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Questions and answers for policy makers 

 

 What is the role of sleep studies in Alberta in the diagnosis of sleep disordered breathing 

(SDB) in adults and the specific conditions that fall under this disorder? 

Level I sleep studies involve overnight testing in a sleep laboratory with a health care 

professional in attendance. This is considered the reference standard for the diagnosis of SDB 

because it captures many different types of physiological data and can distinguish both 

obstructive sleep apnea (OSA) and other sleep disorders. Level I sleep studies are also used to 

diagnose many other types of sleep disorders, in addition to sleep disordered breathing, and 

also for titrating continuous positive airway pressure (CPAP) therapy for patients diagnosed with 

SDB. Unfortunately, because of the laboratory equipment and trained personnel required level I 

sleep studies are a relatively expensive test. 

 

In Alberta, limited sleep lab facilities and a shortage of trained health care staff, along with an 

increased demand for sleep testing have resulted in long waiting lists for level I testing through 

the public sleep labs. Alberta has three publicly funded level I sleep labs (one each in Edmonton, 

Lethbridge, and Calgary), and three private labs (one in Edmonton, and two in Calgary). 

 

Level III portable sleep studies are also available in Alberta, both through most (but not all) of 

the public and private level I sleep labs, and through a number of private vendors. The 

Wetaskiwin General Hospital also has a facility for in-lab, attended level III sleep studies. 

 

The environmental scan of current practice in Alberta revealed that at some sleep centres, level 

III sleep studies may be used as a screening test before a patient meets with a sleep specialist, 

who may then refer them for level I testing if needed. Patients awaiting level I sleep studies at 

the public sleep labs are prioritized so that the most urgent cases receive testing more quickly, 

while the less severe cases face longer a longer wait for testing. Waiting lists for level I sleep 

studies at the private sleep clinics are considerably shorter than waiting lists at the public clinics 

(one to three weeks at the private clinics versus one week to up to 24 months at the public 

clinics). There appears to be some variation in the patient mix seen at the public sleep clinics 

(for example, patients with hypoventilation syndrome, morbid obesity with respiratory failure, 

or patients from intensive care units are often referred to the Lethbridge clinic. 

 

 Which sub-populations of SDB patients are most appropriately diagnosed with level I sleep 

studies? 

Level I in-lab sleep studies (polysomnography) are appropriate for diagnosing patients with all 

types of SDB (obstructive and central sleep apneas, Cheyne-Stokes breathing, nocturnal 

bronchospasm, etc.). Level I sleep studies are considered the reference (or “gold”) standard test 

for the diagnosis of SDB and for the diagnosis of other non-breathing related sleep disorders. 
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 Which sub-populations of SDB patients are most appropriately diagnosed with level III sleep 

studies? 

The available evidence suggests that only individuals with a high pre-test probability of having 

uncomplicated, moderate-to-severe obstructive sleep apnea (OSA), without significant 

comorbidities (such as cardiovascular or pulmonary disease, or other types of sleep disorders), 

can be appropriately diagnosed with level III at-home sleep studies. 

 

 What are the effectiveness or efficacy, and safety, of level I and level III sleep studies for the 

diagnosis of SDB conditions? 

For accuracy in the diagnosis of uncomplicated OSA, level III sleep studies were equivalent to 

level I in-lab sleep studies (accuracy improves as the severity of OSA increases). The diagnostic 

performance of level III sleep studies is good both in at-home and in-lab settings, but it is better 

when the studies are performed in-lab (i.e., with a health care professional in attendance). 

There were no differences between patients diagnosed with a level I or a level III sleep study in 

terms of subsequent adherence to treatment, functional status, or quality of life. 

 

Most studies assessed level III testing only in the diagnosis of OSA, and evidence on level III 

sleep studies for the diagnosis of other types of SDB is lacking. 

 

There are no safety concerns with either level I or level III sleep studies. 

 

 What are the social, ethical and legal considerations for the provision of level I and level III 

sleep studies for the diagnosis of SDB conditions? 

In Alberta, the prevalence of the SDB, in particular, obstructive sleep apnea (OSA), is increasing - 

mainly due to population aging, and rising rates of obesity and chronic obstructive pulmonary 

disease. 

 

Sleep disordered breathing disorders constitute a major public health burden in terms of health 

care utilization and costs, and public safety (e.g., automobile and occupational accidents). These 

conditions also have a detrimental effect on patients’ quality of life. 

 

Long waits for level I sleep studies, and out-of-pocket costs for level III sleep studies and for 

treatment (such as with CPAP devices) may present barriers to accessing these health care 

services – particularly for low income Albertans and those living in remote areas. Many 

individuals with SDB remain undiagnosed. 

 

There is also potential conflict of interest in the delivery of sleep studies in Alberta where level 

III sleep studies are often provided by private companies which also sell CPAP and other devices 

used to treat SDB. 
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 What are the fiscal and economic considerations for providing level I and level III sleep studies 

for the diagnosis of SDB conditions? 

Provision of sleep studies for the diagnosis of SDB in adults should be considered within the 

context of a comprehensive plan for province-wide sleep medicine services, including timely 

patient access to specialist referral, diagnosis, treatment, and monitoring. 

 

Direct and indirect health care costs for patients with undiagnosed or untreated SDB are 

substantially higher than for patients without SDB, or those with SDB who receive treatment. 

 

The budget impact analysis developed for this assessment is based upon a clinical pathway 

model of SDB diagnosis in Alberta which was constructed using published clinical practice 

guidelines, information from the reviews of studies of clinical effectiveness and economic 

evaluations, and interviews with local experts. Based on 2011/2012 utilization data from BC, we 

can expect approximately 14,721 new cases of potential SDB. The total cost per patient of 

diagnosing SDB is $1,183 at an AHI ≥15 and $713 at an AHI ≥5. The total cost to diagnose all of 

the approximately 14,721 Alberta patients with a new, suspected sleep breathing disorder each 

year is $17,419,621 at an AHI ≥15 and $10,490,053 at an AHI ≥5. 
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Executive summary 

Introduction 

Sleep disordered breathing (SDB) includes various conditions caused by problems with respiration 

during sleep. The most common type of SDB, obstructive sleep apnea (OSA) affects many Albertans. The 

number of Albertans with SDB is increasing - mainly due to population aging, rising rates of obesity, and 

growing numbers of patients with chronic obstructive pulmonary disease. Improved public and physician 

awareness of the health risks associated with sleep disorders is also contributing to the growing demand 

for sleep studies. 

Level I sleep studies, or polysomnography, involve overnight testing in a sleep laboratory with a trained 

health care professional in attendance. Polysomnography is the reference standard for the diagnosis of 

SDB because it captures many different types of physiological data and can distinguish both OSA and 

other sleep disorders. Unfortunately, level I polysomnography is an imperfect gold standard and an 

expensive test to perform. In Alberta, limited sleep lab facilities and a shortage of trained health care 

staff, along with an increased demand for sleep testing have resulted in long waiting lists for level I 

testing. As well as in the diagnosis of SDB, level I sleep studies are also used to diagnose many other 

non-breathing related sleep disorders. 

Level III sleep studies, using portable devices intended for patients to use at-home may provide an 

alternative diagnostic tool for some patients with SDB. These devices are less expensive than level I in-

lab polysomnography, and are widely available. However, most of the studies of level III devices have 

included only patients with simple OSA (i.e., without other major comorbidities). It is not clear whether 

level III sleep studies are appropriate for patients with other types of SDB, or in patients with other 

serious health conditions. 

Methods 

To assess the safety and effectiveness of SDB diagnosis, and to delineate which sub-populations of 

patients might benefit from level III at-home sleep studies versus level I in-lab sleep studies, two reviews 

were prepared - one of the published evidence on level III studies and another on level I studies. An 

additional review was prepared for the economic evaluation. Two researchers independently selected 

and appraised studies for both the clinical effectiveness (T) and economic evaluation (E) sections of this 

assessment. Information on the social systems and demographics (S section) was extracted from the 

main project searches with additional searches where needed. The S section also includes an 

environmental scan for information on current practice, utilization and capacity for sleep studies in 

Alberta. 

Results 

Most of the available studies of level III testing have been in patients with uncomplicated OSA who do 

not have other significant comorbidities. Similarly, in clinical practice in Alberta, level III sleep studies 

have been used mainly for the diagnosis of OSA. The literature review of clinical evidence found that 
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level III tests were equivalent to level I tests in diagnostic accuracy for uncomplicated OSA, and that 

diagnostic accuracy increases in more severe OSA. Based on the limited evidence available, the 

diagnostic performance of level III tests was slightly better in patients without comorbidities than in 

those with comorbidities. Overall, there were no differences between patients with OSA who were 

initially diagnosed with a level I test or a level III test in terms of their subsequent adherence to CPAP 

treatment, functional status, or quality of life. 

It is important to note that level I in-lab polysomnography is used to diagnose all types of sleep 

disorders, not just sleep disordered breathing. 

Conclusions 

The sub-population of SDB patients most suitable for level III testing are those with uncomplicated OSA, 

without comorbidities and with a high pre-test probability of having moderate to severe OSA. The sub-

populations of SDB patients most suitable for level I testing are those with more complex forms of SDB, 

those with comorbidities, or those likely to have other types of non-breathing related sleep disorders. 

The diagnosis of SDB should be part of a province-wide comprehensive sleep medicine program, 

provided by multidisciplinary teams of specialists, where patients have access to timely referral, 

diagnosis, treatment and continued monitoring as needed. 

A potential conflict of interest exists in the current delivery of sleep studies in Alberta, where level III 

sleep studies are often provided by private companies which also sell CPAP and other devices used to 

treat SDB. 

Direct and indirect health care costs for patients with undiagnosed or untreated SDB are substantially 

higher than for patients without SDB, or those with SDB who receive treatment. 

 

The budget impact analysis prepared for this assessment estimated that the total cost per patient of 

diagnosing SDB is $1,183 at an AHI ≥15 and $713 at an AHI ≥5. The total cost to diagnose all of the 

expected 14,721 Alberta patients with a new, suspected sleep breathing disorder each year is 

$17,419,621 at an AHI ≥15 and $10,490,053 at an AHI ≥5. 
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Glossary 

 

Acromegaly = a rare condition characterized by abnormal body growth due to unregulated production 

of growth hormone; usually caused by a benign tumour of the pituitary gland 

Actigraphy = a small sensor device worn on the wrist or ankle to measure sleep and wakefulness 

patterns throughout the day and night 

Amyotropic lateral sclerosis = also known as Lou Gehrig’s disease; a progressive, fatal motor neuron 

disease that attacks the nerve cells which control the voluntary muscles, including the muscles of the 

diaphragm and chest wall, causing respiratory failure 

Apnea = temporary cessation of breathing that lasts at least 10 seconds in adults (or a shorter duration 

in children) 

Apnea Hypopnea Index = the number of apneas and hypopneas per hour of sleep. When assessing the 

severity of obstructive sleep apnea, an AHI from 5-15 per hour = mild OSA, from 15-30 = moderate OSA, 

and >30 is severe OSA (the level will also be affected by the presence or absence of other clinical 

symptoms) 

Arrhythmias = where the heart beats too fast (tachycardia), too slowly (bradycardia) or irregularly 

Automatic positive airway pressure = a device that automatically adjusts (titrates) the air pressure level 

to meet the patient’s needs throughout the night 

Bariatric surgery = surgical procedures to treat morbid obesity 

Bilevel positive airway pressure = a continuous positive airway pressure device that provides two 

pressures of airflow: a higher level for inhalation and a lower one for exhalation 

Body mass index = a formula that uses a person’s weight and height (kg/m2) to determine whether they 

are under or overweight, or within the normal range for body weight. The normal BMI range for adults is 

from 18.5-24.9, overweight is from 25.0-29.9, and obese is 30.0 and over 

Bronchi = plural of bronchus; the main airway passages off the trachea to or within the lungs 

Bronchioles = the small airways of the lungs from the bronchi to the alveoli 

Bronchospasm = abnormal contraction of the bronchi causing airflow obstruction 

Central sleep apnea = temporary cessation of breathing (no respiratory effort and no airflow for at least 

10 seconds), usually caused by cardiac and neurological disorders 

Cheyne-Stokes respiration = abnormal respiration characterized by a repetitive crescendo-decrescendo 

respiratory pattern, followed by periods of apnea 
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Chronic kidney disease = the gradual loss of kidney function 

Chronic obstructive pulmonary disease = a progressive lung disease that makes breathing increasingly 

difficult; it includes conditions such as emphysema and chronic bronchitis 

Complex sleep apnea = or mixed sleep apnea; when both central (lack of respiratory effort) and 

obstructive apneas are present 

Continuous positive airway pressure = often called CPAP, a treatment device that generates continuous 

air pressure flow to keep the airways open during sleep; used to treat moderate to severe obstructive 

sleep apnea 

Cystic fibrosis = a hereditary disease that affects the secretory glands that produce mucous and sweat; 

the mucous thickens and accumulates, blocking airways and providing a medium for bacterial infections 

that damage the lungs and other organs 

Dyspnea = the subjective symptom of breathlessness 

Electrocardiography = measurement and recording of electrical activity in the heart 

Electroencephalography = measurement and recording of the electrical activity in the brain 

Electrooculography = measurement of eye movements 

Electromyography = measurement and recording of the electrical activity of muscle tissue 

End stage renal disease = complete (or near complete) loss of kidney function 

Epilepsy = a neurological condition characterized by recurrent, unexplained seizures 

Epworth Sleepiness Scale = a questionnaire used to measure daytime sleepiness based on an 

individual’s response to 8 questions 

Expiration = exhalation of breath 

Guillain-Barré syndrome = a rare autoimmune disease that attacks the peripheral nerves 

Hyper = a prefix meaning higher than normal 

Hypercapnia = abnormally high levels of carbon dioxide in the blood 

Hypersomnia = excessive sleepiness or sleep 

Hyperventilation = breathing faster or deeper than needed to maintain normal ventilation 

Hypo = a prefix meaning low or less than normal 

Hypopnea = reduced airflow or shallow breathing that lasts at least 10 seconds 
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Hypoxemia = lack of oxygen in the blood 

Hypoxia = lack of oxygen 

Hypotonia = reduced muscle tone 

Hypoventilation = insufficient air or abnormally slow breathing causing an increased level of carbon 

dioxide in the blood 

Idiopathic = the cause is unknown 

Incremental cost-effectiveness ratio = the additional cost of an intervention compared to a less 

expensive intervention (or to no intervention), divided by the difference in effect or patient outcome 

(e.g., QALY) 

Inspiration = inhalation of breath 

Kyphoscoliosis = a musculoskeletal disorder that causes abnormal curvature of the spine (both 

backwards and sideways), and may affect lung function 

Level I sleep study = also called a type I study; in-laboratory, overnight polysomnography with a health 

care professional in attendance. Level I sleep studies measure sleep stages and many other physiological 

parameters by capturing multiple channels of data. They are used to diagnose many non-respiratory 

sleep disorders, as well as conditions causing sleep disordered breathing. Level I studies also provide 

more comprehensive information on sleep disordered breathing than is possible with level III portable 

studies. 

Level III sleep study = an in-home, unattended sleep study with a portable monitoring device which 

monitors a minimum of 3 or 4 channels (definitions vary). These include at least 2 respiratory channels, 

heart rate or electrocardiogram, and oxygen saturation. Level III studies do not measure the presence of 

sleep or sleep stages, and they cannot detect non-respiratory sleep disorders. 

Likelihood ratio = an index to indicate how good a diagnostic test actually is; it is the odds that a 

particular diagnostic test result would be expected in an individual who has the target condition (as 

opposed to one who doesn’t have it) 

Macrognathia = abnormally large jaws 

Mallampati score = used in anesthesiology to assess the difficulty of intubation based on a visual 

assessment of the anatomy of the oral cavity (tonsils, uvula, tongue, soft and hard palate) 

Meta-analysis = statistical techniques used as part of a systematic review to combine results from 

different studies, usually to identify a common, quantitative measure of effect size 

Mixed sleep apnea = see Complex sleep apnea 
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Multiple system atrophy = a rare, degenerative neurological disorder that affects movement, balance, 

muscle coordination, and autonomic body functions 

Muscular dystrophy = a hereditary disease causes progressive muscle weakness 

Myasthenia gravis = a chronic, progressive autoimmune disease that causes fatigue and muscle 

weakness, and can affect the muscles that control breathing 

Nasal cannula = a plastic tube placed in the nose to provide supplemental oxygen 

Negative likelihood ratio = the odds of having a disease if the test result is negative 

Negative predictive value = the proportion of individuals with negative test results who do not have the 

disease 

Nocturnal hypoxia/hypoventilation = hypoxia or hypoventilation caused by pulmonary conditions or 

neuromuscular disorders, or by obesity-related hypoventilation 

Obesity hypoventilation syndrome = also called Pickwickian syndrome, occurs when obesity (i.e., a BMI 

≥ 30 kg/m2 or more) causes chronic hypercapnia (low levels of oxygen and higher levels of carbon 

dioxide in the blood) - even when awake. In most patients, it is considered a form of sleep apnea. 

Obstructive sleep apnea = also called obstructive sleep apnea syndrome, or obstructive sleep apnea-

hypopnea syndrome; collapse of the airway during sleep that causes breathing cessation for at least 10 

seconds (apnea) and partial arousal from sleep. The frequency of episodes of breathing cessation 

indicates the level of OSA (i.e., mild, moderate or severe). 

Oligosomnography = an in-home level III sleep study using a portable device 

Overlap syndrome = the presence of both chronic obstructive pulmonary disease, or other chronic 

respiratory diseases (e.g., idiopathic pulmonary fibrosis or cystic fibrosis) and obstructive sleep apnea 

resulting in severe levels of nocturnal oxygen desaturation and increasing the risk of pulmonary 

hypertension 

Oxygenation = the amount of oxygen provided or available 

Parkinson’s disease = a degenerative disease that affects the nervous system causing tremor, muscle 

rigidity and movement disorders 

Pickwickian syndrome = see Obesity hypoventilation syndrome 

Pneumologist = a specialist in pulmonary medicine (diseases of the lungs and respiratory tract) 

Polysomnography = usually refers to a level I sleep study; a polysomnogram is the recorded results of a 

sleep study 

Positive likelihood ratio = the odds of having a disease if the test result is positive 
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Positive predictive value = the ability of a test to identify true positives (or correctly diagnose the 

presence of a disease); in other words, the proportion of individuals with positive test results who 

actually have the disease 

Post-polio syndrome = a degenerative condition that can cause muscle weakness (including respiratory 

muscle weakness) and atrophy, scoliosis and joint degeneration in individuals who have had polio many 

years earlier 

Post-traumatic stress disorder = a severe anxiety disorder that occurs after an individual has seen or 

experienced a horrific event, such as war, terrorist attack or natural disaster 

Pretest probability = the likelihood that a person has a particular disease before diagnostic tests are 

made 

Primary pulmonary disorders = medical conditions that mainly affect the lungs and cause episodes of 

nocturnal hypoxia, for example, chronic obstructive pulmonary disease or cystic fibrosis 

Pulmonary = affecting the lungs 

Pulmonary fibrosis = also called idiopathic pulmonary fibrosis, is a chronic disease that causes swelling 

and scar tissue in the lungs, making breathing difficult and causing oxygen desaturation 

Pulmonary hypertension = increased pressure due to constriction of the pulmonary arteries that carry 

blood from the right ventricle of the heart to the lungs; pulmonary hypertension makes breathing 

difficult and may cause enlargement of the right side of the heart and heart failure 

Quality-adjusted life year = an outcome measure based on the length of life adjusted for the quality of 

life, for example, a year of life in good health ranks higher than a year of life affected by a health 

condition, such as chronic pain 

Receiver operating characteristic = also called an ROC curve, a graphic representation of the ability of a 

diagnostic test to accurately distinguish the presence or absence of a condition. ROC plots sensitivity 

against specificity; the greater the area under the curve, the better the test, with a value of 1 indicating 

perfect test performance 

REM sleep = one of 5 stages of sleep; the sleep stage marked by rapid eye movement and intense brain 

activity that usually occurs 4-5 times per night in adults’ sleep 

Respiration = breathing (inspiration and expiration) 

Respiratory Disturbance Index = also called the Respiratory Distress Index; the average number of 

apneas, hypopneas, and breathing-related arousals per hour of sleep. When assessing the severity of 

obstructive sleep apnea, RDI definitions are: <5 events per hour = no OSA, 5-14.9 events per hour = mild 

OSA, 15-29.9 events per hour = moderate OSA, >30 events per hour = severe OSA 
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Respiratory effort related arousal = sleep disruptions due to increased respiratory effort for at least 10 

seconds, but not sufficient to be categorized as an apnea or hypopnea 

Retrognathia = a small, recessed or misaligned jaw 

Sensitivity = the ability of a test to correctly identify those who have the disease, or the number of 

people with a disease who have a positive test. Highly sensitive tests are useful for screening purposes 

Sleep disordered breathing = also called sleep related breathing disorders, includes various conditions, 

all of which are characterized by abnormal respiration during sleep, including apnea, hypopnea, 

respiratory effort-related arousals, and hypoventilation 

Sleep disorders = a broad category of disorders that includes over 80 different conditions that affect the 

ability to fall asleep, physiological processes that occur during sleep, or daily activities (due to fatigue, 

sleepiness, or inability to stay awake) 

Specificity = the ability of a test to correctly identify those who do not have the disease, or the number 

of people without a disease who have a negative test. Highly specific tests are good for diagnostic 

purposes 

Spirometry = a breathing test that measures lung function 

Split-night sleep study = level I polysomnography for the first half of the night, followed by CPAP 

titration during the second half if OSA is diagnosed 

Thermistor = a sensor that measures temperature 

Transient ischemic attack = when blood flow to a part of the brain stops briefly; it may be considered a 

precursor to stroke if preventative action is not taken 

Upper airway resistance syndrome = repeated and increasing airflow resistance that causes brief 

arousal from sleep and daytime fatigue 

Ventilation = the exchange of air between the lungs and the environment (inhalation and exhalation) 

 

Where available, definitions have been based on: 

 Sleep related breathing disorders in adults: definitions3 

 Portable monitoring in obstructive sleep apnea in adults4 

 Clinical manual for evaluation and treatment of sleep disorders5 

 Health technology assessment (HTA) glossary6 

 U.S. Agency for Healthcare Research and Quality. Effective Health Care Program. 

Glossary of terms7 

 Clinical epidemiology: a basic science for clinical medicine8  
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Background 

The Alberta Health Technologies Decision Process (AHTDP) is part of the Alberta Government’s response 

to advice from the Expert Advisory Panel to Review Publicly Funded Health Services to improve decision-

making regarding public funding of health technologies and services.9 

Under the auspices of the AHTDP, the Health Technology and Policy Unit at the University of Alberta was 

commissioned to prepare a health technology assessment on the use of level I and level III sleep studies 

for the diagnosis of sleep disordered breathing in adults. This assessment updates and expands on 

information provided in a previous assessment prepared in 2010.10 

In this assessment sleep disordered breathing (SDB) includes the following disorders: 

 obstructive sleep apnea 

 upper airway resistance syndrome 

 central sleep apnea 

 Cheyne-Stokes respiration 

 primary pulmonary disorders 

 nocturnal hypoxia/hypoventilation 

 bronchospasm 

Objectives 

This review is intended to inform decisions regarding the provision of sleep studies in Alberta for 

diagnosing sleep disordered breathing. 

Policy question 

The main research question this review addresses is: 

 What is the role of sleep studies in the diagnosis of sleep disordered breathing in adults and the 

specific conditions within this disorder? 

Research questions 

The research questions as described in the Project Charter are: 

 Which sub-populations of SDB patients are most appropriately diagnosed with level I sleep 

studies? 

 Which sub-populations of SDB patients are most appropriately diagnosed with level III sleep 

studies? 

 What are the effectiveness or efficacy, and safety, of level I and level III sleep studies for the 

diagnosis of SDB conditions? 
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 What are the social, ethical and legal considerations for the provision of level I and level III sleep 

studies for the diagnosis of SDB conditions? 

 What are the fiscal and economic considerations for providing level I and level III sleep studies 

for the diagnosis of SDB conditions? 

Methods 

To assess the safety and effectiveness of SDB diagnosis, and to delineate which sub-populations of 

patients might benefit from level III or level I sleep studies, two separate reviews were prepared - one 

for level III studies and another for level I studies. An additional review was prepared for the economic 

evaluation. Two researchers independently selected, appraised and abstracted studies for both the 

clinical reviews and for the economic evaluation. Information on social systems and demographics was 

extracted from the main project searches, with further searches on particular aspects where needed. An 

environmental scan for information on current practice, utilization and capacity for sleep studies in 

Alberta was also prepared for this assessment. 

Literature search 

We conducted a comprehensive literature search for peer-reviewed studies on the diagnosis and of SDB 

in adults. This included the following databases: PubMed (MEDLINE and non-MEDLINE sources), The 

Cochrane Library, the Centre for Reviews and Dissemination (DARE, NHS EED and HTA databases), 

EMBASE, CINAHL, PsycINFO, and Web of Science. The search strategy combined Medical Subject 

Headings (MeSH, such as sleep apnea syndromes/diagnosis, Cheyne-stokes respiration/diagnosis, and 

Polysomnography), and other controlled vocabulary terms with additional keywords (such as “sleep 

related breathing disorder*” and “upper airway resistance”). The search was limited to English language 

studies published in the most recent 5 years (2007 to April 2012), and monthly update searches were 

run in PubMed throughout the project (until February 2013). 

To identify economics literature we used the results of the above searches, and ran a second search for 

economic information in PubMed, using the economics filter prepared by the Canadian Agency for Drugs 

and Technologies in Health (CADTH), and in the EconLit database. The same limits of English language 

literature published from 2007 to date were applied. 

To identify grey literature, relevant websites were searched for clinical practice guidelines and health 

technology assessments. The reference lists of published papers and contact with clinical experts were 

used to identify further sources. Reference Manager (v. 12) bibliographic software was used to collect 

the search results and remove duplicate citations. 
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Introduction 

Sleep disordered breathing (SDB) includes various conditions, all of which disturb respiration during 

sleep. The most common SDB, obstructive sleep apnea (OSA), affects many Albertans. The prevalence of 

OSA is increasing, mainly due to population aging and rising obesity rates, and to a greater awareness of 

the personal and public health risks that sleep disorders can incur.11-13 

Level I sleep studies, or polysomnography, involve overnight testing in a sleep laboratory with a health 

care professional in attendance. This is considered the reference standard for the diagnosis of SDB 

because it captures many different types of physiological data and can distinguish both OSA and other 

sleep disorders. Unfortunately, level I polysomnography is an imperfect gold standard.14 The laboratory 

equipment and personnel required also make it an expensive test.15 In Alberta, limited sleep lab facilities 

and a shortage of trained health care staff, along with an increased demand for sleep testing have 

resulted in long waiting lists for level I testing. It is important to note that the diagnosis of SDB is only 

one part of the diagnostic tests performed in sleep laboratories - which also perform diagnostic tests for 

other, non-breathing related sleep disorders. 

Portable level III sleep study devices were introduced over 30 years ago. Level III sleep studies can be 

used by patients in their own homes or in other settings, such as nursing homes. As these devices are 

less expensive than level I polysomnography, and more widely available, they may be an attractive 

alternative. However, most of the evidence on level III devices has been collected in patients with simple 

OSA, without major comorbidities. It is not clear whether level III sleep studies are appropriate for 

patients with other types of SDB, or in patients with other serious health conditions. 

Social systems and demographics (S) 

Sleep disordered breathing (SDB) 

Sleep disordered breathing includes many clinical conditions which involve impaired airflow during 

sleep. Because accepted definitions of SDB differ clinical diagnosis and comparisons between studies can 

be difficult.2 The Clinical Manual for Evaluation and Treatment of Sleep Disorders defines the six main 

types of SDB that are included in this assessment.5 

1. Obstructive breathing disorders 

Obstructive sleep apnea (OSA) 

Obstructive sleep apnea is by far the most common type of SDB. It is caused by upper airway obstruction 

during inspiration that results in episodes of apnea (breathing cessation for at least 10 seconds) and 

hypopnea (reduced airflow), reduced oxygen saturation levels, partial arousals and fragmented sleep.4 
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Respiratory Disturbance 

Index (RDI) 

The RDI is similar to the AHI 

and uses the same categories 

of mild, moderate and severe, 

but it includes the number of 

respiratory effort-related 

arousals (RERAs), as well as 

the total number of apneas 

and hypopneas per hour of 

sleep. As a result, the RDI 

score is usually higher than 

the AHI score.3 

Respiratory effort occurs with OSA but the airflow is insufficient. Typical symptoms of OSA are snoring, 

gasping for breath, fatigue, excessive daytime sleepiness, and impaired daytime functioning. 

The severity of OSA is categorized as mild, moderate or severe using either the Apnea Hypopnea Index 

(AHI) or the Respiratory Disturbance Index (RDI), in combination with clinical symptoms, such as 

excessive daytime sleepiness, fatigue, gasping or choking 

in sleep, or loud snoring. A diagnosis of OSA is based on a 

physical exam, sleep history and clinical symptoms, and 

the results of sleep testing.16 According to the American 

Academy of Sleep Medicine, a patient with an AHI or RDI 

score of over 5 who has any clinical symptoms has OSA. 

A patient with an AHI or RDI score of over 15, even 

without reported clinical symptoms, is also considered to 

have OSA.13 Determining the level of severity of OSA is 

important for treatment planning and to establish a 

baseline against which to measure the success of 

treatment, and for detecting patients at risk of 

developing OSA-related complications.16 

However, AHI may be an “imperfect linear measure” of 

disease severity, for example, fewer but longer episodes 

of apnea per hour may cause more severe oxygen 

desaturation than that caused by more frequent but 

shorter episodes.17 

In addition to the number of apneas, hypopneas, or 

arousals per hour, clinical symptoms and patient reports 

of daytime sleepiness are considered in determining the 

severity of OSA. 

Many studies report either AHI or RDI but these scores 

are not interchangeable. Moreover, the type of sleep 

study used affects the scores of both AHI and RDI. Level 

III sleep studies usually report AHI or RDI calculated 

over the duration of the sleep test.16 Because level I 

polysomnography includes electroencephalography it 

can calculate the number of apneas and hypopneas per 

hour of actual sleep. The portable level III sleep studies 

cannot measure actual sleep time and instead use estimated sleep time, time in bed, or device recording 

times which may overestimate actual sleep time and underestimate the index score.3 

Apnea Hypopnea Index (AHI) 

The AHI is the total number of 

apneas and hypopneas per hour 

of sleep. The American Academy 

of Sleep Medicine defines OSA as: 

 Mild OSA: an AHI from 5 to 15 

(respiratory events per hour 

of sleep) 

 Moderate OSA: an AHI from 

15 to 30 

 Severe OSA: an AHI over 30.1,2 
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Further complicating comparisons between studies, and in determining the prevalence of OSA, are the 

various AHI and RDI cut-off levels used by clinicians and researchers to define the condition. 

Upper airway resistance syndrome (UARS) 

Individuals with UARS have sleep disturbance caused by abnormal respiratory effort. Although they may 

not experience frequent episodes of apnea or hypopnea, UARS is generally considered to be a form of 

obstructive sleep apnea.3 

2. Central sleep apnea 

Central sleep apnea involves the central nervous system and causes either hyperventilation or 

hypoventilation.18,19 It occurs when brain signals to the muscles that control breathing malfunction.5 

Breathing may cease or respiratory effort may not be sufficient. The symptoms of central sleep apnea 

can resemble those of OSA (e.g., fragmented sleep, excessive daytime sleepiness and inability to 

concentrate), and many individuals with central sleep apnea also have OSA.20 The criteria used to 

diagnose central sleep apnea vary depending on the underlying cause.18 

Primary central sleep apnea is rare and the causes are unknown.18,20 It is more common in men and is 

usually diagnosed in less than 5% of patients undergoing polysomnography.19 

Secondary central sleep apnea can be caused by many different medical conditions, including 

neuromuscular disorders, such as amyotrophic lateral sclerosis, myasthenia gravis, and post-polio 

syndrome.19 Patients typically report symptoms of the underlying condition, such as breathlessness and 

fatigue in heart failure patients.18 Central sleep apnea is also common in stroke patients, especially in 

the acute phase immediately after the stroke.18 Other conditions associated with central sleep apnea 

include thyroid disease, atrial fibrillation, acromegaly, kidney failure, and musculoskeletal conditions 

that affect lung function, such as kyphoscoliosis.18,21 It can also be caused by the effects of opioid drug 

use or long-term methadone treatment on the central nervous system.18 Another type of central sleep 

apnea, known as periodic breathing, is seen in individuals exposed to high altitudes.5,20 

3. Cheyne-Stokes respiration 

Cheyne-Stokes respiration is sometimes considered to be a form of central sleep apnea. It is marked by a 

breathing pattern of “waxing and waning” – brief periods of rapid, deep breathing followed by shallow 

breaths or a cessation of breathing. Patients with Cheyne-Stokes frequently also have OSA, and both 

conditions share some similar characteristics, making it sometimes difficult to distinguish between 

them.22 Over 50% of patients with heart failure may have some form of SDB.22 Sleep disordered 

breathing impairs cardiac function in various ways. For patients with congestive heart failure it is an 

important risk factor for disease progression and mortality. Cheyne-Stokes respiration may also be 

caused by opioid drugs or neurological disorders.22 
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4. Primary pulmonary disorders 

Primary pulmonary disorders are conditions that mainly affect the lungs, such as cystic fibrosis (CF), 

chronic obstructive pulmonary disease (COPD), and idiopathic pulmonary fibrosis.23,24 Patients with 

chronic respiratory failure who undergo lung transplantation are another subgroup within this category. 

Cystic fibrosis is a genetic disease that attacks the lungs and the digestive system, and causes premature 

death.25 Individuals with CF have a higher risk of SDB because the upper and lower airway abnormalities, 

chronic infections, sinusitis, cough and nasal polyps associated with the disease cause sleep disruptions. 

Some of the medications (e.g., beta-agonists) used to treat CF may also disrupt sleep.26,27 Nocturnal 

hypoxia, also called sleep desaturation or lack of oxygen, is common in CF patients, but this appears to 

be caused by hypoventilation, rather than obstructive sleep apnea.26 Severe sleep desaturation is usually 

an indication of patients with more advanced lung disease and at risk of developing pulmonary 

hypertension.26 The main cause of death in CF patients is respiratory failure due to pulmonary 

hypertension and resulting complications, in particular, enlargement of the right ventricle of the heart 

resulting in heart failure.27 As with other SDB patients, fragmented sleep impairs daytime and cognitive 

functioning and quality of life; it may also damage the immune response and exacerbate the disease in 

CF patients.27,28 

Chronic obstructive pulmonary disease includes individuals with chronic bronchitis and emphysema. 

Sleep disordered breathing is common in COPD patients, particularly older patients and those with more 

severe stages of COPD.23 In some patients, SDB may be a pre-existing comorbidity, but it is often caused 

by the respiratory problems inherent in COPD, or by the drug therapies used. Patients with COPD 

experience nocturnal hypoxemia (lack of oxygen in the blood) and hypoventilation (slow breathing that 

increases the level of carbon dioxide in the blood).23,29 “Overlap syndrome” affects COPD patients who 

also have OSA. These patients are at particular risk of pulmonary hypertension and death.23,29 Patients 

with COPD often experience depression, anxiety, insomnia and impaired daytime functioning. 

Treatment of SDB may alleviate some of these symptoms and improve their quality of life.23 

Idiopathic pulmonary fibrosis is a form of interstitial lung disease that causes inflammation and 

formation of scar tissue (fibrosis) of the tissue in the lungs. The disease may progress to cause 

respiratory failure, pulmonary hypertension, heart failure, or pneumonia. Individuals with this condition 

frequently suffer from nocturnal oxygen desaturation, cough, fragmented sleep and OSA.30 One US 

study of 50 patients with idiopathic pulmonary fibrosis found that 88% (n=44) had some level of OSA 

(20% (n=10) had mild OSA, and 68% (n=34) had moderate-to-severe OSA).30 

Lung and heart transplant patients often develop SDB, particularly central sleep apnea and OSA – 

consequences of the post-transplant drug therapies that affect the central nervous system and cause 

weight gain.31,32 
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5. Nocturnal hypoxia/hypoventilation 

Hypoxia or hypoventilation during sleep may also be caused by primary pulmonary disorders (as 

described above) or by neuromuscular disorders (such as myasthenia gravis, amyotrophic lateral 

sclerosis, Guillain-Barré syndrome, and muscular dystrophy), or by chest wall deformities (such as 

kyphoscoliosis).33 As previously mentioned, hypoxia is a lack of oxygen in the blood, whereas 

hypoventilation is insufficient ventilation that results in hypercapnia or too much carbon dioxide in the 

blood. Individuals with neuromuscular diseases are affected by muscle weakness that includes the 

muscles of the diaphragm that control breathing. Hypoventilation is also common in patients with 

severe COPD, and, as in central sleep apnea, in individuals taking drugs that depress the central nervous 

system (e.g., opioids, benzodiazepines or other types of sedatives).33 

Obesity hypoventilation syndrome (OHS), also called Pickwickian syndrome, occurs when obesity (a BMI 

≥ 30 kg/m2 or more) causes chronic hypercapnia - even when awake - and SDB.33 In one study, 

hospitalized, obese patients with OHS had a one-year mortality rate that was twice the rate of similar 

patients without OHS.34 Currently, two types of OHS are recognized. The first type, which affects about 

90% of individuals with this syndrome, is a form of obstructive sleep apnea; the second type, referred to 

as sleep hypoventilation, involves “significant oxygen desaturation that is not explained by obstructive 

apneas or hypopneas”.35 As rates of obesity increase, the prevalence of OHS will likely continue to rise.35 

6. Bronchospasm 

Bronchospasm is a symptom rather than a disease itself. It involves sudden constriction of the walls of 

the bronchioles that results in difficulty in breathing. Bronchospasms can be caused by various 

conditions, including asthma, chronic bronchitis, pneumonia, or COPD. For example, asthma that Is not 

adequately controlled by medication is worse at night and may cause nocturnal bronchospasm.18 

Complex (or mixed) sleep apnea occurs when both OSA and central sleep apnea are present.19 The 

Canadian Thoracic Society defines complex sleep apnea as a type of central sleep apnea (with an AHI of 

5 per hour or more), that becomes evident when CPAP or bilevel positive airway pressure (BiPAP) 

treatment is appropriately titrated and the OSA is resolved.36 

Sleep studies 

Level I sleep studies 

A level I sleep study refers to overnight polysomnography (PSG) in a sleep laboratory with a trained 

health care professional (sleep technician) in attendance.37,38 In a level I sleep study multiple sensors are 

attached to the patient to capture neurological, cardiovascular and respiratory data.19 Level I sleep 

studies capture a minimum of 7, but typically 16 or more channels of data. These include 

electroencephalography (EEG), electromyography (EMG), electrooculography (EOG), 

electrocardiography (ECG), ventilation and oxygenation.16 Level I studies provide information on “sleep 
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architecture”, or the structure of sleep, including the duration and stages of sleep, the number of 

arousals, movement and physiological functioning. 

A split-night sleep study involves level I polysomnography for the first half of the night to diagnose OSA, 

followed by titration of the continuous positive airway pressure (CPAP) device to treat OSA for the 

remainder of the night. This is an alternative to having the patient receive full overnight 

polysomnography for diagnosis and a second overnight test for CPAP titration.16 

A level I sleep study is considered the “gold” or reference standard for diagnosing SDB.39,40 However, it is 

a flawed gold standard. One problem with level I studies is the “first night effect” where patients’ 

regular sleep patterns are not replicated in the unnatural setting of the sleep lab.41 American guidelines 

on polysomnography estimate the sensitivity of a single overnight level I test to detect an AHI ≥5 ranges 

from 75% to 88%.40 Further variation may occur with the use of different leads for data capture.16 There 

is also variation in study interpretations in level I tests between sleep specialists and centres, and 

between test results scored automatically versus manually.16,40 In addition, the sleep lab equipment, and 

the time and trained medical staff needed for overnight monitoring make level I studies a relatively 

costly test to perform.15 

Figure 1. Level I sleep study (polysomnography) 

Image courtesy of the US National Institutes of Health. 

National Heart Lung and Blood Institute.
42

 

Level II sleep studies 

A level II sleep study is basically a level I study 

(same equipment and channels of data) 

performed outside of a sleep laboratory and 

without a sleep technician in attendance.37,38 

Level III sleep studies 

A level III sleep study, sometimes called 

oligosomnography, uses a portable device that 

is typically used by the patient at home or 

elsewhere outside of a sleep laboratory, and 

without a health care professional in 

attendance. These devices measure a 

minimum of 3 or 4 channels, of which at least 

2 are respiratory channels.37,38 

Level III devices cannot measure the duration or stages of sleep, and they cannot detect non-respiratory 

sleep disorders, such as insomnia or restless leg syndrome.16 Different brands and models of these 

devices vary in measurement capabilities.43 Collop et al. recently devised the SCOPER (Sleep, 
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Cardiovascular, Oximetry, Position, Effort, and Respiratory) criteria to help assess and compare 

published studies on the many different portable sleep study devices based on the different channels of 

data they capture (for example, nasal pressure, oximetry, or peripheral arterial tonometry (PAT)).44 

Level III sleep studies are also affected by night-to-night variability, similar to 

that found with level I studies. Data problems with unattended sleep studies, for 

example, when leads disconnect during the night, are estimated to occur in 3% 

to 33% of level III tests. This results in repeat testing or referral for in-lab 

polysomnography. Newer level III devices with alarm functions have reduced the 

number of problem tests.16 

Figure 2. Home sleep test 

Image by Kristen Pickard, Embletta. Reprinted from Medscape Reference
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Level IV sleep studies 

Level IV sleep study devices are also intended for use at home, without direct medical supervision, but 

these devices capture only 1 or 2 measurements, such as oxygen saturation or airflow.37 Level IV devices 

are used mainly for screening for OSA, rather than for diagnostic purposes. An example of a level IV 

device that is available in Canada is the SleepStrip®(S.L.P. Ltd, Tel-Aviv, Israel), which is promoted as a 

“one-channel sleep lab”.46 

Level II and IV devices are not within the scope of this assessment. 

Health Canada approval 

Many different sleep study devices have Health Canada licensing approval that allows them to be 

marketed in Canada.47 Some of the approved indications indicate the physiological variables the device 

can capture, and whether it is intended for use by a health care professional or by a patient at home. 

Examples of some of the sleep study devices licensed in Canada are shown below. 

 Level I systems available in Canada include: 

o Alice (Respironics Inc.) 

o Embla (Embla Systems) 

 Level III systems available in Canada include: 

o Embletta (Embla Systems) 

o Stardust (Respironics Inc.) 

o ARES Apnea Risk Evaluation System (Watermark Medical) 

o Remmers Sleep Recorder (SagaTech) 

o WatchPAT (Itamar Medical) 

o Morpheus (WideMed) 

o Alice PDX (Respironics).47 
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Risk factors for sleep disordered breathing 

Risk factors for OSA include: 

 male gender – OSA is far more common in men.19,48 

 age - The prevalence of OSA ranges from about 30% to 70% in those over the age of 65, 

compared to 2% to 4% in middle-aged adults.19 Some researchers note an increasing prevalence 

until about age 55, after which the prevalence may continue to increase with age but the 

severity of OSA may decrease (depending on the diagnostic definitions used). Age may be a 

better predictor of increased risk in women rather than in men.49,50 

 menopause - OSA is more common in post-menopausal women; hormone replacement therapy 

may be associated with a reduced risk for OSA.51 

 obesity - An estimated 12% to 40% of morbidly obese individuals have OSA; one US study found 

an even higher prevalence of OSA of approximately 77% in bariatric surgery patients who had 

pre-operative polysomnography. Approximately 89% of Canadian adults who have been 

diagnosed with OSA are overweight or obese.11 BMI is particularly an independent risk factor for 

OSA in men.50 Although it is a risk factor, it is important to recognize that an estimated 30% of 

individuals with OSA are not obese.48 

 neck circumference, abdominal girth, and other conditions that increase soft tissue around the 

upper airway or affect respiration – Examples of these are polycystic ovary syndrome, 

acromegaly, hypothyroidism, and testosterone therapy.19,52 

 nasal and facial anatomy - Individuals with retrognathia or macrognathia (misaligned or 

enlarged jaws), smaller nasal passages or airways, larger tongues, or an elevated Mallampati 

score may be more prone to OSA.19,52 

 smoking – Possibly due to airway inflammation, smoking-related diseases (such as COPD), and 

the effects of nicotine (a stimulant) on sleep.19,53,54 

 alcohol – Relaxes the muscles in the upper airway, increasing its “collapsibility”.19 

 family history of SDB.19,49,55 

Obstructive sleep apnea may also be more common in some ethnic groups (e.g., African Americans and 

Asians), even when BMI is taken into account.19 

 

Many of the risk factors for central sleep apnea are similar to those for OSA, in particular: male gender, 

age, and menopause.21 In addition, medical conditions that increase the risk for central sleep apnea 

include: 

 congestive heart failure 

 atrial fibrillation 

 stroke 

 thyroid disease 

 acromegaly 

 chronic kidney disease (a risk factor for both OSA and central sleep apnea)19 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



31 
 

 neuromuscular disorders, such as amyotrophic lateral sclerosis, myasthenia gravis and post-

polio syndrome 

 neurodegenerative diseases, such as Parkinson’s disease, and multiple system atrophy.19,21 

Regular use of opiate drugs or long-term methadone maintenance for drug addiction also increase the 

risk of central sleep apnea.21 

 

Prevalence and incidence 

The overall prevalence of SDB in US adults, based on the Wisconsin Sleep Cohort Study, was estimated 

at 24% for men, and 9% for women.56 Reported prevalence rates vary depending on the specific 

population (e.g., age group, obesity levels, and ethnic groups) and AHI cut-offs used to define the 

condition.57 

Obstructive sleep apnea: Estimates of the prevalence of OSA vary depending on the population and 

definitions of OSA used. The 2009 Canadian Community Health Survey included a questionnaire on sleep 

apnea which captured the prevalence of this condition in Canada for the first time.11 The survey found 

the prevalence of self-reported sleep apnea in adults 18 years and older was 3%; and the prevalence 

increased to 5% in Canadians 45 years of age and older. In addition to those who reported having a 

diagnosis of sleep apnea, over one in four Canadian adults (26%) have several of the most common risk 

factors that indicate they may be at “high risk” for having OSA.11 Most of those at high risk were men 

(73%), and 76% were over 50 years of age; 12% were considered obese.11 

An estimated 2% to 5% of women have OSA, as compared to 6% to 9% of men (when OSA is defined as 

an AHI of at least 5 with excessive daily sleepiness and/or cardiovascular comorbidities).19 A recent study 

of French army personnel between the ages of 18 and 60, found a prevalence of OSA (using an AHI cut-

off of at least 5) of 4.2% for men and 3.7% for women.52 Other studies have reported similar rates (with 

different AHI cut-offs - from at least 5, with and without clinical symptoms, to at least 10) ranging from 

3.4% to 5.7% for men, and 1.2% to 3.7% for women.52 

Although there is increasing awareness of the health risks of OSA, US estimates are that from 70% to 

80% of individuals with moderate to severe OSA have not been diagnosed.19,58,59 Women, individuals 

with low BMI, non-Caucasians, and people from lower socioeconomic groups are especially likely to 

remain undiagnosed.58,59 

Central sleep apnea: Is estimated to affect less than 1% of the general population.49 However, its 

prevalence also varies depending on the sub-population and the criteria used to define the condition. It 

is higher in the elderly, for example, and in patients with specific comorbid medical conditions.21 

Examples of SDB prevalence reported by studies of patients with certain risk factors or comorbidities are 

shown below. 
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 The estimated prevalence of central sleep apnea in older men (over 65 years of age) is from 

1.1% to 7.5%, whereas in younger men (45 to 64 years of age) the estimated prevalence is 0.4%; 

the overall prevalence in women is only 0.3%.21 

 In patients with congestive heart failure the prevalence of SDB is estimated to range from 40% 

to 80%.21 

 An estimated 33% to 40% of patients with congestive heart failure may have central sleep 

apnea.60 

 Approximately 45% of patients waiting for heart transplantation may have SDB (mainly central 

sleep apnea or Cheyne-Stokes respiration).61 

 An estimated 2.5% to 43% of heart transplant patients are likely to have SDB (mainly OSA) after 

their transplant surgery.32 

 One small Ontario study of 24 lung transplant patients found an SDB prevalence rate of 63% 

(n=15), of which 38% (n=9) had OSA, and 25% (n=6) had central sleep apnea.31 

 An estimated 30% of patients on long-term methadone maintenance treatment have central 

sleep apnea.62 

 In stroke patients who develop SDB in the acute phase (the first months) post-stroke, an 

estimated 40% have central sleep apnea.63 

 Obesity hypoventilation syndrome is common in patients with severe OSA; one US sleep 

disorders clinic found that 20% of their OSA patients also had OHS.64 Conversely, about 90% of 

those with OHS also have OSA.33 

 One US study of 50 patients with idiopathic pulmonary fibrosis found that 88% (n=44) had 

some level of OSA (20% (n=10) had mild OSA, and 68% (n=34) had moderate-to-severe OSA).30 

Alberta prevalence or incidence of common conditions associated with SDB 

Obesity: Approximately 35% of Albertan adults are overweight, and 25% are obese.65 Men have higher 

rates of both overweight and obesity than women (41.1% of men were overweight and 30.3% were 

obese).65 The Statistics Canada Health Profile figures for Alberta (based on the Canadian Community 

Health Survey from 2009/10) estimate that 1,393,153 Albertans were overweight or obese (278,588 

men and 213,719 women were obese).66 

Smoking: In 2008, approximately 20% of adults in Alberta were smokers.67 According to the most recent 

Statistics Canada data, 696,982 Albertans are daily or occasional smokers.66 

Chronic obstructive pulmonary disease: Statistics Canada data for Alberta estimate that 62,276 

Albertans suffer from COPD.66 Although 4% of Canadians report being diagnosed with COPD, this is likely 

an under-estimate of true prevalence.68 Spirometry data collected by the Canadian Health Measures 

Survey found that 13% of Canadians had airflow obstruction indicative of some level of COPD, but many 

individuals with this condition remain undiagnosed.68,69 

Asthma: An estimated 273,886 Albertans over the age of 12 report they have been diagnosed with 

asthma.66 
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Heart failure: According to the Alberta Medical Association, over 80,000 Albertans suffer from heart 

failure.70 

Stroke: Approximately 5,500 new cases of stroke occur in Alberta each year, and 25,000 individuals in 

the province are stroke survivors.71 

Cystic fibrosis: Approximately 165 adults with cystic fibrosis (CF) are treated at the Edmonton Cystic 

Fibrosis Clinic [personal communication: Joan Tabak, Edmonton Cystic Fibrosis Clinic, University of 

Alberta Hospital, 12 Dec 2012]. In southern Alberta, approximately 150 adults with CF are treated at the 

adult cystic fibrosis clinic at the Foothills Hospital, in Calgary.72 According to the Canadian CF Patient 

Data Registry, approximately 3,800 Canadians have CF, and the number of Canadian adults with CF is 

increasing as care and treatments for the disease improve life expectancy.25 

 

Burden of illness 

The burden of undiagnosed and untreated SDB on individuals, on health care utilization and costs, and 

on society as a whole is significant. Sleep disordered breathing increases the risk of all-cause mortality, 

perioperative complications, unplanned intensive care unit admission, and nocturnal death.19,73-78 It also 

increases the risk for hypertension, stroke, cardiovascular disease, type 2 diabetes, and obesity.76,79-82 

Symptoms and quality of life 

Individuals with SDB may experience a variety of symptoms, including snoring, excessive daytime fatigue 

and sleepiness, lack of energy or vitality, inability to concentrate, memory loss, headaches, sexual 

dysfunction, depression, irritability and impaired social functioning.19,83,84 Studies of OSA indicate that it 

has a detrimental impact on quality of life; moreover, treatment of OSA can improve quality of life.83,84 

The 2009 Canadian Community Health Survey – Sleep Apnea Rapid Response Questionnaire found that 

25% of adults who reported having sleep apnea rated their general health as fair or poor, compared to 

11% of adults in the general population.11 

Workplace and traffic accidents 

Although it is only one of many causes of drowsy driving, undiagnosed or untreated sleep apnea 

significantly increases the risk for fatal and non-fatal traffic accidents amongst both commercial and 

non-commercial drivers.85-88 89 Because they often have multiple risk factors (e.g., male gender, tobacco 

use and obesity), commercial truck drivers are particularly at risk for OSA.90 

Along with the increased risk of accidents for individuals with OSA is an increase in associated indirect 

costs, for example, for lost productivity or days off work, hospital stays and medical expenses.91 

A recent study from New Zealand estimated the costs of untreated OSA in people aged 30 to 60 years. 

Comprehensive costing was used, including direct and indirect medical and non-medical costs as well as 

intangible costs.92. The total annual societal cost of untreated OSA in this age group (approximately 1.7 

million individuals) was estimated to be almost NZ$26 million. The cost of motor vehicle accidents was 
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included, based on an odds ratio for accidents among OSA drivers of 2.5 compared to the general 

population (this ratio was from a 2004 meta-analysis of studies reporting accident rates93). 

A 2008 US study estimated the cost motor vehicle crashes suffered by commercial drivers, and 

concluded that a crash attributable to OSA cost US$8,200 per driver per year.88 As in the New Zealand 

study, this study also assumed that the odds ratio for an accident by a driver with OSA was 2.5 

compared to drivers without OSA. Since this estimate was based on drivers in general and not on 

commercial drivers specifically, it could be an underestimate, and the figure of $8,200 may well 

underestimate the cost for commercial drivers. 

Health care utilization 

Individuals with undiagnosed OSA use considerably more health care resources - for physician visits, 

physician fees and hospital stays - in the years before their diagnosis (not necessarily before the onset of 

OSA) compared to similar individuals without OSA.17,91,94-96 Canadian researchers confirmed that 

individuals with OSA often have comorbidities, such as cardiovascular diseases (in particular, 

hypertension) and chronic obstructive pulmonary disease, which account for their increased use of 

health care services.17,91 In a separate analysis of medication use by OSA patients, they found that these 

patients were also more likely to be on higher doses of antihypertensive drugs, and on more expensive 

drugs – possibly indicating that OSA patients have more resistant, or “difficult-to-treat”, hypertension.17 

Unfortunately, because the study could not match patients and controls by BMI, obesity may have been 

a confounding risk factor.91 

A 2009 Canadian study examined the effect on health expenditures of obese women with OSA.97 It 

compared the health service utilization of 223 obese women with OSA in Manitoba to matched groups 

of 223 obese women without OSA and 223 normal weight controls, and found that physician visits and 

physician fees increased progressively over the 10 years prior to a diagnosis of OSA. In the year prior to 

diagnosis, it was estimated that physician fees were statistically significantly higher in the OSA group 

than in the obese controls ($547.49 + $34.79 vs. $246.85 + $20.88). The number of physician visits was 

also significantly higher in this group. 

An earlier US study found the most common comorbidities for patients with OSA were hypertension 

(38%), depression (20%), and asthma (16%). As in the Canadian studies, the authors found that, on 

average, the direct medical costs for individuals with OSA were approximately double that of individuals 

in a control group matched for age and sex.96 

In a Danish study, the direct and indirect health care costs of snoring, sleep apnea and obesity 

hyperventilation syndrome were compared between all patients diagnosed with one of these conditions 

between 1998 and 2006, and a group of matched controls.98 The mean excess cost of snoring, sleep 

apnea and obesity hyperventilation syndrome compared to the controls were €705, €3,860 and €11,320 

respectively (differences between the comparison groups were statistically significant). 

An Israeli study, published in 2008, found that elderly and middle-aged patients with OSA have 

approximately double the levels of health care utilization as their counterparts without OSA – mainly 
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because of their cardiovascular and other comorbidities and drug therapy costs (in particular, drug 

therapies for anxiety and depression).94 

Appropriate screening for and treatment of OSA, contingent on patient adherence to treatment, may 

decrease overall costs by reducing accident-related disability costs and health care utilization.87,88,95,99,100 

Patterns of care 

Depending on the severity and type of SDB, treatment may involve: 

 behavioral strategies, such as sleep positioning, avoidance of alcohol and sedatives at night, and 

counselling re diet and exercise to encourage weight loss 

 oral prostheses (mandibular advancement devices) that re-align the jaw during sleep 

 tonsillectomy (mainly used in children), and various other types of nasal, oral and throat 

surgery 

 the use of devices, such as palatal implants, as a minimally invasive alternative to surgery 

 bariatric surgery (for patients with morbid obesity causing SDB) 

 drug therapies for central sleep apnea or for Cheyne-Stokes breathing, or to ensure optimal 

medical management of the underlying health condition (for example, in patients with 

congestive heart failure).13,22,48 

The standard treatment for OSA is nocturnal continuous positive airway pressure (CPAP). But, despite its 

clinical effectiveness and positive impact on quality of life, patient compliance in using CPAP therapy for 

the minimum recommended time each night continues to be an issue.48 

Access to sleep studies in Alberta 

Access to both level I and level III sleep studies varies across Canada, despite the expansion of these 

services in some provinces.36 There is only very limited evidence to determine optimum waiting times 

for SDB testing and treatment, but recent Canadian guidelines suggest 18 to 24 weeks as the maximum 

time to complete all patient assessment and testing, and that this should be reduced to four weeks for 

urgent cases (such as patients with comorbidities) and for individuals who work in “safety-critical” 

occupations.36 

A 2004 survey that compared access to sleep studies in five countries and across Canada, found that the 

number of sleep studies per 100,000 people, and the wait lists for studies varied considerably. In 

Canada, the waiting list for a consult with a sleep specialist was typically from four to six months (though 

in some areas it was over a year). The wait for completion of a level I sleep study ranged from eight to 

30 months. Wait lists for a specialist consult and level I studies were shorter in Ontario (about two 

months for each).101 

In Alberta, publicly funded level I sleep studies are provided at no cost to patients at three centres in 

Edmonton, Calgary, and Lethbridge. All three centres have significant wait times for non-urgent 
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patients. There are no waiting lists for level I or level III studies conducted at private labs, with most 

patients being accommodated within two weeks. Most patients pay-out-of-pocket for sleep studies at 

private clinics. It is estimated that only 10% to 15% of patients have private insurance coverage for level 

I studies and no third party insurance plans currently cover level III studies [personal communication, Dr. 

Atul Khullar, Medical Director, Northern Alberta Sleep Clinic/MedSleep Calgary, June 14, 2012]. 

A 2009 survey found that Canadian provincial health insurance schemes generally did not fund the use 

of ambulatory level III sleep studies.102 However, this is no longer the case, and some provinces, such as 

British Columbia, Saskatchewan (in the Saskatoon Health Region), and Manitoba, now cover at-home 

level III sleep studies.103,104 In Alberta, individual centres in Calgary and Lethbridge fund level III testing 

through their global operating funds, but this is not consistent across the province.105 

Edmonton 

In Edmonton, the wait time to see a sleep specialist is from one month to two years depending on the 

urgency of the case and the particular sleep specialist’s waiting list [personal communication, Dr. Larry 

Pawluk, University of Alberta, June 5, 2012]. Once referred for level I testing, the wait time at the Sleep 

Disorders Lab may be up to two years depending on the severity of the case. Referrals are prioritized 

based on the Canadian Thoracic Society guidelines.36,39 As of June 2012, 1,093 patients were on the 

waiting list for level I testing [personal communication, Holly Scott, Sleep Disorders Lab Unit Manager, 

June 6, 2012]. This is a considerable increase from 2010, when just over 700 patients were waiting for 

level I polysomnography in Edmonton.10 

The Sleep Disorders Lab can accommodate six patients at a time and is open 24 hours, seven days per 

week to accommodate shift workers and narcolepsy testing. A total of 1,604 level I studies were 

conducted in 2011. Although the lab has been seeking resources to establish a level III testing program 

for some time, level III studies are not presently done [personal communication, Dr. Larry Pawluk, 

University of Alberta, May 20, 2010]. Sleep specialists currently provide the clinical assessment and refer 

appropriate patients to private vendors for level III testing. 

Lethbridge 

At the Lethbridge Sleep Clinic there is a maximum wait time of one month to see a sleep specialist 

[personal communication, Dawn Filewych, Clinic Coordinator, Lethbridge Sleep Clinic, June 11, 2012]. 

The wait time for a level I study may be up to six months, and there are currently 480 patients on the 

waiting list. Another 62 patients are currently on the waiting list for level III testing. The centre operates 

four beds per night, and two beds per day, five days of the week, for a total of 30 sleep studies per 

week. In 2011, the clinic completed 1,200 level I tests and 214 level III tests. An additional 945 level III 

studies were interpreted for physicians in the community. Most patients undergoing level I testing had 

previously had a level III test. Both level I in-lab sleep studies and level III in-home studies are wholly 

publicly funded. The current Lethbridge wait times for a level I test and the number of patients waiting 

have decreased since 2010 (in April 2010, the Lethbridge clinic had a wait of about nine months and 543 

patients on the waiting list).10 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



37 
 

The Lethbridge Sleep Clinic typically sees the sickest patients of the publicly funded labs in Alberta 

including those with hypoventilation syndrome, morbidly obese patients in severe respiratory failure, 

and patients referred from intensive care units. Two-thirds of the bilevel positive airway pressure 

(biPAP) devices prescribed for Alberta patients originate in Lethbridge [personal communication, Dr. 

Paul Easton Medical Director, Lethbridge Sleep Clinic, June 27, 2012]. 

Calgary 

In Calgary, the wait time to see a sleep specialist ranges from one to two months for urgent patients to 

14 months for non-urgent patients [personal communication, Ann-Marie Stevenson, Clinical Supervisor, 

Foothills Medical Centre Sleep Centre, July 11, 2012]. Once the Centre receives a referral, level III tests 

are routinely used to screen the patient before they see a sleep specialist. Level I studies can only be 

ordered once the patient has been seen by a sleep specialist at the Centre. After a referral for level I 

testing is received, the wait time ranges from within a week for urgent patients to approximately 90 

days for non-urgent patients.  

The Calgary Centre is open from Sunday through Thursday nights and can accommodate five patients at 

a time. Approximately 1,150 patients are currently on the waiting list for level I testing. The wait time for 

level III testing is two to four weeks. There are currently 80 patients waiting to be booked for level III 

studies. This number does not include patients on the referral list who require a pre-screen level III test 

before seeing a sleep specialist. These bookings are based on having a sleep specialist available within a 

six to eight week time period. A total of 1,103 level I studies and 2,009 level III studies were completed 

in 2011. Unfortunately, comparative information on the wait times and number of patients waiting for 

level I tests at the Calgary centre in 2010 was not available. 

Both level I and level III testing provided through the Foothills Hospital are publicly funded through the 

hospital’s operating funds. Many of the patients seen at the Foothills Medical Centre Sleep Centre are 

respiratory patients, research patients, or auto CPAP patients [personal communication, Dr. Paul Easton, 

Medical Director, Lethbridge Sleep Clinic, June 27, 2012]. 

Wetaskiwin 

The Wetaskiwin General Hospital sleep centre has three beds for in-laboratory, attended, level III sleep 

studies [personal communication, Dr Ernest York, Medical Director, Wetaskiwin Hospital and Care 

Centre Sleep Centre, July 26, 2012]. The wait time to see one of the two sleep specialists in Wetaskiwin 

who can admit to one of the Wetaskiwin beds is approximately three months. There is currently one 

satellite bed operating in Stettler for attended level III testing. The wait time to see one of the two 

general practitioners in Stettler who can admit to this satellite bed is approximately a week. All four 

beds run seven nights a week. The average wait time between respirologist or general practitioner 

referral and treatment is 18 to 24 months, unless the patient is considered high priority. There is no cost 

to the patient for level III testing at either centre. In 2011, technical difficulties resulted in reduced 

access to beds for long periods of time; a total of 815 level III tests were done in Wetaskiwin and 247 in 
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Stettler that year. A decrease in the number of referrals has been noted over the past five years, which 

may be due to the increasing number of private vendors now offering level III testing. 

New equipment will increase the Wetaskiwin satellite bed number to three, but no decision has been 

made regarding the location of the additional satellite beds, or whether to include Innisfail. Patients are 

currently referred to the publicly funded labs in Edmonton, Calgary, or Lethbridge if they require level I 

testing. The wait time ranges from two days to 11 months depending on the urgency of the case. 

A telehealth sleep service for satellite sleep studies to be read in Lethbridge has been considered, but 

has not received government funding. Possible locations for these satellite sleep studies beds include 

Ponoka and Rocky Mountain House. 

There are currently three private sleep clinics in Alberta that are accredited by the College of Physicians 

and Surgeons of Alberta for level I testing (two MedSleep clinics: the Northern Alberta Sleep Clinic in 

Edmonton and MedSleep Calgary, and the Centre for Sleep and Human Performance in Calgary). The 

Northern Alberta Sleep Clinic in Edmonton and MedSleep Calgary each operate three beds seven nights 

per week [personal communication, Dr. Atul Khullar, Medical Director, Northern Alberta Sleep 

Clinic/MedSleep Calgary, June 14, 2012]. Patients are triaged between level I and level III studies based 

on a detailed physician assessment of medical history and sleep disorder comorbidities. Individuals with 

histories suggesting other sleep disorders, cardiorespiratory disorders, failure to respond to PAP therapy 

and/or requiring laboratory initiation of PAP treatment modalities are currently recommended for level I 

testing. A 30% increase in referrals per year has been noted in the clinics since 2009. In 2011, 1,926 

referrals resulted in 1,782 consults and a total of 600 level I tests and 965 level III tests for both clinics 

combined. Approximately 25% to 30% of patients who have level III tests go on to have level I tests at 

the two clinics. 

The Centre for Sleep and Human Performance, in Calgary, operates four beds three nights per week 

[personal communication, Dr. Charles Samuels, Medical Director, Centre for Sleep and Human 

Performance, June 18, 2012]. The time to consult with a sleep specialist is two to four weeks from the 

time the referral is received [personal communication, Dr. Charles Samuels, Medical Director, Centre for 

Sleep and Human Performance, June 18, 2012]. Patients do not require a doctor's referral and can self-

refer using a form available on the Centre’s website. The decision to test the patient is based on the 

clinical judgment of the sleep specialist and current standards developed at the Centre that take into 

consideration the prevalence of primary sleep disorders and the expectation that approximately 30% of 

patients seen at the Centre will require testing. The decision to perform level I or level III testing is 

guided by clinical presentation and assessment of pretest probability for OSA. Uncomplicated patients 

with a high pretest probability for OSA usually have a level III study and are likely to be treated with a 

trial of autoPAP, dental appliances, or conservative measures. Patients who present with non-

respiratory sleep disorders, complicated respiratory sleep disorders or overlap syndromes, or who fail 

therapy with autoPAP or other treatments will be triaged to a level I diagnostic sleep study. In 2011, 

approximately 2,000 initial consultations were performed, resulting in 414 level I studies and 594 level III 

studies. A total of 106 patients (32%) had a level III test prior to level I testing (80 therapeutic CPAP 
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titration studies, 24 diagnostic studies, and two split-night diagnostic/ therapeutic studies). The Centre is 

no longer performing split-night studies as part of their protocol. 

There are several non-accredited CPAP therapy vendors providing in-home level III testing. An estimated 

25,000 level III tests are performed by private vendors in Alberta every year [personal communication, 

Dr. Brian McNab, Medical Director, Sleep Disorders Lab, June 7, 2012]. There is increasing concern over 

the potential conflict of interest if these private vendors incorporate the cost of level III testing into the 

selling price for CPAP devices. A lack of collaboration between private vendors and sleep specialist 

assessment could lead to poor patient outcomes, including misdiagnosis of the sleep disorder and 

comorbidities that remain untreated. Some private clinics in Alberta are advocating that public funding 

for level I and level III testing by accredited community sleep labs would help improve the access, wait 

times, and the cost-effectiveness of sleep testing while ensuring the proper regulation of services, 

quality control, and adherence to evidence-based standards.105 

Table 1. Level I Adult Sleep Labs in Alberta 

City Sleep Clinic Wait Time # of 

Beds 

 # Tests Completed in 

2011 

Charge Per 

Test 

Public  

Edmonton Sleep Disorders Lab 
 

1 week to 
24 months 

6  Level I: 1,604 Level I:  
No charge 
 

Lethbridge Lethbridge Sleep Clinic  2 weeks to 
6 months 

4 Level I: 1,200 
Level III: 214 

Level I or III:  
No charge 
 

Calgary Foothills Medical 
Centre Sleep Centre 
 

1 week to 
3 months*  
 

5 Level I: 1,103 
Level III: 2,009 

Level I or III:  
No charge 

Private 

Edmonton Northern Alberta Sleep 
Clinic 
 

1 to 2 
weeks 
 

3  
 

Level I: 600 
Level III: 965 
 
(both Alberta MedSleep 
clinics combined)  

Level I: $800 
Level III: $150 
 

Calgary MedSleep Calgary  
(formerly Canadian 
Sleep Institute) 

1 to 2 
weeks 
 

3  
 

Level I: $800 
Level III: $150 
 

Calgary Centre for Sleep and 
Human Performance 
 

2 to 3 
weeks 
 

4  
 

Level I: 414 
-258 diagnostic studies 
-132 CPAP titration 
(therapeutic studies) 
-5 diagnostic/ 
therapeutic studies 
(split-night) 
-19 multiple sleep 
latency tests 
 
Level III: 594 

Level I: $800 
Level III: $200 

* After pre-screening with level III tests. 
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Public funding for CPAP therapy varies across Canada. According to a 2004 survey, CPAP was fully 

publicly funded in some provinces, but in most provinces patients without private insurance paid the 

costs.101 Some provincial programs, such as the Assured Income for Severely Handicapped (AISH), 

provide partial or full coverage for beneficiaries who require CPAP therapy. To receive coverage for 

CPAP therapy, AISH requires that beneficiaries undergo a level I sleep study for the diagnosis SDB 

(including uncomplicated OSA).106 

Social, legal and ethical issues 

Lower levels of education and income are often associated with factors that increase the risks for SDB, 

such as obesity and tobacco use, and, as a consequence of smoking, COPD.107-109 These are often viewed 

as lifestyle choices; consequently, there may be an underlying bias against funding diagnostic tests and 

treatments for associated conditions.  

In general, individuals from certain ethnic and lower socioeconomic groups face greater barriers in 

accessing health care.110-112 The UK’s IMPRESS* coalition guidelines recommend that the current 

inequities of sleep studies provision in UK health services care should be addressed to ensure 

comprehensive, timely, specialist clinical assessment and treatment is accessible to all citizens.48 In 

Alberta, the standard treatment for OSA, CPAP, is publicly funded only for individuals who qualify for 

assistance through special programs, such as the Assured Income for the Severely Handicapped (AISH), 

or the Alberta Seniors Benefit for special needs assistance.106,113 Recent studies from New Zealand, Israel 

and the US have shown that use of CPAP therapy is lower in those with lower levels of education 

(possibly due to lack of understanding of the health consequences of SDB and the benefits of treatment) 

and income (i.e., CPAP treatment may be unaffordable).112,114-117 As discussed in the burden of illness 

section above, sleep-related breathing disorders constitute a significant public health burden. These 

conditions often go undiagnosed and untreated. Long waits for level I sleep studies, and out-of-pocket 

costs for level III tests and CPAP treatment may prevent many Albertans from accessing these health 

care services. 

As previously mentioned, there may be potential conflicts of interest if level III sleep studies continue to 

be provided by vendors that also provide CPAP equipment.105 

Alberta Transportation’s Driver Fitness and Monitoring Branch requires individuals who hold or apply for 

a driver’s license to disclose any medical condition, including sleep disorders, that may interfere with 

their ability to drive safely.118 Physicians in Canada have a duty to report patients who have medical 

conditions that make them unfit to drive, but in some provinces this is left to the discretion of the 

physician, while in others it is a mandatory requirement.119 The provincial regulatory authorities decide 

what, if any restrictions will be applied to the patient’s driving license. The Canadian Medical Protective 

Association notes that a physician’s failure to report a medical condition which affects their patient’s 

driving ability may make the physician liable in the event of an accident.119 Patient reports of daytime 

                                                           
*
 IMPRESS is a coalition of the British Thoracic Society and other UK respiratory care associations 
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sleepiness may not accurately indicate the level of potential impairment, as they, especially those whose 

livelihood depends on driving, may underestimate their level of sleepiness to avoid losing their license.89 

New developments 

Portable sleep study devices are continually improving, with new capabilities to capture data and reduce 

artifact. Many new devices do not fit well in the level I through IV classification scheme.44 The SCOPER 

(Sleep, Cardiovascular, Oximetry, Position, Effort, and Respiratory) system may help to assess these 

devices in future studies by allowing comparison of the features and measurements they capture.44 

Similarly, new treatments for OSA, such as the single-use nasal expiratory positive airway pressure 

patches may offer patients more alternatives to CPAP therapy.57 

Expanded use of telehealth networks may provide improved access to sleep studies for individuals in 

remote communities in future.120,121 

Population dynamics, diffusion and demand 

A greater awareness of the health effects of sleep disorders, and in particular, OSA, among physicians 

and the general public may be partly responsible for the increased demand for sleep studies.12 Patients 

are more aware of the need to address their sleep issues and the relationship of sleep disorders to other 

comorbidities such as obesity and fatigue. Primary care physicians in Alberta are also receiving more 

education regarding the value of providing sleep medicine assessment.122 

In addition to the impact of increasing obesity levels on the numbers of individuals with SDB, an 

increasing number of Albertans are being diagnosed with chronic obstructive pulmonary disease 

(COPD). Alberta Health Services projects that, by 2020, COPD will become the third leading cause of 

death (from its current position in 6th place place).123 

In one BC study, 62% of patients tested with level I polysomnography indicated they would have 

preferred ambulatory testing, whereas only 6% of patients in the in-home testing group would have 

preferred in-lab testing.82 

Information on trends in the use of level I versus level III sleep studies in Alberta was not available. In 

the most recent information available for Ontario, the numbers of level I sleep studies more than 

doubled over a 10-year period, from just under 60,000 tests in 1999 to over 120,000 tests in 2008 

[personal communication, Dr. Walter Wodchis, University of Toronto / Institute for Clinical and 

Evaluative Sciences, January 4, 2010]. 

Health system capacity 

Workforce and infrastructural capacity 

There are fewer sleep medicine professionals (sleep doctors, PSG technicians, etc.) in Alberta than in 

some other parts of Canada. Although there is no physician fellowship in sleep medicine in Alberta, 
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there may be interest in developing one at the University of Alberta Hospital. The lower number of sleep 

professionals in Alberta may be related to the lower amount of resources available for sleep medicine 

which may be decreasing access to level I testing [personal communication, Dr. Dominic Carney, 

University of Alberta, July 27, 2012].  
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Technology effects and effectiveness (T) 

Study selection 

Two reviewers independently screened the titles and abstracts of the search results to identify level III 

and level I studies for inclusion. Potentially relevant papers were retrieved and assessed for eligibility 

according to the inclusion and exclusion criteria listed in Table 2 and Table 3 below. 

Data extraction 

Each reviewer extracted information from the included studies using a standard data extraction form. 

The elements extracted were: study setting, methods, baseline patient characteristics, safety and 

findings in terms of diagnostic accuracy parameters. 

The diagnostic accuracy parameters extracted were: 

Sensitivity - which indicates the proportion of positive test results in individuals with a disease; thus 

highly sensitive tests are useful for screening purposes 

Specificity - which indicates the proportion of negative test results in healthy individuals; thus highly 

specific tests are useful for diagnostic confirmation purposes 

Area under the curve for receiver operating characteristics curve (AUC ROC) - ROC plots sensitivity 

against 1-specificity reflecting the test’s discriminatory power; the greater the AUC the better the test, 

with a value of 1 indicating perfect test performance, and the value of 0.50 indicating non-

discriminatory test.124 

Positive likelihood ratio (+LR) - a clinical parameter that indicates the increase in the odds of having the 

disease when the test is positive. 

Differences in disease management outcomes between patients diagnosed with level III and those 

diagnosed with level I tests were also extracted. These disease management parameters included: 

 Acceptance of continuous positive airway pressure (CPAP) treatment measured in terms of the 

proportion of patients who agreed to start the CPAP following their diagnosis with each test 

 Adherence to CPAP in terms of usage of CPAP machine for > 4 hours per night 

 CPAP mechanical estimate of residual apnea hypopnea index (AHI) (the episodes of apnea and 

hypopnea that do not resolve with treatment) - an indicator of how well the patient was treated 

 The mean CPAP machine pressure difference between patients diagnosed with level III and 

patients diagnosed with level I tests 

 Quality of life measured by different SDB quality of life questionnaires 

 Functional status as measured by clinical sleepiness questionnaires (most commonly, the 

Epworth sleepiness scale (ESS)). 
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Disagreements were discussed and resolved between the reviewers. The data were then tabulated to 

facilitate quantitative and qualitative analysis. 

Quality assessment 

The Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool was used to assess the quality 

of studies.125 This tool evaluates the internal validity (risk of internal bias and unreliability of the results) 

and external validity (generalizability of results when the test is used in routine practice outside the 

context of the study) in multiple domains. 

The four internal validity domains are: 

1. flow and timing 

2. index test or the comparator 

3. reference standard 

4. patient selection 

The three external validity domains are: 

1. index test 

2. reference standard 

3. patient selection. 

Each of these domains are graded as having a low, unclear or high risk of bias. The results of the quality 

assessment of included studies were synthesized to summarize the quality of the studies. 

The studies were also graded according to the Oxford Centre for Evidence-based Medicine (CEBM) levels 

of evidence, which grades each study based on the study design and methodological rigor. It grades 

studies from level 1a (highest) to level 5 (lowest). Higher levels of evidence indicate better and more 

rigorous study designs.126 In addition, controlled trials reporting on differences in disease management 

were assessed using The Cochrane Collaboration risk of bias (ROB) tool.127 

Data synthesis and analysis 

To determine the specific patient populations that might be better diagnosed with level I and or level III 

tests, the characteristics of patients’ populations were compared between level I and level III reviews. 

Baseline patient characteristics, such as age, body mass index (BMI), and ESS, were pooled to obtain 

weighted averages. 

Technical failures and safety data (i.e. adverse event incidents that occurred while patients were 

undergoing level III or level I tests) were described as the frequencies and the proportion of patients 

who experienced technical failures and adverse events to the total number of patients in the studies 

that reported this information. 
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As different studies reported diagnostic accuracy parameters at different AHI severity levels (the higher 

AHI indicates more severe SDB) and to investigate the performance of level III sleep tests among 

different severity levels, the diagnostic accuracy parameters were examined in three ways: 

 in all of the studies that reported on them, to describe the overall values and ranges 

 in the subset of studies that reported them at multiple AHI cut-offs, to investigate patterns and 

trends among different severity levels 

 in a meta-analysis of selected studies, to obtain pooled estimates (see below). 

Meta-analysis 

We performed a meta-analysis of selected individual studies using a bivariate mixed-effects binary 

regression model to generate summary estimates of diagnostic accuracy parameters. As it includes more 

than one study, meta-analysis provides higher statistical power, producing more precise estimates than 

those reported in individual studies. It also helps to resolve differences between conflicting studies by 

giving an overall estimate for the technology effect. Moreover, meta-analysis may confirm findings or 

patterns found in individual studies.127 

Studies were selected for the meta-analysis if they reported the parameters required for the model 

(true positive, false positive, true negative and false negative results). In cases where these were not 

reported, the researchers calculated them from the data provided, where possible. Summary diagnostic 

accuracy parameters were estimated at different AHI cut-offs. The I2 statistic was calculated to quantify 

the degree of heterogeneity between studies at these different AHI cut-offs. The bivariate mixed-effects 

binary regression model accounts for the heterogeneity and inconsistency between studies, as well as 

the correlation between diagnostic accuracy parameters.127,128 Pooled summary receiver operating 

curves (SROC) and their area under curve (AUC) were estimated at different severity levels of the 

disease according to AHI values reported in the primary studies. All analyses were conducted using Stata 

SE (v.12, StataCorp). 

Due to the limited number of studies that included patients with comorbidities, a separate meta-

analysis to evaluate the pooled diagnostic performance of level III tests in patients with comorbidities 

was not possible. However, we conducted a sensitivity analysis to explore changes in the diagnostic 

accuracy parameters when studies that included only patients with comorbidities were removed from 

the analysis. 
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Table 2. PICOS elements for level III sleep studies 

Parameter Inclusion Criteria Exclusion Criteria 

Patients Adults >18 years with suspected SDB requiring confirmation 

of diagnosis for treatment 

Adults with or without comorbidities potentially related to 

SDB 

Adults with previous SDB-related surgery 

Patients under 18 years of age 

Intervention Level III sleep study   

Comparator Level I sleep study   

Outcomes Diagnostic accuracy 

Any disease management outcomes (e.g. acceptance of 

CPAP treatment, adherence to CPAP treatment, residual AHI 

and mean CPAP pressure, difference in functional status or 

quality of life). 

Adverse effects or complications related to the use of level 

III and level I tests 

Studies without defined clinical outcomes 

Study Design Randomized controlled trials 

Non-randomized controlled trials 

Retrospective, prospective, or concurrent cohort studies 

Cross sectional studies 

Case reports  

Editorials & opinion pieces 

 

 

Table 3. PICOS elements for level I sleep studies 

Parameter Inclusion Criteria Exclusion Criteria 

Patients Adults >18 years with suspected SDB requiring 

confirmation of diagnosis. 

Adults with comorbidities potentially related to SDB 

Adults with previous SDB-related surgery 

Patients under 18 years of age 

Intervention Level I sleep study   

Comparator Any comparator or no comparator  

Outcomes Diagnostic accuracy 

Any disease management outcomes 

Adverse effects or complications related to the use of 

level I 

Studies without defined clinical outcomes 

Study 

Design 

Randomized controlled trials 

Non-randomized controlled trials 

Retrospective, prospective, or concurrent cohort studies 

Case series 

Cross sectional studies 

Case reports  

Editorials & opinion pieces 
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Results 

A total of 5969 discrete citations were identified through the search, and 333 (29 abstracts and 304 full 

articles) were retrieved for full review. Among them, 60 studies (15 abstracts and 45 full articles) were 

included in the level III review, and 21 full articles were included in the level I review. Kappa agreement 

was excellent between the two reviewers (0.86). Literature search results are presented using the 

Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram shown in 

Figure 3.129 

Figure 3. PRISMA diagram of literature search results & study selection 

 

Level III review 

Overall description of included studies 

Settings 

Sixty comparative studies of level III sleep tests are included in this review. These are categorized as 

follows: 

29 studies in which an at-home level III test and an in-lab level I test were conducted, either on the same 

patients (within subjects design) or on two different arms for each test (between subjects design). These 

studies were referred to as “separate studies”. The separate studies had a total of 3,302 patients. 
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20 studies in which an in-lab level III test and an in-lab level I test were conducted on a patient at the 

same time. These studies were referred to as “simultaneous studies”. The simultaneous studies included 

a total of 1,152 patients. 

10 studies in which a simultaneous in-lab level III test and an in-lab level I test were followed by an at-

home level III test on the same patient (a combination of separate and simultaneous studies). These 

studies had a total of 572 patients. 

One study in which an at-home level III test and an at-home unattended level I test were conducted on 

the same patient (the latter is considered as a level II test). These studies had a total of 45 patients. 

Study design 

Cohort studies   48 studies 

Controlled trials    10 studies 

Cross-sectional studies  2 studies 

The cohort study is considered to be the best study design for evaluating diagnostic tests.130 

Patient demographics and characteristics 

Despite the fact that most level III devices had chest effort leads which made it possible to differentiate 

between obstructive, central and mixed episodes of apnea, most of the studies recruited subjects with 

suspected diagnosis of simple obstructive sleep apnea (OSA); only six studies reported on central, 

obstructive and mixed patterns separately.131-136 

Most of the studies of level III review test reported including patients referred to sleep testing from 

respiratory/sleep clinics after a pre-test assessment, including sleep questionnaires, history taking, and 

thorough clinical examination. The overall weighted patient characteristics were as follows: 

Table 4. Overall weighted patient characteristics 

Age (weighted average): 51.4 years  
Gender: 3,169 males, 1,077 females (based on 48 studies that reported 

this information (ratio: 2.9 males :1 females)) 
BMI (weighted average): 30.7 kg/m2  (based on 45 studies; this is considered borderline 

between being overweight and obese).137 
ESS (weighted average): 11.6 (based on 26 studies) 
 

Comorbidities 

Seventeen studies included patients with comorbidities. Some studies reported more comorbidities than 

the total number of subjects recruited - indicating some patients had multiple comorbidities but the 
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precise number of patients with multiple comorbidities was not reported. Thus, only the frequency of 

different types of comorbidities is reported in this review. 

The total number of comorbidities reported was 1,427. Cardiovascular comorbidities were the most common in 

1,125 subjects, (or 79% of the total comorbidities). Three studies included only patients with stable chronic 

heart failure (CHF);131,136,138 two studies included only patients with coronary artery disease (CAD);134,139  one 

study included only patients with hypertension.140 The remaining studies recruited patients with a mix of 

patients without comorbidities and those with various cardiovascular and other conditions. The respiratory 

comorbidities reported were limited to one subject with asthma and nine subjects with chronic obstructive 

pulmonary disease (COPD). 

Figure 4 shows the different types of comorbidities reported in the studies included in this review. 

 

Figure 4. Comorbidities reported in level III studies 

 

Of the cardiovascular comorbidities reported, hypertension was the most frequent condition (reported 

in 574 patients), followed by CAD and CHF (in 158 and 142 cases respectively). 

The patients’ characteristics by type of study are shown in Table 5. 

Cardiovasular 
comorbidities 

79% 

Cerebrovascular 
disease 

1% 

COPD 
1% 

Asthma 
0% 

Depression and 
Anxiety 

6% 

Smokers 
6% 

Diabetes 
5% 

Other comorbidities 
2% 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



50 
 

Table 5. Patient characteristics by type of studies 

 Simultaneous Separate 

Number of studies reporting on each setting: 30 (20*) 39 (29*) 
Number of patients: 1,769 3,874 
Average age: 51.5 years 51.1 years 
Average BMI: 29.6 kg/m2 31.5 kg/m2 
Average neck circumference: 39.7 cm 41.7 cm 
Average ESS: 10.3 11.9 
*Number of studies conducted in this setting only, the remainder are studies that tested the same cohort both simultaneously and separately. 

Devices used 

Table 6 shows the devices used in the studies reviewed. 

Table 6. Level III sleep study devices used in the studies reviewed 

Device name No. of studies No. of channels 

Embletta (various models) 11 4 to 6 

Stardust 8 5 

Apnea Risk Evaluation System (ARES) 6 5 

WatchPAT 2 4 

LifeShirt 3 3 

Morpheus 3 4 

Alice PDX 2 4 

Apnoscreen II 2 6 

Other devices 23 3-6 

 

The four main channels reported in all studies that used Embletta, Stardust and ARES devices were: 

1. nasal pressure cannula for airflow 

2. thoraco-abdominal movement 

3. oxygen saturation through pulse oximetry, and 

4. body position. 

The Embletta X100 model, used in one study, is the only level III device that has channels for 

electrooculography to capture eye movements (EOG) and electroencephalography to capture electrical 

activity in the brain (EEG). This device received a Health Canada license in 2005, but the company has 

since discontinued this model. 

The WatchPAT device is a four channel device that captures heart rate, pulse oximetry, actigraphy, and 

peripheral arterial tonometry (PAT) signal. The PAT signal measures arterial pulsatile volume changes 

controlled by the sympathetic system innervation of the vasculature of the fingers. It detects 

sympathetic activity associated with apnea (complete cessation of respiration) and hypopnea (reduction 

of airflow due to obstruction) by measuring the change in the PAT signal. 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



51 
 

The remaining level III devices had three to six of the following channels: airflow, oximetry, heart rate, 

thoraco-abdominal movement, body position, head movement, and snoring. 

Countries 

Twenty-five of the 60 studies were conducted in North America, 18 in the USA and seven in Canada. 

Eighteen studies were conducted in eight different European countries; one was a multi-country study 

(USA and UK). Five studies were conducted in Latin America, five in Japan, four in China, and two in New 

Zealand and Australia. 

Funding sources 

Funding support included: funding from the manufacturer (seven studies); device provided by the 

manufacturer (two studies); funding from both manufacturer and government or academia (three 

studies). The remaining 48 studies did not declare their sources of funding, but, most of them stated “no 

conflict of interest”. 

Overall quality of level III studies 

Using the Oxford CEBM levels of evidence, 47 of the 60 included studies were graded as either level 1b 

or 2b. Of the remaining 13 studies, five studies were graded as level 1c, seven studies as level 3b, and 

one study as level 4. The overall quality of study results is good to excellent.126 

Using the QUADAS-2 tool, the studies were considered good quality in terms of internal validity (i.e. 

bias), and external validity (i.e. generalizability). Most of the studies adequately described their 

recruitment methods, the level III tests used, and their stated outcomes. The assessments of internal 

and external study validity are summarized below.141,142 

Internal validity (risk of internal bias) 

Selection bias 

Most studies used level I and level III tests in the same patients – in other words, the patients served as 

their own control. This avoids the risk of internal bias due to differences between study groups. 

Severity bias 

Across studies, the average time interval between level I and level III tests was 15 days. Most studies 

reported time differences ranging from one night to two weeks; only two studies reported a duration of 

up to three months between tests.143,144 This interval is not long enough for a significant change in 

disease severity to occur that might change diagnostic accuracy parameters.5 
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Observer bias 

Judging observer bias in the studies was not possible. When the level III test was conducted 

simultaneously in the lab, along with the level I test (as in 39 of the studies) the level III tests were 

scored manually by the same attending technician who scored the level I test, this may influence the 

scorer leading to observer bias. Most of the studies, on the other hand, reported blinding level III test 

interpreters to the results of the level I tests, thereby mitigating the risk of observer bias. 

Measurement bias 

Three studies reported using the same lead(s) for both the level I test and for the level III test in the lab 

settings (using Y shaped connectors). This may have introduced an element of measurement bias and 

inflated the results of the level III test performance. Most of the studies used independent leads with 

clear description of the level I and level III tests used, avoiding the threat of measurement bias. 

The level III sleep test in-lab may not be a valid proxy for level III test performance at-home for many 

reasons, in particular: the difference in sleeping environments, and the advantages offered by a 

technician in attendance for the in-lab test (allowing for correction of problems, such as slipped sensors 

and manual correction for technical artifacts which are not possible with at-home automated scoring). 

However, the studies reported the diagnostic accuracy parameters for each setting separately, thus 

giving a distinct picture of level III performance in-lab (which is sometimes used in clinical practice). 

Reporting bias 

Most studies adequately described the level I and level III tests used, patient numbers, recruitment 

methods, dropouts due to technical failures or incomplete tests, and outcomes per their stated 

objectives (i.e., diagnostic accuracy parameters and differences in disease management). Fifteen studies 

had incomplete reporting of one or more elements, mainly because they were only available as 

abstracts rather than full study reports. 

External validity (generalizability or applicability) 

The QUADAS-2 domains assessed for external validity indicate good quality studies overall. Both the 

level I and level III tests were clearly described and followed standard clinical practice. Two thirds of the 

studies reported recruiting representative, consecutive samples of patients. This is considered ideal for 

diagnostic tests.145 Patients were referred from pneumologists and sleep specialists. 

Most studies focussed on patients suspected of having simple OSA, without comorbidities or with stable 

cardiovascular comorbidities. None of the studies reported selecting patients with complicated forms of 

SDB. Consequently, caution should be exercised in projecting the use of level III tests in patients with 

SDB in routine clinical practice to those with less complex health conditions mentioned in these studies. 

In addition to the Oxford CEBM and the QUADAS-2 tools, the quality of controlled trials reporting on 

differences in the disease management outcomes was assessed using The Cochrane Collaboration risk of 
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bias tool Table 15.127 Adequate concealment of allocation (ensuring study participants do not know 

which test they receive) was not applicable because of the obvious differences between the tests. 

However, most of the studies reported blinding the study interpreters to the comparator level I test 

results. The remaining elements assessed by the risk of bias tool showed good overall level of quality. 

These elements were: adequately reporting dropouts, the reason(s) for dropouts, and non-selective 

reporting of results. 

Safety 

Adverse events 

Two adverse events were reported with level III test in two different studies, both of them occurring in 

the in-lab setting. One patient experienced a hypertensive crisis during testing.146 Another patient, with 

chronic heart failure, had severe pace maker interference.138 No further details were reported about the 

two events, their management, or final outcomes. 

One study also reported level III sensor irritation events in 27 out of 50 patients who had at-home sleep 

studies. The irritation varied from very red skin in one patient, some redness in eight patients, to 

minimal redness in 10 patients; itchiness was a complaint in a further eight patients.138 

Technical Failures 

Thirty-two of the studies reported technical failures, either because of slipped sensors, insufficient 

recording time, or equipment related error. Seventeen incidents of level I test technical failures were 

reported affecting (0.44%) of all patients included in these studies. Level III devices had a higher 

incidence of technical failures both in-lab, and at-home in 36 patients (1.3%), and 209 patients (10.27%) 

respectively. The high technical failure rate observed in the home setting is likely because these were 

unattended studies. 

Effectiveness 

The diagnostic accuracy parameters were reported at different AHI cut-offs. The cut-off of >5/hour is the 

most commonly used diagnostic cut-off in routine practice. Values between 5/hour and 14/hour are 

considered mild disease, values between 15/hour and 29/hour are considered moderate disease, and 

values >30/hour are considered severe disease. 

Diagnostic accuracy parameters of level III varied across different studies and different severity levels. In 

general, the diagnostic accuracy parameters reported in the studies showed good results, indicating 

good performance of the level III sleep tests compared to the level I tests, with better values among 

higher severity levels as determined by AHI. The values reported for the in-lab setting was higher than 

those reported at-home. 

Among the studies that reported sensitivity and specificity at multiple AHI cut-offs, a trend of decreased 

sensitivity and increased specificity was noted with the increase in disease severity, indicating better 
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confirmatory power of level III tests among higher severity levels. This trend was observed in both at-

home and in-lab settings.  

The overall AUC ROC values reported in the studies and their pooled estimates calculated in the meta-

analysis showed good to excellent discriminatory power of the level III sleep tests compared to the level 

I tests.124 

Diagnostic accuracy parameters of level III tests reported in all studies 

At-home 

Sensitivity and specificity 

Twenty three studies reported on the sensitivity and specificity of level III tests at-home. Sensitivity 

ranged between (80% and 100%) at AHI>5/hour and between (52% and 92%) at AHI>30/hour. Specificity 

ranged between (33% and 100%) at AHI>5/hour, and between (70% and 100%) at AHI>30/hour. 

AUC ROC 

Six studies reported on AUC ROC for at-home level III tests. Four of these reported values >0.90 at all 

cut-offs. Two studies reported values of 0.79 and 0.86 at AHI>15/hour, however the same studies 

reported values >0.90 at the other AHI cut-offs.134,136,146-149 

Positive likelihood ratio 

Twenty three studies reported on positive likelihood ratio of level III tests at-home. Across these studies, 

the positive likelihood ratio ranged between (1.4 and 7.2) at AHI>5/hour and between (7.2 and 17.0) at 

AHI>30/hour. 

Five studies included only patients with cardiovascular diseases (stable chronic heart failure (three 

studies), hypertension (one study), and coronary artery disease (one study) respectively). 131,134,136,138,140 

Diagnostic accuracy parameters in these studies did not differ from the rest of the studies. 

In-lab 

Sensitivity and specificity 

Twenty studies reported the diagnostic accuracy of level III tests in-lab. Sensitivity ranged between (75% 

and 100%) at AHI>5/hour, and between (56% and 100%) at AHI>30/hour. Specificity ranged between 

(40% and 100%) at AHI>5/hour, and between (79% and 100%) at AHI>30/hour.  

AUC ROC 

Seven studies reported on AUC ROC for in-lab level III tests. The reported values among all studies were 

>0.90 at the different AHI cut-offs. Only two studies reported values <0.90 at AHI cut-offs 15/hour, 

20/hour and 30/hour; these ranged between 0.87 and 0.89. 
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Positive likelihood ratio 

Twenty studies reported on positive likelihood ratio of level III tests at-home. Among these studies, the 

positive likelihood ratio ranged between (1.6 and 16.5) at AHI>5/hour and between (4.4 and 49.0) at 

AHI>30/hour. 

Five studies included a mix of patients with and without different comorbidities. The diagnostic accuracy 

parameters reported in these studies similar to the rest of the in-lab studies.149-153 

Diagnostic accuracy parameters among studies that reported at multiple AHIs 

At-home 

Ten studies reported diagnostic accuracy parameters of level III tests at multiple AHIs at-home. With the 

increase in disease severity, seven of them showed a decline in sensitivity and an increase in specificity, 

two studies showed increase in ROC AUC, and six studies showed increase in positive likelihood 

ratio.136,138,140,143,146,149,154-157  

In-lab 

Fourteen studies reported diagnostic accuracy parameters of level III tests at multiple AHIs in-lab. With 

the increase in disease severity, seven of these studies showed the same decline in sensitivity and 

increase in specificity, two studies showed an increase in ROC AUC, and seven studies showed an 

increase in positive likelihood ratio.133,135,146,149-151,154,158-164 

Meta-analysis of level III studies 

Nineteen studies were selected for the meta-analysis (selection criteria are described in the methods 

section). They were grouped according to where they were conducted (at-home or in-lab), and the AHI 

cut-offs they reported. Overall, the pooled estimates of all diagnostic parameters were high when the 

level III tests were conducted at-home and in-lab, indicating good performance of level III tests in both 

settings; however, the in-lab values were higher. 

The overall trend of the improvement in diagnostic accuracy parameters among higher severity levels 

was confirmed in the results of the meta-analysis. The pooled estimates of AUC ROCs obtained from the 

summary operating characteristics curve (SROC) showed high values indicating high overall 

discriminatory power of level III sleep tests. Table 7 contains the results of the meta-analysis. 

Level III sleep tests appeared to have a slightly higher performance in non-comorbid patients as shown 

in the results of the sensitivity analysis. The pooled estimates of diagnostic accuracy parameters were 

slightly better when the studies that included only patients with comorbidities were excluded from the 

meta-analysis. 
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At-home 

With the increase in disease severity, the pooled estimates of sensitivity decreased. It ranged between 

93% at AHI >5/hour and 79% at AHI >30/hour. The pooled estimates of specificity on the other hand, 

increased with the increase in severity. It ranged between 60% at AHI >5/hour and 90% at AHI >30/hour.  

The AUC SROC showed very good pooled estimates of 0.89, 0.89, 0.85, and 0.86 at AHI>5/hour, 

>10/hour, >15/hour, and >30/hour respectively. Figure 5 shows the AUC SROC at different AHI cut-offs 

for level III tests conducted at-home. 

The positive likelihood ratio calculated at different AHI cut-offs ranged between 2.3 at AHI >5/hour and 

8.3 at AHI >30/hour indicating better level III test performance among higher severity levels. 

In-lab 

The pooled estimates of sensitivity decreased with increasing AHI at all cut-offs except >30/hour. It was 

96% at >5/hour AHI, declined to 92% at both >10/hour and >15/hour AHI, and it was 97% at 

AHI>30/hour. Pooled specificity estimates increased with the increase of AHI. It ranged between 76% at 

AHI >5/hour and 93% at AHI >30/hour. 

The pooled AUC SROC showed excellent results at all AHI cut-offs. The values reported were 0.92, 0.93, 

0.97, and 0.97 at >5/hour, >10/hour, >15/hour and >30/hour cut-offs respectively. Figure 5 shows the 

AUC ROC at different AHI cut-offs for level III tests conducted in-lab. 

Similarly, the positive likelihood ratio pooled estimates increased with the increase in disease severity 

from 3.9 at AHI>5/hour to 14.9 at AHI>30/hour. 

Table 7. Overall estimates for diagnostic parameters of level III compared to level I sleep studies 

Location & 
AHI cut-off 

Number of 
studies 

Inconsistency I2 

95% CI 
Heterogeneity 
P-value 

Sensitivity  
(95% CI) 

Specificity  
(95% CI)  

AUC ROC  
(95% CI) 

LR+ 
(95% CI) 

Home  
5/hr 

8 0  
[0, 100] 

0.000 
p=0.50 

0.93 
[0.90, 0.95] 

0.60  
[0.51, 0.68] 

0.89  
[0.86, 0.92] 

2.3  
[1.9, 2.9] 

Lab at  
5/hr 

7 85 
[68, 100] 

13.15 
p =0.001 

0.96 
[0.90, 0.98] 

0.76 
[0.63, 0.85] 

0.92 
[0.90, 0.94] 

3.9 
[2.6, 6.1] 

Home  
10/hr 

6 53 
[0, 100] 

4.27 
p=0.06 

0.83 
[0.73, 0.89] 

0.81 
[0.70, 0.89] 

0.89 
[0.86, 0.91] 

4.3 
[2.7, 7.0] 

Lab at 
10/hr 

6 0 
[0, 100] 

0.99 
p=0.30 

0.92 
[0.87, 0.95] 

0.85 
[0.77, 0.90] 

0.93 
[0.91, 0.95] 

6.0 
[4.0, 8.9] 

Home  
15/hr 

8 82 
[62, 100] 

11.13 
p=0.002 

0.79 
[0.71, 0.86] 

0.79 
[0.63, 0.89] 

0.85 
[0.82, 0.88] 

3.7 
[2.1, 6.7] 

Lab  
15/hr 

9 66 
[23, 100] 

5.83 
p=0.03 

0.92 
[0.86, 0.96] 

0.91 
[0.85, 0.95] 

0.97 
[0.95, 0.98] 

10.6 
[6.1, 18.2] 

Home 
30/hr 

5 0 
[0, 100] 

0.4 
p=0.40 

0.79 
[0.72, 0.85] 

0.90 
[0.84, 0.95] 

0.86 
[0.83, 0.89] 

8.2 
[4.7, 14.6] 

Lab at 
30/hr 

4 0 
[0, 100] 

0.000 
p=0.50 

0.97 
[0.92, 0.99] 

0.93 
[0.89, 0.96] 

0.99 
[0.98, 1.00] 

14.9 
[8.6, 25.8] 
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Figure 5. Summary ROC values at-home & in lab 
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Sensitivity analysis 

Of the 19 studies included in the meta-analysis, three studies enrolled only patients with comorbidities. 

A sensitivity analysis was performed to explore the changes in diagnostic accuracy that may result if 

these three studies were excluded. As the excluded studies did not report on the in-lab setting, all of the 

in-lab setting results remained the same at all AHI cut-offs. The sensitivity in the at-home setting showed 
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a slight improvement, ranging between 1% and 3% at all cut-offs except for the >10/hour cut-off (where 

sensitivity decreased from 83% to 81%). 

Specificity also improved by 2% and 3% at the AHI>5/hour and >10/hour respectively, and remained 

unchanged at >15/hour and >30/hour cut-offs. AUC SROC also improved slightly (by 1%) at all AHI cut-

offs except at >10/hour (where it remained unchanged). A very slight increase in the positive likelihood 

ratio was seen, ranging between 0.1 and 0.6, for all AHI cut-offs. 

 

Level I review 

Overall description of the studies 

Settings 

Twenty-one level I studies were included in this review. These included a total of 8,671 patients. Eight 

were comparative studies (1,042 subjects), and 13 were non-comparative (7,629 subjects). The 

comparative studies are categorized as follows: 

 three studies comparing split-night polysomnography PSG (i.e. the first part of the night is used 

for testing and the second part is used for CPAP titration) to full-night level I PSG. 

 two studies comparing first to second night level I PSG (night to night variability) 

 two studies comparing daytime to full-night PSG 

 one study comparing unattended at-home PSG (level II) to conventional in-lab level I. 

Study design 

Seven of the comparative studies were cohort studies. The study that compared level II to level I was a 

crossover trial.165 

Eleven of the 13 non-comparative studies were case series, one was a cross-sectional study in obese and 

non-obese patients,166 and one was a case-control study in asthmatic and non-asthmatic patients.167 

Patient demographics and characteristics 

Patient demographics are shown in the following table. 

Table 8. Patient demographics & characteristics 

Age (weighted average) 48.2 years 
Gender 6,284 males, 2,286 females (based on 20 studies that reported 

this information; ratio: 2.7:1) 
BMI (weighted average) 32.1 kg./m2  (based on 17 studies; this is within the obese 

category) 
ESS (weighted average) 12.3 (based on 9 studies)  
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Comorbidities 

Eight of the 21 studies included in the level I review reported on patients with comorbidities; two were 

comparative studies, and six were non-comparative studies. All but one study included a variety of 

comorbid conditions; this study reported on patients with chronic heart failure.168 Studies reported on 

the frequency of different types of comorbidities in their patient population, but not on the number of 

patients with multiple comorbidities. Thus, only the types and frequency of different comorbidities and 

medical conditions in the studies were reported in the level I review. 

The total number of comorbidities reported was 3,015. Figure 6 shows the range and types of comorbid 

conditions reported in this review. 

Figure 6. Comorbidities reported in level I studies 

 

Cardiovascular comorbidities were the most commonly reported conditions. There were 1,580 instances 

of cardiovascular comorbidities comprising 52% of all comorbidities. The most common cardiovascular 

conditions reported were: hypertension (1,059 patients), followed by chronic heart failure (232 patients) 

and coronary artery disease (188 patients). 

The respiratory comorbidities reported were also diverse. In addition to asthma and COPD reported in 

level III studies, level I studies reported on pulmonary hypertension, pulmonary embolism, and 

interstitial pulmonary disease. The most frequently reported respiratory comorbidities were asthma (59 

patients) and COPD (39 patients). 
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Diabetes mellitus (DM) was reported in 336 subjects (11% of total comorbidities) Unlike level III studies, 

level I studies reported on additional comorbidities, including hypothyroidism (185 patients), post-

traumatic brain injury (87 patients), gastroesophageal reflux disease (53 patients), tonsillar enlargement 

(21 patients), and human immunodeficiency virus (HIV) (two patients). 

Smoking (412 patients), alcoholism (165 patients), and chronic use of opiates or sedatives (36 patients) 

were also reported. 

Devices used in level I review 

Table 9 shows the types of level I devices with the corresponding number of studies they were used in, 

and number of channels reported for each device. All of the devices used a minimum of 10 channels. 

The main channels used in all level I devices were: 

 at least two electroencephalogram (EEG) channels (typically four) 

 two leads for electrooculogram (EOG) 

 nasal flow 

 thoraco-abdominal movement 

 electrocardiogram (ECG) 

 snoring 

 two electromyogram (EMG) leads 

 pulse oximetry. 

 

Table 9. Level I sleep study devices used in the studies reviewed 

Device name No. of studies No. of channels* 

Alice 4™ 3 16 

Embla S7000™ 2 16 

Compumedics E-series™ 2 12 

Others 14 10+ 

*number of channels reported in the studies 

Countries 

Among the 21 studies included, five were conducted in United States, 10 in different Asian countries, 

three in Europe and three in Latin America. 

Funding sources 

One study reported receiving both academic and private funding.169 Another study received funding 

from a medical research association.165 The rest of the studies did not declare their funding sources, but 

most of them stated “no conflict of interest”. 
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Overall quality of level I studies 

There is no validated instrument or standard approach for assessing the quality of non-comparative case 

series studies. Consequently, two reviewers subjectively evaluated them. They considered the overall 

quality of the non-comparative studies was good. Since most of the studies were retrospective reviews 

of level I lab databases and patient charts, the patient population of the non-comparative studies was 

considered by the reviewers to adequately represent the real mix of patients who receive level I tests in 

routine clinical practice. The level I tests were adequately described in most of the non-comparative 

studies. The studies also reported on the number of incomplete charts or reports that were excluded, 

alleviating the risk of reporting bias. 

The eight comparative studies were assessed using the Oxford CEBM levels of evidence and the 

QUADAS-2 tool. Only two level I studies reported on differences in disease management as a result of 

the tests. These were not controlled studies, thus, no level I studies were eligible for assessment using 

The Cochrane Collaboration risk of bias tool.127 The studies were all graded as Oxford CEBM level 2b 

which indicates a good quality level of evidence.126 

Despite minor flaws in some of the comparative studies, using the QUADAS-2 tool they were considered 

to be of a good quality in both internal and external validity overall. The studies adequately reported on 

the level I tests used, study procedure, and stated outcomes. The results of our assessment of the level I 

comparative studies across the domains for internal and external validity are described below. 

Internal validity (risk of internal bias) 

Selection bias 

All of the comparative studies clearly described their inclusion and exclusion criteria for selecting 

patients. As with the level III studies, the level I studies either used patients as their own control, or 

reported no statistically significant difference between the two study arms, alleviating the risk of 

selection bias. 

Severity bias 

Because of the level I test comparator in most studies (split-night - comparing the first part of the night 

to the remainder of the same night, or first versus second night - comparing night-to-night variability), 

the threat of bias due to change in disease severity was minimal. The time elapsed between the two 

tests in the remainder of the studies was < two weeks, also indicating a low risk of severity bias. 

Observer bias 

Judging observer bias was not possible in most of these studies. Two studies reported blinding the test 

interpreters to the comparator test results, thus minimizing the chance for observer bias. Four studies 

did not report on blinding, and in two studies blinding was not applicable (split-night tests in the same 

patients). 
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Measurement bias 

Assessing measurement bias was not applicable in most of the level I comparative studies because of 

the nature of the tests studied (comparing level I to the same level I test using the same equipment), 

with the only change being the time of the comparator (day versus night time and first versus second 

night), or the duration of the comparator (split-night versus full-night). Only one study was eligible for 

assessment of measurement bias. It showed no risk of such bias as it was assessing home-based level II 

polysomnography versus attended level I (i.e., different equipment and setting). 

Reporting bias 

Overall, the studies showed a minimal risk of reporting bias. The number of patients recruited, dropouts, 

and the reasons for dropping out were clearly reported. The studies also adequately reported on their 

stated outcomes. 

External validity (generalizability or applicability) 

Overall, the studies recruited representative samples of patients, with complex disease forms and 

comorbidities, similar to patients who would receive level I tests in routine practice. Only one study 

(which compared first and second nights of level I testing) excluded patients with psychiatric diseases 

and anxiety. These patients typically show more night-to-night sleep variation, and may require more 

than a single night of testing. 

Safety 

Adverse events 

One study reported adverse events: anxiety and hypoglycemia; but it did not report on the prognosis or 

management of the two cases.170 

Failures 

One study reported technical failures.165 It compared level I in-lab test with unattended level I at-home 

test (level II). There were technical failures in three of the 10 patients enrolled in the unattended level II 

arm. 

Effectiveness 

Comparative studies 

Split-night versus full-night PSG 

Based on three studies, the split-night level I test appeared to be equivalent to full-night testing. 

Sensitivity and specificity at >30/hour AHI, reported at two hours in one study were high (90%, and 92% 

respectively).171 At AHI cut-offs >5, >10, and >15/hour, reported at both two and three hours, the three 
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hour parameters were slightly higher than those at two hours. AUC ROCs, reported in one study were 

also high, ranging between 92% and 99% at all cut-offs at both two and three hours.172 

One study compared split- and full-night tests in upper airway resistance syndrome (UARS) (a form of 

obstructive breathing) using respiratory effort related arousal (RERA) index (RERA index is the number of 

arousals associated with respiratory effort). The mean RERA index reported was significantly higher in 

the split-night group (35.8+28/hour vs. 14.9+8.6/hour, p<0.05).173. The study also reported no 

statistically significant difference between split-night and full-night groups in terms of final CPAP 

pressure, RERA index on the highest level of CPAP, CPAP intolerance, and successful CPAP titration. 

First versus second night level I test (night to night variability) 

The polysomnograph measures were comparable in the two studies examining night-to-night variability. 

There were no statistically significant differences in any of the measures reported. The mean AHI values 

reported in the two groups were: 34.0/hour vs. 32.7/hour, and 15.9/hour vs. 20.1/hour. In one study the 

oxygen desaturation index was: 26.8/hour vs. 25.0/hour, as was the arousal index 27.5/hour vs. 

28.8/hour.174 The second study reported mean time in bed (464 min vs. 450.6 min), and total sleep time 

(381 min vs. 382.75 min) as being similar in the two groups. The number of patients diagnosed with OSA 

was similar in the two nights (50 patients vs. 51 patients). The study also reports no statistically 

significant difference in OSA diagnosis by severity between the two nights.175 The results of these two 

studies suggest that single night level I testing may be adequate for making the diagnosis. 

Daytime level I compared to nocturnal level I test 

Daytime level I sleep test appeared to be equivalent to nocturnal level I sleep test. There were two 

studies that compared daytime to conventional nocturnal full-night level I tests. Both studies reported 

comparable results between the two tests. Diagnostic accuracy parameters, reported in one study, were 

good. At AHI >5/hour, sensitivity and specificity of daytime were 81% and 100% respectively. Both 

studies reported no statistically significant difference in mean AHI between daytime and nocturnal level 

I tests (29.4+29/hour vs. 31.1+23.5/hour in one study and 42.7 + 40.77/hour vs. 39.8 +30.1/hour in the 

other). Also, there was no statistically significant difference in arousal index (50.4 + 41.7/hour vs. 52.4 + 

32/hour), and desaturation index (34.5+31.4 vs. 32.8+3.0) between the two tests as reported in one 

study. The same study also reported comparable CPAP titration success 110/180 patients vs. 51/80 

patients, and mean CPAP titration pressure between daytime and nocturnal tests 12.4+3.9 cm H2O vs. 

11.1+3.7 cm H2O; reported p-values were not significant for both measures.170,176 

Other results 

One study compared an unattended home PSG (level II) and a conventional attended in-lab level I test. 

The diagnostic accuracy was comparable to those of the unattended at-home level III devices reported 

in the level III review. Sensitivity and specificity reported were (96% and 71%), (76% and 85%) and (86% 

and 100%) at >5/hour, >15/hour, and >30/hour AHI cut-offs respectively. These results are comparable 

to the results of level III tests reported earlier.165 
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Non-comparative studies 

These studies included a large number of patients with comorbidities. Most of the studies reported on 

differentiating complex sleep apnea syndrome from central and obstructive apneas. Only one study 

reported detailed diagnosis of the types of diseases in three groups of comorbidities (hypertension, 

cardiac diseases, and cerebrovascular diseases). This study found no statistically significant difference in 

types of diseases diagnosed in the three groups of comorbidities.177 

Some studies also reported on sleep disorders other than apnea. One study reported on diagnosing 

obesity hypoventilation syndrome (OHS) using a complementary lab test (PaCO2) to define hypercapnic 

patients and definitively diagnose OHS. This study also reported that the AHI and lowest O2 saturation 

measured by level I testing were significant predictors of OHS (p-values<0.05). This shows the clinical 

value of level I testing in the diagnosing OHS.64 Another study reported on sleep indices such as the 

periodic limb movement (PLM) index used to diagnose periodic limb movement and the sleep latency 

index used to diagnose narcolepsy – both of which are non-breathing sleep disorders. This elaborates 

the role of level I in diagnosing other sleep disorders beyond breathing-related disorders.169 

Differences in disease management outcomes following the diagnosis with level III and level I tests 

Two management strategies were identified in eight of the level III studies: one starting with an in-lab 

level I test, and the other starting with an at-home level III test. Overall, the two strategies appeared to 

be equivalent with no difference in disease management outcomes measured. 

The level I strategy comprised diagnosis with a level I test, followed by treatment with continuous 

positive airway pressure CPAP. The pressure level is determined by a specialist after reviewing the test 

results. The second strategy comprised diagnosis with a level III test at-home, followed by treatment 

using automatically adjusting positive airway pressure (APAP), or one week of APAP followed by CPAP 

based on 95% pressure derived from the APAP machine.178,179 Unlike CPAP where the airway pressure is 

pre-determined, APAP uses air pressure levels that adjust to the patient’s needs as these change 

throughout the night. None of the studies reported differences in baseline characteristics between the 

two groups of patients. 

Patient acceptance and adherence to treatment 

Two studies reported rates of patient acceptance of the treatment post-diagnosis. Level I and level III 

strategies had comparable rates in these two studies (94% vs. 93% and 74% vs. 76% respectively).179,180 

Treatment adherence (the time spent using CPAP, and the proportion of patients who used the machine 

for >4 hours/night) was also similar between the two strategies. No statistically significant differences 

were found at one month after the initiation of treatment.178,179,181,182 One study that reported 

treatment adherence at three months found that more level III test patients used CPAP for over four 

hours/night than level I test patients (63% vs. 49%, p<0.05).179 
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Machine pressure and residual AHI 

The two management strategies were equivalent in terms of the mean CPAP treatment machine 

pressure (reported in three studies), and the mechanical estimate of residual AHI (reported in one 

study). The mean machine pressure values reported were: 12.7+0.3 cm H2O vs. 11.0+0.2 cm H2O, 

7.6+1.5 cm H2O vs. 8.1+1.7 cm H2O, and 8.9+2.3 cm H2O vs. 8.5+2.1 cm H2O.178,182,183 The mechanical 

estimates of residual AHI were 3.5+0.3/hour vs. 5.3+0.7/hour.181 None of these differences were 

statistically significant. 

Functional status and quality of life measures 

There were no statistically significant differences in improvement in functional status or quality of life 

between the two groups of patients managed by the two strategies. 

Epworth Sleepiness Scale (ESS) 

Six studies reported the ESS results. Two of these reported ESS values that were relatively similar in the 

two groups: 6.4+3.8 vs. 6.5+3.8178 and 8.4+2.3 vs. 9.1+3.6184. Another two studies reported reductions in 

ESS being similar in both groups: -6.5+0.7 vs. 7.0+0.7182 and -3.6+0.4 vs. -3.7+0.5181. Two studies 

reported only that there was no statistically significant difference between level I and level III tests and 

ESS results.184,185 

Other measures 

The Functional Outcomes of Sleep Quality Questionnaire (FOSQ) was reported in one study at one, three 

and six month follow-up visits. The values reported were 18+3 vs.18+2 at one month, and 18+2 vs. 18+2 

at both three and six months.183 

One study also reported on both Pittsburgh Sleep Quality Index (PSQI) and Calgary Sleep Apnea Quality 

of Life Index (SAQLI). The results of these were also similar between level I and level III strategies. The 

results reported were 5.4+3.1 vs. 6.2+3.4 for PSQI, and 4.5+1.1 vs. 4.6+1.1 for the SAQLI.178 

Identifying the sub-population of patients who might be best diagnosed with each test 

The studies included in this review were not specifically designed to identify the groups of patients who 

would be best diagnosed with either a level I or a level III test. There is little in the published clinical 

literature that provides clear evidence for the patient groups most suitable for a level I versus a level III 

test. Despite the limitations in the available evidence, a number of conclusions may be drawn from the 

current review. 

First, most of the patients included in the level III studies had uncomplicated OSA, and no comorbidities. 

They were typically referred from sleep or respiratory clinics in which a pre-test evaluation was 

completed using sleep questionnaires, a thorough assessment of clinical history and a clinical 

examination, all of which suggested a high pre-test probability of OSA. With such pre-assessment, 

uncomplicated OSA appears to be effectively diagnosed with a level III test. Further, the finding from 
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this review that the diagnostic performance of level III tests was better at higher AHI cut-offs suggests 

that these tests are appropriate in patients with moderate to severe levels of disease. 

Beyond uncomplicated OSA, level III tests may be of little diagnostic value. In the level III studies, most 

patients with comorbidities suffered from stable cardiovascular comorbidities. Therefore, the diagnostic 

performance shown in this review may not be the same in patients with unstable cardiovascular or 

other diseases. There is little evidence to suggest that a level III test can differentially diagnose OSA from 

more complex forms of SDB. For these reasons, SDB patients with unstable or complex comorbidities 

appear to require a level I test. 

The level I tests in the studies reviewed were performed on patients with a broader spectrum of 

comorbid conditions, such as cerebrovascular diseases, diabetes, post-traumatic brain injuries, and most 

importantly, respiratory comorbidities such as COPD, asthma, and factors linked to these, such as 

smoking. The level I test demonstrated good diagnostic performance in these groups of patients. Level I 

testing may also be more appropriate for obese patients. First, the patients in the level III studies had a 

slightly lower BMI than those in the level I studies, which may reflect actual clinical practice. Second, one 

study indicated that level III tests may underestimate the rate of respiratory events, or disease severity, 

in patients who were obese, compared to level I tests.158 

In summary, the sub-population of SDB patients most suitable for level III testing appears to be those 

with uncomplicated OSA, without comorbidities, and with a high pre-test probability of having moderate 

to severe disease. Patients with more complex SDB and those with comorbidities are likely to benefit 

more from a level I test. 

Conclusions 

 There were no significant safety concerns with either level I or level III testing. 

 To date, level III testing has been used mainly for the diagnosis of OSA. 

 The diagnostic performance of level III testing in both at-home and in-lab settings was good, 

although the in-lab performance was better than that at-home. 

 Technical failures were mainly limited to at-home level III testing, probably because these were 

unattended. 

 Split-night and daytime level I tests were comparable to conventional nocturnal level I tests in 

diagnostic accuracy; however, daytime testing may improve health system utilization of level I 

testing. 

 One night of level I testing was sufficient for diagnosis. 

 Overall, level III tests were equivalent to level I tests in diagnostic accuracy for uncomplicated 

OSA; diagnostic accuracy improved as the severity of OSA increased. 

 The diagnostic performance of level III tests was slightly better in patients without comorbidities 

than in those with comorbidities. 

 Level I tests have been used to diagnose all forms of SDB, including non-breathing disorders 

such as narcolepsy, periodic limb movement and hypersomnia. 
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 Overall, there were no differences between patients initially diagnosed with a level I test or a 

level III test in terms of adherence to subsequent CPAP treatment, subsequent functional status, 

or quality of life. 

 The sub-population of SDB patients most suitable for level III testing appears to be those with 

uncomplicated OSA, without comorbidities and with a high pre-test probability of having 

moderate to severe OSA. 

 The sub-populations of SDB patients most suitable for level I testing appear to be those with 

complicated forms of SDB and comorbidities. 
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Summary of other recent health technology assessments and 

guidelines 

Recent (2007 to date) assessments and guidelines relevant to SDB diagnosis are summarized below. As 

in the studies of clinical effectiveness, most of these focussed on the diagnosis of OSA. 

Health technology assessments 

Canada 

The 2010 Alberta assessment of level I versus level III sleep studies for the diagnosis of SDB concluded 

that most studies included only patients with uncomplicated OSA (i.e., with no comorbidities); the 

accuracy in this group of patients was good.10 Furthermore, based on limited economic evidence, level 

III testing was almost as effective as level I polysomnography in the diagnosis of uncomplicated OSA, and 

it was less expensive.10 

A 2009 rapid review of the use of portable, at-home sleep studies for the diagnosis of OSA, prepared by 

the Canadian Agency for Drugs and Technologies in Health, concluded that current guidelines and 

evidence support the use of portable home sleep studies in patients who have a high pre-test 

probability of moderate-to-severe OSA and no other significant comorbidities when access to sleep 

specialists and in-lab polysomnography is limited.102 Most of the published studies have focussed on 

patients without comorbidities and with a high pre-test likelihood of OSA. There is insufficient evidence 

to conclusively determine whether portable sleep studies should be used for screening and diagnosing 

individuals with a lower likelihood of having OSA.102 

US 

The US Agency for Healthcare Research and Quality (AHRQ) published three recent assessments on the 

diagnosis of OSA.14,186,187 The 2007 assessment, on home diagnosis of OSA using portable devices, found 

that none of the 95 studies included in their review assessed clinical outcomes (such as mortality, heart 

attack, or stroke) subsequent to the diagnosis of OSA.186 The evidence suggested that type III portable 

sleep studies may be able to predict AHI indicative of OSA with high positive likelihood ratios and low 

negative likelihood ratios at various AHI cut-offs - particularly when manual scoring or editing of 

automatic scoring was used, and when the patients were monitored in a sleep lab, rather than at home. 

However, the authors caution that patients in most of the studies were significantly younger (average 

age of 50 years) than their population of interest – elderly US Medicare beneficiaries who are likely to 

have other comorbidities, including non-OSA sleep disorders. Finally, the rates of flawed sleep studies 

(due to user errors in operating the device, data corruption or disconnection of a sensor) were higher in 

the level III in-home sleep study patients, compared to level I in-lab polysomnography or supervised 

level III sleep studies conducted in a sleep lab. A decision model of different diagnostic strategies, based 

on this assessment, was also prepared.188 
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The 2011 AHRQ assessment, on the diagnosis and treatment of OSA in adults, addressed several 

questions concerning screening for and diagnosis of OSA.14 With respect to diagnosis, the assessment 

concluded that there was moderate evidence that level III portable monitors provide accurate diagnosis 

of OSA, but cautioned that the accuracy of different level III devices in detecting AHI may vary, although 

evidence to compare devices is lacking. The diagnosis and treatment of OSA is further complicated by 

inconsistencies in the definition of the condition and the lack of agreement on the threshold (AHI cut-off 

and clinical symptoms) for treatment. The authors found few trials that assessed objective clinical 

outcomes, and noted that most studies were of poor to moderate quality, with short follow-ups, high 

dropout rates, and poor study reporting. Moreover, none of the studies assessed the results in different 

subgroups of patients. They concluded that portable level III sleep studies and sleep questionnaires may 

be effective for OSA screening, but evidence from further studies with clinical outcomes are needed.14 

Additional evidence reviewed for the 2011 assessment was still insufficient and did not alter the main 

conclusions of the earlier AHRQ review.14 

A subsequent AHRQ report (2012) examined future research needs for the diagnosis of OSA, based on 

the findings of the 2011 assessment and advice from a panel of stakeholders.187 The main evidence gaps 

identified included: the lack of subgroup analyses in studies of OSA diagnosis (particularly in patients 

with major comorbidities, such as congestive heart failure or COPD), the lack of consensus on gender 

and age-specific diagnostic criteria for clinically important OSA, and the lack of head-to-head 

comparisons of portable devices, screening questionnaires and clinical prediction rules. 

The Washington State Health Care Authority also prioritized sleep apnea diagnosis and treatment for 

assessment.78 They based their 2012 review on the 2011 AHRQ assessment, with a literature search to 

identify more recent studies, and an additional question regarding the cost-effectiveness and cost 

implications of OSA diagnosis and treatment. Regarding the cost-effectiveness of OSA diagnosis the 

Washington assessment concluded that full night level I polysomnography has an acceptable cost per 

additional quality-adjusted life year (QALY) in comparison to both split-night level I polysomnography 

and portable level III sleep studies. However, the authors caution that this is based on limited, indirect 

evidence of long-term clinical outcomes. Their conclusions concerning the social, economic and health 

care utilization of OSA were based on two studies,94,98, both of which found that health care costs for 

individuals with OSA were substantially higher than those for controls.78 

The 2009 California Technology Assessment Forum review on portable devices for diagnosing OSA 

concluded that the evidence for certain devices (specifically, the Remmers Sleep Recorder and the 

WatchPat) met their criteria for having US regulatory approval, as well as evidence of safety, 

effectiveness and improved health outcomes. However, it cautioned that each portable device (or 

model) measures different parameters and uses different proprietary algorithms to calculate AHI, and 

they cannot be assessed as a “class” of devices.189 Moreover, most of the clinical trials of portable 

devices had “serious methodological flaws”, including validating devices intended for home use in sleep 

labs with a technologist in attendance; allowing a long time lag between performing level I and level III 

sleep studies in patients; and including mainly patients with a high pre-test probability for OSA.189 
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Australia 

A 2010 assessment of unattended sleep studies in the diagnosis of OSA, commissioned by the Australian 

Medical Services Advisory Committee, found that unattended sleep studies appear to be safe and are 

associated with only minor adverse events (such as occasional reports of skin irritation).190 Nevertheless, 

they should be used with caution in children and in patients with cognitive disorders. Despite their 

higher rates of technical failures, the use of home-based sleep studies may alleviate long waiting lists for 

level I in-lab polysomnography and improve timely diagnosis and treatment, and consequently, quality 

of life, particularly for patients with mild OSA who may be of lower priority and face longer waits for 

testing. Unattended sleep studies will also provide more equitable access to sleep studies for patients in 

remote areas.190 

Scandinavia 

A 2007 systematic review of the diagnosis and treatment of OSA, undertaken by a consortium of 

Scandinavian health technology assessment agencies, concluded that manually scored portable sleep 

studies that included airflow, respiratory movement and pulse oximetry had comparable sensitivity and 

specificity to level I polysomnography in identifying clinically important OSA.191 However, automatically 

scored portable sleep studies had high sensitivity, but low specifity for OSA, and it was not clear whether 

they could differentiate obstructive from central apneas.191 

Guidelines 

Canada 

The 2011 Canadian Thoracic Society update to their 2006 guidelines on the diagnosis and treatment of 

SDB, examined two questions relevant to this review:36 

 What is the role of portable monitoring in the diagnosis of SDB? 

 Is complex sleep apnea a “distinct clinical syndrome”, and if so, what criteria should be used to 

diagnosis it? 

In determining the current role of portable monitoring, the guideline Committee recommended that: 

1. Level I polysomnography is still the standard for evaluation of SDB, and should be used when 

available. 

2. Portable sleep studies (level II, III, and IV, including oximetry), can be used to confirm a diagnosis 

of OSA and begin treatment in patients with a moderate-to- high pre-test probability of OSA, 

when offered as part of a “package of care” which includes appropriately trained physicians and 

other health professionals, and supported by level I polysomnography when needed. 

3. Portable sleep studies should be used with caution in patients with comorbid diseases, and for 

the diagnosis of other forms of SDB. 
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4. Overnight oximetry is limited in its ability to distinguish between different types of SDB, and this 

must be recognized before it is used for patient management. 

For the question on complex sleep apnea, a type of central sleep apnea that becomes apparent once 

CPAP or BiPAP treatment is initiated and OSA events are controlled, the Committee determined that, 

based on limited evidence, complex sleep apnea should be recognized as a distinct clinical condition.36 

The Canadian Sleep Society / Canadian Thoracic Society 2010 position paper on using portable sleep 

studies for the diagnosis of OSA in adults states that it was based on “consensus and expert opinion” 

from stakeholders across Canada, and intended to guide clinical practice in this area.37 Their 

recommendations state that level III sleep studies can be used to confirm a diagnosis of OSA in patients 

with a moderate-to-high pre-test likelihood of OSA that is based on clinical assessment by a qualified 

sleep physician as part of a comprehensive sleep evaluation, with level I polysomnography as a backup 

when necessary. However, level III sleep studies should not be used for screening asymptomatic 

patients, nor for assessment of individuals with comorbidities (such as pulmonary disease, 

neuromuscular disease or heart failure), or individuals who appear likely to have other types of sleep 

disorders (such as non-breathing related sleep disorders, or central sleep apnea).37 The 

recommendations also cover clinical assessment before portable testing is requested, oversight by an 

accredited sleep medicine clinic or hospital program, training and accreditation for sleep physicians and 

technicians, technical requirements for the portable devices, and quality management. The final 

recommendation concerns conflict of interest, and states that: 

 “Ideally, no aspect of PM [portable monitoring] for the purposes of diagnostic testing and/or 

 treatment including, but not limited to, the delivery and/or pick-up of the device should be 

 performed by a vendor of CPAP units, durable medical equipment supplier or other goods that 

 may be sold based on results of the PM test.”37 

The guidelines committee recognizes, however, that with the limited sleep study resources currently 

available it may be necessary to use commercial suppliers for some proportion of portable sleep studies. 

These suppliers should adhere to the standards of care described in these guidelines, and ensure that 

patients and referring physicians are fully aware of the potential conflict of interest.37 

US 

The American Academy of Sleep Medicine has published two guidelines relevant to this assessment.13,38 

The first, issued in 2009, concerns the evaluation and management of adults with OSA.13 It recommends 

that physicians incorporate questions, for example, about daytime sleepiness and snoring, into routine 

patient health check-ups, in addition to assessing patients with complaints that suggest SDB, and 

proactive screening of high risk patients. Their list of high risk patients includes obese patients and those 

being assessed for bariatric surgery, patients with congestive heart failure, atrial fibrillation, refractory 

hypertension, pulmonary hypertension, type 2 diabetes, stroke and other comorbidities, as well as those 

with high occupational risk, such as commercial truck drivers.13 After the clinical history and physical 
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examination, patients should then be prioritized by their “OSA disease risk”, with those considered at 

high risk receiving expedited diagnosis and treatment. 

The Academy recommends that objective testing to diagnose OSA can be performed using either level I 

polysomnography or portable level III testing when the latter is used “… as part of a comprehensive 

sleep evaluation in patients with a high pretest likelihood of moderate to severe OSA”.13 The guideline 

further states that portable level III testing should only be used as part of a comprehensive sleep 

evaluation. Most importantly, level III testing should not be used in patients with major comorbidities, 

such as pulmonary disease, neuromuscular disease, congestive heart failure or those who may have 

other types of sleep disorders, in addition to OSA.13 

The 2007 guidelines issued by the Portable Monitoring Task Force of the American Academy of Sleep 

Medicine also stress that portable level III sleep studies should be part of a comprehensive sleep 

evaluation under the supervision of physicians with appropriate training and certification in sleep 

medicine.38 As in their 2009 guidelines, the Academy recommends that level III portable sleep studies 

should be used only for individuals with a high pre-test probability of moderate-to-severe OSA, and that 

they should not be used to diagnose individuals who have “significant” comorbidities or who are 

suspected of having other types of sleep disorders. Furthermore, portable sleep studies should not be 

used for general screening of asymptomatic populations. Portable sleep studies may be used to 

diagnose OSA in patients for whom level I in-lab polysomnography is not possible (due to serious illness 

or inability to attend a sleep lab), and in monitoring patient response to non-CPAP treatments for OSA.38 

The portable sleep studies must record, at minimum, airflow, respiratory effort and blood oxygen 

levels.38 

The 2008 Institute for Clinical Systems Improvement guideline on the diagnosis and treatment of OSA 

echoes the Academy guidelines, recommending that portable unattended sleep studies should be part 

of a comprehensive sleep evaluation, and that these are an “acceptable alternative” to level I 

polysomnography only for patients with a high pre-test probability of moderate-to-severe OSA who do 

not have significant comorbidities or who may be likely to have other types of sleep disorders.192 

UK 

Guidelines issued by the IMPRESS coalition, in 2009, outline health services delivery requirements for 

the diagnosis and treatment of OSA.48 Key points of the guideline relevant to diagnosis are that: 

 the diagnosis of OSA requires clinical expertise, investigation of clinical history and “appropriate 

sleep investigation” 

 health care services for patients suspected of having OSA should involve a “specialist 

multidisciplinary team† and should include initial clinical assessment, investigation, diagnosis, 

provision of treatment, education and support of patients, clinical and technical follow up, long 

                                                           
†
 The IMPRESS guidelines describe the multidisciplinary team for sleep services as including medical, nursing, 

scientific and technical specialists in sleep medicine.
48
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term supervision of treatment and prompt provision of replacement equipment and parts” [i.e., 

for CPAP therapy].48 

In the UK, at-home oximetry (i.e., level IV testing), is frequently used in the diagnosis of OSA. However, 

the guidelines state that although oximetry alone can confirm a diagnosis of severe OSA, its rates of 

false negatives and false positives make level III sleep studies the preferred choice. Furthermore, the 

guidelines claim that the technology used to investigate OSA is of secondary importance to the expertise 

and training of those interpreting the sleep study results. The UK guidelines also note that only a 

minority of patients will require level I testing in a sleep lab.48 
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Economic evaluation (E) 

Methods 

Two researchers reviewed the search titles and abstracts of all search results to select papers for full 

text review. The reference lists of relevant papers were scanned to identify additional references. All 

types of economic studies, for example, costing studies, cost-benefit analyses, and budget impact 

analyses, were considered. The quality of each economic study was assessed using validated guidelines 

for economic evaluations.193 Full details of the literature searches are shown in Appendix A. 

Results 

A total of 20 economic studies related to the diagnosis of obstructive sleep apnea (OSA) were identified. 

They comprised three types: 1) cost-effectiveness/cost utility analyses, 2) costing and resource 

utilization studies, and 3) cost of illness studies (see Table 21). 

Review of economic studies 

Cost-effectiveness/cost-utility analyses 

Of the 11 studies, seven were cost- effectiveness or cost-utility analyses that involved comparisons of in-

lab polysomnography (PSG) (level I test) with unattended portable home monitoring (level III 

test).88,190,194-198 The most recent study was conducted in the United States and included a patient 

population consisting of women and men between the ages of 30 and 70 years who were of average 

cardiovascular risk and had been diagnosed with moderate to severe OSA.194. Using a healthcare system 

(payer) perspective, the authors compared full night PSG, split-night PSG, and unattended portable 

home monitoring, combined with CPAP titration, in a Markov model that incorporated outcomes of fatal 

and non-fatal stroke, myocardial infarction, motor vehicle collisions, death from other causes, and 

development of hypertension over the patients’ lifetime. Full night PSG was found to be the most 

effective approach, yielding an incremental cost-effectiveness ratio compared to no diagnosis of 

$17,131/QALY. In contrast, strategies with unattended home monitoring (level III tests) were the most 

cost-effective in five of the six remaining studies, regardless of study design (i.e., decision model or 

prospective clinical study).190,195-197 All but one study considered general patient populations presenting 

to sleep clinics with a high suspicion of OSA. The exception focussed on commercial drivers in the US.88 

Typically, clinical pathways that included home tests with referral for PSG after technical failure, 

uncertain results, or suspected false negative results were shown to be the most cost-effective, whether 

or not they involved subsequent treatment with CPAP. The sixth and oldest study presented a decision 

analytic model that also incorporated a hypothetical patient population suspected of OSA, but did not 

consider the costs of misdiagnosis.198 It concluded that a combination of PSG and attended partial sleep 

monitoring was the most cost-effective approach. 

Four studies did not compare level I and level III tests.92,199-201 One considered both, but did not separate 

them in the analyses,92 and three studies examined the cost-effectiveness of screening with PSG and 
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CPAP treatment. Of the three studies, one focussed on reduction of motor vehicle collisions through 

proper diagnosis and treatment of OSA among drivers in the United States.199 From both the societal 

and healthcare system perspective, such an approach was shown to be cost-effective when considering 

the costs of diagnosis and treatment, quality of life, and outcomes of motor vehicle collisions. Further, 

the estimated incremental cost-utility ratios compared favorably with other publicly funded services. Of 

the two remaining studies, one focussed on the cost-effectiveness of diagnosis with PSG and CPAP 

treatment among stroke patients,200 while the other assessed the cost-effectiveness of diagnosis with 

PSG and CPAP in patients with severe OSA.201 The first study involved construction of a decision analytic 

model to compare screening versus no screening in a hypothetical cohort of adults experiencing a recent 

stroke resulting in moderate deficit. It concluded that screening was cost-effective if treatment with 

CPAP improved quality of life by at least 50% and the willingness-to-pay in US dollars was 

$30,000/QALY.200 The second study compared immediate diagnosis with PSG and immediate CPAP 

treatment to a six month delay in diagnosis. Although the included costs, resource utilization, and 

information sources used were unclear, the study reported that patients with severe OSA (AHI ≥ 30) had 

lower incremental costs, and, therefore, it would be cost-effective to treat such patients first. 

 

Costing and resource utilization studies 

Two studies compared the cost of unattended, at-home level III sleep studies to in-lab level I 

polysomnography.148,183 The first study reported that level III testing was as effective as hospital follow-

up in terms of CPAP compliance and at a lower cost, but it excluded patients with COPD, obesity-

hypoventilation and restrictive disorders, psychiatric disorders, neoplasms, restless leg syndrome, and 

other dyssomnias and parasomnias, as well as those previously treated with CPAP, from the analysis.183 

The second study included patients who had a high probability of sleep apnea-hypopnea syndrome, and 

assessed the reliability and cost of home monitoring compared to in-lab PSG.148 All patients underwent 

both tests. The findings suggested that home monitoring was a reliable diagnostic approach and less 

costly. The third study was Canadian, and explored healthcare utilization in patients with OSA through a 

retrospective cohort study of men diagnosed through PSG and treated with CPAP.202 Only costs 

associated with physician visits were included. Nonetheless, a reversal in a trend of increasing 

healthcare utilization seen prior to diagnosis was found following treatment with CPAP. 

 

Cost of illness studies 

Five studies explored the burden of OSA in different patient populations.96,98,203-205 Four studies were 

case-control in design and assessed, prior to OSA diagnosis, the socioeconomic consequences of no 

treatment;98 total number of workdays lost;204 gender differences, morbidity, and total healthcare 

utilization;205 and medical costs96 compared to matched controls. The first study, which compared the 

annual direct and indirect costs in Danish patients diagnosed with SDB to controls matched on age, 

gender and weight, found that OSA was associated with higher health-related and social transfer costs 

and lower levels of employment and income. However, it did not take into account CPAP usage. The 
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second study examined the total number of workdays lost in men and women, and found that after 

adjusting for all covariates, the number was 1.6 times greater for cases than controls in men and 1.8 

times greater for cases than controls in women, suggesting that OSA was associated with an increased 

risk of work disability prior to diagnosis.204 In the third study, which explored gender differences in 

morbidity and total healthcare utilization five years prior to OSA diagnosis, women were found to be 

heavier users of healthcare resources than men with similar OSA severity. Further, both men and 

women with OSA had 1.78 and 1.89 times higher total healthcare expenditures prior to diagnosis when 

compared to matched controls.205 The fourth study, which explored the relationship between severity of 

OSA and medical costs prior to diagnosis, found a linear relationship between AHI and costs up to a 

certain point, after which AHI was no longer associated with costs.205 In the remaining study, the 

incremental economic burden of OSA in patients with asthma, COPD, or both was explored among 

Medicaid beneficiaries in the United States.203 Compared to patients with just asthma or COPD, the 

prevalence of OSA among those with both asthma and COPD was higher. In addition, patients with OSA 

had more medical claims and medical costs than those without OSA. However, since Medicaid data is 

recognized as containing an overrepresentation of female, low income populations, and minorities, the 

findings may not be generalizable to the broader population. 

 

Budget impact analysis 

Methods 

Methods used for the budget impact analysis (BIA) complied with internationally accepted, published 

guidelines for conducting BIAs.206 The BIA is based upon a clinical pathway model of sleep-disordered 

breathing diagnosis in Alberta. The model was constructed using published clinical practice guidelines, 

interviews with local experts, and the findings of a comprehensive systematic review of effectiveness 

and economic evaluations. The clinical pathway is presented in Figure 7. 

Patient population 

An estimated 103,644 and 118,666 adults presented to a GP with an incident sleep complaint in Alberta 

in 2001 and 2002, respectively (Alberta Health administrative data). These values, which were obtained 

from the data, likely overestimate the actual number of patients presenting to their GP with suspected 

SDB.  Diagnostic coding in the data did not allow us to exclude sleep complaints with no breathing 

component (e.g., psychiatric issues).  In most cases, a record had several diagnostic codes.  Therefore, 

although a sleep disorder diagnostic code may have been present, the primary reason for the visit to the 

GP could have been different.  Also, SDB was assumed to be incident if a patient had an SDB diagnosis in 

either 2001 or 2002 and no diagnosis in the two years prior.  Consequently, some of the cases defined as 

‘incident’ may have actually represented prevalent cases. 

Given these limitations, Alberta data were not used to inform the decision model.  Instead, 

administrative utilization (physician billing) data from the provinces of Ontario and BC were sought. Data 
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obtained from Ontario combined utilization of sleep tests for both breathing and non-breathing related 

sleep disorders, and these groups could not be separated [personal communication: Sandy Nuttall, 

Diagnostic Services and Planning, Ontario Ministry of Health and Long-term Care, 11 Jul 2013]. Further, 

in Ontario, the clinical patterns of care were found to be different from those in Alberta.  Specifically, in 

Ontario, all patients with suspected SDB receive level I testing, while in Alberta, level I and level III sleep 

tests have distinct roles. In contrast, sleep study utilization trends and clinical practice in Alberta and BC 

appeared to be similar. Therefore, BC data were used to estimate the starting population for the model 

(14,721).  

In the 2011/2012 fiscal year, 14,491 level IV sleep studies, 9,827 level I sleep studies, and 41 level III 

studies were performed in BC [personal communication: Dr. Frank Ryan, Sleep Disorders Program, 

Vancouver Coastal Health, 5 Jul 2013].82  As level IV sleep studies in BC appear to be used in a similar 

way and for similar patients as level III sleep studies in Alberta, and under the assumption that the 

number of duplicate tests for a single patient in the BC data is negligible, the number of level I, III, and IV 

tests were combined to estimate the number of incident cases of suspected SDB in BC (24,359 adult and 

pediatric patients). Provincial population data from the 2012 Canadian census was used to convert the 

number of patients in BC to the number in Alberta (14,721 adults).  

Time horizon 

The clinical pathway starts at a first visit to a GP with a sleep complaint and ends at either a diagnosis or 

exhaustion of two level III studies and two level I studies (full PSGs). 

Perspective 

A health care (payer) perspective was adopted for the analyses. Health care costs included all direct 

costs associated with an SDB diagnosis (physician fees for diagnostic workup and referrals, costs of level 

III and level I tests, one overnight hospital stay for split-night level I tests or two overnight hospital stays 

for full-night level I tests, and physician fees for interpretation of test results). Costs were obtained from 

Alberta Health billing data, the most recent Alberta Case Cost Report, Alberta private vendor price list, 

and expert opinion. Costs are presented in 2013 Canadian dollars. Costs that were not current were 

inflated by 5% per year to obtain 2013 Canadian dollars. 

Model description 

The basic structure of the BIA model is presented in the form of a decision tree (see Figure 7). The 

general treatment pathway for a patient suspected of having a sleep disorder is an initial assessment by 

a general practitioner. At this point, GPs may either directly refer patients for level III (at-home) testing 

or to a sleep specialist. Direct referral to level III tests should be reserved for patients suspected to have 

uncomplicated OSA with no comorbid sleep conditions or other comorbidities, such as heart conditions, 

neurodegenerative conditions, or respiratory conditions. Further, if a failure or ambiguous results occur 

after a maximum of two level III tests, or if the test shows the patient is negative for OSA, the GP should 

refer the patient to a sleep specialist. 
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Sleep specialists take a comprehensive sleep history in order to develop a differential diagnosis after 

testing (i.e., the likelihood of OSA or more complex SDB, or the possibility of other sleep disorders). At 

this point, patients with complex medical conditions and comorbidities, or those suspected of having 

sleep disorders other than SDB, are referred for overnight level I testing in a sleep centre. Patients who 

are suspected of having OSA may be referred for level III testing. 

Input data 

Parameters used to populate the model are presented in Table 10. The probability of patients having 

complex sleep disorders or comorbidities was determined from Alberta Health billing data. Probabilities 

of undergoing a certain diagnostic pathway were based on expert opinion. Dropout rates and outcomes 

of diagnostic tests were obtained from results of the systematic review of effectiveness completed for 

the “T” section of this report. Different thresholds for diagnosing SDB are used. In this model the budget 

impact was calculated for two different thresholds for diagnosis: AHI is ≥15 and AHI is ≥5. 

Table 10. Inputs for the decision model 

Variable description Estimate Information sources and assumptions 

Number of patients presenting to GP with SDB 14,721 • BC administrative (physician payment) data 
• Number of incident cases of suspected SDB 
• Assumes: 1) Alberta and BC have similar utilization and 
practice patterns, 2) level IV sleep tests in BC are used in the 
same way for the same patients as level III tests in Alberta, 
3) the number of duplicate tests for the same patient in the 
BC data is negligible 

Total cost of initial GP visit $80 • Alberta Health billing data 

Total cost of follow-up GP visit for referral to sleep 
specialist 

$44 • Alberta Health billing data 

Total cost of initial sleep specialist visit $226 • Alberta Health billing data 

Total cost of a level I study $1,642 • Alberta Case Cost Report for 2006/2007 hospital activity 
and Alberta Health Care Insurance Plan Medical Procedure 
List as of 01 April 2012

207,208
 

• Assumes 95% of level I sleep studies are split-night and 
the other 5% are completed in two nights (expert opinion) 

Total cost of an at-home level III study $150 • Alberta private vendor price list
209

 

Fraction of sleep complaints accounted for by 
suspected uncomplicated OSA 

0.79 • Alberta Health billing data 
• Uncomplicated OSA includes patients with no comorbid 
sleep conditions or other comorbidities, (e.g., heart 
conditions, neurodegenerative conditions, respiratory 
conditions) 

Fraction of patients who dropout before sleep test 0.06 • Clinical effectiveness review 

Fraction of patients with complex sleep disorder(s) 
who have a level I test 

0.80 • Expert opinion 

Fraction of patients with complex sleep disorder(s) 
who have a level III test 

0.20 

Probability of positive OSA result after level III test AHI ≥15: 0.48 
AHI ≥5: 0.73 

• Clinical effectiveness review 
 

Probability of negative OSA result after level III 
test 

AHI ≥15: 0.42 
AHI ≥5: 0.17 

Probability of ambiguous result or technical failure 
after level III test 

AHI ≥15: 0.10 
AHI ≥5: 0.10 

Probability that a positive OSA result after level III 
test is a true positive 

AHI ≥15: 0.83 
AHI ≥5: 0.88 

• Clinical effectiveness review 
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Variable description Estimate Information sources and assumptions 

Probability that a positive OSA result after level III 
test is a false positive 

AHI ≥15: 0.17 
AHI ≥5: 0.12 

Probability of positive OSA or other SDB result 
after level I test 

AHI ≥15: 
0.717 
AHI ≥5: 0.786 

• Clinical effectiveness review 

Probability of negative OSA or other SDB result 
after level I test 

AHI ≥15: 
0.279 
AHI ≥5: 0.210 

Probability of ambiguous result or technical failure 
after level I test 

AHI ≥15: 
0.004 
AHI ≥5: 0.004 

Fraction of patients with uncomplicated OSA who 
have a level I test after ambiguous result or 
technical failure 

0.05 • Expert opinion 

Fraction of patients with uncomplicated OSA who 
have a repeat level III test after ambiguous result 
or technical failure 

0.95 

Fraction of patients with complex sleep disorder(s) 
who have a level I test after ambiguous result or 
technical failure 

0.90 • Expert opinion 

Fraction of patients with complex sleep disorder(s) 
who have a repeat level III test after ambiguous 
result or technical failure 

0.10 

 

Figure 7. Clinical pathway for the diagnosis of SDB in Alberta 
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Results 

The total cost per patient of diagnosing SDB is $1,183 at an AHI ≥15 and $713 at an AHI ≥5. The total 

cost to diagnose all 14,721 patients with a suspected sleep breathing disorder is $17,419,621 at an AHI 

≥15 and $10,490,053 at an AHI ≥5. 

Comparison of trends in health care utilization 

Methods 

Patient population 

Alberta Health administrative data were retrieved for adults presenting to a GP with an incident sleep 

complaint from 1995-2003. A sleep complaint was assumed to be incident if a patient had an SDB 

diagnosis in 1995-2003 and no diagnosis in the two years prior to this diagnosis. Data from the 

Practitioner Payments (Schedule of Medical Benefits) database, the Inpatient – Discharge Abstract 

Database, the Ambulatory Care database, and the Population Registry going two years back and five 

years forward for each patient were obtained. 

Differences in funding of level I and III sleep tests and treatment of sleep disorders with CPAP over the 

last 20 years were identified during interviews with local sleep disorder experts. Since diagnostic and 

treatment codes for level III testing and for CPAP treatment were not available, time periods where 

funding of these services differed were estimated and compared. Patients were divided into 3 groups: 1) 

patients with first GP visit for sleep complaint between 1995 and 1997, when only level I testing was 

provided across the province, 2) patients with first GP visit for sleep complaint between 1998 and 1999, 

when both level I and level III testing were provided in Calgary, level I testing was provided in Edmonton, 

and CPAP treatment was provided across the province, and 3) patients with first GP visit for sleep 

complaint between 2000 and 2003, when both level I and level III testing were provided in Calgary, level 

I testing was provided in Edmonton, but CPAP was no longer provided (see Error! Reference source not 

found.). Given the differences in practice between Edmonton and Calgary, patients were further 

separated into subgroups based on their residence (Red Deer and North or South of Red Deer). 

Table 11. Description of patient groups 

Patient group 

Funding in Calgary Funding in Edmonton 

Level I 
testing 

Level III 
testing CPAP 

Level I 
testing 

Level III 
testing CPAP 

Group 1: patients with first GP visit for 
sleep complaint between 1995 and 1997 

Yes No No Yes No No 

Group 2: patients with first GP visit for 
sleep complaint between 1998 and 1999 

Yes Yes Yes Yes No Yes 

Group 3: patients with first GP visit for 
sleep complaint between 2000 and 2003 

Yes Yes No Yes No No 

*Local experts suggested that for Level I testing, some patients may have been charged a physician test 
interpretation/reading fee of $100-$150. Patients are no longer have to pay this fee for level I testing. 
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Data analysis 

Healthcare utilization associated with traffic accidents and cardiovascular and renal diseases 

(hypertensive heart and renal diseases, ischemic heart diseases, cardiomyopathy, conduction disorders, 

cardiac arrest and cardiac dysrhythmias, heart failure, cerebrovascular diseases, acute renal failure, and 

chronic kidney disease) was analyzed in each of the regions and groups described above. The number of 

visits per patient in physician claims, ambulatory care, and inpatient databases were used as surrogates 

for health care utilization. First, differences in health care utilization between patients with a proper 

sleep disorder diagnosis and those without a proper diagnosis were compared. Since we were unable to 

identify patients who had undergone level III testing or treatment with CPAP in the available data, 

patients were assumed to have a proper sleep diagnosis if they had a record of a level I test (PSG), or, if 

after their initial visit to a GP with a sleep complaint, they had no repeat visits to a GP with a sleep 

disorder diagnosis. Second, within each region, patient groups 1, 2, and 3 were compared. For each 

comparison, after adjusting for age, two-sample t-tests were performed to determine the statistical 

significance of any differences between groups. 

Based on the results of the systematic review of economic studies and limitations found in 

administrative data, a third analysis was performed in patients newly diagnosed with a sleep disorder 

during time period that CPAP was funded (group 2). The health care utilization in this group of patients 

in the year prior to their diagnosis was compared to the health care utilization in this group of patients 

in the year after their diagnosis. Additionally, the same analysis was performed in group 3 patients, 

comparing health care utilization in the two years prior to diagnosis and two years after diagnosis. These 

analyses were performed under 2 scenarios: 1) patients with a sleep disorder diagnosis confirmed 

through a level I test (level I procedure code), and 2) patients with a sleep disorder diagnosis who are 

suspected to have had a level III test (after their initial visit to a GP with a sleep complaint, they had no 

repeat visits to a GP with a sleep disorder diagnosis). 

Results 

No significant decreases in the number of cardiovascular or traffic accident visits per person were seen 

in patients who had a proper diagnosis compared to those without a proper diagnosis. Further, no 

significant decreases in the number of cardiovascular or traffic accident visits per person were seen in 

group 2 (patients who were diagnosed during the time period when CPAP was funded) compared to 

group 1 or group 3 (patients diagnosed before and after the time period when CPAP was funded). When 

healthcare utilization 2 years prior to a level I diagnosis was compared with that 2 years after, no 

statistically significant differences were found. 

Discussion 

The absence of a statistically significant reduction in utilization associated with a proper diagnosis or 

CPAP treatment found in the data does not necessarily indicate the absence of an association between 

proper diagnosis and treatment of sleep disorders and health care utilization. The analyses were based 

on several assumptions that may not reflect actual practice. Importantly, we were unable to identify 
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patients who had level III testing or CPAP treatment. It was assumed that patients with an initial visit to 

a GP with a sleep complaint and no additional visits with sleep complaints were likely to have had a level 

III diagnosis, and those with repeat visits with sleep complaints were not likely to have a level III 

diagnosis. In reality, there will be patients with repeat sleep complaints who have a proper diagnosis 

and those without repeat sleep complaints who do not have a proper diagnosis. Also, time periods were 

used to develop groups of patients who would most likely have received a proper diagnosis and CPAP 

treatment. The funding and practice patterns during time periods were estimated through expert 

opinion and may not be accurate. Further, in order to assess the impact of treatment, it was assumed 

that all patients with a proper diagnosis during the period when CPAP funding was available would have 

received and complied with CPAP treatment. In addition to the assumptions made, the databases used 

for physician and hospital billing changed in the mid-1990s, with time allowed for conversion from one 

to the other. The data used for this analysis came from only the most recent databases. Therefore, as 

physicians switched from using one database to the other, there may have been an increase in the 

records available per patient over the early years of the analysis. 
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Conclusions 

 Studies of level III sleep studies in patients other than those with uncomplicated OSA and 

without significant comorbidities are lacking. 

 To date, level III testing has been used mainly for the diagnosis of OSA. 

 Overall, level III tests were equivalent to level I tests in diagnostic accuracy for uncomplicated 

OSA; diagnostic accuracy increases in more severe OSA. 

 Based on the limited evidence available, the diagnostic performance of level III tests was slightly 

better in patients without comorbidities than in those with comorbidities. 

 Level I tests have been used to diagnose all forms of SDB, including non-breathing related sleep 

disorders, such as narcolepsy, periodic limb movement and hypersomnia. 

 Overall, there were no differences between patients with OSA who were initially diagnosed with 

a level I test or a level III test in terms of their subsequent adherence to CPAP treatment, 

functional status, or quality of life. 

 The sub-population of SDB patients most suitable for level III testing appears to be those with 

uncomplicated OSA, without comorbidities and with a high pre-test probability of having 

moderate to severe OSA. 

 The sub-populations of SDB patients most suitable for level I testing appear to be those with 

complicated forms of SDB and comorbidities. 

 The diagnosis of SDB should be part of a province-wide comprehensive sleep medicine program, 

provided by multidisciplinary teams of specialists, where patients have access to timely referral, 

diagnosis, treatment and continued monitoring as needed. 

 A potential conflict of interest exists in the current delivery of sleep studies in Alberta, where 

level III sleep studies are often provided by private companies which also sell CPAP and other 

devices used to treat SDB. 

 The budget impact analysis prepared for this assessment estimated that the total cost per 

patient of diagnosing SDB is $1,183 at an AHI ≥15 and $713 at an AHI ≥5. The total cost to 

diagnose all of the approximately 14,721 Alberta patients with a new, suspected sleep breathing 

disorder each year is $17,419,621 at an AHI ≥15 and $10,490,053 at an AHI ≥5. 
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Appendix A. Literature search 

We searched for studies on the clinical diagnosis and economics of sleep disordered breathing in adults. The main 

literature search was conducted in March 2012 and used databases such as: PubMed, The Cochrane Library, 

EMBASE, and Web of Science. The search terms combined Medical Subject Headings (MeSH) and other controlled 

vocabulary with free-text terms. Searches were limited to English language studies published in the most recent 5 

years (from 2007 to date). The search for economic studies used the same limits, and the Canadian Agency for 

Drugs and Technologies in Health (CADTH) economics filter for the PubMed search. Econlit was also used for the 

economics search. Grey literature searches were made to identify recent guidelines and health technology 

assessments. Monthly update searches were run in PubMed throughout the project (until February 2013). Search 

results were combined in a Reference Manager® bibliographic database and duplicate references were removed. 

Full details of the searches are shown below. 

1a. PubMed (www.pubmed.gov; first searched 5 Mar 2012; monthly updates run throughout the project 

#98  Search #95 OR #97 3928  

#97  Search #94 Limits: English, Publication Date from 2007 to 2012 3924  

#96  Search Limits: English, Publication Date from 2007 to 2012 3846363  

#95  Search #94 AND (in process[sb] OR publisher[sb] OR pubmednotmedline[sb]) Limits: 
Publication Date from 2007 to 2012 

59 

#94  Search #55 OR #92 Limits: Publication Date from 2007 to 2012 4446  

#93  Search #55 OR #92 13650  

#92  Search #73 AND #91 11647  

#91  Search #74 OR #75 OR #76 OR #77 OR #78 OR #79 OR #80 OR #81 OR #82 OR #83 OR 
#84 OR #85 OR #86 OR #87 OR #88 OR #89 OR #90 

7658170  

#90  Search CPAP[ti] AND (diagnosis[mh] OR diagnosis[ti] OR diagnosis[sh]) 634  

#89  Search continuous positive airway pressure[mh] AND (diagnosis[mh] OR diagnosis[ti] 
OR diagnosis[sh]) 

1951  

#88  Search "cardiopulmonary monitor*"[ti] 2 

#87  Search (level[ti] OR type[ti]) AND sleep[ti] 431  

#86  Search "cardio-respiratory monitor*"[ti] OR "cardiorespiratory monitor*"[ti] 6 

#85  Search portable[ti] AND sleep[ti] 85 

#84  Search ambulatory care[mh] 42145  

#83  Search monitoring, ambulatory[mh] 18622  

#82  Search reproducibility of results[mh] 224075  

#81  Search predictive value of tests[mh] 116418  

#80  Search sensitivity and specificity[mh] 346719  

#79  Search diagnosis[ti] OR diagnosing[ti] 295159  
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#78  Search diagnosis[mh] 5816614  

#77  Search diagnosis[sh] 3913314  

#76  Search polysomnograph*[ti] 1081  

#75  Search polysomnography[mh] 11502  

#74  Search "sleep study"[ti] OR "sleep studies"[ti] 258  

#73  Search #56 OR #57 OR #58 OR #59 OR #60 OR #61 OR #62 OR #63 OR #64 OR #65 OR 
#66 OR #67 OR #69 OR #70 OR #71 OR #72 

17054  

#72  Search "sleep related hypoxemia"[ti] 2 

#71  Search OSA[ti] 301  

#70  Search apnea*[ti] OR apnoea*[ti] 14346  

#69  Search "nocturnal bronchial constriction"[ti] 0 

#67  Search "nocturnal bronchospasm"[ti] 2 

#66  Search "nocturnal hypoxia"[ti] 37 

#65  Search "cheyne stokes"[ti] 274  

#64  Search "hypopnea syndrome*"[ti] 603  

#63  Search "alveolar hypoventilation"[ti] 275  

#62  Search uars[ti] 11 

#61  Search "upper airway resistance syndrome"[ti] 73 

#60  Search "periodic breathing"[ti] 217  

#59  Search "sleep related hypoventilation"[ti] 3 

#58  Search breathing[ti] AND "sleep disorder*"[ti] 2 

#57  Search "sleep disordered breathing"[ti] 1469  

#56  Search "sleep related breathing"[ti] 285  

#55  Search #51 OR #52 OR #53 OR #54 6885  

#54  Search cheyne-stokes respiration/di 106  

#53  Search sleep apnea, central/di 239  

#52  Search sleep apnea, obstructive/di 3236  

#51  Search sleep apnea syndromes/di 6833  

 
1b. PubMed (search refinement to re-examine excluded studies for association or risk factor studies of 
polysomnography for sleep disordered breathing conditions, i.e., original search strategy plus additional keywords 
and publication types) 
 

#144  Search #125 OR #138 OR #143 935  
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#143  Search #124 AND (association[mh] OR association[ti] OR relationship*[ti] OR risk 
factors[mh] OR risk factor*[ti]) Filters: published in the last 5 years; English; Adult: 
19+ years 

517  

#138  Search #124 Filters: published in the last 5 years; Humans; Evaluation Studies; 
Guideline; Multicenter Study; Practice Guideline; Review; Systematic Reviews; Meta-
Analysis; Validation Studies; English; Adult: 19+ years 

307  

#125  Search #124 AND (in process[sb] OR publisher[sb] OR pubmednotmedline[sb] OR 
systematic[sb]) 

221  

#124  Search ((((sleep apnea syndromes/di) OR (sleep apnea, obstructive/di) OR (sleep 
apnea, central/di) OR (cheyne-stokes respiration/di)) OR ((("sleep related 
breathing"[ti]) OR ("sleep disordered breathing"[ti]) OR (breathing[ti] AND "sleep 
disorder*"[ti]) OR ("sleep related hypoventilation"[ti]) OR ("periodic breathing"[ti]) 
OR ("upper airway resistance syndrome"[ti]) OR (uars[ti]) OR ("alveolar 
hypoventilation"[ti]) OR ("hypopnea syndrome*"[ti]) OR ("cheyne stokes"[ti]) OR 
("nocturnal hypoxia"[ti]) OR ("nocturnal bronchospasm"[ti]) OR ("nocturnal bronchial 
constriction"[ti]) OR (apnea*[ti] OR apnoea*[ti]) OR (OSA[ti]) OR ("sleep related 
hypoxemia"[ti])) AND (("sleep study"[ti] OR "sleep studies"[ti]) OR 
(polysomnography[mh]) OR (polysomnograph*[ti]) OR (diagnosis[sh]) OR 
(diagnosis[mh]) OR (diagnosis[ti] OR diagnosing[ti]) OR (sensitivity and 
specificity[mh]) OR (predictive value of tests[mh]) OR (reproducibility of results[mh]) 
OR (monitoring, ambulatory[mh]) OR (ambulatory care[mh]) OR (portable[ti] AND 
sleep[ti]) OR ("cardio-respiratory monitor*"[ti] OR "cardiorespiratory monitor*"[ti]) 
OR ((level[ti] OR type[ti]) AND sleep[ti]) OR ("cardiopulmonary monitor*"[ti]) OR 
(continuous positive airway pressure[mh] AND (diagnosis[mh] OR diagnosis[ti] OR 
diagnosis[sh])) OR (CPAP[ti] AND (diagnosis[mh] OR diagnosis[ti] OR diagnosis[sh])))) 
AND (("2007"[PDat] : "2012"[PDat]))) AND (in process[sb] OR publisher[sb] OR 
pubmednotmedline[sb]) AND (("2007"[PDat] : "2012"[PDat]))) OR ((((sleep apnea 
syndromes/di) OR (sleep apnea, obstructive/di) OR (sleep apnea, central/di) OR 
(cheyne-stokes respiration/di)) OR ((("sleep related breathing"[ti]) OR ("sleep 
disordered breathing"[ti]) OR (breathing[ti] AND "sleep disorder*"[ti]) OR ("sleep 
related hypoventilation"[ti]) OR ("periodic breathing"[ti]) OR ("upper airway 
resistance syndrome"[ti]) OR (uars[ti]) OR ("alveolar hypoventilation"[ti]) OR 
("hypopnea syndrome*"[ti]) OR ("cheyne stokes"[ti]) OR ("nocturnal hypoxia"[ti]) OR 
("nocturnal bronchospasm"[ti]) OR ("nocturnal bronchial constriction"[ti]) OR 
(apnea*[ti] OR apnoea*[ti]) OR (OSA[ti]) OR ("sleep related hypoxemia"[ti])) AND 
(("sleep study"[ti] OR "sleep studies"[ti]) OR (polysomnography[mh]) OR 
(polysomnograph*[ti]) OR (diagnosis[sh]) OR (diagnosis[mh]) OR (diagnosis[ti] OR 
diagnosing[ti]) OR (sensitivity and specificity[mh]) OR (predictive value of tests[mh]) 
OR (reproducibility of results[mh]) OR (monitoring, ambulatory[mh]) OR (ambulatory 
care[mh]) OR (portable[ti] AND sleep[ti]) OR ("cardio-respiratory monitor*"[ti] OR 
"cardiorespiratory monitor*"[ti]) OR ((level[ti] OR type[ti]) AND sleep[ti]) OR 
("cardiopulmonary monitor*"[ti]) OR (continuous positive airway pressure[mh] AND 
(diagnosis[mh] OR diagnosis[ti] OR diagnosis[sh])) OR (CPAP[ti] AND (diagnosis[mh] 
OR diagnosis[ti] OR diagnosis[sh])))) AND (("2007"[PDat] : "2012"[PDat]))) AND 
(English[lang] AND ("2007"[PDat] : "2012"[PDat]))) 

 

 
2. Centre for Reviews & Dissemination (DARE, HTA, NHS EED) databases 
http://www.crd.york.ac.uk/crdweb/HomePage.asp; searched 6 Mar 2012 

1 MeSH DESCRIPTOR Sleep Apnea Syndromes EXPLODE ALL TREES 128 
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2 MeSH DESCRIPTOR Sleep Apnea, Obstructive EXPLODE ALL TREES 87 

3 MeSH DESCRIPTOR Sleep Apnea, Central EXPLODE ALL TREES 1 

4 MeSH DESCRIPTOR Cheyne-Stokes Respiration EXPLODE ALL TREES 0 

5 
("sleep related breathing") OR (hypoventilation) OR ("sleep disorder*") OR ("periodic 
breathing") OR ("upper airway resistance") 

26 

6 
(uars) OR ("alveolar hypoventilation") OR ("hypopnea syndrome*") OR ("cheyne 
stokes") OR ("nocturnal hypoxia") 

14 

7 
("nocturnal bronchospasm") OR ("nocturnal bronchial construction") OR (apnea*) OR 
(apnoea*) OR (osa) 

225 

8 ("sleep related hypoxemia") 0 

9 #5 OR #6 OR #7 OR #8 242 

10 
("sleep stud*") OR (polysomnography) OR (polysomnograph*) OR (diagnosis) OR 
(diagnosing) 

8338 

11 MeSH DESCRIPTOR Sensitivity and Specificity EXPLODE ALL TREES 2726 

12 MeSH DESCRIPTOR Predictive Value of Tests EXPLODE ALL TREES 667 

13 MeSH DESCRIPTOR Reproducibility of Results EXPLODE ALL TREES 560 

14 MeSH DESCRIPTOR Monitoring, Ambulatory EXPLODE ALL TREES 109 

15 MeSH DESCRIPTOR Ambulatory Care EXPLODE ALL TREES 341 

16 
(portable AND sleep) OR ("cardio-respiratory monitor*") OR ("cardiorespiratory 
monitor*") OR ((level OR type) AND sleep) OR ("cardiopulmonary monitor*"):AU 

183 

17 MeSH DESCRIPTOR Continuous Positive Airway Pressure EXPLODE ALL TREES 44 

18 (cpap) 72 

19 #17 OR #18 100 

20 diagnosis 8232 

21 #19 AND #20 24 

22 #1 OR #2 OR #3 OR #4 OR #21 132 

23 #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 10002 

24 #9 AND #23 108 

25 #22 OR #24 167 

26 * FROM 2007 TO 2012 22779 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



88 
 

27 #25 AND #26 84 

 
3. The Cochrane Library (John Wiley & Sons, issue 2 of 12, February 2012) 
Cochrane Reviews [7] | Other Reviews [6] | Trials [121] | Methods Studies [0] | Technology Assessments [10] | 
Economic Evaluations [7] | Cochrane Groups [0] 
 

#1 MeSH descriptor Sleep Apnea Syndromes explode all trees  1041 

#2 MeSH descriptor Sleep Apnea, Obstructive explode all trees  604 

#3 MeSH descriptor Sleep Apnea, Central explode all trees  22 

#4 MeSH descriptor Cheyne-Stokes Respiration explode all trees  28 

#5 (( #1 OR #2 OR #3 OR #4 ) AND ( diagnosis OR polysomnograph* )), from 2007 to 2012  253 

#6 
"sleep related breathing" or "sleep disordered breathing" or "periodic breathing" or 
"upper airway resistance" or (uars)  

351 

#7 
"alveolar hypoventilation" or "hypopnea syndrome*" or "cheyne stokes" or "nocturnal 
hypoxia" or "nocturnal bronchospasm"  

220 

#8 
"nocturnal bronchial constriction" or (apnea*) or (apnoea*) or (OSA) or "sleep related 
hypoxemia"  

3127 

#9 (#6 OR #7 OR #8), from 2007 to 2012  1210 

#10 "sleep study" or "sleep studies" or (polysomnography) or (polysomnograph):ti,ab,kw  1653 

#11 
(sensitivity and specificity):ti,ab,kw or (predictive value of tests) or (reproducibility of 
results):ti,ab,kw or (monitoring, ambulatory):ti,ab,kw or (ambulatory):ti,ab,kw  

57224 

#12 (portable):ti,ab,kw or (continuous positive airway pressure):ti,ab,kw and (cpap):ti,ab,kw  1549 

#13 (#9 AND ( #10 OR #11 OR #12 )), from 2007 to 2012  506 

#14 (#5 OR #13), from 2007 to 2012  529 

#15 (diagnosis):ti,ab,kw  49505 

#16 (#14 AND #15), from 2007 to 2012  151 

 
4. EMBASE (OvidSP; 1980 to 2012 Week 09) 

1 exp sleep disordered breathing/di [Diagnosis] 6246  

2 exp sleep apnea syndrome/di [Diagnosis] 5859  

3 exp central sleep apnea syndrome/di [Diagnosis] 135  

4 exp upper airway resistance syndrome/di [Diagnosis] 36  

5 exp Cheyne Stokes breathing/di [Diagnosis] 93  

6 exp upper airway resistance syndrome/di [Diagnosis] 36  

7 exp lung alveolus hypoventilation/di [Diagnosis] 52  

8 1 or 2 or 3 or 4 or 5 or 6 or 7 6333  

9 exp polysomnography/ 15601  

10 exp diagnosis/ 3792514  

11 exp "sensitivity and specificity"/ 151799  
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12 exp predictive value/ 13348  

13 exp reproducibility/ 114633  

14 exp ambulatory monitoring/ 7598  

15 exp ambulatory care/ 32904  

16 (portable and sleep).ti. 122  

17 (cardio-respiratory monitor or cardiorespiratory monitor*).ti. 38  

18 ((level or type) and sleep).ti. 554  

19 
continuous positive airway pressure.mp. or exp positive end expiratory 
pressure/ 

26928  

20 cpap.ti. 1613  

21 19 or 20 26988  

22 10 and 21 7332  

23 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 3960950  

24 22 or 23 3960950  

25 8 and 24 4581  

26 limit 25 to (english language and yr="2007 -Current") 1351  

 
5. CINAHL (EbscoHost; 7 Mar 2012) 

S7  
S1 or S2 or S3 or S4  
Limiters - English Language; Published Date from: 20070101-
20121231; Exclude MEDLINE records  

181  

S6  S1 or S2 or S3 or S4  1611  

S5  S1 or S2 or S3 or S4  1611  

S4  cheyne stokes  84  

S3  (MH "Sleep Apnea, Central/DI")  56  

S2  (MH "Sleep Apnea, Obstructive/DI")  703  

S1  (MH "Sleep Apnea Syndromes+/DI")  1543 

 
6. Web of Science (Thomson Reuters; 8 Mar 2012) 
Title=("sleep apnea*" OR "cheyne-stokes" OR "sleep related breathing" OR "upper airway resistance" OR uars OR 
"alveolar hypoventilation" OR "hypopnea syndrome" OR "nocturnal hypoxia" OR "nocturnal bronchospasm" OR 
"sleep related hypoxmia") AND Title=(diagnosis* OR polysomnograph*) 
Timespan=2007-2012. Databases=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH. 
Lemmatization= On = 166 references 
 
Economic review 
1. PubMed (www.pubmed.gov; 5 June 2012) *using the CADTH economics search filter 

#27  Search #25 OR #26 239  

#26  Search #7 OR #8 OR #9 OR #10 OR #11 OR #22 Filters: Publication date from 
2007/01/01 to 2012/12/31; English 

239  
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#24  Search #7 OR #8 OR #9 OR #10 OR #11 OR #22 Filters: Publication date from 
2007/01/01 to 2012/12/31 

268  

#25  Search #22 AND (in process[sb] OR publisher[sb] OR pubmednotmedline[sb]) Filters: 
Publication date from 2007/01/01 to 2012/12/31 

4 

#23  Search #7 OR #8 OR #9 OR #10 OR #11 OR #22 688  

#22  Search #20 AND #21 684  

#21  Search "Cost-Benefit Analysis"[MeSH] OR "costs and cost analysis"[MeSH] OR "Cost 
Savings"[MeSH] OR cost-effective*[tiab] OR economics[majr] OR EC[sh] OR cost[tiab] 
OR costs[tiab] OR costing[tiab] OR economic*[tiab] OR “sensitivity analysis”[tiab] OR 
pharmacoeconomic*[tiab] OR “Budget impact”[tiab] 

699614  

#20  Search #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 26402  

#19  Search polysomnography[mh] 11762  

#18  Search sleep apnea syndromes[mh] 20166  

#17  Search polysomnograph*[ti] 1101  

#16  Search "sleep studies"[ti] 158  

#15  Search "sleep study"[ti] 107  

#14  Search "sleep stud*"[ti] 0 

#13  Search "sleep disordered breathing"[ti] 1505  

#12  Search "sleep related breathing"[ti] 290  

#11  Search cheyne-stokes respiration/economics 1 

#10  Search polysomnography/economics 63 

#8  Search sleep apnea, obstructive/economics 79 

#9  Search sleep apnea, central/economics 14 

#7  Search sleep apnea syndromes/economics 118  

 
2. EconLit (EBSCOHost; 8 Mar 2012) 

S2  
apnea* OR sleep disorder* OR apnoea* OR cheyne stokes OR ( sleep AND breathing )  
Limiters - Published Date from: 20070101-20121231 

5  

S1  sleep apnea* OR sleep disorder* 4  

 
Grey literature (search completed June 2012; *search terms used) 
 
Guidelines 
- Canadian Medical Association CMA Infobase 
http://www.cma.ca/index.php?la_id=1&ci_id=54294&keywords=barrett  * sleep / polysomnography 
- Ontario Guidelines Advisory Committee (GAC) http://www.gacguidelines.ca/  * scanned archived guidelines 
- Alberta Medical Association Towards Optimized Practice (TOP) http://www.topalbertadoctors.org/  * sleep / 
polysomnography 
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- BC Ministry of Health Guidelines & Protocols Advisory Committee 
http://www.bcguidelines.ca/gpac/alphabetical.html  * scanned list of guidelines 
- Aetna Clinical Policy Bulletins http://www.aetna.com/healthcare-professionals/policies-
guidelines/medical_clinical_policy_bulletins.html  * sleep / polysomnography 
- National Guideline Clearinghouse http://www.guidelines.gov * sleep apnea syndromes 
- New Zealand Guidelines Group http://www.nzgg.org.nz/ *sleep 
- National Institute for Health and Clinical Excellence (NICE) http://www.nice.org.uk *sleep 
- Scottish Intercollegiate Guidelines Network (SIGN) http://www.sign.ac.uk/guidelines/published/index.html * 
scanned list of guidelines 
 
Clinical trials 
- ClinicalTrials.gov http://www.clinicaltrials.gov * (sleep disordered breathing OR sleep apnea syndromes) AND 
diagnosis | Adult, Senior received from 01/01/2007 to 05/29/2012 | updated from 01/01/2007 to 05/29/2012 
 
HTA agency web sites 
Canada 
- Institut national d’excellence en santé et en services sociaux (INESSS) www.inesss.qc.ca/  * scanned list of 
projects in progress & published reports back to 2007 
- Canadian Agency for Drugs and Technologies in Health (CADTH) www.cadth.ca *sleep 
- Institute for Clinical and Evaluative Sciences (ICES) www.ices.on.ca *sleep 
- Institute of Health Economics www.ihe.ca *sleep 
- McGill University Health Centre Technology Assessment Unit http://www.mcgill.ca/tau/publications/ *scanned 
list of reports (2007-2012) 
- Ontario Health Technology Advisory Committee (OHTAC) & Ontario Medical Advisory Secretariat (MAS) 
http://www.health.gov.on.ca/english/providers/program/ohtac/tech/recommend/rec_mn.html *scanned list of 
reports & recommendations (2007-2012) 
 
Other 
- New York Academy of Medicine Grey Literature collection 
http://www.nyam.org/library/pages/grey_literature_report  
- Google www.google.ca  sleep AND (apnoea* OR apnea* OR "disorder*) AND (algorithm OR diagnosis OR 
polysomnograph*) *scanned all 39 hits
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Appendix B. Evidence tables 

Table 12. Included studies 

Study Year Country  Study type Simultaneous level I/ III study Device name 

Level III 

Abraham et al.
138

 2006 USA/ UK  × and separate Clear Path System CPS Nx-301 

Alonso et al.
148

  2008 Spain   Edentrace II 3711 

Amir et al.
210

 2010 USA  × Morpheous HX 

Andreu et al.
183

 2012 Spain   Stardust 

Askenov et al.
182

 2009 USA Abstract  Not reported 

Ayappa et al.
154

  2008 USA  × and separate Ares Unicorder 

Bajwa et al.
211

 2009 USA Abstract × Alice PDx 

Berry et al.
181

 2008 USA   WatchPAT 100 

Bridevaux et al.
212

 2007 Switzerland   Embletta 100 PDX 

Campbell et al.
147

 2010 New Zealand   Siesta  

Candela et al.
150

  2005 Spain  × Bitmed NGP140 

Cheliout-Heraut et al.
213

 2011 France /Belgium  × Somnolter 

Chung et al.
214

 2010 Canada   Embletta 

Churchward et al.
215

 2006 Australia Abstract  Somte 

Cilli et al.
216

 2006 Turkey Abstract  Embletta 

Danzi-Soares et al.
134

 2011 Brazil   Stardust II 

Divo et al.
217

 2008 Germany  × AG 6.41 

Driver et al.
158

 2009 Canada  × Medibyte 

Ferre et al.
159

  2008 Spain Abstract × Somte 

Finkel et al.
218

 2008 USA   Ares Unicorder 

Fordyce et al.
219

 2009 Canada Abstract  Not reported 

Furokawa et al.
140

 2008 Japan   Fm 500 

Garcia-Diaz et al.
149

 2007 Spain  × and separate Apnoescreen II 

Gjevre  et al.
155

 2011 Canada   Embletta 

Goodrich et al.
161

 2009 USA  × Life shirt 

Grant et al.
220

  2009 USA Abstract × Embletta 

Grover et al.
221

  2009 USA Abstract  Alice PDx 

Hernandez et al.
144

 2007 Spain   Not reported 

Kuna et al.
222

 2005 USA Abstract × and separate Stardust II 

Kuna et al.
180

 2011 USA   Embletta 

Kushida et al.
223

 2009 USA Abstract ×and separate PMP-300E 
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Study Year Country  Study type Simultaneous level I/ III study Device name 

Lettieri et al.
184

 2011 USA   Stardust 

Levendowski et al.
224

  2009 USA   Ares Unicorder 

Masa et al.
225

 2011 Spain   Breast SC 

Masdeu et al.
226

 2010 Spain   Ares Unicorder 

Nakayam et al.
227

 2008 Japan   Morpheus 

Ng et al.
162

 2009 China(Hong Kong)  × Apnea Link 

Ng et al.
133

  2010 China (Hong Kong)  × Embletta 

Nigro et al.
163

 2009 Argentina  × Apnea link 

Onder et al.
228

 2012 Turkey  × WatchPAT 200 

Orr et al.
164

  2006 USA Abstract × Lifeshirt 

Planes et al.
139

 2009 France  × Life shirt 

Polese et al.
160

  2009 Brazil Abstract × and separate Stardust II 

Quintana-Gallego et al.
136

 2004 Spain   Apnoescreen II 

Rosen et al.
179

 2012 USA    Embletta 

Santos-Silva et al.
146

 2009 Brazil  × and separate Stardust II 

Shrivastava D et al.
229

  2006 USA Abstract  Eden Trace Plus II 

Skomro  et al.
230

 2005 Canada Abstract  Embletta 

Skomro et al.
178

 2010 Canada   Embletta 

Smith et al.
131

 2007 UK  × and separate Embletta 

Su et al.
151

 2004 USA  × SNAP 

Sullivan et al.
135

  2009 Canada Abstract × Stardust  

Takama et al.
152

 2010 Japan  × Morpheous 

Tiihonen et al.
231

 2008 Finland  × AVP2 

Tiihonen et al.
132

 2008 Finland  ×and separate  NR (Novel device under development) 

To et al.
153

  2008 Hong Kong , China  × ARES Unicorder 

Tonelli de Oliveria et al.
156

 2009 Brazil  × and separate Somnocheck 

Wang et al.
185

 2011 China   ARES 

Yagi et al.232 2008 Japan  × Apnomonitor 5 

Yin M.
143

 2006 Japan   Stardust II 

Level I 

Al-Jawder et al.
170

 2009 Saudi Arabia   Alice 4 

Astuti P.
167

 2010 Indonesia Abstract  Not reported 

Bouloukaki et al.
233

 2011 Greece   Not reported 

Bruyneel et al.
165

 2010 Belgium   Brainnet 3.6 

Castriotta et al.
169

 2007 USA   Not reported 

Chou et al.
171

 2011 Taiwan   Alice 4 

Endo et al.
177

 2008 Japan   Not reported 

Garg et al.
166

 2012 India   S7000 Embla system 

Ghoshal et al.
234

 2009 India   Not reported 
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Study Year Country  Study type Simultaneous level I/ III study Device name 

Gondim et al.
235

 2007 Brazil   Compntenzel 

Goring et al.
236

 2007 USA   PS2 Compumedics 

Gouveris et al.
174

 2010 Germany   Alice 4 

Han-qiao et al.
168

 2009 China   Not reported 

Jing et al.
175

 2011 China   Siesta 2 

Khawaja et al.
172

 2010 USA   E-series Compumedics 

Kristo et al.
173

 2009 USA   Sensormedic 

Lim et al.
237

 2008 Singapore   Compumedice E-Series 

Miyata et al.
176

 2007 Japan   Alice 3 

Mokhlesi et al.
64

 2007 USA   Not reported 

Pinto et al.
238

 2011 Brazil   Not reported 

Tufik et al.
239

 2010 Brazil   Embla S7000 
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Table 13. Summary data from included studies 

Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Included Level III Review Studies comparing level III to level I 

Simultaneous + separate studies comparing level III to level I: 
Abraham et al.138 
(2006) 
 

Design: Cohort, 
Prospective 
Setting: academic 
teaching hospital, 
multi-Centre 
Country: USA/UK 
Number of sites: 4, 3 
clinics USA, 1 clinic 
UK 
Patient allocation: not 
reported 
 
Simultaneous and 
separate level I  and 
level III study 
Non-randomized 
allocation to separate 
study arm 
Simultaneous in-lab 
study followed by Level 
III at home study. 

 

Number of patients: 50  
Sex: male: 34, female: 16 
Age:  55.5 ±12.8 years (23-78 years) 
Suspected diagnosis: Sleep disordered breathing 
(SDB) 
Body Mass Index: 32.6±6.5 kg/m²(19-48 
kg/m²) 
Neck circumference (cm): not reported 
Berlin Risk: not reported  
Source of referrals: heart failure specialist  
Blinding: Study interpreter 
Epworth Sleepiness Score (ESS): 10.6±4.4 (1-23) 
Comorbidities: Stable New York Heart 
Association Class III systolic h eart failure 
(LVEF ≤ 35%):  
1. Mean: 26.4%, SD: ±13.5 
2. Ischemic:23 
3. Dilated: 21 
4. Hypertrophic: 2 
5. Viral: 1 
Withdrawals/dropouts: simultaneous level I  
and level III study- 6; level III study at 
home- 44 
Reasons for withdrawals/dropouts: simultaneous 
level I  and level III study- technical error 
(3), intolerant to level I study (1), severe 
pacemaker interference (1) remature patient 
withdrawal (1); level III study at home- 
technical failure (2) 
Inclusion criteria: New York Health 
Association Class III heart failure patients, 
LVEF ≤35%, stable heart failure with no 
change in medication for 2 weeks prior to 
study entry, no change of diuretics during 
the first week of study entry, and no 
anticipated need to change medications 
during the study 
Exclusion criteria: presence of cerebrovascular, 
neurovascular or terminal disease, severe 
chronic obstructive pulmonary disease 
FEV1 < 2L, presence of known 
dermatologic condition or allergy to sensors 
or medical adhesives,  and documented 

Simultaneous level I  and level III study  
In-lab level I 
Number of channels: 10+ 
Channels reported: EEG, saturation 
Study operators: Trained sleep medicine registered 
polysomnographer 
Scoring methods: Manual  
Study interpreters: Sleep medicine physician 
Device name: Alice 3/Alice 4 (Respironics, USA), 
Sandman (Mallinchrodt, USA), Embla (ResMed, 
USA) 
In-lab level III 
Number of  channels: 3+ (no nasal flow channel) 
Channels reported: thoracic impedence, oximetry and 
ECG 
Study operators: trained sleep nurse 
Scoring methods: Automated, limited manual editing 
by a certified EEG or sleep technician 
Study interpreters: Sleep medicine physician 
Device name: ClearPath System Nx-301 (Nexan Inc, 
USA) 
Separate Level I and Level III Study  
At-home Level III 
Number of channels: 3+ (no nasal flow channel) 
Study operators: Patient after instructions from 
trained sleep nurse in the sleep laboratory 
Scoring methods: Automated with limited manual 
editing by a certified EEG or sleep technician 
Study interpreters: Sleep medicine physician 
Device name: ClearPath System Nx-301 (Nexan Inc, 
USA) 
Interval between study arms: ≤ 3 nights 
Level I index used: RDI (TST) 
Level III index used: RDI (total recording time in 
bed) 
Cut point used indicating diagnosis and/or treatment: 
RDI  ≥ 15   

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, TP, TN, FP, FN, 
and accuracy) 
not reported for 
simultaneous setting 
Adverse events 
Technical failures 
 
 

 

Separate level I and level III: 
Diagnostic accuracy: 
At cut off: RDI>5 
Sensitivity: 92% 
Specificity: 52% 
PPV: 64.5% 
NPV: 92.3% 
LR +: 1.9 
LR -: 0.153 
True +: 20 
True -: 12 
False +: 11 
False-: 1 
Accuracy: 73% 
 
At cut off: RDI>10  
Sensitivity: 88% 
Specificity: 63% 
PPV: 60% 
NPV: 89.4% 
LR +: 2.37 
LR -: 0.190 
True +: 15 
True -: 17 
False +: 10 
False-: 2 
Accuracy: 73% 
 
At cut off: RDI>15 
Sensitivity: 67% 
Specificity: 78% 
PPV: 53.3% 
NPV: 86.2% 
LR +: 3.04 
LR -: 0.423 
True +: 8 
True -: 25 
False +: 7 
False-: 4 
Accuracy: 75% 
 
Adverse events: 
Sensors irritation: 
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Oxford 
Level of 

Evidence 

myocardial infarction within 6 weeks of 
study 

Very red skin: 1 
Some redness: 8 
Minimal redness: 10 
Itchiness: 6 
Sender irritation: 
Itchiness: 3 
 

Technical failures:  
Level III at home technical failure: 2 
 
Simultaneous in lab Level I  and Level 
III study  
Adverse events:  
Severe pacemaker interference: 1 
 
Technical failures:  
Level III  in-lab technical error: 3 
Intolerant to Level I study: 1 

Ayappa et al.154 
(2008) 
 
Funding sources:  
Private company 
(Advanced Brain 
Monitoring), 
Government 
(National Institute 
of Health)  
 
 

Design: Cohort, 
Prospective, 
Consecutive 
Setting: Academic 
Country: USA 
teaching hospital 
Number of sites: 1 
 
 
 

Number of patients: 102, 80 patients, 22 healthy 
volunteers  
Sex: male: 69, female: 28 
Age: 44 years (19-74) 
Suspected diagnosis: SDB 
Healthy Controls: 20 
Comorbidities: not reported 
BMI: 28.7 kg/m² (19-70)   
Neck circumference: not reported  
ESS: 8.7  
Berlin Risk: not reported 
Source of referrals: SDB patients: NYU sleep 
disorders centre 
Blinding: not reported 
Withdrawal/ dropout: separate level III study 
at home- 14; simultaneous level I  and level 
III study- 8 
Reasons for withdrawals/dropouts: separate level 
III study at home- withdrawn prior to study 
start (2), did not initiate Level III at home 
due to “lack of time”(6), could not tolerate 
the Unicorder (5), and technical failure(1); 
simultaneous level I  and level III study- 
withdrawn (not specified) (4), level III in lab 
technical failure (2), level III device not 
started (1), and failed PSG (1) 
Inclusion criteria: Suspected SDB, Health 
volunteers for control 
Exclusion criteria:  Inability to read English, 
inability to wear Level III device on 
forehead 

Separate level III study  
At-home level III 
Number of  channels: 4+ 
Channels reported: oximeter (pulse+ saturation), 
nasal canula (airflow), microphone (snoring), head 
movement actigraphy, and accelerated head 
position 
Study operators: patient 
Scoring methods: automated with limited manual 
options 
Study interpreters: pulmonogist 
Device name: ARES Unicorder (Advanced Brain 
Monitoring, USA) 
 
Simultaneous level I  and level III study  
In-Lab Level I 
Number of channels: 10+ 
Channels reported: EEG, ECG, submental EMG, 
ant. tibialis EMG, EOG, pulse oximeter 
(saturation+ pulse), nasal canula (airflow), and 
chest and abdominal movement 
Study operators: sleep technician 
Scoring methods: manual  
Study interpreters: sleep technician 
Device name: nocturnal PSG (Not specified) 
In-Lab Level III 
Number of channels: same as at-home. 
Study operators: sleep technician 
Scoring methods: automated with limited manual 
options 
Study interpreters: sleep technician 
Device name: same as at-home 
Interval between study arms: ≤2 weeks 
Level I index used: AHI and adjusted RDI (TST) 
Level III index used: AHI (using valid recording 
time) 
Cut point used indicating diagnosis and/or treatment: 
RDI on PSG  ≥ 15   

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, AUC, T+,T-, 
F+, F-, prevalence and 
accuracy) 
Diagnostic agreement 
Adverse events  
Technical failures 
Number of patients 
completed the study 
 

Separate at home Level III study 
Diagnostic accuracy: 
(calculated for 67 subjects without 
healthy volunteers) 
Cut-point used: AHI ≥ 5 
Sensitivity: 92% (95% CI 80-97%) 
Specificity: 67% (95% CI 41-86%)  
PPV: 88.20%  
NPV: 75.0%  
LR+: 2.76 
LR-: 0.12 
True +ve: 45 
True –ve: 12 
False +ve: 6 
False –ve: 4 
Prevalence: 73%  
 
Cut-point used: AHI ≥ 10 
Sensitivity: 89% (95% CI 72-96%) 
Specificity: 72% (95% CI 53-86%) 
PPV: 77.5% 
NPV: 85% 
LR+: 3.15 
LR-: 0.16 
True +ve:13 
True –ve:23 
False +ve:9 
False –ve:4 
Prevalence: 52% 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 76% (95% CI 57-88%) 
Specificity: 82% (95% CI 65-93%) 
PPV: 80.6% 
NPV: 77.7% 
LR+: 4.29 
LR-: 0.30 
True +ve:25 
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True –ve: 28 
False +ve:6 
False –ve: 8 
Prevalence: 49% 
 
Cut-point used: RDI ≥ 10 
Sensitivity: 90% (95% CI 78-96%) 
Specificity: 78% (95% CI 40-96%) 
PPV: 96.3% 
NPV: 53.8% 
LR+: 4.03 
LR-: 0.13 
True +ve:52 
True –ve: 7 
False +ve:2 
False –ve: 6 
Prevalence: 87% 
 
Cut-point used: RDI ≥ 15 
Sensitivity: 84% (95% CI 71-93%) 
Specificity: 81% (95% CI 54-95%) 
PPV: 93.3% 
NPV: 63.6% 
LR+: 4.5 
LR-: 0.19 
True +ve:42 
True –ve: 14 
False +ve:3 
False –ve:8 
Prevalence:75% 
 
Diagnostic agreement (Level I & III 
RDI/AHI): 
Interclass correlation coefficient): 
Home level III vs level I: 0.95 
 
Bland and Altman Values:  
Home level III vs level I: 4.1/hour 
(95% CI 0.8, 7.3/hour) 
 
Adverse events: 
 Could not tolerate Level III device: 5 
 
Technical failures:  
Did not initiate Level III recording: 6 
Technical failure: 1 
 
AHI mean difference between AHI 4% 
ARES, and AHI 4% PSG= 0.5/hour 
95% CI (-1, 2) 
 
Simultaneous in lab Level I  and Level 
III study   
Diagnostic accuracy: 
(Calculated for 73 subjects without 
volunteers) 
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Cut-point used: AHI ≥ 5 
Sensitivity: 98% (95% CI 88-100%) 
Specificity: 76% (95% CI 52-91%) 
PPV: 91.0% 
NPV: 94.0% 
LR+: 4.12 
LR-: 0.03 
True +ve:51 
False +ve:5 
True –ve:16 
False –ve:1 
Diagnostic accuracy: 92% 
Prevalence: 71% 
 
Cut-point used: AHI ≥ 10 
Sensitivity: 97% (95% CI 84-100%) 
Specificity: 78% (95% CI 60-89%) 
PPV: 82.0% 
NPV: 96.0% 
LR+: 4.38 
LR-: 0.03  
True +ve:36 
False +ve:8 
True –ve:28 
False –ve:1 
Diagnostic accuracy: 87.6% 
Prevalence: 51% 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 91% (95% CI 75-98%) 
Specificity: 92% (95% CI 78-98%) 
PPV: 92.0% 
NPV: 92.0% 
LR+: 11.85 
LR-: 0.10 
True +ve:31 
False +ve:3 
True –ve:36 
False –ve:3 
Diagnostic accuracy: 91.7% 
Prevalence: 47% 
 
Cut-point used: RDI ≥ 10 
Sensitivity: 95% (95% CI 86-99%) 
Specificity: 73% (95% CI 39-93%) 
PPV: 96.7% 
NPV: 72.70% 
LR+: 3.49 
LR-: 0.07 
True +ve:59 
False +ve:3 
True –ve:8 
False –ve:3 
Diagnostic accuracy:91.7% 
Prevalence: 85% 
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Cut-point used: RDI ≥ 15 
Sensitivity: 94% (95% CI 86-99%) 
Specificity: 89% (95% CI 39-93%) 
PPV: 96% 
NPV: 85% 
LR+: 8.97 
LR-: 0.06 
True +ve: 51 
False +ve:2 
True –ve: 17 
False –ve: 3 
Prevalence: 74% 
 
Diagnostic agreement (Level I & III 
RDI/AHI): 
Interclass correlation coefficient: 
In-lab level III vs level I: 0.98  
 
Bland and Altman Values:  
In-lab level III vs level I: 0.5/hour (95% 
CI -1.0, 2.0/hour) 
 
Technival failures:  
Level III in lab technical failure: 2 
Level III device not started: 1 
Failed PSG: 1 
 
Number of patients completed the study:  
97 

Garcia-Diaz et 
al.149(2007) 
 
 

Design: Cohort, 
Consecutive, 
Prospective 
Country: Spain 
Setting: Academic 
hospital 
Number of sites: 1 
 
 

Number of patients: 65 (62 valid recordings) 
Suspected diagnosis: SAHS 
Sex: male: 54, female: 8 
Age: 54 ±10.4 years 
Comorbidities: hypertension (27) and  
cardiovascular comorbidity (9) 
Body Mass Index: 30.1 ± 3.9 kg/m² 
ESS: 12 ±3.7 
Source of referrals: not reported 
Blinding to study reports: study interpreter 
Withdrawals/dropouts: 3 
Reasons for withdrawl: incomplete study 
protocol (2), technical failure in level I device 
(1) 
Inclusion criteria: not reported 
Exclusion criteria: physical or mental 
impairment. 

Simultaneous level I  and level III study  
Level I 
Location of study: sleep lab 
Number of channels: 7+ 
Channels reported: 
EEG, EOG, submental EMG, airflow, chest 
movement, abdominal movement, ECG and pulse 
oximetry 
Study operators: not reported 
Scoring methods: manual 
Study interpreters: technician 
Device name: Somnostar 4100 (SensorMedics 
Corporation, Yorba Linda, CA) 
Level III 
Location of study: sleep lab 
Number of channels: 4+ 
Channels reported: airflow, pulse oximetry, 
respiratory movement, tracheal sound, ECG and 
body position 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: two researchers (independent 
from each other and level I reviewer) 
Device name: Apnoescreen II (Eric Jaeger GMBH 
and Cokg; Wuerzburg, Germany) 
Level III home study  
Same details as in-lab level III 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, and AUC) 
Diagnostic agreement 
Adverse events 
Technical failures 
Diagnoses made 
Sleep indexes reported  
Patients completed the 
study 
 
 

Simultaneous in lab Level I  and Level 
III study   
Diagnostic accuracy: 
Cut-point used: AHI ≥ 10 
Sensitivity: 94.6% (95% CI: 87.3%, 
100%) 
Specificity: 96% (95% CI: 88.3%, 
100%)  
PPV: 97.0% 
NPV: 92.0% 
LR+: 23.64, (95% CI: 3.5, 161.6) 
LR-: 0.06, (95% CI: 0.01, 0.22) 
Area under the ROC curve: 0.977, (95% 
CI: 0.937, 1.0) 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 100%  
Specificity: 96.7%, (95% CI: 90.2%, 
100%) 
PPV: 97.0% 
NPV: 100% 
LR+: 30, ( 95% CI: 4.37, 206.08) 
LR-: 0  
 Area under the ROC curve: 0.998, 
(95% CI: 0.992, 1.0) 
 
Cut-point used: AHI ≥ 30 
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Interval between studies: < 15 days 
Level I index used: AHI (Total Sleep Time) 
Level III index used: RDI (Total Sleep Time), 
RDITRT (Total Recording Time) 
Cut point used indicating diagnosis and/or treatment: 
AHI  ≥ 5 

Sensitivity: 95.8%, (95% CI: 87.8%, 
100%)  
Specificity: 94.7%, (95% CI: 87.6%, 
100%)) 
PPV:  92.0% 
NPV: 97.0% 
LR+: 18.2 
(95% CI: 4.7, 70.3) 
LR-: 0.04 (95% CI: 0.01, 0.3)  
Area under the ROC curve: 0.986  
( 95% CI: 0.964, 1.0) 
 
Diagnostic  agreement: 
Correlation: not reported 
 
Bland and Altman Values:  
Level I AHI vs Level III RDI: 2.8±10.5 
(95% CI: 0.13, 5.5) 
 
Technical failures:  
Level I technical failure: 1 
 
Proportion of patients diagnosed with SDB 
made:  
AHI ≥5: 71% : 44 
AHI ≥10: 59.7% : 37 
AHI ≥15: 51.6% : 32 
AHI ≥30: 38.7% : 24 
 
Sleep indexes reported: 
AHI values (mean±SD): 
Level I: 30.3± 33/hour 
 
RDI values (mean±SD):  
Level III: 27.5±26.9/hour 
Level III(TRT): 26.1±25.9/hour 
 
Separate at home Level III study 
Diagnostic accuracy: 
Cut-point used: AHI ≥ 10:  
Sensitivity: 86.4% ( 95% CI: 75.4, 97.5) 
Specificity: 100%  
PPV: 100% 
NPV: 84% 
LR+: ∞ 
LR-: 0.14 (95% CI: 0.06, 0.31) 
Area under the ROC curve: 0.969 (95% 
CI: 0.934, 1.0) 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 87.5%, (95% CI: 76, 98.9) 
Specificity: 96.7%, (95% CI: 90.2, 100)) 
PPV: 97% 
NPV: 88% 
LR+:  27.0 (95% CI: 3.8, 181.1) 
LR-: 0.13 (95% CI:0.05, 0.32) 
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Area under the ROC curve: 0.972 (95% 
CI: 0.936, 1.0) 
 
Cut-point used: AHI ≥ 30 
Sensitivity: 91.7% (95% CI: 80.6, 100) 
Specificity: 94.7% (95% CI: 87.6, 100) 
PPV: 92% 
NPV: 95% 
LR+: 17.0 (95% CI: 4.5, 67) 
LR-: 0.09 (95% CI: 0.02, 0.33) 
Area under the ROC curve: 0.986 (95% 
CI: 0.964, 1.0) 
 
Diagnostic agreement: 
Correlation: not reported 
 
Bland and Altman Values:  
Level I AHI vs Level III RDI:3.1±17 
(95% CI: -1.1, 7.5) 
 
Sleep indexes reported: 
RDI values (mean±SD): 
Level III: 27.3±28.4/hour 
Level III(TRT): 25.5±26.8/hour 
 
Patients completed: 
Simultaneous level I  and level III study: 
62 valid recordings 
Level III home study: 62  valid 
recordings 

Kuna et 
al.222(2005) 
Abstract 
 
Funding sources:  
Equipment 
provided by the 
company 
(Respironics, Inc) 
 

Design: Cohort, 
Prospective 
Setting: Academic 
teaching hospital 
Country: USA 
Number of sites: 1 
 

Number of patients: 39 
Sex: male: 39, female: 0 
Age: 54.0 ±9.6 years 
Comorbidities: not reported 
BMI: 35.8±7.0  kg/m² 
ESS: not reported 
Source of referrals: not reported 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Blinding: not reported 
Inclusion criteria: Suspected Sleep Apnea 
Exclusion criteria: not reported 

Separate level III study  
Level III 
Location of study: home 
Number of  channels: 4+ 
Channels reported: nasal pressure for airflow, rib 
cage movement, oxygen staturation, heart rate, 
body position and snoring  
Study operators: Patient 
Scoring methods: Manual 
Study interpreters: not reported 
Device name: Stardust II (Respironics Inc., USA) 
 
Simultaneous Level I  and Level III study  
Level I 
Location of study: sleep laboratory 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: manual  
Study interpreters: not reported 
Device name: not reported 
In-lab Level III 
Number of  channels: same as in-home study. 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: not reported 
Device name: Same device used in-home 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, and 
LR-) 
Diagnostic agreement 
Diagnoses made 
Sleep indexes reported 
Patients completed the 
study 
 
 

Separate at home Level III study  
Diagnostic accuracy: 
Cut-point used: AHI ≥ 15 
Sensitivity: 86.7% (95% CI not 
reported) 
Specificity: 77.8% (95% CI not 
reported) 
LR+: 3.90 
LR-: 0.17 
 
Diagnostic agreement (Level I & III AHIs): 
Correlation coefficient: r = 0.75 
Bland and Altman Values: not reported 
 
Sleep indexes reported 
AHI values (mean±SD): 
32.1±27.4/hour 
 
Simultaneous in lab Level I  and Level 
III study  
Diagnostic accuracy: 
Cut-point used: AHI ≥ 15 
Sensitivity: 96.6% (95% CI not 
reported) 
Specificity: 100% (95% CI not 
reported) 
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Interval between studies: 1 day 
Level I index used: AHI  
Level III index used: “AHI” (recording time) 
Cut point used indicating diagnosis and/or treatment: 
AHI:  ≥15 

LR+: -- 
LR-: 0.03 
 
Diagnostic agreement (Level I & III AHIs): 
Correlation coefficient: 
In-lab Level III & level I: r = 0.92  
At home level III & level I: r =0.75 
 
Diagnoses made:  
Level I OSA: 30 
Level III OSA: not reported 
 
Sleep indexes reported: 
AHI values (mean±SD):  
Level I: 40.6±35.5/hour  
Level III: 36.4±27.7/hour 
 
Patients completed:  
39 

Kushida et 
al.223(2009) 
Abstract 
 
Funding sources:  
Research grant 
from Private 
company (Pacifico 
Medico Co., Ltd) 
 

Design: Cohort, 
Prospective 
Setting: Academic 
Country: USA 
teaching hospital 
Number of sites: 1 
 
 

Number of patients: 11 
Suspected diagnosis: OSA: 11 
Sex: male: 7, female: 4 
Age: 42.1 years  
Comorbidities: not reported 
BMI: 26.1 kg/m² 
Neck circumference: not reported 
ESS: 8.1  
Source of referrals: not reported 
Withdrawals/dropouts: 0 
Blinding: not reported 
Inclusion criteria: age ≥ 18 yrs, suspected OSA 
Exclusion criteria: not reported 
 

Separate at-home level III: 
Number of  channels: 4+ 
Channels reported: nasal pressure, effort, snoring, 
pulse oximetry and body position  
Study operators: patient 
Scoring methods: Automated 
Study interpreters: not reported 
Device name: PMP-300E  
(Pacific Medico Co., LTD. Japan) 
 
Simultaneous level I  and level III study  
Level I 
Location of study: sleep laboratory 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: manual  
Study interpreters: sleep technician 
Device name: not reported 
Level III 
Location of study: sleep laboratory 
Number of  channels: 4+  
Device Name: same device used in-home 
Study operators: not reported 
Scoring methods: automated 
Study interpreters: not reported 
Interval between studies: not reported 
Level I index used: AHI  
Level III index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
AHI:  not reported 

Sleep indexes reported Simultaneous in lab Level I  and Level 
III study   
Sleep indexes reported: 
AHI/AI/HI values (mean): 
Level I:  
AHI: 22.4/hour  
AI: 8.7/hour  
HI:13.6/hour 
Level III:  
AHI: 15.2/hour 
AI: 10/hour 
HI: 3.6/hour 
 
P-value for difference in mean AHI between 
level I and III: <0.05 
P-value for the difference in mean AI between 
level I and III: 0.44 
P-value of the difference in mean HI between 
level I and III: <0.05 
 

2b 

Polese et 
al.160(2009) 
Abstract 
 
 

Design: Cohort, 
Consecutive, 
Prospective 
Country: Brazil 
Setting: Academic 
teaching hospital 

Number of patients: 43 
Suspected diagnosis: OSA 
Sex: male: 19, female: 24 
Age: mean: 70 ±5 years 
Comorbidities: not reported 
Body Mass Index: 30±6 kg/m² 

Simultaneous level I  and level III study  
In-lab level I 
Number of channels:  not reported 
Study operators: not reported 
Scoring methods: not reported  
Study interpreters: sleep technician 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, and 
LR-) 
Diagnostic agreement 
Sleep indexes reported 

Simultaneous in lab Level I  and Level 
III study   
Diagnostic accuracy 
Cut-point used: AHI ≥ 5 
Sensitivity: 93.9% 
Specificity: 100% 
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Oxford 
Level of 
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Number of sites: 1 
 
Simultaneous and 
separate level I  and 
level III study , random 
allocation to 
simultaneous Level 
I/III  and level III study 
 

ESS: 9 ±7 
Source of referrals: not reported 
Blinding: Study interpreter 
Inclusion criteria: age ≥ 65 years, suspected 
OSA 
Exclusion criteria: not reported 

Device name: not reported 
In-lab level III 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: sleep technician 
Device name: Stardust II (Respironics, Inc. USA) 
 
Separate  level III study  
At-home level III 
Number of  channels: not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: sleep technician 
Device name: Stardust II (Respironics, Inc. USA) 
Interval between studies: ≤1 week 
Level I index used: AHI  
Level III index used: “AHI” 
  
 
 
 
 

PPV: 100% 
NPV: 59.0% 
LR+: ∞ 
LR-: 0.061 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 96.2% 
Specificity: 100% 
PPV: 100 % 
NPV: 91.0% 
LR+: ∞ 
LR-: 0.038 
 
Cut-point used: AHI ≥ 30 
Sensitivity: 93.7% 
Specificity: 78.9% 
PPV: 71 % 
NPV: 92% 
LR+: 4.44 
LR-: 0.080 
 
Diagnostic agreement (Level I & III AHIs): 
Pearson correlation: r=0.84  
 
Bland and Altman Values: “Strong 
Agreement” 
 
Sleep indexes reported: 
AHI values (mean±SD): 
Level I:  
AHI: 32.7±25.7/hour 
HI: 16.4±11.4/hour 
Level III:  
AHI: 33.7±18.8/hour  
HI: 18.3±9.4/hour 
 
Separate at home Level III study  
Diagnostic accuracy 
Cut-point used: AHI ≥ 5 
Sensitivity: 69.7% 
Specificity: 100% 
PPV: 94% 
NPV: 50% 
LR+: ∞ 
LR-: 0.303 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 80.8% 
Specificity: 90% 
PPV: 85% 
NPV: 60% 
LR+: 8.08 
LR-: 0.213  
 
Cut-point used: AHI ≥ 30 
Sensitivity: 81.2% 
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Specificity: 85% 
PPV: 76% 
NPV: 84% 
LR+: 5.41 
LR-: 0.221 
 
Diagnostic agreement (Level I & III AHIs): 
Pearson correlation: r=0.67 
Bland and Altman Values: “Strong 
Agreement” 
 
Sleep indexes reported: 
AHI values (mean±SD): 
Level III:  
AHI: 23.0±24.0/hour 
HI: 9.0±6.0/hour 

Santos-Silva et 
al.146(2009) 
Full study  
 
Funding sources: 
Associacao fundo 
de incentive a 
psico-
farmacologia & 
private company 
provided the 
machine and 
training 

Design: Cohort study, 
Consecutive, 
Prospective 
Setting: Academic 
teaching hospital 
Country: Brazil 
Number of sites: 1 
 

 

Number of patients: 82 
Suspected diagnosis: OSA 
Non-suspected SDB: 10 
Sex: male: 46, female: 34 
Age: 47±14 years 
Comorbidities: not reported 
Body Mass Index: 28±5 kg/m² 
Neck circumference: 36.6±4.9 cm 
ESS: 10.4±5.8 
Berlin risk (Low:High): 26 (32%) : 54 (68%) 
Blinding: study interpreter 
Withdrawals/dropouts: 2 from simultaneous 
arm, 2 from separate arm 
Inclusion criteria: age ≥ 21 yrs, suspected OSA, 
Ability to provide consent and follow the 
study procedures 
Exclusion criteria: suspected  other non-OSA 
sleep disorders, severe or unstable comorbid 
conditions, receiving oxygen or mechanical 
ventilation, neurological disorders, sedative, 
hypnotic or stimulant use, and alcohol or 
drug abuse  

Simultaneous level I  and level III study  
In-lab level I 
Number of channels: 10+ 
Channels reported:  
Four channels EEG, ECG, submental EMG, left 
and right ant. tibialis EMG, EOG, 
thoracoabdominal effort, oronasal airflow, body 
position, saturation and pulse oximetry 
Study operators: Sleep Technician 
Scoring methods: Manual 
Study interpreters: Registered Technologist 
Device name: Embla S7000 (Embla systems, Inc., 
Broomfield,  CO, USA) 
Level III 
Number of channels: 4+ 
Channels reported: finger probe for saturation, 
oximetry, airflow nasal canula, respiratory effort 
and body position. 
Study operators: Registered Sleep Technologist. 
Scoring methods: Manual 
Study interpreters: Registered Technologist 
(independent from Level I reviewer) 
Device name: Stardust II (Respironics, Inc. USA) 
 
Separate level I  and level III study  
At-home level III 
Same device as in-lab study 
Study operators:Patients 
Scoring methods: Manual 
Study interpreters: Registered Technologist 
(independent from Level I reviewer) 
Interval between studies: Within 2 weeks 
Level I index used: AHI (TRT) 
Level III index used: AHI (TRT) 
Cut point used indicating diagnosis and/or treatment: 
AHI  ≥ 5  

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, and AUC) 
Diagnostic agreement 
Adverse events 
Technical failures 
Sleep indexes reported 

Simultaneous in lab Level I  and Level 
III study   
Diagnostic accuracy 
Cut-point used: AHI ≥ 5 
Sensitivity: 98% 
Specificity: 62% 
PPV: 87% 
NPV: 93% 
LR+:2.58 
LR-: 0.032 
Area under the ROC curve: 0.97     
 
Cut-point used: AHI ≥ 15 
Sensitivity: 97% 
Specificity: 74% 
PPV:78 % 
NPV: 96% 
LR+: 3.73 
LR-: 0.041 
Area under the ROC curve:0.98   
 
Cut-point used: AHI ≥ 30 
Sensitivity: 96% 
Specificity: 92% 
PPV: 87 % 
NPV: 98% 
LR+: 12.0 
LR-: 0.043 
Area under the ROC curve:0.98  
 
Diagnostic agreement (Level I & III AHIs): 
Pearson correlation: r=0.892 (p<0.0001, 
95% CI: 0.83, 0.93)  
 
Bland and Altman Values: 1.1/hour 
(95% CI: -24.9, 22.8) 
 
Adverse events:  
Hypertensive crisis during study: 1 
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Technical failures:  
Incomplete recording: 1 
 
Sleep indexes reported: 
AHI/AI/HI values (mean±SD) 
Level I:  
AHI: 26±28/hour 
AI: 15±22/hour 
HI: 11±14/hour 
Level III: 
AHI:  27±23/hour 
AI: 15±20/hour 
HI: 11±8/hour 
 
Separate at home Level III study  
Diagnostic accuracy 
Cut-point used: AHI ≥ 5 
Sensitivity: 93% 
Specificity: 59% 
PPV: 85% 
NPV: 76% 
LR+: 2.27 
LR-: 0.12 
Area under the ROC curve:0.90 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 85% 
Specificity: 80% 
PPV:80 % 
NPV: 84% 
LR+: 4.25 
LR-: 0.19 
Area under the ROC curve:0.92   
   
Cut-point used: AHI ≥ 30 
Sensitivity: 77% 
Specificity: 93% 
PPV: 81% 
NPV: 91% 
LR+: 11.0 
LR-: 0.25 
Area under the ROC curve:0.95    
  
Diagnostic agreement (Level I & III AHIs): 
Pearson correlation:  r=0.876 
(p<0.0001, 95% CI: 0.81, 0.91) 
 
Bland and Altman Values: 0.7/hour 
(95% CI -24.0, 22.6) 
 
Technical failures:  
Level III: Equipment malfunction: 2 
 
Sleep indexes reported: 
AHI/AI/HI values (mean±SD) 
Level III:  
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AHI: 23±24/hour 
AI: 13±20/hour 
HI: 9±6/hour 

Smith et 
al.131(2007) 
 
 

Design: Cohort, 
Consecutive, 
Prospective 
Setting: Academic 
teaching hospital 
Country: UK 
Number of sites: 1 
 
Simultaneous level I  
and level III study 
separate level III home 
study  
 
 

Number of patients: 20 chronic heart failure 
patients on optimal medical therapy. 
Suspected diagnosis: SDB 
Sex: male: 14, female: 6 
Age: mean:  61 years, SD: ±10, range: 18-20 
years 
Comorbidities (CHF): ischaemic heart disease 
(13), dilated cardiomyopathy (7), atrial 
fibrillation (3), left ventricular ejection 
fraction (33±12) 
BMI: 29±6 kg/m² 
Neck circumference (cm): not reported 
ESS: 8±4 
Source of referrals: not reported 
Blinding: not reported 
Withdrawals/dropouts: 0 
Reasons for withdrawals/dropouts: N/A 
Inclusion criteria: consenting CHF patients, 
etween 18 and 80 years of age, symptomatic 
but stable CHF for at least one month on 
medical therapy, and objective evidence of 
left ventricular systolic dysfunction with EF 
< 40% 
Exclusion criteria: acute coronary syndrome 
within the preceding three months, primary 
valvular heart disease, and stroke with 
residual neurological deficit 
 

Simultaneous level I  and level III study  
In-lab Level I 
Number of channels: 10+ 
Channels reported: EEG, EOG, submental EMG, 
anterior tibialis EMG, thoraco-abdominal 
movement, finger pulse oximetry, snoring, and 3 
lead ECG 
Study operators: not reported 
Scoring methods: manual 
Study interpreters: experienced sleep technician 
Device name: Compumedics (Abbotsford, Australia) 
In-lab Level III 
Number of channels: 4+ 
Channels reported: nasal pressure canula, 2 belts 
thoraco-abdominal movement, finger pulse 
oximetry, and body position 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Experienced sleep technician 
Device name: Embletta (Flaga, Iceland) 
Level III home study   
Same device as in-lab level III 
Study operator: Patient 
Scoring methods: Manual 
Study interpreters: Experienced sleep technician 
Interval between studies: median: 2 days, range: 1-7 
days 
Level I index used: AHI (TST) and A+H  (TIB) 
Level III index used: A+H (TIB) 
Cut point used indicating diagnosis and/or treatment: 
A+H  ≥ 10   

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, and 
LR-) reported only for 
separate setting 
Diagnostic agreement 
Diagnosis made 
Technical failures, only in 
level III separate setting 
Sleep indexes reported 
 

Simultaneous in lab Level I  and Level 
III study  
Diagnostic agreement: 
Pearson’s correlation: 
Between level I & III A+H:  r= 0.92 
(p<0.01) 
Between level III A+H & level I AHI: 
r=0.94 (p<0.01) 
 
Bland and Altman Values:  
Level I A+H vs level III A+H 
(mean±SD): 5 ± 7; (95% CI: -8, 18) 
Level I AHI vs level III A+H 
(mean±SD): 6 ±9; (95% CI: -11, 24) 
 
Diagnostic accuracy agreement 
between level I and level III A+H: 
Kappa coefficient: 0.63, p<0.01 
 
Diagnoses made: 
Level I AHI>15:  
OSA: 10 
CSA: 1 
 
Sleep indexes reported 
AHI values (mean±SD): 
Level I:  
AHI: 25.7/hour± 22.2 
HI: 16.4/hour±13.5 
MA: 0.0/hour±0.0 
CA: 2.8/hour±9.6 
OA: 6.3/hour±13.4 
Level III:  
AHI: not reported 
HI: 14.4/hour±10.0 
MA: 0.0/hour±0.1 
CA: 0.6/hour±1.8 
OA: 4.5/hour±8.1 
A+H values (mean±SD):  
Level I: 24.2 ± 16.8 
Level III: 19.5 ±16.0 
(difference between Level I & Level III 
A+H statistically significant, p< 0.01) 
 
Separate at home Level III study 
Diagnostic accuracy 
Cut-point used:  AHI ≥ 15  
Sensitivity: 58.3% 
Specificity: 62.5% 
PPV: 70% 
NPV: 50% 
LR+: 1.55 
LR-: 0.67 
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Diagnostic agreement: 
Pearson’s correlation (between level I 
and III A+H): r=0.54 (p=0.01) 
 
Bland and Altman Values: 
Level I A+H vs level III A+H 
(mean±SD): 10±15; (95% CI: -18, 39) 
Level I AHI vs level III A+H 
(mean±SD): 12±19;( 95% CI: -25, 49) 
 
Diagnostic accuracy agreement 
between level I 
AHI & level III A+H: Kappa 
coefficient: 0.27, p=0.06 
 
Technical failures: 
Level III:  
Poor nasal pressure trace: 2 
Poor PSO² trace:2 
Patient error requiring repeat study:1 
 
Sleep indexes reported: 
AHI values (mean±SD): 
AHI: not reported 
HI: 10.6/hour±8.9 
MA: 0.0/hour±0.0 
CA: 0.2/hour±0.6 
OA: 2.9/hour±5.1 
 
A+H values (mean±SD): 
Level III: 13.7 ± 12.6 
(difference between level I and level III 
A+H statistically significant, p< 0.01) 

Tiihonen et al.132 
(2008) 
 
 

Design: Cohort, 
Prospective 
Country: Finland 
Setting: Academic 
hospital  
Number of Sites: 1 
 
The study is composed of two 
parts: 
First part compared 
between the novel level 
III device and PSG in 
19 patients 
simultaneously in lab. 
Second part, compared 
between the level III 
novel device and 
another level III device . 
Data shown only for the 
first part 

Number of patients: 19 
Age: 46.8 +12.7 years 
Sex: male: 11, female :8 
BMI: 31.4 + 10.3 kg/m2 
Comorbidities: not reported 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: No dropouts or 
withdrawals reported 
Blinding: not reported 
Inclusion criteria: Suspected OSAS 
Exclusion criteria: not reported 
 

In-lab level I 
Number of patients: 19 
Number of channels: not reported  
Channels reported: not reported  
 Study operator: Technician 
Scoring method: Manual 
Study interpreter: Physician 
Device name: Embla, (Embla Co., Broomfield USA) 
At-home level III 
Number of patients: 19 
Number of channels: 8 
Channels reported: nasal airflow with nasal pressure 
cannula, another airflow thermistor, strain gauge 
transducer for thoraco-abdminal movement, 
microphone for snoring sound, oxygen saturation 
and heart rate 
Study operator: Patient 
Scoring method: Manually 
Study interpreter: Physician 
Device name: New device under development, 
referred to as “novel device” 
Level I index used: AHI 

Diagnostic agreement 
Sleep indexes reported 
 
 

Diagnostic agreement:  
Correlation: r=0.994, p-value <0.0001 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep Design):  
AHI:  
Level I: 18.9+(25.2) 
Level III: 19.6+(25.7) 
P-value: NS 
 
OAI: 
Level I:7.3+13.9 
Level III: 10.4+17.9 
p-value: < 0.05 
 
CAI: 
Level I: 1.5+4.3 
Level III: 0.6+1.5 
p-value: < 0.05 
 
Mixed Apnea Index:  

1b 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



108 
 

Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
AHI >5 

Level I: 4.0+10.1 
Level III: 3.1+7.0 
 

Tonelli de Oliveria 
et al.156(2009) 
 
 
 

Design: 
Cohort study, 
Consecutive, 
Prospective 
Setting: Academic 
teaching hospital 
Country: Brazil 
Number of sites: 1 
 
 
 

Number of patients: 157  
Suspected diagnosis: OSAS 
Sex: male: 111, female: 38 
Age:mean: 45 years, SD: ±12 
Comorbidities: hypertension (on PSG arm: 
47/157, home level III: 34/121, and in-lab 
level III: 44/149) 
BMI: 29.2 ±5.5 kg/m² 
Neck circumference (cm): not reported 
SDB pre-test probability: Epworth Sleepiness 
Scale mean: 11±5 
Source of referrals: not reported 
Blinding: Study Interpreter 
Withdrawals/dropouts: simultaneous level I & 
III- 8; level III at home- 36  
Reasons for withdrawals/dropouts: level III in lab-
< 4 hours recording (6), lost airflow signal 
(1), and lost oximetry (1); level III at home- 
absent from study: 13, < 4 hours recording 
(12), lost oximetry (5), lost airflow signal (4), 
intolerant of level III device (1) and forgot to 
wear level III device (1)  
Inclusion criteria: age > 18 years and referred 
for evaluation of suspected OSAS 
Exclusion criteria: pregnant, severe 
comorbidities (cancer, heart failure, etc.), 
difficulties that would interfere with 
examinations and residence outside the 
hospital’s catchement area 

Simultaneous Level I and Level III study  
Level I 
Location of study: Sleep Laboratory 
Number of channels: 10+ 
Channels reported: EEG four channels, EOG, 
submental and anterior tibialis EMG, ECG, 
airflow nasal canula and pulse oximetry 
Study operators: technician 
Scoring methods: manual 
Study interpreters: sleep specialist (one of authors) 
Device name: not reported 
Level III 
Location of study: Sleep Laboratory 
Number of channels: 4+ 
Channels reported: position sensor, pressure 
transducer, pulse oximetry, airflow canula, snoring 
and heart rate 
Study operators: technician 
Scoring methods: automated/manual 
Study interpreters: sleep specialist (one author 
different from level I reviewer) 
Device name: Somnocheck (Weinmann GmbH, 
Hamburg, Germany) 
Level III home study  
Device Name: Same device as in-lab level III 
Study operators: patients 
Scoring methods: automated/manual 
Study interpreters: sleep specialist (one author 
different from level I reviewer) 
Interval between studies: maximum 48 hours interval 
between simultaneous studies and level III home 
study 
Level I index used: AHI (not reported) 
Level III index used: AHI (denominator: total 
artifact-free recording time) 
Cut point used indicating diagnosis and/or treatment: 
AHI ≥ 5   

Diagnostic accuracy  
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, TP, TN, FP, FN, 
and AUC) 
Diagnostic agreement   
Technical failures 
Diagnoses made 
Sleep indexes reported 
Patients completed the 
study 

Simultaneous in lab Level I  and Level 
III study   
Diagnostic accuracy: 
Cut-point used: AHI <5 
Sensitivity: 95.3%  
(95% CI: 91.7,  99.0) 
Specificity: 75% 
(95% CI: 56,  94) 
PPV: not reported 
NPV: not reported 
LR+: 3.81 
LR-: 0.06 
 
Diagnostic agreement: 
Concordance (Kappa statistics, Level I 
& III AHIs): 
AHI<5: 0.69 (95% CI: 0.52, 0.84)  
5≤AHI<15: 0.51, (95% CI: 0.35, 0.67)  
15≤AHI<30: 0.55, (95% CI: 0.4, 0.71) 
30≤AHI:  0.79, (95% CI: 0.63, 0.95) 
Overall: 0.64 (95% CI: 0.55, 0.74) 
 
Bland and Altman Values:  
Level I AHI vs level III AHI:+2.6/hour 
(95% CI-17.7, 22.8)  
 
Technical failures: 
Level III:  
< 4 hours recording: 6 
Lost airflow signal: 1 
Lost oximetry: 1 
 
Sleep indexes reported: 
AHI values (mean±SD): 
Level I: 30.2±27.8/hour 
Level III: 27.5±24.7/hour 
 
Separate at home Level III study 
Diagnostic accuracy: 
Cut-point used: AHI ≥ 5  
Sensitivity: 96.15% (95% CI: 92.5,  99.8) 
Specificity: 64.7% (95% CI: 42.0,  87.4) 
PPV: 94.3% (95% CI: 89.9,  98.7) 
NPV: 73.3% (95% CI: 51.0, 95.7) 
LR+: 2.7 
LR-: 0.05 
True +ve: 100 
True –ve: 11 
False +ve: 6 
False –ve: 4 
Accuracy: 92% 
Pravalence: 85% 
Area under the ROC curve: 0.96  (95% 
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CI: 0.91, 0.99) 
 
Cut-point used: AHI ≥ 10 (Best cut 
point for level III AHI=9) 
Sensitivity: 90.7% (95% CI: 82.7,  95.2) 
Specificity: 82.9% (95% CI: 67.3,  91.9) 
PPV: 92.9% (95% CI: 85.3,  96.7) 
NPV: 68.4% (95% CI: 62.8,  88.6) 
LR+:  5.2 
LR-: 0.11 
True +ve: 78 
True –ve: 29 
False +ve: 6 
False –ve: 8 
Accuracy: 88% 
Prevalence: 70%  
Area under the ROC curve: 0.92 (95% 
CI: 0.85, 0.96) 
 
Cut-point used: AHI ≥ 15 (Best cut 
point for level III AHI=9) 
Sensitivity: 81.3% (95% CI: 71.1,  88.5) 
Specificity: 82.6% (95% CI: 69.3,  90.9) 
PPV: 88.4% (95% CI: 78.8,  94.0) 
NPV: 73.1% (95% CI: 59.7,  83.2) 
LR+: 4.6 
LR-: 0.22 
True +ve: 55 
True –ve: 44 
False +ve: 9 
False –ve: 13 
Accuracy: 82% 
Prevalence: 52% 
Area under the ROC curve: 0.91 (95% 
CI: 0.85, 0.96) 
 
Cut-point used: AHI ≥ 30 (Best cut 
point for level III AHI=33) 
Sensitivity: 80.0% (95% CI: 68.3,  91.7) 
Specificity: 92.1% (95% CI: 86.0,  98.2) 
PPV: 85.7% (95% CI: 75.1,  96.3) 
NPV: 88.6%, (95% CI: 81.6,  95.6) 
LR+: 10.1 
LR-: 0.21 
True +ve: 36 
True –ve: 70 
False +ve: 6 
False –ve: 9 
Accuracy: 88% 
Prevalence: 37% 
Area under the ROC curve:0.92 (95% 
CI: 0.86, 0.96) 
 
Diagnostic agreement: 
Concordance (Kappa statistics, Level I 
& III AHIs): 
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AHI<5: 0.64 (95% CI: 0.46, 0.81)  
5≤AHI<15: 0.37 (95% CI: 0.20, 0.55)  
15≤AHI<30: 0.38 (95% CI: 0.20, 0.55) 
30≤AHI:  0.73 (95% CI: 0.55, 0.90) 
Overall: 0.53(95% CI: 0.42, 0.63) 
 
Bland and Altman Values:  
Level I AHI vs level III AHI:+3.2/hour 
(95% CI-28.0, 34.3)  
 
Technical failures: 
Level III: 
< 4 hours recording: 12 
Lost oximetry: 5 
Lost airflow signal: 4 
Intolerant of level III device:1 
Forgot to wear level III device: 1 
 
Diagnoses made:  
Correctly exclusion of OSAS:  91.7% 
 Correctly diagnose severe OSAS: 
87.6% 
AHI values (mean±SD): Level III: 
25.9±22.5/hour 
 
Number of patients completed the study:  
In-lab level III: 149 valid recordings 
At home level III: 121 valid recordings  

Simultaneous level III compared to level I studies 

Amir et al.210 
(2010) 
 
Funding: Private 
manufacturer 
WideMed Ltd.  
 
 

Design: Cohort, 
Prospective, 
Simultaneous 
Setting: Academic 
hospital 
Country: USA 
Number of sites: 1 
 
 

Number of patients: 55 
Suspected diagnosis: OSA 
Sex: Males:36, Females: 17 
Age:47.79+11.30/hour 
Comorbidities: not reported 
BMI: 32.04+7.9 kg/m2, median: 30.6 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts:2  
Reasons for withdrawal: Technical problem, 
however not reported whether with PSG or 
level III 
Blinding: not reported 
Inclusion criteria: age 21 to 80 
Exclusion criteria: pace maker, chronic 
obstructive pulmonary disease, and unable to 
undergo the test 
 

In-lab level I 
Number of patients: 53 
Number of channels:12+ 
Channels reported: EEG, EOG, EMG, ECG, chest 
movement, abdominal movement, airflow, and 
pulse oximetry. 
Study operator: Technician 
Scoring method: Manual 
Study interpreter: Pulmonogist 
Device name:Alice 5,( Respironics inc., Pittsburgh, 
PA, USA)  
In-lab level III 
Number of channels: 4 
Channels reported: EKG, respiratory impedance, end 
tidal carbon dioxide, and oxygen saturation. 
Study operator: Technician 
Scoring method: Automated 
Study interpreter: not reported 
Device name: Morpheus Hx, (WideMed Ltd., 
Herzliya, Israel) This device is using hospital 
monitor to detect the above mentioned variables 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or 
treatment:AHI=5/h 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, TP, TN, 
FP, and FN) 
Number of patients that 
completed the study 

Level III: diagnostic accuracy 
At cut-point AHI>5: 
Sensitivity: 97.2% no CI reported 
Specificity:94.1% no CI reported 
PPV: 92%  
NPV: 94% 
True +: 35 
True -: 16 
False +: 1 
False -:1 
LH+:16.47 
LH-:0.029 
 
At cut-point AHI >15: 
Sensitivity: 
100% no CI reported 
Specificity: 
92.7% no CI reported 
PPV: 80%  
NPV:100% 
True +:12 
True -:38 
False +:3 
False -: 0 
LH+:1.66 
LH-:∞ 
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Sleep indexes reported:  
Mean AHI level I: 15.42+23.97/hour 
Mean AHI level III: 15.48+19.99/hour 
 
Number of patients completed the study:  
53  

Bajwa et al.211 
(2009) 
Abstract 
 

Design: Cohort, 
Prospective 
Setting: General 
Hospital 
Country: USA 
Number of sites: 1 
 
 
 

Number of patients: 7 
Suspected diagnosis: not reported  
Sex: Male: not reported, Female: not reported 
Age: not reported  
Comorbidities: not reported  
Body Mass Index: not reported  
Neck circumference: not reported  
ESS: not reported  
Berlin Risk: not reported 
Source of referrals:not reported  
Withdrawals/dropouts: not reported  
Blinding: not reported  
Inclusion criteria: not reported  
Exclusion criteria: not reported 

In-lab Level I 
Number of channels: not reported 
Channels reported: ECG, EEG, EMG, and EOG 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Sleep Technician 
Device name: Alice 5 PSG (Philips Respironics Inc, 
USA) 
In-lab Level III 
Number of channels: 4+ 
Channels reported: not reported 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Sleep Technician 
Device name: Alice PDx (Philips Respironics Inc, 
USA) 
Level I index used: AHI 
Level III index used: RDI  
Cut point used indicating diagnosis and/or treatment: not 
reported 

Diagnostic agreement 
Sleep indexes reported 

Diagnostic agreement: 
Correlation (Level I  & Level III AHI) 
r=0.949, p=0.001 
Correlation (Level I  & Level III RDI):  
r=0.953, p=0.001 
 
Sleep indexes reported: 
AHI values (range):  
Level I: 4.3-103.5 
 
RDI values (range):  
Level III: 4.8-104.8 
 

3b 

Candela et 
al.150(2005) 
 
 

Country: Spain 
Setting: Academic 
hospital 
Number of sites: 1 
Design: Cohort, 
Prospective, 
Consecutive 
 

Number of patients: 103  
Suspected diagnosis: SDB: 92 
Sex: Male: 72 (78%), Female: 20 (22%) 
Age: Mean: 52.4 years, SD:  ±11.8, Range: 
24-77 years 
Comorbidities: arterial Hypertension (37), 
COPD (8), observed apnea (78), excessive 
daytime sleepiness: 64 (70%) 
BMI: Mean: 31.8 kg/m², SD: ±6.6, Range: 
21.9-59.2 
Neck circumference: Mean: 41.2 cm, SD: ±3.6, 
Range: 33-50 
ESS: Mean: 11.2, SD: ±4.8, Range: 2-22 
Berlin Risk scale: not reported 
Source of referrals: Outpatient Clinics at public 
health centres 
Withdrawals/dropouts: 11 
Reasons for withdrawals/dropouts: TST < 148 
minutes (7), level III technical errors (3), and 
failure of airflow signal (1) 
Blinding: Sleep study interpreter 
Inclusion criteria: Suspected Sleep Related-
Breathing disturbances 
Exclusion criteria: not reported 

Level I 
Location of study: Sleep lab. 
Number of channels: 10+ 
Channels reported:EEG 4, EOG, submetal and 
anterior tibial EMG, ECG, thoracic and 
abdominal movement, airflow thermistor, oxygen 
saturation and pulse oximetry, snoring sensor and 
body position sensor 
Study operators: Experienced sleep technicians 
Scoring methods: Manual 
Study interpreters: Independent pneumologist 
Device name: Somnostar α System (Sensor Medics 
Co, Yorba, Linda, USA) 
Level III 
Location of study: Sleep Laboratory 
Number of channels: 4+ 
Channels reported: 2 for pulse oximetry, 2 
respiratory effort, body position sensor, snoring 
sensor, airflow thermistor, and leg movement 
Study operators: not reported 
Scoring methods: Manual and Automated 
Study interpreters: Independent pneumologist  
Device name: BITMED NGP140 (Meditel 
Ingenieria Medica, Spain) 
Level I index used: AHI (TST) 
Level III index used: REI (TIB) 
Cut point used indicating diagnosis and/or 
treatment:AHI ≥10  

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, TP, TN, FP, FN, 
accuracy, prvalence, and 
AUC) 
Diagnostic agreement 
Technical failures 
Diagnoses made 
Sleep indexes reported 
Number of valid 
recordings 

Diagnostic accuracy 
Cut-point used: AHI ≥ 10(manual 
(automated)) 
Sensitivity: 97% (97%) 
Specificity: 82% (85%) 
PPV: 93% (94%) 
NPV: 92% (92%) 
LR+: 5.39 (6.47) 
LR-: 0.037 (0.035) 
True +ve: 63 
True –ve: 22 
False +ve: 5 
False –ve: 2 
Accuracy: 92.6% 
Prevalence: 71% 
AUC manual (automated) 
0.971 (0.943, 0.999) (0.969 (0.936, 1)) 
 
Cut-point used: AHI ≥ 15(manual 
(automated)) 
Sensitivity: 96% (92%) 
Specificity: 94% (97%) 
PPV: 96% (98%) 
NPV: 94% (90%) 
LR+: 16  (30.67) 
LR-: 0.042 (0.082) 
True +ve: 53 
True –ve: 35 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

False +ve: 2 
False –ve: 2 
Accuracy: 95% 
Prevalence: 60% 
AUC manual (automated) 0.975 (0.947, 
1) (0.986(0.969, 1)) 
 
Cut-point used: AHI ≥ 20(manual 
(automated)) 
Sensitivity: 96% (92%) 
Specificity: 97% (97%) 
PPV: 98% (98%) 
NPV: 95% (90%) 
LR+: 32 (30.67) 
LR-: 0.041 (0.082) 
True +ve: 53 
True –ve: 35 
False +ve: 2 
False –ve: 2 
Accuracy: 95% 
Prevalence: 60% 
AUC manual (automated) 
0.995(0.987, 1)(0.987(0.970, 1)) 
 
Cut-point used: AHI ≥ 30(manual 
(automated)) 
Sensitivity: 98% (98%) 
Specificity: 98% (93%) 
PPV: 98% (94%) 
NPV: 98% (98%) 
LR+: 49 (14) 
LR-: 0.020 (0.021) 
True +ve: 45 
True –ve: 45 
False +ve: 1 
False –ve: 1 
Accuracy: 98% 
Prevalence: 50% 
AUC manual (automated): 0.996 (95% 
CI 0.989, 1)(0.989 (95% CI 0.975, 1)) 
 
Diagnostic agreement: 
Interclass correlation coefficient 
(manual, Level I AHI & III REIs): 
r=0.945 (95% CI 0.917, 0.963)   
 
Bland and Altman Values:(manual 
(automated))7.6 (95% CI -4.9, 10.4) 
(12.1 (95% CI -8.8, 15.3))  
 
Technical failures: 
TST < 148 minutes: 7 
Level III technical errors: 3 
Failure of airflow signal: 1 
 
Diagnoses made 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



113 
 

Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Level I:  
SAHS : 65 (71%) at AHI >10 
AHI >15 : 56(61%)  
AHI >20 : 53(58%)  
AHI >30 : 48(52%)   
Level III: not reported 
 
Sleep indexes reported: 
AHI values (median, IQR): 
Level I:  
A+H: 31.8/hour(7-72) 
AI: 22.3/hour(3-53) 
HI: 4.8/hour(2-20) 
 
REI values (manual (automated)): 
Level III:  
AHI 10: 7.5 (5.7) 
AHI 15:14.8 (13.5) 
AHI 20: 18.6 (15.6) 
AHI 30: 26.9 (15.6) 
 
Number of valid recordings:  
92 

Cheliout-Heraut 
et al.213(2011) 
 
 

Design: Clinical trial, 
Prospective 
Setting: Academic 
Country: 
France/Belgium 
Number of sites: not 
reported 
 

Number of patients: 104 
Suspected diagnosis: OSA 
Sex: Males:60, Females:30 
Age: 55.4+8.7 years, Range (47-70) 
Comorbidities: not reported 
BMI: (Reported by severity)mild OSA-
26.7+7.3 kg/m2; moderate- 28.9+5.3 kg/m2; 
severe- 29.7+4.1 kg/m2 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: 14 dropped with no 
reported reasons 
Reasons for withdrawal:  Technically 
unacceptable data in 7 patients: 2 PSG, 5 
level III 
Blinding: Interpreter  
Inclusion criteria: not reported 
Exclusion criteria: neurological disorders, 
nocturnal parasomnias, restless leg 
syndrome, and periodic limb movement 
 
 

In-lab level I 
Number of channels:12+ 
Channels reported: 6 EEG, 2 EOG, chin EMG, 
bilateral tibial EMG, EKG, nasal flow, thoraco-
abdominal effort, saturation, body position and 
snoring 
Study operator: not reported 
Scoring method: Manual 
Study interpreter: Neurophysiologist  
Device name: Embla, ResMed system 
In-lab level III 
Number of channels: 5 
Channels reported: nasal flow, saturation pulse 
oximetry, body position, thoracoabdominal 
movement and jaw movement 
Study operator: not reported 
Scoring method: Automated 
Study interpreter: Neurophysiologist 
Device name: Somnolter, (Nomics, Leige, Belgium) 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
>5AHI/h 

Diagnostic accuracy  
(sensitivity, specificity, 
LH+, and LH-) 
Diagnostic agreeement 
Technical failure 
Diagnosis made 
Sleep indexes reported 
Number of patients 
completed 

Diagnostic accuracy: 
Sensitivity: 83.6% 
Specificity: 81.8% 
LH+: 4.59 
LH-: 0.002 
 
Diagnostic agreement: 
Bland-Altman values: 6+8.3 
 
Technical failures:  
Records on PSG: 2 
Records on level III: 3 
 
Diagnoses made (Sleep Design/No. of patients 
diagnosed /conditions) 
Mild OSA: 21 
Moderate OSA: 28 
Severe OSA: 34 
 
Sleep indexes reported: 
AHI values (reported only for OSA 
patients not the healthies, parameter 
couln’t be pooled): 
Level I: 
Mild: 9.1+2.2 
Moderate: 22.6+4.6 
Severe:55.6+17.1 
Level III: 
Mild: 13.7+10.1 
Moderate: 18.1+9.1 
Severe: 46.9+20.7 
 
Number of patients completed the study: 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

90 
Number of patients analyzed: 
 83 

Divo et 
al.217(2008) 
 
 

Design: Cohort, 
Prospective 
Setting: Academic 
hospital 
Country: Germany 
Number of sites: 1 
 

Number of patients: 14 
Suspected diagnosis: SDB 
Sex: Males:12, Females:2 
Age: 52.7+14.3 years 
Comorbidities: not reported 
BMI: not reported 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: No dropouts 
Blinding: not reported 
Inclusion criteria: not reported 
Exclusion criteria: not reported 
 

In-lab level I 
Number of channels: 12+ 
Channels reported: 4 EEG, EOG, submental and 
tibila EMG, ECG, digital pulse oximetry, chest 
and abdominal wall movement, body position, 
oral, and nasal airflow, and snoring microphone 
Study operator: Sleep technician 
Scoring method: Automated 
Study interpreter: not reported 
Device name: Alice 4 System, (Healthdyne, Heinden 
and Lowenstein, Bad Ems, Germany) 
In-lab level III 
Number of channels:4 
Channels reported: snoring, body position, pulse 
oximetry for saturation and heart rate, and airflow 
by temperature sensors 
Study operator: Sleep technician 
Scoring method: Automated 
Study interpreter: not reported 
Device name: Apneagraph, AG 6.41 System (MRA 
medical, Gloucestershire, UK) 
Level I index: used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: not 
reported 

Sleep indexes reported 
 

Sleep indexes reported 
Level I AHI (median and range): 
23.3/hour (1.2-90) 
Level III AHI (median and range): 
25.9/hour (0.9-61) 
P-value for the difference between level 
I and III AHI: Non significant 
 
Level I HI (median and range): 3.1 (0-
12.3) 
Level III HI (median and range): 15.3 
(0.9-58.1) 
P-value for the difference between level 
I and III HI: 0.02 
 
Leve l AI (median and range): 26 (0.2-
87.6) 
Level III AI (median and range): 13.6 
(0-42) 
P-value for the difference between 
Level I and III AI: 0.013 

3b 

Driver et 
al.158(2009) 
 
Funding: 
Private 
manufacturer 
(Braebon Medical 
Corporation) 

Design: Cohort, 
Prospective, 
Consecutive 
Setting: Academic 
Teaching Hospital 
Country: Canada 
Number of sites: 1 
 
 

Number of patients: 80 
Suspected diagnosis: OSA 
Sex: Male: 30, Female: 43 
Age: Mean: 53 years, SD: ±12, Range: 20-73 
Comorbidities: not reported  
BMI: Mean: 32.2 kg/m², SD: ±6.8 
Neck circumference: not reported  
ESS: not reported  
Berlin Risk : not reported 
Source of referrals:  not reported 
Withdrawals/dropouts: 7 
Blinding: Interpreter  
Inclusion criteria: Suspected OSA 
Exclusion criteria:  
1. Patients with high care needs 
2. Known hypercapnia 
3. Known hypoventillation 

In-lab level I 
Number of channels: 12+ 
Channels reported: EEG 4, EOG 2, submental and 
intercostal EMG, bilateral ant. tibial EMG, ECG, 
chest and abdominal respiratory bands, finger 
pulse transducer, vibration snoring sensor, 
oral/nasal canula pressure transducer, and oral 
and nasal thermistors 
Study operators: Sleep technician 
Scoring methods: Manual 
Study interpreters: Registered polysomnographic 
technologist. 
Device name: Sandman Elite SD 32+ digital sleep 
recording system (Embla, Mallinckrodt/Nellcor 
Puritan Bennett Mellville Ltd., Canada). 
In-lab level III 
Number of channels: 4+ 
Channels reported: chest and abdomen respiratory 
effort band, nasal canula pressure transducer for 
airflow, finger pulse oximetry, body position and 
additional channel that could be connected to 
EEG, EMG or ECG 
Study operators: Sleep technologist 
Scoring methods: Manual 
Study interpreters: Registered sleep technologist  
Device name: MediByte(Braebon Medical Corp, 
Canada) 

Diagnostic accuracy  
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, TP, TN, FP, FN, 
accyracy, prevalence and 
AUC) 
Diagnostic agreement 
Technical failures 
Sleep indexes reported 
No. completed the study 

Diagnostic accuracy 
At cut-point : AHI>5  
Sensitivity: 97%  
Specificity: 67%  
PPV: 94% 
NPV: 80%  
LR+: 2.94  
LR-: 0.04 
True+ve: 59 
True-ve: 8 
False+ve: 4 
False-ve: 2 
Accuracy: 92% 
Prevalence: 84% 
Area under the ROC curve 95% CI: 
0.940 (0.866, 0.985)   
 
At cut-point: AHI>10  
Sensitivity: 84%  
Specificity: 91%  
PPV: 96%  
NPV: 71%  
LR+: 9.33  
LR-: 0.18 
True+ve: 44 
True-ve: 19 
False+ve: 2 
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Oxford 
Level of 

Evidence 

Level I index used: AHI 
Level III index used: RDI  
Cut point used indicating diagnosis and/or 
treatment:AHI ≥10 
 

False-ve: 8 
Accuracy: 86% 
Prevalence: 71% 
Area under the ROC curve: 0.944 
(0.866, 0.985)  
 
At cut-point: AHI>15  
Sensitivity: 80%  
Specificity: 97% 
PPV: 97%  
NPV: 76%  
LR+: 22.7  
LR-: 0.21 
True+ve: 35 
True-ve: 28 
False+ve: 1 
False-ve: 9 
Accuracy: 86% 
Prevalence: 60% 
Area under the ROC curve: 
0.926 (0.847, 0.977)  
 
At cut-point: AHI>20  
Sensitivity: 80%  
Specificity: 95% 
PPV: 93%  
NPV: 84%  
LR+: 16.0  
LR-: 0.21  
True+ve: 26 
True-ve: 38 
False+ve: 2 
False-ve: 7 
Accuracy: 88% 
Prevalence: 45% 
Area under the ROC curve: 0.889 
(0.795, 0.951) 
 
At cut-point : AHI>30  
Sensitivity: 70%  
Specificity: 100% 
PPV: 100%  
NPV: 88% 
LR+: ∞ 
LR-: 0.3  
Area under the ROC curve:0.870 
(0.779, 0.942)  
 
Diagnostic agreement: 
Pearson correlation (Level I AHI  & 
Level III RDI): r=0.92 
 
Bland and Altman Values: 
5.9±11.2/hour 
 
Technical failure:  
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Oxford 
Level of 

Evidence 

Missing data (low battery power): 2 
Poor airflow signal (faulty pressure 
transducers or kinked Y connector): 5 
 
Sleep indexes reported: 
AHI values (mean ±SD) 
Level I: Mean: 26.0/hour±25.9 
 
RDI values(mean ±SD) 
Level III: Mean: 20.1/hour±18.8 
 
Number of patients completed the study:  
73 

Ferre et al.159 
(2008) 
Abstract 
 

Design:  
Cohort Study, 
Prospective 
Setting: General hospital 
Country: Spain 
Country: Spain 
Number of sites: 1 
Study Recruitment: not 
reported 
 
Two observers reviewed 
both PSG and PM 
independently 
results were compared 
 

Number of patients: 37  
Suspected diagnosis: SDB: n=37 
Sex: Male: 24, Female: 13 
Age: Mean:  55.1 years, SD: ±11.5 
Comorbidities: not reported 
BMI: Mean:  27.3 kg/m², SD:± 3.9 
Neck circumference: not reported 
ESS: Mean: 10, SD: ±8.0 
Source of referrals:  not reported 
Blinding: not reported 
Withdrawals/dropouts: 0 
Inclusion criteria: Suspected SDB 
Exclusion criteria: not reported 

In-lab level I 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: not reported  
Device name: not reported 
In-lab level III 
Number of channels: 4+ 
Detailed channels: not reported 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: not reported  
Device name: Somte PSG-PS 
Level I index used:AHI 
Level III index used:AHI 
Cut point used indicating diagnosis and/or treatment: not 
reported 

Diagnostic accuracy 
(sensitivity, specificity, 
LR+, LR-) 
Diagnostic agreement 
Sleep indexes reported 
 

Diagnostic accuracy: 
First observer: 
At cut-point: AHI >5 
Sensitivity: 93.3% 
Specificity: 86.7% 
LR+: 7.01 
LR-: 0.08 
 
At cut-point: AHI >15 
Sensitivity: 84.2% 
Specificity: 100% 
LR+: ∞ 
LR-: 0.16 
 
At cut-point: AHI >30 
Sensitivity: 55.6% 
Specificity: 96.4% 
LR+: 15.44 
LR-: 0.46 
 
Second observer: 
At cut-point: AHI >5 
Sensitivity: 87.5% 
Specificity: 100% 
LR+: - 
LR-: 0.125 
 
At cut-point: AHI >15 
Sensitivity: 78.9% 
Specificity: 94.4% 
LR+: 14.08 
LR-: 0.22 
 
At cut-point: AHI >30 
Sensitivity: 66.7% 
Specificity: 100% 
LR+: - 
LR-: 0.333 
 
Diagnostic agreement:  
Kappa between observers for AHI 
PSG: 0.78 
Kappa between observers for AHI 

1c 
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Oxford 
Level of 

Evidence 

portable monitoring :0.61 
 
Sleep indexes reported:  
AHI values (mean±SD): 
Level I: 20.5±18.0 
Level III: 17.7±16.6 

Goodrich et 
al.161(2009) 
 
 
 

Design: Cohort, 
Prospective, 
Simultaneous 
Setting: Academic 
Country: USA 
Number of sites:1 

Number of patients: 50 
Suspected diagnosis: OSA 
Sex: males: 35, females: 13 
Age: Mean: 44 years (22-69) 
Comorbidities: not reported 
BMI: not reported 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: Patients are referred from 
another study investigating relationship 
between OSA and gastro-esophageal reflux. 
Withdrawal/ dropouts: 2 
Reasons for withdrawal: technical error in 
lifeshirt (1) and PSG data loss (1) 
Blinding: not reported 
Inclusion criteria: Symptoms suggestive of 
OSA as snoring and gasping 
Exclusion criteria: significant respiratory illness 
as COPD, neurologic and psychiatric 
disorders requiring regular medications, and 
significant medical condition as chronic 
renal or liver failure 
 

In-lab level I 
Number of channels: 10+ 
Channels reported: EEG, EOG, chin and leg EMG, 
ECG, airflow, respiratory effort (chest and 
abdominal belts), oxygen saturation and nasal 
cannula airflow. 
Study operator: Experienced sleep technician 
Scoring method: Manual 
Study interpreter: not reported 
Device name: not reported 
In-lab level III 
Number of channels: 4 
Channels reported: respiratory movement, heart rate, 
oxygen saturation, and motor activity 
Study operator: Experienced sleep technician 
Scoring method: Automated 
Study interpreter: not reported 
Device name: Life shirt, (Vivometrics, Ventura, CA) 
 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: not 
reported 

Diagnostic accuracy 
Diagnostic agreement 
Technical failures 
Sleep indexes reported 
 
 

Diagnostic accuracy  
At cut-off point AHI>5: 
Sensitivity: 85% 
Specificity: 67% 
LH+:2.58 
LH-:0.22 
AUC: 0.76 
 
At cut-off point AHI>10: 
Sensitivity:92% 
Specificity:88% 
LH+:7.67 
LH-: 0.09 
AUC: 0.90 
 
At cut-off point AHI>15: 
Sensitivity: 87% 
Specificity: 82% 
LH+: 4.82 
LH-: 0.16 
AUC: 0.84 
 
At cut-off point AHI>20: 
Sensitivity:85% 
Specificity:94% 
LH+: 14.16 
LH-: 0.16 
AUC: 0.90 
 
At cut-off point AHI>25: 
Sensitivity: 100% 
Specificity: 97% 
LH+: 33.33 
LH-: -- 
AUC: 0.99 
 
At cut-off point AHI>30: 
Sensitivity:88% 
Specificity:100 
LH+: -- 
LH-: 0.12 
AUC: 0.94 
Overall Bland-Altman value: 1.02+16.36 
 
Technical failures:  
Technical errors in lifeshirt: 1 
PSG data losses: 1 
 
Sleep indexes reported 
AHI values reported (mean±SD or 
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Oxford 
Level of 

Evidence 

median or range/sleep Design) 
Level I AHI: 19.26/hour 
Level III AHI:18.24/hour 

Grant et al.220 
(2009) 
 
Abstract 
 
 

Design: Cohort, 
Prospective 
Consecutive 
Setting: Academic 
Hospital 
Country: USA 
Number of sites: 1 
 
 

Number of patients: 95 
Suspected diagnosis: Sleep apnea: n=95 
Sex: not reported 
Age: not reported 
Comorbidities: not reported 
BMI: not reported 
Neck circumference: not reported 
ESS: not reported 
Berlin Risk : not reported 
Source of referrals:  not reported 
Withdrawals/dropouts: 0 
Blinding: Sleep study interpreter 
Comorbidities: not reported 
Inclusion criteria: not reported 
Exclusion criteria: not reported 

In-lab level I 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Sleep technician 
Device name: Rembrandt(Embla, USA) 
In-lab level III 
Number of channels: 3+ 
The study used the same level I device after 
removing all channels but three. 
Channels reported: body position, pulse oximetry, 
and thoraco-abdominal movements 
Study operators: not reported 
Scoring methods: manual  
Study interpreters: sleep technician 
Device name: Embletta (Embla, USA) 
 
Level I index used: AHI  
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment:AHI 
>5  

Diagnostic accuracy  
Diagnostic agreement 
Diagnoses made  
 

Diagnostic accuracy 
At cut-point: AHI ≥ 5 
Sensitivity: 97% 
Specificity: 73% 
LR+: 3.6  (95% CI 2.3, 5.5) 
LR-: 0.015 (95% CI 0.001, 0.24) 
 
At cut-point: AHI ≥ 15 
Sensitivity: 97% 
Specificity: 81% 
LR+: 5.1 (95% CI 3.2, 8.1) 
LR-: 0.041 (95% CI 0.003, 0.63) 
 
Diagnostic agreement: 
Bland and Altman Values:  
Level I vs Level III AHIs: 35% (95% 
CI 22, 49%) overestimation by Level 
III device 
Level I vs Level III CAIs: -5.7% (95% 
CI -21, +12%) underestimation by 
Level III device 
 
Diagnoses made: 
Level I 
No sleep apnea (AHI <5): 51 
Mild sleep apnea (>5 AHI <15): 30 
Moderate sleep apnea (>15 AHI <30): 
10 
Severe sleep apnea (AHI>30): 4  
Level III: not reported 

4 

Ng et al.133(2010) 
 
 

Design: Cohort, 
Prospective, 
Consecutive 
Setting: Academic 
hospital 
Country: China (Hong 
Kong) 
Number of sites: 1 
 

Number of patients: 90  
Suspected diagnosis: OSAS 
Sex: Male: 63, Female: 17 
Age: Mean: 51.4 ±11.9 years 
Comorbidities: not reported 
BMI: Mean: 27.1±4.2 kg/m² 
Neck circumference: Mean: 38.6 ±3.6 cm 
ESS: Mean: 9.7±5.3 
Berlin Risk: not reported 
Source of referrals: Hospital respiratory clinic 
Withdrawals/dropouts: 10 
Blinding: Blinded to PSG and Embletta 
records 
Inclusion criteria: suspected OSAS, self 
reported daytime sleepiness interfering with 
daytime function, 2 of the following: 
- Choking during sleep 
- Gasping during sleep 
- Recurrent awakenings from sleep  
- Un-refreshed sleep 
- Daytime fatigue 
- Impaired concentration  

In-lab level I 
Number of channels: 10+ 
Channels reported: ECG, EOG, EMG submental, 
EMG bilateral anterior tibial, chest and abdominal 
wall movement, airflow via nasal canula, pulse 
oximetry and body position 
Study operators: not reported 
Scoring methods: manual 
Study interpreters: blinded investigator  
Device name: Alice 4 (Healthdyne, Atlanta, USA) 
In-lab level III 
Number of channels: 3+ 
Channels reported: nasal canula, pressure transducer 
for airflow, oxygen saturation, respiratory and 
abdominal movement via built-in effort and body 
position sensors 
Study operators: not reported 
Scoring methods: Automated 
Study interpreters: not reported 
Device name: Embletta Portable Diagnostic System 
PDS(Medcare, Reykjavik, Iceland) 
 

Diagnostic accuracy  
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, TP, TN, FP, FN, 
accuracy, prevalence, and 
AUC) 
Diagnostic agreement 
Technical failures 
Sleep indexes reported 
 

Diagnostic accuracy 
Cut-point used: AHI ≥ 5 

 Sensitivity: 92.4% 
 Specificity: 85.7%  
 PPV: 96.8%  
 NPV: 70.6% 
 LR+: 6.462 
 LR-: 0.089 
 True +ve: 61 
 True –ve: 12 
False +ve: 2 
False –ve: 5 
Accuracy: 91% 
Prevalence: 82% 
AUC: 0.948  
 
Cut-point used: AHI ≥ 10 
Sensitivity: 90.0%  
Specificity: 86.7%  
PPV: 91.8%  
NPV: 83.9% 
LR+: 6.767 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Exclusion criteria: not reported Level I index used: AHI (TST) 
Level III index used: AHI (Total Recording Time) 
Cut point used indicating diagnosis and/or treatment: not 
reported  
 

LR-: 0.115 
True +ve: 45 
True –ve: 26 
False +ve: 4 
False –ve: 5 
Accuracy: 89% 
Prevalence: 62% 
AUC: 0.975 
 
Cut-point used: AHI ≥ 15 
Sensitivity: 87.8%  
Specificity: 94.9%  
PPV: 94.7%  
NPV: 88.1%  
LR+: 17.216 
LR-: 0.126  
True +ve: 36 
True –ve: 37 
False +ve: 2 
False –ve: 5 
Accuracy: 91% 
Prevalence: 51% 
AUC: 0.985 
 
Cut-point used: AHI ≥ 20 
Sensitivity: 85.3%  
Specificity: 95.7% 
PPV: 93.5%  
NPV: 89.8% 
LR+: 19.837 
LR-: 0.154 
True +ve: 29 
True –ve: 44 
False +ve: 2 
False –ve: 5 
Accuracy: 91% 
Prevalence: 42% 
AUC: 0.984 
 
Diagnostic agreement: 
Pearson’s Correlation (Level I AHI & 
III AHIs): r=0.979 (p<0.05)   
 
Bland and Altman Values (Level III to 
Level I): +0.91 (95% CI -6.82, 8.54)  
 
Technical failures: 
Level III: 
Lost oximetry: 6 
Nasal signal loss: 3 
Less than 4 hours interpretable data:1 
 
Sleep indexes reported: 
AHI values (mean ±SD): 
Level I:  
AHI: 21.6/hour ±19.1 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

HI: 4.2/hour±4.1 
OA: 15.7/ ±16.7 
CA: 1.1/hour±2.2 
Level III:  
AHI: 20.8/hour ±18.7 
HI: 4.3/hour±4.5 
OA: 14.0/ ±15.7 
CA: 1.0/hour±1.9 

Ng et al.162(2009) 
 
 
 

Design: Cohort, 
Prospective, 
Simultaneous 
Setting: Academic 
Hospital 
Country: China 
(Hong Kong) 
Number of Sites: 1 

Number of patients: 50 
Suspected diagnosis: OSAS 
Sex: Males: 44, Females: 6 
Age: 50+11.8 years 
Comorbidities: not reported  
BMI: 27.9+4.8 kg/m2 
Neck circumference: not reported 
ESS: 10.1+5.5 
Berlin risk score: not reported 
Source of referral: Patients were referred to 
sleep lab from respiratory clinic at Prince of 
Wales Hospital Hong Kong 
Withdrawal/ dropouts: 0 
Blinding: Interpreter 
Inclusion criteria: daytime sleepiness, choking, 
un-restful sleep, daytime fatigue, recurrent 
awakening from sleep, and impaired 
concentration 
Exclusion criteria: none 
 

In-lab level I 
Number of channels:10+ 
Channels reported: EEG, EOG, EMG bilateral 
antibial and submental, airflow, chest and 
abdominal wall movements, oral thermistor and 
pulse oximetry 
Study operator: Technician 
Scoring method: Manual 
Study interpreter: Investigator 
Device name: Alice 4 (Healthdyne, Atlanta, Georgia, 
US) 
In-lab level III 
Number of channels:3 
Channels reported: airflow pressure transducer, pulse 
oximetry, and snoring 
Study operator: technician 
Scoring method: automated  
Device name: apnea Link 
 
Level I index used: AHI using TST 
Level III index used: AHI  using TRT 
Cut point used indicating diagnosis and/or treatment: not 
reported  

Diagnostic accuracy  
Diagnostic agreement 
Technical failures 
 

Diagnostic accuracy: 
At cut-point AHI>5: 
Sensitivity: 100% 
Specificity:100% 
PPV: 100% 
NPV:100 
AUC ROC:1 
 
At cut-point AHI>10: 
Sensitivity: 97.7%% 
Specificity:100% 
PPV: 100% 
NPV:87.5% 
AUC ROC:1 
 
At cut-point AHI>15: 
Sensitivity: 94.7% 
Specificity:100% 
PPV: 100% 
NPV:85.7% 
AUC ROC:0.988 
 
At cut-point AHI>20: 
Sensitivity: 96.9% 
Specificity:100% 
PPV: 100% 
NPV:94.7% 
AUC ROC:1 
 
Diagnostic agreement:  
Pearson correlation:  r=0.978, p<0.001 
 
Technical failures:  
Failed and repeated records on level 
III: 5 

1b 

Nigro et 
al.163(2009) 
 
 
 
  

Design: Cohort, 
Prospective 
Setting: General hospital  
Country: Argentina 
Number of Sites: 1 
 

Number of patients: 76 
Suspected diagnosis: SAHS 
Sex: Male : 47 Female : 19  
Age : 51.5 + 14.1 years 
Co-morbidities: not reported  
BMI: 29.3 + 5.4 kg/m2 
Neck circumference: not reported 
Pre-test probability: not reported 
Berlin risk score: not reported 
Source of referral: OSA 
Withdrawal/ dropouts: 9 
Blinding: Interpreter 

In-lab level I 
Number of Patients: 66 
Number of channels: 10+ 
Channels reported: EEG, bilateral EOG, submental, 
EMG, bilateral leg EMG, EKG, oronasal airflow 
respiratory effort and oxygen saturation. 
Study operator: Technician 
Scoring method: Manual 
Study interpreter: Experienced medical staff 
Device name: Neurotrace, Akonic(Buenos Aires 
Argentina) 
In-lab level III 

Diagnostic accuracy  
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, TP, TN, FP, FN, 
accuracy, and prevalence) 
Diagnostic agreement 
Technical failures 
Sleep indexes reported 
Patients completed 
 

Diagnostic accuracy: 
RDI >5 to <15 
Sensitivity 75% (95% CI 51, 91.3) 
Specificity: 86.7 (95% CI 59.5, 98.3) 
PPV: 88.2%(95% CI 85.4,99.4) 
NPV: 72.2%(95%CI 43.5, 87.3) 
LR + : (95% CI 4.1, 7.8) 
LR -: 0.29 (95% CI 0.06, 1.3) 
True+ve: 28 
True-ve: 25 
False+ve: 4 
False-ve: 9 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Inclusion criteria: suspicion of SAH, signed 
informed, snoring with or without other 
symptoms and 18 years or older 
Exclusion criteria: oxygen, CPAP, and some 
modality of non-invasive mechanical 
respiratory assistance during PSG 
  
 

Number of Patients: 66 
Number of channels: 3 
Channels reported: airflow and respiratory effort and 
pulse oximetry 
Study operator: Technician 
Scoring method: Automated 
Study interpreter: not reported 
Device name: ApneaLink 
 
Level I index used: AHI and RDI 
Level III index used: RDI and AHI 
Cut point used indicating diagnosis and/or treatment: 
RDI > 5 
  

Accuracy: 80% 
Prevalence: 57% 
 
RDI >15 to < 30  
Sensitivity: 85.7% (95%CI 57.2,98.2) 
Specificity: 91.4% (95%CI 76.9, 98.2) 
PPV: 80% (95% CI 51.9,95.7) 
NPV: 94.1% (95%CI 80.3, 99.3) 
LR + : 10 (95%CI 7.9-12.7) 
LR - : 0.16 (95% CI 0.03-0.8) 
True+ve: 16 
True-ve: 43 
False+ve: 4 
False-ve: 3 
Accuracy: 90% 
Prevalence: 29% 
 
RDI > 30: 

Sensitivity: 100% (95% CI 80.5, 100) 
Specificity: 98.8% (95% CI 77.8, 96.6) 
PPV: 77.3% (95%CI 54.6, 92.2) 
NPV:100% (95% CI 92, 100) 
LR + : 9.8 (95% CI 8.9, 10.8) 
LR - :(95% CI------) 
True+ve: 17 
True-ve: 44 
False+ve: 5 
False-ve: 0 
Accuracy: 92% 
Prevalence: 26% 
 
Diagnostic agreement: 
Bland Altman between Apnea link AHI 
and PSG RDI : 0.5(- 17.3 - 18.3) 
 
Technical failures:  
Level III technical failures: 8  
PSG technical failures: 1 
 
Sleep indexes reported: 
AHI/RDI values reported (mean±SD 
or median or range/sleep design):  
Level I: 
RDI :10.6 ( 5.4 - 34.1) 
AHI:9.5  ( 4.1- 34.1) 
AI: 1.2(0.15-11.9) 
HI: 6.1(3.3-16.1) 
 
Number of patients completed the study: 
75 
Number of analyzed records: 
66 

Onder et al.228 
(2012) 
 

Design: Cross-sectional 
Setting: Academic 
hospital 
Country: Turkey 

Number of patients: 59 
Suspected diagnosis: OSA 
Sex: Male:36, Female:20 
Age: 42 years (pooled) 

In-lab level I 
Number of channels: 12+ 
Channels reported: airflow, thoracic and abdominal 
effort, pulse oximetry, body position, snoring, 

Technical failures 
Sleep indexes reported 
Number completed the 
study 

Technical failures:  
Technically failed recordings on level 
III: 3 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Number of Sites: 1 
 
 

Comorbidities: not reported 
BMI: 30.5 kg/m2 (pooled) 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: 3 
Reasons for withdrawal: Technical failure on 
Level III  
Blinding: not reported 
Inclusion criteria: not reported 
Exclusion criteria: peripheral vasculopathy, 
phalyngeal deformity, diabetes mellitus, 
nephropathy, alpha adrenergic receptor 
blockers administration, and thoracic 
sympathectomy 
 

EEG, EMG, EKG, and EOG 
Study operator: Technician 
Scoring method: Automated 
Study interpreter: not reported 
Device name: not reported 
In-lab level III 
Number of channels:4 
Channels reported: peripheral arterial tonometry, 
heart rate, oxygen saturation and actigraphy 
Study operator: not reported 
Scoring method: automated 
Study interpreter: not reported 
Device name: WatchPAT 200, (Israel) 
 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: not 
reported 

Sleep indexes reported: 
Age group 20-35:  
Level I: 18.72+27 
Level III: 23.44+25.41 
Age group 50-65: 
Level I: 19.84+20.10 
Level III: 23.50+22.95 
 
Number completed the study:  
56 

Orr et al.164 (2006) 
 
Abstract 
 
 

Design: Cohort, 
Prospective 
Setting: Academic 
Teaching Hospital 
Country: USA 
Number of sites: 1 
 
 

Number of patients: 48 
Suspected diagnosis: not reported  
Sex: Male: not reported, Female: not reported 
Age: not reported  
Comorbidities: not reported  
BMI: not reported  
Neck circumference: not reported  
ESS: not reported  
Berlin Risk: not reported 
Source of referrals:  not reported  
Withdrawals/dropouts: not reported  
Blinding: not reported  
Inclusion criteria:  not reported  
Exclusion criteria: not reported 

In-lab level I 
Number of channels: not reported 
Channels details: not reported 
Study operators: Sleep technicians  
Scoring methods: Manual 
Study interpreters: Trained lab. technician 
Device name: PSG (Not specified) 
In-lab level III 
Number of channels: not reported 
Channels details: not reported 
Study operators: not reported 
Scoring methods: Automated 
Study interpreters: Automated analysis 
Device name: Lifeshirt (VivoMetrics, USA) 
 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
AHI ≥5 

Diagnostic accuracy  
(sensitivity, specificity, 
LR+, and LR-) 
Diagnostic agreement 
 
 

Diagnostic accuracy 
Cut-point used: AHI≥10  
Sensitivity: 83%  
Specificity: 87%  
LR+: 6.38  
LR-: 0.195 
 
Cut-point used: AHI≥15  
Sensitivity: 82%  
Specificity: 81% 
LR+: 4.31  
LR-: 0.222 
 
Cut-point used: AHI≥25  
Sensitivity: 100%  
Specificity: not reported 
 
Cut-point used: AHI≥30:  
Sensitivity: not reported 
Specificity: 100% 
 
Diagnostic agreement: 
Bland and Altman Values: 0.79 (±14.46) 

3b 

Planes et al.139 
(2009) 

Design: Prospective 
Country: France 
Setting: Academic 
hospital 
Number of sites: 1 
 
 
Simultaneous at-home 
study, comparative 
non-randomized trial of 
level II versus level III 
 

Number of patients: 50 
Suspected diagnosis: OSA 
Sex: not reported 
Age: 63.4+11.6 years (37-81) 
Comorbidities: coronary artery disease patients, 
coronary ectasia (25), and other coronary 
patients (25) 
BMI: 26.4+3.9 kg/m² (20-38) 
Neck circumference (cm): not reported 
ESS ESS: not reported 
Berlin Risk: not reported  
Source of referrals: Patients referred from 
another study on coronary intervention 
Blinding: Study interpreter 

At-home level II: 
Number of channels: 10+ 
Channels details: Neurophysiologic signals including: 
2 EEG, EOG, submental EMG, nasal flow 
assessed with nasal canula connected to pressure 
sensor, thoracic-abdominal movements, oxygen 
saturation and pulse oximetry, ECG, body 
position and wrist actimetry, and breath sounds 
Study operators: Sleep technicians hooked the 
sensors but didn’t attend  
Scoring methods: Manual 
Study interpreters: Experienced examiner 
Device name: Extended version of CID102L8, 
CIDELEC, (Ste Gemmes-sur-Loire, France) 

Diagnostic accuracy  
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, TP, TN, FP, FN, 
and prevalence) 
Technical failures 
Sleep indexes reported 
Number of patients 
completed 

Diagnostic accuracy  
At cut-point AHI >5 
Sensitivity: 95% (95%CI 82,99) 
Specificity: 67% (95%CI 12, 98) 
PPV: 97% (95%CI 85,100) 
NPV: 50% (95%CI 9, 91) 
LR+: 2.87 (calculated) 
LR-: 0.07 95%CI (0.01, 0.38)  
True+: 39 
True-: 3 
False+: 1 
False -: 2 
Prevalence:  93% 
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Oxford 
Level of 

Evidence 

Withdrawals/dropouts: 5 
Inclusion criteria: Patients undergone coronary 
intervention 
Exclusion criteria: not reported 

At-home level III 
Number of channels: 3 
Channels details: nasal flow, thoracic-abdominal 
movement, and oxygen saturation through pulse 
oximetry 
Study operators: not reported 
Scoring methods: Automated 
Study interpreters: NA (automated) 
Device name: Lifeshirt CID102L8, CIDELEC (Ste 
Gemmes-sur-Loire, France) 
 
Level II index used: AHI 
Level III index used: AHI  
 

At cut-point AHI >15 
Sensitivity: 71% 95%CI(52, 85) 
Specificity: 93% 95%CI(64, 100) 
PPV: 96% 95%CI(71, 100) 
NPV: 59% 95% CI(37, 78) 
LR+: 10.14 (calculated) 
LR-: 0.31 95%CI(0.18,0.54) 
True+: 23 
True-: 12 
False+: 1 
False -: 9 
Prevalence: 69% 
 
At cut-point AHI >30 
Sensitivity: 75% 95%CI(43, 93) 
Specificity: 97% 95%CI(82, 100) 
PPV: 90% 95%CI(54, 99) 
NPV: 91% 95%CI(76, 98) 
LR+: 25 (calculated) 
LR-: 0.26 95%CI(0.1, 0.69) 
True+: 9 
True-: 32 
False+: 1 
False -: 3 
Prevalence: 27% 
 
Technical failures:  
Inadequate EEG recording: 4 
Oximetry failure:1 
 
Sleep indexes reported: 
Level III: 23.8+15.3 (2- 67) 
 
Number of patients completed the study:  
45 

Su et al.151 
(2004) 
 
Funding sources:  
Private 
manufacturer 
 

Design: Cohort, 
Prospective 
Setting: Academic 
teaching hospital 
Country: USA 
Number of sites: 1 
 
 
 

Number of patients: 60 
Suspected diagnosis: OSAS 
Sex: male: 25, female: 35 
Age: Mean: 45.2±12.3 years (19-74) 
Comorbidities: hypertension  
BMI: Mean: 35.6±10.1 kg/m² (16.9-60.7) 
Neck circumference (cm): not reported 
ESS: not reported 
Berlin Risk : not reported  
Source of referrals: Family Physician  
Blinding: Study interpreter 
Withdrawals/dropouts:0 
Inclusion criteria: Suspected OSAS, 
Consecutive patient referrals 
Exclusion criteria: not reported 
 
 
 
 
 
 

In-lab level I 
Number of channels: 10+ 
Channels reported: oronasal airflow, 2 respiratory 
effort channels, EKG, 8 EEG channels, 2 EOG 
channels, pulse oximetry and 2 surface EMG 
Study operators: Sleep technician 
Scoring methods:Automated  
Study interpreters: Board certified neurologist 
Device name: not reported 
In-lab level  III 
Number of  channels: 4+ 
Channels reported: oronasal airflow, oronasal sound, 
pulse oximetry, heart rate, leg movement, body 
position, and respiratory effort 
Study operators: Sleep disorder clinic technicians 
Scoring methods: Automated  
Study interpreters: PhD electrical engineer & 
computer scientist (developer of SNAP) 
Device name: SNAP (SNAP Laboratories 
International LLC, Wheeling, IL, USA) 
 

Diagnostic accuracy  
(sensitivity, specificity, 
PPV, NPV, 
LR+, LR-,  T+, T-, 
F+, F-,  prevalence, 
accuracy, and AUC) 
Diagnostic agreement 
Technical Failure 
Sleep indexes reported 

Diagnostic accuracy: 
Cut-point used: RDI ≥ 5 
Sensitivity: 98.0% 
Specificity: 40.0% 
PPV: 89.1%  
NPV: 80.0%  
LR+: 1.63 
LR-: 0.05 
True+: 49 
True-: 4 
False+: 6 
False-:1 
Prevalence: 83% 
Accuracy: 88.3% 
Area under the ROC curve:0.945   
 
Cut-point used: RDI ≥ 10 
Sensitivity: 87.8% 
Specificity: 73.7% 
PPV: 87.8%  
NPV: 73.7%  
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Oxford 
Level of 

Evidence 

 
 

Level I index used: RDI (TST) 
Level III index used: RDI (TST) 
Cut point used indicating diagnosis and/or treatment : 
RDI  ≥ 15   
 
 
 

LR+: 3.33 
LR-: .0.165 
True+: 36 
True-: 14 
False+: 5 
False-: 5 
Prevalence: 68% 
Accuracy: 83% 
Area under the ROC curve:0.908 
 
Cut-point used: RDI ≥ 15 
Sensitivity: 83.9% 
Specificity: 75.9% 
PPV: 78.8%  
NPV: 81.5%  
LR+: 3.64 
LR-: 0.159 
True+: 26 
True-: 23 
False+: 7 
False-: 4 
Prevalence: 50% 
Accuracy: 82% 
Area under the ROC curve:0.872 
 
Diagnostic agreement: 
Correlation (Level I & III RDI/RDI): 
0.92 
 
Technical failure:  
Level I technical error: 3 
Level III technical error: 1  
 
Sleep indexes reported: 
RDI values (mean±SD):  
Level I: 27.3/hour(±29.7/hour) 
Level III: 26.3/hour(±27.6/hour) 

Sullivan et al.135 
(2009) 
Abstract 
 
Funding: 
Government 
(Atlantic Health 
Sciences research 
Fund), Private 
(Medigas, Praxair 
Canada Inc)  

Design: Cohort, 
Prospective 
Setting: General Hospital 
Country: Canada 
Number of sites: 1 
   

Number of patients: 34 
Suspected diagnosis: not reported  
Sex: not reported 
Age: not reported  
Comorbidities: not reported  
BMI: not reported  
Neck circumference: not reported  
ESS(ESS): not reported  
Berlin Risk :not reported 
Source of referrals: not reported 
Withdrawals/dropouts: not reported  
Reasons for withdrawals/dropouts: not reported 
Blinding: not reported  
Inclusion criteria: not reported  
Exclusion criteria: not reported 

In-lab level I 
Number of channels: not reported 
Study operators: not reported  
Scoring methods: not reported 
Study interpreters: not reported 
Device name: Harmonie (Stellate, Canada) 
In-labe Level III 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Sleep Technician 
Device name: Stardust (Respironics Inc, USA) 
Level I index used: RDI (TST) 
Level III index used: RDI (TIB) 
Cut point used indicating diagnosis and/or treatment: 
RDI  >5/hour 

Diagnostic accuracy 
(sensitivity, specificity, 
LR+, LR-,) 
Diagnostic agreement 
 
 

Diagnostic accuracy 
Cut point used RDI = 5 
Sensitivity: 100% 
Specificity: 71% 
LR+: 3.448 
LR-: ∞ 
 
Cut-point used: RDI < 5 
Sensitivity: 70% 
Specificity: 100% 
LR+: ∞ 
LR-: 0.3 
 
Cut-point used: AHI >5-15 
Sensitivity: 86% 
Specificity: 82% 
LR+: 4.78 
LR-: 0.17 
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Cut-point used: AHI >15-30 
Sensitivity: 57% 
Specificity: 88% 
LR+: 4.75 
LR-: 0.49 
 
Cut-point used: AHI >30 
Sensitivity: 75% 
Specificity: 97% 
LR+: 25 
LR-: 0.26 
 

Diagnostic agreement: 
Bland and Altman Values: 
Level I vs Level III RDIs: -
1.38/hour(95% CI -18.9, +16.1) 
 
Obstructive Apneas : 4.64/hour(95% 
CI -11.73, +21) 
 
Central Apneas: 0.83/hour(95% CI -6.5, 
+8.14) 
 
Mixed Apneas:-0.12/hour(95% CI -9.4, 
+9.1) 
 
Hypopneas:-6.92/hour(95% CI -28.1, 
+14.27) 

Takama et 
al.152(2010)  
 
 

Design: Cohort, 
Prospective, 
Simultaneous 
Setting: Academic 
Country: Japan 
Number of sites: 1 
 

Number of patients: 99 
Suspected diagnosis: SDB in cardiovascular 
disease patients 
Sex: Males: 48, Females:35 
Age :70+10 years 
Comorbidities: hypertension (75), dyslipidemia 
(66), diabetes mellitus (45), coronary artery 
disease (38), valvular disease (16), 
cardiomyopathy (16), other comorbid 
conditions (13) 
BMI: For mild to moderate OSA(29): 
25.1+3.8 kg/m2; for severe OSA (11): 
28.9+8.5 kg/m2 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: Patients admitted to the 
hospital because of chest pain or heart 
failure 
Withdrawal/ dropouts: 16 
Reasons for withdrawal: not reported 
Blinding: not reported 
Inclusion criteria: Patients with coronary artery 
disease admitted to the hospital because of 
anterior chest pain or heart failure who had 
symptoms consistent with class II or III 
New York heart association classification. 
Exclusion criteria: not reported 

In-lab level I 
Number of channels:10+ 
Channels reported: EEG, EOG, chin EMG, chest 
and abdominal movements, airflow thermistor, 
and pulse oximetry 
Study operator: Sleep technician 
Scoring method: manual 
Study interpreter: not reported 
Device name: P-Series Plus, (Compumedics, 
Abbotsville, Australia) 
In-lab Level III 
Number of channels:  4  
Channels reported: airflow, oxygen saturation, heart 
rate, respiratory and abdominal movements 
Study operator: Technician 
Scoring method: not reported 
Study interpreter: not reported 
Device name: Morpheus (Compumedics, 
Melbourne, Australia) 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment:AHI 
> 20 

Diagnostic accuracy  
(sensitivity, specificity, 
LR+, LR-, , AUC) 
Diagnosis made 
Sleep indexes reported 
 
 

Diagnostic accuracy: 
Reported only for AHI >20 
Sensitivity: 81% 
Specificity: 86% 
LH+: 5.79 
LH-: 0.22 
ROC AUC:  0.87 p<0.0001 
 
Diagnoses made (Sleep Design/Number of 
patients diagnosed /conditions):  
Mild to moderate OSA: 29 
Severe OSA: 11 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep design): 
Level I: 28.9+24.3 
Level III: 22.3+16.7 
P value for the mean difference of AHI 
between level I and III: 0.05 
 
Number of patients Completed the study:  
83 
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Tiihonen et 
al.231(2008) 
 

Design: Cohort, 
Prospective, 
Simultaneous 
Setting: Academic 
hospital 
Country: Finland 
Number of Sites: 1 
 

Number of patients :10 
Suspected diagnosis: OSA 
Sex: Males:5, Females:5 
Age:46.7+12.6 years 
Comorbidities: not reported 
BMI: 37.3+10.5 kg/m2 
Neck circumference: not reported 
ESS:: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: None 
Reasons for withdrawal: NA 
Blinding: not reported 
Inclusion criteria: OSA suspicion 
Exclusion criteria: not reported 
 

In-lab level I 
Number of channels:12+ 
Channels reported: airflow, respiratory effort, body 
position, oxygen saturation, snoring, pulse, EEG, 
EOG, and EMG 
Study operator: not reported 
Scoring method: Manual 
Study interpreter: not reported 
Device name: EMBLA 
In-lab Level III 
Number of channels: 3+ 
Channels reported: airflow, respiratory effort, pulse 
oximetry, body position, and snoring 
Study operator: Technician 
Scoring method: Automated 
Study interpreter: not reported 
Device name:APV2 remote analysis OY 
 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
AHI 5/h 

Diagnosis made 
Sleep indexes reported 
 
 

Diagnoses made (Sleep Design/No. of patients 
diagnosed /conditions): 
Level III: 
Normal patients AHI <5: 2 
Mild OSA (AHI 5-16): 4 
Moderate OSA (AHI 16-30): 1 
Severe OSA (AHI>30):3 
Level I: 
2 normal patients AHI<5 
5 mild OSA AHI 5-16 
1 moderate OSA 
AHI 16-30 
2 severe OSA 
AHI >30 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep Design): 
Level I: 26.6+30.6  
Level III: 26.3+30.7 
P-value for the mean difference 
between AHI PSG and AHI level III is 
not significant: 0.575 

2b 

To et al.153 
(2008) 
 
 
 

Design: Cohort, 
Prospective, 
Simultaneous 
Setting: Academic 
teaching hospital 
Country: Hong Kong , 
China 
Number of sites: 1 
 

Number of patients: 175  
Suspected diagnosis: OSA 
Sex:Male: 132, Female: 43 
Age: male: 47.8 + 9.8 years, female: 52.3 + 
12.2 years  
Comorbidities: hypertension (85), diabetes (27), 
hyperlipidaemia (25), fatty liver (18), and 
cerebrovascular accident (11)  
BMI: male: 28.5 +4.9 kg/m², female: 29.2  + 
6.0kg/m² 
Neck circumference (cm): not reported 
ESS: male: 9.8 + 5.3, female: 12.2 + 5.0 
Source of referrals: GPs 
Blinding: Study Interpreter 
Withdrawals/dropouts: level I- 8; level III- 21; 
level I and Level III- 5  
Reasons for withdrawals/dropouts: poor signal 
output from level III device,  very short total 
sleeping time, and equipment malfunction 
(no numbers reported) 
Inclusion criteria: significant sleepiness 
interfering with daily activities and 2 of the 
following symptoms:  
- choking or grasping during sleep 
- recurrent awakenings 
- un-refreshed by sleep 
- daytime fatigue 
- impaired concentration 
Exclusion criteria: pregnant  and patients who 
declined to participate or could not comply 
with the set-up of the device 

In-lab level I 
Number of channels: 10+ 
Channels reported: EEG, ECG, EOG, oxygen 
saturation, chest wall strain, abdominal strain, 
submental EMG, ant. tibial EMG, snoring, and 
transducer 
Study operators: not reported 
Scoring methods: manual 
Study interpreters: technician 
Device name: Siesta (Compumedics, Australia) 
In-lab level III 
Number of channels: 4+ 
Channels reported: saturation, pulse rate, airflow, 
respiratory effort, snoring level, head movement 
and head position 
Study operators: not reported 
Scoring methods: automated 
Study interpreters: Service provider (ARES insight 
software) 
Device name: ARES Unicorder (Advanced Brain 
Monitoring, Inc., Carlsbad, CA, USA)  
 
Level I index used: AHI  
Level III index used: AHI 
Cut point used indicating diagnosis and/or treatment:AHI  
>5/hour 
 

Diagnostic agreement 
(sensitivity,  
specificity, PPV, NPV, 
LR+, LR-, AUC, F+, 
F-) 
Diagnostic agreement 
Technical failure  
Other  
Number of patients 
completed the study 
Diagnosis made  
Sleep indexes reported 
 

Diagnostic accuracy: 
Cut-point used: Level I AHI ≥ 5 & Level 
III desaturation level ≥ 4% 
Sensitivity: 84% (95% CI: 77%, 90%) 
Specificity: 100% 
PPV: 100% 
NPV: 27% 
LR+: ∞ 
LR-: 0.16 
Area under the ROC curve: 0.96 (95% 
CI: 0.93, 0.99) 
False positive rate: 0 
False negative rate: 73% 
Cut-point used: Level I AHI ≥ 5 & Level 
III desaturation level ≥ 3% 
Sensitivity: 89% 
(95% CI: 84%, 94%) 
Specificity: 100% 
PPV: 100% 
NPV: 35% 
LR+: ∞ 
LR-: 0.11 
Area under the ROC curve:0.97 (95% 
CI: 0.95, 1.00) 
False positive rate: 0 
False negative rate: 65.2% 
Cut-point used: Level I AHI ≥ 5 & Level 
III desaturation level ≥ 1% 
Sensitivity: 97% (95% CI: 94%, 99%) 
Specificity: 63% (95% CI: 55%, 71%) 
PPV: 98% 
NPV: 56% 
LR+: 2.61 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

LR-: 0.05 
Area under the ROC curve: 0.98 (95% 
CI: 0.95, 1.00) 
Diagnostic agreement: 
Level I & III AHIs: k coefficient=0.24  
Bland and Altman: +7.5/hour(95% CI -
9.6, 24.6) 
Failure: 
Level I: Technical failures: 13 
Level III: Recording time < 4hours: 21, 
Technical failures: 5 
Completed number of patients: 
Number of patients invited to 
participate: 181 
6 refused 
Valid records:141  
Diagnoses made:  
Level III 
all patients had predominant moderate 
OSAS  
27% of the patients had 21.4 
obstructive event/h  
1.9% had 1.1 central apneas/h 
7.5% had 2.5 mixed apnea/h 
AHI values : 
Level I: male: 41.6±26.9, female: 
32.2±22.9, Pooled : 39.3/hour 
Level III: not reported 

Yagi et al.232(2008) 
 

Design: Cohort, 
Prospective, 
Consecutive, 
Simultaneous  
Setting: General hospital  
Country: Japan 
Number of sites: 1 
 

Number of patients: 22  
Suspected diagnosis: Sleep Apnea Syndrome: 22 
Sex: male: 17, female: 5 
Age:52.9  + 13.3 years (31-74 years) 
Comorbidities: not reported 
BMI: 25.7 +  4.4 kg/m² (18.8-39.3 kg/m²) 
Neck circumference: not reported 
ESS(ESS): not reported 
Berlin Risk score: not reported 
Source of referrals: not reported 
Withdrawals/dropouts: not reported 
Reasons for withdrawals/dropouts: not reported 
Blinding: Interpreter 
Inclusion criteria: Suspected Sleep Apnea 
Syndrome 
Exclusion criteria: not reported 

In-ward level I 
Number of channels: 10+ 
Channels reported: EEG, EOG, ECG, EMG, leg 
motion detector, oxygen saturation, nasal and 
oronasal flow, tracheal sounds, and body position 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Trained Polysomnographer 
Device name: Alice 4 device (Respironics Inc, 
Murrysville, PA, USA) 
In-ward level III 
Number of channels: 4+ 
Channels reported: tracheal sounds, oronasal 
thermistor, pulse oximeter, chest belt, body 
position, and abdominal belt 
Study operators: not reported 
Scoring methods: manual 
Study interpreters: Trained Polysomnographer 
Device name: Apnomonitor 5 (Chest Co., Tokyo) 
Level I index used: AHI 
Level III index used: AHI 
Cut point used indicating diagnosis and/or treatment:AHI 
≥5  

Diagnostic agreement 
(sensitivity,  
specificity, PPV)  
Diagnostic agreement: 
Sleep indexes reported 
 
 
 
 
  

Diagnostic accuracy: 
Cut-point used: AHI ≥ 15 
Sensitivity: 95% 
Specificity: not reported 
PPV: 95% 
 
Diagnostic agreement: 
Pearson correlation (Level I & III AHIs): 
Pearson correlation r=0.99   
Bland and Altman Values: not reported 
Level I & III AHI values  
Level I: 
AHI: 43.9/hour±21.2 
AI: 26.4/hour±23.0 
HI: 15.5/hour±11.1 
Level III 
AHI: 46.0/hour±20.4 
AI: 23.7/hour±22.1 
HI: 22.2/hour±11.5 
 

1b 

Separate studies comparing level III to level I 

Alonso et 
al.148(2008) 
 

Design: Cohort, 
Prospective 
Setting: Academic 

Number of patients: 45 
Suspected diagnosis: SAH 
Sex: male: 39, female: 6 

In-lab level I 
Number of channels: 10+ 
Channels reported: airflow, chest movment, body 

Diagnostic accuracy 
(sensitivity,specificity,PP
V,NPV, 

Diagnostic accuracy: 
Sensitivity: 61.9% (95% CI 38, 85%) 
Specificity: 95.8% (95% CI 85, 100%) 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

teaching hospital 
Country: Spain 
Number of sites: 1 
 
 

Age: 52.3  + 11years 
BMI: 28.7 ±4 kg/m² 
Neck circumference (cm):40.2 ±2cm 
ESS:8.9 ±3 (0-19) 
Berlin Risk Score : not reported 
Source of referrals: Respiratory Sleep Disorders 
Clinician 
Comorbidities: hypertension (8), heart rhythm 
abnormalities (5), heart disease (3), 
cardiovascular accident: (2), chronic 
obstructive pulmonary disorder (1), and 
asthma (1) 
Withdrawals/dropouts: 0 
Reasons for withdrawals/dropouts: N/A 
Blinding:Study Interpreter 
Inclusion criteria: suspected sleep apnea 
hypopnea syndrome, residents of Burgos 
(Spain) metropolitan area, and patient’s home 
suitable for home sleep study 
Exclusion criteria: severe concomitant illness, 
symptoms of sleep disorders other than 
SAHS, occupation in which SAHS would 
increase occupational risk, and sleep related 
symptoms requiring urgent 

position, abdominal movement, oxygen saturation, 
EEG, and EMG 
Study operators:  not reported 
Scoring methods: manual  
Study interpreters: not reported 
Device name: Somnotrac 4250(SensorMedics Corp, 
USA) 
At-home level III 
Number of channels: 4+  
Study operators: Trained sleep laboratory nurse 
Scoring methods: Automated and manual 
Study interpreters: not reported  
Device name: Edentrace II Model 3711(Edentec 
Corp, USA) 
Interval between studies: < 2 weeks 
 
Level I index used: AHI (TST) 
Level III index used: RDI (Total study time) 
Cut point used indicating diagnosis and/or treatment:AHI  
≥ 10 
 

LR+,LR-, T+,T-
,F+,F-, prevalence, 
accuracy,AUC) 
Diagnostic agreement 
Diagnosis made 
Sleep indexes reported 

PPV: 92.9% (95% CI 75, 100%) 
NPV: 74.2% (95% CI 57, 91%) 
LR+: 14.78 
LR-: 0.40 
True+ve: 13 
True-ve: 23 
False+ve: 1 
False-ve: 8 
Accuracy: 80% 
Prevalence: 47% 
Area under the ROC curve: 87.5% 
(95% CI 74, 95%) 
 
Diagnostic agreement: 
 Correlation (Level I & III AHIs): 0.727 
p < .001 
 
Diagnoses made:  
Level I:  
OSA: 21 
Level III: not reported 
 
Sleep indexes reported 
AHI values(mean±SD) 
Level I: 15.1±18/hour 
 
RDI  values(mean±SD) 
Level III: 13.6±11/hour 

Andreu et 
al.183(2012)  
 
 

Design: RCT, 
Prospective, Separate 
Setting: Academic 
Hospital 
Country: Spain 
Number of Sites: 1 
 
 

Number of patients: 66; group A- 22, group B- 
22, group C- 21 
Suspected diagnosis: OSAS. 
Sex: overall- male : 54, female : 11; group A- 
male: 18, female: 4; group B- male: 21, 
female: 1; group C- male: 15, female: 6 
Age : overall- 52+10  years; group A- 52 + 11 
years; group B- 53 + 9 years; group C- 51 + 
10 years 
BMI : overall- 34+7 kg/m2; group A- 32 + 5 
kg/m2; group B- 34 + 7 kg/m2; group C- 36 
+ 7 kg/m2 
Neck circumference: overall- 45.5+3.5; group A-
45.4 + 3.7 cm; group B- 45.3 + 3.3 cm; 
group C- 45.9 + 3.2 cm 
Source of referral: not reported 
ESS: > 12 
Design: Group A- level III test and CPAP at 
home; group B- in-lab PSG and CPAP at 
Hospital; group C- level III  at home &  
CPAP at Hospital 
Comorbidities: hypertension (32) 
 
Withdrawals/ dropouts: 16 
Reasons for withdrawals/dropouts: patients 
excluded during follow up (8), excluded for 
presenting AHI< 8 (1, group C), death due 
to causes unrelated to OSAS (1, group A), 

In-lab Level I (Group B) 
Number of channels: not reported 
Study operator: Technician 
Scoring method: Manual 
Interpreter: Physician 
Device name: Somnostar Alpha 4100 (San Anselmo 
CA,USA) 
At-home Level III : (Group A & C) 
Number of channels: not reported 
Channels reported: not reported 
Study operator: not reported 
Scoring Method: Manual 
Study interpreter: not reported 
Device name: Stardust Phillips INC PA, USA 
 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment:AHI 
> 15 

Adverse events 
Technical failures 
Number of patients 
completed the study  
Sleep indexes reported 
Management outcomes 

Adverse events : 
Dryness: 31 
Nasal congestion: 23  
Leakage: 15 
Abrasions: 15  
 
Technical failures:  
5 patients in group A and 1 in group C 
needed second RP, 1 patient in group C 
needed a PSG after two invalid RP 
 
Number of patients completed test:  
58 
Number of Analyzed : 65 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep Design): 
All patients, mean AHI : 43 + 20 (15- 
49) 
AHI Group A: 37 + 18 (17- 70) 
AHI Group B:44 + 19 (15- 83) 
AHI Group C:48 + 23 (16- 95) 
P-value : non-significant 
 
Management outcomes: 
CPAP pressure:  
Group A: 7.6+1.5 (5-11) 

1b 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



129 
 

Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

abandoned treatment (1, group A), and lost 
to follow up: (5) 
Blinding: interpreter 
Inclusion criteria: ESS > 12 
Exclusion criteria : Impaired lung function, 
patients previously treated with CPAP and  
associated pathology: 
- psychiatric 
- neoplasm 
- restless leg syndrome 
- other dyssomnias and parasomnias 

Group B: 8.1+1.7 (5-12) 
Group C: 8.7+1.6 (6-13) 
No significant difference between 
groups 
 
Clinical response : No significant 
difference between groups in FOSQ, 
ESS and symptoms after 3 and 6 
months follow up 
 
Compliance :  
Group A : 73% 
Group B : 68% 
Group C : 57% 

Askenov et al.182 
Abstract 
 
 
 

Design: Cohort, 
Retrospective 
Setting: Academic 
Country: USA 
Number of Sites: 1 
 
Level III+ Auto-
titration Positive Airway 
Pressure APAP versus 
level I + CPAP  
 

Number of patients: 452; level III and APAP-
317, level I and CPAP- 135 
Sex: not reported  
Age: Level III + APAP- 59.1 + 0.7 years; 
level I + CPAP- 59.2 + 0.9 years 
BMI: level III + APAP- 34.7 + 0.5 kg/m2; 

level I + CPAP- 34.7 + 0.6 
Neck circumference: not reported 
Comorbidities: not reported 
ESS: level III + APAP- 13.9 + 0.3; level I + 
CPAP- 14.5 + 0.5 
Source of referrals: not reported 
Blinding: not reported 
Inclusion criteria: AHI > 5 
Exclusion criteria: Patients treated with BPAP 
or PAP+ oxygen, Patients with no follow up 
data 

Level I 
Location of study: sleep laboratory 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: not reported 
At-Home Level III 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: not reported 
Cut point used indicating diagnosis and/or treatment: 
AHI ≥ 5   
 

Management outcomes Management outcomes 
Level III + APAP 
Level I AHI: Mean: 36.1, SD: 2.1 
Level III AHI: Mean: 24.3, SD: 1 
p-value <0.01 
 
CPAP pressure: 12.7+0.3 cm H2O 
APAP pressure: 11+ 0.2 
p-value < 0.05 
 
Adherence (average use of 
machine/hour/day:  
APAP: 4.5 + 0.2 
CPAP: 4.1 + 0.2 
P-value: NS 
 
Nights of use > 4 hours: 
APAP 50.9 + 2 
CPAP 51.2 + 3.1 
P-value NS 
 
Change in ESS: 
APAP -3.6+0.4 
CPAP -3.7+0.5 
P-value NS 
 
Oxygen Saturation: 
level I 80.7+1 
level III 77.2+0.9 
P-value NS 

1b 

Berry et al.181 
(2008) 
Funding source: 
Private (Itamar 
Medical company) 

Design: RCT, 
Prospective 
Setting: Academic 
hospital 
Country: USA 
Number of Sites: 1 
 
 

Number of patients: 106; PM-APAP arm- 53, 
PSG-CPAP arm- 53 
Sex: PM arm- male:46, female:7; PSG arm- 
male: 47, female: 6 
Age: PM arm- 51.9+1.7 years; PSG arm- 
55.1+1.5 years 
Comorbidities: not reported 
BMI: PM arm- 34.0+0.08 kg/m2; PSG arm- 
34.4+0.9 kg/m2 
Neck circumference: not reported 
ESS: PM arm- 16.6+0.47; PSG arm- 

In-lab level I 
Number of channels: 12 + 
Channels reported: EEG, EOG, EMG, ECK, 
airflow, snoring, chest and abdominal 
movements, and pulse oximetry 

Study operator: technician 
Scoring method: not reported 
Study interpreter: not reported 
Device name: Aurora PSG system 
At-home Level III: 
Number of channels:4  

Sleep indexes reported 
Management outcomes 

Sleep indexes reported: 
Mean AHI +SD: 
PM arm: 33.3+3.8 
PSG: 39.8+4.6 
No statistically significant difference  
 P-value:  not reported 
 
Management outcomes: 
Average night CPAP use (hour/night) 
PM arm: 5.20+0.28 
PSG arm: 5.25+0.38 
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16.2+0.54 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: PM arm- 13; PSG arm-
14 
Reasons for withdrawal: Technical problems and 
decline of APAP or CPAP 
Blinding: not reported 
Inclusion criteria: Excessive daytime sleepiness 
Exclusion criteria: 
Residence more than 200 miles from the 
testing center, congestive heart failure, use of 
nocturnal oxygen, chronic obstructive, 
pulmonary disease, restless leg syndrome, use 
of narcotics, uncontrollable psychiatric 
disorders, night shift workers, previous 
treatment with CPAP, hypercapnia, 
neuromuscular diseases, cataplexy and 
medication with alpha blockers 

Channels reported: heart rate, pulse oximetry, 
actigraphy, and PAT 

Study operator: Technician applies device to the 
patients and instructs them on how to use it. 

Scoring method: Automated 
Study interpreter: not reported 
Device name: (Watch PAT 100, Itamar Medical, 
Haifa, Israel) 

 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
AHI>5 

No statistically significant difference 
P-value: not reported 
 
Percent of nights spent >4 hours on 
treatment machine: 
PM arm: 71.7+4.6 
PSG arm: 67.4+6.4 
No statistically significant difference 
P-value not reported 
 
Patients with > 4hours with 70% or 
more of nights: 
PM arm: 24 
PSG arm : 22 
No statistically significant difference 
P-value not reported 
 
Change in ESS: 
PM arm: -6.50+0.71 
PSG arm: -6.97+0.73 
P=NS 
 
Mechanical estimate of residual 
AHI/hour 
PM arm: 3.5+0.3 
PSG arm: 5.3+0.7 
P=NS 

Bridevaux et 
al.212(2007) 
 

Design: Cross sectional, 
Retrospective 
Setting: Academic 
hospital 
Country: Switzerland 
Number of sites:1 
 
Study reporting on 
agreement between 
interpreter on AHI  
using portable 
monitoring 
 

Number of patients: 11 
Suspected diagnosis: OSAS 
Sex: not reported 
Age: 54+14 years 
Comorbidities: not reported 
BMI: not reported 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: NA 
Reasons for withdrawal: NA 
Blinding: Interpreters  
Inclusion criteria: Suspected OSA 
Exclusion criteria: not reported 

At-home level III 
Location: In-home 
Number of channels: 4+ 
Channels reported: nasal flow, thoracic and 
abdominal movement, oxygen saturation, pulse 
rate, and body position 
Study operator: not reported 
Scoring method: not reported 
Study interpreter: pulmonogist 
Device name: Embletta PDS, (ResMed, Iceland) 
 
Level III index used:AHI  
Cut point used indicating diagnosis and/or treatment: not 
reported 

Diagnostic agreement 
 
 

Agreement between automated versus visual 
analysis:  
Systematic underestimation of: 
AHI: 5.1 
HI: 4.8 
AI: 5 
AHI ICC: 0.73 
AI ICC: 0.67 
HI ICC: 0.71 
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Campbell et al.147 
(2010) 
Funding: 
Academic 
University 
research grant, 
private company 
provided PM 

Design: Cohort, 
Prospective, Separate 
Setting: Academic 
Country: New Zealand 
Number of sites: 1 

Number of patients: 31 
Suspected diagnosis: OSA 
Sex: Males: 24, Females: 6 
Age: 49.1+13.8 years (23-78)  
Comorbidities: not reported 
BMI:31+6.1 kg/m2 
Neck circumference: not reported 
ESS: 10.8+4.9(0-20) 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: 6 
Reasons for withdrawal: Type II Respiratory 
failures: 1, Level III technical failures: 5 

In-lab level I 
Number of channels:10+ 
Channels reported: 4 EEG, 2 EOG, 2 EMG, nasal 
pressure for airflow, chest and abdominal 
movement, and oxygen saturation 
Study operator: Sleep technician 
Scoring method: Manual 
Study interpreter: not reported 
Device name: S-series Sleep System, (Compumedics, 
Melbourne, Australia) 
At-home level III 
Number of channels: not reported 
Channels reported: not reported 

Diagnostic accuracy  
(sensitivity, specificity, 
LR+, LR -, AUC) 
Technical failures 
Sleep indexes reported  
 

Diagnostic accuracy:  
At cut-off point AHI=5/h 
Sensitivity: 88% 
Specificity: 50% 
LH+: 1.76 
LH-: 0.24 
AUC ROC: 0.900 
 
At cut-off point AHI=10/h 
Sensitivity: 90.5% 
Specificity: 88.9 
LR+: 8.14 
LR-: 0.11 
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Blinding: not reported 
Inclusion criteria: 18 years old, Residence within 
the hospital’s catchment area 
Exclusion criteria: psychiatric disease, 
cardiovascular disease, limited mobility, and 
sleep disorder other than OSA 
 

Study operator: Technician to set up the device, 
patient to operate 
Scoring method: Manual  
Study interpreter: not reported 
Device name: Siesta Sleep System 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
AHI > 10 

AUC ROC: 0.921 
 
At cut-off point AHI=15/h 
Sensitivity: 93.7% 
Specificity: 76.9% 
LH+:4.06 
LH-: 0.081 
AUC ROC: 0.942 
 
Technical failures:  
2 patients required repetition of PSG 
 
Number  of patients  completed:  
30 and 25 analyzed 
 
Sleep indexes reported: 
AHI values reported:  
Level I: 34.5+29.0 
Level III: 26.9+24.3 

Chung et 
al.214(2010) 
 

Design: Cohort, 
Prospective, Separate 
Setting: Academic 
hospital  
Country: Canada 
Number of sites:2 

Number of patients: 24, Level I : 21, Level III : 
21 
Suspected diagnosis: SA  
Sex: Male : 11, Female: 10  
Age: 54 + 11  years 
Comorbidities: not reported  
BMI: 36 + 9 kg/m2 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: Physician 
Withdrawal/ dropouts: 3 
Reasons for withdrawal:  reasons not reported 
Blinding: not reported 
Inclusion criteria: >18 years, candidate for 
elective procedures 
Exclusion criteria: unwilling or unable to give 
informed consent, previously diagnosed with 
OSA or any other breathing disorder, and 
expected to have abnormal EEG 
findings(brain tumor epilepsy) 
 

In-lab level I 
Number of channels: 10+ 
Channels reported: EEG, EOG, EMG, airflow, 
thoracic and abdominal respiratory effort, and 
oxygen saturation 
Study operator: technologist 
Scoring method: not reported 
Study interpreter: PSG technologist 
Device name: not reported 
At-home Level III 
Number of channels:3+ 
Channels reported: EEG, EOG, thoracic and 
abdominal effort, body position, and pulse 
oxymetry  
Study operator: Technologist 
Scoring method: Manual and automated 
Study interpreter: Certified PSG technologist 
Device name: Embletta X100 
Manual scoring: Level I index used: AHI, Level III 
index used: AHI 
Automated scoring: Level I index used: AHI, Level 
III index used: AHI 
Cut point used indicating diagnosis and/or treatment: not 
reported 

Diagnostic agreement 
 
 

Diagnostic agreement: 
Manual scoring: 
Level I:  
AHI: 8.1( + 18.3) 
HI: 7.1+(13.9) 
Level III:  
AHI: 11.5( + 18.7) 
HI: 9.6+(10.4) 
 
Pearson correlaton: r=not reported, P-
value <0.001 
 
Automated scoring: 
Level I: AHI: 8.1( + 18.3), HI: 7.1(13.9) 
Level III: AHI: 4.3( + 11.8), HI: 2.0(8.6) 
Pearson correlaton: r= not reported, P-
value <0.001 
 
 

2b 

Churchward et 
al.215(2006) 
Abstract 
 

Design: Cohort, 
Consecutive, 
Prospective 
Country: Australia 
Setting: General hospital 
Number of sites: 1 
 
 

Number of patients: 20 
Suspected diagnosis: OSA 
Sex: Male: 16, Female: 4 
Age: Mean: 50 + 13 years 
Comorbidities: not reported 
BMI:  34+8.3kg/m² 
Neck circumference (cm): not reported 
Pre-test probability: not reported 
ESS: not reported 
Location: sleep lab 
Blinding: Study Interpreter 
Withdrawals/dropouts: not reported, Note: 

In-lab level I 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: not reported 
At-home level III 
Number of channels: not reported  
Channels reported: using the same channels as in-lab 
device apart from EMG, only 1 EEG, and 1 EOG 
channel used 
Study operators: not reported 

Diagnostic accuracy Diagnostic accuracy: 
Cut of point used AHI> 10/hour 
Sensitivity:100% 
Specificity:100% 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

20% of 40 home studies were technical 
failures.  
Inclusion criteria: Possible OSA 
Exclusion criteria: not reported 

Scoring methods: not reported 
Study interpreters: not reported 
Device name: Somte (Compumedics, Abbotsford, 
Victoria) 
Interval between studies: not reported 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis/treatment:AHI 
≥10/hour 

Cilli et al.216  
(2006) 
Abstract 
 

Design: Cohort 
study,Prospective 
Setting: Academic 
teaching hospital 
Country: Turkey 
Number of sites: 1  
 
 

Number of patients: 55 
Suspected diagnosis: OSA: 55 
Sex: Male: 4, Female: 6 
Age: Mean: 46 years 
Comorbidities: not reported 
BMI: not reported 
Neck circumference (cm): not reported 
ESS:  not reported 
Source of referrals: not reported 
Blinding: not reported 
Withdrawals/dropouts: not reported 
Inclusion criteria: not reported 
Exclusion criteria: not reported 

Level I 
Location of study: not reported 
Number of channels:  not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: Embla 
Level III 
Location of study: not reported 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: Embletta 
Interval between studies: not reported 
 
Level I index used: “AHI”: (not reported) 
Level III index used: “AHI”: (not reported) 
Cut point used indicating diagnosis/treatment: AHI > 
5/hour 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, F-,F+)  
 
 

Diagnostic accuracy 
Cut-point used:AHI >5 
Sensitivity: 93% 
Specificity: 44.4% 
PPV: 89.5% 
NPV: 57.1% 
LR+: 1.67 
LR-: 0.16 
F- ratio: 55.6% 
F+ ratio: 7% 
 

2b 

Danzi-Soares et 
al.134(2011) 
 
 

Design: Cohort, 
prospective, Separate 
level I and level III, 
Consecutive 
Country: Brazil 
Setting: Academic 
hospital  
Number of Sites: 1 
 
Coronary artery disease 
patients referred for 
coronary artery bypass 
graft surgery were 
screened for OSA with 
in-lab PSG and separate 
in-ward PM 
 

Number of patients: 79 
Suspected diagnosis: OSAS 
Sex: Males:53, Females:17 
Age: 58+7 years 
Comorbidities: All patients have coronary 
artery disease 
BMI: 27.6 (25.8-31.1) kg/m2 
Neck circumference: median: 40 (37.4- 42.0) cm 
ESS: 7 (5-11) 
Berlin risk score: 49 patients (70%) high-risk 
Source of referral: not reported 
Withdrawal/ dropouts:9 
Reasons for withdrawal: withdrew consent (2), 
clinically unstable (1), CABG surgery 
cancelled (1), PSG technical problem (1), and 
PM technical problem (4) 
Blinding: not reported 
Inclusion criteria: Coronary artery disease 
patients undergoing surgery 
Exclusion criteria: patients previously 
diagnosed with OSA, history of stroke and 
disability, clinical instability, and use of 
supplemental oxygen 
 

In-lab level I 
Number of channels: 12+  
Channels reported: 4 EEG, ECG, EOG, EMG, 
airflow nasal pressure, oximetry, snoring sound 
detector, and chest and abdominal movement 
Study operator: Technician 
Scoring method: Manual 
Study interpreter: Sleep specialist 
Device name: XactTrace, (Embla medical devices, 
Broomfeild, Colorado, USA) 
In-ward level III 
Number of channels: 4 
Channels reported: nasal pressure, thoracic effort, 
body position, pulse oximetry, heart rate 
Study operator: not reported 
Scoring method: Automated 
Study interpreter: Sleep specialist 
Device name: Stardust II, Respironics Inc., 
(Murrysville, PA, USA.) 
 
Level I index used: AHI/ TST 
Level III index used: AHI/ TRT 
Cut point used indicating diagnosis and/or treatment:AHI 
>5 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-, T+, T- F+,F-, 
accuracy, prevalence, 
AUC)  
Diagnostic agreement 
Number of patients that 
completed 
Sleep indexes reported 

Diagnostic accuracy: 
At cut-point >5: 
Sensitivity: 92% CI (81, 97) 
Specificity: 66% CI (31, 91) 
PPV: 95% CI (85, 99) 
NPV: 54% CI (24, 81) 
LR+: 2.75 CI (1.09, 6.96) 
LR-: 0.12 CI (0.05,0.32) 
T+: 56 
T–: 6 
F+: 3 
F-: 5 
Diagnostic accuracy: 88.5% 
Prevalence:0.875 
AUC ROC: 0.90 
 
At cut-point >15: 
Sensitivity: 67% CI (49, 80) 
Specificity: 78% CI (60, 90) 
PPV: 78% CI(60, 90) 
NPV: 66% CI (49, 80) 
LH+: 3.61 CI (1.5, 6.02) 
LH-: 0.44 CI (0.28, 0.69) 
T+: 26 
T-  :25 
F+: 7 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

F-: 13 
Diagnostic accuracy:72.8% 
Prevalence: 0.55% 
AUC ROC: 0.79 
 
Diagnostic agreement: 
Bland-Altman values reported: 
+5.3/hour (95% CI 2.08, 8.58) 
 
Number of patients completed test :  
70 
 
Sleep indexes reported 
AHI values reported (mean ± SD or 
median or range/sleep Design):  
AHI: 
PSG: 22.9+20 
PM:17.5 +13.9 
p-value <0.01 
 
OAI: 
PSG:5.0+7.6 
PM: 7.6+9.6 
p-value<0.01 
 
CAI: 
PSG:2.4+8.1 
PM: 1.1+3.0 
p-value=0.35 
 
MAI: 
PSG:0.6+3.7 
PM:0.3+1.44 
p-value=0.59 
 
HI: 
PSG: 14.8+12 
PM:8.5+6.6 
p-value<0.01 

Finkel et 
al.218(2008) 
 

Design: Cohort, 
Prospective, Separate 
Country: USA 
Setting: Academic 
hospital   
Number of Sites: 1 
 

Number of patients: 26 
Suspected diagnosis: OSA 
Sex: not reported 
Age :not reported 
Co-morbidities: not reported 
BMI: not reported 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts: not reported 
Blinding: not reported  
Inclusion criteria:> 18 years undergoing elective 
surgery  
Exclusion criteria: previous diagnoses of OSA, 
required home oxygen, allergic to synthetic 
material, and unable to use sleep apnea 

In-lab level I 
Number of channels: not reported  
Channels reported: not reported 
Study operator: not reported  
Scoring method: not reported 
Study interpreter: not reported 
Device name: not reported  
At-home level III  
Number of channels: 4 +   
Channels reported: oxygen saturation, pulse rate, 
snoring levels, head position, and airflow  
Study operator: not reported 
Scoring method: not reported 
Study interpreter: not reported 
Device name: Ares unicorder (Brain monitoring Inc. 
CA, USA) 
Level I index used: AHI 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-)  
Diagnosis made  
Sleep indexes reported 

Diagnostic accuracy 
Cut-point used:AHI >5 
Sensitivity: 95% (73.1-99.7%) 
Specificity: 33.3% (6.0-75.9%) 
PPV: 82.6% 
NPV: 66.7% 
LR+: 1.42 
LR-: 0.15 
 
Diagnoses made: 
 Level I: OSA: 19 
Level III: OSA: 26 
  
Sleep indexes reported: 
AHI values (mean±SD): 
Level I: not reported 
Level III: not reported 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

detection device 
 

Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment:>5 

 

Fordyce et al.219 
(2009) 
 
Abstract 
 
 

Design: Cohort, 
Retrospective, Non-
consecutive, Separate   
Setting: Academic 
teaching hospital 
Country: Canada 
Number of sites: 1 

Number of patients: 9  
Suspected diagnosis: SDB 
Sex:Male: 6, Female: 3 
Age: Mean: 40.3  years, SD: not reported 
Comorbidities: not reported 
BMI: Mean:  25.4 kg/m² 
Neck circumference : 38.2 cm 
ESS: not reported 
Source of referrals: sleep physician 
Blinding: not reported 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Inclusion criteria: patients received both level I 
and level III testing and had history of 
snoring 
Exclusion criteria: body mass index ≥ 30, 
adjusted neck circumference ≥ 42, level III 
RDI ≥ 15, Epworth sleepiness scale < 10 

In-lab level I 
Number of channels: not reported 
Study operators:  not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: not reported 
Level III 
Location of study: not reported 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: not reported 
Interval between studies: not reported 
 
Level I index used: RDI(not reported) 
Level III index used: RDI(not reported) 
Cut point used indicating diagnosis and/or 

treatment:AHI  ≥ 5 (mild to severe OSA) 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, LR+, 
LR-)  
Diagnostic agreement 
Diagnosis made 
Sleep indexes reported 

Diagnostic accuracy:  
Cut-point used:  AHI ≥5 
Sensitivity: 80% 
Specificity: 100% 
PPV: 100% 
NPV: 80.0% 
LR+: ∞ 
LR-: 0.20 
 
Diagnostic agreement: 
Correlation (Level I & III RDIs): 
r=0.837 (p=0.005) 
 
Bland and Altman Values: 
13.54/hour±24.7 (95% CI -34.87, 
61.95) 
 
Diagnoses made:  
Severe OSA (level I RDI>30): 2 
Moderate OSA (15≤level I RDI≤30): 1 
Mild OSA (5<level I RDI<15): 2 
Notes: level III RDI of these 5 patients 
≤ 15 
 
Sleep indexes reported:  
RDI  values (mean±SD) 
  Level I: mean= 20.3/hour(±28.9) 
  Level III: mean= 6.5/hour(±5.2) 

2b 

Furokawa et 
al.140(2008) 
 
 

Design: Cohort, 
Prospective, Separate 
Setting: Academic 
hospital. 
Country: Japan 
Number of sites:1 
 
 

Number of patients: 81  
Suspected diagnosis: SDB 
Sex: Male: 51, Female : 30 
Age: 64.9+9.6 years 
BMI: 25.9+4.3 kg/m2 
ESS:6.5 + 4.1 PSG arm 
Comorbidity: Hypertension 
Source of referral: Cardiology department 
Withdrawal/ dropouts:7 
Reasons for withdrawal: technical problems (6), 
non-hypertensive patients (1) 
Blinding : not reported 
Inclusion criteria: Primary hypertension 
Exclusion criteria: not reported 
 

In-lab level I 
Number of channels:10+ 
Channels reported: EEG, EOG, EMG, EKG, 
snoring level, abdominal and thoracic movement, 
pulse oximetry, and airflow 
Study operator: not reported 
Scoring method: Manual 
Study interpreter: not reported 
Device name: not reported  
In- hospital level III 
Number of channels: 4 
Channels reported: airflow, oximetry, snoring level, 
EKG, and chest movement. 
Study operator: not reported 
Scoring method: Semi-auto  
Study interpreter: not reported 
Device name: FM - 500 FUKUDA Japan 
Level I index used: AHI 
Level III index used: RDI 
Cut point used indicating diagnosis and/or treatment: not 
reported 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, 
LR+,LR-, T+,T-
,F+,F-, accuracy, AUC) 
Diagnostic agreement 
Technical failures 
Number that completed 
the study 
Diagnosis made 
Sleep indexes reported 

Diagnostic accuracy: 
RDI  > 30 : 
Sensitivity: 72%(CI:56-85)  
Specificity: 90% ( CI : 74 - 98 ) 
PPV: 91.2%  
NPV: 70%  
LR + : 7.2 
LR - : 0.31 
T+: 31  
T -: 28 
F +: 3 
F –:12 
Diagnostic accuracy:79.7% 
 
RDI  > 25 : 
Sensitivity:  77 %(CI: 61-88)  
Specificity:81%(CI: 63-93) 
PPV: 84.6% 
NPV: 71.4% 
LR + : 4.05 
LR - : 0.28 
T +ve : 33 
T - : 25 
F +: 6 
F –: 10 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Diagnostic accuracy: 78.4% 
 
RDI > 23 : 
Sensitivity:79% (CI: 64-90)  
Specificity:71% (CI: 52-86)  
PPV: 79% 
NPV: 71% 
LR + : 2.72 
LR - : 0.29 
T+: 34 
T-: 22 
F+: 9 
F-: 9 
Diagnostic accuracy: 75.7% 
 
RDI  > 22 : 
Sensitivity: 86% (CI: 72-95) 
Specificity:65%(CI: 45-81)  
PPV : 77.1% 
NPV: 76.9% 
LR + : 2.45 
LR - :  0.22 
T+: 37 
T- :20 
F+: 11 
F-: 6 
Diagnostic accuracy:75.7% 
 
RDI  > : 20 
Sensitivity:   88%(CI : 75-96)  
Specificity:61%(CI 42-78)  
PPV: 76% 
NPV: 79.1% 
T+: 38 
T-: 19 
F+: 12 
F-: 5 
 
Diagnostic agreement:  
Pearson’s coefficient: 0.64, p-value 
<0.001 
 
Technical failures:  
6 patients recordings were excluded due 
to technical problem on PSG 
 
Number  of patients completed:  
74 
 
Diagnoses made (Sleep Design/Number of 
patients diagnosed /conditions):  
SDB patients: 43 
 
Sleep indexes reported: 
AHI/ RDI values reported (mean±SD 
or median or range/sleep design) 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Level I AHI: 23.9 + 16.7 
Level III  RDI : 13.7 + 14.4,  
P-value < 0.01 

Gjevre  et al.155 
(2011)  
 

Design: Cohort, 
Prospective, Separate 
Setting: Academic 
Hospital 
Country: Canada 
Number of Sites: 1 
 

Number of patients: 47 
Suspected Diagnosis:  OSA 
Sex: Male : 0, Female : 47 
Age : 52 + 11 years 
Comorbidities: not reported 
BMI: 34.86 + 9.04 kg/m2 
Neck circumference: not reported 
ESS: 9.64+4.44 (0 - 19) 
Berlin risk score: 66% (n=31) high risk 
Source of referral: Sleep physician 
Withdrawal/ dropouts: 0 
Blinding: Interpreter  
Inclusion criteria:21< age < 70, signed 
informed consent 
Exclusion criteria: neuromuscular disease and 
renal failure, and suspicion of sleep disorder 
other than OSA such as: 

- primary insomnia 
- narcolepsy 
- restless leg syndrome 
- nocturnal seizures 
- history of lung disease 
- congestive heart failure 
- unstable angina 
- cerebrovascular accident 
- pregnancy 
 
 

In-lab level I 
Number of channels:12 +  
Channels reported: EEG 3 channels, EOG 2 
channels, intercostal and anterior tibial EMG, 
ECG, sleep position, pulse oximetry, oronasal 
airflow, chest movement, and snoring level  
Study operator: not reported 
Scoring method: manual 
Study interpreter: Physician 
Device name: not reported 
At-home level III 
Number of channels: 4+ 
Channels reported: oxygen saturation, heart rate, 
snoring, body position, air flow, and abdominal 
movement 
Study operator: Technician 
Scoring method: Automated  
Blinding: not reported 
Study interpreter: not reported 
Device name: Embletta (2601-1 X10 USA) 
Level I index used: AHI 
Level III index used: AHI 
Cut point used indicating diagnosis and/or 
treatment:AHI > 5 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, 
LR+,LR-, T+,T-
,F+,F-, accuracy, 
prevalence, and AUC) 
Diagnostic agreement 
Technical failures 
Diagnosis made 
Sleep indexes reported 

Diagnostic accuracy  
AHI  > 5 : 
Sensitivity: 90.6% 
Specificity: 66% 
PPV : 83% 
NPV: 75% 
LR + : 2.26 
LR - : 0.156 
T +: 29 
T –: 9 
F +: 6 
F –: 3 
Accuracy: 80% 
Prevalence: 68% 
 
AHI  > 10 : 
Sensitivity: 75 % 
Specificity: 86.7% 
PPV : 92.3% 
NPV: 61.9% 
LR + : 5.63 
LR - : 0.288 
T +: 24 
T –: 13 
F +: 2 
F –: 8 
Accuracy: 78.7% 
Prevalence: 68% 
 
AHI  > 15 : 
Sensitivity: 62.5% 
Specificity: 93.3% 
PPV : 95.2% 
NPV: 53.9% 
LR +: 9.328 
LR - : 0.402 
T +: 20 
T –: 14 
F +: 1 
F –: 12 
Accuracy: 72.3% 
Prevalence: 68% 
 
AHI  > 20 : 
Sensitivity: 46% 
Specificity: 100% 
PPV : 100% 
NPV: 46.9% 
 
AHI  > 30 : 
Sensitivity: 28.1 % 
Specificity: 100% 
PPV : 100% 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

NPV: 39.5 
Overall Area under ROC :  
0.879(CI : 0.782 - 0.976) 
P-value : <0.001 
 
Diagnostic agreement: 
Overall Pearson's coefficient: 0.582 (P-
value<0.001) 
 
Kappa coefficient for different AHI 
cut-offs: 
At >5: 0.535 
At >10: 0.557 
At >15: 0.467 
At >20: 0.360 
At >30: 0.200 
 
Technical failures:  
3 embletta studies were technically 
suboptimal and were repeated 
 
Diagnoses made (Sleep Design/Number of 
patients diagnosed /conditions): 
Reported based on PSG results: 
Normal: 15 patients 
Mild and moderate OSA: 24 
Severe OSA: 8 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep Design):  
 Level I AHI: Mean : 15.9+16.25 
Level III AHI:Mean : 16.58 +14.64 
P-value =0.475 

Grover et 
al.221(2009) 
Abstract  
 
 

Design: Cohort, 
Prospective 
Setting: General 
Hospital 
Country: USA 
Number of sites: 1 
 
 

Number of patients: 5 
Suspected diagnosis: SDB 
Sex: not reported  
Age: not reported, Range:  29-59 yrs 
Comorbidities: not reported  
BMI: not reported  
Neck circumference (cm): not reported 
ESS: not reported  
Berlin Risk score: not reported 
Source of referrals: not reported 
Withdrawals/dropouts:0 
Reasons for withdrawals/dropouts: N/A 
Blinding: Sleep study interpreter 
Randomization: non-random allocation to 
study arm, Level III study followed by Level 
I study 
Inclusion criteria: Polysomnography naïve 
subjects  
Exclusion criteria: not reported 

Level I 
Location of study: Sleep Laboratory 
Number of channels: 10+ 
Channels reported: EEG, ECG, EOG, EMG, 
abdominal, chest effort, pulse oximeter, nasal 
canula, and oral thermistor 
Study operators: patient and sleep professional 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: Polysomnograph(not specified) 
Level III 
Location of study: Home 
Number of channels: 4+  
Channels reported:abdominal and chest effort, pulse 
oximeter, nasal canula, and oral thermistor 
Study operators: patient 
Scoring methods: not reported  
Study interpreters: not reported  
Device name: Alice PDx (Philips Respironics Inc, 
USA) 
Interval between studies: 1 night 
Level I index used: AHI 

Diagnostic agreement 
Technical failures 
 
 

Diagnostic agreement:∙  
Pearson’s correlation (Level I & III 
AHI): r=0.842 (p=0.073) 
Pearson’s Correlation (Level I & III 
RDI): r=0.852 (p=0.067) 
 
Bland and Altman Values: not reported 
 
Technical failures:  
Level III application error: 1 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Level III index used: RDI  
Cut point used indicating diagnosis and/or treatment: 
AHI:  not reported 

Hernandez et 
al.144(2007) 
 
 

Design: Cohort, 
Prospective, 
Consecutive, Separate  
Country: Spain 
Setting: General Hospital 
Number of sites: 2 
 

Number of patients: 88 
Suspected diagnosis: SAH 
Sex: Male: 71, Female: 17 
Age: 50.3 ±11.6 years 
Comorbidities: not reported 
BMI: 29.6 k±4.2g/m² 
Neck circumference (cm): not reported 
ESS: not reported 
Berlin Risk score: not reported 
Source of referrals: sleep physician or respiratory 
physician with sleep training. 
Withdrawals/dropouts: 0 
Blinding: Referring physician, Sleep study 
interpreter 
Randomization: Random allocation to Level I 
or Level III study 
Inclusion criteria: Suspected Sleep Apnea 
Hypopnea Syndrome  
Exclusion criteria: not reported 

In-lab level I 
Number of channels: 10+ 
Study operators: Sleep Technician 
Scoring methods: Manual 
Study interpreters: Sleep physician 
Device name: PSG (not specified) 
In-hospital level III 
Number of channels: 4+  
Study operators: Nurse or technician 
Scoring methods: Manual 
Study interpreters: Respiratory physician 
Device name: Respiratory polygraph (not specified) 
Interval between studies: ≤ 1 month 
Level I index used: AHI 
Level III index used: RDI 
Cut point used indicating treatment: AHI ≥10  
 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, 
LR+,LR-, T+,T-
,F+,F) 
Diagnostic agreement 
Diagnosis made  
Sleep indexes reported 

Diagnostic accuracy: 
Cut-point used: AHI ≥10 
Sensitivity: 83.3%  
Specificity: 78.9% 
PPV: 91.8% 
NPV: 62.5% 
LR+: 3.95 
LR-: 0.21 
T+:45 
T-:15 
F+:4 
F-:9 
 
Diagnostic agreement: 
Lin coefficient(Level I & III AHIs):  
0.826 (95% CI 0.759, 0.894) 
 
Bland and Altman Values: 4.6/hour 
(95% CI -25.0, 34.31) 
 
Diagnoses made: 
 Level I:  
Severe SAHS: 32 
Level III:  
Severe SAHS: 30 
 
Sleep indexes reported: 
AHI values (median, 25 and 75 
percentiles): 
Level I: 21.5/hour (8, 57.5) 
 
RDI values(median, 25 and 75 
percentiles): 
Level III: 15/hour(4.5, 48.5) 
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Kuna et al.180 
(2011) 
Funding: Private  

Design: RCT, 
Prospective 
Setting: Multi center 
Country: USA 
 
 

Number of patients: 296 
Suspected diagnosis: OSA 
Level III 
Sex: Males: 95.6%, Females: 4.4% 
Age: 55.1+10.3 years 
BMI: 35.0+7.5 kg/m2 

Withdrawal/Dropouts: 7  
Level I 
Sex: Males: 94.5%, Females: 5.5% 
Age:  51.8+10.4 years 
BMI: Level I: 34.2+5.2 kg/m2 
Withdrawal/Dropouts: 5 
 
Comorbidities: No comorbidities reported 
Neck circumference: not reported 
ESS: not reported 
Berlin risk score: not reported 
Source of referral: not reported 

In-lab level I 
Number of channels: not reported 
Channels reported: not reported 
Study operator: not reported 
Scoring method: not reported 
Study interpreter: not reported 
Device name: not reported 
At-home level III 
Number of channels: not reported 
Channels reported: not reported 
Study operator: not reported 
Scoring method: not reported 
Study interpreter: not reported 
Device name: Embletta 
Level I index used: AHI 
Level III index used: RDI  
Cut point used indicating diagnosis and/or 
treatment:AHI>5/hour 

Number  of patients that 
completed the study 
 

Number  of patients that completed the study: 
Level I: 
Number recruited: 148 
Number withdrawn without reported 
reason: 7 
Number completed PSG: 141 
Number of patients initiated CPAP: 
110 
Number of patients at 1 month follow 
up:92 
Number of patients at 3 month follow 
up: 86 
Level III: 
Number recruited: 148 
Number of patients withdrawn without 
reported reason: 5 
Number Completed: 143 
Number of patients initiated CPAP: 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Reasons for withdrawal: not reported 
Blinding: not reported 
Inclusion criteria: Suspected OSA 
Exclusion criteria: People who appear normal 
on PSG or level III test <5 AHI, SDB other 
than OSA as CSA 

113 
Number of patients at 1 month follow 
up:103 
Number of patients at 3 month follow 
up: 96 
 
 
 

Lettieri et al.184  
 
 

Design: Cohort, 
Prospective, Separate 
Setting: Community 
hospital 
Country: USA 
Number of Sites: 1 
Study compared 
adherence with PAP 
therapy between 
patients diagnosed with 
OSA by Level I and 
Level III testing. 
 

Number of patients: 210, Patients in each 
treatment group is not reported 
Suspected diagnosis: OSA 
Sex: group 1- 64.3%; group 2- 71.4%; group 
3- 68.6%; P-value = 0.39 
Age: group 1- 50.4 + 9.2 years; group 2- 
47.1+8.0 years; group 3- 45.5+5.4 years; P-
value = 0.23 
Comorbidities: not reported 
BMI: group 1- 32.2+4.8; group 2- 30.0+3.5; 
group 3- 28.5+3.0; P-value = 0.04 
Neck circumference: not reported 
ESS: group 1- 14.8+4.8; group 2-14.1+4.2; 
group 3-13.9+4.4; P-value = 0.48 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts 
Reasons for withdrawal: not reported 
Blinding: not reported 
Inclusion criteria: all patients meet criteria for 
OSA with no co-morbidity 
Exclusion criteria: not eligible for HST, 
cardiopulmonary disorders, hypertension, 
heart failure, coronary disease, poorly, 
controlled Asthma, and  moderate to severe 
COPD or supplementary oxygen 
requirement 

In-lab level I 
Group 2: Level I + CPAP  
Group 3: Level I + unattended PAP 
Number of channels: not reported 
Channels reported: not reported 
Study operator: Technician 
Scoring method: Manually 
Study interpreter: Physician 
Device name: not reported 
At-home level III (Group 1) 
Number of channels: 5 
Channels reported: airflow, oxymetry, heart rate, 
position, and respiratory effort. 
Study operator: technician 
Scoring method: Manually 
Study interpreter: Trained care provider 
Device name: Stardust,respironics, 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
AHI > 5 

Sleep indexes reported 
Management outcomes 

Sleep indexes reported: 
Mean AHI 

Group 1: 20.7+12.2 
Group 2: 23.1+13.0 
Group 3: 19.3+9.4 
P-value=0.31 
PAP adherence was not affected by the 
type of study or location of care. ( p-
value = 0.94) 
 
Management outcomes: 
Response to therapy : 
Follow up ESS  
Group 1: 9.1+3.6 
Group 2: 8.4+2.3 
Group 3: 8.9+2.1 
P-value =0.28 
 
 
 

2b 

Levendowski et 
al.224 (2009) 
 
 

Design: Cohort, 
Prospective 
Country: USA 
Setting: Academic 
Teaching Hospital, 
General Hospital 
Number of sites: 3 
  
 
 

Number of patients: 37 
Suspected diagnosis: OSA  
Sex: Male: not reported, Female: not 
reported 
Age: Mean: not reported, SD:  not reported, 
Range:  not reported 
Comorbidities: not reported 
BMI: not reported 
Neck circumference (cm): not reported 
ESS: not reported 
Berlin Risk score: not reported 
Source of referrals: not reported 
Withdrawals/dropouts: 0 
Blinding: Double-blinded (not specified) 
Randomization: Non random allocation to 
study arm, Level III study followed by Level 
I study 
Inclusion criteria: Placebo subjects from a 
placebo control study assessing the efficacy 
of palatal implants  

In-lab level I 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Registered PSG technician 
Device name: Attended PSG (not specified) 
At-home level III 
Number of channels: 4+  
Study operators: Patient 
Scoring methods: Automated 
Study interpreters: not reported 
Device name: ARES Unicorder (Advanced Brain 
Monitoring, USA) 
Interval between studies: Mean: 59 days, SD: ±34days 
Level I index used: AHI (TST) 
Level III index used: “AHI” (TIB) 
Cut point used indicating diagnosis/treatment: AHI >10  
 
 

Diagnostic agreement 
 
 

Diagnostic agreement:  
Bland and Altman Values (mean, ±SD): 
Initial test: +1.8±11/hour (bias for 
Level III) 
Retest: +5.6±27/hour (bias for Level I) 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Exclusion criteria: AHI <10 or > 40 based on 
in-home baseline study, BMI >32kg/m², 
non retro-palatal airway obstruction, prior 
airway surgery other than nasal, adenoid or 
tonsil,  and presence of other sleep disorders 

Masa et 
al.225(2011) 
Funding: 
Academic, private. 

Design: RCT, 
Prospective 
Setting: Academic 
Country: Spain 
Number of sites: 8 
 
cross-over of level III 
versus level I in patients 
with intermediate to 
high SAHS suspicion  
 
 

Number of patients: 377  
Suspected diagnosis: SAHS 
Sex: male: 263, female: 85 
Age: 48.7+11.8 years 
Comorbidities: smokers (23.9%), cardiac 
disease (37%), cerebrovascular disease 
(1.9%), hypertension (30.7%), and depression 
and anxiety (23.3%) 
BMI: 31+6.6 kg/m2 
Neck circumference: not reported 
ESS: 11.6+5.5 
Berlin risk score: not reported 
Source of referral: Pulmonary physicians 
Withdrawal/ dropouts: 11 excluded after 
recruitment and 18 dropouts after 
randomization 
Reasons for withdrawal: no informed consent 
(2), severe heart disease (2), failed respiratory 
polygraphy trial (7), non-valid HRP recording 
due to technical failure (8), recordings were 
failed on PSG recording (10), and couldn’t 
produce HRP after repetition (11 of the 18 
dropouts) 
Randomization: patients were randomly 
assigned to either home monitoring or PSG 
first then the other test. 
Blinding: Physician interpreters were blinded 
of the other report. 
Inclusion criteria: 18-70 years old, referred to 
sleep center by respirologist due to: snoring, 
witnessed apneas, and ESS >10 or morning 
tiredness. 
Exclusion criteria: severe or unstable cardiac 
disease, suspected sleep disordered breathing 
disease other than SAHS, refusal to 
participate in the trial, and inability to set-up 
portable monitoring 

In-lab level I 
Number of Channels: 10+ 
Channels reported: 
EEG, EOG, EMG,EKG, airflow nasal cannula, 
thoracic and abdominal bands, pulse oximetry, 
saturation, and body position. 
Study operator: Technician 
Scoring method: Manual 
Study interpreter: not reported 
Device name: not reported 
At-home level III 
Number of channels:4 
Channels reported: oxygen saturation and pulse 
oximetry, airflow nasal canula, thoracic abdominal 
bands, and body position 
Study operator: not reported 
Scoring method: Manual 
Study interpreter: Physician 
Device name: Breast SC 20, (Breast medical, AB, 
Sweden.) 
Interval between the two tests:< 3 days 
Level I index used: AHI 
Level III index used: AHI  
Cut point used indicating diagnosis and/or treatment: 
AHI > 5/hour 

Diagnostic accuracy 
(sensitivity. specificity, 
LR+, LR- ) 
Technical failures 
Other  
Diagnosis made 
Sleep indexes reported 
Number of patients 
completed the study 

Diagnostic accuracy: 
AHI 5-30: 
Sensitivity: 94% 
Specificity: 44% 
LR+ 1.69 
LR –: 0.13 
 
AHI >30: 
Sensitivity:  
52% 
Specificity: 
76% 
LR +: 2.18 
LR –: 0.63 
 
Technical failures: 
18 readings dropped due to invalid 
recording time, either on level I or III 
11 had to repeat level III testing 
8 technical failures on level III 
 
Diagnoses made (Sleep Design/Number of 
patients diagnosed /conditions): 
Level I: 
AHI > 5/hour: 90% 
AHI > 15/hour: 75% 
AHI > 30/hour: 53% 
Level III: 
AHI > 5/hour:90% 
AHI > 15/hour: 70% 
AHI > 30/hour: 30% 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep design):  
Level I: 38+29 
Level III: 31+24 
 
Desaturation Index:  
Level I:  27+29 
Level III:29+24 
 
Number of Patients completed the study: 
Number randomized- 366, number 
completed the study- 348, Level I 
number of patients- 194, and level III 
number of patients: 168 

2b 

Masdeu et al.226 
(2010)  
Full study 

Design: Cohort, 
Prospective, Separate 
Setting: Academic 

Number of patients: 85 (66+19 volunteers) 
Suspected diagnosis: OSA 
Sex: Males: 61, Females: 24 

In-lab level I 
Number of channels: 10+ 
Channels reported: EEG, EOG, EMG mental and 

Diagnostic accuracy 
(sensitivity. specificity, 
LR+, LR- ,accuracy ) 

Diagnostic accuracy  
At cut-off point AHI >10 
Sensitivity: 86% 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Funding: Private 
(grant from 
Advanced Brain 
Monitoring 
Company) 

hospital 
Country: Spain 
Number of sites: 1 
  

Age: 42.4  years  
Comorbidities: not reported 
BMI: 29  
Neck circumference: not reported 
ESS: 7.8  
Berlin risk score: not reported 
Source of referral: NY university sleep disorders 
center 
Withdrawal/ dropouts: 0 
Reasons for withdrawals/dropouts: N/A 
Blinding: not reported 
Inclusion criteria: Patients with high likelihood 
of OSA 
Exclusion criteria: Congestive heart failure 
patients, Central SA 
 

tibia, ECG, and pulse oximetry 
Study operator: Sleep technician 
Scoring method: Manual 
Study interpreter: not reported 
Device name: not reported 
At-home level III 
Number of channels: 4+ 
Channels reported: oxygen saturation, pulse rate, 
airflow nasal cannula, snoring microphone, head 
movement, and head position. 
Study operator: Patient 
Scoring method: Automated 
Study interpreter: not reported 
Device name: ARES unicorder 
Level I index used: AHI 
Level III index used: RDI  
Cut point used indicating diagnosis and/or treatment:AHI 
> 10/hour for level I, RDI > 15/hour for level  
III 

Diagnostic agreement  
Sleep indexes reported 

Specificity: 84% 
LR+: 5.375 
LR-: 0.166 
accuracy: 85% 
 
At cut-off point AHI >15 
Sensitivity: 81% 
Specificity: 94% 
LH+: 13.5 
LH-: 0.202 
accuracy: 86% 
 
Diagnostic agreement:  
ICC at AHI 10/h: 0.76, ICC at AHI 
15/h: 0.80 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep Design): 29.8  
 
RDI values reported (mean±SD or 
median or range/sleep Design): 20.8  

Nakayama et al.227 
(2008) 
 
 

Design: Cross sectional, 
Prospective, Separate, 
No applicable level I 
comparator 
Setting: Academic 
hospital 
Country: Japan 
Number of Sites: 1 
 
The study is looking for 
inter-scorer reliability 

Number of patients: 322 
Suspected diagnosis: OSA 
Sex: Male: 322, Female: 0 
Age: 43.8 + 8.4 years 
Comorbidities: Hypertension:  
BMI: 23.7 + 3.1  kg/m2 
Neck circumference: not reported  
ESS: 8.1 + 4.3 
Berlin risk score: not reported 
Source of referral: not reported 
Withdrawal/ dropouts 
Reasons for withdrawal: 26 recordings from 
those completed the study were lost due to 
technical  or mechanical problem  
Blinding: not reported  
Inclusion criteria: not reported 
Exclusion criteria: not reported 

At-home level III 
Number of channels: 7 
Channels reported: thoracic-abdominal movement, 
airflow, oxygen saturation, heart ratebody position 
Study operator: not reported  
Scoring method: manual 
Study interpreter: Physician 
Device name: Morpheo (Tokyo Japan) 
Level III index used: RDI  
Cut point used indicating diagnosis and/or treatment: 
RDI > 5 

Diagnostic agreement  
Technical failures 
Number of patients that 
completed  
Number of  accepted 
recordings 
Sleep indexes reported 

Diagnostic agreement : 
Bland Altman value for the two nights: 
0.3 ( - 10.1 to 10.7) 
 
Inter-scorer reliability between two 
physicians: 0.98( CI 0.98 - 0.99) 
 
Inter-scorer reliability between the two 
nights: 0.95 (CI 0.94-0.96) 
 
Technical failures:  
26 recordings from those completed the 
study were lost due to technical  or 
mechanical problem 
 
Number of patients that completed:  
305 
 
Number of  accepted recordings:  
292 
 
Sleep indexes reported: 
RDI mean for all patients: 10.6 + 11.4 
RDI mean for 139 patients scored by 
two physicians: 11.1 + 12.7 
Mean RDI for 276: 
1st night : 10.3 + 12.5 
2nd night: 10.7 + 11.5 
P=0.326 

2b 

Quintana-Gallego 
et al.136 (2004) 
 
 

Design: Cross-over, 
Prospective, 
Consecutive, Separate 
Setting: Academic 

Number of patients: 90 
Suspected diagnosis: SDB 
Sex: male: 65, female: 10 
Age: 56.1± 11.7 years 

In-lab level I 
Number of channels: 10+ 
Study operators: not reported 
Scoring methods: Manual 

Diagnostic accuracy 
(Sensitivity. Specificity, 
LR+, LR- , AUC ) 
Diagnostic agreement  

Diagnostic accuracy 
Cut-point used: AHI ≥5 
Sensitivity: 82.5%  (95% CI 70.7, 94.2) 
Specificity: 88.6% (95% CI 74.1, 97.3) 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Teaching Hospital 
Country: Spain 
Number of sites: 1 
 
 

Comorbidities: CHF (stable heart failure due to 
systolic dysfunction (LVEF ≤ 45%), 
ischaemic (42.3%), idiopathic (39.4%), other 
(18.3%)) 
BMI: Mean: 28.6±4.4kg/m² 
Neck circumference (cm): not reported 
ESS: not reported 
Berlin Risk (Low:High): not reported 
Source of referrals: Cardiologist 
Withdrawals/dropouts: 15 
Reasons for withdrawals/dropouts: death (1), 
cardiac (2), withdrew consent (3) and 
decompensated heart failure (9) 
Blinding: Sleep Study Interpreters 
Randomization: Random allocation to one of 
the test (level I or III) followed by the other 
test 
Inclusion criteria: no change in signs or 
symptoms of congestive heart failure for 4 
weeks prior to the study, LVEF ≤ 45%, and 
no change in drug treatment doses for 4 
weeks prior to the study 
Exclusion criteria: instability of heart failure 
during the study, acute myocardial infarction 
in the previous 3 months, unstable angina, 
congenital heart disease, and arterial oxygen 
tension < 8kPa (60mmHg) 

Study interpreters: Experienced Neurophysiologist 
Device name: Somnostar 4100 (SensorMedics, USA) 
At-home level III 
Number of channels: 4+  
Study operators: Patient assisted by “experienced 
technician” in the home 
Scoring methods: Manual 
Study interpreters: Experienced pneumologist 
Device name: Apneoscreen II (Erich Jaeger Gmbh 
& Cokg, Germany) 
Interval between studies: Mean: 13.8 days, SD: 
±8.9days 
Level I index used: AHI 
Level III index used: RDI (per hour of recording)  
Cut point used indicating diagnosis/treatment: AHI ≥ 5  
 

Technical failure 
Patients completed the 
study  
Diagnosis made  
Sleep indexes reported
  

LR+: 7.24 
LR-: 0.20 
Area under the ROC curve: 0.896 
(95%CI 0.815, 0.977) 
 
Cut-point used: AHI ≥10 
Sensitivity: 79.3% (95% CI 64.5, 94) 
Specificity: 97.8% (95% CI 93.7, 100) 
LR+: 36.04 
LR-: 0.21 
Area under the ROC curve: 0.907 
(95%CI 0.817, 0.998) 
 
Cut-point used: AHI ≥15 
Sensitivity: 68.4% (95% CI 47.5, 89) 
Specificity: 94.6%(95% CI 86.1, 99) 
LR+: 12.67 
LR-: 0.33 
Area under the ROC curve: 0.862 
(95%CI 0.730, 0.994) 
 
Diagnostic agreement: 
Correlation (Level I AHI & III RDI): 
not reported 
 
Bland and Altman Values (Level I AHI 
vs III RDIs):1.58/hour(-0.57 to 
3.73/hour) 
 
Technical failures: 
Level III:Failure of bands: 4 
TRT <3 hours: 2 
Disconnected thermistor: 1 
 
Patients that completed the study :  
reported data only on 75 that 
completed 
 
Diagnoses made 
Level I:  
AHI ≥5: 40 
AHI ≥10: 29 (OSA: 5; CSA-CSR: 24) 
AHI ≥15: 19 
Level III:  
AHI ≥5: n=33 
AHI ≥10: 23(Sensitivity and specificity 
100% in detecting an obstructive or 
central pattern of SDB)  
AHI ≥15: 13 
 
Sleep indexes reported: 
AHI/RDI value (mean, ±SD): 
Level I: 11.6/hour(±14) 
Level III: 10.5/hour(±8.7) 

Rosen et 
al.179(2012) 

Design: Open label, un-
blinded RCT, 

Level III:  
Number of patients: 187  

In-lab level I 
Number of channels: not reported 

Technical failures 
Number of patients 

Technical failures: 
Technical failures in  level III: 13 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

 
 

Prospective, Academic 
hospital 
Setting: Multi center 
Country: USA 
 

Number completed: 105 
Sex: 57.2% males 
Age: 45.6+11.6 years 
BMI: 37+8.7  kg/m2 

ESS: 14+3.9 
Withdrawal/ dropouts: 82 
Reasons for withdrawals/dropouts: didn’t 
complete home diagnostic test (17, 13 
among them had technical failures), and 
completed the testing but didn’t continue on 
the study protocol for observation of 
management outcome (65) 
Level I:  
Number of patients: 186 
Number completed: 92 
Sex: 63.49% males 
Age: 46.3+12.3 years 
BMI: 37.5+ 8.7 
ESS: 14.1+3.6 
Withdrawal/ dropouts:  94 
Reasons for withdrawal: 78 were AHI < 15 (the 
diagnostic cut-off for the treatment outcome 
measure)16 didn’t go for the diagnostic test 
Suspected diagnosis: OSA 
Comorbidities: not reported 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: Interpreter 
Inclusion criteria: High pretest probability of 
moderate to severe OSA, ESS >12  
Exclusion criteria: pre-existing diagnosis of 
OSA or treatment with CPAP, significant 
co-morbid pulmonary disease, regular use of 
supplemental oxygen, awake hypercapnia or 
hypovetillation syndrome, respiratory or 
heart failure or neuromuscular disease, 
concerns about unsafe driving, chronic 
narcotic use, alcohol abuse > 5 alcoholic 
drinks/day, uncontrolled psychiatric 
disturbance, clinical features of other sleep 
disorders, upcoming upper airway or gastric 
bypass surgery and inability to undergo 
home testing 

Channels reported: not reported as every site used 
their lab, own sensors, hardware and software, 
PSG procedures including scheduling times, study 
montaging, sensors placements and PAP titration 
procedures 
Study operator: Technician 
Study interpreter: Pulmonologist 
Device name: not reported, depends on different 
centers 
At-home level III 
Number of channels: 6+ 
Channels reported: airflow by thermistor and nasal 
pressure, chest and abdominal respiratory effort by 
inductance plethysmography, oxygen saturation, 
heart rate, ECG and body position 
Study operator: not reported 
Scoring method: Manual check by technician for 
acceptability > 4 hours recording time with quality 
signals for respiratory events scoring. 
Study interpreter: Polysomnologist 
Device name: Embletta X-30, ( Embla, Inc. 
Broomfeild, CO, USA) 
Level I index used: AHI 
Level III index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
AHI > 15/hour 
 

completed the study  
Sleep indexes reported 
Management outcomes 

 
Number of patients: 
Level III: 105 (56.2%) 
Level I: 92(49.5%) 
Level III: 105 completed test 
Level I: 92 completed test 
 
Sleep indexes reported 
AHI values reported (mean±SD or 
median or range/sleep Design) 
Level III: 25.6+25.5  
Level I:28.6+29.7  
 
Managment outcomes: 
CPAP prescription acceptance rate: 
Level I lab: 94% 
Level III home: 93% 
 
Patients completed 1 month FU visit: 
Level I lab: 86% 
Level III home:87% 
 
Patients completed 3 months FU visit: 
Level I lab:81% 
Level III home: 87% 
 
Minutes of CPAP use at 1 month 
Level I: 224 min 
Level III: 244 min  
Mean difference: -20 95%CI (-63,23), p-
value0.36 
 
Minutes of CPAP use at 3 months: 
Level I:219 min 
Level III: 281 min  
Mean difference: -62 95% CI(-108,-15) 
p-value=0.01 
 
CPAP adherence (use>4 hour/night) at 
1 month 
Level I: 48% 
Level III: 54% 
Mean difference: -6% 95% CI (-17, 4), 
p-value=0.25 
 
CPAP adherence (use >4 hour/night) at 
3 months 
Level I: 49% 
Level III: 63% 
Mean difference: -13 95% CI (-25, -2), 
p-value 0.02 
 
Percentage of patients who used CPAP 
for > 70% of the nights > 4hour/night 
at 1 month 
Level I:30% 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

Level III: 40% 
Mean difference -11 95% CI (-26, 5), p-
value 0.19 
 
Percentage of patients who used CPAP 
for > 70% of the nights > 4hour/night 
at 3 month 
Level I: 39% 
Level III: 50% 
Mean difference -11 95% CI (-27, 6), p-
value=0.22 

Shrivastava D.229 
(2006) 
Abstract 
 
 

Design: Cohort study, 
Prospective 
Setting: Academic 
teaching hospital 
Country: USA 
Number of sites: 1 
 
 

Number of patients: 99 
Suspected diagnosis: SDB 
Sex: not reported 
Age: not reported 
Comorbidities: not reported 
BMI: not reported 
Neck circumference (cm): not reported 
ESS: not reported  
Berlin Risk score: 99 
Source of referrals: not reported 
Withdrawals/dropouts: 0 
Blinding: not reported  
Randomization: Non random allocation to 
study arm, Level III sleep study followed by 
Level I study 
Inclusion criteria: Community based primary 
care clinic population 
Exclusion criteria: not reported 

In-lab level I 
Number of channels: not reported 
Study operators:  not reported 
Scoring methods: not reported 
Study interpreters: not reported 
Device name: PSG(not specified) 
At-home level III 
Number of channels: not reported 
Study operators: not reported 
Scoring methods: not reported  
Study interpreters: not reported  
Device name: Edentrace Plus II (Edentec Corp, 
USA) 
Interval between studies: not reported 
Level I index used:  not reported 
Level III index used: not reported 
Cut point used indicating diagnosis and/or treatment: 
AHI >5/hour 

Diagnostic accuracy 
(sensitivity. specificity, 
LR+, LR-) 
 
 

Diagnostic accuracy: 
Sensitivity :86.4% 
Specificity:80.8% 
LR + : 4.5 
LR -  : 0.168 
 

3b 

Skomro et 
al.230(2005) 
Abstract  
 
 

Design: Cohort study, 
Prospective 
Setting: Academic 
Teaching Hospital 
Country: Canada 
Number of sites: 1 
 
 

Number of patients: 33 
Suspected diagnosis: not reported 
Sex: Male: 27, Female: 6 
Age: Mean: 48.3 ± 13.1years 
Comorbidities: not reported 
BMI: not reported 
Neck circumference (cm): not reported 
ESS: Mean: 11.7 ±4.2 
Berlin Risk (Low:High): not reported 
Source of referrals:  not reported 
Withdrawals/dropouts: 0 
Blinding: Investigators 
Randomization: Non random allocation to 
study arm, Level III study followed by Level 
Inclusion criteria: Referred to tertiary Sleep 
Disorders Centre for suspected OSA, Age 
>18 years 
Exclusion criteria: respiratory/cardiac failure, 
presence of other sleep disorders, safety-
sensitive occupation, use of hypnotics, upper 
airway surgery, CPAP or oxygen therapy, 
pregnancy, and inability to provide informed 
consent 

In lab level I 
Number of channels: not reported 
Study operators: Sleep laboratroy technologist 
Scoring methods: Manual 
Study interpreters: not reported 
Device name: Sandman PSG (Puritan Bennet, USA) 
At-home level III 
Number of channels: 4+  
Channels reported: airflow, thorasic and abdominal 
movement, oxygen saturation, body posotion and 
heart rate 
Study operators:  Patient 
Scoring methods: Manual 
Study interpreters: Sleep Medicine Physician 
Device name: Embletta (Medcare Inc, USA) 
Interval between studies: not reported 
Level I index used: AHI 
Level III index used: RDI 
Cut point used indicating diagnosis/treatment: AHI >5  
or RDI >5 
 
 

Diagnostic accuracy 
(sensitivity. specificity, 
LR+, LR- ) 
Diagnostic agreement  
Technical failures 
Sleep indexes reported 

Diagnostic accuracy 
Cut-point used: AHI >5 
Sensitivity: 92%  
Specificity: 67% 
PPV: 88% 
NPV: 75% 
LR+: 2.79 
LR-: 0.12 
 
Diagnostic agreement: 
Correlation (Level I & III AHIs): 
R²=0.79 
 
  Technical failures: 
   Level III:  
   Failure requiring repeat study: 13 
 
Sleep indexes reported: 
AHI values (mean, ±SD): 
Level I: 29.4/hour(±28.4),  
 
RDI values (mean, ±SD) 
Level III: 28.9/hour(±23.9) 

1b 

Skomro et 
al.178(2010) 
 

Design: RCT, 
Prospective, Separate 
Country: Canada 

Number of patients: 102, (51 subjects  in each 
arm)  
Suspected diagnosis: OSA 

In-lab level I 
Number of channels:10+  
Channels reported: EEG, EOG, EMG, airflow, 

Number of patients  
Sleep indexes reported 
Management outcomes 

Number of patients analyzed for CPAP:  
70 
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Oxford 
Level of 

Evidence 

 Setting: Academic 
hospital 
Number of Sites: 1 
 
. 

Level III 
Sex Male : 30, Female: 14 
Age: 47.8 + 11.3 years  
Comorbidities: not reported 
BMI: 31.4 + 5.9 kg/m2 
Neck circumference: not reported 
ESS: 12.5 + 3.6 
Berlin risk score: not reported 
PSQI : 9.2+4.0 
SAQLI : 4.01+0.96 
Source of referral: not reported 
Withdrawal/ dropouts:18 
Reasons for withdrawal: 4 Lost to follow up, 14 
did not receive CPAP  
Level I 
Sex Male : 30, Female: 15 
Age: 49.8 + 11.3  years 
Comorbidities: not reported 
BMI: 34.6 + 6.7 kg/m2 
Neck circumference: not reported 
ESS: 12.8 + 4.8 
Berlin risk score: not reported 
PSQI : 8.7+3.3 
SAQLI : 4.07+1.00 
Source of referral: not reported 
Withdrawal/ dropouts: 14 
Reasons for withdrawal: Lost to follow up: 5,  
did not receive CPAP: 9 
Blinding: not reported 
Inclusion criteria: suspicion of  OSA, age > 18, 
residence within a 1- h drive, and ESS > 10 
Exclusion criteria: respiratory and heart failure, 
clinical features of another sleep disorders, 
CPAP or oxygen therapy, pregnancy and 
inability to provide informed consent 
 

respiratory effort, oxygen therapy, body position 
and Hourand EKG 
Study operator: Technician 
Scoring method: Manual 
Study interpreter: physician 
Device name: Embla 
At-home level III 
Number of channels: 4 
Channels reported: airflow, respiratory effort, oxygen 
saturation, HOUR, and body position 
Study operator: technician 
Scoring method: Manual 
Study interpreter: Physician 
Device name: (Embletta Denver , Colorado, USA) 
Level I index used: AHI 
Level III index used: AHI 
Cut point used indicating diagnosis and/or treatment:RDI 
> 5 

 Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep design):  
Level I AHI : 25.1 (3.0 – 67.0) 
Level III AHI : 22.3 (5.0 - 103.0)  
P-value: NS 
 
Management outcomes:  
CPAP pressure cm h2o:  
Level I : 8.9 + 2.3 
Level III : 8.5 + 2.1, p=NS 
 
After 4 weeks of CPAP therapy:  
Level I : 
ESS : 6.4 + 3.8 
PSQI : 5.4 + 3.1 
SAQLI : 4.5 + 1.1 
CPAP adherence: 5.6 hour/night 
Blood pressure: 129/84 mmHg 
 
Level III : 
ESS :6.5 + 3.8 
PSQI : 6.2 +3.4 
SAQLI : 4.5 + 1.1 
CPAP adherence: 5.4 hour/night 
Blood pressure: 125/81 mmHg 
 
Difference between ESS after 4 weeks 
statistically was not significant, p-value=0.71  
SAQLI difference was not statistically 
significant p-value = 0.85 
PSQI difference was not statistically significant 
p-value = 0.32 
Difference in CPAP adherence was not 
statistically significant, p-value= 0.5 
Difference in blood pressure was not 
statistically significant, p-value= 0.12 
  

Wang et al.185 
(2011) 
 
 

Design: RCT, 
Prospective, Separate,  
Country: China 
Setting: Academic 
hospital 
Number of Sites: 1 
 
Auto CPAP at home 
Versus home sleep test 
+ auto CPAP 
 

Number of patients: 371 
Algorithm I  
Number of patients: 187 
Sex: male: 138, female: 49 
Age: 50.87+ 0.80 
BMI: 29.05 + 0.32 kg/m2 

Withdrawal/ dropouts: 21 
Reasons for Withdrawal:  lost to follow up (5), 
refused (16) 
Algorithm II (At-home)  
Number of patients: 184 
Sex: Male: 136, Female: 48 
Age: 49.76+ 0.78 
BMI : 28.90 + 0.30 kg/m2 
Suspected diagnosis: Symptomatic OSA 
Comorbidities: not reported 
Neck circumference: not reported 
ESS: ESS  I: 14.47(0.29), ESS II: 13.85(0.30) 

At-home level III: 
Number of channels: 4+ 
Channels reported: oxygen saturation, pulse rate, 
airflow, respiratory effort, snoring level, head 
movement, and head position 
Study operator: not reported 
Scoring method: Manual 
Study interpreter: Technician 
Device name: ARES (Carlsbad, CA, USA) 
Level III index used: RDI  
Cut point used indicating diagnosis and/or treatment: 
RDI > 5 

Diagnostic accuracy 
(Sensitivity. Specificity, 
LR+, LR- ,AUC  ) 
Sleep indexes reported 
ESS improvement 

Diagnostic accuracy: 
Level III 
Sensitivity: 89% 
Specificity: 50% 
LR + :  1.78 
LR -  : 0.22 
UC : 0.89 
 
Sleep indexes reported: 
Mean AHI : 
Algorithm I: 36(2) 
Algorithm II: 30(1.8) 
P-value = 0.04 
 
ESS improvement: 
P-value NS 
 
 

2b 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



146 
 

Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
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Berlin risk score: not reported  
Source of referral: General physician and 
specialist 
Withdrawals/ dropouts: 19 
Reasons for withdrawals/dropouts: lost to follow 
up (3), refused (16) 
Blinding: not reported 
Inclusion criteria: self-reported daytime 
sleepiness 
Exclusion criteria: pregnant, unwilling to 
participate 

 
 
 
 
 
 
 
 
 

Yin M.143 
(2006) 
 
 

Design: Cohort study, 
Prospective, 
Consecutive 
Setting: Academic 
Teaching Hospital 
Country: Japan 
Number of sites: 1 
 
 

Number of patients: 90 
44 selected for PSG 
Suspected diagnosis: OSA  
Sex: male: 40, female: 4 
Age: Mean: 52.3 ± 13.5 years 
Comorbidities: not reported 
BMI: 26.7 ±5.3kg/m² 
Neck circumference (cm): not reported 
ESS: not reported 
Berlin Risk score : not reported 
Source of referrals: not reported 
Withdrawals/dropouts: 21+ 
Reasons for withdrawals/dropouts: poor Level III 
data, lost saturation data (6), airflow data loss 
(5), poor quality respiratory movement(5), 
and poor quality air flow (5) 
Blinding: not reported 
Rendomization: non random allocation to 
study arm, Level III study followed by Level 
I 
Inclusion criteria: Suspected OSA  
Exclusion criteria: not reported 

In-lab level I 
Number of channels: 12+ 
Channels reported: EEG, EOG, submental EMG 
airflow, thoracic and abdominal movement, 
oximetry, body position, and snoring 
Study operators: not reported 
Scoring methods: Manual 
Study interpreters: Experienced physician 
Device name: Rembrandt (Medcare Inc, Iceland) 
At-home level III 
Number of channels: 4+  
Channels reported: nasal airflow, snoring, abdominal 
and thoracic movement, pulse oximetry, and body 
position 
Study operators:  Patient 
Scoring methods: Automated 
Study interpreters: not reported 
Device name: Stardust II (Respironics Inc, USA) 
Interval between studies (mean, SD, Range): 60.8 days 
±27.7 (2-93) 
Level I index used: AHI (TST) 
Level III index used: AHI (TIB) 
Cut point used indicating diagnosis/treatment:AHI > 
5/hour 
 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV, NPV, 
LR+,LR-, T+,T-
,F+,F-, accuracy, 
prevalence) 
Diagnostic agreement: 
Sleep indexes reported 

Diagnostic accuracy 
Cut-point used: AHI ≥5 
Sensitivity: 100%  
PPV: 93.2% 
LR+: 1.0 
 
Cut-point used: AHI ≥15 
Sensitivity: 93.8%  
Specificity: 25.0% 
PPV: 76.9% 
NPV: 60.0% 
LR+: 1.251 
LR-: 0.248 
T+: 30 
T-: 3 
F+: 9 
F -: 2 
Accuracy: 75% 
Prevalence: 72% 
 
Cut-point used: AHI ≥30 
Sensitivity: 79.2%  
Specificity: 70.0% 
PPV: 76.0% 
NPV: 73.7% 
LR+: 2.64 
LR-: 0.297 
T+: 19 
T-: 14 
F+: 6 
F-: 5 
Accuracy: 75% 
Prevalence: 54% 
 
Cut-point used: AHI ≥50 
Sensitivity: 90.0%  
Specificity: 97.1% 
PPV: 90.0% 
NPV: 97.1% 
LR+: 31.034 
LR-: 0.103 
T+: 9 
T-: 33 
F+: 1 
F -: 1 
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Accuracy: 95% 
Prevalence: 23% 
 
Diagnostic agreement: 
Correlation (Level I & III AHIs): r = 
0.845 (p<0.001) 6∙  
Bland and Altman (Level III – Level I 
AHI): 3.7/hour±13.1(95% CI -22.5, 
29.9) 
 
Sleep indexes reported: 
AHI values (Mean, ±SD) 
Level I: 33.6/hour(±24.9) 
Level III: 36.9/hour(±20.5)(p<0.05) 
 
AI  
Level I: 29.8+25.2 
level III: 31.5+20.5 
 
HI  
Level I: 3.8+3.5 
Level III: 5.5+5.1 

Included Level I Review Studies  

Studies comparing split night to full night PSG 

Chou et 
al.171(2011) 
 
 

Design: Cohort, 
Retrospective 
Setting: Academic 
hospital 
Country: Taiwan 
Number of sites: 1 
 
Comparing first 2 hours 
of partial PSG to same 
full PSG. 

Number of patients: 636 
Sex: male: 169 (85.3%), females: 29 (14.7%) 
Age: 46.15 years 
Suspected diagnosis: OSA  
BMI: 27.1  kg/m2 
Neck circumference: 38.4  cm 
Berlin risk score: not reported 
Source of referral: not reported 
Epworth Sleepiness Score (ESS): 9.07  
Comorbidities: not reported 
Blinding: N/A 
Withdrawal/ dropouts: 438 
Reasons for withdrawal/ dropout: 
37 files dropped because they were missing 
or patient’s age is ineligible  
401 files not included because of ineligible 
sleep parameter inclusion criteria  
Inclusion criteria: patients with symptoms of 
complex OSA who underwent PSG in this 
hospital during 2008, > 6 hours sleep time, 
and > 70% sleep efficiency 
Exclusion criteria: patients > 80 years old or < 
18 years old, predominant central sleep 
apnea, and unwanted sleep interruption 
during PSG 
 

In-lab level I 
Number of channels: 16 
Channels reported: EEG, EOG, ECG, chin and tibial 
EMG, nasal pressure airflow, oronasal 
thermocouples, thoracic and abdominal 
movement, and pulse oximetry 
Study operator: not reported 
Scoring method: not reported 
Study interpreter: not reported 
Device name: Alice, Respironics, Murrysville, PA, 
USA) 
Cut point used indicating diagnosis and/or treatment: 
>30/hour 

Diagnostic accuracy 
(sensitivity, Specificity, 
PPV, NPV, LR+, 
LR-, AUC, and 
accuracy) 
 
 

Diagnostic accuracy at 2 hours: 
(95% CI) 
At cut-off point AHI=25/h. 
Sensitivity: 97% 
Specificity: 82.8%  
PPV: 85% 
NPV: 96.5% 
LH+: 5.6 
LR-: 0.036 
Diagnostic accuracy: 89.9% 
 
At cut-off point AHI=30/h 
Sensitivity: 89.9% 
Specificity: 91.9%  
PPV: 91.8% 
NPV: 90.1% 
LH+: 11.01 
LR-: 0.109 
Diagnostic accuracy: 90.9% 
 
At cut-off point AHI= 35/h. 
Sensitivity: 80.8% 
Specificity: 95%  
PPV: 94.1% 
NPV: 83.2% 
LH+: 16.6 
LR-: 0.202 
Diagnostic accuracy: 87.9% 
 
At cut-off point AHI= 40 /h 
Sensitivity: 73.7% 
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Specificity: 97%  
PPV: 96.1% 
NPV: 78.7% 
LH+: 24.56 
LR-: 0.24 
Diagnostic accuracy: 
85.4% 
 
At cut-off point AHI=45/h 
Sensitivity: 69.7% 
Specificity: 98%  
PPV: 97.2% 
NPV: 76.4% 
LH+: 34.85 
LR-: 0.309 
Diagnostic accuracy: 83.8% 
 
NB: best diagnostic accuracy of 90.9% 
at 30 AHI, Youden index reported at 
this cut point 0.818 
 
AUC ROC:  
Reported at time cut-off points: 
2hours=0.970  
Mean AHI on full PSG: 
36.05  
 
Number of  included Patients: 198 

Kristo et 
al.173(2009) 
 
 

Design: Cohort, 
Retrospective 
Setting: Military hospital 
Country: USA 
Number of sites: 1 
 
Retrospective review of 
UARS patients 
diagnosed with split-
night PSG compared to 
full-night PSG. 

Number of patients: 100; full night: 54, split 
night: 46 
Sex: full night- male: 22, female: 32; split 
night- male: 32, female: 14; P-value = 0.03 
Age: full night- 40.6+7.2  years; split night-
41.8+7.6  years; P-value =0.54 
Suspected diagnosis: UARS 
BMI: full night- 28.2+4.4  kg/m2; split night- 
29.1+3.2  kg/m2; P-value =0.42 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: N/A 
Epworth Sleepiness Score (ESS): full night- 
16.2+3.4; split night- 15.4+3.9 
Comorbidities: not reported 
Withdrawals/dropouts: N/A 
Reasons for withdrawal: N/A 
Inclusion criteria: Symptomatic 
hypersomnolence ESS> 10, arousal index > 
10/h 
Exclusion criteria: not reported 
 
 

In-lab level I 
(full night and split night used same lab) 
Number of channels: 16 
Channels reported: central and occipital EEG, 
bilateral EOG, submental and bilateral tibial 
EMG, ECG, nasal flow canula for airflow, 
acoustic microphone, thoraco-abdominal effort, 
pulse oximetry and body position 
Study operator: not reported 
Scoring method: not reported 
Study interpreter: not reported 
Device name: Sensormedics Alpha Somnostar 
System, Sensormedics, Yorba, Linda, CA, USA 
Cut-point used indicating diagnosis and/or treatment: 
RERA index > 5/h with AHI >5/h in patients 
with ESS >10 

Sleep indexes reported 
Management outcomes 
 
 
 
 

Sleep indexes reported: 
RERA index: 
Full night- 14.9+8.6 
Split night- 35.8+28.0 
P-value <0.001 
 
TST: 
Full night- 323.4+42.8 
Split night- 340.1+35.2 
P-value=0.15 
 
Sleep effeciency: 
Full night- 82.8+9 
Split night- 84.9+8.7 
P-value=0.46 
 
Time between full night PSG and 
CPAP: 
71.9+49 
 
Management outcomes parameters: 
Final CPAP pressure (cm H2O): 
Full night- 8.4+2 
Split night-8.9+1.7 
P-value=0.30 
 
RERA index on highest level of CPAP: 
Full night- 3.9+5.1 
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Split night- 2.0+3.2 
P-value=0.31 
 
CPAP intolerance: 
Full night- 1 (1.9%) 
Split night- 3 (6.5%) 
P-value=0.24 
 
Successful CPAP titration: 
Full night- 50 (92.6%) 
Split night- 43 (93.2%) 
P-value=0.86  

Khawaja et al.172 
(2010) 
 
 
 

Design: Cohort, 
Retrospective 
Setting: Academic 
hospital 
Country: USA 
Number of sites: 1 
 
Retrospective review of 
consecutive full-night 
PSG and split -night 
PSG. 

Number of patients: 114 
Sex: male: 69, female: 45 
Age: 50.9 + 17.7 (18-80) years 
Suspected diagnosis: OSA 
BMI: 29 + 6 (18.8-52.9) kg/m2 
Neck circumference: not reported 
Berlin risk score: applied but not reported 
Source of referral: not reported 
Blinding: not reported 
Epworth Sleepiness Score (ESS):not reported 
Comorbidities: COPD and history of CHF 
Withdrawals/dropouts: N/A 
Reasons for withdrawal: N/A 
Inclusion criteria: suspected OSA 
Exclusion criteria: central sleep apnea studies, 
Cheyne-Stoke respiration studies, PAP 
titration studies, and unattended bedside 
studies. 
 
 

In-lab level I 
Number of channels: 10+ 
Channels reported: 4 channels EEG, 2 channels 
EOG, nasal pressure transduce for airflow, 
another thermal airflow, respiratory effort and 
pulse oxymetry 
Study operator: not reported 
Scoring method: manual 
Study interpreter: specialist 
Device name: E-series, compumedics, Australia 
Level I (first 2hours PSG) index used: AHI 
Level I ( Full PSG) index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
FN-PSG > 5 AHI 

Diagnostic accuracy 
(sensitivity,Specificity, 
PPV,NPV,LR+,LR-
,AUC) 
Diagnostic agreement 
 
 

Diagnostic accuracy: 
2 hour AHI> 5  
Sensitivity: 80.4(67.6,89.8) 
Specificity: 93.1(83.3,98.1) 
LR +: 11.65(0.53,22.77) 
LR -: 0.21(0.10,0.32) 
AUC: 0.925 
 
2 hour AHI> 10  
Sensitivity: 83.4(67.6,94.8) 
Specificity: 93.9(86.3,98) 
LR+: 13.84(1.90.25.77): 
LR -: 0.17(0.03,0.3) 
AUC: 0.944 
 
2 hour AHI> 15  
Sensitivity: 76.9(56.4,91.0) 
Specificity: 97.7(92.0,99.72) 
LR+: 33.85(0,80.76) 
LR-: 0.24(0.07,0.40) 
AUC : 0.972 
 
3 hour AHI> 5  
Sensitivity: 82.1(69.6,91.121 
Specificity: 91.2(80.7,97.1) 
LR+: 9.36(1.44,17.29) 
LR -: 0.20(0.08, 0.31) 
AUC: 0.954 
 
3 hour AHI> 10  
Sensitivity: 84.4(67.2,94.7) 
Specificity: 96.3(89.6,99.2) 
LR+: 22.78(0.48.31) 
LR -: 0.16(0.03, 0.29) 
AUC: 0.972 
 
3 hour AHI> 15  
Sensitivity: 88.5(69.8, 97.6) 
Specificity: 98.9(93.8,100) 
LR+: 79.96(0, 227.31) 
LR -: 0.12 (0, 0.24) 
AUC: 0.995 
 
AHI: 
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Full night- AHI : 11.3+17.3 
Split night- 2 hour: 9.7+17.4, 3 hour: 
10.6+17.7 
 
RDI: 
Full night- RDI : 23.2+20.6 
Split night- 2 hour: 22.6+22.9, 3 hour: 
23.1+22.0 
 
Concordance correlation coeffecients CCC of 
respiratory indexes between 2 hours, 3 hours 
and full night PSG (reported unadjusted and 
adjusted for the percentage of REM sleep and 
sleep position): 
Unadjusted 
AHI full vs. 2 hours: 0.93 
AHI full vs. 3 hours: 0.97 
RDI full vs. 2hours: 0.92 
RDI full vs. 3 hours: 0.97 
Adjusted: 
AHI full vs. 2 hours: 0.92 
AHI full vs. 3 hours: 0.96 
RDI full vs. 2hours: 0.92 
RDI full vs. 3 hours: 0.96 

Studies comparing 1st night to 2nd night PSG 

Jing et al.175 (2011) 
 
 

Design: Cohort, 
Prospective 
Setting: Academic 
Country: China 
Number of sites: 2 
 
Study compares the first 
night with the second 
night after treatment 
with certain level I 
devices. 

Number of patients: 72 
Sex: male: 53, female: 13 
Age: 34.4+12.6 years (21-70 years) 
Suspected diagnosis: OSA 
BMI: 27.1+3.3 kg/m2 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: respiratory departments in the 
two participating hospitals 
Blinding: not reported  
Epworth Sleepiness Score (ESS): 10.5+4.5 
Comorbidities: not reported  
Withdrawals/dropouts: 6 
Reasons for withdrawal: 4 patients missed either 
one of the nights and 2 too short TST 
Inclusion criteria: Age between 18-70 with 
OSAHS suspicion 
Exclusion criteria: Significant heart, brain, 
kidney or other organ insufficiency, 
intolerance to PSG, psychiatric diseases that 
make it difficult to cooperate with the study 
procedures, bad compliance, nightshift 
workers during the week before the study, 
upper airway infections, allergies to straps or 
alcohol swabs, local skin disease or injury, 
sedative medication or alcohol addiction, and 
no informed consent  
 
 

Two different level I devices were used in this 
study, patients were allocated to both randomly, 
however both have the same number of channels 
 
First centre 
In-lab level I 
Number of channels: 8+ 
Channels reported: EEG 2, EOG, EKG, EMG, 
saturation, respiratory effort (thoraco-abdominal 
strains), and oronasal airflow 
Study operator: not reported 
Scoring method: manual 
Study interpreter: not reported 
Device name: Seista 2 (Compumedics, Australia)  
 
Second centre 
In-lab level I 
Number of channels: 8+ 
Channels reported: EEG 2, EOG, EKG, EMG, 
saturation, respiratory effort (thoraco-abdominal 
strains), and oronasal airflow 
Study operator: not reported 
Scoring method: manual 
Study interpreter: not reported 
Device name: Landy (Kingsdata, China) 
Index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
AHI >5/hour 
 

Diagnostic agreement 
Sleep indexes reported 
Diagnosis made 
 
 

Diagnostic agreement : 
Kappa value for agreement in severity: 
0.531 
Concordance in severity between both 
night: 65.2% 
Rough concordance (change in severity 
of less than one grade is 100%) 
 
66 patients completed  
 
Sleep indexes reported: 
TIB: 
First night: 464(20-582) 
Second night:  450.6 (322.8-665.3) 
P-value NS 
 
TST: 
First night: 381 (241-529) 
Second night: 382.75 (168-539) 
P-value NS 
 
AHI: 
First night:15.92 (0-113.4) 
Seond night:20.08(0-105.9) 
P-value NS 
 
AI: 
First night: 6.67(0-101.46) 
Second night: 9.94 (0-102) 
P-value NS 
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HI: 
First night: 6.31 (0-43) 
Second night: 5.75 (0-38.81) 
P-value NS 
 
Diagnoses made (No. of patients diagnosed 
/conditions): 
First night: no OSA (16), OSA (50) 
Second night: no OSA (15), OSA (51) 
P-value=0.837 
 
Severity details: 
First night: no OSA (16), mild OSA 
(20), moderate OSA (14), severe OSA 
(16) 
Second night: no OSA (15), mild OSA 
(21), moderate OSA (10), severe OSA 
(20) 

Gouveris et 
al.174(2010) 
 
 

Design: Case-control, 
Retrospective, Chart 
review 
Setting: Academic 
Country: Germany 
Number of sites: 1 
 
Study compares first 
night to second night 
level I. 

Number of patients:130 
Sex: male: 112, female: 18 
Age: 52.6+10.7 years 
Suspected diagnosis: SDB with upper airway 
pathology 
BMI: not reported 
Neck circumference: not reported 
Pretest probability: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: Physician interpreter blinded from 
results of the other night 
Epworth Sleepiness Score (ESS): 
Comorbidities: not reported 
Withdrawals/dropouts: not reported (chart 
review) 
Reasons for withdrawal: not reported 
Inclusion criteria: Snoring patients with upper 
airway pathology as deviated nasal septum, 
inferior turbinate hypertrophy, soft palate 
webbing, tonsillar hypertrophy, elongated 
uvula, macroglossia, and hypertrophy of the 
base of the tongue 
Exclusion criteria: not reported 

In-lab level I 
Number of channels: 12+ 
Channels reported: EEG, EOG, ECG, EMG, oro-
nasal flow, thoraco-abdominal excursion, oxygen 
saturation, pulse oximetry and snoring 
Study operator: not reported 
Scoring method: automated and manual 
Study interpreter: physician 
Device name: Alice 4 System, (Heinen and 
Lowenstien, Bad Ems, Germany) 
Level I index used for both nights: AHI 
Cut point used indicating diagnosis and/or treatment: 
not reported 

Sleep indexes reported 
 

Sleep indexes reported: 
AHI values reported(mean±SD): 
First night: 33.97+23.13 
Second night: 32.72+23.1 
 
ODI: 
First night: 26.88+23.78 
Second night: 25.00+22.62 
 
Arousal index (median, (range)): 
First night: 27.5/hour (19.5- 37.9) 
Second night: 28.8/hour (18.7- 40.4) 
 
 
 
 

2b 

Studies comparing daytime PSG to full night nocturnal PSG 

Al-Jawder et 
al.170(2009) 
 
 
 

Design: Cohort, 
Retrospective 
Setting: General hospital 
Country: Saudi Arabia 
Number of sites: 1 
 
The study compares 80 
records of patients who 
had daytime PSG to 
random sample of 180 
patients who had full 

Number of patients: full night PSG- 180, 
daytime PSG- 80 
Sex: full night PSG- male: 126, female: 54; 
daytime PSG- male : 39, female: 41 
Age: full night PSG- 46.8 + 14 years; daytime 
PSG-53.5 + 12.2 years 
Suspected diagnosis: OSA 
BMI: full night PSG- 35 +8 kg/m2 , daytime 
PSG-43.3 + 13.3 kg/m2 
Neck circumference: not reported 
Berlin risk score: not reported 

Overnight PSG and daytime PSG 
In-lab level I 
Number of channels: 10 
Channels reported: EKG, air flow, snoring levels, 
EEG, EOG, Body position, pulse oxymetry, chest 
and abdominal movement 
Study operator: not reported  
Scoring method: not reported 
Study interpreter: not reported 
Device name: Alice 4 
Overnight PSG and daytime PSG used : AHI 

Adverse events 
Technical failure 
Treatment outcome 
Number of patients 
completed 
Diagnosis made 
Sleep indexes reported 
 

Adverse events   
Two patients dropped at overnight PSG 
because of hypoglycaemia and anxiety 
 
Technical failures: 
10 suboptimal PSG study because of 
(not enough time of sleep) 
 
Treatment outcomes 
Successful titration: 
Overnight PSG: 110 patients 
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night PSG. Among the 
random sample who 
went for night time 
PSG, those who had 
AHI >40 or AHI 20-40 
with prolonged 
obstructive events/ 
sever desaturation had 
titration with CPAP. 
 
 

Source of referral: full night PSG- general wards 
(10), out patients (170), and CCU/MICU (0); 
daytime PSG- general wards (69), out 
patients (0), and CCU/MICU (11) 
Blinding: not reported 
Epworth Sleepiness Score (ESS): full night PSG- 
10.5 + 6.6, daytime PSG- 12 + 5.7 
Comorbidities:  
Full night PSG- hypertension (64), DM (48), 
IHD (16), CHF (1), COPD (5), asthma (45), 
and hypothyroidism (12); 
Daytime PSG- hypertension (48), DM (35), 
IHD (8), CHF (8), COPD (13), asthma (14) 
and hypothyroidism (12); 
There was statistical significant difference 
between the overnight and daytime groups in 
the following comorbidities: 
Hypertension, COPD, congestive heart 
failure and DM, p-values <0.001 for the first 
three and =0.01 for DM 
Withdrawals/dropouts: full night PSG- N/A; 
daytime PSG- 10 suboptimal studies 
Reasons for withdrawal: full night PSG- N/A; 
daytime PSG- suboptimal because patients 
didn’t sleep enough time (including one 
patient who had hypoglycaemia that required 
intervention, and another patient who was 
anxious and removed all probes to sleep) 
Inclusion criteria: Suspicion of SDB, age > 18 
yrs. 
Exclusion criteria: sedatives or narcotic drug 
use 
 
 

Cut point used indicating diagnosis and/or treatment: 
For diagnosis- AHI > 5 
For treatment- AHI>40/hour or AHI 20-40 with 
prolonged obstructive event or sever desaturation 
 

Daytime PSG: 51 patients 
No statistically significant difference 
between both groups for successful 
titration  
 
CPAP titration pressure: 
Overnight PSG: 11.1+3.7 
Daytime PSG: 12.4+3.9 
No statistically significant difference 
between both groups for CPAP titration 
pressure 
 
Number of patients completed the study: 
Completed : 178 
Daytime PSG: 80 
Optimal daytime PSG studies: 70 
Optimal overnight PSG studies: 180 
 
Diagnoses: 
Daytime PSG 
OSA: 
Normal : AHI < 5  
Number of patients : N/A 
Mild :5 < AHI <15  
Number of patients : 9 
Moderate: 16< AHI < 30 
Number of patients: 12 
Severe: AHI > 30 
Number of patients : 49 
 
OHS: 
Number of patients: 25  
 
Overnight PSG  
OSA: 
Normal : AHI < 5  
Number of patients : N/A 
Mild : 5 < AHI <15  
Number of patients : 32 
Moderate: 16< AHI < 30 
Number of patients: 35 
Severe: AHI > 30 
Number of patients : 113 
 
OHS: 
Number of patients: 10  
 
Mean AHI and sleep indices: 
Daytime PSG: 
AHI : 42.7 + 40.77 
Arousal Index : 50.4 + 41.7 
Desaturation index:34.5+31.4 
 
Overnight PSG: 
AHI : 39.8 +30.1 
Arousal Index : 52.4 + 32 
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Oxford 
Level of 

Evidence 

Desaturation index: 32.8+3.0 
 
There was no statistical significant 
difference between any of the sleep 
indices for overnight and daytime PSG 

Miyata et 
al.176(2007) 
 
 
  

Design: Cohort, 
Prospective 
Setting: Academic 
hospital 
Country: Japan 
Number of sites: 1 
 
Comparing daytime 
PSG to nighttime full 
PSG. 

Number of patients: 108 
Sex: male: 99, female: 9 
Age: 51.9 + 13.5 years 
Suspected diagnosis: SDB 
BMI: 26.4 + 4.8 kg/m2 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: general physician 
Blinding: not reported 
Epworth Sleepiness Score (ESS): 9.6 + 5.6 
Comorbidities: not reported 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Inclusion criteria: suspected SDB 
Exclusion criteria: narcolepsy, severe COPD 
and neuromascular disease 

In-lab level I 
Number of channels: 10+ 
Channels reported: EEG, EOG, EMG, EKG, 
thoraco-abdominal movement, and esophageal 
pressure 
Study operator: technician  
Scoring method: manual 
Study interpreter: sleep specialist 
Device name: ALICE 3 PA,USA 
Index used: Full night and Split night  
Cut point used indicating diagnosis and/or treatment: 
AHI > 5 

Diagnostic accuracy 
(Sensitivity, Specificity, 
LR+,LR-)  
Sleep indexes reported 
 
 
 
 
 
 
 
 
 
 
 

Diagnostic accuracy: 
Sensitivity: 81.0% 
Specificity: 100% 
LR +: ∞ 
LR-: 0.19 
 
96 patients diagnosed with OSAS 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep study type): 
Day time PSG: 29.4 + 29.0 
 
Nighttime PSG: 31.1 + 23.5  

1b 

Studies comparing in-lab level I to in-home level I 

Bruyneel et 
al.165(2010)  
 
 

Design: Cross-over, 
Prospective, Separate 
Setting: Academic 
hospital 
Country: Belgium 
Number of sites: 1 
Patient allocation: 
Randomized by random 
number table 
 
Study compares level I 
at home versus level I 
in-lab. 

Number of patients: 66; level I in-lab- 36, level I 
at home- 30 
Sex: level I in-lab- male: 25, female: 11; level I 
at home- male: 14, female: 16 
Age: level I in-lab- 48+14 years; level I at 
home:- 50+12 years 
Suspected diagnosis: OSA 
BMI: level I in-lab- 29.7+5.9 kg/m2; level I at 
home- 31.4+8.8 kg/m2 
Neck circumference: level I in-lab- 40.9+4.9 cm; 
level I at home- 40.3+5.5 cm 
Berlin risk score: not reported  
Source of referral: general Physicians and 
specialists 
Blinding: interpreter 
Epworth Sleepiness Score (ESS): 10+5 
Comorbidities: not reported  
Withdrawals/dropouts: level I in-lab- 1; level I 
at home- 3 
Reasons for withdrawal: level I in-lab- refused 
in-lab PSG; level I at home- technical failure 
(sensor loss) 
Inclusion criteria: snoring, excess daytime 
sleepiness, major symptoms of OSA, and 
acceptance of hook-up by technicians 
Exclusion criteria: previous PSG study, 
restrictive respiratory disorder, and 
distance>30km from center 
 
 

In-lab level I 
Number of channels: 12+ 
Channels reported: thoracic and abdominal 
movement, airflow, pulse oxymetry, EEG, EOG, 
EMG, EKG, snoring level, and body position 
Study operator: technician 
Scoring method: manual 
Study interpreter: not reported 
Device name: Brainnet V 3.6 Medatec, Belgium 
 
PSG at home level I 
Number of channels: 12+ 
Channels reported: thoracic and abdominal 
movement, airflow, pulse oxymetry, EEG, EOG, 
EMG, EKG, snoring level, and body position 
Study operator: technician 
Scoring method: automated 
Study interpreter: physician 
Device name: Pamela V 3.631, Medatec, Belgium 
Index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
AHI >5/hour 

Diagnostic accuracy 
(sensitivity, specificity, 
PPV,NPV,LR+,LR-
AUC,T+,T-,F+,F-
prevalence, accuracy) 
Failure  
Sleep indexes reported 
 
 

Diagnostic accuracy: 
AHI > 5 
Sensitivity:96% 
Specificity:71% 
PPV:88% 
NPV:86% 
LR+ :3.3 
LR - : 0.05 
True +: 41 
True -: 14 
False +:5 
False -:2 
Prevalence: 41% 
Accuracy: 88% 
 
AHI > 15 
Sensitivity:76% 
Specificity:85% 
PPV:73% 
NPV:92%  
LR + :5.06 
LR -  :0.29 
True +: 17 
True -: 34 
False +:6 
False -:5 
Prevalence: 16.5% 
Accuracy: 82% 
 
AHI > 30 
Sensitivity:86% 
Specificity:100% 
PPV:100% 

1b 
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NPV:81% 
LR + : ∞ 
LR - : 1.4 
True +: can’t be calculated 
True -: can’t be calculated 
False +: can’t be calculated 
False -: can’t be calculated 
Prevalence: can’t be calculated 
Accuracy: can’t be calculated 
 
Technical failure: 
3 level I at home due to technical failure 
(sensor loss) 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep study type):  
AHI in-lab: 26.4+30 
AHI at home: 26.4+25 
P-value NS 
 
Sleep efficiency: 
In lab: 74.6%+13.4 
In home:82.4%+10.4 
p-value<0.001 
 
TST: 
In lab: 365.5+73 
At home: 411.9+84 
P-value<0.001 

Non comparative level I studies 

Astuti P.167(2010) 
Abstract  
 
 

Design: Case-control, 
Prospective 
Setting: Academic 
hospital 
Country: Indonesia 
Number of sites: 1 
 
 
 

Number of patients: 101 
Sex: not reported 
Age: not reported 
Suspected diagnosis: OSAS 
BMI: 25.05 kg/m2  vs. 25.05 kg/m2  in non-
OSA 

Neck circumference: 37.60 cm vs. 33.62 cm in 
non-OSA 
Berlin risk score: performed but results not 
reported 
Source of referral: not reported 
Blinding: N/A 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: not reported 
Withdrawals/dropouts: not reported 
Reasons for withdrawal: not reported 
Inclusion criteria: asthma patients 
Exclusion criteria: not reported 

In-lab level I 
Number of channels: not reported 
Channels reported: not reported 
Study operator: not reported 
Scoring method: not reported 
Study interpreter: not reported 
Device name: not reported 
Cut point used indicating diagnosis and/or treatment: 
not reported 

Diagnoses made Diagnoses made: 
OSA: 20 patients (19.8%) 
 
 

4 

Bouloukaki et 
al.233(2011) 
 

Design: Prospective 
Setting: Academic 
Country: Greece 
Number of sites: 1 
 
Correlation coefficients 

Number of patients: 2690 
Sex: male: 2061, female: 629 
Age: 50.7+12.2 years 
Suspected diagnosis: OSAS 
BMI: 33.3+6.7 kg/m2 
Neck circumference: 41.9+3.6 cm 

In-lab level I 
Number of channels: 12+ 
Channels reported: 2 EEG, EOG, ECG, EMG, 2 
lead nasal airflow, pulse oximetry, thoracic-
abdominal respiratory effort, pulse rate, body 
position, and snoring microphone 

Diagnostic accuracy 
(sensitivity, specificity, 
AUC) 
Anthropometric coffecient 
Diagnosis made  
Sleep indexes reported 

Diagnostic accuracy: 
At 11.9 AHI: 
Sensitivity: 98.8% 
Specificity: 10.2% 
 
At 20.1 AHI: 

4 
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of anthropometric data 
were calculated, and 
then used to build AHI 
prediction model, ROC 
for the predictive 
diagnostic model was 
drawn. 
 
 

Hip circumference: 113.3+11.7 cm 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding:  N/A 
Epworth Sleepiness Score (ESS): 12.9+8 
Comorbidities: not reported 
Withdrawals/dropouts: not reported 
Reasons for withdrawal: not reported 
Inclusion criteria: not reported 
Exclusion criteria: not reported 
 
 

Study operator: not reported 
Scoring method: manual  
Study interpreter: not reported 
Device name: not reported 
Cut point used indicating diagnosis and/or treatment: 
AHI>15/hour 

 
 
  

Sensitivity: 92.9% 
Specificity: 26% 
 
At 31.7 AHI (best balance between 
sensitivity and specificity): 
Sensitivity: 70% 
Specificity: 73.1% 
 
At 40.1 AHI: 
Sensitivity: 43.4% 
Specificity: 92.8 
 
AUC ROC for the diagnostic predictive 
model: 
AHI > 15: 0.78, 95% CI(0.61, 0.8) 
AHI < 15:0.22, 95% CI(0.19, 0.24) 
 
Anthropometric coeffecients; 
Age: r= 0.043, P-value=0.02 
BMI: r= 0.409, P-value<0.001 
Neck circumference: r= 0.450, P-
value<0.001 
Waist circumference: r= 0.408, P-
value<0.001 
ESS: r= 0.384, P-value<0.001 
 
Diagnoses made (Sleep study type/No. of 
patients diagnosed /conditions): 
2130 (79%) OSAS 
 
AHI values reported (mean±SD or median or 
range/sleep study type): 
34.4+23.8 

Castriotta et 
al.169(2007) 
Funding: 
Private and 
academic 
 

Design: Case-series, 
Prospective, Non-
comparative 
Setting: Academic 
hospital 
Country: USA 
Number of sites: 3 
 
PSG to determine 
consequences post 
traumatic brain injury. 
Patients underwent PSG 
and measurement of 
sleep latency test MSLT. 
 

Number of patients: 87 
Sex: male: 63, female: 24 
Age: 38.3+15.1 years 
Suspected diagnosis: SDB 
BMI: sleepy subjects- 29.2+7.1 kg/m2; non-
sleepy subjects- 26.32+4.1 kg/m2; pooled- 
27.1 kg/m2 
Neck circumference:  
Berlin risk score: 
Source of referral: 
Blinding: not reported 
Epworth Sleepiness Score (ESS): sleepy subjects- 
9.6+5.3; non-sleepy subjects- 7.3+4.9; 
pooled- 7.95 
Comorbidities: all subjects are post-traumatic 
brain injury patients 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Inclusion criteria: Adults > 18 years, 3 month 
post traumatic brain injury 
Exclusion criteria: circadian rhythm disorders, 
inability to give informed consent, and use of 
sedating medication 

In-lab level I 
Number of channels: 12+ 
Channels reported: 4 EEG, 2 EOG, ECG, 2 EMG, 
oral and nasal airflow, pulse oximetry, thoracic-
abdominal movement, pulse rate, and video 
camera 
Study operator: sleep technologist 
Scoring method: manual  
Study interpreter: certified sleep physician 
Device name: not reported 
Cut point used indicating diagnosis and/or treatment: 
AHI>5/hour 

Diagnosis made 
Sleep indexes reported 
 

Diagnoses made (Sleep study type/No. of 
patients diagnosed /conditions): 
Normal: 47 
SDB: 41 
Among the 41 SDB patients: 
OSA: 20 
Narcolepsy: 5 
PLMS: 6 
Post trumatic hypersomnia (PTH): 10 
NB: one patient had both OSA and 
PLMS 
 
Sleep indexes reported: 
PSG parameters and AHI values 
reported (mean±SD or median or 
range/sleep study type)  
AHI values: 
Among OSA subjects: 26.1+19 
Among PLMS subjects: 1.3+1.5 
Among narcolepsy subjects: 1+1.2 
Among PTH subjects: 1.77+2.66 
Among normal subjects: 2.2+3.8 
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 Arousal index: 
Among OSA subjects: 31.6+19.7 
Among PLMS subjects: 23.8+12.54 
Among narcolepsy subjects:11.2+4.7 
Among PTH subjects:12.8+7.7 
Among normal subjects: 13.1+9 
 
Sleep latency: 
Among OSA subjects: 47.2+102.8 
Among PLMS subjects: 37.1+43.8 
Among narcolepsy subjects: 17.8+18.6 
Among PTH subjects: 11.5+25 
Among normal subjects: 36.2+38 
 
Percentage of REM sleep: 
Among OSA subjects: 17.3+10 
Among PLMS subjects: 13.3+8.8 
Among narcolepsy subjects: 16.8+2.9 
Among PTH subjects: 16.8+8.2 
Among normal subjects: 16.1+7.3 
 
PLMS index for PLMS subjects: 
16.6+6.6 

Endo et 
al.177(2008) 
 
 

Design: Case-series, 
Retrospective 
Setting: Academic 
hospital 
Country: Japan 
Number of sites: 2 
 
Study included patients 
already diagnosed with 
SAS (AHI >5). All 
patients with AHI > 20 
underwent another PSG  
and CPAP titration to 
differentiate central, 
obstructive and mixed 
SAS. 
 
 
 
 
 
 

Number of patients: 1312 
Sex: male: 1217, female: 95 
Age: 46.9 + 12.4 years 
Suspected diagnosis: OSA 
BMI: 28.2 + 5.1 kg/m2 
Neck circumference:  
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: not reported 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: hypertension (CompSAS (30), 
OSAS (502), CSAS (1)), cardiovascular 
disease (CompSAS (9), OSAS (89), CSAS 
(3)), and cerebrovascular accident (CompSAS 
(2), OSAS (20), CSAS (1)) 
No statistical significant difference between 
the three groups in comorbidities 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Inclusion criteria: AHI>20 and > 20 years old 
Exclusion criteria: not reported 
 

Full night PSG 
In-lab level I 
Number of channels: 7+  
Channels reported: EEG, EOG, EMG, ECG, air 
flow, respiratory movement and pulse oxymetry 
Study operator: technologist 
Scoring method: not reported 
Study interpreter: not reported 
Device name: not reported 
Full night PSG index used : AHI 
Cut point used indicating diagnosis and/or treatment: 
AHI > 20 for CPAP treatment 

Diagnosis made 
Sleep indexes reported 

Diagnoses made 
AHI > 20: 
Before CPAP- 
Pure CSAS : 14 patients 
Mixed Breathing pattern: 50 patients 
OSAS: 1248 patients. 
 
After CPAP titration- 
Pure CSAS: 14 patients 
Mixed Breathing pattern: 66 patients 
OSAS: 1232 patients. 
 
Sleep indexes reported 
Overall AHI for all types of SA : 48.6 + 
24.6 
Mean AHI for CompSAS: 58.7+25.9 
Mean AHI for OSAS: 49.3+23.9 
p-value was statistically significant 
<0.05 between CompSAS and OSAS, 
CompSAS and CSAS, and between 
OSAS and CSAS 
Mean AHI for CSAS: 18.1+13.4 

4 

Garg et 
al.166(2012) 
 
 

Design: Cross-sectional, 
Retrospective 
Setting: Academic 
Country: India 
Number of sites: 1 
 
112 subjects reviewed 
81 patients have OSA, 
OSA patients were 
classified according to 

Number of patients: 112; non-obese- 36 (44%), 
obese- 45 (55.6%) 
Sex: non-obese- male: 27, female: 18; obese- 
male: 23, female- 13; P-value = 0.37 
Age: non-obese group- 52.9+7.2 years; obese 
group- 49.8+10.1 years; P-value=0.12 
Suspected diagnosis: not reported 
BMI: non-obese group- 26.6+2.3 kg/m2 ; 
obese- 35.1+3.7 kg/m2; P-value=0.12 
Neck circumference: non-obese group- 15.8+1.7 

In-lab level I 
Number of channels: 16+ 
Channels reported: 
4 EEG, 2 EOG, 2 EMG, ECG, nasal and mouth 
airflow, thoracic and abdominal respiratory 
movement, O2 saturation, body position. 
Study operator: not reported 
Scoring method: manual  
Study interpreter: not reported 
Device name: S7000, Cognet technology, Embla 

Diagnosis made 
Sleep indexes reported 
 

Diagnosis made: 
Non-obese group: 26 (72%) mild to 
moderate OSA, AHI < 30/hour 
Obese group: 14 (31.1%) mild to 
moderate OSA 
 
Sleep indexes reported 
Mean AHI: 
Non-obese group: 24.7+12.2 
Obese group: 50.1+29.5 
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BMI (> or < 27.5 
Kg/m2) into obese and 
non-obese, clinical and 
PSG data were 
compared between the 
two groups. 
 

cm; obese group- 16.1+1.8 cm; P-value= 
0.46 
Thyromental distance: non-obese- 48.4+10.6; 
obese group- 60.5+12.2 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: not reported 
Epworth Sleepiness Score (ESS): non-obese 
group- 11.5+3.3; obese group- 13.1+5.6; P-
value=0.45 
Comorbidities: hypertension (non-obese- 12 
(33.3%); obese- 26 (57.8%); P-value=0.03), 
Diabetes Mellitus (non-obese- 7 (19.4%); 
obese-13 (28.9%); P-value=0.33), sedative 
use (non-obese- 21 (58.3%); obese- 11 
(24.4%); P-value=0.002) 
Withdrawals/dropouts: not reported 
Reasons for withdrawal: not reported 
Inclusion criteria: not reported 
Exclusion criteria: > 80 years of age, TB, 
COPD, pregnancy, uncontrolled congestive 
heart failure, chronic renal failure, and 
neurological disorders. 
 
 

Systems Inc., UK  
Cut-point used indicating diagnosis and/or treatment: 
AHI >5/hour plus presence of snoring or 
exccessive day time sleepiness. 

P-value <0.001 
 
TST: 
Non-obese group: 333.6+78.4 
Obese group: 313.4+58.8 
P-value=0.19 
 
Average O2 saturation: 
Non-obese group: 94.6+2.4 
Obese group: 89.7+6.1 
P-value<0.001 
 
Minimum O2 saturation: 
Non-obese group: 80.25+7.4 
Obese group: 68.5+13 
P-value<0.001 
 
Minimal O2 saturation <90%: 
Non-obese group: 14 
Obese group: 25 
 
Desaturation index: 
Non-obese group: 30.6+15.6 
Obese group: 48.3+13.1 
P-value<0.001 
 
Arousal index: 
Non-obese: 17.8+5.1 
Obese group: 28.4+5 
P<0.001 

Ghoshal et 
al.234(2009) 
 

Design: Case-series, 
Retrospective 
Setting: Academic 
Country: India 
Number of sites: 1 
 
Analysis of the database 
of Pulsar sleep lab in 
Kolkata, India. 
 

Number of patients: 714  
Sex: male: 590 (82.6%), female: 124 (17.4%) 
Age: 0-20 years (19), 21-40 years (141), 41-60 
years (446), 61-80 years (103) and 80-100 
years (5) 
Suspected diagnosis: not reported 
BMI: reported only for 690 patients who 
have SDB- < 25 kg/m2 (116), 25-30 kg/m2 
(260), 30-35 kg/m2 (173), 35-40 kg/m2 (88), 
40-45 kg/m2 (34), 45-50 kg/m2 (15), >50 
kg/m2 (4) 
Neck circumference: not reported 
Berlin risk score: not reported 
Pretest probability: not reported 
Source of referral: pulmonologist (52%), 
internist (15%), self-referred (7%), 
cardiologists (4%), endocrinologist (4%) and 
psychiatrists (1%) 
Blinding: not reported 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: hypertension (376), ischemic 
heart disease (164), hypothyroidism (161), 
gastro-oesophageal reflux disease (53), 
diabetes mellitus (233), smokers (387) and 
alcoholics (134) 
Withdrawals/dropouts: not reported 

In lab level I 
Number of channels: 12+ 
Channels reported: EEG, EOG, ECG, pulse 
oximetry, airflow thermistor, chest and abdominal 
movements, BP cuff,  and limb electrodes for limb 
movements 
Study operator: not reported 
Scoring method: not reported 
Study interpreter: not reported 
Device name: not reported 
Cut-point used indicating diagnosis and/or treatment: 
RDI >5/hour 

Diagnosis made 
Management outcomes 

Diagnosis made: 
Reported per RDI values: 
RDI < 5: 110 (15.4%) 
RDI 5-10: 86 (12.04%) 
RDI 10-20: 78 (10.9%) 
RDI > 20: 440 (61.6%) 
 
Management outcomes: 
For 362 patients who had split-night 
PSG: 
Successful first attmept CPAP 
treatment: 247 (68.2%) 
Patients treated with <10 cm H2O on 
CPAP: 226 (62.4%) 
Patients didn’t tolerate CPAP: 56 
(15.5%) 
 
Ineffective CPAP treatment:  
69 (19.1%) 
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Reasons for withdrawal: not reported 
Inclusion criteria: not reported 
Exclusion criteria: not reported 

Gondim et 
al.235(2007) 
 

Design: Cohort, 
Retrospective 
Setting: General hospital 
Country: Brazil 
Number of sites: 1 
 
Review of full night 
PSGs. 
 
 

Number of patients: 125 
Sex: male 75, female: 50 
Age: 0-14 years (6), 15-24 years (2), 25-34 
years (16), 35-44 years (37), 45-54 years (34) 
and >55 years (30) 
Suspected diagnosis: OSA 
BMI: Not completely reported- 17 patients > 
36 kg/m2 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: N/A 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: not reported 
Withdrawals/dropouts: 0 
Reasons for withdrawal:  N/A 
Inclusion criteria: suspicion of OSA 
Exclusion criteria: not reported 

In-lab level I 
Number of channels: 12+  
Channels reported: 8 EKG, air flow, snoring level, 
EEG, EOG, Body position, and pulse oxymetry 
Study operator: not reported  
Scoring method: not reported 
Study interpreter: not reported 
Device name: Compntenzel 
Level I ( Full PSG) index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
AHI > 5  
  

Diagnosis made 
 
 

Diagnoses made (Sleep study type/No. of 
patients diagnosed /conditions): 
Normal: AHI < 5  
 57 patients 
Mild : 5>AHI>15  
38 patients 
Moderate : 15 >AHI >30  
19 patients   
Severe: AHI > 30 
11 patients 

4 

Goring et 
al.236(2007) 
 
 

Design: Case-series, 
Retrospective, Chart 
and medical records 
review, Non-
comparative 
Setting: Academic 
hospital 
Country: USA 
Number of sites: 2 
 
 
 
 
 

Number of patients: 100 
Sex: male: 43, female: 51 
Age: 54.0 + 13.9  years (20 – 82) 
Suspected diagnosis: SDB 
BMI: 40.17 + 10.6 (18 – 70 ) kg/m2 
Neck circumference: not reported 
Berlin risk score: applied but not reported 
Source of referral: hospitalized patients 
Blinding: not reported 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: chronic obstructive pulmonary 
diseases (13), chronic heart failure (18), 
COPD-CHF (6), interstitial lung diseases (8), 
acute pulmonary embolism (2), pulmonary 
hypertension (8), Miscellaneous (27), HIV (2) 
and hypercapnea (10) 
Withdrawals/dropouts: 6 
Reasons for withdrawal: incomplete data or open 
tracheostomy 
Inclusion criteria: suspected OSA 
Exclusion criteria: patients with total sleep time 
of less than 2 hours and those with unknown 
BMI 

In-lab level I 
Number of channels: 11 
Channels reported: 2 channels EEG, 2 channels 
EOG, nasal pressure transduce for airflow, EKG, 
abdominal excursions, body position, heart rate 
and pulse oxymetry 
Study operator: technologist 
Scoring method: not reported 
Study interpreter: pulmonologist  
Device name: PS-2 Compumedics, Abbottsville, 
Australia 
Level I ( Full PSG) index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
FN-PSG > 10 AHI 

Diagnosis made 
Number of patients 
completed 

Diagnosis made  
(Reported as number of patients in each BMI 
category): 
AHI (0 – 10): 
BMI 18-24 kg/m2 = 2  
BMI 25-29 kg/m2 = 4 
BMI 30-39 kg/m2 = 22 
BMI 40+ kg/m2 = 10  
N=38; male: 25, female: 13 
 
AHI (11– 30): 
BMI 18-24k/m2 =1  
BMI 25-29k/m2 = 2 
BMI 30-39k/m2 = 3 
BMI 40+ k/m2 = 14 
N=20; male:15, female: 5 
 
AHI (31 – 50): 
BMI 18-24k/m2 = 0 
BMI 25-29k/m2 = 1 
BMI 30-39k/m2 = 5 
BMI 40+ k/m2 = 5 
N=11; male: 3, female: 8 
 
AHI (51+) n=25 
BMI 18-24k/m2 = 2  
BMI 25-29k/m2 = 0 
BMI 30-39k/m2 = 6 
BMI 40+ k/m2 = 17 
 N=25; male:8, female: 17 
 
A multivariate logistic regression model between 
SA and patients’ characteristics was made: 
BMI OR=1.08 95%CI (1.02, 1.15), p-
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

value<0.05 
BMI category 40+ had OR=9.81, 
95%CI(1.0, 91.7) compared to BMI 
category (18-24) 
Men had OR=0.32 95% CI (0.1, 1.0) 
compared to women 
 
Number of patients completed:  
94 

Wang et 
al.168(2009) 
 
 

Design: Case-series, 
Prospective 
Setting: General hospital 
Country: China 
Number of sites: 1 
 
Prevalence of SRBD in 
heart failure patients, 
then assess subjective 
sleepiness in those who 
have SDB compared to 
non-SDB. 

Number of patients: 195 
Sex: male: 151, female: 44 
Age: 55.1 + 0.9 (27-83) years 
Suspected diagnosis: SDB 
BMI: 29.5 + 0.4  kg/m2 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: technician 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: heart failure and EF < 45% 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Inclusion criteria: > 18 years of age, heart 
failure, LVEF < 45%, NYHA class II – IV,  
and stable clinical status 
Exclusion criteria: unstable angina, myocardial 
infarction, cardiac surgery within previous 3 
months and pregnancy 
 

In-lab level I 
Number of channels: reported as “standard”  
Channels reported: abdominal and chest movement, 
and pulse oxymetry 
Study operator: Technologist 
Scoring method: not reported 
Study interpreter: not reported 
Device name: Compntenzel 
Level I ( Full PSG) index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
FN-PSG > 5 AHI 

Prevalence 
Diagnosis made 
Sleep indexes reported 

Prevalence: 
OSA: 53% in study patients with HF. 
CSA: 27% in study patients with heart 
failure 
 
Diagnoses made (number of patients diagnosed 
/conditions): 
CSA : 53 patients 
OSA : 104 patients 
NSA (patients without SRBD) : 38 
patients 
 
Sleep indexes reported: 
AHI (mean ± SD or median or 
range/sleep study type): 
In NSA : 2.6 + 0.2 
In OSA: 22.0 +1.6 
In CSA: 26.8 + 2.3  
(p-value<0.001 for NSA compared to 
CSA and NSA compared to OSA) 
 
ESS: 
In NSA : 6.7+0.6 
In OSA: 7.6+0.4 
In CSA: 7.4+0.5  
(p-value<0.05 OSA compared to CSA) 
 
BMI: 
In NSA : 29.1+0.8 
In OSA: 30.2+0.5 
In CSA: 27.4+0.7  
(p-value <0.05 for OSA compared to 
CSA) 
 
Association between AHI and BMI in 
OSA patients: R= 0.208 , P-value NS 

4 

Lim et al.237(2008) 
 
 

Design: Case-series, 
Retrospective 
Setting: General hospital 
Country: Singapore 
Number of sites: 1 
 
Review of full night 
PSGs. 
 
 

Number of patients: 584 
Sex: male: 449, female: 135 
Age: 49.0 + 12.7 (14-90) years 
Suspected diagnosis: OSA 
BMI: 27.9 + 6.7 (14-63.3) kg/m2 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: not reported 
Epworth Sleepiness Score (ESS): not reported 

In-lab level I 
Number of channels: 12+ 
Channels reported: 4EEG channels EOG,  2 EMG, 
nasal pressure transduce for airflow, EKG, 
abdominal and chest movement, Respiratory 
effort, pulse oxymetry, and snoring level  
Study operator: technologist 
Scoring method: not reported 
Study interpreter: trained technicians and sleep 
physicians  

Correlation coffecient 
Diagnosis made 
Sleep indexes reported 

Correlation coefficient: 
between AHI and BMI:  
 r= 0.362  
 
Diagnosis made: 
AHI <5 (normal): n=  165 
AHI  5-15 (mild): n = 130 
AHI 15-30 (moderate): n= 107 
AHI >30 (severe): n= 182 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

 
 

Comorbidities: not reported 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Inclusion criteria: suspected OSA 
Exclusion criteria: not reported 
 

Device name: Compumedice, E series  
Level I ( Full PSG) index used: AHI 
Cut point used indicating diagnosis and/or treatment: 
FN-PSG AHI > 5  

Sleep indexes reported: 
AHI values reported (median or 
range/sleep study type): 14.7 ( 0-150.6 ) 
 
AHI as reported by severity category 
(median/ range): 
Normal group: 1.6 (0, 4.9) 
Mild group: 9.25 (1.2, 15) 
Moderate group: 21.1 (14.9, 29.8) 
Severe group: 57.9 (30.4, 150.6) 
 
Respiratory arousal index: 25.1 (0, 43.1) 

Mokhlesi et 
al.64(2007) 
 
 

Design: Retrospective 
and prospective 
Setting: Academic 
Country: USA 
Number of sites: 1 
 
The study is composed 
of 2 parts: 
Part 1:  
180 OSA suspicious 
patients were randomly 
selected, prevalence of 
Obesity Hypoventilation 
Syndrome OHS among 
OSA was calculated, and 
a logistic regression 
model was made to 
identify clinical 
predictors. 
Part 2: 
Prospective validation 
of the clinical predictors 
in a sample of 410 
patients, referred for 
OSA suspicion. 
 

Number of patients: part 1- 180 (111 OSA, 52 
OHS), part 2 (270 OSA, 89 OHS)- 410 
Sex: part 1 OSA patients- male: 49, female: 
62; part 1 OHS patients- male: 26, female: 26; 
part 2 OSA patients- male: 159, female: 26; 
part 2 OHS patients- male: 59, female: 30 
Age: part 1 OSA patients-47+12 years; part 1 
OHS patients- 50+11 years; part 2 OSA 
patients- 47+11 years; part 2 OHS patients- 
49+13 years 
Suspected diagnosis: not reported 
BMI: part 1 OSA patients- 45+12 kg/m2; 
part 1 OHS patients- 48+12 kg/m2; part 2 
OSA patients- 42+9 kg/m2; part 2 OHS 
patients- 47+11 kg/m2 
Neck circumference: not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: not reported 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: not reported 
Withdrawals/dropouts: not reported 
Inclusion criteria: not reported 
Exclusion criteria: not reported 
 
 

In-lab level I 
Number of channels: 16  
Channels reported: not reported 
Study operator: Not reported  
Scoring method: Manual 
Study interpreter: Not reported 
Device name: Not reported 
Index used: AHI 
Cut point used indicating diagnosis for OSA:  
AHI > 5 

Diagnosis made 
Sleep indexes reported 
Lab indexes reported 
Management outcome 

Diagnoses made (Sleep study type/No. of 
patients diagnosed /conditions): 
Part 1: 
163 proven OSA AHI >5/hour 
Among the 163; 111 were OSA and 52 
were hypercapnic (OHS) 
Part 2: 
359 proven OSA, with AHI > 5/ hour 
Among the 359 patients; 270 were OSA 
patients, and 89 were hypercapnic 
(OHS). 
 
Sleep indexes reported: 
AHI values reported (mean±SD or 
median or range/sleep study type):  
Part 1: 
111 OSA patients: 27 (13, 77) 
52 OHS patients: 90 (22, 119) 
Part 2 
270 OSA patients:46(18, 90) 
89 OHS patients:91 (33, 118) 
 
PaCO2: 
Part 1: 
111 OSA patients:40+3 
52 OHS patients:53+6 
Part 2: 
270 OSA patients: 40+4 
89 OHS patients:54+8 
 
O2 saturation: 
Part 1: 
111 OSA patients: 75+13 
52 OHS patients: 63+15 
Part 2 
270 OSA patients: 75+12 
89 OHS patients: 65+12 
 
Serum bicarb. meq/l: 
Part 1: 
111 OSA patients: 26+3 
52 OHS patients: 32+4 
Part 2: 
270 OSA patients: 27+3 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

89 OHS patients: 32+4 
 
PaO2: 
Part 1: 
111 OSA patients: 78+10 
52 OHS patients: 62+13 
Part 2: 
270 OSA patients: 79+11 
89 OHS patients: 63+12 
 
Final CPAP cm H2O: 
Part 1: 
111 OSA patients: 12+3 
52 OHS patients: 15+3 
Part 2: 
270 OSA patients: 12+4 
89 OHS patients: 14+4 

Pinto et 
al.238(2011) 
 
 

Design: Case-series, 
Prospective 
Setting: General hospital 
Country: Brazil 
Number of sites: 1 
 
Review of full night 
PSGs and calculating 
correlation coefficient 
for anthropometric data. 
 

Number of patients: 82 
Sex: male: 66, female: 16 
Age: 43.47 years (25 – 71)  
Suspected diagnosis: OSA 
BMI: 28.42 + 4.56 kg/m2 (19.26 – 43.41) 
Neck circumference: 39.87 + 4.10 cm (25 – 71 ) 
Abdominal Circumference : 100.06 + 14.75 cm 
(84 – 142) 
Pelvic circumference: 106.14+15.02 cm 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: N/A 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: not reported 
Withdrawals/dropouts: 0 
Reasons for withdrawal: N/A 
Inclusion criteria: Suspicion of OSA and 
patients complaining from EDS and snoring 
Exclusion criteria: age < 18  and AHI < 5 

Full night PSG 
In-lab level I 
Number of channels: not reported  
Channels reported: not reported  
Study operator: not reported  
Scoring method: not reported 
Study interpreter: not reported 
Device name: not reported 
Full night PSG used : AHI 
Cut point used indicating diagnosis and/or treatment: 
AHI > 5 

Anthorpometric 
coeffecients reported  
Sleep indexes reported 

Association between AHI and anthropometric 
parameters: 
No 95% CI reported 
Age: r=0.054, P-value 0.627 
Height:  r = 0.156, P-value= 0.162 
Weight: r=0.342, P-value= 0.002 
BMI: r= 0.306, P-value=0.005 
Neck Circumference: r=0.41, P-value= 
0.001 
Abdominal Circumference: r= 0.393, P-
value : 0.001 
Hip Circumference: r = 0.236,  P- 
value= 0.033 
 
Sleep indexes reported: 
Mean AHI: 
Overall: 36.08 + 28.84 (5.10 – 108.90) 
Males: 39.07+29.79 
Females: 23.75+21.06 

4 

Tufik et 
al.239(2010) 
 
 

Design: Case-series, 
Prospective 
Setting: Academic 
Country: Brazil 
Number of sites: 
 
Survey followed by 
PSG. 
  

Number of patients: 1042 
Sex: male: 466, female: 576 
Age: 42+14 years 
Suspected diagnosis: OSAS 
BMI: BMI < 25kg/m2 (417 (40%)), BMI 25-
30 kg/m2 (400 (38.4%)), BMI > 30kg/m2 

(224 (21.5%)) 
Neck circumference:  not reported 
Berlin risk score: not reported 
Source of referral: not reported 
Blinding: N/A 
Epworth Sleepiness Score (ESS): not reported 
Comorbidities: not reported 
Withdrawals/dropouts: 41 
Reasons for withdrawal: refused to participate in 
PSG portion 
Inclusion criteria: not reported 
Exclusion criteria: pregnancy and lactation, 
mental or physical impairment, age <20 or 

In-lab level I 
Number of channels: 16 + 
Channels reported: 4 EEG, 2 EOG, 4 EMG, ECG, 2 
channels for airflow, thoraco-abdominal 
respiratory effort, oxygen saturation and pulse rate 
Study operator: trained technician  
Scoring method: manual 
Study interpreter: not reported 
Device name: Embla S7000, Embla systems Inc. 
Broomfeild, CO., USA 
Cut point used indicating diagnosis and/or treatment: 
AHI > 5/hour 

Diagnosis made 
Associations measured 
Number of patients 
completed the study 

Diagnosis made: 
OSAS in 32% of participants 
 
Associations measured: 
Men had 4 times the odds of having 
OSA compared to women. 
OR= 4.1 95%CI (2.9, 5.8) 
 
Age group 30-39 had 4 times the odds 
of having OSA compared to age group 
20-29 
OR= 3.9 95%CI (2.6, 5.8) 
 
Age group 40-49 had more than 6 times 
the odds of having OSA compared to 
age group 20-29  
OR=6.6 95%CI (4.1, 10.6) 
 
Age group 50-59 had more than 10 
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Study Design Patient Population Diagnosis Outcome measures Findings 

Oxford 
Level of 

Evidence 

>80 years, night shift workers, and subject 
unable to participate because of travel plans 
or scheduling conflicts 
 

times the odds of having OSA 
compared age group 20-29 
OR=10.8 95%CI (6.9, 16.8) 
 
Age group 60-80 had 34 times the odds 
of having OSA compared to age group 
20-29  
OR=34.5, 95%CI (18.5, 64.2) 
 
Over-weight subjects, BMI 25-30 kg/m2 
had more than twice the odds of having 
OSA compared to normal BMI < 
25kg/m2 
OR=2.6, 95%CI (1.9, 3.7) 
 
Obese patients, BMI >30 kg/m2 had 10 
times the odds of having OSA 
compared to normal BMI. 
OR=10.5, 95%CI (7.1, 15.7) 
 
Number of patients that completed the study: 
1001 
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Table 14. Quality assessment of included studies using QUADAS-2 

Study 

Risk of Bias (internal validity) Applicability concerns (external validity) 

Patients selection Index test 
Reference 
standard Flow and timing Patient selection Index test 

Reference 
standard 

Level III 

Abraham et al.
138

 
 

? ? 
  

? 
 

Alonso Alvarez et 
al.

148
 

       

Amir et al.
210

 
       

Andreu et al.
183

 
     

? 
 

Askenov et al.
182

 
 

? 
 

? 
   

Ayappa et al.
154

 
       

Bajwa et al.
211

 
  

? 
 

? 
  

Berry et al.
181

 
       

Bridevaux et al.
212

 
   

? ? 
  

Campbell et al.
147

 
 

? 
     

Candela et al.
150

 
       

Cheliout et al.
213

 
       

Chung et al.
214

 
       

Churchward et 
al.

215
 

? 
 

? ? ? ? 
 

Cilli et al.
216

 
  

? ? ? ? 
 

Danzi-soares et 
al.

134
        

Divo et al.
217

 
    

? 
  

Driver et al.
158

 
       

Ferre et al.
159

 
  

? 
 

? 
  

Finkel et al.
218

 
 

? ? 
    

Fordyce et al.
219

 
 

? ? ? 
   

Furokawa et al.
140

 
       

Garcia-Diaz et al.
149

 
       

Gjevre et al.
155
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Goodrich et al.
161

 
    

? 
  

Grant et al.
220

 
 

? 
 

? ? 
  

Grover et al.
221

 
    

? 
 

? 

Hernandez et al.
144

 
       

Kuna et al.
222

 
  

? 
 

? 
 

? 

Kuna et al.
180

 
  

? ? ? 
 

? 

Kushida et al.
223

 
   

? ? 
 

? 

Lettieri et al.
184

 
       

Levendowski et 
al.

224
   

? ? 
  

? 

Masa JF et al.
225

 
       

Masdue et al.
226

 
   

? 
  

? 

Nakayama et al.
227

 
  

? 
 

? 
 

? 

Ng et al.
133

 
       

Ng et al.
162

 
       

Nigro et al.
163

 
       

Onder et al.
228

 
      

? 

Orr et al.
164

 
 

? ? ? 
 

? ? 

Planes et al.
240

 
       

Polese et al.
160

 
   

? 
   

Quintana-Gallego 
et al.

136
 

       

Rosen et al.
179

 
       

Santos-silva et 
al.

146
        

Shrivastava et al.
229

 ? ? ? ? ? 
 

? 

Skomro et al.
178

 
  

? 
   

? 

Skomro et al.
230

 
       

Smith et al.
131

 
      

? 

Su et al.
151

 
       

Sullivan et al.
135

 
 

? ? ? ? 
 

? 
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Takama et al.
152

 
 

? ? 
   

? 

Tiihonen et al.
132

 
       

Tiihonen et al.
231

 
    

? 
  

To et al.
153

 
       

Tonelli de Oliveira 
et al.

156
        

Wang et al.
185

 
       

Yagi et al.
232

 
    

? 
  

Yin et al.
143

 ? 
  

? ? 
  

Level I 

Al-jawder et al.
170

 ? 
      

Bruyneel et al.
165

 
       

Chou et al.
171

 
 

? ? 
   

? 

Gouveris et al.
174

 
       

Khawaja et al.
172

 
       

Kristo et al.
173

 
       

Jin et al.
175

 ? 
      

Miyata et al.
176

 ? 
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Table 15. Risk of bias 

Author 
 
 

Allocation 
sequences 
adequately 
generated? 

Allocation 
adequately 
concealed? 

Knowledge of the allocated 
interventions adequately 
prevented during the study? 

Incomplete outcome 
data adequately 
addressed? 

Reports of the study free 
of suggestion of selective 
outcome reporting? 

Study apparently free of 
other problems that could 
put it at a risk of bias? 

Level III 

Akseno 
et al 

182
 

unclear unclear yes yes yes yes 

Andreu 
et al 

183
 

yes no yes yes yes no 

Berry et 
al 

181
 

unclear unclear no yes yes no 

Kuna et 
al 

180
 

unclear unclear unclear yes yes yes 

Lettieri et 
al 

184
 

NA NA unclear yes yes yes 

Rosen et 
al

179
 

unclear NA yes NA yes yes 

Skomro 
et al 

178
 

no yes yes yes yes no 

Wang et 
al 

185
 

unclear unclear no yes yes no 
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Table 16. Patient demographics 

Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

Level I 

Studies comparing first 2 hrs to same full PSG 

Chou et al.
171

 198* SA 169 29 46.15 yrs 
pooled 

27.1 Kg/m
2
 

pooled 
38.4 cm 
pooled 

9.07 
pooled 

- - 

Studies comparing split-night to full night PSG 

Kristo et al.
173

 100 UARS 54 46 41.1 yrs 
pooled 

28.6 Kg/m
2
 

pooled 
- 15.8  

pooled 
- - 

Khawaja et 
al.

172
 

114 OSA 69 45 50.9 yrs 
(+17.7) 
(18-80) 

29 Kg/m
2 

(+6) 
(18.8-52.9) 

- - - COPD: 2 
CHF: 10 
Chronic opiate 
therapy: 4 

Studies comparing first night to second night PSG 

Jing et al.
175

 66* OSAHS 53 13 34.4 yrs 
(+12.6) 
range (21-70) 

27.1 Kg/m
2
 

(+3.3) 
- 10.5  

(+4.5) 
- - 

Gouveris et 
al.

174
 

130 SDB with 
upper airway 
pathology 

112 18 52.6 yrs 
(+10.7) 

- - - - - 

Studies comparing daytime to full-night PSG 

Al-Jawder et 
al.

170
 

260 OSA 165 95 48.9 yrs  
pooled 

37.5 
(pooled) 

- 11 
pooled 

- Hypertension: 112 
Diabetes: 83 
Ischemic heart 
disease: 24 
Congestive heart 
failure: 9 
COPD:18 
Asthma:59 
Hypothyroidism: 
24 

Miyata et al.
176

 108 SDB 99 9 51.9 yrs 
(+13.5) 

26.4 Kg/m
2
 

(+4.8) 
- 9.6 

(+5.6) 
- - 

Studies comparing lab PSG to home PSG 

Bruyneel et 
al.

165
 

66 OSA 39 27 49 yrs 
pooled 

30.5 Kg/m
2
 

pooled 
40.6 cm 
pooled 

10 
(5) 

- - 

Non-comparative level I studies 
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Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

Astuti et al.
167

 
† 

101 OSA - - - 25.05 Kg/m
2
 

 
37.6 cm  - - 

Bouloukaki et 
al.

233
 

2690 OSA 2061 629 50.7 yrs 
(12.2) 

33.3 Kg/m
2
 

(6.7) 
41.9 cm 
(3.1) 

12.9 
(8) 

- - 

Castriotta et 
al.

169
 

87 SDB 63 24 38.3 yrs 
(15.1) 

27.1 Kg/m
2
 

pooled 
- 7.6 

pooled 
- All 87 subjects are 

post-traumatic 
brain injury 
patients 

Endo et al.
177

 1312  Complex 
sleep apnea 
among OSA 
patients 

1217 95 46.9 yrs 
(12.4) 

28.2 Kg/m
2
 

(5.1) 
- - - Hypertension: 533 

Cardiovascular 
disease:101 
Cerebrovascular 
accident: 22 

Garg et al.
166

 81* OSA 50 31 51.2 
pooled 

31.3 Kg/m
2
 

pooled 
55.1 cm 12.4 

pooled 
- Hypertension: 38 

Diabetes 
millitus:20 
Use of sedatives: 
32 
Tonsillar 
enlargment: 21 
Smoking:25 
Alcohol: 31 

Ghoshal et 
al.

234
 

714 SDB 590 124 - - - - - Hypertension: 376 
Ischemic heart 
disease: 164 
Hypothyroidism: 
161 
GERD: 53 
Diabetes: 233 
smokers: 387 
alcoholics: 134 

Gondim et 
al.

235
 

125 OSA 75 50 - - - - - - 

Goring et al.
236

 94* SDB 43 51 54.0 yrs 
(13.9) 
(20-82) 

41.2 Kg/m
2 

(10.6) 
(18-70) 
 

- - - COPD: 13 
Chronic heart 
failure: 18 
COPD+ CHF: 6 
Interstitial lung 
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Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

disease: 8 
Pulmonary 
embolistm: 2 
Pulmonary 
hypertension: 8 
HIV: 2 

Han-Qiao et 
al.

168
 

195 SDB 151 44 55.1 yrs 
(0.9) 
(27-83) 

29.5 Kg/m
2
 

(0.4) 
 

- - - All 195 subjects are 
heart failure 
patients 

Lim et al.
237

 584 OSA 449 135 49 yrs 
(12.7) 
(14-90) 

27.9 Kg/m
2
 

(6.7) 
- - - - 

Mokhlesi et 
al.

64
 

522* OSA 293 229 48  
pooled 

46 Kg/m
2
 

pooled 
- - - - 

Pinto et al.
238

 82 OSA 66 16 43.5 yrs 
(25-71) 

28.4 Kg/m
2
 

(4.6) 
(19.3-43.4) 

39.9 cm 
(4.1) 
(25-71) 

- - - 

Tufik et al.
239

 1042 OSAS 466 576 42 yrs 
(14) 

- - - - - 

Total 8671 - 6284 2286 48.1  
pooled 

32.1 
pooled 

- 12.3 
pooled 

- 3015 

Level III 

Abraham et 
al.

138
 

50 SDB 34 16 55.5 yrs 
(+12.8) 
(23-78) 

32.6 kg/m
2 

(+6.5) 
(19-40 kg/m

2
) 

- 10.6 
(+4.4) 
(1-23) 

- All patients are 
stable CHF, NYHA 
class III heart 
failure 
Ischemic heart 
failure: 23 
Dilated heart 
failure: 21 
Hyperthophic heart 
failure: 2 

Alonso-Alvarez 
et al.

148
 

45 
 

OSA 39 6 52.3 yrs 
(+11) 

28.7 kg/m
2 

(+4) 
40.2 cm 
(2) 

8.9 
(3) 
(0-19) 

- Hypertension: 8 
Arrythmias: 5 
Heart disease: 3 
Cardiovascular 
accident: 2 
COPD: 1 
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Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

Asthma: 1 

Amir et al.
210

 53* OSA 36 17 47.79 yrs 
(+11.3) 

32.04 kg/m
2
 

(+7.9) 
- - - - 

Andreu et 
al.

183
 

65 * OSAS 54 11 52 yrs 
(10) 

34.0 kg/m
2
 

(7) 
45.5 cm 
(3.5) 

- - Hypertension: 32 

Askenov et 
al.

182
 † 

452 OSA - - 59.1 yrs 
(-) 

34.7 kg/m
2 

(-) 
- 14.03 

(-) 
 

- - 

Ayappa et 
al.

154
 

97* SDB 69 28 44.0 yrs 
(19-74) 

28.7 kg/m
2
 

(19-70 kg/m
2
) 

- 8.7 - - 

Bajwa et al.
211

 
† 

7 OSA - - - - - - - - 

Berry et al.
181

 106 OSA 93 13 53.5 yrs 
(pooled) 

34.2 kg/m
2 

(pooled) 
- 16.4 

(pooled) 
- - 

Bridevaux et 
al.

212
 † 

11 OSAS - - 54 yrs 
(+14) 

- - - - - 

Campbell et 
al.

147
 

31 OSA 24 6 49.1 yrs 
(+13.8) 
Range (23-78) 

31 kg/m
2
 

(+6.1) 
- 10.8 

(+4.9) 
Range (0-20) 

- - 

Candela et 
al.

150
  

92*  
 

SRBD 72 20 52.3 yrs 
(+11.8) 
(24-77) 

31.8 kg/m
2
 

(6.6) 
(22-59 kg/m

2
) 

41.2 cm 
(3.6) 
(33-50 cm) 

11.2 
(4.8) 
(2-22) 

- Hypertension: 37 
COPD: 8 

Cheliout-
Heraut et al.

213
 

83* OSA 60 30 55.4 yrs 
(+8.7) 
(47-70) 

- - - - - 

Chung et al.
214

 21* OSA 11 10 54 yrs 
(+11) 

36 kg/m
2
 

(+9) 
- - - - 

Churchward et 
al.

215
  

20 OSA 16 4 50.0 yrs 
(13) 

34.0 kg/m
2
 

(8.3) 
- - - - 

Cilli et al.
216

  55 
 

OSA 49 6 46.0 yrs 
(-) 

- - - - - 

Danzi-Soares 
et al.

134
 

70* OSAS 53 17 58 yrs 
(+7) 

27.6 kg/m
2
 

(25.8, 31.1) 
40 cm 
(37.4- 42.0) 

7 
(5-11) 

49 
patients  
High risk 

All patients have 
coronary artery 
disease 

Divo et al.
217

 14 SDB 12 2 52.7 
(+14.3) 

- - - - - 

Driver et al.
158

  73* 
 

OSA 30 43 53.0 yrs 
(+12) 

32.2 kg/m
2
 

(+6.8) 
- - - - 
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Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

(20-71 yrs) 

Ferre et al.
159

  37 SDB 24  13 55.1 yrs 
(11.5) 

27.3 kg/m
2 

(3.9) 
- 10.0 

(8) 
- - 

Finkel et al.
218

 
† 

26 OSA - - - - - - - - 

Fordyce et 
al.

219
  

9 OSA 6 3 40.3 yrs 
(-) 

25.4 kg/m
2 

(-) 
38.2 cm 
(-) 

- - - 

Furokawa et 
al.

140
 

74* 
 

SDB 51 30 64.9 yrs 
(+9.6) 

25.9 kg/m
2 

(+4.3) 
- 6.5 

(+4.1) 
- All patients 

enrolled are 
hypertensive 

Garcia-Diaz et 
al.

149
  

62* 
 

SAHS 54 8 54.0 yrs 
(+10.4) 

30.1 kg/m
2
 

(+3.9) 
- 12 

(+3.7) 
- Hypertension: 27 

Other 
cardiovascular 
comorbidity: 9 

Gjevre et al.
155

 47 OSA 0 47 52 yrs 
(+11) 

34.86 kg/m
2 

(+9.04) 
- 9.64 

(+4.44) 
31 high 
risk 

- 

Goodrich et 
al.

161
 

48* OSA 35 13 44 yrs 
(22-69) 

- - - - - 

Grant et al.
220

† 95 SA - - - - - - - - 

Grover et al.
221

 
† 

5 SRBD - - - 
(29-59 yrs) 

- - - - - 

Hernandez et 
al.

144
  

88 SAHS 71 17 50.3 yrs 
(11.6) 

29.6 kg/m
2 

(4.2) 
- - - - 

Kuna et al.
222

 39 
 

OSA 39 0 54.0 yrs 
(+9.6) 

35.8 kg/m
2 

(+7) 
- - - - 

Kuna et al.
180

 284* OSA 275 15 53.5 yrs  
pooled 

34.5 kg/m
2 

pooled 
- - - - 

Kushida et 
al.

223
  

11 OSA 7 4 42.1 yrs 
(-) 

26.1 kg/m
2 

(-) 
- 8.1 

(-) 
- - 

Lettieri et 
al.

184
† 

210 OSA - - - - - - - - 

Levendowski 
et al.

224
† 

37 OSA - - - - - - - - 

Masa et al.
225

 348* SAHS 263 85 48.7 yrs 
(+11.8) 

31 kg/m
2 

(+6.6) 
- 11.6 

(+5.5) 
- Smokers: 87 

Cardiac disease: 
135 
Cerebrovascular 
disease: 7 
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Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

Hypertension: 112 
Depression and 
anxiety: 85 

Masdeu et 
al.

226
 

85 
 

OSA 61 24 42.4yrs 
(27-74) 

29 kg/m
2
 

(21-70) 
- - - - 

Nakayama et 
al.

227
 

292* OSA 322 0 43.8 yrs 
(+8.4) 

23.7 kg/m
2
 

(+3.1) 
- 8.1 

(+4.3) 
- Hypertension: 50 

 

Ng et al.
133

  80* OSAS 63 17 51.4 yrs 
(11.9) 

27.1 kg/m
2
 

(4.2) 
38.6 cm 
(3.6) 

9.7 
(5.3) 

- - 

Ng et al.
162

 50 OSAS 44 6 50 yrs 
(+11.8) 

27.9 kg/m
2 

(+4.8)  
- 10.1 

(+5.5) 
- - 

Nigro et al.
163

 66* OSA 47 19 51.5 yrs 
(+14.1) 

29.3 kg/m
2
 

(+5.4) 
- - - - 

Onder et al.
228

 56*  
 

OSA 36 20 42 yrs 
pooled 

30.5 kg/m
2 

pooled 
- - - - 

Orr et al.
164

† 48 - - - - - - - - - 

Planes et al.
139

 45*  
 

OSA - - 63.4 yrs 
(11.6) 
(37-81) 

26.4 kg/m
2
 

(3.9) 
(20-38) 

- - - All patients are 
coronary artery 
disease patients 
Coronary ectasia: 
25 
Other coronary 
patients: 25 

Polese et al.
160

  43 OSA 19 24 70.0 yrs 
(+5) 

30.0 kg/m
2
 

(+6) 
- 9.0 

(+7) 
- - 

Quintana-
Gallego et 
al.

136
  

75*  SDB 65 10 56.1 yrs 
(+11.7) 

28.6 kg/m
2
 

(+4.4) 
- - - CHF 

Ischemic heart 
failure: 32 
Idiopathic heart 
disease: 30 
Heart failure due 
to other 
reasons:14 

Rosen et al.
179

 197* OSA 225 148 45.9 yrs 
pooled 

37.25 kg/m
2
 

pooled 
- 14.25 

pooled 
- - 

Santos-Silva et 
al.

146
  

82 OSA 46 34 47.0 yrs 
(+14) 

28.0 kg/m
2 

(+5) 
36.6 cm 
(+4.9) 

10.4 
(+5.8) 

Low risk: 
26 
High 

- 
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Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

risk: 54 

Shrivastava et 
al.

229
  

99 SDB - - - - - - - - 

Skomro et 
al.

230
  

Canada 

33 OSA 27 6 48.3 yrs 
(13.1) 

- - 11.7 
(4.2) 

- - 

Skomro et 
al.

178
 

102 OSA 60 29 48.8 yrs 
pooled 

33 kg/m
2
 - 12.65 

pooled 
- - 

Smith et al.
131

  20 SDB 14 6 61.0 yrs 
(18-80) 

29.0 kg/m
2 

(+6) 
- 8.0 

(+4) 
- CHF 

Ischemic heart 
disease: 13 
Dilated 
cardiomyopathy:7 
Atrial fibrillation: 3 

Su et al.
151

 60 OSAS 25 35 45.2 yrs 
(12.3) 
(19-74) 

35.6 kg/m
2 

(10.1) 
(16.9-60.7 
kg/m

2
) 

- - - Hypertension? 

Sullivan et 
al.

135
† 

34 - - - - - - - - - 

Takama et 
al.

152
 

83* SDB 48 35 70 yrs 
(+10) 

26.1 kg/m
2
 

(pooled) for 
only reported 
moderate and 
severe patients 

- - - Hypertension: 75 
Dyslipidaemia: 66 
Diabetes: 45 
Coronary artery 
disease: 38 
Valvular disease: 
16 
Cardiomyopathy: 
16 
Other 
comorbidities: 13 

Tiihonen et 
al.

132
 

 

19 SA 11 8 46.8 yrs. 
(+12.7) 

31.4 kg/m
2
 

(+10.3) 
- - - - 

Tiihonen et 
al.

231
 

10 OSA 5 5 46.7 yrs 
(+12.6) 

37.3 kg/m
2
 

(+10.5) 
- - - - 

To et al.
153

  141* OSAS 132 43 48.9 yrs 28.7 kg/m
2
 - 10.4 - Hypertension: 85 
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Study N Recruitment 
diagnosis 

Male Female Age 
mean (SD/range) 

BMI 
mean 
 (SD/range) 

Neck 
circumference 

ESS 
mean 
(SD/range) 

Berlin 
risk 
score 

Comorbidities 

(-) (-) (-) Diabetes: 27 
Hyperlipidaemia:25 
Fatty liver: 15 
Cerebrovascular 
accident: 11 

Tonelli de  
Oliveria et 
al.

156
  

149* OSAS 111 38 45.0 yrs 
(+12) 

29.2 kg/m
2
 

(+5.5) 
- 11.0 

(+5) 
- hypertension: 47 

Wang et al.
185

 371 OSA 274 97 50.2 yrs 
pooled 

29 kg/m
2
 

pooled 
- 14.1 

pooled 
- - 

Yagi et al.
232

  22 SAS 17 5 52.9 yrs 
(13.3) 
(31-74) 

25.7 kg/m
2 

(4.4) 
(19-39kg/m

2
) 

- - - - 

Yin et al.
143

  44* OSA 40 4 52.3 yrs 
(13.5) 

26.7 kg/m
2 

(5.3) 
- - - - 

Total 5071 - 3169 1077 51.4 
pooled 

30.7 
pooled 

41.1 
pooled 

11.6 
pooled 

- 1427 

*reported only for patients completed the study 
†study does not report on gender 
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Table 17. Sleep indexes reported 

Study AHI/RERA 
index 

AI HI OA CA MA AHI/ RERA 
index 

AI HI OA CA MA 

Level III Review Sleep Indexes Reported 

 Level I Level III 

Simultaneous and Separate Studies  

Garcia-Diaz 
et al.

149
 

 At Home Level III Sleep Study 

30.3/hour 
(±33.0) 

- - - - - 27.3/hour 
(±28.4) 

- - - - - 

 In Lab Level III Sleep Study 

30.3/hour 
(±33.0) 

- - - - - 27.5/hour 
(±26.9) 

- - - - - 

Kuna et al.
222

 
  

 At Home Level III Sleep Study 

40.6/hour 
(±35.5) 

- - - - - 32.1/hour 
(±27.4) 

- - - - - 

 In Lab Level III Sleep Study 

40.6/hour 
(±35.5) 

- - - - - 36.4/hour 
(±27.7) 

- - - - - 

Kushida et 
al.

223
  

 At Home Level III Sleep Study 

22.4/hour 
(NR) 

8.7/hour 
(NR) 

13.6/hour 
(NR) 

- - - - - - - - - 

 In Lab Level III Sleep Study 

22.4/hour 
(NR) 

8.7/hour 
(NR) 

13.6/hour 
(NR) 

- - - 15.2/hour 
(NR) 

10.0/hour 
(NR) 

3.6/hour 
(NR) 

- - - 

Polese et 
al.

160
  

 At Home Level III Sleep Study 

32.7/hour 
(±25.7) 

- 16.4/hour 
(±11.4) 

- - - 23.0/hour 
(±24.0) 

- 9.0 
(±6.0) 

- - - 

 In Lab Level III Sleep Study 

32.7/hour 
(±25.7) 

- - - - - 33.7/hour 
(±18.8) 

- 18.3/hour 
(±9.4) 

- - - 

Santos-Silva 
et al.

146
  

 At Home Level III Sleep Study 

26.0/hour 
(±28.0) 

15.0/hour 
(±22.0) 

11.0/hour 
(±14.0) 

- - - 23.0/hour 
(±24.0) 

13.0/hour 
(±20.0) 

9.0/hour 
(±6.0) 

- - - 

 In Lab Level III Sleep Study 

26.0/hour 
(±28.0) 

15.0/hour 
(±22.0) 

11.0/hour 
(±14.0) 

- - - 27.0/hour 
(±23.0) 

15.0/hour 
(±20.0) 

11.0/hour 
(±8.0) 

- - - 

Smith et 
al.

131
 

 At Home Level III Sleep Study 

25.7/hour - 16.4/hour 6.3/hour 2.8/hour 0.0/hour 13.7/hour - 10.6/hour 2.9/hour 0.2/hour 0.0/hour 
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Study AHI/RERA 
index 

AI HI OA CA MA AHI/ RERA 
index 

AI HI OA CA MA 

(±22.2) (±13.5) (±13.4) (±9.6) (±0.0) (±12.6) (±8.9) (±5.1) (±0.6) (±0.0) 

 In Lab Level III Sleep Study 

25.7/hour 
(±22.2) 

- 16.4/hour 
(±13.5) 

6.3/hour 
(±13.4) 

2.8/hour 
(±9.6) 

0.0/hour 
(±0.0) 

19.5/hour 
(±16.0) 

- 14.4/hour 
(±10.0) 

4.5/hour 
(±8.1) 

0.6/hour 
(±1.8) 

0.0/hour 
(±0.1) 

Tiihonen et 
al.

132
 

 At Home Level III Sleep Study 

18.9/hr 
(+25.2) 

- - 7.3/hour 
(±13.9) 

1.5/hour  
(±4.3) 

4/hour  
(±10.1) 

13.5/hour 
(+22.8) 

- - - - - 

 In Lab Level III Sleep Study 

18.9/hour 
(+25.2) 

- - - - - 19.6/hr 
(+25.7) 
 

- - 10.4/hour 
(±17.9) 

0.6/hour  
(±1.5) 

3.1/hour  
(±7.0) 

Tonelli de 
Oliveria et 
al.

156
  

 At Home Level III Sleep Study 

30.2/hour 
(±27.8) 

- - - - - 25.9/hour 
(±22.5) 

- - - - - 

 In Lab Level III Sleep Study 

30.2/hour 
(±27.8) 

- - - - - 27.5/hour 
(±24.7) 

- - - - - 

Simultaneous 

Amir et al.
210

 

In Lab Level I Sleep Study In Lab Level III Sleep Study 

15.42/hour 
(+23.97) 

- - - - - 15.48/hour 
(+19.99) 

- - - - - 

Bajwa et 
al.I.

211
  

(4.3-103.5) 
Only range 
reported 

- - - - - (4.8-104.8) 
Only range 
reported 

- - - - - 

Candela et 
al.

150
 

(manual) 

31.8/hour 
(7-72) 

22.3/hour 
(3-53) 

4.8/hour 
(2-20) 

- - - 30.0/hour 
(7-52) 

12.4/hour 
(2-34) 

8.7/hour 
(4-20) 

- - - 

Divo et al.
217

 23.3/hour 
(1.2, 90) 

26/hour 
(0.2, 87.6) 

3.1/hour 
(0, 12.3) 

- - - 25.9/hour 
(0.9, 61) 

13.6/hour 
(0, 42) 

15.3/hour 
(0.9, 
58.1) 

- - - 

Driver et 
al.

158
 

26.0/hour 
(±25.9) 

- - - - - 20.1/hour 
(±18.8) 

- - - - - 

Ferre et 
al.

159
  

20.5/hour 
(±18.0) 

- - - - - 17.7/hour 
(±16.6) 

- - - - - 

Goodrich et 
al.

161
 

19.26/hour 
(NR) 

- - - - - 18.24/hour 
(NR) 

- - - - - 

Ng et al.
133

 21.6/hour 
(±19.1)  

- 4.2/hour 
(±4.1)  

15.7/hour 
(±16.7)  

1.1/hour 
(±2.2)
  

- 20.8/hour 
(±19.7)  

- 4.3/hour 
(±4.5)  

14.0/hour 
(±15.7)  

1.0/hour 
(±1.9)
  

- 
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Study AHI/RERA 
index 

AI HI OA CA MA AHI/ RERA 
index 

AI HI OA CA MA 

Nigro et 
al.

163
 

10.6/hour 
(5.4, 34.1) 

1.2/hour 
(0.15, 
11.9) 

6.1/hour 
(3.3, 
16.1) 

- - - - - - - - - 

Onder et 
al.

228
 

19.25/hour 
(pooled) 

- - - - - 23.46/hour 
(pooled) 

- - - - - 

Planes et 
al.

139
 

- - - - - - 23.8/hour 
(15.3) 

- - - - - 

Su et al.
151

 27.3/hour 
(± 29.7)  

28.2/hour 
(± 59.8) 

69.6/hour 
(± 63.1) 

- - - 26.3/hour 
(± 27.6) 

34.4/hour 
(± 55.2) 

63.7/hour 
(± 44.9) 

- - - 

Takama et 
al.

152
 

28.9/hour 
(+24.3) 

- - - - - 22.3/hour 
(+16.7) 

- - - - - 

Tiihonen et 
al.

231
 

26.6/hour 
(+30.6) 

- - - - - 26.3/hour 
(+30.7) 

- - - - - 

Yagi et al.
232

  43.9/hour 
(±21.2) 

26.4/hour 
(±23.0) 

15.5/hour 
(±11.1) 

- - - 46.0/hour 
(±20.4) 

23.7/hour 
(±22.1) 

22.2/hour 
(±11.5) 

- - - 

Separate 

Alonso 
Alvarez et 
al.

148
 

15.1/hour 
(±18.0) 

- - - - - 13.6/hour 
(±11.0) 

- - - - - 

Andreu et 
al.

183
 

44.0/hour 
(+19.0) 

- - - - - 37.0/hour 
(+18.0) 

- - - - - 

Askenov et 
al.

182
 

36.1/hour 
(+2.1) 

- - - - - 24.3/hour 
(+1) 

- - - - - 

Berry et 
al.

181
 

39.8/hour 
(+4.6) 

- - - - - 33.3/hour 
(+3.8) 

- - - - - 

Campbell et 
al.

147
 

35.5/hour 
(+29) 

- - - - - 26.9/hour 
(+24.3) 

- - - - - 

Chung et 
al.

214
 

8.1/hour 
( + 18.3) 

- 7.1/hour 
 (+13.9) 

- - - 11.5/hour 
( + 18.7) 

- 9.6/hour  
(+10.4) 

- - - 

Churchward 
et al.

215
  

30.3/hour 
(±20.3) 

- - - - - 30.5/hour 
(±20.9) 

- - - - - 

Danzi-
Soares.

134
 

22.9/hour 
(+20) 

- 14.8/hour 
(+12) 

5.0/hour 
(+7.6) 

2.4/hour 
(+8.1) 

0.6/hour 
(+3.7) 

17.5/hour 
(+13.9) 

- 8.5/hour 
(+6.6) 

7.6/hour 
(+9.6) 

1.1/hour 
(+3.0) 

0.3/hour 
(+1.44) 

Fordyce et 
al.

219
  

20.3/hour 
(±28.9) 

- - - - - 6.5/hour 
(±5.2) 

- - - - - 

Furokawa et 
al.

140
 

23.9/hour  
(+ 16.7) 

- - - - - 13.7/hour 
(+ 14.4) 

- - - - - 

Gjevre et 
al.

155
 

15.9/hour 
(±16.25) 

- - - - - 16.58/hour 
(±14.64) 

- - - - - 
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Study AHI/RERA 
index 

AI HI OA CA MA AHI/ RERA 
index 

AI HI OA CA MA 

Hernandez 
et al.

144
  

21.5/hour 
(8.0, 57.5) 

- - - - - 15.0/hour 
(4.5, 48.5) 

- - - - - 

Kuna et al.
180

 47.3/hour 
(+29.4) 

- - - - - 42.9/hour 
(+23.2) 

- - - - - 

Lettieri et 
al.

184
 

23.1/hour 
(+13.0) 

- - - - - 20.7/hour 
(+12.2) 

- - - - - 

Masa et 
al.

225
 

38.0/hour 
(+29.0) 

- - - - - 31.0/hour 
(+24.0) 

- - - - - 

Masdeu et 
al.

226
 

29.8/hour 
(NR) 

- - - - - 20.8/hour 
(NR) 

- - - - - 

Quintana-
Gallego et 
al.

136
  

11.6/hour 
(±14.0) 

- - - - - 10.5/hour 
(±8.7) 

- - - - - 

Rosen et 
al.

179
 

28.6/hour 
(+29.7) 

- - - - - 25.6/hour 
(+25.5) 

- - - - - 

Skomro et 
al.

178
  

25.1/hour 
(5.2, 111.1) 

- - - - - 22.3/hour 
(5, 103.0) 

- - - - - 

Skomro et 
al.

230
 

29.4/hour 
(±28.4) 

- - - - - 28.9/hour 
(±23.9) 

- - - - - 

Wang et 
al.

185
 

36.0/hour 
(+2.0) 

- - - - - 30.0/hour 
(+1.8) 

- - - - - 

Yin M.
143

  33.6/hour 
(±24.9) 

29.8/hour 
(±25.2) 

3.8/hour 
(±3.0) 

- - - 36.9/hour 
(±20.5) 

31.5/hour 
(±21.8) 

5.5/hour 
(±5.1) 

- - - 

Level I reivew  Sleep Indexes Reported 

 
Chou et al.

171
 

 Full PSG 

- - - - - - 36.05/hour 
pooled 

- - - - - 

Studies comparing split night to full night PSG 

 
Kristo et 
al.

173
 

Split Night Full Night 

35.8/hour 
(+28.0) 

- - - - - 14.9/hour 
(+8.6) 

- - - - - 

Khawaga et 
al.

172
 

RDI: 22.6/ 
hour (+22.9) 

- - - - - RDI: 
23.2/hour 
(+20.6) 

- - - - - 

Studies comparing 1
st

 night to 2
nd

 night PSG 

 
Jing et al.

175
 

First Night Second Night 

15.92/hour 
(0, 113.4) 

6.67/hour 
(0, 101.46) 

6.31/hour 
(0, 43) 

- - - 20.08/hour 
(0, 105.9) 

9.94/hour 
(0, 102) 

5.75/hour 
(0, 38.81) 

- - - 

Gouveris et 33.97/hour ODI Arousal - - - 32.72/hour ODI Arousal - - - 
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Study AHI/RERA 
index 

AI HI OA CA MA AHI/ RERA 
index 

AI HI OA CA MA 

al.
174

 (+23.13) 26.88/hour 
(+23.78) 

index 
27.5/hour 
(19.5, 
37.9) 

(+23.1) 25.00 
(+22.62) 

index 
28.8/hour 
(18.7, 
40.4) 

Studied comparing daytime PSG to full nocturnal PSG 

 
Al-jawder et 
al.

170
 

Daytime PSG Full Nocturnal PSG 

42.7/hour 
(40.77) 

Arousal 
index 
50.4  
(41.7) 

ODI 
34.5/hour 
(31.4) 

- - - 39.8/hour 
(30.1) 

Arousal 
index 
52.4 
(32) 

ODI 
32.8 
(3.0) 

- - - 

Miyata et 
al.

176
 

29.4/hour 
(+29.0) 

- - - - - 31.1/hour 
(+23.5) 

- - - - - 

Studies comparing in-lab level I to at-home level I (level II) 

Bruyneel et 
al.

165
 

26.4/hour 
(25) 

- - - - - 26.4/hour 
(30) 

- - - - - 

Non comparative level I studies: 

Bouloukaki 
et al.

233
 

- - - - - - 34.4/hour 
(23.8) 

- - - - - 

Castriotta et 
al.

169
 

- - - - - - 7.55/hour  
(pooled) 
 (26.1) SDB 
patients 
26.1  

Arousal 
index 
31.6/ hour 
among OSA 
patients 

- - - - 

Endo et al.
177

 - - - - - - 48.6/hour 
(24.6) 

- - - - - 

Garg et al.
166

 - - - - - - 46.7/hour  
pooled 

Desaturation 
index  
40.4  
pooled 

Arousal 
index 
23.7/hr  
pooled 

- - - 

Han-qiao et 
al.

168
 

- - - - - - 19.5/hour  
pooled 

- - - - - 

Lim et al.
241

 - - - - - - 14.7/hour 
(0-150) 

Arousal 
index 
25.1/hour 

- - - - 

Mokhlesi et 
al.

64
 

- - - - - - 27.0/ hour 
(13-77) 

- - - - - 

Pinto et al.
238

 - - - - - - 36.08/hour 
(28.8) 

- - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Level III Diagnosis  

Abraham et 
al.

138
 

50 Design: Simultaneous & 
Separate 
Country: USA/UK 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: RDI ≥ 15/hr 

X - - - - - - 

Alonso Alvarez 
et al.

148
 

44 Design: Separate 
Country: Spain 
Recruitment Diagnoses: SAHS 
Diagnostic Cut Off: AHI ≥ 10/hr 

X - - - - - - 

Amir et al.
210

 53* Design:  Simultaneous 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 5/hr 

X - - - - - - 

Andreu et al.
183

 65* Design:  Separate 
Country: Spain 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 15/hr 

X - - - - - - 

Askenov et al.
182

 452* Design:  Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 5/hr 

X - - - - - - 

Ayappa et al.
154

 97* Design: Simultaneous & 
Separate 
Country: USA 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off:  RDI ≥ 15/hr 

X - - - - - - 

Bajwa et al.
211

 7 Design: Simultaneous 
Country: USA 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off:  N/A 

- - - - - - - 

Berry et al.
181

 106 Design: Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 5/hr 

X - - - - - - 

Bridevaux et 
al.

212
 

11 Design: Separate 
Country: Switzerland 
Recruitment Diagnoses: OSA 

X - - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Diagnostic Cut Off: N/A 

Campbell et 
al.

147
 

31 Design: Separate 
Country: New Zealand 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 10/hr 

X - - - - - - 

Candela et al.
150

 92* Design: Simultaneous 
Country: Spain 
Recruitment Diagnoses: SRBD 
Diagnostic Cut Off:  AHI ≥ 10/hr 

X - - - - - - 

Chung et al.
214

 21* Design: Separate 
Country: Canada 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  N/A 

X - - - - - - 

Cheliout et al.
213

 83* Design: Simultaneous 
Country: France 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:   AHI > 5/hr 

X - - - - - - 

Churchward et 
al.

215
 

20 Design: Separate 
Country: Australia 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI ≥ 10/hr 

X - - - - - - 

Cilli et al.
216

 55 Design: Separate 
Country: Turkey  
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 5/hr 

X - - - - - - 

Daniz-Soares et 
al.

134
 

70* Design: Separate 
Country: Brazil 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:   AHI > 5/hr 

X X - - - - - 

Divo et al.
217

 14 Design: Simultaneous 
Country: Germany 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:   N/A 

X - - - - - - 

Driver et al.
158

 73* Design: Simultaneous 
Country: Canada 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI ≥ 10/hr 

X - - - - - - 

Ferre et al.
159

 37 Design: Simultaneous X - - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Country: Spain 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off:  N/A 

Finkel et al.
218

 26 Design: Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - - - - - - 

Fordyce et al.
219

 9 Design: Separate 
Country: Canada 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - - - - - - 

Furokawa et 
al.

140
 

74* Design: Separate 
Country: Japan 
Recruitment Diagnoses: OSB 
Diagnostic Cut Off: 30/hr 

X - - - - - - 

Garcia-Diaz et 
al.

149
 

62* Design: Separate & 
Simultaneous 
Country: Spain 
Recruitment Diagnoses: SAHS 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - 
 

- - - - - 

Gjevre et al.
155

 47 

Design: Separate 
Country: Canada 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Goordrich et 
al.

161
  

48* 

Design: Simultaneous 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: N/A 

X - - - - - - 

Grant et al.
220

 95 

Design: Simultaneous 
Country: USA 
Recruitment Diagnoses: Sleep 
Apnea 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Grover et al.
221

 5 

Design:  
Country: USA 
Recruitment Diagnoses: SRBD 
Diagnostic Cut Off: N/A 

X - - - - - - 

Hernandez et 88 Design: Separate X† - - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

al.
144

  Country: Spain 
Recruitment Diagnoses: SAHS 
Diagnostic Cut Off: AHI ≥ 10/hr 

Kuna et al.
222

  39 

Design: Simultaneous & 
Separate 
Country: USA 
Recruitment Diagnoses: Sleep 
Apnea 
Diagnostic Cut Off: AHI ≥ 15/hr 

X - - - - - - 

Kuna et al.
180

 284* 

Design: Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: N/A 

X - - - - - - 

Kushida et al.
223

  11 

Design: Simultaneous & 
Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: N/A 

X - - - - - - 

Lettieri et al.
184

  210 

Design: Separate  
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Levendowski et 
al.

224
  37 

Design: Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 10/hr 

X - - - - - - 

Masa et al.
225

 348* 

Design: Separate 
Country: Spain 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off:  AHI > 5/hr 

X - - - - - - 

Masdeu et al 
226

 85 

Design: Separate 
Country: Spain 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 10/hr 

X - - - - - - 

Nakayama et 
al.

227
 

292 

Design: Separate 
Country: Japan 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Ng et al.
133

  80* 

Design: Simultaneous 
Country: China 
Recruitment Diagnoses: OSAS 
Diagnostic Cut Off: 5/hr 

X X - - - - - 

NGSS et al.
162

  50 

Design: Simultaneous 
Country: China 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off :N/A 

X - - - - - - 

Nigro et al.
163

  66* 

Design: Simultaneous 
Country: Argentina 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Onder et al.
228

  56* 

Design: Simultaneous 
Country: Turkey 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: N/A 

X - - - - - - 

Orr et al.
164

  48* 

Design: Simultaneous 
Country: USA 
Recruitment Diagnoses: Sleep 
Apnea 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - - - - - - 

Planes et al.
240

 45* 

Design: Clinical Trial 
Country: France 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: 5/hr 

X - - - - - - 

Polese et al.
160

  43 

Design: Simultaneous & 
Separate 
Country: Brazil 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Quintana-
Gallego et al.

136
 75* 

Design: Separate 
Country: Spain 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: AHI ≥ 5/hr 

X X  - - - - 

Rosen et al.
179

 197* 

Design: Simultaneous 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 15/hr 

X - - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Santos-Silva et 
al.

146
 82 

Design: Simultaneous & 
Separate 
Country: Brazil 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - - - - - - 

Shrivastava et 
al.

229
 99 

Design: Separate 
Country: USA 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Skomro et al.
178

 102 

Design: Separate 
Country: Canada 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Skomro et al.
230

  33 

Design: Separate 
Country: Canada 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Smith et al.
131

  20 

Design: Simultaneous & 
Separate 
Country: UK 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: A+H ≥ 10/hr 

X X - - - - - 

Su et al.
151

 60 

Design: Simultaneous 
Country: USA 
Recruitment Diagnoses: OSAS 
Diagnostic Cut Off: RDI ≥ 15/hr 

X - - - - - - 

Sullivan et al.
135

  34 

Design: Simultaneous 
Country: Canada 
Recruitment Diagnoses: Sleep 
Apnea 
Diagnostic Cut Off: RDI > 5/hr 

X X - - - - - 

Takama et al.
152

 83* 

Design: Simultaneous 
Country: Japan 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: N/A 

X - - - - - - 

Tiihonen et 
al.

132
  

19 

Design: Simultaneous 
Country: Finland 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X X - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Tiihonen et 
al.

231
  

10 

Design: Simultaneous 
Country: Turkey 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

To et al.
153

 141* 

Design: Simultaneous 
Country: Hong Kong 
Recruitment Diagnoses: OSAS 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - - - - - - 

Tonelli de 
Oliveria et al.

156
 

149* 

Design: Simultaneous & 
Separate 
Country: Brazil 
Recruitment Diagnoses: OSAS 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - - - - - - 

Wang et al.
185

 371 

Design: Separate 
Country:  
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5 /hr 

X - - - - - - 

Yagi et al.
232

 22 

Design: Simultaneous 
Country: Japan 
Recruitment Diagnoses: SAS 
Diagnostic Cut Off: AHI ≥ 5/hr 

X - - - - - - 

Yin et al.
143

  44* 

Design: Separate 
Country: Japan 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Total   58 6 0 0 0 0  

Level I Diagnosis  

AL-Jawder et 
al.

170
 

360 Design: Simultaneous  
Country: Saudi Arabia 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X 
And 35 

patients OHS 

- - - - - In daytime PSG 
Mild 5<AHI<15: 
n=9 
Moderate 
16<AHI<30: 
n=12 
Severe AHI>30: 
n=49 
 
In overnight PSG 
Mild 5<AHI<15: 
n=32 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Moderate 
16<AHI<30: 
n=35 
Severe AHI>30: 
n=113 

Astuti et al.
167

 101 Design:  Separate 
Country: Indonesia 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  N/A 

X - - - - - OSA: n=20 
(19.8%) 

Bouloukaki et 
al.

233
 

2690 Design: Separate 
Country: Greece 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 15/hr 

X - - - - - OSAS: n=2130 
(79%)  

Bruyneel et 
al.

165
 

66 Design: Separate 
Country: Belgiam 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Castriotta et 
al.

169
 

87 Design: Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  AHI > 5/hr 

X - - - - - Normal: n=47 
SDB: n=40 
 
Among the 40 
SDB patients 
OSA: n=20 
Narcolepsy: n=5 
PLMS: n=6 
Post-traumatic 
hypersomnia 
(PTH): n=10 
 
NB:  
One patient had 
both OSA and 
PLMS 
Detailed 
diagnosis of 
individual SDB 
disorders were 
made using 
both PSG and 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Multiple Sleep 
Latency Test 
(MSLT) 

Chou et al.
171

 198 Design: Simultaneous 
Country: Taiwan 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: N/A 

X - - - - - - 

Endo et al.
177

 1312 Design: Separate 
Country: Japan 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  N/A 

X X - - - - Pure Central 
SAS: n=14 
Mixed breathing 
pattern: n=50 
OSAS: n=1248 

Garg et al.
166

 81* Design: Separate 
Country: India 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X  - - - - Non-obese 
group 
AHI<30/hour 
(mild to 
moderate OSA): 
n=26 (72%) 
 
Obese group 
AHI<30/hour 
(mild to 
moderate OSA): 
n=14 (31.1%) 

Ghoshal et al.
234

 714 Design: Separate 
Country: India 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off:  RDI > 5 /hr 

X - - - - - Reported RDI 
Values 
RDI<5: 110 
(15.4%) 
RDI 5-10: 86 
(12.04%) 
RDI 10-20: 78 
(10.9%) 
RDI>20: 440 
(61.6%) 

Gondim et al.
235

  125 

Design: Separate 
Country: Brazil 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - AHI<5 (normal): 
n=57 
5<AHI<15 
(mild): n=38 
15<AHI<30 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

(moderate): 
n=19 
AHI>30 
(severe): n=11 
 

Goring et al.
236

  94* 

Design: Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 10/hr 

X - - - - - AHI 0-10: n=38 
AHI 11-31: n=20 
AHI 31-50: n=11 
AHI>51: n=25 

Gouveri et al.
174

 130 

Design: Separate 
Country: Germany 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: N/A 

X - - - - - - 

Han-qiao et 
al.

168
  

195 

Design: Separate 
Country: China 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - CSA: 53 patients 
OSA: 104 
patients 
Patients without 
SA: 38 patients 

Jing et al.
175

  66* 

Design: Separate 
Country: China 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - First night 
No OSA: n=16 
OSA: n=50 
(mild: n=20, 
moderate: 
n=14, severe: 
n=16) 
 
Second night 
No OSA: n=15 
OSA: n=51 
(mild: n=21, 
moderate: 
n=10, severe: 
n=20) 
 

Khawaja et al.
172

 114 

Design: Simultaneous 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 

Kristo et al.
173

  100 Design: Separate X - - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Country: USA 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: AHI > 5/hr 

Lim et al.
237

  584 

Design: Separate  
Country: Singapore 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - AHI<5 (normal): 
n=165 
AHI 5-15 (mild): 
n=130 
AHI 15-30 
(moderate): 
n=107 
AHI>30 
(severe): n=182 

Miyata et al.
176

  108 

Design: Separate 
Country: Japan 
Recruitment Diagnoses: SDB 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - OSAS: n=96  

Mokhlesi et al.
64

  519* 

Design: Separate 
Country: USA 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - First part 
AHI>5: n= 163; 
111 OSA 
patients, and 52 
hypercapnic and 
diagnosed with 
Obesity 
Hypoventilation 
Syndrome 
 
Second part 
AHI>5: n=359; 
270 OSA 
patients, and 89 
hypercapnic and 
diagnosed with 
Obesity 
Hypoventilation 
Syndrome 

Pintoet al.
238

  82 

Design: Separate 
Country: Brazil 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - - 
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Study N Study Characteristics 
Obstructive 
Breathing 

Central 
Sleep 
Apnea 

Cheyne-
Stokes 
Breathing 

Primary 
pulmonary 
Disease 

Nocturnal 
Hypoxia/ 
Hypoventilation Bronchospasm Remarks 

Tufik et al.
239

  1042 

Design: Separate 
Country: Brazil 
Recruitment Diagnoses: OSA 
Diagnostic Cut Off: AHI > 5/hr 

X - - - - - OSAS: n=320 
(32%) 

Total   21 1 0 0 0 0  
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Table 18. Adverse events during sleep studies 

Study In Lab Level I In Lab Level III At Home Level III 

Sensor 
Irritation 

Medical Health 
Complication 

Other Sensor 
Irritation 

Medical Health 
Complication 

Other Sensor 
Irritation 

Medical Health 
Complication 

Other 

Level I 

Al-Jawder et 
al.

170
 

0 2 0 0 0 0 0 0 0 

Total 0 2 0 0 0 0 0 0 0 

Level III 

Abraham et 
al.

138
 

0 0 0 0 1 0 27 0 0 

Andreu et al.
183

 0 0 0 0 0 84* 0 0 0 

Santos-Silva et 
al.

146
 

0 0 0 0 1 0 0 0 0 

Total 0 0 0 0 2 84 27 0 0 

*CPAP treatment related complication (23 nasal congestion, 31 dryness, 15 leakages, and 15 abrasions) 
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Table 19. Diagnostic accuracies in level I & level III studies 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

Level III 

Simultaneous and Separate 

Abraham et al.
138

 
(2006) 
 
At-home 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy  
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

95.2% 
52.2% 
64.5% 
92.3% 
1.99 
0.09 
20 
12 
11 
1 
- 
73% 
- 

88.2% 
63.0% 
60.0% 
89.5% 
2.38 
0.19 
15 
17 
10 
2 
- 
73% 
- 

67% 
78% 
53.3% 
86.2% 
3.04 
0.423 
8 
25 
7 
4 
- 
73% 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Ayappa et al.
154

  
(2008) 
 
At-home 
 
 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

92.0% 
67.0% 
88.0% 
75.0% 
2.76 
0.12 
45 
12 
6 
4 
- 
- 
- 

89.0% 
72.0% 
77.0% 
85.0% 
3.15 
0.16 
13 
23 
9 
4 
- 
- 
- 

76.0% 
82.0% 
81.0% 
78.0% 
4.29 
0.30 
25 
8 
6 
8 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Ayappa et al.
154

  
2008 
 
In-lab 
 
 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 

- 
- 
- 
- 
- 
- 
- 
- 

98.0% 
76% 
91.0% 
94.0% 
4.12 
0.03 
51 
16 

97.0% 
78.0% 
82.0% 
96.0% 
4.38 
0.03 
36 
28 

91.0% 
92.0% 
92.0% 
92.0% 
11.85 
0.10 
31 
36 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



194 
 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
 

5 
1 
71% 
92% 
- 

8 
1 
51% 
87.6% 
- 

3 
3 
47% 
91.7% 
- 

- 
- 
- 
- 
 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

Garcia-Diaz et 
al.

149
 

(2007) 
 
In-lab  

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

94.6% 
96.0% 
97.0% 
92.0% 
23.64 
0.06 
34 
25 
1 
2 
58% 
95% 
0.97 

100% 
96.7% 
97.0% 
100% 
30 
- 
32 
29 
1 
0 
51% 
98% 
0.99 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

95.8% 
94.7% 
92.0% 
97.0% 
18.2 
0.04 
23 
36 
2 
1 
39% 
95% 
0.98 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Garcia-Diaz et 
al.

149
 

(2007) 
 
At-home 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC  

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

86.4% 
100% 
100% 
84.0% 
Infinity 
0.14 
- 
- 
- 
- 
- 
- 
0.97 

87.5% 
96.7% 
97.0% 
88.0% 
27.0 
0.13 
30 
27 
1 
4 
55% 
91.6% 
0.97 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

91.7% 
94.7% 
92.0% 
95.0% 
17.0 
0.09 
23 
35 
2 
2 
40% 
93% 
0.98 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Kuna et al.
222

  
(2005) 
 
At-home 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

86.7% 
77.8% 
93.0% 
64.0% 
3.90 
0.17 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

Kuna et al.
222

  
(2005) 
 
In-lab 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

96.6% 
100% 
- 
- 
- 
0.03 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Polese et al.
160

  
(2009) 
 
In-lab 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

93.9% 
100% 
100% 
59.0% 
Infinity 
0.061 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

96.2% 
100% 
100% 
91.0% 
Infinity 
0.038 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

93.7% 
78.9% 
71% 
92% 
4.44 
0.08 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Santos-Silva et 
al.

146
  

(2009) 
 
In-lab 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 

- 
- 
- 
- 
- 
- 

98.0% 
62.0% 
87.0% 
93.0% 
2.58 
0.032 

- 
- 
- 
- 
- 
- 

97.0% 
74.0% 
78.0% 
96.0% 
3.73 
0.041 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

96.0% 
92.0% 
87.0% 
98.0% 
12.0 
0.043 

- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 

57 
14 
8 
1 
72% 
88% 
0.97 

- 
- 
- 
- 
- 
- 
- 
 

38 
30 
11 
1 
49% 
85% 
0.98 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

28 
47 
4 
1 
36% 
93% 
0.98 

- 
- 
- 
- 
- 
- 
- 

Santos-Silva et 
al.

146
 

(2009) 
 
At-home 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

93.0% 
59.0% 
85.0% 
76.0% 
2.27 
0.12 
53 
14 
9 
4 
71.4% 
83% 
0.90 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

85.0% 
80.0% 
80.0% 
84.0% 
4.25 
0.19 
33 
33 
8 
6 
48.5% 
82% 
0.92 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

77.0% 
93.0% 
81.0% 
91.0% 
11.0 
0.25 
17 
54 
4 
5 
28% 
88.5% 
0.95 

- 
- 
- 
-  
- 
- 
- 
- 
- 
- 
- 
- 
- 

Smith et al.
131

  
(2007) 
 
At-home 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy  
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

58.3% 
62.5% 
70.0% 
50.0% 
1.55 
0.67 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Tonelli de Oliveria 
et al.

156
 

(2009) 
 
At-home 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 

- 
- 
- 
- 
- 

96.15% 
64.7% 
94.3% 
73.3% 
2.7 

90.7% 
82.9% 
92.9% 
68.4% 
5.2 

81.3% 
82.6% 
88.4% 
73.1% 
4.6 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

80.0% 
92.1% 
85.7% 
88.6% 
10.1 

- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 

0.05 
100 
11 
6 
4 
85% 
92% 
0.96 

0.11 
78 
29 
6 
8 
70% 
88% 
0.92 

0.22 
55 
44 
9 
13 
52% 
82% 
0.91 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

0.21 
36 
70 
6 
9 
37% 
88% 
0.92 

- 
- 
- 
- 
- 
- 
- 
- 

Tonelli de Oliveria 
et al.

156
 

(2009) 
 
In-lab 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

95.3% 
75.0% 
- 
- 
3.81 
0.06 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

Simultaneous 

 
Amir et al.

210
 

(2010) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T_ 
F+ 

  F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

97.2% 
94.1% 
92% 
94% 
16.47 
0.029 
35 
16 
1 
1 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

100% 
92.7% 
80% 
100% 
1.66 
infinity 
12 
38 
3 
0 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Candela et al.
150

 
(2005) 

Sensitivity 
Specificity 

- 
- 

- 
- 

97%  
82%  

96% 
94%  

96%  
97% 

- 
- 

98% 
98% 

- 
- 
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198 
 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

 PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 

93%  
92%  
5.39  
0.037 
63 
22 
5 
2 
71% 
92.6% 
0.971 

96% 
94% 
16 
0.042 
53 
35 
2 
2 
60% 
95% 
0.975 

98% 
95% 
32.0 
0.041 
53 
35 
2 
2 
60% 
95% 
0.995 

- 
- 
- 
- 
- 

98% 
98% 
49.0 
0.020 
45 
45 
1 
1 
50% 
98% 
0.996 

- 
- 
- 
- 
- 

Cheliout-Heraut et 
al.

213
 

(2011) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

83.6% 
81.8% 
- 
- 
4.59 
0.002 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Driver et al.
158

  
(2009) 
  

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy  
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

97.0% 
67.0% 
94.0% 
80.0% 
2.94 
0.04 
59 
8 
4 
2 
84% 
92% 
0.94 

84.0% 
91.0% 
96.0% 
71.0% 
9.33 
0.18 
44 
19 
2 
8 
71% 
86% 
0.944 

80.0% 
97.0% 
97.0% 
76.0% 
22.7 
0.21 
35 
28 
1 
9 
60% 
86% 
0.926 

80.0% 
95.0% 
93.0% 
84.0% 
16.0 
0.21 
26 
38 
2 
7 
45% 
88% 
0.889 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

70.0% 
100.0% 
100.0% 
88.0% 
Infinity 
0.3 
- 
- 
- 
- 
- 
 
0.87 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Ferre et al.
159

  
(2008) 

Sensitivity 
Specificity 

- 
- 

93.3% 
86.7% 

- 
- 

84.2% 
100% 

- 
- 

- 
- 

55.6% 
96.4% 

- 
- 
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199 
 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

  PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
7.01 
0.08 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
Infinity 
0.16 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
15.44 
0.46 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Goodrich et al.
161

 
(2009) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

85% 
67% 
- 
- 
2.58 
0.22 
- 
- 
- 
- 
- 
- 
- 

92% 
88% 
- 
- 
7.67 
0.09 
- 
- 
- 
- 
- 
- 
- 

87% 
82% 
- 
- 
4.83 
0.16 
- 
- 
- 
- 
- 
- 
- 

85% 
94% 
- 
- 
14.16 
0.16 
- 
- 
- 
- 
- 
- 
- 

100% 
97% 
- 
- 
33.33 
- 
- 
- 
- 
- 
- 
- 
- 

88% 
100% 
- 
- 
Infinity 
0.12 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Grant et al.
220

  
(2009) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

97.0% 
73.0% 
- 
- 
3.6 
0.015 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

97.0% 
81.0% 
47.0% 
99.0% 
5.1 
0.041 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Ng et al.
133

  
(2010) 

Sensitivity 
Specificity 

- 
- 

92.4% 
85.7% 

90.0% 
86.7% 

87.8% 
94.9% 

85.3% 
95.7% 

- 
- 

- 
- 

- 
- 
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200 
 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

 PPV 
NPV 
LR 
LR 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

96.8% 
70.6% 
6.46 
0.089 
61 
12 
2 
5 
82% 
91% 
- 

91.8% 
83.9% 
6.77 
0.115 
45 
26 
4 
5 
62% 
89% 
- 

94.7% 
88.1% 
17.22 
0.126 
36 
37 
2 
5 
51% 
91% 
- 

93.5% 
89.8% 
19.84 
0.154 
29 
44 
2 
5 
42% 
91% 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

NG et al.
162

 
(2009) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR 
LR 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

100% 
100% 
100% 
100% 
infinity 
0 
- 
- 
- 
- 
- 
- 
1 

97.7% 
100% 
100% 
87.5% 
infinity 
0.23 
- 
- 
- 
- 
- 
- 
1 

94.7% 
100% 
100% 
85.7% 
Infinity 
0.05 
- 
- 
- 
- 
- 
- 
0.99 

96.9% 
100% 
100% 
94.7% 
Infinity 
0.031 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Nigro et al.
163

 
(2009) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

75% 
86.7% 
88.2% 
72.2% 
5.6 
0.29 
28 
25 
4 
9 
57% 
80% 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

85.7% 
91.4% 
80% 
94.1% 
10 
0.016 
16 
43 
4 
3 
29% 
90% 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 

100% 
98.8% 
77.3% 
100% 
9.8 
- 
17 
44 
5 
0 
26% 
92% 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

Orr et al.
164

  Sensitivity - - 83.0% 82.0% - 100% - - 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013
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201 
 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

(2006) 
 

Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

81.0% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

87.0% 
- 
- 
 6.38 
0.195 
- 
- 
- 
- 
- 
- 
- 

81% 
- 
- 
4.31 
0.222 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

100% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Planes et al.
139

 
(2009) 
 
Comparing level III 
to level II 
unattended at-
home 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

95% 
67% 
97% 
50% 
2.87 
0.07 
39 
3 
1 
2 
93% 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

71% 
93% 
96% 
59% 
10.14 
0.31 
23 
12 
1 
9 
69% 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

75% 
97% 
90% 
91% 
25 
0.26 
9 
32 
1 
3 
27% 
- 
- 

 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Su S, et al.
151

  
(2004) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

98.0% 
40.0% 
89.1% 
80.0% 
1.63 
0.05 
49 
4 
6 
1 
88.% 
88.3% 
0.945 

87.8% 
73.7% 
87.8% 
73.7% 
3.33 
0.165 
36 
14 
5 
5 
68% 
83% 
0.908 

83.9% 
75.9% 
78.8% 
81.5% 
3.64 
0.159 
26 
23 
7 
4 
50% 
82% 
0.872 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Sullivan et al.
135

  Sensitivity 70.0% 86.0% - 57.0% - - 75.0% - 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013
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202 
 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

(2009) 
 

Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

100% 
- 
- 
infinity 
0.3 
- 
- 
- 
- 
- 
- 
- 

82.0% 
- 
- 
4.78 
0.17 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

88.0% 
- 
- 
4.75 
0.49 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

97.0% 
- 
- 
25.0 
0.26 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Takaman et 
al.

152
(2010) 

 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR_ 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

81% 
86% 
- 
- 
5.79 
0.25 
- 
- 
- 
- 
- 
- 
0.87 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

To et al.
153

 (2008) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
ROC 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

84.0% 
100% 
100% 
27% 
Infinity 
0.16 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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203 
 

Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

AUC - 0.96 
 

- - - - - - 

Yagi et al.
232

 
(2008) 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
ROC 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

95% 
- 
95% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Separate 

Alvarez et al.
148

  
(2008) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence  
Accuracy  
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

61.9% 
95.8% 
92.9% 
74.2% 
14.78 
0.40 
13 
23 
1 
8 
47% 
80% 
0.875 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Campbell et al.
147

 
(2010) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+  
T- 
F+ 

- 
- 
- 
- 
- 
- 
- 
- 
- 

88% 
50% 
- 
- 
1.76 
0.24 
- 
- 
- 

90.5% 
88.9% 
- 
- 
8.14 
0.11 
- 
- 
- 

93.7% 
96.9% 
- 
- 
4.06 
0.81 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 

- 
- 
- 
0.90 

- 
- 
- 
0.92 

- 
- 
- 
0.94 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

Cilli et al.
216

 (2006) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalenec 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

93.0% 
44.4% 
89.5% 
57.1% 
1.67 
0.16 
43 
4 
5 
3 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Danzi-Soares et 
al.

134
 

(2011) 
 

Sensitivity 
Specificity 
PPV 
NPV 
+ LR 
- LR 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

92% 
66% 
95% 
54% 
2.75 
0.12 
56 
6 
3 
5 
87.5% 
88.5% 
0.90 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

67% 
78% 
78% 
66% 
3.61 
0.44 
26 
25 
7 
13 
55% 
72.8% 
0.79 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Finkel et al.
218

  
(2009) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 

- 
- 
- 
- 
- 
- 
- 
- 
- 

95.0% 
33.3% 
83.0% 
67.0% 
1.42 
0.15 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

F- 
Prevalence 
Accuracy  
AUC 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

Fordyce et al.
219

 
(2009) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

80.0% 
100% 
100% 
80.0% 
Infinity 
0.20 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Furokawa et al.
140

 
(2008) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
ROC 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

88% 
61% 
76% 
79.1% 
2.25 
0.19 
38 
19 
12 
5 
- 
75.7% 
- 
- 

77% 
81% 
84.6% 
71.4% 
4.05 
0.28 
33 
25 
6 
10 
- 
78.4% 
- 
- 

72% 
90% 
91.2% 
70% 
7.2 
0.31 
31 
28 
3 
12 
- 
79% 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Gjevre et al.
155

 
(2011) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 

- 
- 
- 
- 
- 
- 
- 

90% 
66% 
83% 
75% 
2.26 
0.156 
29 

75% 
86.7% 
92.3% 
61.9% 
5.63 
0.288 
24 

62.5% 
93.3% 
95.2% 
53.9% 
9.32 
0.402 
20 

46% 
100% 
100% 
46.9% 
Infinity 
- 
 

- 
- 
- 
- 
- 
- 
- 

28.1% 
100% 
100% 
39.5% 
Infinity 
- 
- 

- 
- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 

9 
6 
3 
68% 
80% 
- 

13 
2 
8 
68% 
78.7% 
- 

14 
1 
12 
68% 
72.3% 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

 
- 
- 
- 
- 
0.88 

- 
- 
- 
- 
- 
- 

Hernandez et 
al.

144
 

(2007) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

83.3% 
78.9% 
91.8% 
62.5% 
3.95 
0.21 
45 
15 
4 
9 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Masa et al.
225

 
(2011) 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC  

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

52% 
76% 
- 
- 
2.18 
0.63 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Masdeu et al.
226

 
(2010) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

86% 
84% 
- 
- 
5.375 
0.166 
- 

81% 
94% 
- 
- 
13.5 
0.202 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
85% 
- 

- 
- 
- 
- 
86% 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

Quintana-Gallego 
et al.

136
 

(2004) 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

82.5% 
88.6% 
- 
- 
7.24 
0.20 
- 
- 
- 
- 
- 
- 
0.986 

79.3% 
97.8% 
- 
- 
36.04 
0.21 
- 
- 
- 
- 
- 
- 
0.907 

68.4% 
94.6% 
- 
- 
12.67 
0.33 
- 
- 
- 
- 
- 
- 
0.862 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Shrivastava et 
al.

229
 

(2006) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

86.4% 
80.8% 
- 
- 
4.50 
0.17 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Skomro et al.
230

 
(2005) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 

- 
- 
- 
- 
- 
- 
- 

92.0% 
67.0% 
88.0% 
75.0% 
2.79 
0.12 
22 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 

6 
3 
2 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

Wang et al.
185

 
(2011) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

89% 
50% 
- 
- 
1.78 
0.22 
- 
- 
- 
- 
- 
- 
0.89 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Yin et al.
143

  
(2006)  
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

100% 
- 
93.2% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

93.8% 
25.0% 
76.9% 
60.0% 
1.25 
0.228 
30 
3 
9 
2 
72% 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

79.2% 
70.0% 
76.0% 
73.7% 
2.64 
0.297 
19 
14 
6 
5 
54% 
- 
- 

90.0% 
97.1% 
90.0% 
97.1% 
31.03 
0.103 
9 
33 
1 
1 
23% 
- 
- 

Level  I 

Comparing first two hrs to the same full night PSG 

Chou et al.
171

 
(2011) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

97% 
82.8% 
85% 
96.5% 
5.6 

89.9% 
91.9% 
91.8% 
90.1% 
11.01 

69.7% 
98% 
97.2% 
76.4% 
34.85 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

0.036 
- 
- 
- 
- 
- 
89.9% 
- 

0.109 
- 
- 
- 
- 
- 
90.9% 
- 

0.309 
- 
- 
- 
- 
- 
83.8% 
- 

Comparing Split night to Full night PSG 

Khawaja et al.
172

  
2Hr 
(2010) 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy  
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

80.4% 
93.1% 
- 
- 
9.36 
0.20 
- 
- 
- 
- 
- 
- 
0.92 

83.4% 
93.9% 
- 
- 
13.84 
0.17 
- 
- 
- 
- 
- 
- 
0.94 

76.9% 
97.7% 
- 
- 
33.85 
0.24 
- 
- 
- 
- 
- 
- 
0.97 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Khawaja et al.
172

  
3Hr 
(2010) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy 
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

82.1% 
91.2% 
- 
- 
9.36 
0.2 
- 
- 
- 
- 
- 
- 
0.95 

84.4% 
96.3% 
- 
- 
22.78 
0.16 
- 
- 
- 
- 
- 
- 
097 
 

88.5% 
98.9% 
- 
- 
79.96 
0.12 
- 
- 
- 
- 
- 
- 
0.99 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

Comparing day time to full night PSG 

Miyata et al.
176

 
(2007) 

Sensitivity 
Specificity 

- 
- 

81% 
100% 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

 PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy  
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

-- 
- 
Infinity 
0.19 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
 

Comparing Home PSG VS. Lab PSG 

Bruyneel et al.
165

 
(2010) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy  
AUC 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

96% 
71% 
88% 
86% 
3.3 
0.05 
41 
14 
5 
2 
41% 
88% 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

76% 
85% 
73% 
92% 
5.06 
0.29 
17 
34 
6 
5 
16.5 
82% 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

86% 
100% 
100% 
81% 
Infinity 
1.4 
- 
- 
- 
- 
- 
- 
- 
 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Non- comparative level I 

Boloukaki et al.
233

 
(2011) 
 

Sensitivity 
Specificity 
PPV 
NPV 
LR+ 
LR- 
T+ 
T- 
F+ 
F- 
Prevalence 
Accuracy  

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

98.8% 
10.2% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

92.7% 
26% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

70% 
73.1% 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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Study Diagnostic 
Accuracy 
Measure 

Sleep Study Apnea-Hypopnea Index Cutoff 

≤5/hr ≥5/hr ≥10/hr ≥15/hr ≥20/hr ≥25/hr ≥30/hr ≥50/hr 

AUC - - -        0.78 - - - - 
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Table 20. Sleep studies failures 

Study In Lab Level I In-Lab Level III At-Home  

Equipment 
related error 

Patient 
related error 

Intolerant to 
device 

Equipment 
related error 

Patient 
related error 

Intolerant to 
device 

Equipment 
related error 

Patient 
related error 

Intolerant to 
device 

Level I 

Bruyneel M.
165

 
 

0 0 0 N/A N/A N/A 3 0 0 

Total number of 
recruited 
patients in each 
study arm 

36 0 0 N/A N/A N/A 30 0 0 

Total % of lost  
data by 
population 

0 0 0 N/A N/A N/A 10% 0 0 

Level III 

Abraham et 
al.

138
 

0 0 0 0 0 0 2 0 0 

Andreu et al.
183

 1 0 0 0 0 0 5 0 0 

Ayappa et al.
154

 0 0 0 0 0 0 2 6 5 

Campbell et 
al.

147
 

2 0 0 0 0 0 5 0 0 

Candela et al.
150

 0 0 0 0 0 0 4 0 0 

Chang et al.
214

 0 0 0 0 0 0 8 0 0 

ChelioutHeraut 
et al.

213
 

2 0 0 0 0 0 5 0 0 

Churchward et 
al.

215
 

0 0 0 0 0 0 8 0 0 

Danzi-Soares et 
al.

134
 

1 0 0 0 0 0 4 0 0 

Driver et al.
158

 0 0 0 0 0 0 7 0 0 

Furokawa et 
al

140
 

6 0 0 0 0 0 0 0 0 

Garcia-Diaz et 
al.

149
 

1 0 0 0 0 0 0 0 0 

Gjevre et al.
155

 0 0 0 0 0 0 3 0 0 

Goordrich et 
al.

161
 

1 0 0 0 0 0 1 0 0 

Grover et al.
221

 0 0 0 0 0 0 0 1 0 

Masa et al.
225

 0 0 0 0 0 0 19 0 0 

Nakayama et 0 0 0 0 0 0 26 0 0 
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Study In Lab Level I In-Lab Level III At-Home  

Equipment 
related error 

Patient 
related error 

Intolerant to 
device 

Equipment 
related error 

Patient 
related error 

Intolerant to 
device 

Equipment 
related error 

Patient 
related error 

Intolerant to 
device 

al.
227

 

Ng et al.
133

 0 0 0 9 1 0 0 0 0 

NG et al.
162

 0 0 0 0 0 0 5 0 0 

Nigro et al.
163

 1 0 0 0 0 0 8 0 0 

Onder et al.
228

 0 0 0 0 0 0 3 0 0 

Planes et al.
240

 0 0 0 0 0 0 5 0 0 

Quintana-
Gallego et al.

136
 

0 0 0 0 0 0 5 0 0 

Rosen et al.
179

 0 0 0 0 0 0 13 0 0 

Santos-Silva et 
al.

146
 

0 0 0 0 0 0 2 0 0 

Skomro et al.
230

 0 0 0 0 0 0 13 0 0 

Smith et al.
131

 0 0 0 0 0 0 4 1 0 

Su et al.
151

 3 0 0 0 0 0 1 0 0 

Tiihonen et al.
132

 0 0 0 0 0 0 9 0 0 

To et al.
153

 13 0 0 26 0 0 0 0 0 

Tonelli et al.
156

 0 0 0 0 0 0 21 1 1 

Yin et al.
143

 0 0 0 0 0 0 21 0 0 

Total 17 0 0 35 1 0 209 9 6 

Population 3789 2783 2180 

Total % of lost 
data by 
population 

0.44% 1.30% 10.27% 
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Appendix C. Economic evaluations 

Table 21. Summary of economic studies 

Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

Cost effectiveness and cost utility analyses 

Pietzsch et 
al/2011/United 
States

194
 

To determine the cost-
effectiveness of full 
night polysomnography 
(FN-PSG) (level I 
testing), split-night 
polysomnography (SN-
PSG) and unattended 
portable home 
monitoring (level III 
testing), combined with 
continuous positive 
airway pressure (CPAP) 
titration for patients 
with moderate to 
severe OSA (AHI ≥ 15 
events/hour) 

Cost utility analysis 
• Constructed a decision 
analytic Markov model to 
evaluate the lifetime cost 
and health consequences of 
the diagnosis and 
treatment of moderate to 
severe OSA 
 
• For each scenario, 
patients distributed into 1 
of 4 groups:  
1) True positive 
2) True negative 
3) False positive 
4) False negative 
with proportion in each 
group depending on 
prevalence and sensitivity 
and specificity of diagnostic 
test 
 
• Health states included in 
Markov model: 
1) Well, no CPAP  
2) Well, CPAP 
3) Hypertension, no CPAP 
4) Hypertension, CPAP 
 
• Included within each 
Markov cycle: 
1) Fatal and non-fatal 

Costs included 
Direct healthcare 
costs 
 
Information sources 
• Published Medicare 
expenditures data  
and reimbursement 
rates 
 
Costs adjusted to 
2008 US dollars 

•  Quality-adjusted life-
year (QALY) gained  
• Life years gained 
 
Number of the 
following prevented: 
•  Stroke 
•  Myocardial infarction 
•  Motor vehicle 
collisions 
 
Information sources 
• Published clinical 
practice guidelines 
• Published health 
economic studies 
• Published clinical 
trials 
• Published meta-
analyses 
• Nationally 
representative Medical 
Expenditure Panel 
Survey using the 
European quality of life 
questionnaire (EQ-5D) 

ICER in life years (LYs) 
(compared to no 
diagnosis): 
• FN-PSG: $26,073/LY 
• SN-PSG: $27,023/LY 
• Level III:  $29,400/LY 
 
ICER in QALYs (compared 
to no diagnosis): 
• FN-PSG: $17,131/QALY 
• SN-PSG: $17,887/QALY 
• Level III $19,707/QALY 
 
Results of sensitivity 
analyses 
• ICER insensitive to cost 
of the diagnostic 
technologies 
• Where level III testing 
had no rate of technical 
failure, FN-PSG continued 
to be the preferred 
diagnostic strategy 
because of the 
comparatively high 
number of false 
diagnoses in the level III 
testing arm 

Concluded that FN-PSG is 
cost-effective and 
preferred over other 
diagnostic modalities in 
almost all populations 
and scenarios 
 
FN-PSG costs less and 
provides more QALYs 
than SN-PSG and level III 
testing over the lifetime 
of the patient 
 
Limitations 
• Relied on published 
literature which is limited 
for some parameters, 
such as quality of life 
 
• Study population 
limited to men and 
women of average 
cardiovascular risk 
between the ages of 30 
and 70 years 
 
• Assumptions of CPAP 
effectiveness may not be 
appropriate for all 
patients 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

stroke, myocardial 
infarction, or motor vehicle 
collision 
2) Death from other causes 
3) Development of 
hypertension 
 
Patient population 
50 year old male with 
moderate to severe OSA 
 
Perspective 
Payer 
 
Sensitivity analysis 
Single and multi-way  
Considered women, 
different ages, varying 
prevalence of OSA, and 
lower treatment effects of 
CPAP 
 
Time horizon 
10 year and lifetime 
 
Discounting 
3% annually 

Gander et 
al/2010/New 
Zealand

92
 

• To develop a 
simulation tool to 
evaluate treatment 
outcomes 
 

Cost of illness, cost benefit 
analysis, and cost utility 
analysis 
• Constructed a decision 
analytic model with Monte 
Carlo simulation using 3 
sets of information: 
1) Possible pathways of 
people who seek and do 
not seek treatment and the 
consequences 
2) Increased risk of 

Costs included 
• Direct medical 
• Direct non-medical 
• Indirect (estimated 
using willingness to 
pay and human 
capital approaches) 
• Intangible  
 
 
 
 

• Costs (NZ$) 
• QALYs 
 

Incremental costs 
associated with untreated 
OSA: $25.9 million/year 
 
Total cost of treatment 
per year: $13.9 million or 
730/case 
 
Net incremental 
cost/QALY gained by OSA 
treatment $506.79/case 

Concluded that 
incremental direct 
medical cost/QALY gained 
through OSA treatment is 
below the average for 
drugs selected to receive 
public coverage 
 
Limitations 
• Did not consider in-lab 
and at-home PSG 
separately 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

collisions and comorbidities 
associated with untreated 
OSA 
3) The costs associated with 
diagnosis and treatment 
versus no diagnosis and/or 
treatment 
• Based on New Zealand 
population 30-59 years of 
age 
• Model incorporated 
referral to sleep clinic that 
included in-lab or at-home 
PSG 
 
Sensitivity analysis 
Varied base case rates by 
25% 
 
Time horizon 
1 year 

Information sources 
Accident 
Compensation 
Corporation claims 

• Did not include hospital 
inpatient costs of 
cardiovascular disease 
and diabetes 
• Indirect costs did not 
include absenteeism or 
low productivity while 
working 
• Intangible costs 
included only those 
collisions causing death 

Merlin et al 
(Medical Services 
Advisory 
Committee 
assessment 
report)/ 2010/ 
Australia 

190
 

To conduct a systematic 
review of literature and 
economic evaluation of 
unattended sleep 
studies in the diagnosis 
and reassessment of 
OSA (to evaluate 
whether interim 
funding of a narrow 
range of unattended 
sleep studies should 
continue and/or extend 
to other types of 
unattended sleep 
studies) 

Cost-effectiveness analysis 
Constructed a decision 
model representing the 
OSA diagnostic process 
(from first patient visit to  
doctor with symptoms of 
OSA until correct diagnosis) 
comparing 2 different 
scenarios under 3 settings: 
• Settings: 
1. Non-specialised unit 
setting (home studies 
include level III and IV) 
2. Referral setting (home 
studies include level II, III, 
and IV) 
3. Pediatric setting 
• Scenarios: 

Costs included 
Direct costs 
• Initial and repeat 
testing 
• Personnel (GP or 
consultant physician - 
initial consult, 
referral, and follow-
up consult; secretarial 
staff; technologist – 
setup, monitoring, 
analysis, reporting) 
• Equipment and 
disposable material 
• Maintenance 
• Hospital (PSG) or 
office (home study) 
• APAP treatment (1 

• Safety 
• Test characteristics 
• Diagnostic accuracy 
• Predictive values 
• Costs (AUS$) 
 
Information sources 
• Published studies 
from 1996-2007 (from 
systematic review of 
literature) 
• Expert opinion 
(advisory panel) 

Total cost per patient 
(cost to arrive at correct 
diagnosis) 
• Current pathway: 
$835 (non-specialised 
unit setting); $770 
(referral setting) 
• Proposed pathway 
(home study first): $691 
(non-specialised unit 
setting); $754 (referral 
setting) 
 
Incremental cost per 
patient of proposed 
pathway compared to 
current pathway 
• -$144 (non-specialised 

Concluded that there 
would be a cost savings 
to Australian society 
associated with a clinical 
pathway that includes 
home sleep studies in 
non-specialised unit and 
referral settings 
 
Limitations 
• Patient travel, time 
away from work, and lost 
productivity were not 
considered 
• Cost savings of home 
studies may be 
overestimated as analysis 
assumed PSG is the only 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

1. Current clinical pathway - 
use of in-lab PSG (level I 
test) only 
2. Proposed clinical 
pathway - home sleep 
studies, with lab PSG (or 
referral to specialist in non-
specialised unit setting) 
after technical failure, 
uncertain results, or false 
negative results 
 
Time horizon 
From first visit for 
suspected sleep apnea to 
correct diagnosis (assumed 
to be within 1 month) 
 
Perspective 
Societal 
 
Sensitivity analysis 
One-way: all input variables 

month) 
 
Information sources 
• Medicare Benefits 
Schedule (Medicare 
Australia 2010) 
• Australian Sleep 
Association/ Thoracic 
Society of Australia 
and New Zealand 
• Healthy Workplace 
Solutions Pty Ltd 
• Published studies 
from 1981-2009 
 
 

unit setting); -$16 
(referral setting) 
 
Results of sensitivity 
analysis 
In the referral setting, 
results were sensitive to 
uptake of lab PSG once 
unattended sleep studies 
were introduced (higher 
than anticipated 
proportion of patients 
receiving lab PSG in 
pathway), and to low 
rates of true positives for 
level 2 and level 4 studies 
 
Cost savings of proposed 
pathway compared to 
current pathway 
• Non-specialised unit 
setting: $5,459,220 to 
$8,240,332 (N=37,911 to 
57,225)  
• Referral setting: 
$212,303 to $320,457  
(N=5,567 to 13,225) 

study available in current 
practice although level 2 
studies currently receive 
interim funding in 
Australia 

Gurubhagavatula 
et al/2007/United 
States

88
 

To compare the cost-
effectiveness of 3 
different screening 
methods for OSA in 
commercial truck 
drivers: 
1) In-lab PSG 
2) Selective in-lab PSG 
for high risk drivers 
3) No screening 

Cost-effectiveness analysis 
• Recruited drivers with 
commercial drivers’ 
licenses at high risk and at 
low risk using a two-tiered 
sample 
• Compared 3 screening 
approaches: 
1) In-lab PSG 
2) Selective in-lab PSG (one 
stage or two stage 
(including oximetry)) for 

Costs included 
Direct costs 
• PSG (payroll, 
supplies, equipment, 
services, and facility 
rental) 
• Oximetry 
• Missed OSA 
collision (including 
medical treatment, 
emergency services, 
property damage, lost 

 
• Minimum rate of 
treatment acceptance 
needed for each 
screening program to 
be cost-effective 

• Assuming treatment 
prevents OSA-related 
crashes, in-lab PSG was 
more expensive than the 
cost of crashes when no 
screening was done 
 
• Selective in-lab PSG 
involving pre-screening 
with symptom frequency 
questions, BMI, age, and 
gender was found to be 

Concluded that strategies 
which reduce reliance on 
in-lab PSG may be more 
cost-effective than no 
screening 
 
Limitations 
• Did not consider the 
impact of screening and 
subsequent treatment on 
quality of life 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

high risk drivers 
3) No screening 
 
Patient population 
• High and low risk drivers 
with commercial drivers’ 
licenses 
  
• OSA defined as an AHI 
index ≥ 5/hour with 
Epworth Sleepiness Scale 
score of  > 10 
 
 
Perspective 
Employer 
 
Sensitivity analyses 
Varied odds of collision, 
costs and false positive and 
false negative rates 

productivity and a 
monetary value of 
pain, suffering, and 
reduced quality of life 
experienced by the 
victim and family) 
• CPAP treatment 
 
Information sources 
• Expenses from 
hospital based sleep 
studies 
• Suppliers of CPAP 

cost-effective when at 
least 74% of screened 
drivers accept treatment  
 

• Did not consider 
adherence to screening 
strategy 

Jurado-Gámez et 
al./ 2007/ Spain 

195
 

To compare the 
diagnostic validity, 
patient satisfaction, and 
economic cost of home 
sleep studies (level III 
testing) and PSG (level I 
testing) in patients with 
symptoms of sleep 
apnea-hypopnea 
syndrome 

Cost-effectiveness analysis 
Conducted a prospective, 
within-subject study in 
consecutive patients with 
symptoms of sleep apnea 
referred to Hospital 
Universitario Reina Sofía 
Sleep-Disordered Breathing 
clinic 
 
Patient population 
• 52 patients (mean: 52 
years of age) 
• Each patient underwent 
home study and PSG in a 
random order 
 
Time horizon 

Costs included 
Direct costs 
• Initial and repeat 
testing 
• Personnel 
(technician - time in 
sleep unit or travel to 
home, and time for 
analysis of test and  
issuing of report) 
• Hospital stay 
Equipment, 
disposable material, 
and maintenance 
were not considered 
 
Information sources 
• Hospital 

• Diagnostic accuracy 
• Patient satisfaction 
• Costs (Euros) 
 
Information sources 
• Primary data 
collection as part of 
study 

Diagnostic accuracy 
• Diagnostic agreement: 
88% 
 
• Area under ROC curve:  
-at AHI≥20: 0.84 
-at AHI≥30: 1 
 
Total cost per patient 
(cost to arrive at 
diagnosis) was higher for 
PSG compared to home 
sleep studies: 
• PSG: €255 
• Home study:  €153 
 
Patient satisfaction was 
significantly higher after 

Concluded that home 
sleep studies are a valid 
and cost-effective 
alternative to PSG in 
patients showing 
symptoms of sleep 
apnea-hypopnea 
syndrome 
 
Limitations 
• Year of currency not 
reported 
• Costs of equipment, 
disposable material, and 
maintenance were not 
considered 
• No sensitivity analyses; 
uncertainty not 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



219 
 

Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

Diagnosis 
 
Perspective 
Hospital 

Universitario Reina 
Sofía Sleep-
Disordered Breathing 
clinic 
 
Year of currency not 
reported 

home sleep studies 
compared to PSG 
 
 
 

addressed 
• Results only apply to 
their specific institution 
 

Ayas et al./ 2006/ 
Canada and United 
States 

199
 

To assess the cost-
effectiveness of CPAP 
therapy compared to 
no treatment for 
moderate to severe 
OSA 

Cost-utility analysis 
Constructed Markov model 
to compare CPAP 
treatment to no treatment 
in US drivers with newly 
diagnosed OSA 
 
Patient population 
• Patient age/sex 
distribution based on data 
from 99 patients with 
moderate to severe OSA 
2003-2004 from a primary 
referral center in 
Vancouver  
• Each year a patient could: 
experience an MVC 
resulting in property 
damage, injury or death, 
die of natural causes, or 
survive incident free 
 
Time horizon 
5 years 
 
Perspective  
Third party payer and 
societal 
 
Sensitivity analysis 
One-way deterministic: 
CPAP compliance, utilities, 

Costs included 
Direct costs 
• Office visits (1 initial 
specialist consultation 
and 4 physician 
follow-up visits) 
• CPAP rental and 
supplies (5 years) 
• Humidifier (5 years) 
 
Indirect costs 
• Medical and non-
medical (insurance, 
legal, productivity) 
costs associated with 
MVCs (suited to 5-
year period) 
 
Information sources 
• National Highway 
Traffic Safety 
Administration 
• 2004 US Medicare 
fee schedule 
 

• MVC rates 
• Costs (2003 US$) 
• QALYs 
• ICERs 
 
Information sources 
• National Highway 
Traffic Safety 
Administration data 
• US Life Tables 
• Meta-analysis of 8 
published studies 
(1,227 patients) from 
1996-2001  
• Standard gamble and 
published values using 
EuroQol 5D (utilities) 
• Functional Capacity 
Index based on 
Maximum Abbreviated 
Injury Scale/MAIS 
(quality weights) 

MVC Rate 
• Rate of MVCs was 
significantly reduced after 
CPAP vs. no treatment: 
OR 0.15 (95%CI: 0.10, 
0.22) 
 
Third party payer 
perspective 
QALYs: 
• CPAP: 2.22 (95%CI: 
0.86, 3.89) 
• No CPAP: 1.47 (95% CI: 
0.28, 3.08) 
• Mean gain of 0.75 
QALYs with CPAP 
 
Total costs 
• CPAP: $4,177 (95%CI: 
$2,804, $6,057) 
• No CPAP: $1,659 
(95%CI: $283, $3,936) 
• Incremental cost of 
$2,519 for CPAP 
 
Incremental cost-
effectiveness ratio 
• $3,354/QALY (95%CI: 
1,062, 9,715) 
 
Societal perspective 
Total costs: 

Concluded that CPAP is 
effective in reducing MVC 
rates in patients with 
OSA, and is cost-effective 
when considering costs of 
therapy, quality of life, 
and MVC outcomes 
• The estimated cost-
utility ratio compares 
favorably with that of 
other publicly funded 
treatments 
 
Limitations 
• Before-after MVC 
studies include patients 
that may have been 
assessed for SDB due to 
MVC, which can 
overestimate pre-CPAP 
MVC rates  
• Results may not apply 
to older patients or 
patients with mild to 
moderate OSA 
• Improvements in work 
productivity, reduction in 
occupational injuries, 
reduction in medications 
for hypertension, and 
improvements in partner 
QOL were not included, 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

cost discount rates, QALYs, 
cost-scaling factor for 
adjusting lifetime costs to 
5-year period, MVC rates 

• CPAP: $7123 (95%CI: 
$4324,$ 11906) 
• No CPAP: $6,887 
(95%CI: $3113, $14,843) 
 
Incremental cost-
effectiveness ratio 
• $314 (95%CI: cost 
saving, $6,114) 
 
At WTP of $50,000/QALY, 
all probabilistic Monte 
Carlo simulations favored 
cost-effectiveness of 
CPAP; CPAP was 
dominant (more effective 
and less costly) over no 
treatment 
 
Results of sensitivity 
analysis: results were 
sensitive to analytical 
perspective (third party 
payer vs. societal) and 
utilities (use of EQ-5D 
utilities instead of 
standard gamble utilities 
resulted in 5 times 
increase in ICER 
estimates) 

which may have led to an 
underestimate in the 
benefits of CPAP 

Deutsch et al./ 
2006/ United 
States 

196
 

To compare the cost-
effectiveness of split 
night (SP) PSG (level I 
testing) and home 
studies (level III testing) 
with full night (FN) PSG 
(level I testing) 

Cost-effectiveness analysis 
Constructed decision model 
comparing 3 strategies in a 
hypothetical cohort of 
patients 30-64 years of age 
with symptoms highly 
suggestive of OSA: 
1.  Split night PSG 
2.  Home study (level III 

Costs included 
Direct costs 
• Office visits 
• Full night PSG 
• Split night PSG 
• Level III testing 
• Polysomnographic 
CPAP titration 
• CPAP autotitration 

• Survival 
• Costs (US$) 
• QALYs 
 
Information sources 
• National Centre for 
Health Statistics 
• Published studies 

Home studies were less 
costly and less effective 
than split-night and full-
night PSG 
 
Split-night was less costly 
and less effective than 
full-night PSG 
 

Concluded that home 
study and split-night PSG 
are the most cost-
effective in comparison 
with full-night PSG 
 
Limitations 
• Whether a systematic 
review was undertaken 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



221 
 

Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

testing) 
3.  Full night PSG 
 
Patient population 
Hypothetical cohort of 
patients 30-64 years of age 
with symptoms highly 
suggestive of OSA 
 
Time horizon 
5 years 
 
Perspective 
Third party payer 
 
Sensitivity analysis 
Probabilistic 

• CPAP rental and 
accessories for 5 
years 
 
Information sources 
• 2004 Medicare Fee 
Schedule 
 

Total costs per patient 
• Full-night PSG: $4,886 
• Split-night PSG: $4,565 
• Home study: $4,096 
 
QALYs 
• Full-night PSG: 2.33 
• Split-night PSG: 2.31 
• Home study: 2.23 
 
Incremental cost-
effectiveness  ratio: 
• Full-night PSG vs. split-
night PSG: $11,586/QALY 
• Home study vs. full-
night PSG: $7,383/QALY 
• Home study vs. split-
night PSG: $5,932/QALY 
 
Results of sensitivity 
analysis: 
• Split-night PSG 
dominated full-night PSG 
when they had the same 
rate of CPAP acceptance 
• Home studies were 
most cost-effective at the 
lowest amounts of third-
party WTP, whereas split- 
or full-night PSG were 
most cost-effective at 
higher WTP 

was not reported 
• Justification for 
selection of estimates 
was not provided 
• Methods for valuation 
of QALY were not 
reported 
• Use of Medicare 
reimbursement rates as 
proxies for cost may be 
an underestimate 
 

Brown et al./ 2005/ 
United States 

200
 

To estimate the 
magnitude of benefit 
necessary for PSG (level 
I test) and OSA 
treatment to be cost-
effective in stroke 
patients 

Cost-utility analysis 
Constructed a cost-
effectiveness model to 
compare screening to no 
screening in a hypothetical 
cohort of adults 
experiencing a recent 

Costs included 
Direct costs 
• PSG (level I test) 
• CPAP titration 
• CPAP plus supplies 
for 3 months 
 

• Prevalence of OSA 
• Utilities gained 
through screening and 
treatment in relation to 
willingness-to-pay 
thresholds of 
$50,000/QALY and 

Incremental cost-
effectiveness ratio 
• For screening: 
$49,421/QALY 
 
Results of two-way 
sensitivity analysis 

Concluded that screening 
is cost-effective if 
treatment of stroke 
patients with OSA by 
CPAP improved quality of 
life by at least 50% and 
willingness to pay was 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

stroke resulting in 
moderate deficit 
• Screening pathway: OSA 
identified leading to CPAP 
titration and 3 months on 
CPAP 
• No screening pathway: no 
patients received CPAP 
 
Patient population 
Hypothetical cohort of 
adults experiencing a 
recent stroke resulting in 
moderate deficit 
 
Time horizon 
3 months  (in order to 
assume that no patient  in 
no-screening arm would 
seek medical attention for 
symptomatic OSA and 
receive CPAP) 
 
Sensitivity analysis 
• One-way:  short term 
acceptance  
• Two-way: utilities 
 
Perspective  
Payer 

Information source:  
• Published Medicare 
and Medicaid 
reimbursement 
schedules between 
2003 and 2005 
 

$100,000/QALY  
• Cost per patient (US$) 
 
Information sources   
• Published studies 
from 1996 ( no 
systematic review was 
undertaken) 
 
Year of currency not 
reported 

• ICER for PSG: 
$50,000/QALY as long as 
utility for those on CPAP 
is 
≥ 0.2 higher than those 
with OSA who aren`t on 
CPAP 
 
When PSG and  CPAP 
titration are combined in 
a split-night study for 
patients with AHI ≥ 20, 
the cost is reduced to 
$26,918/QALY, requiring 
only 32% improvement in 
utility at a willingness to 
pay of $50,000/QALY  
 
Total costs per patient 
• No-screening: $0 
• Screening: $1,757 

$50,000/QALY 
 
Limitations 
• Results were for 
moderately severe 
strokes and  not 
generalizable to those 
with mild over severe 
strokes 
• Utilities gathered from 
patients at risk for strokes 
• Assumed no patients 
died or experienced a 
recurrent stroke within 
the 3 month time horizon 
and assumed that no 
patient in the no 
screening arm would be 
diagnosed with OSA and 
treated with CPAP 
• Quantities of resources 
used not reported 
• Ranges used in 
sensitivity analysis were 
not justified 

Abdelghani et al./ 
2004/ France 

197
 

To compare the cost-
effectiveness of 
respiratory polygraphy 
(RP), full night PSG, and 
in-lab RP and PSG to at-
home RP and PSG for 
the diagnosis of sleep 
apnea syndrome (SAS) 

Cost-effectiveness analysis 
Conducted a prospective 
study in patients with 
symptoms of sleep apnea 
syndrome referred to the 
Hôpital Antoine Béclère 
sleep clinic 
 
Patient population 

Costs included 
Direct costs 
• Initial and repeat 
testing 
• Personnel 
• Hospital stay 
• Equipment, 
disposable material, 
and maintenance 

• Diagnostic accuracy 
• Patient satisfaction 
• Costs (Euros) 
 
Information sources 
• Primary data 
collection as part of 
study 

Diagnostic accuracy 
Sensitivity at AHI > 10: 
• Lab RP: 93% 
• Home RP: 86% 
At AHI > 20: 
• Lab RP: 76% 
• Home RP: 73% 
 
Patient satisfaction 

Recommend two-step 
strategy to minimize 
costs: RP first, and if 
negative, follow with full 
PSG 
 
Limitations 
• Year of currency not 
reported 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

• 157 patients (18-88 years 
of age) 
 
Each patient underwent 
either at-home (56) or in-
lab PSG (101) depending on 
their choice and abilities 
 
Time horizon 
Time to diagnosis 
 
Perspective 
Healthcare (payer) 

 
 
Information sources 
• Hôpital Antoine 
Béclère sleep clinic 
• Paris hospital 
administration salary 
scale 
• Manufacturers’ 
price lists 
• Hôpitaux de Paris 
official costs 
• Year of currency not 
reported 
 
Year of currency not 
reported 
 

Compared to PSG, patient 
satisfaction was 
significantly higher after 
home sleep study  
 
Cost per diagnostic test 
• Lab PSG: €303 
• Home RP: €193 (€220 
with failures) 
• Lab RP: €144 
• Home RP: €86 (€95 with 
failures) 
 
Cost of a positive/ 
negative SAS diagnosis 
• Lab: €191/€454 
• Home RP: €111/€315 
 
Two-step procedures: 
• When SAS prevalence 
was ≥ 45%, home RP, if 
negative, followed by 
home PSG was cost 
advantageous over home 
PSG alone and always 
cost advantageous over 
lab PSG alone 
 
• Home RP, if negative, 
followed by lab PSG is 
cost advantageous over 
lab PSG alone when clinic 
SAS prevalence was  
≥30% 
 
• Lab RP, if negative, 
followed by lab PSG was 
cost advantageous over 
lab PSG alone when clinic 

• Costs may be 
underestimate as salaries 
for part-time 
practitioners at Paris 
hospital were used 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

SAS prevalence is ≥30% 

Pelletier-Fleury et 
al./ 2004/ France 
201

 

• To assess the impact 
of a 6 month delay in 
diagnosis and 
treatment of patients 
with moderate and 
severe OSA on daytime 
sleepiness, cognitive 
function, quality of life, 
and healthcare 
expenditure 
• To determine the 
incremental cost-
effectiveness of 
immediate introduction 
of treatment of patients 
with severe OSA 

Cost-effectiveness 
Performed multi-centre 
randomized controlled trial 
in patients with symptoms 
of OSAS attending sleep 
units of Respiratory 
Medicine Departments of 
Angers Hospital and Saint-
Antoine Hospital 
• 82 patients - immediate 
full night PSG and 
immediate CPAP following 
diagnosis at AHI >10/hour  
• 89 patients - full night 
PSG within 6 months 
• Patients assessed at 1, 3, 
and 6 months through 
symptoms questionnaires, 
ESS, and QOL (Nottingham 
Health Profile/NHP) 
 
Patient population 
Patients with symptoms of 
OSAS attending sleep units 
Time Horizon 
6 moths 
  
Perspective 
Payer (healthcare system 

Costs included 
Direct costs 
• GP and specialist 
visits 
• Pharmaceuticals 
• Complementary 
tests  
• CPAP treatment 
 
• Note: other specific 
costs included in 
results not reported, 
but authors 
mentioned recording 
patient prescriptions, 
hospitalizations, 
medical visits, 
complementary tests, 
biological tests, home 
accidents, and road 
accidents likely to be 
related to disease 
 
Information sources 
• Interviews at 1, 3, 
and 6 months 
 

• CPAP compliance 
• Effects of delayed 
treatment on 
sleepiness, cognitive 
function, and QOL 
• Healthcare 
consumption/ 
expenditure 
• ICERs 

Total healthcare 
expenditures 
• Significantly higher in 
immediate CPAP group 
compared to delayed 
CPAP group in patients 
with AHI <30 and AHI 
≥30.  
• Difference no longer 
significant when 
expenditure directly 
related to CPAP was 
excluded (confirmed for 
GP and specialist visits, 
complementary tests, 
and drugs) 
• No motor vehicle, 
household, or work 
accidents, or 
hospitalizations were 
reported during the 6 
months 
 
Incremental cost-
effectiveness ratio 
Incremental cost per one 
point decrease in ESS: 
• AHI>30: $58.90 
(95%CI: $51.30, $68.40) 
• AHI<30: $136.80 
(95%CI: $106.60, 
$178.10) 
Incremental cost per 1% 
change in NHP: 
• AHI>30: $24.3 
(95%CI: $21.0, $28.6) 
• AHI<30: $56.3 (95%CI: 
$34.4, $116.6) 

Concluded that a 6 month 
delay in treatment does 
not increase healthcare 
costs. Patients with 
severe OSA (AHI≥30) have 
lower incremental costs.  
Therefore, it would be 
economical to treat these 
patients first. 
 
Limitations 
• Included costs, resource 
quantities, and sources of 
information were unclear 
• Randomized patients 
who refused or did not 
comply with treatment 
were excluded 
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Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

Reuveni et al./ 
2001/ Spain 

198
 

To determine the 
optimal technology (in-
lab PSG, attended 
partial sleep 
monitoring, or 
unattended home sleep 
monitoring) for the 
diagnosis of OSA 

Cost-effectiveness analysis 
Constructed a decision 
analytic model comparing 4 
strategies in a hypothetical 
cohort of patients 
suspected of having OSA: 
1. PSG 
2. Unattended home partial 
sleep monitoring 
3. Attended partial sleep 
monitoring 
4. PSG and attended partial 
sleep monitoring 
 
Patient population 
Hypothetical cohort of 
patients suspected of 
having OSA 
 
Time horizon 
Time to diagnosis 
 
Perspective 
Healthcare (payer) 
 
Sensitivity analysis 
One-way: diagnostic 
agreement, data loss, costs, 
and referral to therapy 

Costs included 
Direct costs 
• Initial and repeat 
testing (including 
human resources,  
accessories, and 
capital) 
 
Information sources 
• Published studies 
from 1995 and 1996 
• Personal experience 
 
Costs reported in US 
dollars (currency year 
not specified) 
 

• Diagnostic accuracy 
• Costs (US$) 
 
Information sources  
• Published studies 
from a review of 
literature from 1994-
1999 

Diagnostic accuracy 
Diagnostic agreement:  
70% (50%-100%) 
 
Cost of diagnostic tests 
• PSG: $250 
• Unattended home sleep 
monitoring: $175 
• Attended portable sleep 
monitoring: $178 
 
Overall process costs 
(normalized to PSG 
costs): 
• Home sleep studies 
were similar to PSG and 
higher than attended 
portable monitoring 
• Attended portable 
monitoring and 
combination attended 
portable monitoring and 
PSG were lower than PSG 
alone 
 
Results of sensitivity 
analysis  
Decisions did not change 
under the range of 
assumptions tested 

Concluded that home 
sleep studies are not 
cost-advantageous and 
that a combination of 
PSG and attended partial 
sleep monitoring is the 
most cost-effective 
approach to sleep 
monitoring 
 
Limitations 
Did not consider costs of 
misdiagnosis 

Cost and resource utilization analyses 

Andreu et 
al/2011/Spain

183
 

To determine the 
efficacy and cost of 
unattended portable 
home monitoring in 
patients with OSA 

Cost analysis alongside 
randomized clinical trial 
 
Patient population 
 • Patients referred with a 
high level of clinical 
suspicion of OSA based on 
Epworth Sleepiness Scale 

Costs included 
Direct costs 
• Hospital stay 
• Home visits 
• Respiratory 
polygraphy 
• CPAP 
 

Quality of life as 
measured through 
• Epworth Sleepiness 
Scale 
• Functional Outcomes 
Sleep Questionnaire 
• Daily activity and 
symptom 

No statistically significant 
differences in scores on 
quality of life 
questionnaires  at 1, 3, 
and 6, months of follow-
up between groups 
 
No statistically significant 

Concluded that in 
patients with a high 
probability of OSA, home 
diagnosis and follow-up 
are as effective as 
hospital follow-up 
without reducing 
compliance and at a 
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Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

score ≥ 12 and Sleep Apnea 
Clinical Score ≥ 15 
 
• Randomized into 1 of 3 
groups: 
Group A: home respiratory 
polygraphy and home 
follow-up 
Group B: Hospital PSG and 
hospital follow-up 
Group C: Home respiratory 
polygraphy and hospital 
follow-up 
 
Time horizon 
6 months 
 
Perspective 
Payer (healthcare system) 
 

Information sources 
Financial department 
of hospital where the 
study took place and 
company responsible 
for providing home 
respiratory therapy 
 

questionnaires 
at 1, 3, and 6, months 
of follow-up 
 
Compliance between 
groups at 6 months of 
follow-up as measured 
through number of 
hours of CPAP use 
 
Costs (Euros) 

difference in compliance 
across groups at each 
point of follow-up 
 
Statistically significant 
differences in costs 
between groups were 
found, with Group B 
incurring the greatest 
cost: 
• Group A: €590 ± 43 
• Group B: €894 ± 11 
• Group C: €644 ± 93 

lower cost 
 
Limitations 
Excluded patients with 
COPD, obesity-
hypoventilation and 
restrictive disorders, 
psychiatric disorders, 
neoplasms, restless leg 
syndrome, other 
dyssomnias and 
parasomnias, and 
patients previously 
treated with CPAP 

Banno et 
al/2009/Canada

97
 

To determine the effect 
of obesity and sleep 
apnea on health care 
expenditures in women 

Retrospective observational 
study 
• Compared healthcare 
utilization in 3 matched 
groups: 1) Normal weight 
women, 2) Obese women 
(met the WHO classification 
of obesity based on BMI), 
and 3) Obese women with 
documented OSA (selected 
based on PSG from 1990-
2003) 
 

Costs included 
Physician visits and 
physician fees for 9 
years prior to the 
diagnosis and the 
year of OSA diagnosis 
 
 
Information sources 
Manitoba Health 
database which tracks 
healthcare utilization 
of individuals and 
their diagnoses based 
on the International 
Classification of 
Disease (ICD-9) Codes 

• Utilization of 
healthcare 
 
Costs (Canadian $) 

• Over the 10 years, 
physician visits among 
obese women with OSA 
increased, but they 
decreased among normal 
and obese controls 
 
• Physician fees one year 
before diagnosis were 
significantly higher 
among obese women 
with OSA than normal or 
obese controls 
 

Concluded that obese 
women with OSA are 
heavier users of health 
services than obese or 
normal weight controls 
 
Limitations 
• Analyses did not adjust 
for potential confounders 
that might affect 
healthcare utilization, 
including socioeconomic 
status, race, education, 
smoking status, and 
consumption of alcohol 
• Did not include costs 
related to reduced 
productivity due to 
daytime sleepiness  
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Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

Alonso Álverez et 
al./ 2008/ Spain 

148
 

To assess the reliability 
of at-home respiratory 
polygraphy (RP) and 
compare the cost of RP 
and in-lab PSG 

Cost analysis 
Conducted a prospective,  
within-subject study on a 
random selection of 
patients with suspected 
sleep apnea-hypopnea 
syndrome (SAHS) referred 
to respiratory sleep 
disorders unit in Burgos 
• 45 patients (29-75 years 
of age) 
• Each patient underwent 
both home RP and lab PSG 
 
Time period 
Time to diagnosis 
 
Perspective 
Healthcare (payer) 

Information sources 
• Respiratory sleep 
disorders unit in 
Burgos 
• Manufacturers’ 
price list 
• 2003 Euros 
 
Direct costs 
Cost of initial and 
repeat testing 
• Personnel (nurse - 
time for in sleep unit 
or travel to home) 
• Equipment and 
disposable material 
• Maintenance 

• Diagnostic accuracy 
• Costs (Euros) 
 
Information sources 
• Primary data 
collection as part of 
study 

Diagnostic accuracy 
Pretest probability of 
sleep apnea-hypopnea 
syndrome: 0.46 
 
Sensitivity 
At AHI≥10: 62% (38%-
85%) 
 
Specificity 
AHI≥10: 96% (8%-100%) 
 
Total cost per patient 
(cost to arrive at 
diagnosis) 
• PSG: €179 
• RP:  €147 

Concluded that home 
sleep studies are a 
reliable and economical 
method for the diagnosis 
of sleep apnea-hypopnea 
syndrome 
 
Limitations 
Patient population had 
high probability of 
presenting with SAHS, as 
they were selected based 
on referral from primary 
care and pulmonology 
outpatient clinic with 
suspected SAHS 

Albarrak et al./ 
2005/ Canada 

202
 

To assess health care 
utilization in patients 
with OSAS 

Analysis of trends in 
healthcare utilization 
Conducted retrospective 
cohort study in men 
diagnosed with OSAS 
(through full PSG) and 
treated with CPAP from the 
St. Boniface General 
Hospital Sleep Disorders 
Centre from 1990-1998  
 
Patient population 
• 342 men (mean 48 years 
of age) 
• For each patient with 
OSAS, 4 matched controls 
(matched on age, sex, 
family physician, postal 
code) were randomly 
selected from the general 

Direct costs 
• Physician visits 
 
 
 
Information sources 
• administrative 
health data from 
Manitoba Health 
database 1985-2003 
(includes: patient ID, 
diagnosis, physician 
claims, 
hospitalization, and 
institutionalization 
data) 
 
• Year of currency not 
reported 
 

• Number of physician 
visits 
• Physician fees (CDN$) 
 
Information sources 
• Administrative health 
data from Manitoba 
Health database 1985-
2003 

Number of physician visits 
From 5

th
 year before 

diagnosis to 1
st

 year 
before diagnosis: 
• OSAS patients - 
significantly increased by 
3.46±0.2 (95%CI: 
2.57,4.36) 
• Control patients - 
significantly increased by 
0.39±0.49 (95%CI: 
0.10,0.67) 
 
From year prior to 
diagnosis to 5

th
 year after 

diagnosis: 
• OSAS patients - 
significantly decreased by 
1.03±0.49 (95%CI: -1.99,-
0.07) 

Concluded that treatment 
of OSAS with CPAP 
reverses the trend of 
increasing healthcare 
utilization seen prior to 
diagnosis 
 
Limitations 
Only considered costs 
associated with physician 
visits 
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population in the Manitoba 
Health database 
 
• Compared health care 
utilization data before 
initial OSAS diagnosis and 
after diagnosis (on CPAP) 
• Linear regression 
performed to assess 
predictors of increases in 
visits/fees, including: ESS, 
CPAP pressure, AHI, % of 
sleep time with O2 
saturation <90%, BMI at 
diagnosis, ischemic heart 
disease, cerebrovascular 
disease, diabetes, 
congestive heart failure, 
and hypertension 
 
Time horizon 
From 5 years prior to initial 
OSAS diagnosis to 5 years 
after diagnosis 
 
Perspective 
Healthcare (payer) 
 

 • Control patients - 
significantly increased by 
0.82±0.16 (95%CI: 
0.51,1.13) 
• OSAS patients vs. 
controls - significantly 
more physician visits in 
OSAS patients vs. controls 
over 6-year period (mean 
difference: 5.18±0.45 
(95%CI: 4.28,6.07) in year 
prior to diagnosis; 
3.33±0.44 (95%CI: 
2.46,4.20) in 5

th
 year after 

diagnosis) 
 
Physician fees 
From 5

th
 year before 

diagnosis to 1
st

 year 
before diagnosis: 
• OSAS patients - 
significantly increased by 
$148.65±$27.27 (95%CI: 
95.12,202.10) 
• Control patients - 
significantly increased by 
$19.62±$7.64 (95%CI: 
4.64,34.59) 
 
From year prior to 
diagnosis to 5

th
 year after 

diagnosis: 
• OSAS patients - 
significantly decrease by 
$13.92±$27.9 (95%CI: -
68.68,-40.83) 
• Control patients - 
significantly increased by 
$47.52±$8.07 (95%CI: 
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Author/year/ 
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31.69,-63.64) 
• OSAS patients vs. 
controls - significantly 
higher physician fees in 
OSAS patients vs. controls 
over 6-year period (mean 
difference: 
$219.42±$25.19 (95%CI: 
169.87,268.96) in year 
prior to diagnosis; 
$157.97±$24.27 (95%CI: 
110.24,205.72) in 5

th
 year 

after diagnosis) 
 
Predictors: 
Ischemic heart disease 
(IHD) was the only 
significant predictor of 
increases in fees/visits 
between the 2

nd
 year and 

the fifth year after 
diagnosis, with average 
increases of $54 and 0.54 
visits for patients with no 
IHD compared to $260 
and 3.98 visits for those 
with IHD 

Cost of illness studies 

Jennum and 
Kjellberg/2011/ 
Denmark

98
 

To determine the  
socio-economic 
consequences of SDB 
with and without 
treatment in Denmark 

Cost of illness study 
• Calculated direct and 
indirect costs using the 
National Patient Registry 
 
• Compared annual direct 
and indirect healthcare  
costs in patients diagnosed 
with SDB between 1998 
and 2006  
 

Costs included 
• Direct costs 
(including 
hospitalizations and 
outpatient visits 
weighted by 
diagnosis-related 
groups, 
pharmaceuticals, 
visits to general 
practitioners and 

• Healthcare resource 
utilization 
• Mortality 
• Employment pre-
diagnosis 
• Costs (Euros) 

Healthcare utilization 
More patients than 
controls were: 
• Treated in outpatient 
clinics 
• Hospitalized 
• Seen by the primary 
care system 
• Taking medications and 
receiving support for 
their medications 

Concluded that sleep 
apnea is associated with 
higher health-related and 
social transfer costs and 
lower levels of 
employment and income 
 
Limitations 
• Did not include 
information on CPAP 
usage 
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Patient population 
Cases: patients diagnosed 
with SDB 
Controls: matched  on (age, 
gender, and geographical 
area of residence) 
 
• Patients and controls 
followed from year of 
diagnosis to 2006 
 
 

specialists 
• Indirect costs (using 
human capital 
approach) 
 
Information sources 
• Danish Ministry of 
Health 
• Danish Medicine 
Agency 
• National Health 
Security database 
• National Patient 
Registry 
• Income data 
Coherent Social 
Statistics 
 
 
Costs adjusted to 
2006 Euros 

• Receiving social services 
 
Employment rates up to 8 
years before diagnosis  
Statistically significantly 
lower among cases than 
controls and further 
decreased after diagnosis 
 
Costs 
Direct net healthcare 
costs  (GP services, 
hospital services, and 
medication) and indirect 
costs (loss of labour 
market income) were 
statistically significantly 
higher among cases with 
sleep apnea than controls 
(€5,257 vs €1,396) 
 
Annual mean excess 
health-related cost per 
patient with sleep apnea 
was €3,860 
 
Mortality 
Patients with sleep apnea 
had statistically 
significantly higher 
mortality rates compared 
to controls 

• Diagnostic criteria used 
by reporting physicians 
may not have been the 
same 

Shaya et 
al/2009/United 
States

203
 

To determine the 
incremental economic 
burden of sleep apnea 
in patients with 
concomitant asthma, 
COPD or both 

Cost of illness study 
Compared patients’ 
baseline characteristics by 
diagnosis of sleep apnea 
and stratified the analyses 
by disease cohort 
(asthma/COPD) 

Costs included 
Physician visits, 
inpatient and 
outpatient services 
and pharmaceuticals 
 
Information sources 

• Prevalence of sleep 
apnea 
• Healthcare resource 
utilization 
• Costs (US$) 

Prevalence of sleep apnea 
Sleep apnea was more 
prevalent among patients 
with asthma and COPD 
than among those with 
just asthma or COPD 
 

Concluded that sleep 
apnea is associated with 
additional economic 
burden on patients with 
COPD or both COPD and 
asthma 
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Patient population 
Medicaid beneficiaries 
between 40 and 64 years of 
age enrolled in 1 of 7 
contracted managed care 
organizations  
 
Time period 
 At least 360 days of follow-
up from the date of the first 
medical claim for asthma or 
COPD 

Maryland Medicaid 
claims data from 
2001 to 2003 
Medicaid fee 
schedule 
 
Currency year not 
specified 

Healthcare resource 
utilization 
Patients with sleep apnea 
had more medical claims 
and higher medical costs 
than patients without 
sleep apnea 
 
Medical utilization and 
cost did not differ by 
sleep apnea diagnosis 
among patients with 
asthma 
 
Excess costs among 
patients with asthma and 
COPD and patients with 
just COPD were $5,773 
and $4,155, respectively 

Limitations 
Medicaid data 
overrepresented female, 
low income populations, 
and minorities and, 
therefore, the findings 
may not be generalizable 
to the broader population 
 
Information on smoking 
and disease severity were 
not available 

Sjosten et 
al/2009/Finland

204
 

To determine the total 
number of lost work 
days caused by sleep 
apnea during the 5 
years prior to the year 
of diagnosis 

Cost of illness examined 
through case-control study 
 
Calculated annual sum of 
lost workdays due to 
medically certified sickness 
absences or disability 
pensions prior to diagnosis 
 
Used regression analyses to 
explore the risk of lost 
workdays during 6 
consecutive years including 
the year of diagnosis 
 
Patient population 
Cases: Finnish public sector 
employees who had 
received a diagnosis of 
sleep apnea between 1995 

Costs included 
N/A 
 
 

• Lost workdays 
• Proportion with 
comorbidities 
 
Information sources 
Finnish Public Sector 
study  
(includes all contacts 
with the social welfare 
and healthcare 
systems) were linked to 
hospitalization, sickness 
absence, and disability 
pension records from 
national registers 
Drug Reimbursement 
Register 
Social Insurance 
Institution  of Finland 
(medically certified 

Overall rate of lost 
workdays  after adjusting 
for all covariates: 
• In men: 1.6 times 
greater for cases than 
controls 
• In women: 1.8 times 
greater for cases than 
controls  
 
Proportion with 
comorbidities 
29% of cases and 12% of 
controls had a comorbid 
chronic disease 
 
Case patients had 
statistically significantly 
more comorbidities than 
controls 

Concluded that sleep 
apnea is associated with 
an increased risk of work 
disability prior to 
diagnosis 
 
 
Limitations 
Did not have access to 
data on BMI, a known risk 
factor for long term work 
disability 
 
Number of workdays lost 
may have been 
underestimated since 
registers did not include 
records of short term 
medically certified 
sickness absences (1 to 9 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

and 2005 (n=1,284) 
identified in the National 
Hospital Discharge Register 
using ICD-10 codes 
Controls: randomly 
selected Finnish public 
sector employees who had 
not received a diagnosis of 
sleep apnea matched on 
age, gender, socioeconomic 
status, type of 
employment, and 
organization (n=4,785) 
 
Time period 
6 years 
 

sickness absence 
records 
Finnish Centre for 
Pensions(disability 
pensions) 

 days) 

Greenberg-Dotan/ 
2007/Israel

205
 

To determine gender 
differences in morbidity 
and total healthcare 
utilization 5 years prior 
to diagnosis of OSA  

Cost of illness examined 
through case control study 
 
 
Patient population 
Patients recruited between 
January 2001 and April 
2003 
 
Cases: consecutively 
recruited OSA patients 22 
to 81 years of age with PSG 
diagnosed OSA attending 1 
of 2 sleep clinics (n=289 
females; n=289 males) 
 
Controls:  Matched 1:1 by 
age, gender, geographic 
location and primary care 
physician selected 
randomly from the healthy 
general population in the 

Costs included 
Direct medical costs 
• Hospital stay 
 • Emergency room 
visits 
• Specialist visits  
• Pharmaceuticals 
 
Information sources 
Pricelistpublished by 
Israeli Ministry of 
Health in 2005 
 
Costs reported in 
2005 US dollars 

• Healthcare utilization 
• Quality of life as 
measured through 
Functional Outcomes of  
Sleep Questionnaire 
 
Information sources 
• Administrative data 
from HMO database 
• Patients’ responses to 
questionnaire 

Healthcare reousource 
utilization 
• After adjusting AHI, age, 
and gender, women were 
found to be heavier users 
of healthcare resources 
when compared to men 
with similar OSA severity 
 
• Compared to controls, 
women and men with 
OSA had 1.78 and 1.89 
times higher 5 year total 
healthcare costs, 
respectively 
 
• 5 year total costs in 
women were significantly 
higher than men in both 
control and OSA groups 
 
Quality of life 

Concluded that women 
with OSA are heavier 
users of healthcare 
compared to men with 
similar OSA severity 
 
Poor perceived health 
status and low Functional 
Outcomes Sleepiness 
scores among women 
with OSA may lead to 
illnesses that increase 
health utilization 
 
Limitations 
No BMI data were 
available for controls 
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Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

largest Health Maintenance 
Organization in Israel 
 
Analysis 
Used two-way analysis of 
variance to determine 
significance of 5 year total 
healthcare costs between 
women and men and 
between OSA groups 
 
Used logistic regression to 
examine the primary 
determinants of the most 
costly male and female OSA 
patients 
 
Time period  
5 years prior to diagnosis of 
OSA 
 

Compared to men with 
OSA,, women with OSA 
reported significantly 
lower perceived health 
status   

Kapur et 
al/1999/United 
States

96
 

To determine the  
relationship between 
severity of SDB and 
medical costs prior to 
diagnosis of SDB 

Cost of illness  within a case 
control study 
• Compared mean and 
median annual medical 
costs of patients  in a staff 
model HMO who were 
referred to a specialty 
provider for a sleep-related 
complaint and 
polysomnography (PSG) 
(cases) to an age and 
gender-matched stratified 
random sample of patients 
without a diagnosis of SDB  
(controls) 
 
• Diagnosis of sleep 
disordered breathing 

Costs included 
Direct medical costs  
(including overhead 
costs) 
 
Information sources 
Administrative data 
(GMC Utilization 
Management /Cost 
Management 
Information System) 
 
Costs adjusted to 
1996 US dollars 

• Chronic disease score 
(CDS) (medication use-
based score that 
provides a measure of 
chronic disease status 
• Costs (US$) 
 
Information sources 
Administrative data 
(GMC Utilization 
Management /Cost 
Management 
Information System) 
 

Chronic disease score 
• Chronic disease score: 
significantly higher for 
cases than controls 
 
Costs 
• Mean and median costs 
for the year prior to 
diagnosis significantly 
higher for cases (cases: 
$2,720 and $1,380, 
respectively; controls: 
$1,384 and $539, 
respectively) 
 
• Found linear 
relationship between AHI 
and costs up to certain 

Concluded that: 
• Patients with 
undiagnosed SDB have 
significantly higher 
medical costs than age 
and gender matched 
controls 
 
• Severity of SDB is 
associated with the 
magnitude of medical 
costs 
 
• Undiagnosed SDB may 
cause $3.4 billion in 
additional medical costs 
in the US annually 
 

Level I and Level III Sleep Studies for the Diagnosis of Sleep Disordered Breathing (SDB) in Adults July 2013

Prepared for Alberta Health, AHTDP



234 
 

Summary of economic studies 

Author/year/ 
Country Purpose of study Study methods Costs included Outcomes measured Findings Comments 

(reduced airflow of 10 
seconds or longer with at 
least 3% oxygen  
desaturation (apnea: > 75% 
reduction in flow; 
hypopnea: 25%-75% 
reduction in flow) 
 
 
Perspective 
Payer 

point, after which AHI 
was no longer associated 
with costs 

Limitations 
• Controls were selected 
at random while cases 
were identified as a result 
of seeking healthcare. 
Expectations of use of 
healthcare resources 
may, therefore, be 
different 
• Patients referred to a 
specialist may have a 
greater chronic disease 
burden for reasons 
unrelated to OSA 
• High prevalence of 
obesity among cases may 
have increased medical 
costs for reasons 
unrelated to OSA 
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