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Abstract 

Background: Obstructive sleep apnea (OSA) is the most common sleep-disordered breathing condition. 

Rural populations in Canada may be particularly at risk due to high reported levels of obesity, physical 

inactivity and other related risk factors. Patients with OSA symptoms are often not diagnosed clinically, 

which is a concern given the health and safety risks associated with unmanaged OSA. The availability of 

fewer practicing medical specialists combined with longer travel distances to access healthcare services 

results in barriers to diagnosis and treatment in rural communities.  

 

Objectives: This study aimed to (1) determine whether the proportion of adults reporting OSA symptoms 

and no sleep apnea diagnosis in rural populations varied by travel distance to specialist medical care; and 

(2) assess whether any distance-related patterns were attributable to differences in the frequency of sleep 

apnea diagnosis among adults who may require sleep specialist care.  

  

Methods: We used a cross-sectional epidemiologic study design, with longitudinal confirmation of key 

findings. Our study base included adults who completed a 2010 baseline questionnaire for the 

Saskatchewan Rural Health Study; the follow-up phase of the study began in 2014 and ended in 2015. 

6525 adults from 3731 households made up our sample. Statistical analyses used log-binomial regression.  

 

Results: Rural adults who reported the largest travel distances (≥ 250 km) to specialist medical care were 

1.17 (95% CI: 1.07, 1.29) times more likely to report OSA symptoms and no sleep apnea diagnosis 

compared to those who reported the smallest (< 100 km) distances. However, the proportion of sleep 

apnea diagnoses was low and unaffected by reported travel distance among adults who may require sleep 

specialist care.  
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Conclusions: In rural Saskatchewan, there was a greater OSA burden among adults reporting the largest 

travel distances to access specialist medical care, which suggests decreased use of healthcare services in 

remote populations. However, among adults who may require sleep specialist care, the proportion of sleep 

apnea diagnoses was low and unaffected by reported travel distance. Other healthcare access barriers may 

be contributing to the low sleep apnea diagnostic rate and should be evaluated in future research.  
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Chapter 1 

Introduction 

1.1 Background and Rationale 

Obstructive sleep apnea (OSA) is the most common sleep-disordered breathing condition 

and most common form of sleep apnea.1–3 It is estimated that 5.4 million Canadian adults have 

symptoms of OSA, yet most symptomatic adults are not clinically diagnosed.2–5 OSA is 

characterized by periodic obstructions of the upper airway during sleep leading to complete 

cessation (apnea) or reduction (hypopnea) in airflow.6–8 Disturbances to sleep result in the 

reduction of hemoglobin oxygen concentration (hypoxemia) and fragmented sleep.1,6 Patient 

reports of excessive daytime sleepiness and loud snoring are common diagnostic symptoms.8,9 If 

untreated, symptoms may interfere with activities of daily living and increase risk for 

occupational injury,3,10–12 motor vehicle crashes13,14 and cardiovascular diseases.15–24 Effective 

treatments for OSA exist,25–37 and can greatly improve health outcomes and overall quality of life. 

The most common treatment, continuous positive airway pressure, mitigates health and safety 

risks.14,23,38–44  

 

Rural populations in Canada may be particularly at risk for OSA due to high reported 

levels of obesity, physical inactivity and other related risk factors.45–50 Rural patients with OSA 

symptoms are often not diagnosed clinically,3 which is a concern as the increased health risks 

experienced by rural vs. urban residents46,51–57 may be exacerbated in the presence of undiagnosed 

OSA. Explanations for such clinical patterns warrant focused study.  

 

Access to healthcare services is an important determinant of health58,59 and healthcare use 

is known to be lower in rural compared to urban communities.60–63 The availability of fewer 
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practicing medical specialists combined with longer travel distances to access healthcare services 

results in barriers to diagnosis and treatment.47,55,56,64–67 Care for patients with clinical suspicion of 

OSA begins with the family physician and if necessary, the family doctor then refers the patient 

for diagnostic testing at a sleep clinic.68 Long travel distance may be an important barrier to the 

diagnosis and treatment of sleep apnea in rural populations given small numbers of sleep 

laboratories.4,69 Even with access to a family doctor, travel distance to specialist care is still a 

relevant concern for sleep apnea because referral to a sleep medicine specialist for overnight, in-

laboratory diagnostic testing is the gold standard for diagnosis.70,71  

 

Lack of diagnosis and treatment for OSA is concerning and evidence-informed changes 

to health service planning in rural communities surrounding the diagnosis and treatment of OSA 

may be particularly impactful. While a number of studies have evaluated the impact of rural 

residence and/or travel burden on the use of specialized healthcare services (e.g. mental health 

services, screening for colorectal, breast and cervical cancer) and clinical diagnoses such as 

cancer,60–63,66,67,72,73 to our knowledge, no Canadian studies have specifically examined the 

impacts of travel distance to specialist medical services on sleep apnea diagnosis. We had the 

opportunity to address this gap in knowledge using baseline and longitudinal data from a large 

population-based rural health study conducted in Saskatchewan from 2010 to 2015.74 Our hope 

was to contribute to policy decisions whereby the diagnosis and effective treatment of rural 

people with sleep apnea would be improved.  
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1.2 Thesis Objectives  

This thesis aimed to (1) determine whether the proportion of adults reporting OSA 

symptoms and no sleep apnea diagnosis in rural populations varied by travel distance to specialist 

medical care; and (2) assess whether any distance-related patterns were attributable to differences 

in the frequency of sleep apnea diagnosis among adults who may require sleep specialist care. 

 

1.3 Study Design and Methods   

We used a cross-sectional epidemiologic study design, with longitudinal confirmation of 

key findings. Adults were classified according to reports of a sleep apnea diagnosis and the 

common OSA symptoms of loud snoring and excessive daytime sleepiness.8,9  Our study base 

included adult participants who completed a 2010 baseline questionnaire for the Saskatchewan 

Rural Health Study, a population-based cohort study. The baseline phase occurred in 2010 and 

the follow-up phase began in 2014 and ended in 2015. Both phases involved administration of a 

survey developed based on the population health framework,74,75 that documented individual and 

contextual factors that characterized and influenced respiratory health, including sleep-disordered 

breathing.74 The baseline sample included 8261 adults, aged 18 years and older, from 4624 

households in farm and non-farm rural communities in Saskatchewan. Out of the 8261 

participants in the baseline sample, 6525 adults from 3731 households provided complete 

information for all variables of interest in our study (exposure, outcome and/or potential 

confounders) and were included in analyses (Figure 1.1).  
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Figure 1.1. Sample according to reports of a sleep apnea diagnosis and obstructive sleep 

apnea symptoms (loud snoring and excessive daytime sleepiness measured by an Epworth 

Sleepiness Scale score of greater than 10 out of 24).  

8261

Participants completed survey 

6525

Included in analyses

2432 

Reported loud snoring and/or 
excessive daytime sleepiness 
and no sleep apnea diagnosis

381

Reported a sleep apnea 
diagnosis 

3712

Without suspicion of 
obstructive sleep apnea 

(Reported neither loud 
snoring nor excessive 

daytime sleepiness and no 
sleep apnea diagnosis)

1736

Excluded because of missing 
data for any of the study 

variables (exposure, outcome 
and/or potential confounders) or 

reports of 0 km to receive 
specialist medical care  

Objective 1 

(all adults) 

 
Objective 2 

(adults who may require 
sleep specialist care) 
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Analysis using longitudinal data aimed to assess whether, after 5 years, the frequency of 

an incident sleep apnea diagnosis among adults reporting OSA symptoms and no sleep apnea 

diagnosis at baseline was attributable to travel distance to specialist medical care. Out of the 4741 

participants in the longitudinal sample, 1459 adults from 1180 households provided complete 

information for all variables of interest in our study and met the inclusion criteria for the 

longitudinal analysis. This analysis lent temporal evidence to key findings.  

 

Log-binomial regression models were created to estimate the strength of associations 

between (1) travel distance to specialist medical care and the proportion of adults reporting OSA 

symptoms and no sleep apnea diagnosis, and (2) travel distance to specialist medical care and 

frequency of sleep apnea diagnosis among adults who may require sleep specialist care. Sex was 

first explored as an effect modifier based on plausibility. Models then accounted for potential 

confounders (age, sex, socioeconomic status (SES) and education level) as well as body mass 

index (BMI), heavy alcohol consumption and smoking status, which were treated as proxies for 

baseline health behaviours (unmeasured potential confounders) to reduce any differences that 

might arise for reasons other than travel distance to specialist medical care (Figure 1.2). To 

account for clustering of adults within households (on average 2.4 adults per household; intra-

class correlation coefficient = 0.3 based Saskatchewan Rural Health Study data74), generalized 

estimating equations were used to obtain robust variance estimates.76 Relative risks and their 95% 

confidence intervals were estimated.  
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Figure 1.2. Diagram illustrating potential confounders controlled for in analyses. Top and 

bottom panels correspond to objectives 1 and 2, respectively. 
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1.4 Ethics 

Our study was granted ethics approval by the Queen’s University Health Sciences 

Research Ethics Board. The Saskatchewan Rural Health Study received ethics approval by the 

Biomedical Research Ethics Board of the University of Saskatchewan. 

 

1.5 Organization of Thesis  

This thesis conforms to the Queen’s University School of Graduate Studies style and 

formatting requirements outlined in the “General Forms of Theses” guidelines. The second 

chapter presents a literature review, which synthesizes, summarizes and reports background 

information on obstructive sleep apnea and healthcare access barriers. The third chapter is the 

manuscript developed for publication, which addresses the thesis objectives. The fourth chapter 

presents supplementary methods and results from additional analyses. The fifth chapter provides 

a general discussion of the findings, internal and external validity, possible implications of this 

work and directions for future research.    
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Chapter 2 

Literature Review 

2.1 Purpose 

This literature review synthesizes, summarizes and reports background information on 

obstructive sleep apnea (OSA) and healthcare access barriers. This information establishes a 

rationale for my study of the association between travel distance to specialist medical care and 

diagnosis of OSA in rural Saskatchewan. In this review, I will first outline my literature search 

strategy. Second, I will describe OSA, including the referral process for the diagnosis and clinical 

management of this condition. Third, I will discuss healthcare access barriers in general, followed 

by specific barriers to accessing sleep specialist care. Finally, I will provide a summary of the 

existing literature and its gaps.   

 

2.2 Search Strategy  

The initial literature search was implemented using two electronic databases: 

PubMed/MEDLINE and Google Scholar. Three main themes directed the search query: first, a 

search for articles related to OSA (e.g. prevalence, risk factors, diagnostic approaches (including 

the referral process for OSA1), treatments and health implications of unmanaged OSA); second, a 

search for articles related to healthcare access barriers in general and then specific to sleep apnea; 

and third, a search for articles based on our data source, the Saskatchewan Rural Health Study.  

 

The search query for the first theme used “obstructive sleep apnea” or “OSA” as the main 

search term, and this broad search was refined using the following keywords: “adults”, 

“prevalence”, “diagnosis”, “risk factors” and “treatment”. Another umbrella search term used was 

“unmanaged/undiagnosed sleep apnea” or alternatively “unmanaged/undiagnosed obstructive 
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sleep apnea”. The following keywords refined this search: “frequency”, “risks”, “health risks”, 

“health burden”, “implications”, “cost” and “injury”.  

 

The search query for the second theme used the following keywords: “healthcare 

accessibility”,  “barriers to healthcare access”, “barriers to healthcare use” and “difficulty 

accessing healthcare”.   

 

For the fourth theme, the study name and names of key researchers (e.g. “Dosman, JA” 

and “Pahwa, P”) were used as search terms.  

 

Studies that were not published in the English language and whose population of interest 

was children younger than 18 years of age were excluded. Included studies were systematic 

reviews, meta-analyses, observational studies (cross-sectional, case-control, prospective cohort, 

retrospective cohort), randomized controlled trials and qualitative analyses. After identifying 

relevant studies through this broad initial literature search, I identified any additional relevant 

literature from a review of the reference lists of each article, and collated, summarized and 

reported the results. The findings of this literature search are described in the remainder of this 

chapter. 

 

 

 

 

 

 

 



 

15 

 

2.3 Obstructive Sleep Apnea (OSA)  

There are two types of sleep apnea: central and obstructive. Obstructive sleep apnea 

(OSA) is the most common sleep-disordered breathing condition and the most common form of 

sleep apnea.2–5 It is characterized by periodic obstructions of the upper airway during sleep, 

leading to complete cessation (apnea) or reduction (hypopnea) in airflow.2,5–8 Such disturbances 

result in the reduction of hemoglobin oxygen concentration (hypoxemia) and in fragmented 

sleep.2,7 Common signs and symptoms include loud snoring, excessive daytime sleepiness, 

impaired concentration and mood, morning headaches and breathing cessation during sleep.4–7,9–12  

Since most sleep apnea cases are obstructive rather than central, the terms “OSA” and “sleep 

apnea” will be used interchangeably in the remainder of this literature review. 

 

2.3.1 Risk Factors for OSA 

The most important risk factors for OSA are age, sex, and body mass index (BMI).  

 

Age: Older age increases risk for OSA,2,6,13–18 which may be explained, in part, by 

associations between aging and increased upper airway resistance, increased parapharyngeal fat, 

decreased pharyngeal size and impairment of pharyngeal muscle reflexes important to maintain 

an open airway.19–24 Neurochemical and physiological changes associated with menopause further 

increase the likelihood of developing OSA in postmenopausal women.6,13,18,25 The Sleep Heart 

Health Study found an increasing trend between age and occurrence of OSA, defined as 15 or 

more apnea or hypopnea episodes per hour of sleep.13,15 Presence of OSA plateaued at the age of 

approximately 65 years.13,15 The Cleveland Family Study found that the odds of sleep-disordered 

breathing increased by 76% (95% CI: 37%, 127%) per 10-year increase in age after controlling 

for sex, BMI and waist-hip ratio.16 Apart from the increased risk due to other known risk factors, 

age appears to have a relatively large effect on the odds of sleep-disordered breathing. Most 
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Canadian adults diagnosed with sleep apnea also tend to be older. It was reported that three out of 

four Canadian adults diagnosed with sleep apnea were 45 years or older.26  

 

Biological sex: Men have an increased risk for developing OSA, which may be due to 

factors such as hormonal differences, anatomical differences in the upper airway and differences 

in body fat distribution.6,15,16,18,25,27–30 One large population-based prospective cohort study found 

that men had a higher median number of apnea or hypopnea episodes per hour of sleep than 

women (14.9 vs. 6.9), and scores were nearly 3 times higher in men aged 40-60 years and twice 

as high in men 60 years and older in comparison to women in same age group.17 Most Canadian 

adults diagnosed with sleep apnea also tend to be men. This diagnosis was reported by nearly 

double the number of men compared to women.26  

 

BMI: OSA is quite common among individuals with overweight and obese BMIs.2,6,31 

Obesity as a risk factor for OSA has been linked with increases in neck circumference and 

parapharyngeal fat, which could compress the upper airway.23,25,31–37 The Cleveland Family Study 

found a 12% (95% CI: 7%, 17%) increase in the odds of sleep-disordered breathing per unit 

increase in BMI after controlling for age, sex and waist-hip ratio.16 The difference between a 

normal and obese BMI is five units at minimum, representing at least a 76% increase in odds 

based on these findings (5-unit difference in log odds is 5*log(1.12) = 5*0.113 = 0.567; OR = 

e0.567 = 1.76). Studies demonstrating the influence of weight changes on OSA severity further 

support overweight and obese BMIs as a risk factor for OSA.15,38–40 For example, in the 

population living with severe obesity, dramatic weight loss after bariatric surgery significantly 

reduced OSA severity.40  
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2.4 Referral Process for the Diagnosis and Clinical Management of OSA  

Care for patients with clinical suspicion of OSA begins with the family physician (Figure 1.1).1 

Patients experiencing symptoms of a potential sleep-disordered breathing condition would first 

make an appointment with a family doctor.1 If necessary, the family doctor then refers the patient 

for diagnostic testing at a sleep clinic. Results would be interpreted by a specialist (who in 

Saskatchewan’s public healthcare system, would mainly practice out of designated sleep clinics 

located in Regina and Saskatoon only26,41,42), and the appropriate course of treatment and follow-

up care would be discussed with the patient and initiated.1   

 

 

Figure 2.1. Simplified model of the typical adult obstructive sleep apnea care pathway. 

CPAP Continuous positive airway pressure; ENT Otolaryngologist; RESP Respirologist; FP 

Family physician 

Figure taken from Rotenberg BW, George CF, Sullivan KM, Wong E. Wait times for sleep apnea 

care in Ontario: a multidisciplinary assessment. Can Respir J. 2010;17(4):170-174.1 

 

The American Academy of Sleep Medicine Clinical Practice Guideline recommends 

polysomnography (PSG; attended, overnight, in-laboratory testing), or home sleep apnea testing 

with an adequate device, for the diagnosis of adult OSA.43 For complex patients, however, with 

comorbidities such as cardiorespiratory disease, neuromuscular condition that may cause 

respiratory muscle weakness, hypoventilation, chronic opioid medication use, history of stroke or 

severe insomnia, the guideline recommends PSG rather than in-home testing.43 Similarly, the 

Canadian Thoracic Society guidelines recommend overnight, attended PSG testing at a sleep 

laboratory for this diagnosis44,45 (again, only available via the public healthcare system in Regina 

and Saskatoon in the Province of Saskatchewan26,41,42). While questionnaires such as STOP and 

STOP-BANG are common screening tools for OSA, and can be administered clinically at various 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=2933773_crj171701.jpg
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points along the care continuum, the American Academy of Sleep Medicine Clinical Practice 

Guideline recommends that such tools not be used for the diagnosis of OSA in adults without 

PSG or home sleep apnea testing.43  

 

2.5 Burden of OSA 

2.5.1 Impact of shifting demographics on the burden of OSA in Canada 

Canada’s population is aging.46 Statistics Canada estimates that the number of Canadians 

aged 65 and older will double from five million in 2011 to 10.4 million in 2036.46 As Canada’s 

population ages, a larger proportion will be at elevated risk for developing OSA.19–24 The rise in 

obesity prevalence is also a current concern in Canada.47,48 A joint report from the Public Health 

Agency of Canada and the Canadian Institute for Health Information explored this epidemic 

using data primarily from the 2008 Canadian Community Health Survey and the 2007-2009 

Canadian Health Measures Survey.47 The analysis estimated that (1) over 60% of Canadian adults 

are overweight or obese; (2) the prevalence of measured obesity has nearly doubled across all age 

groups since the late 1980s; (3) a greater proportion of males than females fall into the 

overweight and obese weight categories; and (4) obesity prevalence varies by region and is higher 

in Eastern and Western provinces.47 More recently, Statistics Canada reported that 54% of the 

Canadian adult population, which is over 14 million adults, was overweight or obese in 2014 

based on self-reported height and weight, and more males than females were overweight or 

obese.49 Self-report data may have resulted in underestimation of the prevalence in this case. The 

increased risk for developing OSA that accompanies these demographic changes may have a 

large population health impact. Appropriate screening, diagnosis and treatment of OSA is 

therefore important.  
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2.5.2 Health implications  

If untreated, the symptoms of sleep apnea may interfere with activities of daily living, 

decreasing self-perceived general health status.50 Untreated symptoms may also increase risk for 

occupational injury,4,9,51,52 motor vehicle crashes18,53 and cardiovascular diseases.54–63  

 

Residents of rural communities are often exposed to occupational hazards,64–67 and the 

risks for occupational injury are potentially exacerbated in the presence of undiagnosed OSA. 

Loud snoring and excessive daytime sleepiness are common symptoms used in the diagnosis of 

OSA.5,12 Relationships between these symptoms in the absence of a sleep apnea diagnosis and 

occupational injury have been demonstrated.4,9,51,52 Undiagnosed OSA may increase risk for 

occupational injury by 20%-90%.4,9 Symptoms such as excessive daytime sleepiness,5,12 lack of 

concentration5 and longer reaction times68 also impair driving ability and increase risk for motor 

vehicle crashes by two to three times.18,53 Mazza et al. found that with only 30 minutes behind the 

wheel, patients with untreated OSA took on average 0.5 seconds longer to respond to an obstacle 

on the road, which lengthened stopping distance by nearly ten meters.68 This effect may be 

clinically important. Driving conditions may change in an instant; an effect of this magnitude 

could easily result in a collision and is therefore a risk to public safety.  

 

Furthermore, sleep-disordered breathing is associated with higher risks for cardiovascular 

morbidity and mortality.25,54–63,69,70 Several prospective studies have found that patients with 

untreated OSA were two to three times more likely to develop hypertension59–61 and these patients 

also had 15%-67% increased risk for cardiovascular diseases.57,58,70,71 Increasing OSA severity 

further increased risk.58,60 Even those with minimal sleep-disordered breathing had a 42% 

increased odds of developing hypertension.60 Gender differences were also observed. The Sleep 

Heart Health Study for example, found that 64% of men with untreated moderate or severe OSA 

experienced a stroke, compared to only 34% of untreated females, and these men had nearly three 
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times the risk for incident stroke compared to men without OSA.58 The observed gender 

differences may be due, in part, to the fact that women are more likely to suffer a stroke at older 

ages than men.58 

 

The most common treatment for OSA, continuous positive airway pressure, mitigates 

these health and safety risks.18,37,62,68,69,71–75 For example, diagnoses of sleep apnea were not found 

to be associated with injury occurrence among farmers in rural Saskatchewan, which may have 

been due to effective treatment.4,9 The risk for real and near-miss collisions could be reduced by 

55%-77% with treatment.75 Of clinical and public health importance, one collision attributable to 

untreated OSA could be prevented by treating only five OSA patients; one near-miss could be 

prevented by treating only two OSA patients.75 Effective diagnosis and treatment of OSA may 

also reduce cardiovascular disease incidence.69,71  

 

2.6 Healthcare Access Barriers 

Access to healthcare services is an important determinant of health.76,77 Poor access to 

healthcare services could lead to delayed care and treatment, underuse or a lack of awareness of 

services, increased risk of complications if a diagnosis is delayed, increased burden on the 

healthcare system if patients get care once their health condition worsens, and/or decreased 

treatment adherence.76,78,79  

 

Levesque et al. define access as the possibility to identify healthcare needs, to seek 

healthcare services, to reach the healthcare resources, to obtain or use healthcare services, and to 

actually be offered appropriate services.80 The authors identify five dimensions of accessibility: 1) 

Approachability; 2) Acceptability; 3) Availability and accommodation; 4) Affordability; 5) 

Appropriateness. Approachability refers to the identification of existing healthcare services, the 
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process to obtain such services and the impact these services may have on patient health, 

combined with the patient’s ability to recognize a need for care. Acceptability refers to cultural 

and social appropriateness of healthcare services and relates to the ability to seek healthcare. 

Availability and accommodation refers to whether healthcare services can be reached both 

physically and in a timely manner. Considerations include building accessibility, facilities with 

sufficient capacities and resources to meet healthcare needs and hours of operation. Affordability 

refers to a patient’s ability to spend time and resources to obtain healthcare services. 

Appropriateness refers how well healthcare services meet the needs of the patient, whether 

services are provided in a timely manner, the quality of these services and of the therapeutic 

relationship and how well the decision-making process meets the patient’s level of knowledge 

and engagement. These dimensions of accessibility ultimately determine health care 

consequences (e.g. health outcomes, satisfaction with services, economic impact of seeking care 

or lack of care).80  

 

Statistics Canada reports that in 2013, the majority (71%) of Canadians who needed 

healthcare services did not report difficulty accessing these services. However, of the people who 

reported difficulty accessing specialized services, the most commonly reported reasons for their 

difficulty were difficulty getting an appointment and waiting too long for the appointment.76 The 

odds of reporting difficulty were 17% higher in the Prairies compared to Ontario (95% CI: 3%, 

34%).76 Limited access to medical specialists in rural communities may contribute to the 

increased difficulty in the Prairies,81–85 however, further research into reasons for the difficulty is 

needed.  
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2.6.1 Barriers to accessing care for sleep-disordered breathing  

Although polysomnography (PSG) testing is considered the gold standard for the 

diagnosis of OSA,43,44 Canada’s current sleep laboratory capacity is inadequate to address the 

needs of the millions of people who are affected by sleep apnea and who would potentially 

benefit from diagnostic testing and appropriate treatment.26 Regional variation in testing capacity 

exists. Saskatchewan in particular has only two publicly-funded sleep laboratories and a testing 

capacity four times smaller than that of Ontario.26 This disparity magnifies the difficulty 

accessing PSG testing in provinces such as Saskatchewan. These identified barriers to accessing 

PSG testing in Canada reflect the availability and accommodation dimension of healthcare access 

(as per Levesque’s model described above).80  

 

Inadequate diagnostic testing capacity also results in extensive wait times1 and a low 

proportion of sleep laboratory test referrals.26 Even in Ontario, which has the largest number of 

sleep laboratories in Canada,26 there are still lengthy wait times for diagnostic and treatment 

services.1 For example, a representative sample of Ontario physicians estimated an average total 

wait time of 12 months to receive diagnostic and treatment services for OSA based on a 

simplified care model.1 Each additional sleep laboratory in a community decreased wait time by 

20%.1 Reliance on PSG diagnostic testing in a sleep laboratory for sleep-disordered breathing 

may be a risk factor for the failure to be diagnosed and provided with adequate care. In 2009, the 

Public Health Agency of Canada estimated that 5.4 million Canadian adults had symptoms of 

sleep apnea, but only a very small percentage of symptomatic adults were diagnosed 

clinically.26,50 Of these 5.4 million, 4.5 million were not referred to a sleep laboratory for 

diagnostic testing, although most had a regular medical doctor.26 
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2.6.2 Travel distance as a barrier in rural Canadian communities  

In addition to the inadequate capacity of sleep laboratories to address Canada’s healthcare 

needs, residents of rural communities face the additional barrier of poor access to specialized 

healthcare services in general and tend to rely increasingly on primary care rather than specialized 

healthcare services compared to their urban counterparts.81–85 Rural residents must travel farther 

distances to access medical and surgical specialist services compared to adults living in urban 

areas, which increases difficulty accessing such services.86,87 Rurality has been shown to decrease 

use of a variety of specialized healthcare services. Veterans with a mental health condition living 

in rural areas were found to have 70% lower odds of receiving any treatment for this condition in 

comparison to those living in urban areas.88 Rural residence was shown to be associated with 

delayed hearing aid acquisition in patients with hearing loss.89 Time to hearing aid acquisition 

from the onset of hearing loss was on average 6.6 years longer for rural compared to urban adults. 

Average travel time to hearing specialists was also more than double for rural residents compared 

to their urban counterparts.89 Use of preventive health services including screening for colorectal, 

breast and cervical cancer was found to be three to ten percent lower among rural residents in 

comparison to urban residents, with remote rural residents most heavily impacted.90,91 Travel 

burden was associated with later stage at diagnosis, lower treatment adherence and poorer health 

outcomes in cancer patients.92 Distance to a treatment centre was significantly inversely 

associated with adherence to a weight management program, such that for every one-mile 

increase in distance, attendance decreased by almost an entire session.93   

 

Long travel distance may be an important barrier to the diagnosis of sleep apnea in rural 

populations given small numbers of sleep laboratories.26,50 Travel distance to specialist care is 

especially relevant for sleep apnea because referral to a sleep medicine specialist for overnight, 

in-laboratory diagnostic testing is required for an official diagnosis.44 Portable diagnostic devices 

and telemonitoring may help improve access to diagnostic testing and treatment for sleep-
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disordered breathing,5,94–104  and may be especially impactful in rural and remote communities. 

The Canadian Thoracic Society and the American Academy of Sleep Medicine clinical practice 

guidelines state that home sleep apnea testing using portable devices may be used for patients 

without any major comorbidities (such as cardiovascular diseases and lung disease) who are 

screened as having a moderate to high probability of OSA, and that interpretation of results and 

diagnosis should still be done by a trained physician.44,105 To be used as diagnostic tools, portable 

devices must have multiple recording channels including, at minimum, airflow, respiratory effort 

and blood oxygen levels.44,105 Benefits of portable devices include lower cost103 and prompt 

initiation of treatment and follow-up care.101 Telehealth programs may further help with 

continuous positive airway pressure adherence, which is important for the effective treatment of 

OSA and improved patient outcomes.106 One specific 12-month intervention incorporated 

motivational interviewing to influence decision-making and increase motivation to adhere with 

continuous positive airway pressure treatment. The intervention was associated with a 30% 

increase in adherence, defined as use for greater than four hours per night.106 Patients in the 

intervention group also reported greater disease-specific quality of life and fewer and/or less 

frequent sleep apnea and depressive symptoms.106 
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2.7 Summary of Literature Review: Unanswered Questions 

This literature review revealed a high frequency of undiagnosed sleep apnea in Canada. 

In 2009, the Public Health Agency of Canada reported that many Canadian adults reporting sleep 

apnea symptoms did not report a diagnosis, suggesting under-diagnosis of the condition. This is a 

problem given the many health risks associated with undiagnosed and untreated sleep apnea. It is 

important that family physicians screen for sleep apnea and if necessary, refer patients to the 

appropriate specialist for diagnosis so that a suitable treatment plan can be discussed with the 

patient and promptly initiated before symptoms worsen and other health issues arise.  

 

Access to specialist care for sleep-disordered breathing in Canada is limited. There is a 

limited number of sleep laboratories in Canada and the capacity of existing sleep laboratories is 

inadequate to meet the needs of the millions of adults reporting sleep apnea symptoms who may 

benefit from diagnostic testing. This inadequate testing capacity results in long wait times and a 

low proportion of referrals. Primarily rural provinces such as Saskatchewan are particularly 

burdened by the poor availability and accessibility of specialist services for sleep-disordered 

breathing given smaller numbers of sleep laboratories and smaller testing capacities. Fewer 

practicing medical specialists and longer travel distances to access healthcare services are 

additional accessibility barriers in rural communities. The association between these barriers and 

important medical diagnoses such as sleep apnea should be explored in rural Canadian contexts. 

Travel distance to specialist care is especially relevant for sleep apnea because referral to a sleep 

medicine specialist for overnight, in-laboratory diagnostic testing is required for an official 

diagnosis.44  

 

To address the frequent occurrence of reports of sleep apnea symptoms and no diagnosis 

in Canada, there is a need for a better understanding about its causes. Research into healthcare 
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access barriers specific to sleep apnea is warranted and could have a large population health 

impact. To my knowledge, no Canadian studies have examined the impacts of travel distance to 

specialist medical services on sleep apnea diagnosis. My proposed study aims to address this 

important gap in the health services and population health literature.  

 

The objective of this thesis is to contribute new evidence about a potential determinant of 

undiagnosed OSA in rural populations. Specifically, the aims are to determine whether the 

proportion of adults reporting OSA symptoms and no sleep apnea diagnosis in rural 

Saskatchewan varies by travel distance to specialist medical care and to assess whether any 

distance-related patterns are attributable to differences in the frequency of diagnosis among adults 

who may require sleep specialist care. 
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Chapter 3 

Distance to specialist medical care and diagnosis of obstructive sleep 

apnea in rural Saskatchewan  

3.1 Abstract 

Purpose: This study aimed to (1) determine whether the proportion of adults reporting 

obstructive sleep apnea (OSA) symptoms and no sleep apnea diagnosis in rural populations 

varied by travel distance to specialist medical care, and (2) assess whether any distance-related 

patterns were attributable to differences in the frequency of diagnosis among adults who may 

require sleep specialist care.  

 

Methods: We used a cross-sectional epidemiologic study design, with longitudinal confirmation 

of key findings. Our study base included adults who completed a 2010 baseline questionnaire for 

the Saskatchewan Rural Health Study; longitudinal follow-up occurred until 2015. 6525 adults 

from 3731 households made up our sample. Statistical analyses used log-binomial regression. 

 

Findings:  Rural adults who reported the largest travel distances (≥ 250 km) to specialist medical 

care were 1.17 (95% CI: 1.07, 1.29) times more likely to report OSA symptoms and no sleep 

apnea diagnosis compared to those who reported the smallest (< 100 km; referent) distances. 

However, the proportion of sleep apnea diagnoses was low and unaffected by reported travel 

distance among adults who may require sleep specialist care.  

 

Conclusions: In rural Saskatchewan, the largest reported travel distances to access specialist 

medical care (≥250 km) were associated with a greater proportion of adults reporting OSA 

symptoms and no sleep apnea diagnosis and suggests decreased use of healthcare services in 

remote populations. However, among adults who may require sleep specialist care, the proportion 

of sleep apnea diagnoses was low and unaffected by reported travel distance. Factors other than 

travel distance may therefore be contributing to the low sleep apnea diagnostic rate. This remains 

important as undiagnosed and untreated OSA has serious implications on the health of people and 

populations, but effective treatments are available. Potential barriers to the diagnosis and 

treatment of OSA should be evaluated in future research. Interventional work on potential 

strategies to address any identified barriers is warranted and may provide important evidence to 

inform healthcare planning and delivery, which may be particularly impactful in rural and remote 

communities.  

 

 

Key words: rural; distance; specialist care; diagnosis; obstructive sleep apnea 
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3.2 Introduction   

Obstructive sleep apnea (OSA) is the most common sleep-disordered breathing 

condition.1,2 It is estimated that 5.4 million Canadian adults have symptoms of OSA, yet most 

symptomatic adults are not clinically diagnosed.1–4 OSA is characterized by periodic obstructions 

of the upper airway during sleep leading to complete cessation (apnea) or reduction (hypopnea) in 

airflow.5–7 Disturbances to sleep result in the reduction of hemoglobin oxygen concentration 

(hypoxemia) and fragmented sleep.5,8 Patient reports of excessive daytime sleepiness and loud 

snoring are common diagnostic symptoms.7,9 If untreated, symptoms may interfere with activities 

of daily living and increase risk for occupational injury,1,10–12 motor vehicle crashes13,14 and 

cardiovascular diseases.15–24 Effective treatments for OSA exist,25–37 and can greatly improve 

health outcomes and overall quality of life. The most common treatment, continuous positive 

airway pressure, mitigates health and safety risks.14,23,38–44  

 

Rural populations in Canada may be particularly at risk for OSA due to high reported 

levels of obesity, physical inactivity and other related risk factors.45–50 Rural patients with OSA 

symptoms are often not diagnosed clinically,1 which is a concern as the increased health risks 

experienced by rural vs. urban residents46,51–57 may be exacerbated in the presence of undiagnosed 

OSA. Explanations for such clinical patterns warrant focused study.  

 

Access to healthcare services is an important determinant of health58,59 and healthcare use 

is known to be lower in rural compared to urban communities.60–63 The availability of fewer 

practicing medical specialists combined with longer travel distances to access healthcare services 

results in barriers to diagnosis and treatment.47,55,56,64–67 Care for patients with clinical suspicion of 

OSA begins with the family physician and if necessary, the family doctor then refers the patient 

for diagnostic testing at a sleep clinic.68 Long travel distance may be an important barrier to the 
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diagnosis and treatment of sleep apnea in rural populations given small numbers of sleep 

laboratories.3,69 Even with access to a family doctor, travel distance to specialist care is still a 

relevant concern for sleep apnea because referral to a sleep medicine specialist for overnight, in-

laboratory diagnostic testing is the gold standard for diagnosis.70,71 

 

Lack of diagnosis and treatment for OSA is concerning and evidence-informed changes 

to health service planning in rural communities surrounding the diagnosis and treatment of OSA 

may be particularly impactful. While a number of studies have evaluated the impact of rural 

residence and/or travel burden on the use of specialized healthcare services (e.g. mental health 

services, screening for colorectal, breast and cervical cancer) and clinical diagnoses such as 

cancer,60–63,66,67,72,73 to our knowledge, no Canadian studies have specifically examined the 

impacts of travel distance to specialist medical services on sleep apnea diagnosis. We had the 

opportunity to address this gap in knowledge using baseline and longitudinal data from a large 

population-based rural health study conducted in Saskatchewan from 2010 to 2015.74 Our hope 

was to contribute to policy decisions whereby the diagnosis and effective treatment of rural 

people with sleep apnea would be improved.  

 

3.3 Methods 

3.3.1 Data source: The Saskatchewan Rural Health Study  

The Saskatchewan Rural Health Study is a population-based cohort study.  The baseline 

phase occurred in 2010 and the follow-up phase began in 2014 and ended in 2015. Both phases 

involved administration of a survey developed based on the population health framework,74,75 that 

documented individual and contextual factors that characterized and influenced respiratory 

health, including sleep-disordered breathing.74  
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Baseline sample: Rural municipalities and towns (population ranging from 500 to 

500074) were selected from 4 quadrants of the province (Northwest, Northeast, Southwest and 

Southeast). A random sample of 36 of the 297 rural municipalities in Saskatchewan (9 per 

quadrant) and 16 of Saskatchewan’s 145 towns were selected to participate. Local councils for 32 

of the rural municipalities and 15 of the towns agreed to participate on behalf of their residents 

and provided mailing addresses. Eligible towns and municipalities were those that (1) were 

located at least 60 km from an urban center, meeting the Statistics Canada definition of 

“rural”74,76; (2) were located outside the commuting zone of larger urban centers (areas with a 

population of 10,000 or more74,76); (3) did not recently participate in the Saskatchewan Farm 

Injury Cohort Study, another large cohort study74,77; (4) were not included in the pilot study 

conducted to refine the baseline questionnaire and optimize response rate.74,78 A registry of 

mailing addresses compiled from taxation lists was used to determine household eligibility. 

Households with unknown or duplicate addresses were excluded, as were homeowners with a 

mailing address outside the study area and deceased homeowners. Eligible adults were all those 

18 years and older living in non-excluded households.  

 

Baseline data collection: Data were collected by questionnaire administered using 

Dillman’s total design method79,80 to optimize response rate. The response rate was 42%.74 A key 

informant was asked to provide household level information and then to complete a section for 

each adult (aged 18 years and older) living in the household. Data were collected for 8261 adults 

from 4624 households in farm and non-farm rural communities in Saskatchewan. Our study base 

included adult participants who completed the baseline questionnaire.  

 

Longitudinal sample and data collection: The baseline sample was subsequently 

contacted for participation in Phase 2 (follow-up phase) of the study.74 Consenting adults 
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comprised the longitudinal sample. Follow-up data were collected for 4741 adults from 2791 

households by a similar survey (response rate = 57%; 4741/8261).  

 

3.3.2 Study design  

Cross-sectional analyses of baseline data were performed. Adults were classified 

according to reports of a sleep apnea diagnosis and the common OSA symptoms of loud snoring 

and excessive daytime sleepiness.7,9 Out of the 8261 participants in the baseline sample, 6525 

adults from 3731 households provided complete information for all variables of interest in our 

study (exposure, outcome and/or potential confounders) and were included in analyses (Figure 

3.1).  
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Figure 3.1. Sample according to reports of a sleep apnea diagnosis and obstructive sleep 

apnea symptoms (loud snoring and excessive daytime sleepiness measured by an Epworth 

Sleepiness Scale score of greater than 10 out of 24).   
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6525

Included in analyses

2432 

Reported loud snoring and/or 
excessive daytime sleepiness 
and no sleep apnea diagnosis

381

Reported a sleep apnea 
diagnosis 

3712

Without suspicion of 
obstructive sleep apnea 

(Reported neither loud 
snoring nor excessive 

daytime sleepiness and no 
sleep apnea diagnosis)

1736

Excluded because of missing 
data for any of the study 
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and/or potential confounders) or 

reports of 0 km to receive 
specialist medical care  

Objective 1 

(all adults) 

 
Objective 2 

(adults who may require 
sleep specialist care) 
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Analysis using longitudinal data aimed to assess whether, after 5 years, the frequency of 

an incident sleep apnea diagnosis among adults reporting OSA symptoms and no sleep apnea 

diagnosis at baseline was attributable to reported travel distance to specialist medical care. Out of 

the 4741 participants in the longitudinal sample, 1459 adults from 1180 households met the 

inclusion criteria for the longitudinal analysis and provided complete information for all variables 

of interest in our study.  

 

3.3.3 Measurement of key variables  

 

Objective 1 

Exposure, Travel distance to specialist medical care: Travel distance to specialist 

medical care was assessed using an original survey item developed to evaluate access to 

healthcare services that asked “How far do you travel to receive medical or surgical specialist 

services (in km)?”74 Distance quartiles were established: (1) < 100 km; (2) 100-189 km; (3) 190-

249 km; (4) ≥ 250 km.  

 

Outcome: The outcome was reports of OSA symptoms (loud snoring and/or excessive 

daytime sleepiness) and no sleep apnea diagnosis and was assessed using the survey items 

described below.   

 

Sleep apnea diagnosis: This diagnosis was determined using the survey item adapted 

from the Canadian Community Health Survey that asked: “Has a doctor ever said you (yes or no) 

had any of the following chest illnesses (ever in your life and during the past 12 months): h. Sleep 

Apnea.”81  
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OSA symptoms: A dichotomous ‘loud snoring’ variable (with or without) was created 

based on the following 2 original survey items: (1) “Do you snore?” and (2) “If you snore, is 

your snoring: Slightly louder than breathing? As loud as talking? Louder than talking? Very loud 

- can be heard in adjacent rooms?”74 Loud snoring was identified in adults who reported snoring 

that was as loud as talking, louder than talking or very loud.82  

 

The Epworth Sleepiness Scale score was used to assess excessive daytime sleepiness. 

The scale described 8 situations and asked: “How likely are you to doze off or fall asleep in the 

situations described below, in contrast to just feeling tired? This refers to your usual way of life 

in recent times. Even if you haven’t done some of these things recently, try to work out how they 

would have affected you. Please check one response choice for each situation.” Likelihood of 

dozing off or falling asleep was scored on a 4-point (0-3) Likert scale. The 8 responses were 

summed and a score greater than 10 out of 24 was considered abnormal and indicative of 

excessive daytime sleepiness.7,83,84  

 

Potential confounders: Age was classified into 4 groups: (1) 18-45 years; (2) 46-55 

years; (3) 56-65 years; (4) older than 65 years.74 “Money left over at the end of the month” was 

used as a measure of affluence. Possible responses were: some money; just enough money; and 

not enough money.82 Participants reported their highest level of education:  less than high school; 

completed high school; completed university and completed other post-secondary education. 

Participants were then grouped as having either (1) secondary education or less or (2) 

postsecondary education.74 Body mass index (BMI), calculated using self-reported height and 

weight measurements, was used to group participants into the following weight categories: (1) 

normal (< 25 kg/m2); (2) overweight (25 kg/m2 to 29.9 kg/m2); or (3) obese (≥ 30 kg/m2).74 Heavy 

alcohol consumption was identified based on the following survey item: “How often in the past 
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12 months have you had 5 or more drinks on one occasion?” Responses were grouped into 4 

categories: (1) never; (2) once a month or less; (3) once a week or less; (4) more than once a 

week.74 Smoking status was assessed using the following 2 survey items: (1) “Have you ever 

smoked cigarettes? (If you have smoked less than 20 packs of cigarettes in your lifetime, answer 

no.)” and (2) “Do you now smoke cigarettes?” Three types of smoking status were identified: (1) 

current smoker; (2) former smoker; (3) non-smoker.74,82  

 

Objective 2 

Exposure, Travel distance to specialist medical care: Travel distance to specialist 

medical care was assessed in the same way as described for objective 1.  

Outcome: The outcome was reports of a sleep apnea diagnosis among adults who may 

require sleep specialist care (ie adults reporting either OSA symptoms or a sleep apnea 

diagnosis), which was assessed using the survey item for sleep apnea diagnosis used for objective 

1.  

Potential confounders: Potential confounders were measured in the same way as 

described for objective 1.  
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3.3.4 Minimum detectable relative risks  

The minimum detectable relative risk represents the smallest increase in risk for having 

the outcome between the farthest and closest distance quartiles that our study can detect with 80% 

power and an alpha level (2-sided) of 5%. We could detect a relative risk of 1.32 or greater for 

the first objective and 1.55 or greater for the second objective. Calculations accounted for 

clustering of adults within households by applying a variance inflation factor of 1.42 (determined 

based on an average of 2.4 adults per household and an intra-class correlation coefficient of 0.3 

from Saskatchewan Rural Health Study data).74 Detailed calculations can be found in the 

Supplementary Methods and Results Chapter (Chapter 4).  

 

We calculated an attributable risk percent of 24%. This means that 24% of adults 

reporting the largest travel distances to specialist medical care (≥ 250 km) who also report OSA 

symptoms and no sleep apnea diagnosis could have potentially been diagnosed had their travel 

distances been shorter (ie improved access to specialist care). Lack of diagnosis and treatment for 

OSA is concerning given that undiagnosed and untreated OSA has serious implications on the 

health of people and populations.1,10,19–24,38–41,11,42–44,12–18 A priori, we considered that because of 

the availability of effective treatments,25,26,35–37,27–34 this makes this 24% increase in reports of 

OSA symptoms and no sleep apnea diagnosis to be clinically important. Providing these 

individuals with appropriate care may help manage symptoms and reduce health and safety risks 

at the individual and population levels.14,23,38–44   

 

3.3.5 Ethics  

Our study was granted ethics approval by the Queen’s University Health Sciences 

Research Ethics Board. The Saskatchewan Rural Health Study received ethics approval by the 

Biomedical Research Ethics Board of the University of Saskatchewan. 
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3.3.6 Statistical analyses  

All analyses were conducted using SAS software version 9.4 (Cary, NC: SAS Institute 

Inc.).  

 

Sample description: Characteristics of the study sample, as well as the subset of adults 

who may require sleep specialist care, were described by each study variable according to (1) the 

primary outcome, reports of OSA symptoms and no sleep apnea diagnosis, and (2) travel distance 

to specialist medical care. Next, proportions of individuals reporting OSA symptoms and no sleep 

apnea diagnosis, both overall and within strata of each study variable were examined. Rao-Scott 

chi-square tests,85 which adjust for the clustered nature of the data (individuals nested within 

households), were performed to test for statistical significance of differences in proportions. The 

same was done to compare proportions of individuals in the farthest distance quartile, both 

overall and within strata of each study variable.  

 

Regression analysis: Log-binomial regression models were created to estimate the 

strength of associations between (1) travel distance to specialist medical care and the proportion 

of adults reporting OSA symptoms and no sleep apnea diagnosis, and (2) travel distance to 

specialist medical care and frequency of sleep apnea diagnosis among adults who may require 

sleep specialist care. Sex was first explored as an effect modifier based on plausibility. Models 

then accounted for potential confounders (age, sex, ‘money left over at the end of the month’ and 

education level) as well as body mass index (BMI), heavy alcohol consumption and smoking 

status, which were treated as proxies for baseline health behaviours (unmeasured potential 

confounders) to reduce any differences that might arise for reasons other than travel distance to 

specialist medical care (Figure 3.2). To account for clustering of adults within households, 

generalized estimating equations were used to obtain robust variance estimates.86 Relative risks 

and their 95% confidence intervals were estimated. 
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Sensitivity analysis: A sensitivity analysis using multiple imputation87 was performed to 

assess the potential impact of excluding participants with missing data.  
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Figure 3.2. Diagram illustrating potential confounders controlled for in analyses. Top and 

bottom panels correspond to objectives 1 and 2, respectively. 
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3.4 Results  

 

3.4.1 Objective 1 

Six percent (381/6525) of the sample reported a sleep apnea diagnosis and another 37% 

(2432/6525) reported OSA symptoms and no sleep apnea diagnosis (Figure 3.1). Participants 

ranged in age from 18-101 years (mean 55.0 [±15.6] years) with a mean travel distance to 

specialist medical care of 183 [±113] km (Table 3.1). The largest reported travel distances (≥ 250 

km) were significantly positively associated with lower education levels and ‘not enough’ money 

left over at the end of the month (Table 3.1). There was an increased proportion of adults 

reporting OSA symptoms and no sleep apnea diagnosis in association with increasing travel 

distance to specialist medical care (Table 3.1). Other factors associated with higher proportions 

of adults reporting OSA symptoms and no sleep apnea diagnosis included middle to older age, 

male sex, overweight and obese BMIs, secondary education or less, higher frequency of heavy 

alcohol consumption, and a history of smoking (Table 3.1).  

 

Adults that reported the largest travel distances (≥ 250 km) to access specialist medical 

care were 19% more likely report OSA symptoms and no sleep apnea diagnosis than those who 

reported the smallest travel distances (< 100 km) (RR=1.19; 95% CI: 1.08, 1.30; Table 3.2). The 

relative risk and 95% CI were similar between males and females after adjustment for 

confounding variables (P = .06); sex was not found to be a meaningful effect modifier and was 

controlled for as a potential confounder. The effect was similar after adjustment for confounding 

variables (RR=1.17; 95% CI: 1.07, 1.29; Table 3.2). There was a significant increasing linear 

trend (P < .0008) between the proportion of adults reporting OSA symptoms and no sleep apnea 

diagnosis and travel distance to specialist medical care (Figure 3.3).  
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We evaluated comparability of reported travel distance to specialist medical care and 

driving distance to the closest of Saskatchewan’s sleep centers for all households using postal 

codes. We found inconsistencies between reported travel distances and driving distance. For 

example, among the adults that reported distances between 100 km and 189 km to access 

specialist medical care, driving distance to the closest sleep center in the province was consistent 

with reported data only 36% of the time; driving distance was larger than reported distance 60% 

of the time. Among the adults that reported distances of 250 km or greater to access specialist 

medical care, driving distance to the closest sleep center in the province was smaller than reported 

distance 38% of the time (see Table 4.1 in Chapter 4: Supplementary Methods and Results). 

 

3.4.2 Objective 2  

Forty-three percent (2813/6525) of the sample was identified as possibly requiring sleep 

specialist care (either reported OSA symptoms or a sleep apnea diagnosis) (Figure 3.1). This 

subset of the sample is described in Table 3.3. Age ranged from 18-101 (mean 55.5 [±13.6]) 

years. Mean travel distance to specialist medical care was 189 [±114] km; mean distance was 

similar between adults reporting a sleep apnea diagnosis and those reporting OSA symptoms and 

no diagnosis (188 [±113] km vs. 189 [±114] km). Eighty-one percent reported travel distances ≥ 

100 km and 27% reported travel distances ≥ 250 km (Table 3.3). Among adults who may require 

sleep specialist care, travel distance to specialist medical care was not associated with the 

proportion of adults reporting OSA symptoms and no sleep apnea diagnosis (Table 3.3). Factors 

that were associated with higher proportions of adults reporting OSA symptoms and no sleep 

apnea diagnosis included younger age, female sex, normal BMI, ‘just enough’ or ‘some’ money 

left over at the end of the month and lower to moderate frequency of heavy alcohol consumption 

(Table 3.3).  
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Among adults who may require sleep specialist care, the proportion reporting a sleep 

apnea diagnosis was low and unaffected by reported travel distance to specialist medical care (RR 

= 1.06; 95% CI: 0.79, 1.42; Table 3.4). We found marginal evidence of effect modification by 

sex at the 5% level of significance (P = .052). In the cross-sectional data, there was some 

evidence of a significant relationship between travel distance to specialist medical care and 

reports of a sleep apnea diagnosis among men who may require sleep specialist care (P = .042). 

However, this relationship was only borderline significant at the 5% level of significance, 

followed no clear or interpretable trend and analysis of follow-up survey data showed no 

evidence of such a relationship (P = .37). Sex was not found to be a meaningful effect modifier 

and was controlled for as a potential confounder. After adjustment for confounding variables, the 

association remained non-significant (RR = 1.09; 95% CI: 0.82, 1.46; Table 3.4). There was no 

trend between the proportion of adults reporting a sleep apnea diagnosis and travel distance to 

specialist medical care (Figure 3.3).  

 

Longitudinal analysis: Findings were consistent with our cross-sectional analysis. For 

adults who reported OSA symptoms and no sleep apnea diagnosis at baseline, travel distance to 

specialist medical care was not associated with reports of an incident sleep apnea diagnosis after 

5 years (RR = 1.01; 95% CI: 0.98, 1.05; Table 3.5).  

 

3.4.3 Sensitivity Analysis 

A sensitivity analysis using multiple imputation revealed minimal impact of excluding 

participants with missing data for any of the study variables (Chapter 4: Supplementary 

Methods and Results).  
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Table 3.1. Characteristics of the study sample (n = 6525; 3731 households). 

Characteristics Proportion Obstructive 
sleep apnea 
symptoms and 
no sleep apnea 
diagnosis 
(n=2432; 37%) 

P value* Travel distance to 
specialist medical 
care ≥ 250 km 
(n=1651; 25%) 

P value* 

  n Row %  n Row %  

Exposure   
Travel distance to specialist medical care (km)   
< 100 22% 480 33.8 .0058 - - - 
100-189 28% 669 36.7  - -  
190-249 25% 622 38.1  - -  
≥ 250 25% 661 40.0  - -  
Potential confounders        
Age (years)       
18-45 25% 533 32.5 < .0001 393 23.9 .081 
46-55 26% 695 41.6  439 26.3  
56-65 24% 676 43.9  381 24.8  
>65 26% 528 31.6  438 26.2  
Sex       
Females 50% 922 28.5 < .0001 830 25.6 .053 
Males 50% 1510 45.9  821 25.0  
Body mass index       
Normal (<25kg/m2) 29% 479 25.3 < .0001 463 24.5 .38 
Overweight (25-29.9kg/m2) 41% 1041 38.6  658 24.4  
Obese (≥30kg/m2) 30% 912 47.1  530 27.4  
Education level       
Postsecondary 41% 947 35.2 .0049 668 24.9 .023 
Secondary or less 59% 1485 38.7  983 25.6  
Money left over at the end of the month   
Some 60% 1452 37.3 .14 937 24.1 .0075 
Just enough  21% 489 35.4  328 23.7  
Not enough  19% 491 39.3  386 30.9  
Heavy alcohol consumption (more than 5 drinks on one occasion)   
Never  55% 1217 34.0 < .0001 934 26.1 .21 
1/month or less 33% 837 38.8  529 24.5  
1/week or less 10% 320 48.1  161 24.2  
More than 1/week 2% 58 47.2  27 22.0  
Smoking status       
Never 52% 1118 32.7 < .0001 839 24.6 .76 
Past 36% 981 42.3  596 25.7  
Current 12% 333 42.2  216 27.4  

*P value from Rao-Scott chi-square tests for significant difference in proportions with obstructive 
sleep apnea symptoms and no sleep apnea diagnosis/travel distance to specialist medical care ≥ 
250 km between levels of each variable.   
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Table 3.2. Results of multivariable log-binomial regression modeling likelihood of 

obstructive sleep apnea symptoms and no sleep apnea diagnosis in the study sample. 

Variable  Unadjusted Model  

RR (95% CI) 

Adjusted Modela  

RR (95% CI) 

P value  

Exposure 

Travel distance to specialist medical care (km) 

< 100 1.00 (Referent)  1.00 (Referent)  .0075 

100-189 1.09 (0.99, 1.20) 1.08 (0.99, 1.19)  

190-249 1.13 (1.02, 1.25) 1.10 (1.00, 1.21)  

≥ 250 1.19 (1.08, 1.30) 1.17 (1.07, 1.29)  

Potential confoundersb     
Age (years)    
18-45 1.00 (Referent)  1.00 (Referent)  < .0001 
46-55 1.28 (1.17, 1.40) 1.18 (1.08, 1.28)  
56-65 1.35 (1.23, 1.48) 1.20 (1.10, 1.32)  
>65 0.98 (0.88, 1.08) 0.91 (0.81, 1.01)  
Sex    
Females 1.00 (Referent)  1.00 (Referent)  < .0001 
Males 1.63 (1.53, 1.73) 1.47 (1.37, 1.57)  
Body mass index     
Normal (<25kg/m2) 1.00 (Referent)  1.00 (Referent)  < .0001 
Overweight (25-29.9kg/m2) 1.53 (1.39, 1.67) 1.35 (1.23, 1.48)  
Obese (≥30kg/m2) 1.87 (1.71, 2.04) 1.59 (1.45, 1.74)  
Money left over at the end of the month  
Some 1.00 (Referent)  1.00 (Referent)  .32 
Just enough  0.95 (0.87, 1.03) 0.94 (0.87, 1.02)  
Not enough  1.05 (0.97, 1.15) 0.99 (0.91, 1.08)  
Education level    
Postsecondary    1.00 (Referent)  1.00 (Referent)  .73 
Secondary or less 1.11 (1.04, 1.18) 1.01 (0.95, 1.08)  
Heavy alcohol consumption (more than 5 drinks on one occasion) 
Never  1.00 (Referent)  1.00 (Referent)  .033 
1/month or less 1.15 (1.07, 1.23) 1.00 (0.93, 1.07)  
1/week or less 1.44 (1.31, 1.58) 1.14 (1.04, 1.25)  
More than 1/week 1.40 (1.16, 1.68) 1.03 (0.86, 1.24)  
Smoking status     
Never  1.00 (Referent)  1.00 (Referent)  < .0001 
Past  1.29 (1.20, 1.38) 1.16 (1.09, 1.25)  
Current  1.29 (1.17, 1.42) 1.20 (1.09, 1.32)  
a Model adjusted for age, sex, body mass index, money left over at the end of the month, 
education level, heavy alcohol consumption and smoking status. Standard errors corresponding 
to confidence intervals were inflated to account for clustering of adults within households.  
 
b Models adjusted for the other 6 potential confounders and travel distance to specialist medical 
care. Standard errors corresponding to confidence intervals were inflated to account for clustering 
of adults within households.  
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Figure 3.3. Proportion of adults reporting (1) obstructive sleep apnea symptoms and no 

diagnosis, and (2) a sleep apnea diagnosis by travel distance to specialist medical care.  
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Table 3.3. Characteristics of adults who may require sleep specialist care (n = 2813; 2230 

households). 

Characteristics Proportion Obstructive 
sleep apnea 
symptoms and 
no sleep apnea 
diagnosis 
(n=2432; 86%) 

P value* Travel distance to 
specialist medical 
care ≥ 250km 
(n=761; 27%) 

P value* 

  n Row %  n Row %   

Exposure     
Travel distance to specialist medical care (km)   
< 100 19% 480 87.6 .71 - - - 
100-189 28% 669 85.4  - -  
190-249 26% 622 86.3  - -  
≥ 250 27% 661 86.9  - -  
Potential confounders  
Age (years)       
18-45 21% 533 91.1 .0031 140 23.9 .12 
46-55 29% 695 85.3  224 27.5  
56-65 28% 676 85.6  215 27.2  
>65 22% 528 84.8  182 29.2  
Sex       
Females 36% 922 89.9 < .0001 269 26.2 .24 
Males 64% 1510 84.5  492 27.5  
Body mass index       
Normal (<25kg/m2) 19% 479 91.4 < .0001 128 24.4 .52 
Overweight (25-29.9kg/m2) 41% 1041 90.1  312 27.0  
Obese (≥30kg/m2) 40% 912 80.5  321 28.3  
Education level       
Postsecondary    39% 947 86.3 .80 287 26.1 .40 
Secondary or less 61% 1485 86.6  474 27.6  
Money left over at the end of the month   
Some 59% 1452 87.5 .0051 423 25.5 .19 
Just enough  20% 489 87.8  153 27.5  
Not enough  21% 491 82.4  185 31.0  
Heavy alcohol consumption (more than 5 drinks on one occasion)   
Never  50% 1217 86.2 .027 402 28.5 .26 
1/month or less 34% 837 87.6  248 25.9  
1/week or less 13% 320 87.0  97 26.4  
More than 1/week 3% 58 75.3  14 18.2  
Smoking status       
Never 46% 1118 86.5 .47 349 27.0 .98 
Past 41% 981 85.8  314 27.5  
Current 13% 333 88.3  98 26.0  

*P value from Rao-Scott chi-square tests for significant difference in proportions with obstructive 
sleep apnea symptoms and no sleep apnea diagnosis/travel distance to specialist medical care ≥ 
250 km between levels of each variable.   
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Table 3.4. Results of multivariable log-binomial regression modeling probability of sleep 

apnea diagnosis among adults who may require sleep specialist care. 

Variable Unadjusted Model  
RR (95% CI) 

Adjusted Modela  
RR (95% CI) 

P value 

Exposure    
Travel distance to specialist medical care (km) 
< 100 1.00 (Referent)  1.00 (Referent)  .32 
100-189 1.17 (0.88, 1.57) 1.27 (0.95, 1.70)  
190-249 1.11 (0.83, 1.48) 1.21 (0.90, 1.62)  
≥ 250 1.06 (0.79, 1.42) 1.09 (0.82, 1.46)  
Potential confoundersb     
Age (years)    
18-45 1.00 (Referent)  1.00 (Referent)  .0001 
46-55 1.66 (1.22, 2.25) 1.71 (1.27, 2.32)  
56-65 1.63 (1.19, 2.22) 1.68 (1.23, 2.30)  
>65 1.71 (1.24, 2.36) 1.99 (1.41, 2.81)  
Sex    
Females 1.00 (Referent)  1.00 (Referent)  < .0001 
Males 1.53 (1.24, 1.88) 1.58 (1.27, 1.96)  
Body mass index    
Normal (<25kg/m2) 1.00 (Referent)  1.00 (Referent)  < .0001 
Overweight (25-29.9kg/m2) 1.16 (0.84, 1.60) 1.09 (0.79, 1.50)  
Obese (≥30kg/m2) 2.28 (1.68, 3.08) 2.24 (1.65, 3.05)  
Money left over at the end of the month  
Some 1.00 (Referent)  1.00 (Referent)  .015 
Just enough  0.97 (0.75, 1.26) 1.01 (0.78, 1.30)  
Not enough  1.41 (1.13, 1.75) 1.39 (1.12, 1.73)  
Education level    
Postsecondary    1.00 (Referent)  1.00 (Referent)  .054 
Secondary or less 0.97 (0.80, 1.18) 0.82 (0.68, 1.00)  
Heavy alcohol consumption (more than 5 drinks on one occasion) 
Never  1.00 (Referent)  1.00 (Referent)  .12 
1/month or less 0.90 (0.73, 1.012) 0.89 (0.72, 1.11)  
1/week or less 0.94 (0.70, 1.28) 0.93 (0.67, 1.28)  
More than 1/week 1.79 (1.19, 2.67) 1.65 (1.05, 2.58)  
Smoking status     
Never  1.00 (Referent)  1.00 (Referent)  .60 
Past  1.05 (0.86, 1.28) 0.91 (0.74, 1.11)  
Current  0.86 (0.63, 1.17) 0.89 (0.65, 1.22)  
a Model adjusted for age, sex, body mass index, money left over at the end of the month, 
education level, heavy alcohol consumption and smoking status. Standard errors corresponding 
to confidence intervals were inflated to account for clustering of adults within households.  
 
b Models adjusted for the other 6 potential confounders and travel distance to specialist medical 
care. Standard errors corresponding to confidence intervals were inflated to account for clustering 
of adults within households.  
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Table 3.5. Results of multivariable log-binomial regression modeling probability of an 

incident sleep apnea diagnosis after 5 years among adults with obstructive sleep apnea 

symptoms and no sleep apnea diagnosis at baseline (n = 1459; 1180 households).  

Exposure  Proportion  Obstructive 
sleep apnea 
symptoms 
and no sleep 
apnea 
diagnosis 
(Row %) 

Unadjusted Model  
RR (95% CI) 

Adjusted Modela 
RR (95% CI) 

P value 

Travel distance to specialist medical care (km) 
< 100 20% 94.8 1.00 (Referent)  1.00 (Referent)  .80 
100-189 26% 95.4 0.87 (0.44, 1.71) 1.00 (0.97, 1.04) .84* 
190-249 26% 96.4 0.69 (0.34, 1.41) 1.01 (0.98, 1.05)  
≥ 250 28% 96.1 0.74 (0.37, 1.47) 1.01 (0.98, 1.05)  
a Model adjusted for age, sex, body mass index, money left over at the end of the month, 
education level, heavy alcohol consumption and smoking status. Standard errors corresponding 
to confidence intervals were inflated to account for clustering of adults within households.  
 
*P value for trend test.  
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3.5 Discussion  

Using data from a large population-based rural health study conducted in Saskatchewan, 

we found that as travel distance to specialist medical care increased, so did the proportion of rural 

adult residents that reported OSA symptoms and no sleep apnea diagnosis. Among adults who 

may require sleep specialist care however, the proportion of sleep apnea diagnoses was low and 

unaffected by reported travel distance.  

 

This study adds to a body of evidence that focuses on the population health impacts of 

poor access to specialist medical care in rural populations,47,55,56,60–67 and specifically presents a 

novel analysis of the impact of travel distance to specialist medical care on sleep apnea diagnosis. 

Healthcare use is known to be lower in rural compared to urban communities,60–63 and this has 

been attributed to increased travel distances and limited access to primary care and medical 

specialists.47,55,56,64–67 Healthcare access barriers are one possible risk factor for inadequate 

diagnosis and treatment of medical conditions.58,88 Even in the presence of accessible primary 

care, travel distance to specialist medical care is still a relevant concern for cases of sleep apnea 

because referral to a sleep medicine specialist for overnight, in-laboratory diagnostic testing is the 

gold standard for OSA diagnosis.70,71 Our finding of an increased proportion of rural adults 

reporting OSA symptoms and no sleep apnea diagnosis in association with increased travel 

distance to specialist medical care suggests decreased use of healthcare services by adults in 

remote rural communities.  

 

Strengths and limitations of our analysis warrant comment. Our modeling strategy 

assessed for effect modification by biological sex, then controlled for key confounding variables 

to reduce any differences that might arise for reasons other than travel distance to specialist 

medical care. Our analysis of follow-up survey data lent temporal evidence to our finding that the 
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trend of an increasing proportion of adults reporting OSA symptoms and no sleep apnea diagnosis 

in association with increasing travel distance to specialist medical care was not attributable to 

differences in the frequency of diagnosis among adults who may require sleep specialist care. Our 

findings suggest that once referred to a specialist, travel distance to specialist care is not 

associated with sleep apnea diagnostic rate in rural populations. The low sleep apnea diagnostic 

rate may reflect other healthcare access barriers, which should be evaluated in future research.   

 

Self-reported travel distance may have resulted in exposure misclassification. Reporting a 

travel distance in kilometers may be difficult, especially if unfamiliar with where to get specialist 

care in Saskatchewan and if not having gone to see a specialist recently or ever. Participants may 

have over or underestimated travel distance as a result, which is supported by our comparison of 

reported travel distance and driving distance to the closest sleep center in the province. Although 

our exposure measure referred to all medical or surgical specialist services and was not specific to 

sleep specialist care, Saskatchewan’s only 2 publicly funded sleep centers are located within the 

main hospitals of Saskatoon and Regina. It is likely that most specialist medical and surgical 

services are provided out of these or nearby hospitals, especially given the general lack of 

medical specialists practicing in rural communities.47,55 Reliance on self-report data may have 

also led to underreporting the presence and/or degree of OSA symptoms due to social desirability 

bias. This potential outcome misclassification would have biased effect estimates for the first 

objective towards the null, assuming symptom underreporting was nondifferential across distance 

quartiles, and reduced the sample size and therefore power of the second objective. Though our 

analyses controlled for most known potential confounders, some degree of residual confounding 

is possible from measurement imprecision with self-report data.  
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Our sample was limited to adults living in rural Saskatchewan. Inclusion of adults from 

urban areas would have provided a useful basis of comparison. Our study could only evaluate the 

impact of travel distance to specialist medical care on OSA diagnosis between varying degrees of 

remoteness from such care and hence could not make any urban versus rural comparisons. Our 

use of a sample that was exclusively rural in nature may have biased study findings in that effects 

that may be evident when you compare urban versus rural populations would have been missed. 

Further, in terms of external validity, the sample may not be representative of all rural 

populations, and the observed trend, rather than the magnitude of risk estimates, may only be 

generalized to rural communities without a strong metropolitan influence zone that have similar 

environmental and occupational exposures as Saskatchewan.  

 

Our findings may have implications for health policy surrounding the diagnosis and 

treatment of OSA. In rural Saskatchewan, the largest reported travel distances to access specialist 

medical care (≥250 km) were associated with a greater proportion of adults reporting OSA 

symptoms and no sleep apnea diagnosis and suggests decreased use of healthcare services in 

remote populations. However, among adults who may require sleep specialist care, the proportion 

of sleep apnea diagnoses was low and unaffected by reported travel distance. Factors other than 

travel distance may therefore be contributing to the low sleep apnea diagnostic rate. This remains 

important as undiagnosed and untreated OSA has serious implications on the health of people and 

populations,1,10–24,38–44 but effective treatments25–37 are available. Healthcare access is an important 

determinant of health58,59 and barriers to the multiple dimensions of healthcare access (as per 

Levesque’s model88) that have been established for other conditions (ie access to primary care, 

transportation barriers and/or financial barriers) should be evaluated in future research that 

focuses on OSA. Interventional work on potential strategies to address and ameliorate any 

identified barriers is also warranted and results may provide important evidence to inform 
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healthcare planning and delivery, which may be particularly impactful in rural and remote 

communities.  Studies of interventional strategies, be they policies that foster better healthcare 

access through telemedicine89–91 and portable diagnostic devices for in-home testing,4,92–100 or 

innovative community outreach strategies that potentially increase access especially among 

vulnerable and remote populations,101–103 are especially warranted. 

 

3.6 Conclusion  

Long travel distances may pose barriers to seeking healthcare in rural communities. In 

rural Saskatchewan, there was an increasing proportion of adults reporting OSA symptoms and 

no sleep apnea diagnosis in association with increasing travel distance to specialist medical care, 

which suggests decreased use of healthcare services in remote populations. However, among 

adults who may require sleep specialist care, the proportion of sleep apnea diagnoses was low and 

unaffected by reported travel distance. Other healthcare access barriers may therefore be 

contributing to the low sleep apnea diagnostic rate. This remains important as undiagnosed and 

untreated OSA has serious implications on the health of people and populations, but effective 

treatments are available. Barriers to the multiple dimensions of healthcare access (as per 

Levesque’s model88) that have been established for other conditions (ie access to primary care, 

transportation barriers and/or financial barriers) should be evaluated in future research that 

focuses on OSA. Interventional work on potential strategies to address and ameliorate any 

identified barriers is also warranted and results may provide important evidence to inform 

healthcare planning and delivery, which may be particularly impactful in rural and remote 

communities.  Studies of interventional strategies, be they policies that foster better healthcare 

access through telemedicine89–91 and portable diagnostic devices for in-home testing,4,92–100 or 

innovative community outreach strategies that potentially increase access especially among 

vulnerable and remote populations,101–103 are especially warranted 
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Chapter 4 

Supplementary Methods and Results  

This chapter includes supplementary methods and results that complement the manuscript 

(Chapter 3).  

 

The supplementary methods section first presents additional details about our data source, 

the Saskatchewan Rural Health Study (e.g. its aim and sampling method, key published findings, 

the survey items used to measure the exposure and outcome as they appear in the questionnaire 

and the origins and validity of these survey items, including results from an analysis of the 

agreement between reported travel distance to specialist medical care and driving distance to the 

closest sleep centre in Saskatchewan). Second, this section provides the equation and parameter 

values used to calculate the minimum detectable relative risk for each outcome between the 

farthest (≥ 250 km) and closest (< 100 km) distance quartiles that our study can detect with 80% 

power and an alpha level (two-sided) of five percent, the results of these calculations and a 

description of clinical significance. The supplementary methods section ends with a description 

of the rationale for use of log-binomial regression as an analytical strategy.  

 

The supplementary results section presents results from a sensitivity analysis using 

multiple imputation to assess the impact of excluding participants with missing data for any of the 

study variables (exposure, outcome and/or potential confounders).  
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4.1 Supplementary Methods 

 

4.1.1 Data Source: The Saskatchewan Rural Health Study  

The primary aim of the Saskatchewan Rural Health Study was to increase knowledge of 

potential health determinants associated with respiratory conditions, including sleep-disordered 

breathing, in rural populations. A survey was used to collect data on individual and contextual 

factors that characterized and influenced respiratory health.1 The survey included previously 

validated items where possible, and original items were developed where existing and previously 

validated ones did not exist. A pilot study was conducted to refine the content of the baseline 

survey and optimize response rates. Based on its findings, the question about willingness to 

participate in subsequent breathing and allergy testing was refined, and questionnaires were sent 

in the winter rather than in the spring to improve participation within the farming community.1,2 

 

Sampling Method: Rural municipalities and towns (population ranging from 500 to 

50001) were selected from four quadrants of the province (Northwest, Northeast, Southwest and 

Southeast). A random sample of 36 of the 297 rural municipalities in Saskatchewan (nine per 

quadrant) and 16 of Saskatchewan’s 145 towns were selected to participate. Local councils for 32 

of the rural municipalities and 15 of the towns agreed to participate on behalf of their residents 

and provided mailing addresses. Participating rural municipalities are shown in Figure 4.1. 
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Figure 4.1. Rural municipalities participating in the Saskatchewan Rural Health Study 

located in the four quadrants of the province. 

(Taken from Pahwa P et al. The Saskatchewan rural health study: an application of a population 

health framework to understand respiratory health outcomes. BMC Res Notes. 2012;5(1):400. 

doi:10.1186/1756-0500-5-400.)(Punam Pahwa, Karunanayake, Hagel, Janzen, Pickett, et al., 

2012) 
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Key Published Findings: Karunanayake et al. evaluated access to specialist medical care 

in rural Saskatchewan and found that nearly one quarter of adults in rural Saskatchewan had 

difficulty accessing required specialist medical care and that difficulties in access were greater for 

those with longer travel distances.3 About one third of rural adults reported travel distances 

greater than 200 km and compared to those reporting distances of 120 km or less, these adults 

were nearly 50% more likely to experience difficulty accessing the specialist medical care they 

needed.3 Presence of at least one current respiratory condition, including sleep apnea, was also 

associated with increased risk for experiencing difficulty accessing specialist medical care by 

30%-40%.3  

 

Gjevre et al. assessed prevalence of excessive daytime sleepiness, a common diagnostic 

symptom for OSA.4 The overall prevalence of excessive daytime sleepiness–defined as an 

Epworth Sleepiness Scale score of greater than 10 out of 245–was 15.9%. The prevalence was 

higher in men than in women (21% vs. 11%). Mean scores were also significantly higher in men 

both overall and among those reporting excessive daytime sleepiness. Only 6% of the sample 

reported physician-diagnosed sleep apnea.4 Of these 6%, 38% reported excessive daytime 

sleepiness and 48% reported loud or very loud snoring, two common diagnostic symptoms for 

OSA.5,6 The proportions of adults reporting these symptoms were significantly higher among 

adults clinically diagnosed in comparison to those who did not report a sleep apnea diagnosis.  

 

Farming and nonfarming populations reported a similar prevalence of both excessive 

daytime sleepiness and physician-diagnosed sleep apnea. Factors associated with higher 

proportions of excessive daytime sleepiness included older age (OR = 1.41; 95% CI: 1.14, 1.74 

for >65 years vs. 18 – 45 years), male sex (OR = 1.93; 95% CI: 1.67, 2.23), obesity (OR = 1.24; 

95% CI: 1.02, 1.51 compared to normal weight class), ‘not enough money left over at the end of 
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the month’ as an indicator of lower socioeconomic status (OR = 1.30; 95% CI: 1.09, 1.57 

compared to ‘some money left over’ as an indicator of high SES), married or living with a partner 

(OR = 1.26; 95% CI: 1.01, 1.57 compared to widowed/divorced/separated/single), loud or very 

loud snoring (OR = 1.82; 95% CI: 1.51, 2.20 compared to no or slight snoring), and ‘doctor-

diagnosed sinus trouble’ (OR = 1.30; 95% CI: 1.12, 1.51). Study findings suggest a high 

prevalence of OSA in the rural Saskatchewan population given associations between these factors 

and increased OSA risk.  

 

In summary, the observed positive association between reported travel distance to receive 

specialist medical care and difficulty accessing such care, and indicators of a high prevalence of 

OSA in rural Saskatchewan suggest a need for further evaluation of long travel distance as a 

potential determinant of the low sleep apnea diagnostic rate. This led to our study evaluating the 

association between travel distance to specialist medical care and sleep apnea diagnosis in rural 

Saskatchewan.  

 

Survey Items  

 

Exposure, Travel distance to specialist medical care: The original survey item 

presented in Figure 4.2 was used to measure travel distance to specialist medical care. This 

question implies that participants have previously travelled to a specialist medical centre for care 

and may have left those who have not actually done so uncertain about how to answer this 

question. We found a small percentage of households (10/4624 = 0.2%) that reported 0 km, an 

impossibly small distance, which may represent situations where participants have not actually 

travelled to a specialist medical centre for care and/or live with someone who is a clinician. These 

households were excluded from analyses. Another 8.8% of households (406/4624) did not 
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respond to this question and were also excluded from analyses. Although the exposure measure 

referred to all medical or surgical specialist services and was not specific to sleep specialist care, 

Saskatchewan’s only two publicly-funded sleep centres are located within the main hospitals of 

Saskatoon and Regina. It is likely that most specialist medical and surgical services are provided 

out of these or nearby hospitals, especially given the general lack of medical specialists practicing 

in rural communities.7,8 

 

Figure 4.2. Survey item used to measure travel distance to specialist medical care. 

 

We evaluated comparability of reported travel distance to specialist medical care and 

driving distance to the closest sleep centre in Saskatchewan for all households using postal codes. 

We found inconsistencies between reported travel distances and driving distance. For example, 

among the adults that reported distances between 100 km and 189 km to access specialist medical 

care, driving distance to the closest sleep centre in the province was consistent with reported data 

only 36% of the time; driving distance was larger than reported distance 60% of the time. Among 

the adults that reported distances of 250 km or greater to access specialist medical care, driving 

distance to the closest sleep centre in the province was smaller than reported distance 38% of the 

time (Table 4.1).  
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Table 4.1. Agreement between reported travel distance to specialist medical care and 

driving distance to the closest sleep centre in Saskatchewan. 

 Driving distance to the closest sleep centre in 
Saskatchewan (km) 

Reported travel distance to 
specialist medical care (km) 

 

 < 100 100-189 190-249 ≥ 250 

< 100 11.3% 16.2% 52.6% 19.9% 

100-189 4.1% 36.3% 25.9% 33.7% 

190-249 0.4% 10.9% 73.9% 14.9% 

≥ 250 0.3% 3.4% 34.6% 61.7% 
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Outcomes: Sleep apnea diagnosis and presence of loud snoring and/or excessive daytime 

sleepiness, common diagnostic symptoms for OSA,5,6 were assessed using the survey items 

presented in Figure 4.3.   

 

The item used to assess sleep apnea diagnosis was adapted from the Canadian 

Community Health Survey. Specialists from Statistics Canada, other federal and provincial 

departments and/or academic fields collaborate to develop survey content, which is then validated 

using qualitative testing (e.g. individual cognitive interviews; focus groups).9 Two original survey 

items were used to assess loud snoring. The Epworth Sleepiness Scale score was used to assess 

excessive daytime sleepiness. This scale has been validated as a means of detecting sleep 

disorders, primarily OSA,10 and has been shown to have good reliability,11 internal consistency 

(Cronbach alpha of 0.78 and 0.82 reported in one study11 and 0.88 in another12) and construct 

validity for assessing daytime sleepiness.10–15 A score of greater than 10 out of 24 is considered 

abnormal and indicative of excessive daytime sleepiness..5,16,17  

 

Excessive daytime sleepiness has high sensitivity for detecting OSA but it is not very 

specific because other factors such as sleep deprivation can also lead to excessive daytime 

sleepiness and an abnormal Epworth Sleepiness Scale score.5,18–20 The specificity of the loud 

snoring measure may be weakened because loud snoring may not necessarily be due to OSA.21 

The sensitivity of the loud snoring and excessive daytime sleepiness measures may also be 

weakened as not all patients with OSA experience excessive daytime sleepiness and/or loud 

snoring.4 Reliance on self-report data may also decrease the validity of these survey items given 

social desirability bias. Presence and/or degree of symptoms may have been underreported 

because loud snoring and excessive daytime sleepiness are generally considered undesirable.20  
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Sleep apnea diagnosis  

 

Common OSA Symptoms: Loud snoring  

 

Common OSA Symptoms: Excessive daytime sleepiness (Epworth Sleepiness Scale score)  

 

Figure 4.3. Survey items used to assess sleep apnea diagnosis, loud snoring and excessive 

daytime sleepiness. 
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Transformation of the standard sample size equation was used to calculate the minimum 

detectable relative risk for having each outcome between the farthest (≥ 250 km) and closest (< 

100 km) distance quartiles that our study can detect. The transformed equation is provided below. 

Table 4.2 defines the symbols used.  

   

Gjevre et al. provided an estimate of the proportion of adults in rural Saskatchewan who 

reported a sleep apnea diagnosis, loud or very loud snoring and/or excessive daytime sleepiness 

using baseline data from the Saskatchewan Rural Health Study.4 Since the Epworth Sleepiness 

Scale has been validated as a means of detecting sleep disorders, primarily OSA,10 the proportion 

of participants reporting excessive daytime sleepiness in the absence of a sleep apnea diagnosis 

was used to estimate the proportion of the study sample with the outcome for the first objective 

(reports of OSA symptoms and no sleep apnea diagnosis) (p). Of the 8261 adults aged 18 years 

and older in the baseline sample, 7597 completed the Sleep and Epworth Sleepiness Scale 

sections of the questionnaire. Calculations therefore used a sample size of 7597.1 The overall 

prevalence of excessive daytime sleepiness was 15.9% (n = 1208) and the prevalence of a sleep 

apnea diagnosis was 6% (n = 456).4 Of the 6% of adults reporting this diagnosis, 38% (n = 173) 

also reported excessive daytime sleepiness and would therefore not have the outcome for the first 

objective. This left 1035 adults with the outcome based on reports of excessive daytime 

sleepiness in the absence of a sleep apnea diagnosis. As a result, the proportion of the study 

sample with the outcome for the first objective (p) was estimated to be 13.6% (n = 1035/7597). 

Travel distance to specialist medical care was categorized using quartiles. Percent exposed and 

percent unexposed were each 25%. Table 4.2 displays parameter values used to calculate the 

 

 

              

d =       (𝑍𝛽 + Z1-α/2)
2(r+1)p(1-p)  

                             r(nexp) 

 

0.5 
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minimum detectable relative risk between adults in the farthest and closest distance quartiles for 

both study objectives. To account for clustering of adults within households, a variance inflation 

factor (VIF) of 1.42 was applied,1 which resulted in an effective sample size of 5350 used in 

calculations. Table 4.2 provides the parameters used to calculate VIF. 
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Table 4.2. Parameter values used to calculate minimum detectable relative risks. 

Symbol  Definition  

n Effective sample size (n = sample size/VIF = 7597/1.42 = 5350)  

Z1-α/2 Level of significance (α=0.05; Z1-α/2=1.96) 

Zβ Level of power (for 80% power, Zβ=0.84) 

% exp 

Proportion of the population that are in the farthest distance quartile 

% exp = 25% 

% unexp 

Proportion of the population that are in the closest distance quartile 

% unexp = 25% 

nexp 

Number of participants in the sample in the farthest distance 
quartile  

nexp = 0.25*5350 = 1337.5  

nunexp 

Number of participants in the sample in the closest distance quartile 

nunexp = 0.25*5350 = 1337.5  

r Ratio of % exp to % unexp; r = 1 

pο 

Proportion of unexposed with the outcome of interest (reports of 
OSA symptoms and no sleep apnea diagnosis for objective 1 and 
reports of a sleep apnea diagnosis for objective 2) 

Calculated using the equations p=(p1+rpο)/(r+1) and d=p1-pο  

 

Objective 1: pο = 0.117 

Objective 2: pο = 0.047 

p1 

Proportion of exposed with the outcome of interest (reports of OSA 
symptoms and no sleep apnea diagnosis for objective 1 and reports 
of a sleep apnea diagnosis for objective 2) 

Calculated using the equations p=(p1+rpο)/(r+1) and d=p1-pο 

 

Objective 1: p1 = 0.155 

Objective 2: p1 = 0.073 

p 

Proportion of sample with the outcome of interest (reports of OSA 
symptoms and no sleep apnea diagnosis for objective 1 and reports 
of a sleep apnea diagnosis for objective 2) 

Equation: p=(p1+rpο)/(r+1) 

 

Objective 1: p = 0.136 (based on Saskatchewan Rural Health Study 
data)1 

Objective 2: p = 0.06 (based on Saskatchewan Rural Health Study 
data)1 
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d 

Difference of proportions 

Equation 1:   

  

Equation 2: d=p1-pο 

 

Objective 1: d = 0.0371 (calculated using equation 1)  

Objective 2: d = 0.0257 (calculated using equation 1)  

RR 

Relative risk of outcome based on exposure 

Equation: RR= p1/pο 

 

Objective 1: RR = 0.155/0.117 = 1.32 

Objective 2: RR = 0.073/0.047 = 1.55 

VIF 

Variance inflation factor; VIF = 1+ (m-1)*ρ = 1.42 (where m = 
number of individuals per household = 2.4, and ρ = intra-class 
correlation coefficient for within subject clustering = 0.3, based on 
Saskatchewan Rural Health Study data)1 

  

 

 

              

d =       (𝑍𝛽 + Z1-α/2)
2(r+1)p(1-p)  

                             r(nexp) 
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With 80% power and an alpha level (two-sided) of five percent, our study could detect a 

32% or greater increase in risk of reporting OSA symptoms and no sleep apnea diagnosis for 

adults reporting the largest travel distances to specialist medical care (≥ 250 km) compared to 

those reporting the smallest distances (< 100 km; referent). Among adults who may require sleep 

specialist care, we could detect a 55% or greater increase in reports of a sleep apnea diagnosis for 

adults reporting the largest travel distances (≥ 250 km) compared to those reporting the smallest 

distances (< 100 km; referent).  

 

We calculated an attributable risk percent of 24%. This means that 24% of adults 

reporting the largest travel distances to specialist medical care (≥ 250 km) who also report OSA 

symptoms and no sleep apnea diagnosis could have potentially been diagnosed had their travel 

distances been shorter (i.e. improved access to specialist care). Lack of diagnosis and treatment 

for OSA is concerning given that undiagnosed and untreated OSA has serious implications on the 

health of people and populations.22–44 A priori, we considered that because of the availability of 

effective treatments,45–57 this makes this 24% increase in reports of OSA symptoms and no sleep 

apnea diagnosis to be clinically important. Providing these individuals with appropriate care may 

help manage symptoms and reduce health and safety risks at the individual and population 

levels.28,30–33,35–37,39   

   

 

 

 

 

 

 

 



 

78 

 

4.1.2 Analytical Strategy  

For a cross-sectional study with binary outcome, logistic regression models are often 

used. These models estimate odds ratios. Odds ratios are often subject to interpretation issues and 

are commonly misinterpreted as relative risks. Odds ratios approximate relative risks only when 

the outcome is rare (with a prevalence of 5% or less).58 With more common outcomes, odds ratios 

are more extreme than relative risks. Log-binomial regression models are generalized linear 

models that estimate relative risks rather than odds ratios. The estimated prevalence of both 

outcomes based on data from the Saskatchewan Rural Health Study exceeded 5%.1,4  We 

therefore used log-binomial models in order to directly estimate relative risks. Convergence 

issues may arise when using these models, but this didn’t occur in our case.  
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4.2 Supplementary Results  

 

4.2.1 Sensitivity Analysis  

I used multiple imputation59 to assess the potential impact of excluding participants with 

missing data for any of the study variables (exposure, outcome and/or potential confounders). I 

imputed missing values for the following variables: travel distance to specialist medical care, 

sleep apnea diagnosis; loud snoring; Epworth Sleepiness Scale score; age; sex; body mass index 

(BMI); money left over at the end of the month, education level; heavy alcohol consumption; and 

smoking status. For each participant, the value for a missing variable(s) was imputed based on the 

following variables: travel distance to specialist medical care, sleep apnea diagnosis; loud 

snoring; Epworth Sleepiness Scale score; age; sex; BMI; money left over at the end of the month; 

education level; heavy alcohol consumption; and smoking status, whether the individual 

experienced difficulty accessing required specialist medical care and whether the individual was 

answering on their own behalf or on behalf of another adult household member. In total, 8.8% of 

households (n = 406/4624) did not respond to the survey item used to classify travel distance to 

specialist medical care. Relatively few individuals were missing information on travel distance, 

OSA symptoms and sleep apnea diagnosis (n = 112/8261; 1.4%). Results of this sensitivity 

analysis suggested minimal impact of excluding adults with missing data.  

 

The first study objective evaluated whether the proportion of adults reporting OSA 

symptoms and no sleep apnea diagnosis in rural populations varied by reported travel distance to 

specialist medical care. Multivariable log-binomial regression analysis modeling likelihood of 

reporting OSA symptoms and no sleep apnea diagnosis by distance quartile using the imputed 

dataset found similar results as the primary analysis. Adults who reported the largest distances (≥ 

250 km) to specialist medical care were 9% more likely to report OSA symptoms and no sleep 

apnea diagnosis than those who reported the smallest distances (< 100 km) (RR=1.09; 95% CI: 



 

80 

 

1.01, 1.17). After adjustment for confounding variables, the association remained significant and 

had roughly the same effect (RR=1.10; 95% CI: 1.02, 1.19; Table 4.3). There was a significant 

increasing linear trend (P < .0001) between the proportion of adults reporting OSA symptoms and 

no sleep apnea diagnosis and travel distance to specialist medical care (Table 4.3).  

 

The second objective was to assess whether any distance-related patterns were 

attributable to differences in the frequency of sleep apnea diagnosis among adults who may 

require sleep specialist care (e.g. either reporting a sleep apnea diagnosis or OSA symptoms and 

no sleep apnea diagnosis). Multivariable log-binomial regression analysis modeling the 

probability of sleep apnea diagnosis among adults who may require sleep specialist care using the 

imputed dataset found similar results as the primary analysis. Travel distance to specialist medical 

care was not associated with reports of a sleep apnea diagnosis among adults who may require 

sleep specialist care (RR = 1.12; 95% CI: 0.87, 1.43 for adults reporting the largest distances 

(≥250 km) compared to adults reporting the smallest distances (<100 km); Table 4.4). There was 

no trend between the proportion of adults reporting a sleep apnea diagnosis and travel distance to 

specialist medical care (Table 4.4). After adjustment for confounding variables, the association 

remained non-significant (RR = 1.61; 95% CI: 0.71, 3.64 for adults reporting the largest distances 

to specialist medical care compared to adults reporting the smallest distances; Table 4.4).  
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Table 4.3. Multivariable log-binomial regression results modeling likelihood of reporting 

obstructive sleep apnea symptoms and no sleep apnea diagnosis using the imputed data set. 

Exposure  Adjusted Modela  
RR (95% CI) 

P value  

Travel distance to specialist medical care (km)  
< 100 1.00 (Referent)  .05 
100-189 1.09 (1.01, 1.17) < .0001* 
190-249 1.09 (1.01, 1.18)  
≥ 250 1.10 (1.02, 1.19)  
Potential confoundersb    
Age (years)   
18-45 1.00 (Referent)  < .0001 
46-55 1.18 (1.09, 1.27)  
56-65 1.23 (1.14, 1.32)  
>65 1.00 (0.92, 1.09)  
Sex   
Female 1.00 (Referent) < .0001 
Male 1.43 (1.36, 1.51)  
Body mass index   

Normal (<25kg/m2) 1.00 (Referent)  < .0001 

Overweight (25-29.9kg/m2) 1.33 (1.24, 1.43)  

Obese (≥30kg/m2) 1.54 (1.43, 1.65)  

Money left over at the end of the month  
Some 1.00 (Referent)  .61 
Just enough  0.98 (0.92, 1.04)  
Not enough  1.01 (0.95, 1.08)  
Education level   
Postsecondary    1.00 (Referent)  .93 
Secondary or less 1.00 (0.95, 1.05)  
Heavy alcohol consumption (more than 5 drinks on one occasion) 
Never  1.00 (Referent)  .02 
1/month or less 1.00 (0.94, 1.06)  
1/week or less 1.12 (1.03, 1.21)  
More than 1/week 1.13 (0.98, 1.30)  
Smoking status    
Never  1.00 (Referent)  < .0001 
Past  1.14 (1.08, 1.21)  
Current  1.23 (1.14, 1.33)  
a Models adjusted for age, sex, body mass index, money left over at the end of the month, 
education level, heavy alcohol consumption and smoking status. Standard errors corresponding 
to confidence intervals were inflated to account for clustering of participants within households.  
 
*P value for trend test.  
 
b Models adjusted for the other 6 potential confounders and travel distance to specialist medical 

care. Standard errors corresponding to confidence intervals were inflated to account for clustering 

of participants within households.  
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Table 4.4. Multivariable log-binomial regression results modeling probability of sleep apnea 

diagnosis among adults who may require sleep specialist care using the imputed data set. 

Exposure  Adjusted Modela  
RR (95% CI) 

P value  

Travel distance to specialist medical care (km)  
< 100 1.00 (Referent)  .15 
100-189 1.84 (0.79, 4.28) .61* 
190-249 0.61 (0.10, 3.70)  
≥ 250 1.61 (0.71, 3.64)  
Potential confoundersb    
Age (years)   
18-45 1.00 (Referent)  .03 
46-55 1.83 (0.76, 4.37)  
56-65 3.00 (1.31, 6.88)  
>65 2.39 (0.93, 6.16)  
Sex   
Female 1.00 (Referent) .07 
Male 1.26 (1.00, 1.58)  
Body mass index   

Normal (<25kg/m2) 1.00 (Referent)  < .0001 

Overweight (25-29.9kg/m2) 1.12 (0.76, 1.66)  

Obese (≥30kg/m2) 2.08 (1.44, 2.99)  

Money left over at the end of the month  
Some 1.00 (Referent)  .07 
Just enough  1.04 (0.89, 1.22)  
Not enough  1.19 (1.01, 1.40)  
Education level   
Postsecondary    1.00 (Referent)  .89 
Secondary or less 0.98 (0.71, 1.35)  
Heavy alcohol consumption (more than 5 drinks on one occasion) 
Never  1.00 (Referent)  .78 
1/month or less 1.22 (0.83, 1.80)  
1/week or less 1.23 (0.68, 2.25)  
More than 1/week 1.20 (0.40, 3.59)  
Smoking status    
Never  1.00 (Referent)  .23 
Past  0.74 (0.54, 1.02)  
Current  0.86 (0.52, 1.44)  
a Models adjusted for age, body mass index, money left over at the end of the month, education 
level, heavy alcohol consumption and smoking status. Standard errors corresponding to 
confidence intervals were inflated to account for clustering of participants within households.  
 
*P value for trend test.  
 
b Models adjusted for the other 6 potential confounders and travel distance to specialist medical 

care. Standard errors corresponding to confidence intervals were inflated to account for clustering 

of participants within households.  
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Chapter 5 

General Discussion 

 

5.1 Summary of findings  

The aims of this thesis were to assess whether the proportion of adults reporting 

obstructive sleep apnea (OSA) symptoms and no sleep apnea diagnosis in rural populations 

varied by travel distance to specialist medical care and whether any distance-related patterns were 

attributable to differences in the frequency of diagnosis among adults who may require sleep 

specialist care. Using data from a large population-based rural health study conducted in 

Saskatchewan, we found that as reported travel distance to specialist medical care increased, so 

did the proportion of rural adult residents that reported OSA symptoms and no sleep apnea 

diagnosis. However, among adults who may require sleep specialist care, the proportion reporting 

a sleep apnea diagnosis was low and unaffected by reported travel distance to specialist medical 

care. Our findings suggest that that low sleep apnea diagnostic rate is not due to long travel 

distances to access specialist medical care. Other healthcare access barriers may be contributing 

to the low diagnostic rate.   

 

5.2 Internal validity  

This section describes potential biases, the impact of such biases on the observed effect 

estimates and confounding and effect modification.  

 

5.2.1 Selection bias  

Our study base included adult participants who completed a 2010 baseline questionnaire 

for the Saskatchewan Rural Health Study. Selection bias may have impacted our results only if 
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the probability of participation among selected individuals depended on both the exposure (travel 

distance to specialist medical care) and outcomes (reports of OSA symptoms and no sleep apnea 

diagnosis; reports of a sleep apnea diagnosis among adults who may require sleep specialist care) 

of interest in our study. The Saskatchewan Rural Health Study questionnaire collected data on 

several individual and contextual factors that influenced respiratory health, and many respiratory 

conditions other than sleep apnea were assessed. Selected individuals were unaware of our 

specific research objectives at the time of participation. Selection bias is therefore unlikely in our 

study. Hypothetically, adults with OSA symptoms, specifically excessive daytime sleepiness may 

have been less likely to complete the questionnaire due to fatigue. For this to bias our findings, 

there would have to be differential response to the study across the four distance groups, which is 

unlikely. Hence, this would have decreased the sample size for the second objective, but likely 

introduced little selection bias into our study. Analysis for the second objective would have had 

reduced power to detect a significant effect and type II error may have occurred.  

 

We found that 37% of our sample reported OSA symptoms and no sleep apnea diagnosis, 

while only 6% reported a sleep apnea diagnosis. This is consistent with the prevalence of known 

risk factors in rural and farming communities1–6 and the low proportion of sleep apnea diagnoses 

across Canada.7,8 The baseline sample for the Saskatchewan Rural Health Study may therefore be 

representative of the rural population in Saskatchewan in terms of this clinical outcome.   

 

Loss to follow-up may have occurred in the Saskatchewan Rural Health Study. Adults 

who completed a baseline questionnaire were subsequently contacted for participation in Phase 2 

(follow-up phase) of the rural health study. If there were less participants reporting OSA 

symptoms (i.e. excessive daytime sleepiness) in the baseline phase, it follows that there would be 

less participants reporting OSA symptoms in the follow-up phase. However, loss of participants 
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due to OSA symptoms would have likely occurred across all distance quartiles and is unlikely to 

introduce selection bias into our study. Loss to follow-up would have decreased the size of the 

longitudinal sample. Analysis using longitudinal data would have had reduced power to detect a 

significant effect and type II error may have occurred.  

 

Our sample was limited to adults living in rural Saskatchewan. Inclusion of adults from 

urban areas would have provided a useful basis of comparison. Our study could only evaluate the 

impact of travel distance to specialist medical care on OSA diagnosis between varying degrees of 

remoteness from such care and hence could not make any urban versus rural comparisons. Our 

use of a sample that was exclusively rural in nature may have biased study findings in that effects 

that may be evident when you compare urban versus rural populations would have been missed.  

 

5.2.2 Information bias  

Exposure misclassification: Self-reported travel distance may have resulted in exposure 

misclassification. Reporting a travel distance in kilometers may be difficult, especially if 

unfamiliar with where to get specialist care in Saskatchewan and if not having gone to see a 

specialist recently or ever. Participants may have over or underestimated travel distance as a 

result, which is supported by our comparison of reported travel distance and driving distance to 

the closest sleep centre in the province (please see Chapter 4 Supplementary Methods and 

Results for results of this analysis). Although the survey item used to measure travel distance 

referred to all medical or surgical specialist services and was not specific to sleep specialist care, 

Saskatchewan’s only two publicly funded sleep centres are located within the main hospitals of 

Saskatoon and Regina. It is likely that most specialist medical and surgical services are provided 

out of these or nearby hospitals, especially given the general lack of medical specialists practicing 

in rural communities.3,9  
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Outcome misclassification: Our study assessed reports of loud snoring and/or excessive 

daytime sleepiness to determine the presence of OSA symptoms in the absence of a sleep apnea 

diagnosis. The intent was to reduce potential outcome misclassification. Previous studies have 

only considered one of these symptoms.10,11 Nonetheless, validity of the survey items used to 

determine our outcomes and reliance on self-report data may have resulted in outcome 

misclassification.  

 

The item used to assess sleep apnea diagnosis was adapted from the Canadian 

Community Health Survey. Specialists from Statistics Canada, other federal and provincial 

departments and/or academic fields collaborate to develop survey content, which is then validated 

using qualitative testing (e.g. individual cognitive interviews; focus groups).12 Two original 

survey items were used to assess loud snoring. Excessive daytime sleepiness was measured using 

the Epworth Sleepiness Scale score. This scale has been validated as a means of detecting sleep 

disorders, primarily OSA,13 and has been shown to have good reliability,14 internal consistency 

(Cronbach alpha of 0.78 and 0.82 reported in one study14 and 0.88 in another15) and construct 

validity for assessing daytime sleepiness.13–18 A score of greater than 10 out of 24 is considered 

abnormal and indicative of excessive daytime sleepiness.19–21 Excessive daytime sleepiness has 

high sensitivity for detecting OSA but it is not very specific because other factors such as sleep 

deprivation can also lead to excessive daytime sleepiness and an abnormal Epworth Sleepiness 

Scale score.19,22–24 The specificity of the loud snoring measure may be weakened because loud 

snoring may not necessarily be due to OSA.25 The sensitivity of the loud snoring and excessive 

daytime sleepiness measures may also be weakened as not all patients with OSA experience 

excessive daytime sleepiness and/or loud snoring.26  
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Reliance on self-report data may have led to underreporting the presence and/or degree of 

OSA symptoms due to social desirability bias. Loud snoring and excessive daytime sleepiness are 

generally considered undesirable.24 Symptom underreporting would have led to an 

underestimation of the proportion of adults reporting OSA symptoms and no sleep apnea 

diagnosis. This potential outcome misclassification would have biased effect estimates for the 

first objective towards the null, assuming symptom underreporting was nondifferential across 

distance quartiles. Sample size and therefore power of the second objective would have been 

reduced (increasing probability of type II error). The survey item used to assess sleep apnea 

diagnosis doesn’t explicitly ask whether you have been officially diagnosed by a physician. 

Interpretation issues may have arisen when answering this question. For example, adults may 

have reported a sleep apnea diagnosis if told by a physician that they ‘may’ have sleep apnea but 

have not actually undergone any sort of diagnostic testing. This potential outcome 

misclassification would have also biased effect estimates for the first objective towards the null, 

assuming inaccurate reports of a sleep apnea diagnosis were nondifferential across distance 

quartiles. In this case, sample size and power of the second objective would have been increased.   

 

Missing data: One adult completed a component of the rural health survey on behalf of 

each adult in the household. He or she may have been unable to accurately report on another’s 

sleep apnea diagnostic status, symptoms and/or other key variables. Such uncertainty however, 

would have most likely resulted in primary respondents leaving corresponding survey items 

unanswered rather than answered incorrectly. Our analyses excluded participants with missing 

data for any of the study variables of interest (exposure, outcomes and/or potential confounders). 

We performed a sensitivity analysis using multiple imputation to address the potential for bias 

due to missing data. Results demonstrated minimal impact of excluding participants with missing 

data (please see Chapter 4 Supplementary Methods and Results for results of this analysis). 
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5.2.3 Confounding and effect modification  

Potential confounders and effect modifiers were identified based on a contemporary 

review of related literature and plausibility. Sex was first explored as an effect modifier based on 

plausibility. Potential confounders included age, sex, ‘money left over at the end of the month’ 

and education level. Older age27–34 and male sex28,30,32,34–39 are established risk factors for OSA, 

and ‘money left over at the end of the month’ as a measure of affluence and education level were 

shown to be associated with excessive daytime sleepiness among rural Saskatchewan residents.26 

These variables would lie outside of the causal pathway between our exposure and outcomes. 

Additional characteristics including body mass index (BMI), heavy alcohol consumption and 

smoking status were treated as proxies for baseline health behaviours (unmeasured potential 

confounders) and were controlled for to reduce any differences that might arise for reasons other 

than travel distance to specialist medical care. Though our analyses controlled for most known 

potential confounders, some degree of residual confounding is possible from measurement 

imprecision with self-report data. 

 

5.3 External validity  

The study sample may not be representative of all rural populations. Our study base 

included adult participants who completed a 2010 baseline questionnaire for the Saskatchewan 

Rural Health Study. The baseline sample in our data source was recruited from rural 

municipalities and small towns with either no, weak or moderate metropolitan influence zone 

(MIZ).40 There were no participants from rural areas with a strong metropolitan influence zone. 

Environmental and occupational exposures also influence respiratory health. The observed trend 

of an increased proportion of adults reporting OSA symptoms and no sleep apnea diagnosis in 

association with increasing travel distance to specialist medical care, rather than the magnitude of 

risk estimates, may only be generalized to rural communities without a strong metropolitan 
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influence zone that have similar environmental and occupational exposures as Saskatchewan. 

Prevalence of sleep apnea most likely differs in children and study findings may not be 

generalizable to rural residents younger than 18 years of age.  

 

5.4 Implications  

This study adds to a body of evidence that focuses on the population health impacts of 

poor access to specialist medical care in rural populations,3,9,41–49 and specifically presents a novel 

analysis of the impact of travel distance to specialist medical care on sleep apnea diagnosis. 

Healthcare use is known to be lower in rural compared to urban communities,42–45 and this has 

been attributed to increased travel distances and limited access to primary care and medical 

specialists.3,9,41,46–49 Healthcare access barriers are one possible risk factor for inadequate 

diagnosis and treatment of medical conditions.50,51 Even in the presence of accessible primary 

care, travel distance to specialist medical care is still a relevant concern for cases of sleep apnea 

because referral to a sleep medicine specialist for overnight, in-laboratory diagnostic testing is the 

gold standard for OSA diagnosis.52,53 Our finding of an increased proportion of rural adults 

reporting OSA symptoms and no sleep apnea diagnosis in association with increased travel 

distance to specialist medical care suggests decreased use of healthcare services by adults in 

remote rural communities.  

 

Our findings may have implications for health policy surrounding the diagnosis and 

treatment of OSA. In rural Saskatchewan, the largest reported travel distances to access specialist 

medical care (≥250 km) were associated with a greater proportion of adults reporting OSA 

symptoms and no sleep apnea diagnosis and suggests decreased use of healthcare services in 

remote populations. However, among adults who may require sleep specialist care, the proportion 

of sleep apnea diagnoses was low and unaffected by reported travel distance. Factors other than 
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travel distance may therefore be contributing to the low sleep apnea diagnostic rate. This remains 

important as undiagnosed and untreated OSA has serious implications on the health of people and 

populations,10,11,34,54–73 but effective treatments38,74–85 are available. Long travel distances required 

to access a variety of services, including healthcare services, are a harsh reality in rural settings. 

Facilitating access to healthcare services and consideration of strategies to improve health-

seeking behaviour in health service planning may have several positive implications. The five 

domains of healthcare access identified by Levesque et al. (approachability; acceptability; 

availability and accommodation; affordability; appropriateness)51 should help inform such 

strategies. 

 

5.5 Future research directions  

Future studies are important to help clarify the impact of travel distance on the diagnosis 

of sleep-disordered breathing conditions such as sleep apnea. Replication of our research 

objectives in similar rural populations via both quantitative and qualitative research methods will 

help further clarify patterns between travel distance to sleep specialist care and diagnosis of sleep 

apnea. Future studies should include adults from urban areas as a referent group as urban versus 

rural comparisons would also provide foundational evidence for policy. Qualitative and/or mixed 

methods research may also be particularly beneficial; interviews with patients currently being 

treated for sleep apnea and patients with symptoms of sleep apnea but no formal diagnosis may 

allow for thorough consideration of sociodemographic characteristics and additional contextual 

and geographic variables that may hinder healthcare access and influence propensity of seeking 

care.  

 

Healthcare access is an important determinant of health50,86 and barriers to the multiple 

dimensions of healthcare access (as per Levesque’s model51) that have been established for other 
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conditions (ie access to primary care, transportation barriers and/or financial barriers) should be 

evaluated in future research that focuses on OSA. Interventional work on potential strategies to 

address and ameliorate any identified barriers is also warranted and results may provide important 

evidence to inform healthcare planning and delivery, which may be particularly impactful in rural 

and remote communities.  Studies of interventional strategies, be they policies that foster better 

healthcare access through telemedicine87–89 and portable diagnostic devices for in-home 

testing,23,90–98 or innovative community outreach strategies that potentially increase access 

especially among vulnerable and remote populations,99–101 are especially warranted. 
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Appendix A: Ethics Certificate  
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appendix includes the clearance letter from the Queen’s University Health Sciences Research 

Ethics Board. In adherence with ethical principles, the dataset did not contain identifying 

information and participant identities remained anonymous. The Saskatchewan Rural Health 
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