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Original Article
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ABSTRACT

Objective: Obstructive sleep apnea (OSA) is a high prevalent disorder with severe consequences
including sleepiness, metabolic, and cardiovascular disorders. The aim of this study was to assess the
effect of an individualized exercise-training (IET) program with educational sessions vs educational
sessions alone on severity markers of OSA over an eight-week duration.

Methods: This was a randomised, controlled, parallel-design study. In sum, 64 patients with moderate-
to-severe OSA (apnea-hypopnea index AHI 15—45/hour), low physical activity level (Voorrips<9), body-
mass index (BMI) <40 kg/m? were included in intervention group (IG) or control group (CG), and 54
patients finished the study. All underwent polysomnography (PSG), multiple sleep latency test (MSLT),
constant workload exercise test, blood samples and fulfilled questionnaires twice. The primary endpoint
was the change in apnea-hypopnea (AHI) at eight weeks from baseline. Main secondary endpoints were
daytime sleepiness assessed by questionnaire and objective tests.

Results: No significant between-group differences were found for changes in AHI. A reduction in AHI was
found in IG only (p = 0.005). Compared to CG, exercise training leads to a greater decrease in AHI during
REM sleep (p = 0.0004), with a significant increase in mean daytime sleep latency (p = 0.02). Between-
group differences were significant for weight reduction, severity of fatigue, insomnia and depressive
symptoms with trend for sleepiness symptoms.

Conclusions: In adult patients with moderate-to-severe OSA, IET did not decrease AHI compared to the
control group but improved markers of severity of OSA, in particular AHI in rapid eye movement (REM)
sleep and objective daytime sleepiness. Adding personalized exercise training to the management of
patients with OSA should be considered.

ClinicalTrials.gov identifier: NCT01256307.

* Corresponding author. Narcolepsy national reference center, Sleep center,

Department of Neurology, CHU Montpellier, France.

1. Introduction

Obstructive sleep apnea (OSA) is a common sleep breathing
disorder characterized by recurrent episodes of upper airway
obstruction leading to intermittent hypoxia, arousals, increasing of
sympathetic activity, oxidative stress, systemic inflammation and

E-mail address: ydauvilliers@yahoo.fr (Y. Dauvilliers). changes in intrathoracic pressure [1]. Excessive daytime sleepiness



(EDS) is a cardinal symptom of OSA and is also associated with
impaired quality of life, increased risk for accidents and metabolic
and cardiovascular diseases [2—5].

Continuous positive airway pressure (CPAP) is the first-line
treatment of OSA resulting in decrease of apnea-hypopnea index
(AHI), EDS, and improvement of sleep quality. However, long-term
CPAP effectiveness remains limited by low adherence [6] and no
randomized controlled trial has demonstrated a key protective ef-
fect in prevention of cardiovascular diseases [7]. CPAP therapy
showed no effect on weight loss, energy expenditure, and no clin-
ical significant impact on metabolic disorders or biomarkers asso-
ciated with OSA [8]. Other treatments such as oral appliances or
upper airway surgery only partially correct OSA, may have side
effects, and their efficacy on the metabolic and cardiovascular
consequences of OSA are poorly studied [9].

OSA is closely related to being overweight/obese, with a bidi-
rectional link. Obesity is the most important risk factor for OSA [10]
and OSA by itself can contribute to weight gain [11]. Moreover,
patients with OSA present a decreased level of physical activity
[12]. Lifestyle modification including diet and exercise training may
be effective in reducing weight and severity of OSA, and are
therefore recommended for the management of OSA [13,14].

Currently, few studies addressed the impact of non-
pharmacological strategies such as hypocaloric diets and exercise
training on severity of OSA. Recent meta-analysis showed a sig-
nificant decrease in AHI and subjective sleepiness after exercise
training regardless of weight loss [15,16]. The mechanisms under-
lying such improvement remain unclear; however a reduction of
adipose tissue and in fluid shift in the upper airway area, an in-
crease in oropharyngeal muscle strength, a change in humoral
mediators of inflammation and metabolism, and a modification of
sleep architecture with increased slow wave sleep associated with
an increased respiratory stability may attenuate the propensity
towards airway collapse during sleep [15,16]. The benefits of exer-
cise training may also reduce severity of comorbidities associated
with OSA (eg, diabetes, hypertension or cardiovascular diseases)
and increasing physical activity is recommended to prevent car-
diovascular diseases [15]. We previously showed positive effects of
exercise training on cardiometabolic parameters and subjective
EDS assessed by the Epworth Sleepiness Scale (ESS) in OSA patients
[17], but its impact on objective sleepiness had not been evaluated.

The aim of this randomized, parallel-design study was to
evaluate the efficacy of an individualized exercise training (IET)
program with educational sessions compared to educational ses-
sions only in patients with low physical activity level and
moderate-to-severe OSA over an eight-week duration on severity
markers of OSA: (1) change in AHI at endpoint vs baseline, (2)
changes in EDS assessed by questionnaire and objective tests, and
(3) subgroups analyses of patients according to their age, gender,
BMI, ESS and AHI levels.

2. Methods
2.1. Study design

The REEVASAS trial was a randomized, controlled, parallel-
design study of the efficacy of an IET program with educational
sessions vs educational sessions only over an eight-week duration
in patients with moderate-to-severe OSA.

All participants were admitted to the Sleep Unit, Department of
Neurology, University Hospital Center of Montpellier and gave their
written informed consent. The study was conducted in accordance
with the CONSORT ethical guidelines and was approved by the local
ethics committee (CPP Sud-Méditerrannée IV) (ClinicalTrials.gov
identifier NCT01256307).

2.2. Patients

Patients were adults aged between 30 and 65 years, with a
diagnosis of moderate to severe OSA (AHI 15—45 events per hour),
and low physical activity level (Physical activity score at the Voor-
rips questionnaire <9 '®). Key exclusion criteria as follows: were
current treatment for OSA (CPAP or mandibular advancement de-
vices), a body-mass index (BMI)>40 kg/m?, contraindication for
exercise training (like unstable cardiovascular disease), and taking
drugs interfering with sleep architecture, continuity and daytime
functioning.

A cardiopulmonary exercise test was performed at baseline
using a cycle ergometer (Ergoline, GmBh) to determine the peak
oxygen uptake (VO2peak) and the ventilatory threshold to further
individualize the exercise training intensity.

2.3. Intervention and control groups

Patients who fulfilled selection criteria were randomized be-
tween intervention group (IG) or control group (CG). The
randomization sequence was computer-generated using random
blocks in an order unknown by the investigators. The list was
established by a statistician and only accessible by personnel in
charge of randomization.

In the IG, patients received an eight -week IET program that
includes sessions 3 times per week. Each 120-min session included
the following exercises: warming up muscles (15 min), endurance
training (45 min), resistance training (30 min), stretching (15 min),
and postural and balance exercises (15 min). A gradual increase in
exercise dose was performed over the eight-week program to limit
the risk of injury. The endurance training consisted of lower limb
exercises on a cycle ergometer at moderate intensity determined
via the heart rate at 60% V' 02 peak during the maximum exercise
test. Heart rate was continuously measured with a heart rate
monitor and load was adjusted every five minutes. Resistance
training program included different exercises of upper and lower
limbs with initial loads equivalent to 60% of the one repetition
maximum. Resistance was increased when the patient could per-
formed the current workload for 2 sets of 8 to 10 repetitions.

The sessions took place in the University Hospital of Montpellier
and were supervised by a fitness trainer. The duration of IET was
eight weeks and the composition of the sessions were based on the
recommendations on respiratory rehabilitation [18—20].

Every week during 30—45 min, patients also benefited from
group educational sessions aiming to better understand the role of
sleep, OSA pathophysiology, disease management, diet balance,
interest of physical activity practice and its impact on sleep. In
the CG, patients received only educational sessions without exer-
cise program. The health education program included similar
educational activities and themes for both groups. No restrictive
diet was prescribed in both groups but all patients were counseled
on the nutritional balance.

2.4. Outcomes

The primary efficacy outcome was the change in AHI between
baseline and eight-week follow-up in the IG group vs CG group.

Main secondary outcomes were changes from baseline in AHI in
rapid eye movement (REM) and non-REM sleep, and in EDS using
ESS and multiple sleep latency test (MSLT). Other outcomes were
changes from baseline in others polysomnographic measures (total
sleep time, sleep efficiency, micro arousal index, percentage of time
spent at SpO2 below 90%, and oxygen desaturation index), and in
self-reported questionnaires to assess fatigue (Chalder Fatigue [21]),
anxiety and depressive (Hospital Anxiety and Depression Scale-



HADS [22]) and insomnia (Insomnia Severity Scale, ISI [23]) symp-
toms, and in weight, glycemia, and cholesterol levels.

All patients underwent in an in-lab polysomnography (PSG)
followed the next day by a MSIT at baseline and at endpoint. PSG
included EEG leads, electrooculogram, electromyography of chin
and tibialis anterior muscle, electrocardiogram, nasal cannula/
pressure transducer, mouth thermistor, chest and abdominal
bands, and pulse oximeter. Obstructive apnea was defined as an
airflow cessation (>90%) for more than 10 s associated with thor-
acoabdominal movements, and hypopnea as airflow reduction of
more than 30% associated with a drop in SpO2 of more than 3% or a
micro-arousal. Sleep stage, micro-arousals, periodic limb move-
ments (PLM), and respiratory events were scored manually ac-
cording to standard criteria [24]. Moderate OSA was defined by an
AHI between 15 and 29.9 events per hour of sleep, and severe OSA
by an AHI of more than 30 events per hour. Physicians who ana-
lysed the sleep data were blinded to the group allocation.

MSLT consisted of five naps scheduled at 2-h intervals between
9:00 AM and 5:00 PM. For each recording, the patients were
allowed 20 min to fall asleep. If they did fall asleep, they were
allowed to sleep an additional 15 min after which they were
awakened. Sleep onset was determined by the first epoch of any
stage of sleep. Mean sleep latency (MSL) from the five naps was
computed for each subject. MSLT were scored by sleep experts
blind to the experimental data and randomisation.

All patients were also administered standardised questionnaires
and underwent clinical examinations, fasting blood intake to
measure glycemia (mmol/L), and cholesterol total (g/L). Patients of
both groups performed a constant-load exercise test on an elec-
tromagnetically braked cycle ergometer at a work rate equal to 80%
of peak work capacity achieved during incremental cycle ergo-
metry. Patients were asked to cycle for as long as possible and were
told to stop when the pedalling rate of 60/min could not be kept up.
All tests and evaluations of the study were assessed twice (at
baseline and follow-up), at the same place for each group in the
same conditions and with the same devices.

2.5. Power calculations

Statistical power was based on results comparing two groups of
patients with moderate OSA with a change in AHI after intervention
(four-months follow-up) equalled to —10.7 (SD = 7.7) in the trained
group and —4.5 (SD = 6.9) in the control group [25]. Therefore, a
total of 68 patients (34 per arm) provided a power of more than 90%
for detecting a between-group difference for change in AHI of 6 at
the endpoint using a 2-sided 2-sample t test with a significance
level of 0.05.

2.6. Statistical analysis

Analyses of the primary outcome (AHI) were performed by
intention-to-treat (ITT) principle. Missing data for the primary
outcome were replaced using the Last Observation Carried Forward
(LOCF) method. A sensitivity analysis was performed in a per-
protocol population (PP) (excluding patients with major protocol
violation with regard to inclusion or exclusion criteria (n = 4), with
major protocol violation during the course of the treatment (n = 9)
and premature discontinuation during the study (n = 1)). Sec-
ondary outcomes were analysed in PP population.

The characteristics of the study population were described using
number and percentage for categorical variables and medians and
interquartile ranges (IQR) for continuous variables because their
distributions were mostly skewed according Shapiro—Wilk test.
Nonparametric statistical tests were used due to the small sample
size (less than 30 in each group in PP) and the distribution of

continuous variables. Chi-square or Fisher's exact tests were used
to compare categorical variables between the two groups, and
Mann—Whitney U test for continuous variables. Changes in each
outcome between baseline and two-month follow-up were
compared between the groups using a Mann—Whitney U test. For
the between-group differences, 95% Confidence Intervals (CI) were
constructed. To compare differences between baseline and two-
month follow-up within group, Wilcoxon signed-rank tests were
used. Spearman's rank order correlations were used to determine
associations between continuous variables. Statistical significance
was set at p < 0.05. Statistical analyses were performed with SAS
version 9.4.

3. Results
3.1. Patients

Of the 68 patients who were randomized, 34 were in the IG and
34 in the CG (Fig. 1). Two patients randomized to IG and two pa-
tients randomized to CG were not eligible to continue the trial due
to non-respect of selection criteria (due to a posteriori double blind
rescoring of PSG to validate thresholds of baseline AHI). One death
occurred in IG (unrelated to study). Of the 63 remaining patients,
nine (four in IG and five in CG) discontinued the trial prior to
endpoint without a post baseline assessment that include six pa-
tients due to withdrawal of consent and three with lost to follow-
up. A total of 27 patients in IG and 27 in CG were included in per
protocol analysis. Baseline characteristics were similar among the
two groups (Table 1). Patients in IG who completed the eight-week
intervention attended 77.9 + 24.9% of their exercise sessions.

3.2. Main outcome

No significant between-group differences were found for
changes in AHI from baseline to follow-up.

3.3. Secondary outcomes

In the IG, a significant decrease in AHI was found from baseline
to endpoint (p = 0.009) with no effect in CG (Table 2). Compared to
CG, IG resulted in greater decrease in AHI during REM sleep in PP
analyses (Tables 2 and 3, Fig. 2). No effect of the IET was found on
the postural AHI, with no between-group differences observed for
supine and non-supine AHI at baseline and follow-up (Table 2). No
other between-group differences were found on PSG measure-
ments. A decrease in NREM 1-2 of sleep and an increase in NREM 3
were found in IG only.

A significant between-group increase in MSL on the MSLT
(p = 0.02) was found (Table 3, Fig. 3). MSL was increased by
101.65 + 206.05 s in IG (p = 0.02) with no change in CG. Among
patients in IG, 12 patients had MSL below 900 s that corresponds to
those with the greatest tendency to fall asleep during the day. These
patients increased the MSL of 5 min or more after exercise training
(median increase 300 s [288—480], p = 0.001) while no significant
changes were found in patients from CG with baseline MSL below
900 s (n = 7; 24 s [-60-240], p = 0.31).

Between-group differences were significant for the weight
(p = 0.008) that indicates a decrease in IG (Table 4) and no corre-
lations were found between changes in AHI and weight (r = -0.18,
p = 0.38). Moreover, no correlations were found between changes
in weight and in AHI-REM or AHI-NREM in either IG or CG groups.
Significant reduction were observed for fasting glycemia, with
same tendency for cholesterolemia in IG group only, with no sig-
nificant between-group differences.
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Fig. 1. Flow chart: REEVASAS study.

Significant between-group reductions were found for severity of
fatigue, insomnia and depressive symptoms with similar trend for
EDS using ESS (p = 0.05). Exercise training resulted in significant
decrease of all these symptoms while no significant changes were
found in CG. No correlation were found between changes in ESS and
in MSL in the both groups (r = -0.034, p = 0.86 in CG; r = 0.009,
p = 0.97 in IG) (Table 4).

Patients improved exercise tolerance and training adaptations at
the end of the trial after IET with greater Voorrips scores and larger
increased in cycle endurance time in the IG than in CG (p < 0.02,
p < 0.0001 respectively) (Table 4).

3.4. Subgroup analyses

Additional analyses were performed by subgroups of patients
according to their age, gender, BMI, ESS and AHI levels (Table 5). In
intention-to-treat analyses, we found significant between-group
differences for AHI only in female. In IG, AHI significantly
decreased in male, patients obese and aged above 55 years and in
those with initial AHI greater than 30 per hour. In contrast,
between-group differences were found for AHI in REM sleep in
patients obese, non-sleepy (ESS < 10), aged above 55 years and
with moderate OSA in intention-to-treat analyses (Table 5).

4. Discussion

In adult patients with moderate-to-severe OSA, IET did not
decrease AHI compared to the control group, but a significant
reduction in AHI was found from baseline to end of the study in the
group with IET. Compared to CG, IET resulted in greater decrease in

AHI during REM sleep and a significant increase in mean sleep la-
tency on the MSLT. Besides, IET improve severity of fatigue,
insomnia and depressive symptoms.

While the primary outcome was not reached, we found a
reduction of 21.5% in AHI in IG in line with our previous study [17]
and with a recent meta-analysis showing a mean reduction of 28%
after exercise training interventions [15]. The lack of significant
between-group difference may be partly explained by the
improvement in CG patients with 33% decreasing their AHI by more
than 20%. Such improvement in CG may be related to behavioral
changes secondary to educational sessions on physical activity and
diet balance, being finally not an optimal control group per se. We
also found no effect of the IET on the postural AHI, with no
between-group differences for changes in supine and non-supine
AHLI.

Our trial found a significant between-group improvement in
weight. The loss of weight in our trial could be partly explained by
changes in diet secondary to educational sessions, although no
defined diet prescriptions were provided. We found no correlations
between the changes in weight and in AHI, AHI in REM, and AHI in
NREM that suggest an independent role of exercise in improving
severity of OSA. The global effects of exercise training on OSA are
really diverse, often moderate; thus the benefits reported of
improving OSA severity were not directly related to weight
reduction. Other mechanisms (eg, fat loss, fluid shifts, changes in
mediators of inflammation and metabolism, changes in oropha-
ryngeal muscle function, and increased slow-wave sleep) may be
also involved and remain to be elucidated [14,15,26,27].

We reported that IET may improve objective measures of EDS.
These results could be even better than those obtained with CPAP



Table 1
Characteristics of participants randomized to Intervention Group vs Control Group.

Variable Control Group Intervention Group p

N =34 N =34

n % n %
Demographic and clinical characteristics
Sex, Female 4 11.76 9 26.47 0.12
Age, in years® 55.00 (10.27) 53.71(9.86) 0.75
BMI, kg/m? 30.60 (3.40) 30.65 (6.20) 0.92
Diabetes mellitus, Yes 5 14.71 3 9.09 0.71
Hypertension/antihypertensive intake, Yes 12 35.29 9 27.27 0.85
Dyslipidemia, Yes 14 41.18 9 27.27 0.32
Current smoker, Yes 8 23.53 4 12.12 0.30
Family history of cardiovascular diseases, Yes 13 39.39 11 3333 0.67
Polysomnographic measurements
TST, minutes® 440.00 (97.00) 436.00 (92.00) 0.73
Sleep efficiency, %* 83.57 (19.93) 78.74 (15.01) 0.32
N1-N2, %° 62.57 (9.77) 66.81 (12.76) 0.32
N3, %° 15.04 (11.81) 14.24 (9.00) 0.60
REM, %° 20.22 (10.73) 20.38 (6.93) 0.48
PLMS index,/hour® 1.45 (5.02) 3.93 (6.45) 0.08
AHI /hour? 26.10 (15.78) 28.15(12.89) 0.65
Time spent with Sa02< 90%, min® 1.10 (3.25) 1.07 (2.10) 0.94
Mean Sa02, %* 94.00 (2.00) 94.00 (2.00) 0.92
Arousal index events,/hour® 19.15(10.81) 20.91 (11.22) 0.72
Oxygen desaturation Index,/hour® 18.23 (28.16) 22.29 (17.63) 0.22

BMI: body mass index; AHI: apnoea hypopnoea index; REM: rapid eye movement sleep.

2 Continuous variables were expressed as median (interquartile range).

or mandibular advancement device [28]. EDS is one of the most
common symptom in OSA patients and is associated with lower
quality of life, work or traffic accidents, obesity, and diabetes
[29,30]. The severity of EDS is often quantified by ESS with either
weak or no correlation with severity of AHI, and never with AHI in
REM sleep [31]. Moreover, no or only weak correlations were found
between ESS and objective measurement of EDS in patients with
OSA or with other sleep conditions [32]. Here, we found a between-
group difference for mean sleep latency with improvement of more
than 2 min, with greater results in patients with the highest
objective sleepiness at baseline. In contrast to narcolepsy [33,34],
there is a lack of normative MSLT data in OSA with a wide range of
baseline MSL results [35]. We found here no correlation between
baseline MSL and ESS, AHI, AHI-REM and sleep stages, and between
changes in MSL along the study with ESS, AHI or AHI-REM and
sleep stage modifications. These results are consistent with the
literature and confirmed that the determinants of EDS are multiple
(ie, depressive symptoms, obesity, short sleep duration, age, race,
low-grade inflammation) and complex, as well as to in OSA [32].
Other symptoms were frequently reported by patients with OSA
such as fatigue, insomnia and depressive symptoms [36] and all
improved after our exercise training program.

Table 2

We found a significant between-group difference of AHI during
REM sleep, with a larger reduction of 37.5% in IG. A reduction of AHI
in REM sleep was already reported following exercise training in
patients with AHI >15/hour [37], but not in a smaller four-week
study including patients with coronary artery disease associated
with OSA or central sleep apnea [26]. In contrast, the latter study
found that exercise induced a reduction in the non-REM AHI. The
decrease of AHI in REM sleep is of major interest given that OSA
during REM sleep have worse cardiometabolic consequences than
OSA in NREM sleep. Apnea and hypopnea in REM sleep are longer
and associated with greater desaturation than in non REM sleep
[38]. Recent studies found that OSA in REM sleep is independently
associated with prevalent and incident hypertension, non-dipping
nocturnal blood pressure, increased insulin resistance and cardio-
vascular diseases [39—41]. Therefore, decreasing AHI specifically in
REM sleep after IET may be a target to prevent from metabolic and
cardiovascular disorders. Our study emphasized that IET associated
with health education program including diet balance improved
anthropometric and metabolic parameters, in decreasing weight,
fasting glycemia, with same tendency for cholesterolemia in IG.
These results are of interest given the limited effects of CPAP on the
glycemic and lipid balance, and on OSA in REM sleep [8]. The 4-h of

Changes in apnea hypopnea indexes between baseline and 8-week follow-up in intention to treat population.

Variable Control Group (N = 34) Intervention Group (n = 34)
Baseline Follow-up Within-Group Difference® Baseline Follow-up Within-Group Difference® Between-Group Difference”
Median (IQR) Median (IQR) Median (IQR) p Median (IQR) Median (IQR) Median (IQR) P Median [95%CI] P
Primary outcome
AHIL /hour 26.10 (15.78) 25.47 (18.00) 0.00 (12.86) 0.83 28.15(12.89) 21.80(17.29) —4.23(12.35)  0.009 3.47 [-1.60; 9.67] 0.22
AHI-REM, /hour 20.84 (30.44) 23.38 (40.68) 0.06 (22.27) 033  40.28(20.19) 28.39 (25.81) —10.00 (20.89) <0.001 13.70 [5.22; 24.70] 0.001
AHI-NREM, /hour 26.82 (14.66) 24.51(21.97) —1.41(1598) 050  24.75(13.73) 19.83 (18.26) —1.33 (9.65) 0.09 0.05[-5.23; 6.72]  0.85
AHI-supine/hour 30.95 (16.70) 31.16 (28.26) 0.00 (22.41) 0.67  30.60(22.20) 22.90 (20.94) 0.00 (14.48) 0.41 247 [-4.73; 10.75] 054
AHI-non supine /hour 10.35 (4.70) 11.35(14.29) 0.00 (14.41) 074  11.90(13.34) 834(14.01) -3.17(11.93) 0.11 3.74[-1.39; 9.31]  0.16

AHI: Apnea Hyponea Index; REM: Rapid Eye Movement.
¢ Indicates medians change between follow-up and baseline.
b Indicates medians change difference between the control group and the intervention group.



Table 3
Changes in polysomnographic and daytime sleepiness measurements between baseline and 8-week follow-up in per-protocol population.

Variable Control Group (N = 27) Intervention Group (n = 27)
Baseline Follow-up Within-Group Baseline Follow-up Within-Group Between-Group
Difference® Difference® Difference”
Median (IQR) Median (IQR) Median (IQR) p Median (IQR) Median (IQR) Median (IQR) p Median [95%CI] P
Primary outcome
AHI,/hour 26.00 (12.70)  25.91 (22.03) —1.60(20.77) 0.94 26.50(13.00) 16.80 (16.59) -5.53(12.63) 0.005 5.13[-1.40; 13.64] 0.11
Secondary polysomnographic outcomes
AHI-REM, /hour 20.95 (26.87) 31.54 (40.75) 2.68 (32.79) 0.18 40.26 (19.24) 26.47 (19.48) —11.74 (22.58) <0.001 20.43 [8.85; 33.48] 0.0007
AHI-NREM,/hour 25.83 (16.22) 26.81 (23.70) —5.74 (22.04) 0.69 21.52(14.67) 15.86(19.75) —3.08 (10.55) 0.07 0.52 [-6.12; 9.80] 0.88
Time spent with 1.65 (4.24) 1.67 (4.21) 0.00 (2.12) 0.78 0.85(1.50) 0.55 (1.30) —0.11(1.91) 0.38 0.25[-0.61; 1.35] 047
Sa02< 90%, min
Mean Sa02, % 94.00 (2.00) 94.00 (2.00) 0.00 (2.00) 0.93 94.00 (1.00) 95.00 (2.00) 0.00 (2.00) 048 0[-1; 1] 0.65
Arousal index 19.31(12.38)  22.50(9.71) 3.73(1649) 0.13 20.96(11.22) 20.58(11.70) —0.50(14.46) 0.67 447 [-1.75; 10.73] 0.12
events,/hour
Oxygen 22.13(22.83) 27.39(1557)  4.11(23.69) 0.12 2229(17.63) 1494(1452) -138(2242) 029  8.86[0.15;17.50] 0.05
desaturation
Index,/hour
TST, minutes 433.00 (96.00) 437.00 (104.00) 2.00 (79.00) 0.50 438.00 (81.00) 447.00(107.00) 14.00 (71.00) 0.47 1[-32; 33] 0.99
Sleep efficiency, % 75.05 (21.62)  75.65 (15.39) —0.90(17.05) 0.61 79.40(16.78) 77.28 (16.94) 1.01 (16.03) 0.80 —2.07 [-8.39; 5.81] 0.60
N1-N2, % 62.34 (10.79)  64.75 (14.09) —-1.28(11.51) 0.54 66.90(13.80) 62.49(15.41) —3.70(13.04) 0.006 3.52[-1.03;8.18] 0.13
N3, % 15.40(11.81) 16.15(10.74) 0.80 (9.30) 033 13.98 (8.01) 16.60 (10.49) 2.23(7.97) 0.02 -1.94 [-5.43; 1.00] 0.13
REM, % 19.30(10.68)  20.00 (8.66) -2.48(7.21) 0.69 20.25(5.69) 21.57 (9.70) 1.71 (8.86) 0.10 —2.50 [-5.69; 0.60] 0.11
PLMS index,/hour  1.45 (5.95) 3.72 (17.86) 0.21(17.98) 0.06 3.93(6.14) 450 (15.79) 0.56 (9.65) 0.11 0.28 [-2.81; 443]  0.82
Objective daytime sleepiness outcome
MSLT, seconds 1032.00 915.00 (312.00) -18.00 0.28 972.00 1050.00 54.00 0.02 —136.50 0.02
(246.00) (202.50) (444.00) (192.00) (288.00) [-264.00;-24.00]

2 Indicates medians change between follow-up and baseline.
b Indicates medians change difference between the control group and the intervention groupAHI: Apnea Hyponea Index; MSLT: Multiple Sleep Latency Test; PLMS: Periodic
Limb Movements of Sleep; REM: Rapid Eye Movement; Sa02: Oxygen Saturation; TST: Total Sleep Time.
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Fig. 2. Individual trajectories of apnea/hypopnea index (AHI) and AHI in REM sleep at baseline and after 8 weeks in patients in IG and CG groups. Results are shown as individual
level and with a box—whisker plot, with median and 25th quartile of AHI.
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Fig. 3. Individual trajectories of mean sleep latency on the multiple sleep latency test (MSLT) at baseline and after 8 weeks in patients in IG and CG groups. Results are shown as

individual level and with a box—whisker plot, with median and 25th quartile of MSL.

nightly CPAP use is often considered an adequate adherence to
therapy, however it does not cover the early morning hours asso-
ciated with REM OSA at risk for cardiovascular and metabolic risks.

We reported a clinically meaningful increase in cycle endurance
time after IET, reflecting an improvement of exercise tolerance and
training adaptations at follow-up. This result is consistent with
those obtained after respiratory rehabilitation in patients with
chronic obstructive pulmonary disease [42]. This is a noteworthy
result as OSA patients have reduced maximal aerobic capacity and
intensity of physical activity below recommendations [40]. The low
levels of physical activity in patients with OSA may relate to fatigue,
EDS, obesity, exercise intolerance and neurocognitive problems
that may all contribute to cardiovascular disorders. Although CPAP
reduces EDS and improves quality of life, a recent meta-analysis
showed that CPAP did not increase physical activity [15].

Our study also aimed to identify OSA subgroups likely to greater
improvement after IET and found that females were associated
with the highest decrease in AHI although a limited number of
females participated in this study. In contrast, obese, non-sleepy
(ESS< 10), moderate OSA and patients aged above 55 years were
associated with the largest decrease of AHI in REM sleep.

Accordingly, obese middle-aged and elderly patients with moder-
ate OSA, often associated with cardiometabolic comorbidities, may
be the target population that would benefit the most from IET.
There are limitations in our study. First, the low sample size, the
possible underestimated effect size, the high number of drop-outs
in the two groups could have affect the magnitude of the results;
however this study is the largest randomised study evaluating the
efficacy of an IET program in patients with moderate to severe OSA
with assessment of EDS by questionnaire and MSLT. The sample
size calculation is based on an old study [25] with different dura-
tion and design than our study that may have underestimated the
effect size; however it was one of the only study available when the
current study was planned. The duration of exercise training is also
questionable, it may have been too short (eight-week duration) to
obtain maximal effects, and to assess on long-term maintenance on
both increased physical activity levels and OSA severity;
although recent analyses reported that the length of the interven-
tion was not associated with changes in AHI [14,42,43]. Second,
physical activity level was assessed at baseline by the Voorrips
questionnaire and not by objective measure because the trial was
designed long time ago. However, a significant increase in cycle



Table 4

Changes in on weight, metabolic, sleep, psychological and endurance parameters between baseline and 8-week follow-up in per-protocol population.

Variable Control Group (N = 27) Intervention Group (n = 27)
Baseline Follow-up Within-Group Baseline Follow-up Within-Group Between-Group
Difference® Difference® Difference”
Median (IQR) Median (IQR) Median (IQR) p Median (IQR) Median (IQR) Median (IQR) p Median [95%CI] p
Anthropometric and metabolic parameters
Weight, kg 87.40 (11.90) 88.20(9.60)  0.50(2.80) 0.45 89.60 (13.40) 89.40(11.50) —1.45(2.60) 0.006 —1.7 [-2.8;-0.4] 0.0009
Glycemia, 5.50 (0.60) 5.10 (0.90) ~0.20 (0.60)  0.09 5.10 (1.20) 5.25 (1.10) -0.25(0.55) 0.03 ~0.2[-0.5; 0.2] 0.39
mmol/L
Cholesterol 2.14 (0.61) 2.10 (0.49) 0.02 (0.37) 0.65 2.15 (0.45) 2.00 (0.47) —0.08 (0.30) 0.05 0.05 [-0.06; 0.16] 0.31
total, g/L
Fatigue, depression, anxiety and sleep measurements
Fatigue Mental 9.00 (3.00) 8.00 (2.00) 0.00 (2.00) 0.69 8.00 (2.00) 7.00 (2.00) —2.00 (4.00) 0.001 2[1; 3] 0.002
score
Fatigue Physical  16.00 (4.00)  15.50 (4.00)  0.00 (4.00) 0.79 16.00 (6.00)  10.50 (6.00) —6.00(9.00) <0.0001 6[3;9] 0.0003
score
HAD-Depression  6.00 (6.00) 5.00 (6.00) —0.50(2.00) 0.54 5.00 (5.00) 3.00 (4.00) —3.00 (3.00)  0.0002 2[1; 4] 0.007
HAD-Anxiety 8.00 (5.00) 8.00 (5.00) 0.00 (4.00) 0.99 8.00 (6.00) 6.00 (6.00) —1.00 (5.00) 0.06 1[-1; 3] 0.17
ISI Score 13.00 (9.00)  12.50(8.00) —1.50(4.00) 0.50 13.00 (6.00)  7.50 (8.00) —4.00 (9.00) 0.0008 4]1;7] 0.03
ESS score 9.00 (7.00) 10.00 (8.00)  0.00 (3.00) 0.99 10.00 (7.00)  8.00 (6.00) —2.00(6.00)  0.004 2[0; 4] 0.05
Endurance test and Voorrips score
Endurance 261.00 480.00 138.00 <0.001 423.00 1590.00 1120.00 <0.001 —695 [-1200;-344] <0.0001
Test, sec (275.00) (583.00) (225.00) (462.00) (1455.00) (1296.00)
Voorrips score 4.90 (4.60) 3.50 (4.40) 0.40 (2.56) 0.30 4.06 (4.89) 5.44 (5.46) 1.92 (4.16) <0.001 —1.59 [-3.69;-0.36] 0.02

ESS: Epworth Sleepiness Scale; ISI: Insomnia Severity Index; HAD-Depression: Hospital Anxiety Depression- Depression sub-scale; HAD-Anxiety: Hospital Anxiety Depres-

sion- Anxiety sub-scale.

¢ Indicates medians change between follow-up and baseline.
b Indicates medians change difference between the control group and the intervention group.

Table 5

Changes in Apnea hypopnea index and Apnea hypopnea index in REM sleep in response to the individualized exercise training program by participant characteristics in

intention to treat population.

Variable
N =32

Control Group

Within-Group Difference®

Intervention Group
N =32

Between-Group Difference®

Within-Group Difference®

n Median (IQR) p n Median (IQR) p Median [95%CI] p

Apnea hypopnea index
Sex

Male 30 -1.19 (9.97) 0.29 25 —5.53 (12.52) 0.02 2.23 [-2.96; 9.67] 0.50

Female 4 10.65 (21.57) 0.13 9 0.00 (5.50) 0.44 14.98 [3.78; 36.60] 0.03
Age, in years

<55 17 0.00 (13.49) 0.38 19 0.00 (15.40) 0.19 0.00 [-7.60; 10.99] 0.99

>55 17 0.00 (16.62) 0.71 15 —5.50 (8.27) 0.006 5.84 [-0.78; 16.07] 0.09
BMI, kg/m?

<30.0 14 -1.21(19.77) 0.91 14 0.00 (7.39) 0.58 0.00 [-7.68; 10.99] 0.98

>30.0 19 0.00 (12.86) 0.86 20 —5.75 (13.65) 0.008 5.53 [-1.53; 15.82] 0.14
ESS

<10 18 —1.61(17.68) 0.78 18 -535(17.71) 0.06 5.89 [-2.66; 18.09] 0.19

>10 16 0.00 (13.33) 0.68 15 —3.29(11.23) 0.08 1.64 [-6.30; 9.39] 0.60
AHL/h

[15—-30] 21 0.00 (9.78) 0.77 20 —1.99 (6.79) 0.23 2.25 [-2.43; 7.59] 0.33

>30 13 —0.78 (17.29) 0.56 14 —8.36 (23.93) 0.03 5.45 [-7.69; 20.53] 0.61
Apnea hypopnea index in REM sleep
Sex

Male 30 0.00 (22.04) 0.80 25 —8.90 (21.27) 0.002 11.09 [0.64; 23.93] 0.02

Female 4 23.69 (25.66) 0.13 9 —11.38 (15.90) 0.03 33.18 [14.50; 53.77] 0.02
Age, in years

<55 17 0.00 (14.16) 0.97 19 —8.90 (25.56) 0.005 10.73 [0; 27.35] 0.07

>55 17 6.65 (22.96) 0.13 15 —11.09 (20.89) 0.01 17.61 [5.85; 30.93] 0.01
BMI, kg/m?

<30.0 14 0.00 (22.96) 091 14 —3.07 (13.79) 0.18 4.11 [-8.65; 20.83] 0.43

>30.0 19 1.81 (30.59) 0.21 20 —12.06 (22.55) <0.001 21.27 [8.85; 36.98] 0.002
ESS

<10 18 0.06 (26.78) 0.27 18 —11.56 (15.89) 0.001 14.97 [3.09; 31.27] 0.01

>10 16 0.91 (26.78) 0.85 15 —8.90 (21.27) 0.02 11.67 [-3.22; 27.54] 0.12
AHL/h

[15-30] 21 1.81(17.10) 0.20 20 —11.88 (23.41) <0.001 16.45 [5.98; 30.40] 0.002

>30 13 0.00 (22.27) 0.99 14 —6.28 (12.50) 0.05 7.59 [-5.95; 28.82] 0.21

¢ Indicates medians change between follow-up and baseline.
b Indicates medians change difference between the control group and the intervention group.



endurance time was found after IET. The use of actimeters would
have been of interest to control for any spontaneous physical ac-
tivity that participants did outside the structured sessions. Third,
CG is not a real control group as patients benefited to educational
sessions including diet balance that may be a confounding factor
limiting the observed changes in the group with IET. Fourth, we
included only adults with moderate-to-severe OSA, low physical
activity level, without psychotropic drugs intake that may limit the
generalizations of our findings. Finally, the subgroup analyses could
be limited by the low number of subjects in each subgroup (such as
the gender effect).

In conclusion, while the primary outcome was not reached, this
is the first randomised controlled trial demonstrating that indi-
vidualized exercise training improved objective measure of sleep-
iness and AHI in REM sleep in patients with moderate-to-severe
OSA. Personalized exercise training also improved weight, severity
of fatigue, insomnia and depressive symptoms. However, the
mechanisms underlying the relationships between physical activ-
ity, OSA in REM sleep, and sleep remain unclear. Further studies are
required to optimize treatment strategies and personalize therapy
to achieve long-term benefits as function of OSA phenotypes.
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