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A portrait of obstructive sleep 
apnea risk factors in 27,210 
middle‑aged and older adults 
in the Canadian Longitudinal Study 
on Aging
Cynthia Thompson1,15, Julie Legault1,8,15, Gregory Moullec1,2, Marc Baltzan3,4, 
Nathan Cross5,6,7, Thien Thanh Dang‑Vu5,6,7, Marie‑Ève Martineau‑Dussault1,8, 
Patrick Hanly9, Najib Ayas10,11, Dominique Lorrain12,13, Gillian Einstein14, Julie Carrier1,8 & 
Nadia Gosselin1,8*

Determining the prevalence and characteristics of individuals susceptible to present with obstructive 
sleep apnea (OSA) is essential for developing targeted and efficient prevention and screening 
strategies. We included 27,210 participants aged ≥45 years old (50.3% women) from the Canadian 
Longitudinal Study on Aging. Using the STOP questionnaire combined to the percentage of body 
fat (%BF), we estimated the prevalence of individuals at high-risk for OSA in a sex and age-specific 
manner, and tested the relation with comorbidities, menopause and systemic inflammation. The 
prevalence was 17.5%, and was lower in women (13.1%) than in men (21.9%). A high level of high-
sensitivity C-reactive protein was the strongest factor associated with OSA risk and this association 
was 1.3–2.3 times higher in women than in men. OSA risk increased with age, cardiovascular diseases, 
diabetes mellitus, anxio-depressive symptoms, asthma and arthritis. In women, post-menopausal 
status was associated with a high OSA risk. Nearly 1 adult out of 5 older than 45 is at risk for OSA in 
Canada. Comorbidities, menopause and systemic inflammation, more than age, explain increased 
OSA prevalence. Considering this high prevalence and associations with medical and mental 
comorbidities, health care practitioners should incorporate systematic OSA screening in their clinical 
procedures.

Obstructive sleep apnea (OSA) represents a major public health issue. In fact, nearly one billion adults aged 
30–69 years suffer from OSA worldwide1. Moreover, as there is a graded increase in OSA prevalence with increas-
ing body mass index (BMI)2, it will likely continue increasing with time due to the epidemic of obesity. The asso-
ciation between OSA and medical and mood conditions such as diabetes, hypertension, coronary artery disease, 
myocardial infarction, congestive heart failure, stroke, and depression3–5 is also worrying since a bidirectional 
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relationship is suspected6–9. Unfortunately, OSA remains largely under-diagnosed and under-treated10–13. The 
main obstacles are that patients often do not recognize the symptoms, most health professionals do not routinely 
screen for OSA, and patients find difficult to adhere to continuous positive airway pressure (CPAP) treatment14.

Determining the prevalence and characteristics of individuals susceptible to present with OSA in repre-
sentative population samples is essential for developing more targeted and efficient prevention and systematic 
screening strategies. This is particularly true for late middle-aged and older adults who are more susceptible to 
present OSA compared to young adults15. Moreover, considering that previous work reported sex differences in 
how OSA is associated with medical conditions and blood markers (e.g.: apneic women showing higher inflam-
mation levels and being more susceptible to obesity than men)16,17, studies now have to include sex differences 
in their analyses18 (Supplementary information).

Investigating OSA prevalence in large cohorts is challenging, as using objective measures of OSA (i.e., 
polysomnography) is generally limited to smaller samples. To our knowledge, four regional studies used ran-
dom sampling and polysomnographic recordings to estimate OSA prevalence and assess its association with 
risk factors and symptoms in adults aged 18–85 in the past 15 years16,19–21. Prevalence of mild OSA, defined 
by an apnea–hypopnea index (AHI) of ≥ 5 but < 15, ranged between 47 and 84% in men, and 25 and 61% in 
women, while that of moderate-to-severe OSA (AHI ≥ 15) varied between 19 and 50% in men and 8 and 23% in 
women16,19,20. The large variations observed in OSA prevalence were due to its strong positive associations with 
age and BMI, metabolic comorbidities and menopause16,19,20. Other large cohort studies22,23 used self-reported 
diagnosis of OSA obtained through surveys, which probably captures more symptomatic or severe cases, as 
shown by the drastically lower prevalence that was reported (13–14% in men and 4–6% in women). These results 
confirm that using self-reported diagnosis, especially in people with mild OSA who are possibly unaware of their 
condition, leads to an underestimation of OSA prevalence10,24.

Another approach to estimate OSA prevalence in large cohorts is using validated screening tools25–27. The 
STOP is based on the Berlin questionnaire and was validated in sleep clinics, surgical and general populations28,29. 
It assesses the self-reported presence of four typical signs and symptoms of OSA, namely Snoring; daytime Tired-
ness; Observed apnea; and high blood Pressure, which form the STOP acronym. The STOP-Bang is an alternative 
scoring algorithm that includes four demographic variables: BMI (B), age (a), neck circumference (n) and sex 
(g)28. Recent systematic reviews reported that a STOP-Bang score of 3 or more has a sensitivity ranging between 
88%30 and 94%31 for detecting moderate-to-severe OSA, but has a much lower specificity (24–42%30,31). The 
STOP / STOP-Bang thus represent useful tools to identify individuals at risk of having a severe form of OSA that 
should undergo objective polysomnographic testing in clinical settings31, as well as to estimate the prevalence 
of adults susceptible to present OSA (referred as being “at high-risk for OSA” in this article) in large cohorts.

The primary objective of this study was to estimate the sex-specific prevalence of OSA in the national pop-
ulation-based cohort of the Canadian Longitudinal Study on Aging (CLSA) that includes adults aged ≥ 45 years 
old. We used the STOP questionnaire combined to the percentage of body fat (%BF), an objective measure of 
obesity that reliably estimates the prevalence of obesity in the CLSA32, and accounted for the “B” item of the 
“Bang”. Sex-specific analyses were stratified according to age, as well as menopausal status for women. A sec-
ond objective was to identify the sex-specific associations of OSA-related comorbidities and levels of systemic 
inflammation with high-risk for OSA while controlling for recognized socio-demographic and lifestyle-related 
confounding variables. Our study represents the largest population-based study (N = 27,210 participants) using 
validated screening questions to estimate sex-specific OSA prevalence, while focusing on adults aged 45–85 who 
may differ from younger adults in terms of OSA prevalence and determinants.

Material and methods
Study design and participants.  The CLSA is a national prospective longitudinal study, which includes 
a total of 51,338 Canadian women and men aged 45–85 years old at the time of recruitment. Participants were 
separated in two distinct cohorts (comprehensive, N = 30,097; tracking, N = 21,241) and will be followed until 
2033 or death. The CLSA comprehensive cohort recruitment and baseline data collection started in mid-2012 
and ended in mid-2015. The design, sampling and source population have been described in detail previously33. 
Our study used the baseline cross-sectional data included in the comprehensive cohort comprising questions 
pertaining to sleep.

The 30,097 participants of the comprehensive cohort were fluent in English or French, followed in person and 
living within 25–50 km of one of 11 CLSA data collection sites located in seven Canadian provinces. As evaluated 
by CLSA’s trained interviewers, participants were free of identifiable signs of cognitive impairment that would 
prevent them from giving their informed consent and understanding the assessments and tasks. Participants 
provided information through a computer-assisted interview on aspects relevant to health and aging, and through 
physical examination, questionnaires, neuropsychological assessment, and biological sample collection during 
home and site visits. Data pertaining to sleep was collected during home visits.

The CLSA is overseen by a collaborative Research Ethics Board forum chaired at McMaster University, and 
our own study was approved by the Centre intégré universitaire de santé et services sociaux du Nord-de-l’Ile-de-
Montréal Research Ethics Board (REB 2018–1584). This research has been performed in accordance with the 
Declaration of Helsinki. Informed consent was obtained from all participants included in the CLSA.

Measures.  Obstructive sleep apnea.  We estimated the prevalence of adults susceptible to present OSA using 
four questions forming the STOP score28 combined to the whole body fat percentage with sex-specific cutoffs34, 
resulting in what we refer to as the STOP-Obesity score. For the “B” item, we used the %BF instead of the BMI 
since the latter underestimates the prevalence of obesity in the CLSA32. Neck circumference, one of the 8 ques-
tions in the STOP-Bang, is not available in the CLSA cohort, which is why we only used the STOP portion of the 
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questionnaire along with an obesity measure. However, we performed our analyses considering age and sex (“a” 
and “g” in the acronym, see below).

Snoring was assessed by the yes/no question “Do you snore loudly? By ‘loudly’ I mean louder than talking or 
loud enough to be heard through closed doors”. Observed apnea was assessed by the yes/no question “Has anyone 
ever observed you stop breathing in your sleep?”. With respect to high blood pressure, participants were asked 
the yes/no question “Has a doctor ever told you that you have high blood pressure or hypertension?”. Answers 
were double-checked with information pertaining to the current intake of hypertensive medication. A score of 
one was given for each of these questions answered with a “yes”. Daytime tiredness/sleepiness was assessed by 
the interviewer asking “Over the last month, how often do you find it difficult to stay awake during your normal 
waking hours when you want to?”, with suggested response categories being “Never”, “Less than once per week”, 
“Once or twice a week”, “3–5 times per week” or “6–7 times per week”. Participants reporting difficulty stay-
ing awake ≥ 3 times per week were considered as experiencing significant daytime sleepiness and were given a 
score of one. The %BF was measured using a Hologic Discovery A Dual Energy X-Ray Absorptimetry (DXA) 
machine35. Women with a %BF > 35% and men with a %BF > 25% were considered obese, and were given one 
point for the obesity criterion. The maximum score on the STOP is 4, and participants scoring ≥ 2 are considered 
at high-risk of having OSA28. Our adapted STOP-Obesity score could reach a maximum value of 5 instead of 4, 
and we considered participants scoring ≥ 3  to be at high-risk for having OSA. We established this cutoff based 
on recent meta-analyses and studies reporting a high sensitivity for a STOP-Bang score ≥ 3 in patients with mild, 
moderate and severe OSA30,31,36,37. As the CLSA does not include specific questions pertaining to a prior diagnosis 
of OSA, the terminology “being at high-risk for OSA” refers to the odds of presenting with OSA at the time of 
testing. It possibly includes individuals who already have OSA and does not exclusively refer to the probability 
of developing it in the future.

Clinical, sociodemographic and lifestyle variables.  Clinical, lifestyle and sociodemographic variables related to 
OSA were selected based on the literature19,20,23,27,38, clinical relevance, and availability in the CLSA cohort. Details 
on the lifestyle and sociodemographic variables are provided in the Supplementary material.

Clinical variables included systemic inflammation, assessed using the level of high-sensitivity C-reactive 
protein (hs-CRP), and categorized as normal (< 1 mg/L), mild (1–3 mg/L), moderate (3–10 mg/L) and high 
(> 10 mg/L)39. Chronic health conditions diagnosed by a health professional which were expected to, or have 
already lasted, 6 months or more were considered. This information was reported by the participants, who were 
asked to answer yes or no to questions about each chronic condition’s diagnosis; all questions systematically 
started by, “Has a doctor ever told you that you have [chronic medical condition]?”. The chronic medical condi-
tions included were cardiovascular diseases (myocardial infarction, angina pectoris, and/or congestive heart 
failure), cerebrovascular diseases (stroke and/or transient ischemic attacks), diabetes mellitus, hypothyroidism, 
arthritis, osteoporosis, memory problems, dementia, anxiety, Parkinson’s disease, chronic obstructive pulmonary 
disease (COPD) and asthma. The 10-item Center for Epidemiologic Studies Depression scale (CESD-10) was 
used to assess the presence of depression, where a participant scoring ≥ 10 was considered having depression40. 
Participants who reported having anxiety and/or who scored ≥ 10 on the CESD-10 were considered having 
an anxious-depressive disorder. Menopausal status was also recorded; women who answered “yes” to “Have 
you gone through menopause, meaning that your menstrual periods stopped for at least one year and did not 
restart?” were considered post-menopausal. The others were considered non-menopausal and included pre- and 
peri-menopausal women.

Statistical analyses.  Descriptive and regression analyses considered the CLSA inflation and analytic weights, 
respectively, accounting for the age-stratified sampling strategy and an individual’s probability of inclusion in the 
CLSA (influenced by unequal sampling probabilities across sampling units and response rates)41.

Categorical variables were presented using crude frequencies and weighted proportions. Using chi-square 
tests, we compared i) the proportion of women and men presenting the individual items of the STOP-Obesity 
screening tool; ii) the sex-specific estimates of the prevalence of high-risk for OSA between age categories (45–49; 
50–54; 55–59; 60–64; 65–69; 70–74; 75–79; ≥ 80); and iii) the estimates of the prevalence of high-risk for OSA 
between non- and post-menopausal women within age categories. Estimates of the number of middle-aged 
and older Canadian individuals at high-risk for OSA were calculated using the population of women and men 
aged ≥ 45 years obtained from the 2016 Canadian Census, multiplied by the sex- and age-specific high-risk for 
OSA prevalence obtained in the CLSA cohort.

The independent association between high-risk for having OSA and OSA-related comorbidities, level 
of inflammation, as well as menopausal status for women were tested with multivariate logistic regressions, 
adjusted for the socio-demographic (age, marital status, ethnicity, income, education level, working status) and 
lifestyle-related determinants (smoking, alcohol consumption, level of physical activity, sleep duration, sleep 
quality). Odds ratios > 1 implied that participants presenting a specific comorbidity or a higher-than-normal 
level of inflammation > 1 mg/L were more likely to be at high-risk for OSA than those who did not present these 
characteristics.

To better understand whether the sex- and age-specific variations observed in OSA risk can be associated 
with OSA-related comorbidities and systemic inflammation, we performed sensitivity analyses with the whole 
cohort (i.e., regardless of OSA risk) using chi-square tests to evaluate: (i) the sex- and age-specific prevalence of 
comorbidities, and (ii) the sex- and age-specific prevalence of moderate and high levels of systemic inflamma-
tion. Moreover, high levels of hs-CRP are known to be associated with obesity42, which is a component of our 
STOP-Obesity score. In order to verify if systemic inflammation was associated with OSA risk independent of 
obesity, we performed additional sex-specific linear regressions between hs-CRP and each STOP-Obesity item 
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(i.e., snoring; tiredness, sleepiness, fatigue; observed apneas; high blood pressure; obesity) while controlling for 
all the other items. Results from the sensitivity analyses are presented in the Supplementary material.

Analyses used all participants for whom the variables of interest were available, for women and men, sepa-
rately. We did not impute missing data. Statistical analyses were performed using IBM SPSS Statistics version 
25.0 (Chicago, IL, USA).

Ethics declaration.  The CLSA is overseen by a collaborative Research Ethics Board forum chaired at 
McMaster University, and our own study was approved by the Centre intégré universitaire de santé et services 
sociaux du Nord-de-l’Ile-de-Montréal Research Ethics Board (REB 2018–1584).

Consent to participate.  Informed consent was obtained from all participants included in the CLSA.

Results
Population.  Of the initial 30,097 participants, we included 27,210 of them (13,799 women and 13,411 men; 
59.2 ± 9.8 years old) that we could classify at low- or high-risk for OSA based on their score on the STOP-Obesity 
(< 3 vs ≥ 3). Of those 27,210 participants, 24,311 answered the four STOP items and had their %BF information 
available. We classified an additional 2,899 participants although they had one or more missing information on 
the STOP-Obesity score (Fig. 1). We excluded 2,887 participants, either because they reported having a diagnosis 
of OSA and no information was available on whether or not they were treated for OSA (N = 357), or because they 
were impossible to classify according to their risk of having OSA (N = 2,530). Excluded participants were slightly 
older, and more likely to be women compared to those included in the analyses.

Prevalence of adults at high‑risk for OSA in the CLSA cohort.  Based on a STOP-Obesity score ≥ 3, 
we classified 17.5% of participants (95%CI: 17.0–18.0%) as being at high-risk for OSA, with a prevalence of 
21.9% in men (95%CI: 21.2–22.6%) and 13.1% in women (95%CI: 12.5–13.7%). Table 1 presents sex-specific 
proportions of participants at low- and high-risk for OSA in each age and menopausal category. Participants at 
high-risk for OSA were more likely to be 55 years old or more, while women at high-risk for OSA were post-
menopausal in a greater proportion than those at low-risk for OSA. Supplementary Table S1 presents detailed 
socio-demographic, clinical and lifestyle characteristics of women and men at low- and high-risk for OSA. 
Table 2 presents sex-specific prevalence of each risk factor included in the STOP-Obesity score. Compared to 
men, women at high-risk for OSA showed a lower prevalence of snoring, observed apneas, and obesity; however, 
women reported more daytime sleepiness and high blood pressure than men. 

Prevalence by age categories.  Figure 2 shows the age-specific prevalence of OSA in women and men. 
High-risk for OSA was 1.2 to 2.0 times more prevalent in men than in women, independent of age. In women, 
the prevalence of high-risk for OSA increased with age following a quasi-linear trend. In men, this prevalence 
rather showed an inverted U-shape with a plateau between 55 and 74 years.

Prevalence by menopausal status.  The prevalence of high-risk for OSA varied with menopausal status: 
7% (95% CI: 6–8%) of non- and 14% (95% CI: 13–15%) of post-menopausal women were at high-risk for OSA. 
In non-menopausal women, there was an abrupt increase in women aged 55–59 years while in post-menopausal 
women, OSA risk was relatively stable between 45 and 59 years old, before tending to increase at ages 60 and 
more (see Fig. 3).

Par�cipants recruited in CLSA comprehensive cohort: 
N=30,097

Par�cipants included: N=27,210

Complete STOP-Obesity 
score: N=24,311

STOP-Obesity score of 0 
with 1 or 2 missing 
answers: N=1013

STOP score of 1 with 1 
missing answer: N=1438

STOP score of 3 with 1 or 2 
missing answers: N=402

STOP score of 4 with 1 
missing answers: N=46

Par�cipants excluded: N=2,887

Self-reported diagnosis 
of OSA: N=357

Unclassifiable according to 
risk of having OSA: N=2,530

STOP-Obesity score of 0 with 
≥ 3 missing answers: N=55

STOP-Obesity score of 1 with 
≥ 2 missing answer: N=772

STOP-Obesity score of 2 with 
≥1 missing answer: N=1703

Figure 1.   Flowchart describing the inclusion and exclusion of participants for analyses based on the surrogate 
STOP score.
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Table 1.   Crude number and weighted proportion of women and men in each age and menopausal category, 
based to their risk of having OSA (low-risk vs high-risk). Low-risk for OSA corresponds to a STOP-
Obesity score < 3; High-risk for OSA corresponds to a STOP-Obesity score ≥ 3. Abbreviations: N number of 
participants, OSA obstructive sleep apnea.

Women Men

Low-risk High-risk Low-risk High-risk

N (%) N (%) N (%) N (%)

Total N 11,790 ·· 2009 ·· 10,313 ·· 3098 ··

Age (years)

45–49 1286 (16.3) 121 (9.4) 1045 (17.0) 205 (12.0)

50–54 2048 (26.9) 230 (18.6) 1743 (30.1) 399 (23.9)

55–59 1965 (14.5) 338 (15.5) 1493 (13.0) 494 (15.4)

60–64 1974 (15.0) 374 (17.5) 1777 (15.5) 717 (19.0)

65–69 1593 (10.3) 356 (14.9) 1418 (8.7) 509 (11.1)

70–74 1078 (6.7) 217 (8.7) 1050 (6.2) 355 (8.0)

75–79 1138 (6.4) 223 (9.0) 1115 (5.8) 318 (6.9)

 ≥ 80 708 (4.0) 150 (6.4) 672 (3.7) 201 (3.8)

Post-menopausal status 7790 (68.7) 1343 (82.3) ·· ·· ··

Table 2.   Prevalence (95% CI) of individual STOP-Obesity variables in women and men at low- and high-risk 
for OSA.

Women Men

Low-risk (N = 11,790) High-risk (N = 2009) Low-risk (N = 10,313) High-risk (N = 3098)

S – Snoring 11.4 (10.2–12.6) 74.7 (73.1–76.3) 21.9 (20.7–23.1) 80.2 (79.0–81.4)

T – Tiredness, sleepiness or fatigue 4.0 (2.9–5.1) 33.8 (31.1–36.5) 4.3 (3.2–5.4) 25.3 (22.8–27.8)

O – Observed apnea 2.8 (1.8–3.8) 46.0 (43.1–48.9) 7.9 (6.9–8.9) 62.7 (59.8–64.6)

P – High blood pressure 20.9 (19.7–22.1) 78.0 (76.8–79.2) 21.2 (20.1–22.3) 71.9 (70.7–73.1)

Obesity – % body fat 68.5 (67.6–69.4) 98.0 (97.7 – 98.3) 59.9 (58.9–60.9) 95.8 (95.4 – 96.2)
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Figure 2.   Prevalence of participants at high-risk for OSA by age group in women (solid curve) and men 
(dashed curve). Error bars represent the 95% confidence interval.
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Extrapolation to the Canadian population.  According to the 2016 Canadian Census, approximately 
five million men and 5.1 million women are aged 45–64 years old in Canada, and 2.9 million men and 3.4 million 
women are aged ≥ 65. Based on the CLSA cohort average age-specific prevalence of 11.6% in women and 21.4% 
in men aged 45–64, and 17.8% and 25.0% in older women and men, this corresponds to 1.2 and 1.8 million 
Canadian women and men, respectively, being at high-risk for OSA.

Association of clinical and subjective sleep variables with high‑risk for OSA.  Figure 4 illustrates 
the sex-specific association between individual comorbidities, level of inflammation and menopause (in women) 
and OSA risk, when adjusted for socio-demographic and lifestyle determinants. Since age is considered as an 
important risk factor for OSA15, we included it in Fig. 4. For clarity purposes, determinants without a significant 
association with OSA risk (i.e., COPD, hypothyroidism, dementia and Parkinson’s disease) are not shown in 
Fig. 4 but are presented in the Supplementary Table S2. A level of hs-CRP ≥ 1 mg/L was the strongest independ-
ent factor associated with a high OSA risk. The association between systemic inflammation and OSA risk was 1.3 
to 2.3 times stronger in women than in men. In fact, in women, the odds ratios increased with higher levels of 
inflammation, ranging from 2.1 (mild inflammation, hs-CRP between 1 and 3 mg/L) to 4.1 (high inflammation, 
hs-CRP ≥ 10 mg/L), while in men, they were similar for all hs-CRP levels (1.6, 2.2 and 1.8 for mild, moderate 
and high inflammation, respectively). Moreover, women and men with diabetes, cardio- and cerebrovascular 
comorbidities, anxio-depressive symptoms, arthritis and asthma were more likely to be considered at high-risk 
for OSA. Only in men were memory problems associated with high-risk for OSA, while osteoporosis was associ-
ated with lower risk for OSA only in women. Being post-menopausal was also strongly associated with high-risk 
for OSA.

Discussion
Our population-based study indicated that 13.1% of Canadian women (or 1.2 million) and 21.9% of Canadian 
men (or 1.8 million) aged ≥ 45 are at high-risk for presenting OSA and that this risk is 1.2- to twofold higher for 
middle-aged and older men than women. Cardiovascular diseases, diabetes mellitus, anxio-depressive symptoms, 
asthma, arthritis and high levels of hs-CRP conferred a greater risk for OSA. The association between systemic 
inflammation and OSA risk was stronger in women than men. Age alone was not associated with a higher risk 
for OSA, but comorbidities that typically become more prevalent with aging, as well as menopause in women, 
showed strong, independent associations with OSA risk. This is the largest population-based study to determine 
how OSA risk factors vary by sex.

The OSA prevalence estimated in this study is in the range reported in previous non-Canadian studies using 
screening questionnaires in younger and smaller cohorts (15–31%)25–27. However, our estimation is higher than 
in studies based on self-reported OSA diagnosis (4–14%)22,23, supporting the idea that OSA is often undiagnosed. 
The present estimated OSA prevalence was, however, lower than that observed using polysomnographic record-
ings in the same age range (19–36% in women, 35–85% in men)19,20, suggesting that STOP questions might only 
capture moderate-to-severe OSA.

Both OSA expression and prevalence are sex-specific: women and men typically report different symptoms, 
and prevalence is higher in men than in women. We and others found that women with OSA or at high-risk for 
OSA are less likely to report snoring and witnessed apneas than men18,43–45, either because they are embarrassed45, 
or are not notified by a bed partner if they choke or stop breathing. Given that our stereotype of OSA symptoms is 

7%
6%

11%

12%
11%

12%
14%

16%
15%

17%
16%

0%

5%

10%

15%

20%

45-49 50-54 55-59 60-64 65-69 70-74 75-79 ≥80

W
ei

gh
te

d 
pr

ev
al

en
ce

 (%
)

Age group

Non-menopausal Menopausal

Figure 3.   Prevalence of non-menopausal (solid curve) and post-menopausal (dashed curve) women at high-
risk for OSA by age. Error bars represent the 95% confidence interval.
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based on those reported by men, physicians need to consider women’s atypical symptoms in order to successfully 
diagnose OSA in women. Our study highlights the need to adapt the concept of “typical” OSA symptoms in order 
to screen OSA efficiently in women and men. Accordingly, because of the alternative symptoms associated with 
OSA in women, the sensitivity of OSA screening questions / tools may not be optimal, resulting in an underes-
timation of the OSA prevalence in women46. For example, since the symptoms presented in the STOP-Bang are 
based on men’s, low scores on the STOP-Bang could, in fact, predict severe forms of OSA in women (sensitiv-
ity of 80% in women AHI > 3047). Developing and validating OSA screening questionnaires in older women is 
necessary to ensure a valid epidemiologic portrait of OSA prevalence is large cohort studies.

In women, although the estimated OSA prevalence increases with age, age per se was not independently 
associated with an increased OSA risk. In the CLSA and other cohorts19,23,48–51, menopause was more strongly 
associated with OSA than age. However, in women aged 55–59 years from our sample, prevalence of OSA risk 
was similar in non-menopausal and menopausal women. This reflects the continuous nature of the menopausal 
process, which makes it difficult to classify women in two categories. As such, the lack of difference between 
the two groups in this age-range might be attributable to the fact that several non-menopausal women were 
possibly in perimenopause. This lack of difference could also be linked to the prevalence of obesity measured 
by the %BF and reaching its plateau at age 60, when all women are post-menopausal. Interestingly, studies48,52,53 
showed that morphological changes in post-menopausal women like increased waist and neck circumferences 
could account for their increased OSA risk.

Menopause-associated hormonal decreases might also affect OSA risk, where drops in progesterone and 
17-ß-estradiol could act on the upper airway dilator muscles and affect ventilation control, airway collapsibility 
and respiratory drive23,52,54–56. Other studies showed that surgical menopause before 50 years old is independently 
associated with higher OSA prevalence49 due to the abrupt post-surgical changes in ovarian hormone levels. OSA 
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risk also tends to be lower in women taking hormone therapy following oophorectomy49. A modulating role of 
ovarian hormones on OSA risk, combined with its effect on morphological changes, is thus possible.

The steep increase in prevalence of high-risk for OSA in men over 55 years is likely related to the concomi-
tant abrupt increased prevalence of diabetes, cardio- and cerebrovascular diseases, arthritis, as well as obesity 
between 50 and 59 years old. In both women and men, the relationship between obesity and OSA is believed to be 
bidirectional2,57. While obesity is linked to several comorbid conditions aggravated by OSA (e.g., metabolic and 
cardiovascular diseases) with possible additive effects16, OSA could lead to weight gain and obesity by affecting 
energy metabolism and provoking physical inactivity2.

While the risk was similar in men for mild, moderate and high levels of systemic inflammation, increasing 
levels of inflammation in women conferred a greater OSA risk. Our results build on those reported in a pooled 
sample of the Nurses’ Health Study, the Nurses’ Health Study II, the Health Professionals Follow-up Study and 
the Multi-Ethnic Study of Atherosclerosis, in which high CRP levels were associated with increased OSA risk58. 
While inflammation could result from comorbidities and obesity, a recent systematic review and meta-analysis 
showed increased CRP levels in non-smoking OSA patients without other medical conditions compared to 
controls59. Moreover, results from our sensitivity analyses showed that systemic inflammation was independently 
associated with STOP-Obesity items other than obesity, especially in women. These results suggest that OSA risk 
is likely associated with systemic inflammation and that this association is independent of obesity.

Our results confirm that the prevalence of OSA-associated comorbidities is sex- and age-specific23,46,48,50,60–62. 
With the exception of cardiovascular diseases, all comorbidities were more prevalent in women than men at 
high-risk for OSA, and increased with age in both sexes. Their increased prevalence with age could account for 
the non-linear association between age and high-risk for OSA, suggesting that the strength of the relationship 
between OSA risk and comorbidities would become more important than age as individuals acquire years. These 
results are consistent with our regression models, where age was not independently associated with high-risk for 
OSA in either women or men aged ≥ 65.

Complex bidirectional, causal relationships may link OSA to several comorbidities16,63–67 such as diabetes 
and cardio- and cerebrovascular diseases64,68. Recent bidirectional models proposed that sympathetic excitation 
associated with cardiovascular diseases69, diabetes63, and stroke67 exacerbates OSA, while OSA-induced hypoxia 
and sleep fragmentation generate sympathetic activation and inflammation leading to metabolic, cardio- and 
cerebrovascular diseases69,70. Since OSA and chronic medical conditions also share common risk factors such 
as obesity, age and physical inactivity3,67, isolating the independent impact of each comorbidity on the presence 
of OSA is complicated. The association of each comorbidity with OSA is also likely amplified by the coexistence 
of different chronic conditions and / or obesity. In fact, the Nagahama study showed the concomitant presence 
of hypertension, diabetes or metabolic syndrome with obesity additively increased the prevalence of moderate-
to-severe OSA16.

Considering that most studies controlled for sex without exploring sex differences, our findings that risk 
factors differentially affect women and men should motivate further investigations of their reciprocity with 
OSA in both sexes.

The biggest strength of this study is its large sample size, and thus its power allowing the evaluation of sex-
specific relationship between several comorbidities and risk factors, and OSA prevalence. The CLSA cohort was 
sampled to include a proportion of women and men representative of the actual Canadian population, allowing 
for the generalization of the prevalence of sex-specific risk factors to the Canadian population. It also enabled a 
precise evaluation of the prevalence of typical and atypical OSA symptoms, especially in women because their 
symptoms are not often standard and are underrepresented in the OSA literature. Our findings will increase 
awareness of the high prevalence of individuals at risk for OSA and its different clinical presentation in women, 
leading to the development of sex-specific prevention and treatment strategies.

A first limitation of this study pertains to the generalizability of our results to participants from other eth-
nicities, since more than 90% of the participants of our cohort were Caucasian. The CLSA did not over-sample 
ethnic and aboriginal populations to make the cohort representative of the Canadian population with respect 
to ethnic/cultural background33. Since the underlying pathogenesis for OSA risk could differ by ethnicity, our 
results might not be representative of non-Caucasian Canadians. Second, another limitation is the cross-sectional 
analyses which do not allow the determination of causal relationships between risk factors and OSA prevalence. 
It might also have introduced a non-response bias, since participants unclassified according to OSA risk were 
older, were more overweight / obese, and more often, women. Third, since neck circumference was not collected 
in the CLSA cohort, we used the STOP-Obesity to conduct sex-specific analyses instead of the STOP-Bang, 
which has better predictive values28,29. Since neck circumference is a predictor as important as age71, prevalence 
of high-risk for OSA was likely underestimated. Fourth, the CLSA neither asked participants whether they were 
diagnosed with OSA by a clinician, nor did it collect information about the use of continuous positive airway 
pressure (CPAP) therapy, which is the most common treatment for OSA. Some participants with OSA might 
have been misclassified as being at low-risk for OSA after reporting an absence of symptoms assessed by the 
STOP-Obesity because symptoms were reduced or eliminated by CPAP treatment. Fifth, we estimated prevalence 
based on the presence of self-reported OSA symptoms and lacked any objective recordings, such as in-laboratory 
polysomnography or home sleep apnea testing. However, we based our STOP-Obesity cutoff score on recent 
meta-analyses and studies comparing polysomnography data to STOP-Bang scores ≥ 330,31,36,37. In fact, using this 
score to detect moderate-to-severe OSA with a cutoff of 3 showed a sensitivity between 88%30 and 94%31 with 
a negative predictive value of 93%30. Using this same cutoff on the STOP-Obesity (score range: 0 to 5) makes it 
more severe than on the STOP-Bang (score range: 0 to 8), and has the advantage of reducing the number of false 
negatives. Sixth, using the STOP-Obesity questionnaire dichotomizes participants as being at low- or high-risk 
for OSA, which does not account for all possible ranges of OSA.
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Conclusion
This Canadian population-based study offers an updated portrait of middle-aged and older adults at high-
risk for OSA. It confirms that being ≥ 55 years old, a male or a post-menopausal woman, overweight or obese, 
with cardiovascular diseases, diabetes, cerebrovascular disease, anxio-depressive symptoms and higher levels 
of inflammation are associated with a higher risk for OSA. Given the aging of the population, and increasing 
prevalence of obesity and chronic health conditions, OSA prevalence will likely continue increasing. An impor-
tant barrier to OSA diagnosis and treatment is that patients often do not recognize the symptoms, while health 
professionals do not routinely screen for OSA and sleep issues. It is essential to raise awareness in the general 
public on the determinants associated with OSA and the impact of OSA for women and men, and to incorporate 
OSA screening among standard clinical procedures. The CLSA cohort will be followed each 3 years for the next 
20 years, allowing a continuing investigation of the temporal relationship between OSA and reported comorbid 
diseases and symptoms in middle-aged and older adults.
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