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A systematic review of English and French articles using Pubmed/Medline and Embase 

included studies assessing objective physical activity levels of obstructive sleep apnea 

(OSA) patients and exploring the effects of exercise training on OSA severity, body 

mass index (BMI), sleepiness, and cardiorespiratory �tness [peak oxygen consumption 

(VO2peak)]. Two independent reviewers analyzed the studies, extracted the data, and 

assessed the quality of evidence. For objective physical activity levels, eight studies 

were included. The mean number of steps per day across studies was 5,388 (95% CI: 

3,831–6,945; p < 0.001), which was by far lower than the recommended threshold of 

10,000 steps per day. For exercise training, six randomized trials were included. There 

was a signi�cant decrease in apnea–hypopnea-index following exercise training (mean 

decrease of 8.9 events/h; 95% CI: −13.4 to −4.3; p < 0.01), which was accompanied 

by a reduction in subjective sleepiness, an increase in VO2peak and no change in BMI. 

OSA patients present low levels of physical activity and exercise training is associated 

with improved outcomes. Future interventions (including exercise training) focusing on 

increasing physical activity levels may have important clinical impacts on both OSA 

severity and the burden of associated co-morbidities. Objective measurement of physical 

activity in routine OSA management and well-designed clinical trials are recommended.

Registration # CRD42017057319 (Prospero).

Keywords: obstructive sleep apnea, physical activity, exercise training, randomized controlled trials, systematic 

review, meta-analysis

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep disorder characterized by repeated episodes of 
apnea and hypopnea during sleep. Sleep fragmentation and chronic intermittent hypoxia induce 
intermediate mechanisms such as activation of the sympathetic nervous system (1), oxidative stress 
and systemic in�ammation which contribute to cardiometabolic morbidity (2).

Abbreviations: AHI, apnea–hypopnea index; BMI, body mass index; CPAP, continuous positive airway pressure; ESS, Epworth 
sleepiness scale; OSA, obstructive sleep apnea; RCT, randomized controlled trial; VO2peak, peak oxygen consumption.
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Physical activity is de�ned as “any bodily movement produced 
by the skeletal muscles that results in increased energy expendi-
ture” (3) and is currently seen as one of the most powerful health-
promoting behaviors (4). It has been associated with improved 
sleep and a bidirectional relationship between sleep and physical 
activity has been assumed (5). �ese observations are based on 
case–control studies showing that adults who report low-sleep 
quality presented lower levels of physical activity than similar 
adults without sleep complaints (6). For instance, adults with 
OSA are less likely to be active than adults without sleep apnea 
(7) and longitudinal and cross-sectional data suggest a reduced 
prevalence and incidence of OSA in those who exercise regularly 
(8). �e low levels of physical activity observed in OSA patients 
have been attributed to the fatigue and somnolence they experi-
ence, the excess weight, and low energy that characterize the 
clinical presentation of OSA (9) and associated neurocognitive 
alterations [see for review: (10)].

Exercise training is a “subset of physical activity that is planned, 
structured, and repetitive” (3). In patients with OSA, exercise 
training as an adjunct to continuous positive airway pressure 
(CPAP) treatment has received growing interest in recent years. 
Regular physical activity has been associated with body weight 
maintenance (11), with reductions in blood pressure (12), and 
with the prevention of cardiovascular disease (13), therefore 
it may constitute a useful means to reduce cardiovascular and 
metabolic risk factors and co-morbidities associated with OSA.

�e main objective of this systematic review and meta-analysis 
is to quantify objectively measured physical activity levels in OSA 
patients and to explore the e�ects of exercise training on OSA 
disease indices [apnea–hypopnea index (AHI) and Epworth 
sleepiness scale (ESS)] as well as on body mass index (BMI) and 
cardiorespiratory �tness [peak oxygen consumption (VO2peak)]. 
A secondary aim is to explore the e�ects of CPAP or exercise 
interventions on objectively measured physical activity levels.

MATERIALS AND METHODS

�e Preferred Reporting Items for Systematic Reviews and Meta-
analyses statement and recommendations were followed for this 
meta-analysis (http://www.prisma-statement.org) (14) (see Table 
S1 in Supplementary Material for PRISMA checklist) and the trial 
was registered on the Prospero registry (# CRD42017057319).

Search Strategy and Data Sources
A systematic literature review was conducted to identify manu-
scripts which investigated physical activity levels and e�ects of 
exercise training in OSA patients. �e web-based literature 
search included PubMed/MEDLINE and Embase databases. 
Search terms were selected to re�ect the condition and outcome 
parameters. Search terms included a combination of text word 
terms and medical subject headings (MeSH) or Emtree terms 
(see Supplementary Material for sample search strategy). For 
the condition, search terms included: “sleep apnea syndromes” 
(MeSH) OR “sleep apnea, obstructive” (MeSH) OR “sleep dis-
ordered breathing.” For objectively measured physical activity, 
search terms included: “actigraphy” (MeSH), “exercise” (MeSH), 
“sports” (MeSH), “walking” (MeSH), “accelerometer,” “actigraph,” 

“physical activity.” For exercise training, search terms included: 
“exercise” (MeSH), exercise therapy (MeSH), “rehabilitation” 
(MeSH), exercise training, aerobic exercise, physical activity. 
Terms were searched in all possible combinations using Boolean 
Logical operators (AND, OR, NOT). Additionally, a manual 
search of bibliographies of included articles was conducted to 
identify relevant references which may not have been found by 
the automated search. Obtained references were indexed and 
managed using EndNote X7.

Eligibility Criteria
�e following criteria were required for selection: (1) original 
research investigations; (2) conducted in humans; (3) conducted 
in adults; (4) include patients diagnosed with OSA of at least mild 
severity (AHI ≥ 5 events/h) based on polysomnography (PSG) 
or polygraphy. Articles in English and French only were retained. 
For physical activity, studies were included if they reported objec-
tively measured physical activity levels, quanti�ed as steps per 
day. �e number of steps per day of OSA patients was compared 
with a threshold value of 10,000 steps per day (15). For exercise 
training, studies were included if they were a randomized con-
trolled trial (RCT) speci�cally addressing the e�ects of an exercise 
training program in patients with sleep apnea (at least 75% of 
the sample were OSA), with an intervention program of at least 
3 weeks duration, reporting pre- and post-intervention mean and 
SD or standard error of AHI or mean change and SD, published 
in a peer-review journal up to February 2017. Exclusion criteria 
included any studies not meeting all criteria described above.

Data Items
Reviewing Procedure and Data Extraction
Database searches were �rst conducted in February 2017. All 
obtained references were reviewed, and if retained, data extrac-
tion was conducted. �e �rst level of review was title and abstract 
screening. Irrelevant references were removed. Potentially rele-
vant studies were further assessed by obtaining and reading the 
full text and checking again the pre-speci�ed eligibility criteria.

Titles and/or abstracts of studies retrieved using the search 
strategy and those from additional sources were screened 
independently by two review authors (Monique Mendelson and 
Mathieu Marillier) to identify studies that potentially met the 
inclusion criteria outlined above. �e full text of these potentially 
eligible studies were retrieved independently and assessed for 
eligibility by two review team members.

For each reference, the following variables were systematically 
extracted and entered into a summary table: (1) author, year; 
(2) participants; (3) AHI cuto�; (4) sample size; (5) age; (6) BMI;  
(7) study design; (8) outcomes; and (9) main �ndings. A summary  
of the studies screened, assessed for eligibility, and included is 
presented in Figures 1 and 2.

Methodological Quality Assessment
�e quality of the studies was peer-reviewed by Monique 
Mendelson and Mathieu Marillier using a modi�ed version of 
the Newcastle-Ottawa Scale (NOS) for observational studies (23) 
and the Jadad scale for randomized trials (24). Disagreements 
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FIGURE 1 | Continued
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were resolved by consensus. For the NOS, a system of points 
(stars) was given to the eligible categories: sample selection 
criteria, comparability on the basis of the design or analysis, 
and evaluation of outcome. �e scale scores ranged from 0 to 
6. Studies with scores above the median were classi�ed as high-
quality studies (25).

�e Jadad score (24) was used to assess the methodological 
quality of controlled trials. Studies were scored according to the 
presence of three key methodological features of clinical trials, 
speci�cally randomization, masking, and accountability of all 
patients, including withdrawals. Blinding of participants to exer-
cise interventions is virtually impossible; however, the objective 
clinical outcomes in our analyses are unlikely to be in�uenced 
by knowledge of group allocation. We therefore considered the 
criterion of blinding in terms of outcome assessment (i.e., PSG 
scoring of AHI). One point was added for a “yes” answer to each 
of the �rst �ve items, and one point was subtracted for a “yes” 

answer to either of the last two items, for an overall score from 
0 to 5.

Statistical Analysis
All included studies in the primary selection were included in 
the meta-analysis. Main results were expressed as arithmetic 
mean and SD. We compared the mean number of steps per day 
OSA patients to the theoretical threshold of 10,000 steps per 
day. We also conducted a subgroup analysis by combining the 
data from studies identi�ed by our systematic review examin-
ing the e�ects of CPAP or exercise/lifestyle interventions on 
objectively measured physical activity levels by comparing the 
standardized mean di�erence of steps per day before and a�er 
interventions. Lastly, we calculated the mean exercise training-
induced change in AHI, Epworth sleepiness scale, VO2peak, 
and BMI in the intervention group compared with the con-
trol group (26). A DerSimonian and Laird random-e�ects 
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FIGURE 1 | Prisma �ow chart of articles identi�ed and evaluated during the study selection process for (A) physical activity and (B) exercise training.

FIGURE 2 | Forest plot for mean physical activity levels in obstructive sleep apnea patients. Ref (7, 16–22).
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meta-analysis model was used in each case to combine weighted 
mean di�erences (27).

�e heterogeneity between studies was measured using the 
I2 inconsistency index which provides an estimation of the vari-
ability due to the heterogeneity rather than chance. An I2 index 
higher than 60% re�ects increasing heterogeneity (28).

Finally, the robustness of the results was assessed using sensi-
tivity analysis by leaving out one study at a time, and the absence of 
selection bias was assessed using funnel plot. �e presence or the 
absence of asymmetry in the funnel plot was assessed using the 
Egger test. �ere was no exclusion of studies based on methodo-
logical quality assessment results. Meta-analyses were carried out 
by R package metafor in the RStudio so�ware (RStudio v 1.0.136) 
(29). A p-value threshold of 0.05 was considered for signi�cance.

RESULTS

Spontaneous Physical Activity and OSA
�e study selection process is presented in Figure 1. �e search of 
Medline and Embase databases provided a total of 2,141 citations. 
A�er adjusting for duplicates 1,658 remained. Of these, 1,026 
studies were discarded because a�er reviewing the abstracts it 
appeared that these papers clearly did not meet the criteria. �e 
full-texts of the remaining 80 citations were examined in more 
detail. It appeared that 68 studies did not meet the inclusion cri-
teria as described. Fourteen studies met the inclusion criteria and 
of these, eight studies reported steps per day and were included 
in the meta-analysis.

Main Findings
�e characteristics of the eight studies reporting objectively 
measured steps per day, including 502 participants, are presented 
in Table 1. �e mean number of steps per day across studies was 
5,388 (95% CI: 3,831–6,945), which was signi�cantly lower when 
compared with the recommended threshold of 10,000 steps per 
day (15) (mean di�erence is 4,611 steps per day) (Figure 2). �e 
results from the quality assessment using the NOS are presented 
in Table 2.

�e results of the subgroup analysis which compared the 
e�ects of CPAP or exercise/lifestyle interventions showed no 
e�ect of these interventions on objectively measured physical 
activity levels (Figure 3).

Sensitivity Analysis
Sensitivity analyses, done by systematically removing one study at 
a time, demonstrated that no single study changed the statistical 
signi�cance of the overall results. �e estimation of di�erence 
ranks from −4,947 to −4,052 steps per day. �e results remain 
unchanged whether the analysis was performed using a standard-
ized mean or using a logarithm transformation of the number 
of steps per day. �e total heterogeneity of the studies was high 
(I2 = 98.65%) and the Egger test showed signi�cant asymmetry 
in the funnel plot (Figure S1A in Supplementary Material, 
p = 0.047). One study is necessary to correct this asymmetry and 
is represented by an open circle on Figure S1B in Supplementary 
Material. However, the results from this sensitivity analysis must 
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FIGURE 3 | Forest plot presenting steps per day before and after interventions [continuous positive airway pressure (CPAP) and exercise]. Ref (16–18, 20–22).

TABLE 2 | Quality assessment of physical activity studies according to the 

adapted version of the Newcastle-Ottawa scale.

Author, year (reference 

number)

Sample 

selection

Comparability Evaluation of 

outcome

Total 

score

Bamberga et al. (21) ** ** * 5

Chasens et al. (7) * * ** 4

Diamanti et al. (17) * * ** 4

Igelström et al. (18) ** ** * 5

Kline et al. (16) * ** ** 5

Mendelson et al. (20) * ** * 4

Mendelson et al. (22) * * ** 4

Verwimp et al. (19) * * ** 4

For the attribution of asterisks, please refer to methodological quality assessment 

paragraph in the Materials and Methods section.
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in Table  3 and the characteristics of exercise interventions are 
presented in Table S1 in Supplementary Material.

�ere was a signi�cant decrease in AHI in the intervention arm 
compared with the control arm. A mean reduction of 8.9 (−13.4; 
−4.3) events/h (p < 0.01), which re�ected a 28% reduction in AHI 
from baseline was detected in the exercise intervention groups 
(Figure 4).

Data for the e�ects of exercise training on BMI, ESS, and 
VO2peak were available for three, four, and �ve trials, respec-
tively. �e analyses showed signi�cant improvements in the mean 
ESS (−3.1; 95% CI −5.6 to −0.6; p = 0.02) and VO2peak (3.4 mL/
kg/min; 95% CI 0.4–6.3, p  =  0.03) a�er intervention while no 
change was observed in BMI (p = 0.24) (Figures 5–7).

Sensitivity Analysis
A sensitivity analysis done by using a leave and out method 
demonstrated no major change in the overall results.

DISCUSSION

Spontaneous Physical Activity and OSA
Based on a systematic review and meta-analysis of the reported 
�ndings, OSA patients present low levels of objectively measured 
physical activity when compared with public health physical 
activity guidelines (15, 34).

�e mean BMI of the OSA patients included in the meta-
analysis was over 30 kg/m2 for six out of the eight studies included, 
indicating that a majority of the patients were obese. �is could 
have contributed to the low level of physical activity observed in 
these patients. A recent paper examining physical activity levels in 
patients with varying levels of obesity found that physical activity 
levels tended to be lower with increasing obesity (35). Patients 
with class III obesity performed on average 6,617  ±  2,673 steps 
per day, which was signi�cantly lower than physical activity levels 

be interpreted with caution, since we included a small number 
of studies.

Effects of Exercise Training Interventions 

on OSA
�e study selection process is presented in Figure 1B. �e search 
of Medline and Embase databases provided a total of 2,725 cita-
tions. A�er adjusting for duplicates 2,494 remained. Of these, 
2,466 studies were discarded because a�er reviewing the abstracts 
it appeared that these papers clearly did not meet the criteria. �e 
full-texts of the remaining 28 citations were examined in more 
detail. It appeared that 22 studies did not meet the inclusion crite-
ria as described. Eight studies met the inclusion criteria, however, 
authors did not reply to the request to provide data for two articles 
therefore six studies were included in the meta-analysis.

Main Findings
�e baseline characteristics including the Jadad score for quality 
assessment of the trials included in the meta-analysis are presented 

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive


FIGURE 4 | Forest plot for the mean change in apnea–hypopnea index (AHI) (events/h) following exercise training. The diamond re�ects the 95% con�dence interval 

of the pooled estimate of mean difference. Ref (16, 22, 30–33).

TABLE 3 | Baseline characteristics of randomized controlled trials (RCTs) examining the effects of exercise training.

Author, year  

(reference number)

n Mean AHI (SD),  

events/h

Mean age (SD),  

years

Mean BMI (SD),  

kg/m2

Men, n(%) Jadad score

Kline et al. (16)a Exercise group 27 32.2 (5.6) 47.6 (1.3) 35.5 (1.2) 15 (56) 3

Control group 16 24.4 (5.6) 45.9 (2.2) 33.6 (1.4) 9 (56)

Sengul et al. (30) Exercise group 10 15.2 (5.4) 54.4 (6.6) 29.8 (2.7) 10 (100) 0

Control group 10 17.9 (6.5) 48.0 (7.5) 28.4 (5.4) 10 (100)

Servantes et al. (31) Exercise group 1 17 25.5 (24.7) 51.8 (9.8) 26.9 (4.7) 8 (47) 3

Exercise group 2 17 26.4 (17.6) 50.8 (9.5) 28.0 (4.4) 8 (47)

Control group 11 22.8 (17.4) 53.0 (8.2) 27.7 (3.7) 5 (46)

Ackel-D’Elia et al. (32) Exercise group 13 40.5 (22.9) 48.4 (9.2) 28.0 (3.1) 13 (100) 1

Control group 19 42.3 (21.6) 49.5 (7.7) 28.5 (2.2) 19 (100)

Desplan et al. (33) Exercise group 11 40.6 (19.4) Not reported 29.9 (3.4) Not reported 4

Control group 11 39.8 (19.2) 31. (2.5)

Mendelson et al. (22) Exercise group 17 31.1 (12.9) 63.8 (8.0) 28.6 (4.5) 16 (94) 5

Control group 17 28.1 (13.5) 59.6 (11.8) 26.2 (3.9) 14 (82)

AHI, apnea–hypopnea index; BMI, body mass index.
aData presented by author as mean ± standard error, which we converted to mean ± SD for the statistical analysis.
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achieved in lean participants (9,951 ± 3,487 steps per day). Even if 
undiagnosed OSA may be present in some of the overweight/obese 
patients investigated in this previous study due to the relationship 
between weight status and risk of OSA (36), the average steps per 
day reported was over 1,000 steps higher than the mean values 
obtained in the present meta-analysis. �is suggests that OSA per se 
is associated with a signi�cant reduction in physical activity levels.

Furthermore, mean physical activity levels have been reported 
in other chronic health conditions such as chronic obstructive 
pulmonary disease (COPD) and coronary artery disease. For 
example, one study in 343 patients with COPD showed that the 
mean number of steps per day was approximately 5,000 (37). In 
64 patients with coronary artery disease, mean number of steps 
per day was 5,191 ± 3,198 (38). �ese results are similar to what 
we observed in patients with OSA, suggesting that OSA reduces 
physical activity levels to a similar extent than other chronic 
health conditions.

�e results of our meta-analysis provide interesting observa-
tional data but do not provide insight as to what are the limiting 
factors to performing physical activity in OSA patients. �e stud-
ies identi�ed by our systematic review provide con�icting data 
with respect to the relationship between OSA severity and physi-
cal activity levels. In patients with OSA and high-cardiovascular 
risk, physical activity levels were shown to be inversely related to 
BMI but not to the AHI (39), suggesting that weight status has an 
important e�ect on physical activity levels. Conversely, Chasens 
et al. (7) found that increased OSA severity was associated with 
decreased objectively measured physical activity a�er controlling 
for age, sex, and ESS. Verwimp et al. (19) found that only AHI 
in rapid-eye-movement sleep was independently associated with 
steps per day a�er controlling for age and BMI. Furthermore, 
one study included patients with coronary artery disease and 
OSA (22) and in another study over 60% of the patients were in 
secondary prevention (20), therefore it is possible that physical 
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FIGURE 6 | Forest plot for the mean change in peak oxygen consumption (VO2peak) following exercise training. The diamond re�ects the 95% con�dence interval 

of the pooled estimate of mean difference. VO2peak measured in milliliter per kilogram per minute. Ref (16, 22, 30, 31, 33).

FIGURE 5 | Forest plot for the mean change in Epworth sleepiness scale following exercise training. The diamond re�ects the 95% con�dence interval of the pooled 

estimate of mean difference. Ref (16, 22, 30, 33).
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activity was limited in this population due to the cardiovascular 
co-morbidity.

�e impact of OSA on exercise tolerance remains unclear. 
Previous studies have yielded con�icting results, with some dem-
onstrating a reduction in cardiorespiratory �tness (i.e., VO2peak) 
(40–43) and others suggesting that cardiorespiratory �tness is not 
impaired (44–46). �ese studies have reported di�erent physi-
ological adaptations during exercise, such as exaggerated blood 
pressure, delayed heart rate recovery, and chronotropic incom-
petence. �erefore, it is also possible that symptoms of exercise 
intolerance limit spontaneous physical activity levels of patients 
with OSA.

Taken together, these results suggest that a number of fac-
tors can in�uence physical activity levels in OSA patients, such 

as weight status, severity of sleep apnea, the presence of co- 
morbidities, and exercise tolerance (Figure 8). To date, no study 
has compared objectively measured physical activity levels in 
OSA patients with age, BMI, and gender-matched controls. 
�erefore future controlled studies should bring further insight to 
objectively measured physical activity levels and its determinants 
in patients with OSA.

Effects of CPAP or Exercise Interventions on 

Physical Activity
In a subgroup analysis, we found that CPAP did not impact 
physical activity levels. One would hypothesize that treatment 
of OSA with CPAP, which reduces daytime sleepiness and 
improves quality of life, would encourage patients to be more 
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FIGURE 8 | Hypothetical relationship between exercise training/physical activity and obstructive sleep apnea (OSA). The rostral �uid shift contributes to the 

pathogenesis of OSA and its attenuation via physical activity (47) and exercise training has been shown to alleviate OSA. The strength and fatigability of the upper 

airway dilators have been shown to be altered in patients with OSA. Speci�c exercise training modalities may improve upper airway function in OSA patients and 

thus contribute to decrease OSA severity. An elevated body mass index (BMI) is a key risk factor for the development of OSA while sleep disturbances can in�uence 

body composition. Exercise training has been shown to favorably modify body composition (increase lean mass, decrease fat mass) and can reduce BMI, therefore 

potentially alleviating the severity OSA. OSA is often accompanied by cardiovascular and metabolic co-morbidities, which can impair exercise tolerance. Exercise 

training has been shown to be bene�cial for the improvement of a number of these co-morbidities (hypertension, dyslipidemia, type 2 diabetes, etc.).

FIGURE 7 | Forest plot for the mean change in body mass index (BMI) (kilogram per square meter) following exercise training. The diamond re�ects the 95% 

con�dence interval of the pooled estimate of mean difference. Ref (22, 30, 33).
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active. However, in all the studies published to date this was not 
observed. For example, in a randomized trial, West et al.’s showed 
that 3 months of CPAP had no e�ect on objective physical activity 
levels, measured in arbitrary units (48). In the studies included 

in this subgroup analysis, OSA patients were either overweight 
(n  =  3) or obese (n  =  4). �erefore, physical activity may be 
limited by weight status despite improvements in symptoms 
of fatigue and sleepiness. Interestingly, a recent meta-analysis 
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demonstrated that treatment of OSA with CPAP promoted a 
signi�cant increase in BMI and body weight (49). In line with 
these results, chronic intermittent hypoxia, a key component of 
OSA, has been shown to promote weight loss in mice (50) and 
sympathetic overactivity, another hallmark of OSA, promotes 
increases in energy expenditure. Hence, the reversal of OSA 
using CPAP may potentially result in a small but signi�cant 
increase of BMI and body weight (49), which may contribute 
to limiting the increase in physical activity levels. �e lack of 
e�ect of CPAP on physical activity levels may also suggest that 
it is not only the fatigue and sleepiness o�en reported by OSA 
patients that impact their activity levels but other factors that 
CPAP fails to improve such as established poor lifestyle habits 
and co-morbidities (Figure 8).

�e disappointing results of these trials suggest that improving 
sleep and sleep apnea is insu�cient to change physical activity. 
Furthermore, to explore the role of weight status on physical 
activity levels in OSA patients, future investigations evaluating 
the e�ects of OSA treatment should aim to di�erentiate the e�ects 
in lean versus obese patients.

Three randomized trials examined the effects of an exercise 
(16, 22) or a lifestyle intervention (51) on physical activity 
levels. Only one trial found increased physical activity levels 
after intervention in patients with OSA and coronary artery 
disease (22). These patients completed a walking-based 
short-term exercise training trial (4 weeks) prior to entering 
cardiac rehabilitation. After completing the trial, it is likely 
that the maintenance of their increased levels of physical 
activity was facilitated by the participation in a structured 
exercise program. The results from the two other trials in 
which the interventions did not result in increased physical 
activity levels are more frequently observed and are consistent 
with the observation that following rehabilitation, objectively 
measured physical activity levels do not change in different 
patient populations (52, 53). This result is noteworthy because 
it highlights the importance of long-term maintenance of 
increased physical activity levels. Indeed, the long-term success 
of exercise training or lifestyle interventions rests in part on 
the patient’s ability to maintain the health behaviors acquired 
following the end of formal treatment. In both pulmonary and 
cardiac rehabilitation, it has been shown that longer rehabili-
tation programs (i.e., >12 weeks) may have greater impacts on 
physical activity levels (52, 53). Furthermore, physical activity 
coaching interventions which can include accurate assessment 
and feedback of physical activity levels, individualized physi-
cal activity goals and/or tailored motivational messages have 
shown promise in COPD for maintaining physical activity 
levels (52).

Future studies identifying and characterizing subgroups of 
OSA patients with di�erent patterns of change in physical acti-
vity levels a�er interventions may help determine which patients 
could potentially bene�t the most from interventions targeting 
physical activity levels. Furthermore, interventions should be 
designed with long-term maintenance of physical activity levels 
in mind. As mentioned previously, longer programs have been 
shown to be more effective in different patient populations  

(52, 53) and specific maintenance programs which include 
objective monitoring of physical activity levels are likely 
necessary in OSA patients to facilitate a change in behavior. 
These types of interventions should be explored in patients 
with OSA.

Methodological Aspects
Methodological aspects must be taken into account when inter-
preting these results. We chose to focus on objective measure-
ments of physical activity because they are preferred to subjective, 
questionnaire-based assessments. Physical activity monitors 
are being frequently used to objectively measure daily levels of 
physical activity in a wide range of patient populations. �ese 
devices can be uniaxial, biaxial, or triaxial and use piezoelectric 
accelerometers. �e signal obtained can then be transformed 
into an estimate of energy expenditure, summarized as activity 
counts, or expressed as steps per day (54). �e availability of 
physical activity monitors has made the objective evaluation of 
physical activity in OSA patients possible in various contexts 
such as in response to CPAP (17, 20, 48) and during rehabilitation 
programs (22, 33).

An important source of heterogeneity across studies is the 
di�erent procedures of data processing. In fact, each manufac-
turer of di�erent accelerometer devices has its own approach to 
�lter, amplify, or convert the acceleration signals into an output 
value, either activity counts, steps per day or another vari-
able. �erefore, these data are not always comparable between 
devices (55).

�e site of measurement (i.e., hip, upper arm, or wrist) varies 
between devices and can also in�uence the quality of the measure. 
Current recommendations suggest wearing the device at the hip 
(i.e., as close as possible to the center of mass) (56).

Furthermore, ideally, physical activity monitoring needs to 
be done over several days in order to get a good representation 
concerning spontaneous physical activity levels. While it has been 
shown that at least 3 days is su�cient in the elderly (57), it seems 
that in younger patients a full week of monitoring is advisable 
due to variations in weekly patterns. In the present meta-analysis, 
physical activity monitoring was carried out over 7 days in �ve 
out of eight studies. We took this factor into account when assess-
ing the quality of the studies.

Lastly, to improve the accuracy and precision of physical 
activity measures, it has been suggested to combine heart rate 
monitoring with accelerometer-based data (58).

Effects of Exercise Training Interventions 

on OSA
�e present meta-analysis represents the most recent literature 
on studies examining the e�ects of exercise training on OSA. We 
focused on RCTs examining the e�ects of exercise as the main 
intervention. �e results obtained suggest that exercise training 
can reduce the severity of OSA by 28% and improve symptoms 
of sleepiness and VO2peak, in the absence of any change of 
BMI, which supports the results of two previous meta-analysis’ 
(59, 60).
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�e reduction of OSA severity was observed in the absence of 
a signi�cant decrease in BMI which suggests a potential role of 
exercise training in the treatment of sleep apnea.

�e precise mechanisms underlying the improvement in AHI 
following exercise training have not been entirely elucidated 
(Figure 8). One potential mechanism was explored via an RCT 
included in our meta-analysis, which concomitantly measured 
the rostral �uid shi� in the participants. Mendelson et  al. (22) 
found a reduction in the overnight change in leg �uid volume as 
well as an increase in the upper airway cross-sectional area. Other 
potential mechanisms which have been suggested to explain the 
observed decrease in OSA severity following exercise training 
include increased strength and fatigue resistance of the upper 
airway dilators, decreased nasal resistance, and increased respira-
tory stability through deeper sleep (16). Finally, even though it is 
not consistently reported, body composition modi�cation, and 
changes in fat mass distribution with exercise training may also 
contribute to sleep apnea improvement (33).

�e AHI reduction observed following exercise training 
in the present study is lower than results obtained in previous 
meta-analyses examining the e�ects of weight loss (61), bariatric 
surgery (62), oropharyngeal exercises (63), oral mandibular 
appliances and CPAP (64) on OSA severity. Future investigations 
should aim to de�ne speci�c rehabilitation strategies for the dif-
ferent OSA phenotypes (65).

Besides improvement in the AHI, exercise training also im proved 
VO2peak. �is improvement is noteworthy as it is associated 
with a signi�cant survival bene�t (66). A meta-analysis sum-
marizing the relationship between mortality and cardiorespira-
tory �tness showed that a 1-metabolic equivalent higher level 
of maximal aerobic capacity was associated with 13 and 15% 
decrements in risk of all-cause mortality and coronary heart 
disease/cardiovascular disease, respectively [1 MET corresponds 
to 3.5 mL//kg min of oxygen consumption, VO2, according to 
the Metabolic Calculation Handbook by the American College of 
Sports Medicine (67)]. In the present meta-analysis, we observed 
a 3.4 mL/kg/min increase in VO2peak a�er exercise training in 
OSA patients. �is result is clinically signi�cant since CPAP does 
not prevent cardiovascular events in patients with moderate-
to-severe OSA and established cardiovascular disease (68) and 
emphasizes the potential role of exercise as an adjunct treatment 
to CPAP.

In the studies included in the present meta-analysis, authors 
did not investigate which exercise training modality (walking 
versus cycling), exercise intensity (high versus moderate versus 
low) and duration is the most e�ective for patients with OSA. 
Future investigations should further explore this question.

Effects of Exercise Training on Co-Morbidities/

Cardiovascular Risk Factors in OSA Patients
Interestingly, only one study identi�ed by our systematic review 
examined the e�ects of exercise training on outcomes other than 
those directly related to sleep apnea. �is is surprising given that 
CPAP, the �rst line treatment of OSA has a limited impact on 
cardiometabolic risk factors (69) while as exercise training has 
a well-documented e�ect on a number of cardiometabolic risk 
factors in non-OSA patients (70).

Desplan et  al. (33) examined the e�ects of a 4-week com-
prehensive rehabilitation program on metabolic syndrome 
components. For instance, they observed a 4 mmHg reduction in 
diastolic blood pressure, a 15 mg/dL decrease in fasting glucose, 
and a decrease in the prevalence of metabolic syndrome (from 
n = 10 to n = 6) in patients with OSA.

Regular exercise is considered a cornerstone in the prevention 
and management of hypertension and cardiovascular disease (71). 
Results from a meta-analysis examining the e�ects of endurance 
exercise training on blood pressure and cardiovascular risk factors 
in patients with and without hypertension showed a 6.9 mmHg 
reduction in systolic blood pressure and 4.9 reduction in diastolic 
blood pressure in hypertensive patients (72). A reduction of this 
magnitude in blood pressure is clinically relevant since a 5 mmHg 
reduction in population average resting systolic blood pressure 
can reduce all-cause mortality by approximately 7% (73). Exercise 
has also been shown to improve glycemic control (74) and insulin 
sensitivity (75) in patients with type 2 diabetes. �is is important 
because it has been shown that OSA is associated with insulin 
resistance, glucose intolerance, and type 2 diabetes, independ-
ent of obesity (76). Furthermore, a meta-analysis on the e�ects 
of aerobic exercise training has shown improved HDL-C and 
minimal changes in LDL-C level. However, a substantial decrease 
in TC and LDL-C and signi�cant improvement in HDL-C levels 
are observed when a reduction in body weight following exercise 
training is achieved (77).

Future well-designed studies comparing a combination of 
exercise training and sleep apnea treatment (mandibular advance-
ment device or CPAP) which focus on long-term cardiovascular 
outcomes in OSA patients are needed.

Strategies to Enhance Physical Activity  

in OSAS
Low-cost wearable devices and mobile devices that assist indi-
viduals in monitoring their physical activity levels and becoming 
more active have become more widespread (78). �ese devices 
have been used in clinical studies of patients receiving reha-
bilitation or treatment for chronic diseases such as osteoarthritis, 
chronic heart failure, diabetes, peripheral neuropathy, or COPD 
(79–82).

Physical activity is a multidimensional and complex health 
behavior, therefore interventions aiming to improve physical 
activity levels need to re�ect this. Recent data on the use of mobile 
devices for increasing physical activity has shown that these 
platforms are e�ective means for in�uencing physical activity 
behavior (83). New generations of physical activity monitors have 
the potential to provide direct feedback to the patient, which has 
yielded encouraging results when used in combination with goal 
setting in various patient populations, such as COPD (84) and 
obesity (85).

A large multicenter randomized trial in patients with COPD 
evaluating a semiautomated tele-coaching intervention using a 
pedometer and an application installed on a smartphone showed 
signi�cant increases in physical activity levels (37).

�e use of mobile technology and physical activity tracking is 
still a relatively recent �eld, however, the available data to date can 
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be the basis for developing targeted and e�ciently interventions 
using this technology to increase physical activity levels.

LIMITATIONS

�e current meta-analysis presents the strength of combining 
data across a number of studies in order to estimate objectively 
measured physical activity levels and the e�ects of structured 
exercise training intervention in OSA patients with more preci-
sion than is possible in a single study. We chose to focus on steps 
per day because this measure was the most frequently reported 
outcome across all the studies we identi�ed. However, it is impor-
tant to note that step count is just a component of the spectrum of 
physical activity and does not re�ect the complete activity being 
performed by a patient.

Our meta-analysis had a limited number of studies and this 
limits the generalization of our results. �ere was also high het-
erogeneity in the included studies and due to their small number; 
we were unable to further investigate this heterogeneity.

�e interpretation of the current meta-analysis may also be 
limited by publication bias (i.e., probability of unreported studies).

CONCLUSION

Based on a systematic review and meta-analysis of the reported 
�ndings, OSA patients present low levels of objectively measured 
physical activity. �ese low levels of physical activity may con-
tribute to obesity and cardiovascular risk within OSA patients. 
�erefore, improving physical activity levels should be considered 
as a key component in the management of patients with OSA. 
CPAP improves symptoms and quality of life in symptomatic OSA 
patients but has a limited impact when prescribed for increas-
ing physical activity levels. Increasing physical activity (with 
structured exercise training programs for instance) improves 
OSA indices and may also reduce important cardiometabolic 
risk factors associated with OSA. Hence, there is a strong need 
for combined treatment strategies for OSA patients with the aim 
of optimizing risk factor control and reducing long-term morbi-
mortality. Nevertheless, more research is needed to further clarify 
the potential therapeutic role of exercise in the treatment of OSA. 

For example, future studies should identify the subset of patients 
most likely to respond to exercise training and to adhere to this 
type of treatment in the long-term as well as determine the most 
e�cient exercise training modalities and the optimal strategies to 
enhance spontaneous physical activity.
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