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Description: The American College of Physicians (ACP) developed
this guideline to present the evidence and provide clinical re-
commendations on the diagnosis of obstructive sleep apnea in
adults.

Methods: This guideline is based on published literature on this
topic that was identified by using MEDLINE (1966 through May
2013), the Cochrane Central Register of Controlled Trials, and
the Cochrane Database of Systematic Reviews. Searches were lim-
ited to English-language publications. The clinical outcomes evalu-
ated for this guideline included all-cause mortality, cardiovascular
mortality, nonfatal cardiovascular disease, stroke, hypertension,
type 2 diabetes, postsurgical outcomes, and quality of life. Sensi-
tivities, specificities, and likelihood ratios were also assessed as out-
comes of diagnostic tests. This guideline grades the evidence and

recommendations by using ACP’s clinical practice guidelines grading
system.

Recommendation 1: ACP recommends a sleep study for patients
with unexplained daytime sleepiness. (Grade: weak recommenda-
tion, low-quality evidence)

Recommendation 2: ACP recommends polysomnography for di-
agnostic testing in patients suspected of obstructive sleep apnea.
ACP recommends portable sleep monitors in patients without seri-
ous comorbidities as an alternative to polysomnography when poly-
somnography is not available for diagnostic testing. (Grade: weak
recommendation, moderate-quality evidence)
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Obstructive sleep apnea (OSA) is caused by repetitive
obstruction of the upper airway during sleep, result-

ing in hypopnea (reduced airflow during sleep) or apnea
(complete airflow cessation during sleep). Persons with
OSA may experience loud snoring, oxygen desaturation,
frequent arousals, and disruption of sleep. Disrupted
sleep can result in hypersomnolence and impaired concen-
tration during the day (1), increased probability of motor
vehicle and other accidents (2, 3), and decreased quality of
life (4). Although evidence establishing a causal relation-
ship is not currently available, OSA is associated with ad-
verse clinical outcomes, including cardiovascular disease
(5–8); hypertension (9–11); cognitive impairment and
metabolic abnormalities, such as type 2 diabetes (6, 12–
15); and an increased risk for postoperative cardiac and
respiratory complications (16–18). The exact prevalence of
OSA is unknown. Estimates range from 10% to 17% of

the U.S. population, with the variation due in part to
variable criteria used to define disease (for example, the
number of apneic episodes per hour or whether individuals
are required to have specific accompanying signs or symp-
toms) (19, 20). Prevalence of OSA increases with age, par-
ticularly in adults older than 60 years (21–25). The grow-
ing rate of obesity also contributes to increasing OSA
prevalence (26).

Considerable controversy surrounds the type and level
of respiratory abnormality, the presence and type of signs
or symptoms, and the most appropriate sleep monitoring
device for diagnosing OSA. Questionnaires are used to pre-
screen patients for further testing, the most common of
which is the Epworth Sleepiness Scale (ESS) (27). Poly-
somnography (PSG), which must be performed in a sleep
laboratory setting, is considered the reference standard for
diagnosing OSA, but it is expensive and requires special-
ized resources. Type I monitors are facility-based PSG.
Type II monitors are portable, measure most of the same
channels (physiologic parameters) as type I monitors (in-
cluding �2 respiratory channels), and can differentiate be-
tween sleep and awake states. Type III monitors also mea-
sure at least 2 respiratory channels but cannot reliably
distinguish between sleep and awake states. Type IV mon-
itors are those that do not fit into type III classification and
can vary in the number of channels that they record. Table
1 summarizes the types of monitors.
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Polysomnography and portable monitors measure or
estimate the apnea–hypopnea index (AHI), a measure of
the number of apnea or hypopnea events per hour during
sleep (Table 1). The AHI is used to diagnose and assess the
severity of OSA. The American Academy of Sleep Medi-
cine (AASM) sets a threshold of 15 events per hour with or
without symptoms or 5 events per hour with symptoms for
OSA diagnosis (29, 30). The Centers for Medicare &
Medicaid Services reimburses for OSA treatment with con-
tinuous positive airway pressure (CPAP) devices for pa-
tients with an AHI score of at least 15 events per hour or
those with at least 5 events per hour and symptoms, such
as daytime somnolence, fatigue, insomnia, mood disorders,
and cognitive impairment, or cardiovascular comorbid
conditions, such as hypertension, ischemic heart disease, or
prior stroke (31).

The purpose of this American College of Physicians
(ACP) guideline is to address the screening and diagnosis
of OSA by presenting a comparison of the effectiveness of
the available diagnostic methods. The target audience for
this guideline includes all clinicians, and the target patient
population includes all adults with suspected OSA. This
guideline is based on the comparative effectiveness review
sponsored by the Agency for Healthcare Research and
Quality (AHRQ) (28), the 2007 Technology Assessment
of Home Diagnosis of Obstructive Sleep Apnea-Hypopnea
Syndrome (32), and an updated literature review through
May 2013. The recently published ACP guideline on the
management of OSA in adults (33) provides guidance on
treatment of OSA.

METHODS

This guideline addresses the following key questions
related to the screening and diagnosis of OSA:

1. How do different available tests compare in their
ability to diagnose sleep apnea in adults with symptoms
suggestive of disordered sleep? How do these tests compare
in different subgroups of patients based on race, sex, body

mass index, existing type 2 diabetes mellitus, existing car-
diovascular disease, existing hypertension, clinical symp-
toms, previous stroke, or airway characteristics?

2. How does phased testing (screening tests or battery
followed by full test) compare with full testing alone?

3. What is the effect of preoperative screening for sleep
apnea on surgical outcomes?

4. In adults being screened for OSA, what is the
relationship between the AHI and other patient character-
istics with respect to long-term clinical and functional
outcomes?

The literature search for the systematic review (28) was
conducted using MEDLINE (1966 to September 2010),
the Cochrane Central Register of Controlled Trials, and
the Cochrane Database of Systematic Reviews and in-
cluded peer-reviewed studies published in English. The ev-
idence review was updated through 30 May 2013 by iden-
tifying literature in MEDLINE with the same search
strategy and inclusion and exclusion criteria as the 2010
report (Supplement, available at www.annals.org). The in-
cluded studies reported minimum AHI thresholds for OSA
diagnosis ranging from 5 to 20 events per hour (28). Fur-
ther details about the methods and inclusion and exclusion
criteria applied in the evidence review are available in the
AHRQ report (28) and the Supplement.

This guideline rates the evidence and recommenda-
tions by using ACP’s guideline grading system (Table 2).
Details of the guideline development process can be found
in ACP’s methods paper (34).

COMPARISON OF DIAGNOSTIC TESTS FOR OSA
Type II Monitors Versus PSG

Moderate-quality evidence from 9 studies showed that
type II monitors may predict AHI scores suggestive of
OSA (31, 35–42). The sensitivities and specificities for
type II monitors to predict AHI scores greater than 5, 15,
and 30 events per hour are summarized in Table 3.

Table 1. Types of Monitors for Diagnosis of Obstructive Sleep Apnea*

Type Portability Channels, n Signals >2 Airflow/Effort
Channels

Identifies Sleep and
Awake States

Measures AHI

I Facility-based 14–16 EEG, EOG, EMG, ECG/HR, airflow,
effort SaO2

Yes Yes Yes

II Portable �7 EEG, EOG, EMG, ECG/HR, airflow,
effort SaO2

Yes Yes Yes

III Portable �4 Airflow and/or effort, ECG/HR, SaO2 Yes No No, but estimates AHI†
IV Portable 1–3‡ All monitors that do not fit into type III

classification
No No§ No, but estimates AHI†

AHI � apnea–hypopnea index; ECG � electrocardiography; EEG � electroencephalography; EMG � electromyography; EOG � electro-oculography; HR � heart rate.
* Adapted from reference 28.
† Both type III and type IV monitors estimate the AHI by measuring the total number of episodes of apnea and hypopnea divided by the number of recording hours/time
(as opposed to number of hours of sleep determined by EEG). Some type IV devices estimate sleep and awake states by peripheral arterial tone and estimate the AHI from
the estimated sleep time.
‡ May have �3 channels provided that criteria for type III monitors are not met.
§ May include monitors that measure signals that are, in principle, able to identify arousals from sleep.
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Type III Monitors Versus PSG
Moderate-quality evidence from 34 studies (43–76)

showed that type III monitors have the ability to predict
AHI scores suggestive of OSA. The sensitivities and speci-
ficities for type III monitors to predict AHI scores greater
than 5, 15, and 30 events per hour are summarized in
Table 3. Type III monitors showed a wide range of differ-
ence in AHI estimates compared with PSG (28).

Type IV Monitors Versus PSG
Moderate-quality evidence from 37 studies (32, 77–

113) showed that type IV monitors can predict AHI scores

suggestive of OSA. The sensitivities and specificities for
type IV monitors to predict AHI scores greater than 5, 15,
and 30 events per hour are summarized in Table 3. Type
IV monitors showed a wide range of difference in AHI
estimates compared with PSG (28). Direct comparison be-
tween type III and type IV monitors was not possible, but
indirect evidence from studies comparing each monitor
with PSG suggested that type III monitors performed bet-
ter than type IV monitors in predicting AHI scores sugges-
tive of OSA.

Questionnaires Versus PSG
A total of 47 studies compared questionnaires and

PSG (72, 102, 106, 114–156). The sensitivities and spec-
ificities of selected tests are summarized in Table 3. Low-
quality evidence from 18 studies (72, 115, 116, 118–133)
showed that the Berlin Questionnaire may be helpful in
predicting risk for OSA. However, the sensitivity and spec-
ificity of the questionnaire had a wide range depending on
the AHI cutoff level (Table 3). Low-quality evidence from
22 studies describing the ESS (72, 121–123, 128, 130,
134–149), 3 describing the Multivariate Apnea Prediction
Index (102, 147, 150), 3 describing the Pittsburgh Sleep
Quality Index (139, 141, 151), and 5 describing the
STOP-BANG Questionnaire (135, 148, 152–154) showed
that these questionnaires had low accuracy for diagnosis.
Evidence was insufficient to determine the diagnostic ac-
curacy of the other questionnaires.

Table 2. The American College of Physicians’ Guideline
Grading System*

Quality of
Evidence

Strength of Recommendation

Benefits Clearly Outweigh Risks
and Burden or Risks and Burden
Clearly Outweigh Benefits

Benefits Finely Balanced
With Risks and Burden

High Strong Weak
Moderate Strong Weak
Low Strong Weak

Insufficient evidence to determine net benefits or risks

* Adopted from the classification developed by the GRADE (Grading of Recom-
mendations Assessment, Development, and Evaluation) workgroup.

Table 3. Accuracy of Portable Monitors and Questionnaires for Diagnosis of Obstructive Sleep Apnea

Tool Overall Quality
of Evidence

AHI Cutoff,
events/h

Sensitivity, % Specificity, %

Type II monitor Moderate 5 88–94 36–77
15 79–100 71–100
30 61–77 96–98

Type III monitor Moderate 5 83–97 48–100
15 64–100 41–100
30 70–96 79–100

Type IV monitor
�2 channels Moderate 5 75–100 43–100

15 67–98 50–100
30 80–100 74–98

1 channel/oximetry Moderate 5 27–100 67–100
15 39–100 32–100
30 18–100 29–100

Berlin Questionnaire Low 5 37–93 17–95
15 40–83 20–97
30 17–87 37–77

Epworth Sleepiness Scale Low 5 24–96 29–89
15 21–50 43–83
30 36–50 70–79

Multivariate Apnea Prediction Index Low 5 84 46
15 86 31
30 90 66

Pittsburgh Sleep Quality Index Low 5 72 0
15 14 86
30 No data No data

STOP-BANG Questionnaire Low 5 36–97 18–89
15 44–99 11–77
30 56–100 11–74

AHI � apnea–hypopnea index.
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Clinical Prediction Rules Versus PSG
Thirteen studies (102, 144, 157–167) assessed a total

of 16 internally validated clinical prediction rules (refer to
the AHRQ report [28] and the Supplement for descrip-
tions of each of these tools). Most of the rules used infor-
mation that was available through clinical history and ex-
amination, and all were compared with facility-based PSG.
Studies were highly heterogeneous with respect to popula-
tions assessed, type of reference test used, and OSA defini-
tions, and only 1 study was identified for each prediction
rule. Overall, low-quality evidence suggested that some
clinical prediction rules can be used to effectively predict
OSA diagnosis. However, the applicability of these rules to
the general population cannot be determined from the ex-
isting literature. In addition, none of the studies examined
the potential clinical utility of applying these rules to clin-
ical practice.

Comparison of Phased Testing Versus Full Testing
Phased testing involves a series of tests that may be

done depending on the results of initial tests, whereas full
testing involves overnight PSG. Evidence was insufficient
to determine the utility of phased testing for diagnosing
OSA; 1 low-quality prospective study was subject to veri-
fication bias (168), and another reported a positive likeli-
hood ratio of at least 3.9 and a negative likelihood ratio of
0.06 (102).

PREDICTORS OF LONG-TERM CLINICAL AND

FUNCTIONAL OUTCOMES

Fourteen studies met the inclusion criteria for predic-
tors of long-term clinical outcomes, such as mortality,
stroke, hypertension, and cardiovascular disease (5, 10, 19,
20, 169–178). Results were inconclusive to establish a
causal relationship and are summarized in Table 4.

SUMMARY

Polysomnography performed in a sleep laboratory has
been the standard method to diagnose OSA; however, it
requires specialized facilities, is resource-intensive and ex-
pensive, and requires patients to spend the night under
observation in a foreign environment. In addition to PSG,

portable monitors (types II, III, and IV) can be used to
diagnose OSA, although the measured AHI score can differ
substantially from that measured with PSG. Low-quality
evidence showed that type II monitors may identify AHI
scores suggestive of OSA. No study directly compared dif-
ferent portable monitors with each other, although current
evidence supports greater diagnostic accuracy with type III
monitors than type IV monitors (28). The utility of por-
table monitors for diagnosing OSA in patients with comor-
bid conditions, including chronic lung disease, congestive
heart failure, or neurologic disorders, is uncertain because
most studies excluded these patients. Also, compared with
PSG, type II, III, and IV monitors had a wide range of
difference in AHI estimates (28).

A significant limitation of type IV monitors is that
they cannot differentiate between obstructive and central
apneas. In contrast to OSA, where airflow is disrupted be-
cause of airway obstruction, central sleep apnea results
from a temporary failure of the brain to send signals to
breathe. Because CPAP may be contraindicated in patients
with central sleep apnea, an accurate diagnosis is impor-
tant. Patients with cardiac, respiratory, or neurologic dis-
ease may be at the greatest risk for central sleep apnea, and
the AASM does not recommend the use of portable mon-
itors for diagnosis in these patients (179).

Although the evidence was insufficient to determine
the utility of most questionnaires compared with PSG for
OSA screening, low-quality evidence indicated that the
Berlin Questionnaire may be used to screen for OSA.
However, questionnaires may not be applicable to the gen-
eral population because they include subjective questions
about sleepiness and not all patients, even those with severe
OSA, report sleepiness. For example, the Wisconsin Sleep
Cohort Study found that only 37% of patients with severe
OSA (AHI score �30 events/h) reported daytime sleepi-
ness and that mortality associated with long-term OSA was
independent of subjective sleepiness (20).

Evidence was insufficient to determine the effective-
ness of phased testing for the diagnosis of OSA or the
utility of preoperative screening for OSA to improve post-
surgical outcomes.

Table 4. The AHI as a Predictor of Clinical Outcomes

Outcome Evidence Overall Quality
of Evidence

Reference

All-cause mortality Association with increased risk with AHI score �30 events/h High 19, 20, 171, 172, 176
Cardiovascular mortality Inconsistent results Insufficient 5, 20
Nonfatal cardiovascular disease Association with increased risk with AHI score �30 events/h and no

CPAP treatment
Insufficient 5, 177

Stroke No association Insufficient 169
Hypertension Unclear conclusions Insufficient 10, 173, 178
Type 2 diabetes Association with increased risk with AHI score �30 events/h Low 170, 174
Quality of life No association Insufficient 175

AHI � apnea–hypopnea index; CPAP � continuous positive airway pressure.
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Evidence was mixed to correlate OSA with predictors
of long-term clinical outcomes, and no causal relationships
have been established. High-quality evidence showed an
association between an AHI score greater than 30 events
per hour and greater all-cause mortality. Low-quality evi-
dence showed an association between higher AHI score
and incident diabetes, although obesity was probably a
confounding variable in these studies. However, a random-
ized trial showed that CPAP treatment did not reduce
mortality or coronary heart disease events in patients with
OSA who did not have daytime sleepiness. Although
CPAP seems to reduce blood pressure in patients with
symptomatic OSA who adhere to it, its effect on blood
pressure in adults with OSA who do not have daytime
sleepiness is less well-established (180). The short-term ef-
fect of CPAP on blood pressure in patients with moderate
to severe OSA with or without daytime sleepiness and re-
sistant hypertension is small (3 mm Hg) and of unknown
clinical benefit (42).

RECOMMENDATIONS

Recommendation 1: ACP recommends a sleep study for
patients with unexplained daytime sleepiness. (Grade: weak
recommendation, low-quality evidence)

Clinicians should target their assessment of OSA to
individuals with unexplained daytime sleepiness. This as-
sessment should include evaluation of the risk factors and
common presenting symptoms for OSA. The best-
documented risk factor for OSA is obesity. Clinical symp-
toms for OSA include unintentional sleep episodes during
wakefulness, daytime sleepiness, unrefreshing sleep, fa-
tigue, insomnia, and snoring. If other causes have been
ruled out (for example, thyroid disease, gastroesophageal
reflux disease, or other respiratory diseases), further evalu-
ation for OSA may be warranted in patients with daytime
sleepiness, which is the clinically relevant OSA symptom
most responsive to treatment. Evidence is lacking on the
effect of CPAP on improving other outcomes, including
hypertension, diabetes, coronary heart disease events, and
mortality, especially among individuals without daytime
sleepiness. For guidance on treatment, clinicians should
refer to the ACP guideline on management of OSA (33).
Sleepiness questionnaires, such as the ESS, help in assessing
the symptom severity of OSA but cannot assess the AHI (a
necessary but not sufficient component of OSA) and lack
sufficient sensitivity and specificity to replace a sleep study
in diagnosing OSA.

Recommendation 2: ACP recommends polysomnography
for diagnostic testing in patients suspected of obstructive sleep
apnea. ACP recommends portable sleep monitors in patients
without serious comorbidities as an alternative to polysomnog-
raphy when polysomnography is not available for diagnostic
testing. (Grade: weak recommendation, moderate-quality
evidence)

Full-night, attended, in-laboratory PSG is considered
the reference standard diagnostic test and is recommended
in patients with suspected OSA. However, in the absence
of PSG, portable monitors may be used as an alternative
diagnostic test in such patients. Both the AASM and the
Centers for Medicare & Medicaid Services consider an
AHI score of at least 15 events per hour or at least 5 events
per hour with symptoms (such as daytime somnolence and
fatigue) as criteria for OSA diagnosis. Evidence shows that
compared with PSG, type II, III, and IV monitors have a
wide range of difference in AHI estimates. These monitors
have a high positive likelihood ratio and low negative like-
lihood ratio for various AHI cutoff levels to predict OSA.
Monitors with more channels perform better than those
with fewer channels, and type IV monitors have an impor-
tant limitation in that they are unable to distinguish ob-
structive from central sleep apnea. There is no direct evi-
dence from head-to-head comparisons of type III and IV
monitors, but indirect evidence from studies comparing
each monitor with PSG suggested that type III monitors
performed better than type IV monitors in predicting AHI
scores suggestive of OSA. Although portable monitors may
be useful, data loss of 3% to 20% has been reported for
type III and IV monitors (181). Furthermore, inadequate
data resulting in limited interpretation of results from the
use of type III monitors has been reported for 13% to 20%
of the evaluations (182). The utility of portable monitors
for patients with serious comorbid conditions, including
chronic lung disease, congestive heart failure, or neurologic
disorders, has not been verified.

Evidence from studies comparing one monitor with
another is lacking. The Figure summarizes the recommen-
dations and clinical considerations.

INCONCLUSIVE AREAS OF EVIDENCE

Preoperative Screening for OSA
Detection of OSA in patients having surgery is an area

of considerable interest. However, the current evidence
does not provide enough information on the effect of pre-
operative screening for sleep apnea on surgical outcomes.
Four low-quality studies provided inconclusive evidence
(115, 183–185). Hence, at this point, ACP’s Clinical
Guidelines Committee cannot determine the benefits and
harms of preoperative screening for OSA.

Phased Testing for OSA
The current evidence from 1 low-quality study was

insufficient to draw conclusions about phased testing com-
pared with full PSG testing for diagnosis of OSA.

Assessment in Patients With Comorbid Conditions
The utility of portable monitors for diagnosing OSA

in patients with comorbid conditions, such as chronic lung
disease, congestive heart failure, or neurologic disorders, is
unknown because few studies included these patients.
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ACP HIGH-VALUE CARE

Evidence shows that before diagnosis, patients with
OSA have higher rates of health care use, more frequent
and longer hospital stays, and greater health care costs than
after diagnosis (18, 186). Clinicians should target evalua-
tion of OSA to patients with unexplained daytime sleepi-
ness. This assessment should include evaluation of the risk
factors and common presenting symptoms for OSA. The
best-documented risk factor is obesity. Clinical symptoms
include unintentional sleep episodes during wakefulness,
daytime sleepiness, unrefreshing sleep, fatigue, insomnia,
and snoring. Assessment of OSA in the absence of daytime
sleepiness or treatment of persons with low AHI scores is
low-value care because evidence to date indicates that nei-
ther improves clinical outcomes.
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Figure. Summary of the American College of Physicians guideline on diagnosis of OSA in adults.

SUMMARY OF THE AMERICAN COLLEGE OF PHYSICIANS GUIDELINE ON
DIAGNOSIS OF OBSTRUCTIVE SLEEP APNEA IN ADULTS

Recommendations

Target Audience
Target Patient Population

Interventions

Screening and Diagnostic
Tests

Outcomes

Disease/Condition

Clinical Considerations

High-Value Care

OSA
Internists, family physicians, and other clinicians
Adults with suspected OSA

PSG
Type II, III, and IV portable monitors
Questionnaires
Strategies to manage OSA

All-cause mortality, cardiovascular mortality, nonfatal cardiovascular disease, stroke, hypertension, type 2 diabetes, 
postsurgical outcomes, and quality of life
Recommendation 1: ACP recommends a sleep study for patients with unexplained daytime sleepiness. (weak 
recommendation, low-quality evidence)

Recommendation 2: ACP recommends polysomnography for diagnostic testing in patients suspected of obstructive sleep 
apnea. ACP recommends portable sleep monitors in patients without serious comorbidities as an alternative to 
polysomnography when polysomnography is not available for diagnostic testing. (weak recommendation, moderate-quality 
evidence)

Clinicians should target their assessment of OSA to individuals with unexplained daytime sleepiness.
The utility of portable monitors for diagnosing OSA in patients with comorbid conditions, such as chronic lung disease, 
congestive heart failure, or neurologic disorders, is unknown.
Although portable monitors may be used to diagnose OSA, AHI measurements from these devices may differ significantly 
from those taken with PSG.
CPAP treatment does not reduce CHD events and mortality in patients with OSA who do not have daytime sleepiness.

AHI � apnea–hypopnea index; CHD � coronary heart disease; CPAP � continuous positive airway pressure; OSA � obstructive sleep apnea; PSG �
polysomnography.
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López JA, et al. Should patients with sleep apnoea/hypopnoea syndrome be
diagnosed and managed on the basis of home sleep studies? Eur Respir J. 1997;
10:1720-4. [PMID: 9272909]
68. Quintana-Gallego E, Villa-Gil M, Carmona-Bernal C, Botebol-Benhamou
G, Martı́nez-Martı́nez A, Sánchez-Armengol A, et al. Home respiratory poly-
graphy for diagnosis of sleep-disordered breathing in heart failure. Eur Respir J.
2004;24:443-8. [PMID: 15358704]
69. Su S, Baroody FM, Kohrman M, Suskind D. A comparison of poly-
somnography and a portable home sleep study in the diagnosis of obstructive
sleep apnea syndrome. Otolaryngol Head Neck Surg. 2004;131:844-50. [PMID:
15577778]
70. Verse T, Pirsig W, Junge-Hülsing B, Kroker B. Validation of the POLY-
MESAM seven-channel ambulatory recording unit. Chest. 2000;117:1613-8.
[PMID: 10858392]
71. Whittle AT, Finch SP, Mortimore IL, MacKay TW, Douglas NJ. Use of
home sleep studies for diagnosis of the sleep apnoea/hypopnoea syndrome. Tho-
rax. 1997;52:1068-73. [PMID: 9516901]
72. Danzi-Soares NJ, Genta PR, Nerbass FB, Pedrosa RP, Soares FS, César LA,
et al. Obstructive sleep apnea is common among patients referred for coronary
artery bypass grafting and can be diagnosed by portable monitoring. Coron
Artery Dis. 2012;23:31-8. [PMID: 22107804]
73. Cheliout-Heraut F, Senny F, Djouadi F, Ouayoun M, Bour F. Obstructive
sleep apnoea syndrome: comparison between polysomnography and portable
sleep monitoring based on jaw recordings. Neurophysiol Clin. 2011;41:191-8.
[PMID: 22078731]
74. Driver HS, Pereira EJ, Bjerring K, Toop F, Stewart SC, Munt PW, et al.
Validation of the MediByte® type 3 portable monitor compared with polysom-
nography for screening of obstructive sleep apnea. Can Respir J. 2011;18:137-43.
[PMID: 21766076]
75. Gjevre JA, Taylor-Gjevre RM, Skomro R, Reid J, Fenton M, Cotton D.
Comparison of polysomnographic and portable home monitoring assessments of
obstructive sleep apnea in Saskatchewan women. Can Respir J. 2011;18:271-4.
[PMID: 21969928]
76. Masa JF, Corral J, Pereira R, Duran-Cantolla J, Cabello M, Hernández-
Blasco L, et al. Effectiveness of home respiratory polygraphy for the diagnosis of
sleep apnoea and hypopnoea syndrome. Thorax. 2011;66:567-73. [PMID:
21602541]
77. Abraham WT, Trupp RJ, Phillilps B, Bourge RC, Bailey B, Harding SM,
et al. Validation and clinical utility of a simple in-home testing tool for sleep-
disordered breathing and arrhythmias in heart failure: results of the Sleep Events,
Arrhythmias, and Respiratory Analysis in Congestive Heart Failure (SEARCH)
study. Congest Heart Fail. 2006;12:241-7. [PMID: 17033271]

Clinical GuidelineDiagnosis of Obstructive Sleep Apnea in Adults

www.annals.org 5 August 2014 Annals of Internal Medicine Volume 161 • Number 3 217

Downloaded From: http://annals.org/ on 08/15/2014



78. Agatsuma T, Fujimoto K, Komatsu Y, Urushihata K, Honda T, Tsukahara
T, et al. A novel device (SD-101) with high accuracy for screening sleep apnoea-
hypopnoea syndrome. Respirology. 2009;14:1143-50. [PMID: 19818056]
79. Ayappa I, Norman RG, Seelall V, Rapoport DM. Validation of a self-
applied unattended monitor for sleep disordered breathing. J Clin Sleep Med.
2008;4:26-37. [PMID: 18350959]
80. Chen H, Lowe AA, Bai Y, Hamilton P, Fleetham JA, Almeida FR. Evalu-
ation of a portable recording device (ApneaLink) for case selection of obstructive
sleep apnea. Sleep Breath. 2009;13:213-9. [PMID: 19052790]
81. Clark AL, Crabbe S, Aziz A, Reddy P, Greenstone M. Use of a screening
tool for detection of sleep-disordered breathing. J Laryngol Otol. 2009;123:
746-9. [PMID: 19222876]
82. de Almeida FR, Ayas NT, Otsuka R, Ueda H, Hamilton P, Ryan FC, et al.
Nasal pressure recordings to detect obstructive sleep apnea. Sleep Breath. 2006;
10:62-9. [PMID: 16502297]
83. Erman MK, Stewart D, Einhorn D, Gordon N, Casal E. Validation of the
ApneaLink for the screening of sleep apnea: a novel and simple single-channel
recording device. J Clin Sleep Med. 2007;3:387-92. [PMID: 17694728]
84. Goodrich S, Orr WC. An investigation of the validity of the Lifeshirt in
comparison to standard polysomnography in the detection of obstructive sleep
apnea. Sleep Med. 2009;10:118-22. [PMID: 18083629]
85. Heneghan C, Chua CP, Garvey JF, de Chazal P, Shouldice R, Boyle P,
et al. A portable automated assessment tool for sleep apnea using a combined
Holter-oximeter. Sleep. 2008;31:1432-9. [PMID: 18853941]
86. Heneghan C, de Chazal P, Ryan S, Chua CP, Doherty L, Boyle P, et al.
Electrocardiogram recording as a screening tool for sleep disordered breathing.
J Clin Sleep Med. 2008;4:223-8. [PMID: 18595434]
87. Nakano H, Tanigawa T, Ohnishi Y, Uemori H, Senzaki K, Furukawa T,
et al. Validation of a single-channel airflow monitor for screening of sleep-
disordered breathing. Eur Respir J. 2008;32:1060-7. [PMID: 18480104]
88. Ng SS, Chan TO, To KW, Ngai J, Tung A, Ko FW, et al. Validation of a
portable recording device (ApneaLink) for identifying patients with suspected
obstructive sleep apnoea syndrome. Intern Med J. 2009;39:757-62. [PMID:
19220528]
89. Nigro CA, Aimaretti S, Gonzalez S, Rhodius E. Validation of the WristOx
3100 oximeter for the diagnosis of sleep apnea/hypopnea syndrome. Sleep Breath.
2009;13:127-36. [PMID: 18830731]
90. Pang KP, Gourin CG, Terris DJ. A comparison of polysomnography and
the WatchPAT in the diagnosis of obstructive sleep apnea. Otolaryngol Head
Neck Surg. 2007;137:665-8. [PMID: 17903588]
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94. Schäfer H, Ewig S, Hasper E, Lüderitz B. Predictive diagnostic value of
clinical assessment and nonlaboratory monitoring system recordings in patients
with symptoms suggestive of obstructive sleep apnea syndrome. Respiration.
1997;64:194-9. [PMID: 9154670]
95. Smith LA, Chong DW, Vennelle M, Denvir MA, Newby DE, Douglas NJ.
Diagnosis of sleep-disordered breathing in patients with chronic heart failure:
evaluation of a portable limited sleep study system. J Sleep Res. 2007;16:428-35.
[PMID: 18036089]
96. Szyszko A, Franceschini C, Gonzalez-Zuelgaray J. Reliability of a Holter-
based methodology for evaluation of sleep apnoea syndrome. Europace. 2009;11:
94-9. [PMID: 18971289]
97. Watkins MR, Talmage JB, Thiese MS, Hudson TB, Hegmann KT. Cor-
relation between screening for obstructive sleep apnea using a portable device
versus polysomnography testing in a commercial driving population. J Occup
Environ Med. 2009;51:1145-50. [PMID: 19786903]
98. White JE, Smithson AJ, Close PR, Drinnan MJ, Prichard AJ, Gibson GJ.
The use of sound recording and oxygen saturation in screening snorers for ob-
structive sleep apnoea. Clin Otolaryngol Allied Sci. 1994;19:218-21. [PMID:
7923843]

99. Wong KK, Jankelson D, Reid A, Unger G, Dungan G, Hedner JA, et al.
Diagnostic test evaluation of a nasal flow monitor for obstructive sleep apnea
detection in sleep apnea research. Behav Res Methods. 2008;40:360-6. [PMID:
18411561]
100. Yagi H, Nakata S, Tsuge H, Yasuma F, Noda A, Morinaga M, et al.
Significance of a screening device (Apnomonitor 5) for sleep apnea syndrome.
Auris Nasus Larynx. 2009;36:176-80. [PMID: 18635324]
101. Nigro CA, Dibur E, Malnis S, Grandval S, Nogueira F. Validation of
ApneaLink Ox for the diagnosis of obstructive sleep apnea. Sleep Breath. 2013;
17:259-66. [PMID: 22447171]
102. Morales CR, Hurley S, Wick LC, Staley B, Pack FM, Gooneratne NS,
et al. In-home, self-assembled sleep studies are useful in diagnosing sleep apnea in
the elderly. Sleep. 2012;35:1491-501. [PMID: 23115398]
103. O’Brien LM, Bullough AS, Shelgikar AV, Chames MC, Armitage R,
Chervin RD. Validation of Watch-PAT-200 against polysomnography during
pregnancy. J Clin Sleep Med. 2012;8:287-94. [PMID: 22701386]
104. Onder NS, Akpinar ME, Yigit O, Gor AP. Watch peripheral arterial
tonometry in the diagnosis of obstructive sleep apnea: influence of aging. Laryn-
goscope. 2012;122:1409-14. [PMID: 22522750]
105. BaHammam AS, Sharif M, Gacuan DE, George S. Evaluation of the
accuracy of manual and automatic scoring of a single airflow channel in patients
with a high probability of obstructive sleep apnea. Med Sci Monit. 2011;17:
MT13-9. [PMID: 21278698]
106. Chai-Coetzer CL, Antic NA, Rowland LS, Catcheside PG, Esterman A,
Reed RL, et al. A simplified model of screening questionnaire and home moni-
toring for obstructive sleep apnoea in primary care. Thorax. 2011;66:213-9.
[PMID: 21252389]
107. Chouchou F, Sforza E, Celle S, Pichot V, Maudoux D, Garcin A, et al;
PROOF Study Group. Pulse transit time in screening sleep disordered breathing
in an elderly population: the PROOF-SYNAPSE study. Sleep. 2011;34:1051-9.
[PMID: 21804667]
108. Hedner J, White DP, Malhotra A, Herscovici S, Pittman SD, Zou D,
et al. Sleep staging based on autonomic signals: a multi-center validation study.
J Clin Sleep Med. 2011;7:301-6. [PMID: 21677901]
109. Nigro CA, Dibur E, Aimaretti S, González S, Rhodius E. Comparison of
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