaturation
events, were analyzed with data from 2 to 5 sections across the
night averaged together. HRV was analyzed for wake and each
sleep stage, including non-rapid eye movement (NREM) stage
2 (NREM2), NREM3 (also known as slow-wave sleep), and
rapid eye-movement sleep. This process was repeated for periods
uninterrupted by apneas/hypopneas before and after arousal and
oxygen desaturation events independent of sleep stage.

Journal of Clinical Sleep Medicine, Vol. 16, No. 12

Statistical analysis

Descriptive statistics were used to summarize the sample
characteristics expressed as median + interquartile range. HRV
parameters are expressed as means + standard error. Student’s
t test and Wilcoxon signed rank test were used to compare
parametric and nonparametric measures. Paired 7 tests were used
to compare HRV parameters between baseline and follow-up
time points with mixed model used for multivariable analysis.

RESULTS

Of the 57 potential participants, 27 participants enrolled in the
main study, and 12 had sufficient polysomnography data for
HRYV analysis at baseline and 12-month follow-up to be in-
cluded in this analysis; 2 of these 12 (17%) were female. The
majority of participants self-identified as White (60%). Of the
12 participants, 10 had OSA (83%) and 3 had hypoventilation
(17%). Most were initiated on CPAP (9/12; 75%), with the
remainder on bilevel positive airway pressure (3/12, 25%).
There was a mean time between baseline and follow-up of
1.18 + 0.51 years, and 75% of participants were considered
adherent with therapy (9/12; adherence data unavailable for
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Figure 1—Heart rate variability measures by sleep stage at baseline (dashed lines) and after 12 months of treatment (solid lines).
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REM = rapid eye movement, SDNN = standard deviation of NN intervals.

2 participants, 1 nonadherent). No participants were on medica-
tion to control blood pressure, 1 was prescribed a beta-agonist,
and one was prescribed a stimulant medication. Average reported
sleep duration did not differ between baseline and follow-up
(8:55£0:45 vs 9:08 + 0:55, mean difference —0:12 + 0:21, P =
not significant). Average reported weekday active time did not
differ between baseline and follow-up (3:06£3:00 vs 1:57 + 1:48,
mean difference 1:12 + 1:49, P = not significant).
Anthropometric measures between baseline and 12-month
follow-up remained stable (Table 1). NIV was effective in
improving measures of sleep and breathing at 12 months
compared to baseline diagnostic testing, with improvements in
arousal index, AHI, obstructive-mixed AHI, lowest oxygen
saturation, and mean as well as highest CO,. Sleep efficiency
and mean oxygen saturation were unchanged from baseline on
NIV at follow-up. AHI was normalized (<2 events/h) for 6 of 12
participants (50%), 8 of 12 (67%) had an OMAHI < 2 events/h,
and 9 of 12 (75%) had AHI <5 events/h. For those with AHI >2
events/h at the follow-up titration, the residual AHI was 4.3
events/h (interquartile range 4.47, range 2.1-8.9 events/h).

Journal of Clinical Sleep Medicine, Vol. 16, No. 12

On univariable analysis, heart rate during sleep decreased an
average of 4.5 beats/minute after 12 months of NIV treatment,
with no change in overall HRV parameters (Table 2). For HRV
parameters, multivariable analysis showed that LF, HF, and LF/
HF ratio differed by sleep stage but not before and after
treatment; LF power was lower and HF power higher in NREM2
and NREM3 compared to rapid-eye movement, with no differ-
ences by individual sleep stages for LH/HF ratio (Figure 1). While
HRYV parameters did not differ before and after arousal, HRV
parameters around arousal events did differ before and after NIV
treatment, with an increase in LF and decreased in HF after
treatment compared to baseline (Figure 2). HRV parameters did
not differ before and after oxygen desaturation events nor was
this response altered by NIV treatment (Figure 3).

DISCUSSION

In this study, we examined heart rate and HRV in a group of
children with obesity and OSA before and after 12 months of
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Figure 2—Heart rate variability measured before and after arousal events at baseline (dashed lines) and after 12 months of

treatment (solid lines).

120
100
80

60

SDNN (ms)

40

20

Pre-arousal Post-arousal

65

55

45

LF (nu)

35

25

15

Pre-arousal Post-arousal

LF/HF ratio

HF (nu)

2.5
2.0

1.0

0.5

0.0

Pre-arousal Post-arousal

85

750 e

65

55

45

35

Pre-arousal Post-arousal

There was a main effect of treatment for LF and HF, with no effect of pre-arousal/post-arousal differences. After 12 months of treatment, LF increased (13.19 £
5.9,95% Cl 1.29 to 24.9, P < 0.05) and HF decreased (-12.41 £ 5.4, 95% Cl 1.43 to 23.4) relative to baseline. Error bars indicate + 2 standard errors. Cl =
confidence interval, HF = high frequency, LF = low frequency, nu = normal units, SDNN = standard deviation of NN intervals.

treatment with NIV. Our results demonstrate an overall small
reduction in heart rate, which may be consistent with an increase
in parasympathetic activation, but no overall change in HRV
parameters after 12 months of NIV treatment. While HRV
parameters did not differ before and after arousal events, an
increase in LF power and decrease in HF power around arousal
events after 12 months of NIV treatment may be indicative of a
relative impairment in arousal response at baseline that is re-
stored after treatment. HRV parameters did vary by sleep stage
as expected, so the relative parasympathetic/sympathetic bal-
ance across sleep stages was preserved both before and after
treatment. Overall, our results support minimal changes in heart
rate and HRV after 12 months of treatment with NIV in children
with obesity and OSA.

Journal of Clinical Sleep Medicine, Vol. 16, No. 12

There has been considerable interest in the impact of OSA
treatment in adults on HRV as a marker of cardiovascular
disease risk. One of the proposed mechanisms for an increased
risk of cardiovascular disease associated with OSA is an in-
crease in sympathetic activation secondary to intermittent
hypoxia and arousal from sleep.’® Treatment of OSA with
CPAP, by extension, would decrease cardiovascular disease
risk by decreasing sympathetic activation. Despite smaller
studies demonstrating a change in HRV with CPAP use,*' ™ a
recent meta-analysis investigating the association between
CPAP and HRV in adults with OSA found little change in HRV
parameters after at least 1 month of treatment.>* The results
showed that CPAP use was associated with a small reduction in
LF power, little impact on HF power, and a small reduction in
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Figure 3—Heart rate variability measured before and after oxygen desaturation events at baseline (dashed lines) and after 12

months of treatment (solid lines).
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LF/HF ratio. In a meta-analysis of the cardiovascular effects of
oral appliance use for the treatment of OSA, 2 studies reported
on HRV parameters®; 1 showed an increase in HF power after
3 months of use, but only during 1 of 4 breathing techniques
used to test autonomic function,*® and the other showed no
change in HRV parameters after 1 month of treatment.*” Similar
results of minimal, although statistically significant, decreases
in LF and increase in HF power were seen after successful upper
airway surgery for OSA.*** Our results showed no overall
treatment effect of 12 months of NIV use on HRV parameters
despite a small decrease in heart rate and changes in HRV
parameters around arousal events. Taken together, these results
suggest little impact of different OSA treatments on HRV pa-
rameters and support a suggestion that, in the context of OSA,

Journal of Clinical Sleep Medicine, Vol. 16, No. 12 2068

analysis of HRV may not provide additional information over
the analysis of heart rate across the night.***!

Arousal from sleep is a potential protective factor for the
occurrence of OSA as well as having an important role in the
pathophysiology of OSA and cardiovascular risk. Arousal or
awakening from sleep is an important protective response to
respiratory events as it restores muscle tone to the airway, re-
ducing airway collapsibility and enabling movementto improve
airway patency.**** By contrast, a low arousal threshold, where
a smaller stimulus is needed to precipitate arousal, along with a
collapsible airway, results in OSA associated with fragmented
sleep, an OSA phenotype that is associated with increased risk
for cardiovascular events or death in adults.** While intermittent
hypoxiais clearly an important stimulus for cardiac sympathetic
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activity, arousal also modulates sympathetic overactivity.
Arousal from sleep enhances the increase in autonomic nervous
system and sympathetic nerve activity associated with respi-
ratory events.*> Both arousal and hypoxia accompanying an
apnea/hypopnea event increases heart rate and LF/HF ratio.*®
Infants with apparent life-threatening events and OSA dem-
onstrate altered arousal responses that normalize after treatment
with CPAP.*”*® Although our study results suggest that HRV
arousal response may be blunted before treatment of OSA and
potentially restored after treatment with NIV, additional
work is needed to examine the role of arousal responses and
their relationship to the underlying risk of OSA and subse-
quent cardiovascular risk in children and youth with obesity
and OSA.

It is important to highlight the significance of the context of
HRV measurement, as a number of factors may impact mea-
surements and likely explain some of the variability between
results from different studies.'? Because respiratory rate may
alter heart rate, both the time and frequency domain mea-
surements of HRV parameters may be altered by a change in
breathing frequency related to NIV use rather than a direct
impact on cardiovascular function. This may explain why
studies where HRV was measured on NIV show a moderate
reduction in LF power, a moderate reduction in HF, and no
change in LF/HF ratio, whereas studies where HRV was
measured off CPAP show increased HF power with a decline in
LF/HF ratio.** HRV parameters also change with age, so dif-
ferences in age and time between measurements may also ac-
count for some differences.” Sympathetic-parasympathetic
balance changes from wake to sleep, so measures taken during
wake vs sleep will differ. Position is also important, with higher
reproducibility of measurements in the supine position.’® In the
present study, HRV was measured during polysomnography off
NIV atbaseline and on NIV at 12-month follow-up with the data
for both acquired during sleep in a recumbent position. These
factors may impact our results and the comparability of our
results with other forms of OSA treatment as well as other HRV
measurement paradigms.

This study has some limitations that may impact interpre-
tation of the results. This sample of children and youth with
obesity were a select group, as all were referred to tertiary care
centers for evaluation of breathing during sleep. In addition, all
met our strict inclusion criteria, returned for follow-up evalu-
ations, and had complete data. As a result, the sample size is
small. The children and youth included in this analysis represent
44% of the original cohort enrolled in this study and 63% of
those who completed follow-up,'? so the results may not
generalize to other children and youth with obesity using NIV.
Inaddition, 50% of participants demonstrated a residual AHI>2
events/h and, therefore, may be considered to have residual
OSA despite significant improvements from baseline, and 25%
of participants were considered nonadherent to therapy; our
results may underestimate the benefits of NIV on heart rate and
HRV. We were unable to look at the impact of apnea-hypopnea
events on HRV because apnea events were uncommon and
hypopnea events were associated with arousal or oxygen
desaturation so we could not isolate the impact of the hypopnea
event alone.
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CONCLUSIONS

In our cohort of children and youth with obesity and OSA, there
was a small reduction in heart rate during sleep after 1 year of
prescribed NIV therapy, although no overall changes were
observed in HRV parameters. We did see expected sleep stage-
related differences in HRV parameters, as well as alterations in
HRYV arousal responses after treatment. These findings support
potentially small positive impacts of NIV treatment on car-
diovascular risk in a group of children and youth with obesity.
Further work is needed to understand the longer term impli-
cations of OSA treatment in children and youth with obesity on
cardiovascular health.

ABBREVIATIONS

AHI, apnea-hypopnea index

CPAP, continuous positive airway pressure
HF, high frequency

HR, heart rate

HRV, heart rate variability

LF, low frequency

NIV, non-invasive ventilation

NREM, non-rapid eye-movement sleep, stage
OSA, obstructive sleep apnea
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