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Study Objectives: Obstructive sleep apnea (OSA) is a common condition with significant symptoms and long-term adverse cognitive, mental health, vascular,
and respiratory sequelae. Physical activity has been recognized as a key determinant for good health and has been associated with lower risk of these sequelae.
We hypothesized that increased physical activity may be associated with a decreased prevalence of OSA.
Methods:This cross-sectional study used baseline questionnaire data from theOntario Health Study, a population-based cohort of residents of Ontario, Canada.
Participants were adults who provided lifestyle, medical, socio-demographic, and sleep health information. The study sample consisted of 155,448 men (39.8%)
and women (60.2%). The prevalence of physician-diagnosed OSA in this cohort was 6.9%. Logistic regression models were used to investigate the association of
OSA with physical activity. Missing data were imputed using a multiple imputation by chained equation approach.
Results: In multivariable analyses adjusted for potential confounding factors, increased total physical activity (metabolic equivalent [h/wk]) (odds ratio [OR] = .98,
95% confidence interval [CI] = .96 to 1.00), vigorous-intensity activity (OR = .98, 95% CI = .97 to 1.00), and walking (OR = .98, 95% CI = .96 to 1.00) were
all associated (all P ≤ .045) with decreased prevalence of OSA. Moderate-intensity activity was not associated with risk of OSA (P = .826).
Conclusions: Independent of known risk factors for OSA, including body mass index, increased levels of physical activity, including walking, were associated
with a prevalence of OSA. Our results highlight the importance of physical activity as a preventive measure for sleep apnea.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea (OSA) is a common but underdiagnosed chronic condition requiring long-term clinical
monitoring and treatment. Physical inactivity and sedentary behavior are increasingly recognized as risk factors for poor health. It is largely unknown
whether such inactivity is associated with increased risk of OSA.
Study Impact: In a large, population-based, multi-ethnic sample of adults from Canada we found significant associations between increased physical
activity and lower prevalence of OSA. Subjects diagnosed with OSA, on average, report performing less physical activity than those without a diagnosis of
sleep apnea. Further research is needed to investigate the intensity and duration of physical activity required to reduce the risk of sleep apnea.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep-related
breathing disorder, with a current estimated global preva-
lence of 13–33% and 6–19% in middle-aged men and women,
respectively.1 OSA is severely under-diagnosed, with the ma-
jority of affected individuals in the community undiagnosed.2

OSA has been estimated to affect ~6% of Canadian adults and
~13% adults aged 60 to 79 years, with a significantly higher
prevalence in men.3 OSA is characterized by repeated episodes
of apnea (no airflow) and hypopnea (partially obstructed airflow)
that occur during sleep. This results in sleep fragmentation
and hypoxemia, which lead to excessive daytime sleepiness,4

impaired cognitive functioning,5 increased risk of motor ve-
hicle and occupational accidents,6 and reduced quality of life.7

OSA is associated with early mortality8 and serious long-term

cognitive,9 mental health,7,10 cardiovascular, cerebrovascular,
metabolic, and respiratory sequelae.1,11–13 A key metric used to
diagnose OSA and as a measure of disease severity is the apnea-
hypopnea index (AHI), a count of the number of airway ob-
structions per hour of sleep.

OSA is a chronic condition that usually requires long-term
monitoring and treatment. Continuous positive airway pressure
(CPAP) therapy is considered the gold standard treatment for
moderate to severe sleep apnea.14 However, poor patient ad-
herence can reduce the effectiveness of CPAP.15 Treatment
with oral appliances, such as mandibular advancement devices,
or oropharyngeal surgery can be effective in selected patients.16

Patients may also benefit from lifestyle changes such as weight
loss, exercise, and dietary control.17

Physical activity and exercise have long been recognized as
key determinants of good health.18 Prior studies have shown a
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consistent beneficial association of physical activity with
amelioration of OSA-associated clinical outcomes such as
impaired cognition,19 depression,20 and cardiovascular disease
(CVD).21 In contrast, the potential role of physical activity as an
independent risk factor for OSA has been largely ignored in the
sleep epidemiological literature. Prior research has generally
addressed the association of physical activity with secondary
outcomes in patients with OSA, such as disease severity and
comorbid outcomes. Exercise programs for patients with OSA
(usually with comorbid CVD) have been shown to mitigate
adverse clinical outcomes associated with OSA, including
cardiovascular disorders, glucose intolerance, and fatigue.22–24

In a network meta-analysis of 80 randomized controlled trials,
exercisewas shown tobe the secondmost effective treatment for
OSA behind CPAP in terms of reducing disease severity (ie,
AHI) in those with diagnosed OSA.16 Exercise was found to
be more effective than CPAP in OSA patients at reducing
self-reported daytime sleepiness as measured by the Epworth
Sleepiness Scale.16 However, the mechanisms by which
exercise attenuates OSA severity remain unclear.25 Potential
explanations for the beneficial effects of exercise on OSA se-
verity include increased upper airway dilator muscle tone, re-
duced fluid accumulation in the neck, increased proportion of
slow-wave sleep, reduced body weight, and reduced systemic
inflammatory response.17

The Ontario Health Study (OHS) is a population-based
cohort of volunteer adults resident in the Canadian province
of Ontario. Using cross-sectional baseline questionnaire data
from the OHS, we evaluated the association of physical activity
with diagnosed OSA among participants. We hypothesized
that, independent of potential confounding factors, increased
physical activity would be associated with a lower prevalence
of OSA. Ours is the largest research study to date to report
the interrelationships between physical activity and physician
diagnosed OSA.

METHODS

Study design
The OHS is a population-based cohort study comprising a
large, ethnically diverse sample from the province of Ontario,
Canada.26 The current study analyzed the self-reported data
collected at baseline recruitment from adult (age ≥ 18 years)
residents of Ontario using a web-based questionnaire. Data
collected included health-related behavior, personal medical
history, education history, socio-demographic characteris-
tics, and health service utilization. Data provided as part of
this study were collected from study participants between
September 29, 2010 and April 29, 2013. Institutional review
ethics board approvalwas obtained (Women’sCollegeHospital
REB#2013-0010-E). Informed consent was obtained from all
volunteer participants.

Questionnaire data
All questions asked (with the exception of current age and
sex) had the additional possible answers of “don’t know” and
“prefer not to answer.”

Sleep-related variables
OSA status was recorded based on the question: “Has a doctor
ever told you that you had any of the following conditions?”
The “Yes” responses were treated as “diagnosed OSA”; re-
sponses of “No” were treated as “no diagnosed OSA.” Self-
reported sleep duration was recorded based on the response to
the question: “On average, how many hours per day do you
usually sleep, including naps?” The response was recorded as a
continuous variable in hours and minutes. Sleep quality was
determined by the response to the question: “How often do you
have trouble going to sleep or staying asleep?” Possible re-
sponses were “never,” “part of the time,” “some of the time,”
“most of the time,” or “all of the time.”

Physical activity
The International Physical Activity Questionnaire (IPAQ)27

was used to assess physical activity. Four physical activity
measures were derived from IPAQ activity scores, one for each
type of physical activity: vigorous-intensity activity, moderate-
intensity activity, walking, and total physical activity (the sum
of the 3 activity scores). The questions asked were “During the
last 7 days, on how many days did you do vigorous physical
activities like heavy lifting, digging, aerobics or fast bicycling?’;
“During the last 7 days, on how many days did you do
moderate physical activities like carrying light loads, bicy-
cling at a regular pace or doubles tennis?”; and “During the last
7 days, on how many days did you walk for at least 10 minutes
at a time?”. All physical activity measures were recorded as
metabolic equivalents (MET-min/wk).26 The IPAQ sedentary
score was calculated as “Total sitting min/week,” based on the
question “During the last 7 days, on how much time did you
spend sitting on a weekday?”.

As recommended, anymeasure of physical activity (walking,
moderate or vigorous activity) greater than 180 minutes
(3 hours) per day was truncated at 180 minutes.28 All variables
were converted to MET-h/wk for ease of interpretation
in analyses and were loge-transformed before analysis to re-
duce heteroscedasticity (adding 1 to allow transformation of
zero values).

Socio-demographic variables
Current age and sex were self-reported by participants. Par-
ticipants body mass index (BMI; kg/m2) was calculated using
self-reported height and weight; BMI values of less 14 and
greater than 58 were truncated to 14 or 58.29 Comorbidities of
participants investigated were self-reported physician diag-
nosed conditions (ie, “Has a doctor ever told you that you had
any of the following conditions?”). Conditions reported in-
cluded: high blood pressure (hypertension), blood glucose
disorder (high blood glucose/sugar), diabetes (gestational,
type 1, or type 2), high cholesterol, depression, stroke, and
cardiovascular conditions (heart disease and myocardial
infarction). Ethnic background (ie, “What is your ethnic
background?” was self-reported as membership of one or more
of the following categories as per Canadian census definitions:
1 = Aboriginal, 2 = Arab, 3 = Black, 4 = Chinese, 5 = Filipino,
6 = Japanese, 7 = Korean, 8 = Latin American/Hispanic,
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9 = South Asian, 10 = Southeast Asian, 11 = West Asian, 12 =
White. Where more than one ethnicity was recorded, ethnicity
was defined as “Mixed.” Further socio-demographic variables
assessed included geographic residential status (rural or urban,
according to Canada Post designations), education level (ie,
“What is the highest level of education you have completed?”,
with responses: 1 = none, 2 = elementary, 3 = high school,
4 = trade, 5 = diploma, 6 = certificate, 7 = bachelor’s, 8 =
graduate degree), current working status (ie, “Which of the
following best describes your current employment status?”,
with responses 1 = full-time employed/self-employed, 2 = part-
time employed/self-employed, 3 = retired, 4 = looking after
home and/or family, 5 = unable to work because of sickness or
disability, 6=unemployed, 7=Doingunpaid or voluntarywork,
8 = Student), current shift work status (ie, “Which of the fol-
lowing best describes your working schedule in your current
job?”, with responses 1 = regular daytime shift, 2 = regular
evening shift, 3 = regular night shift, 4 = rotating shift, 5 = split
shift, 6 = irregular schedule/on call, responses of 2–6 were
coded as 1 = shift worker, response of 1 were coded as 0 = not a
shift worker), smoking status (ie, “Do you smoke cigarettes
daily, occasionally, or not at all?”, with responses 1 = do not
smoke, 2 = occasionally smoke, 3 = smoke daily). Alcohol
consumption (ie, “On average, over the last year, how often did
you drink alcohol?”) was assessed as: 0 = never, 1 = less than
monthly, 2 = about once a month, 3 = 2 to 3 times a month, 4 =
once a week, 5 = 2 to 3 times a week, 6 = 4 to 5 times a week,
7 = 6 to 7 times a week.

Statistical analysis
Data were analyzed using the R statistical software (R Core
Team, Vienna, Austria; version 3.5.1).30 Descriptive statistics
for normally distributed continuous variables used mean and
standard deviation; median and interquartile range (IQR) were
used for nonnormal continuous variables; frequencies and per-
centages were used for categorical variables. The association of
dichotomous physiciandiagnosedOSAstatuswere analyzed using
χ2, Student’s t test, or a Mann–WhitneyU test, depending upon
the distribution of the independent variable being compared.

To investigate the multivariable association of OSA
with the 4 physical activity measures, logistic regression
models were fitted. The principal outcome was OSA status.
The principal, continuous explanatory variables were loge-
transformed walking, loge-transformed moderate-intensity
activity, loge-transformed vigorous-intensity activity, and
loge-transformed total physical activity. Log transformations of
the physical activity measures were used as the dependent
variables in the logistic regression models because the distri-
butions of the 4 variables were skewed. Potential additional
covariates investigated inmultivariable modeling included age,
sex, BMI, physician diagnosis of morbidities (high blood
pressure [hypertension], high blood glucose, diabetes [ges-
tational, type 1, or type 2], high cholesterol level, depression,
stroke, sleep apnea, cardiovascular conditions [heart disease
and previous myocardial infarction], ethnicity, smoking status,
alcohol consumption, highest educational level, residential
location [rural/urban], employment status, and current shift
worker status).

Three logistic regression models were fitted; first, with each
of the 3 individual physical activity measures and then with the
combined measure, “total physical activity,” the sum of the
individual measures. Six models were thus fit in total. Model 1
was an unadjusted model, including only the physical activity
measures; model 2 was adjusted for all significant covariates,
excluding BMI; and model 3 was adjusted for all covariates
includingBMI. Themodelswerefit using a purposeful selection
method.31 Interaction terms for sex:BMI, age:BMI, physical
activity measures:BMI, and physical activity measures:sex
were investigated.

In secondary analyses, we investigated the relationship be-
tween OSA status and sleep duration and between OSA status
and sleep quality. We also investigated the relationship be-
tween OSA status and 3 variables commonly associated with
OSA: sex, age, and BMI.

Questions answered as “Prefer not to answer” or “Don’t
know” were coded as missing. All tests were 2 sided, and we
considered P < .05 to be statistically significant.

Missing data
The study population consisted of 155,448 participants. Of
these, 100,693 (64.8%) had missing values in one or more
variables, with missing data ranging from 0% (rural status) to
29% (OSA status) (Table S1 in the supplemental material). To
account for missing data, our primary analyses were conducted
on an imputed data set where missing values were generated
using multiple imputation by chained equations (MICE).32 In
the MICE procedure, a series of regression models are run
whereby each variablewithmissing data ismodeled conditional
upon the other variables in the data.33 Imputed data sets were
generated under the missing at random assumption that the
probability of data being missing is dependent on the observed
data.34 The imputation model included all variables of interest,
including the outcome variables. Linear regression was used
for imputation of continuous variables, logistic regression for
dichotomous variables and multiple logistic regression for
categorical variables with more than 2 categories. Following
recommendations by van Buuren,35 35 datasets were imputed
and combined according to Rubin’s rules.36

We also performed a complete case sensitivity analysis
without imputed data.

RESULTS

Cohort characteristics
Table 1 describes the demographic characteristics of the study
population. A total of 7,666 participants (6.9%) reported
being previously diagnosed with OSA. The entire cohort
included a lower proportion of men (39.8%). The mean age
was 46 years (standard deviation [SD] = 15, range: 18 to 99
years), and the mean BMI was 26.9 kg/m2 (SD = 5.7). For
participants with OSA, a higher proportion were men (62.4%),
the mean age was 54 years (SD = 11.7), and the mean BMI
was 31.8 kg/m2 (SD = 7.1). Those with OSA were also more
sedentary (median time spent sitting perweek=46 hours [IQR=
33–64]) than those without OSA (median = 42 hours [IQR = 29
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Table 1—Characteristics of the study sample in the entire cohort and by OSA status.

OSA (n = 7,666) No OSA (n = 102,889) Total Cohort (n = 155,448)

Men, n (%)# 4,784 (62.4) 40,357 (39.2) 61,771 (39.8)

Women, n (%)# 2,882 (37.6) 62,529 (60.8) 93,582 (60.2)

Age, mean years (SD)# 53.6 (11.7) 45.7 (14.9) 46.1 (15.0)

BMI, mean kg/m2 (SD)# 31.8 (7.1) 26.6 (5.4) 26.9 (5.7)

Time spent sitting, median h/wk [IQR]# 46.4 [33.0–64.0] 42.0 [29.0–57.0] 42.0 [30.0–58.0]

High blood glucose, n (%)# 1,604 (20.9) 5,641 (5.5) 9,461 (6.1)

Myocardial infarction, n (%)# 435 (5.7) 1,744 (1.7) 2,911 (1.9)

High cholesterol, n (%)# 3,106 (40.5) 18,106 (17.6) 24,120 (15.5)

High blood pressure, n (%)# 3,514 (45.8) 19,211 (18.7) 31,428 (20.2)

Heart disease, n (%)# 723 (9.4) 2,868 (2.8) 4,363 (2.8)

Diabetes, n (%)# 1,403 (18.3) 5,392 (5.2) 9,266 (6.0)

Depression, n (%)# 1,742 (22.7) 8,896 (8.7) 15,569 (10.0)

Stroke, n (%)# 206 (2.7) 892 (.9) 1,506 (1.0)

Frequency of alcohol consumption, n (%)#

Never drink 607 (7.9) 5,267 (5.1) 8,135 (5.2)

Less than monthly 1,684 (22.0) 19,847 (19.3) 29,065 (18.7)

About once a month 629 (8.2) 8,662 (8.4) 12,827 (8.3)

2 to 3 times a month 921 (12.0) 13,184 (12.8) 19,801 (12.7)

Once a week 845 (11.0) 12,179 (11.8) 18,365 (11.8)

2 to 3 times a week 1,122 (14.6) 16,941 (16.5) 25,740 (16.6)

4 to 5 times a week 654 (8.5) 9,004 (8.8) 13,836 (8.9)

6 to 7 times a week 793 (10.3) 9,094 (8.8) 14,278 (9.2)

Smoking status (ever smoked) 4,210 (54.9) 43,285 (42.1) 65,514 (42.2)

Highest level of education completed, n (%)#

None 16 (.2) 238 (.2) 312 (.2)

Elementary school 173 (2.3) 1,696 (1.7) 2,307 (1.5)

High school 1,735 (22.6) 22,437 (21.8) 32,486 (20.9)

Trade/vocation school/technical 718 (9.4) 6,029 (5.9) 8,698 (5.6)

Diploma 1,940 (25.3) 25,356 (24.6) 36,485 (23.5)

Certificate 322 (4.2) 3,751 (3.7) 5,692 (3.7)

Bachelor’s degree 1,670 (21.8) 27,823 (27.0) 42,308 (27.2)

Graduate degree 956 (12.5) 13,553 (13.2) 23,160 (14.9)

Working status, n(%)#

Full-time employed/self-employed 3,576 (46.7) 53,846 (52.3) 80,168 (51.6)

Part-time employed/self-employed 718 (9.4) 12,341 (12.0) 18,337 (11.8)

Doing unpaid or voluntary work 57 (.7) 926 (.9) 1,474 (1.0)

Looking after home and/or family 158 (2.1) 4,560 (4.4) 6,094 (3.9)

Retired 1,833 (23.9) 15,531 (15.1) 24,477 (15.8)

Unable to work due to illness/disability 765 (10.0) 3,078 (3.0) 5,270 (3.4)

Student 84 (1.1) 5,687 (5.5) 8,895 (5.7)

Unemployed 303 (4.0) 4,016 (3.9) 5,786 (3.7)

Shift work status, n (%) 1,044 (13.6) 14,941 (14.5) 21,942 (14.1)

Rural status, n (%) 878 (11.5) 11,277 (11.0) 16,357 (10.5)

Ethnicity, n (%)#

Aboriginal 81 (1.1) 660 (.6) 998 (.6)

Arab 52 (.7) 592 (.6) 894 (.6)

Black 96 (1.3) 1,405 (1.4) 2,106 (1.4)
(continued on following page)
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to 57] (P < .001). Participants with OSA had much higher
rates of physician-diagnosed morbidities (frequency from 2.7
to 45.8%) (Table 1) (all P < .001). Summary statistics derived
from imputed data set were very similar to those in the original
dataset (Table S2).

The association between physical activity and OSA
Table 2 summarizes the distribution of physical activity scores
based on OSA status. Univariate analyses indicated that par-
ticipants with OSA had lower median values and smaller
IQRs for all physical activity measures compared with those
without (all P < .001). Median total physical activity was 18.1
MET-h/wk [IQR = 2.0 to 47.6] in those with OSA compared
with 25.8 MET-h/wk [IQR = 6.6–59.2] in those without.
Univariate analyses suggested that male sex, increased BMI,
and increased age were all significantly associated with diag-
nosed OSA. Specifically, men had 2.56 times (95% CI 2.44 to
2.68) the prevalence of diagnosed OSA than women; partici-
pants who were overweight had 2.85 times (95% CI 2.66 to
3.09), and participants with obesity were 7.58 times (95%
CI 7.07 to 8.13) the prevalence of diagnosed OSA than par-
ticipants with normal weight; 41- to 60-year-old participants
have 3.53 times (95% CI 3.30 to 3.78), 61- to 80-year-old
participants have 4.46 times (95% CI 4.15 to 4.79), and par-
ticipants over 80 years have 2.59 times (95%CI 1.92 to 3.49) the
prevalence of diagnosed OSA then 18- to 40-year-old partici-
pants (Table 3).

Logistic regression models (Table 4) fitted on the imputed
data confirmed the univariate observations. The unadjusted

model (Model 1) showed that total physical activity, as a
combined measure of the 3 types of physical activity, was
associated with a decreased prevalence of diagnosed OSA (OR
.88, 95% CI .87 to .90). Adjusting for all risk factors except for
BMI (Model 2) showed that increasing total physical activity
was independently associated with a decreased prevalence of
diagnosed OSA (OR .94, 95% CI .92 to .95). When BMI was
added to the model (Model 3), the odds ratio increased to

Table 1—Characteristics of the study sample in the entire cohort and by OSA status. (continued)

OSA (n = 7,666) No OSA (n = 102,889) Total Cohort (n = 155,448)

Chinese 225 (2.9) 5,015 (4.9) 6,047 (3.9)

Filipino 50 (.7) 671 (.7) 1,010 (.7)

Japanese 17 (.2) 278 (.3) 346 (.2)

Korean 10 (.1) 345 (.3) 419 (.3)

Latin American/Hispanic 53 (.7) 725 (.7) 1,135 (.7)

Mixed 669 (8.7) 8,488 (8.3) 12,454 (8.0)

South Asian 164 (2.1) 3,536 (3.4) 5,230 (3.4)

South East Asian 14 (.2) 451 (.4) 650 (.4)

West Asian 15 (.2) 382 (.4) 607 (.4)

White 5,889 (76.8) 76,328 (74.2) 117,475 (75.6)

Entire cohort data set was evaluated prior to imputation. BMI = body mass index, IQR = interquartile range. #P value < .001.

Table 2—Physical activity characteristics of the study sample by OSA status: univariate analysis.

Physical Activity Measure, Median MET-h/wk [IQR] OSA (n = 7,666) No OSA (n = 102,889) Total cohort (n = 155,448)

Walking# 8.3 [2.2–23.1] 11.0 [3.3–23.1] 11.0 [3.3–23.1]

Moderate-intensity activity# 0.0 [0.0–10.0] 0.0 [0.0–12.0] 0.7 [0.0–12.0]

Vigorous-intensity activity# 0.0 [0.0–10.0] 0.0 [0.0–12.0] 0.0 [0.0–12.0]

Total physical activity# 18.1 [2.0–47.6] 25.8 [6.6–59.2] 26.0 [7.4–58.5]

IQR = interquartile range, MET = metabolic equivalent, OSA = obstructive sleep apnea. #OSA vs no OSA, P value < .001.

Table 3—Pooled univariable logistic regression results
describing the association between common predictors of
OSA and having diagnosed OSA.

Predictor OR (95% CI) P Value

Sex

Female Reference

Male 2.56 (2.44, 2.68) < .001

Age, years

18–40 Reference

41–60 3.53 (3.30, 3.78) < .001

61–80 4.46 (4.15, 4.79) < .001

80+ 2.59 (1.92, 3.49) < .001

BMI

Normal (< 25 kg/m2) Reference

Overweight (25 – 29.9 kg/m2) 2.85 (2.66, 3.06) < .001

Obese (30+ kg/m2) 7.58 (7.07, 8.13) < .001

BMI = body mass index, OR = odds ratio, OSA = obstructive sleep apnea.
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.98 (95%CI .96 to 1.00). In themodels fitted with the individual
physical activity measures, walking and vigorous-intensity
physical activity were independently associated with a de-
creased prevalence of diagnosedOSA in allmodels,withORs in
the model adjusting for all significant risk factors (Model 3)
higher than for total physical activity (walking: OR .98, 95%CI
.96 to 1.00; vigorous-intensity activity: OR .98, 95% CI .97 to
1.00). Moderate-intensity activity was not significantly asso-
ciated with OSA (OR 1.00, 95% CI .98, 1.02).

The independently significant covariates in the final multi-
variate model (Model 3) were BMI, BMI,2 sex, age, age,2 time
spent sitting, comorbidities, ethnicity, alcohol frequency,
smoking status, working status, and education level (Table
S3). One significant interaction was identified: BMI:vigorous-
intensity activity (OR 1.01, 95%CI 1.00 to 1.01,P < .001). This
suggested that BMI acts as an effect modifier on the association
between vigorous-intensity activity and OSA risk; vigorous
activity was most effective in those of lower BMI in reducing
prevalence of OSA.

Results and inferences from the complete case sensitivity
analyses were comparable to those found using the imputed
data (Table S4); the ORs for all physical activity intensities
were slightly lower in all models.

Secondary analyses found that participants with a diagnosis
of OSA had significantly lower average sleep duration (7.11
hours, SD = 1.51) than participants without OSA (7.34 hours,
SD = 1.20) (P < .001). Self-reported sleep quality also differed
significantly by OSA status (P < .001), with 31% of participants
with OSA reporting trouble sleeping most or all of the time,
compared with 17% of participants without OSA (Table 5).

DISCUSSION

Principal findings
In a large, general population-based prospective cohort study,
we assessed the association between measures of physical
activity and physician-diagnosed OSA. To our knowledge, the

current study is substantially larger than any similar study
published to date.24,37,38 We found that most forms of physical
activity had a significant protective association with OSA
prevalence, independent of potential confounding covariates
including BMI. The subtypes of physical activity were assessed
separately; increased walking and vigorous-intensity activity
were both associated with reduced OSA prevalence. Moderate-
intensity activity failed to reach statistical significance once we
accounted for all other covariates.

The prevalence of diagnosed OSA in our sample of adults
aged 18 to 79 years was 6.9%, consistent with previous findings
from the Canadian HealthMeasures Survey (CHMS), 2016 and
2017,3 which found a prevalence of 6.4% (Figure 1). The self-
reported key parameters among those with diagnosed OSA in
the OHS participants, a higher proportion of men (62.4%), a
mean age of 54 years (SD = 11.7), and mean BMI of 31.8 kg/m2

(SD = 7.1), were also consistent with previous samples of
patients with OSA drawn from general population cohorts.39–41

This is also consistent with prevalence of objectively diagnosed
OSA, which has been determined to be from 9% to 38% in the
general population.1

Comparison with previous studies
Our findings are consistent with previous studies on the asso-
ciation of physical activity with OSA disease severity.24,38,42

Some previous studies reported that only vigorous-intensity
activity had a significant association with reduced risk of
OSA,24 and others38 reported that only moderate-to-vigorous
activity was associated with reduced risk of OSA. In contrast,
we found that the risk of OSA was independently associated
with both walking and vigorous-intensity activity. The type of
physical activity being measured was variable in previous
studies, with some studies using self-reported activity,38,42,43 as
done in the current study, and others using structured exercise
with the intensity formally measured in a laboratory setting.44

Several studies suggest that the association between physical
activity and OSA may be bidirectional,43,45 with patients less
likely to engage in physical activity due to the symptoms of

Table 4—Pooled multivariable logistic regression results predicting the likelihood of having sleep apnea using imputed data.

Predictor
Model 1 Univariate Model 2a Adjusted (−BMI) Model 3b Adjusted (+BMI)

OR (95% CI) P Value aOR (95% CI) P Value aOR (95% CI) P Value

Individual physical activity measuresc, MET-h/wk

Loge walking .93 (.92, .95) < .001 .96 (.94, .97) < .001 .98 (.96, 1.00) .045

Loge moderate-intensity activity .99 (.98, 1.01) .534 1.00 (.98, 1.02) .872 1.00 (.98, 1.02) .835

Loge vigorous-intensity activity .89 (.88, .90) < .001 .95 (.94, .97) < .001 .98 (.97, 1.00) .041

Combined physical activity measured, MET-h/wk

Loge total physical activity .88 (.87, .90) < .001 .94 (.92, .95) < .001 .98 (.96, 1.00) .005

aOR = adjusted odds ratio, BMI = body mass index, CI = confidence interval, MET = metabolic equivalent. aModel adjusted for sex, age, age2, time spent
sitting, depression, high blood pressure, high cholesterol, blood glucose, stroke, heart disease, diabetes mellitus, myocardial infarction, alcohol frequency,
smoking status, ethnicity, working status, and education level; bmodels adjusted for BMI, BMI2, sex, age, age2, time spent sitting, depression, high blood
pressure, high cholesterol, blood glucose, stroke, heart disease, diabetes mellitus, myocardial infarction, alcohol frequency, smoking status, ethnicity,
working status, and education level; cmodels fit with all 3 physical activity measures as individual covariates; dmodels fit with one combined physical
activity measure: (loge walking + loge moderate-intensity activity + loge vigorous-intensity activity).
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sleep apnea. Specific impairments in sleep apnea patients
impacting aerobic exercise capacity include a lower VO2max,44

dyspnea, lower limb muscle weakness, cardiac dysfunction,
respiratorymuscle dysfunction, hypoxemia, lack ofmotivation,
and peripheral vascular disease.46, It remains unclear whether
1) the amount of physical activity directly decreases OSA
susceptibility, 2) OSA susceptibility directly impacts the extent
of physical activity engaged in, or 3) a combination of both.

Limitations and strengths of the current study
This study has several potential limitations. First, the volunteer
nature of the OHS means that selection bias is possible.
However, comparison of age, sex, BMI, ethnicity, and the
primary outcome and explanatory variables used in this study to
the CHMS47 suggest that the OHS sample comprises a rea-
sonably good approximation to the general adult population of
Canada (data not shown) (Figure 1). Second, the findings are
based upon self-reported measures and information bias may
thus be a factor. Prior studies have shown that the IPAQ survey,
used in the current study, is prone to bias as it significantly
overestimates time spent doing physical activity comparedwith
more objective methods such as accelerometry.48 Similarly,
recall bias is a potential issue in the reporting of OSA status,

which is indicated on the questionnaire as a medical profes-
sional telling them they have the condition; however, no details
are provided as to the severity or currency of the diagnosis or
whether any treatment has been provided. However, the con-
sistency of prevalence estimates in the OHS sample and the
CHMS (Figure 1) suggest any information bias is likely minor
in nature. Previous research has also shown that the accuracy of
a self-reported history of physician-diagnosed chronic health
conditions is good for prevalent chronic diseases, with high
specificity and sensitivity.49,50 In addition, secondary analyses
found a strong association between OSA status and shorter
average sleep duration and poorer quality sleep, measures often
associated with OSA.2,51 Finally, due to the sample being cross-
sectional we were unable to make temporal inferences on
the observed associations between physical activity and sleep
apnea. Another potential form of bias arises from missing
data. However, this was dealt with formally in the analysis by
imputing missing values.

A major strength of the current study is that OHS is a large
cohort from the general population that was consistent for
most variables of interest with estimates derived from con-
temporaneous Canadian representative samples.47 The OHS
sample is diverse and came from a range of sociodemographic

Table 5—Sleep duration and quality by OSA status.

Sleep-Related Characteristics OSA (n = 7,666) No OSA (n = 102,889) Total cohort (n = 155,448) P Value

Sleep duration, mean hours (SD) 7.12 (1.55) 7.34 (1.19) 7.32 (1.22) <.001*

Trouble sleeping, n (%) <.001†

All the time 851 (11.1) 4,220 (4.1) 7,372 (4.8)

Most of the time 1,545 (20.3) 12,837 (12.6) 20,650 (13.5)

Some of the time 2,283 (30.0) 33,782 (33.2) 50,463 (33.0)

Part of the time 1,465 (19.2) 24,469 (24.0) 36,549 (23.9)

Never 1,477 (19.4) 26,509 (33.2) 37,752 (24.7)

*t test; †χ2 test.

Figure 1—Comparison of prevalence of sleep apnea by age group and sex in the Ontario Health Study (OHS) and Canadian
Health Measures Survey (CHMS), cycle 5 (2016 to 2017).3
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and ethnic backgrounds and from all adult age groups. This
suggests findings may be generalizable, particularly to the
Canadian general population, but possibly also to similar
countries such as Australia and the United Kingdom. Since the
OHS collected a very broad range of data, many potentially
confounding socio-demographic and health-related risk factors
could be accounted for when assessing associations between
physical activity and OSA.

Implications of the study
OSA is associated with substantial social and economic costs
globally due to its high prevalence in the community; the
profound clinical effects on an individual’s cardiometabolic,
cognitive, and general functioning; and the increased risk of
adverse health complications. Therefore, understanding the
role of risk factors for OSA and its associated adverse health
outcomes is imperative.

The findings from the current study support the potential
importance of physical activity to reduce the risk of OSA. Our
results suggest that an increase in total physical activity of
15 MET-h/wk was associated with a reduction in the predicted
risk of OSA of ~10% for men and ~10% in women. This be-
havioral modification is achievable, as 15 MET-h/w equates
to a relatively modest increase in physical activity, eg, an in-
crease of 8 minutes of vigorous activity per day plus an in-
crease of 20 minutes of walking per day. Health promotion and
OSA prevention efforts should therefore encourage and pro-
mote healthy lifestyle choices, including engaging in more
physical activity. Previous studies have also suggested that
physical activity is an efficient intervention in reducing OSA
severity,16,17,52 improving cardiorespiratory fitness52 and quality
of life in patients with OSA17 and showing that the improve-
ment of OSA severity obtained after exercise therapy could
be maintained years after the intervention. Our findings also
support the routine use of IPAQ surveys or other physical
activity assessments to monitor physical activity levels in
patients with OSA.

CONCLUSION

We demonstrated that walking and vigorous-intensity physical
activity are associated with a decreased risk of OSA indepen-
dent of other risk factors in a large population-based pro-
spective cohort study. These results build on prior findings
that physical activity can be a contributing factor to OSA se-
verity. To further clarify the intensity and amount of activity
required to make a difference to the risk of OSA, new longi-
tudinal randomized control trials should be conducted.

ABBREVIATIONS

AHI, apnea-hypopnea index
BMI, body mass index
CHMS, Canadian Health Measures Survey
CI, confidence interval
CPAP, continuous positive airway pressure

CVD, cardiovascular disease
IPAQ, International Physical Activity Questionnaire
IQR, interquartile range
MET, metabolic equivalent of task
MICE, multiple imputation by chained equations
OSA, obstructive sleep apnea
OR, odds ratio
SD, standard deviation
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