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Obstructive sleep apnea (OSA) is a globally recognized medical condition, associated with development of long-term adverse health consequences, including
cardiovascular disease, cerebrovascular disease, neurocognitive deficiencies, and vehicular and occupational accidents. OSA can be screened effectively,
because it can be identified well before the manifestation of the aforementioned poor health and public safety consequences. Additionally, appropriate
management of OSA includes an assessment of outcomes before and after therapeutic intervention initiation. OSA clinical screening and outcome
assessment tools exist; however, a key existing knowledge gap is identifying which tools are most clinically relevant and efficient to use in clinical practice
models. The American Academy of Sleep Medicine (AASM) commissioned a task force (TF) of sleep medicine experts to identify and evaluate current OSA
screening and assessment tools for adult patients and determine if they are reliable, effective, and feasible for use in clinical settings. No single tool met all
the TF’s objective criteria and subjective evaluation for clinical validity and feasibility to be recommended by the AASM. The TF provides several suggestions
for the development of new tools or modifications to existing tools that would enhance their functionality in adults.
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INTRODUCTION

Obstructive sleep apnea (OSA) is common among middle-aged
adults in the United States.! Because of the increased preva-
lence in obesity, a major risk factor for OSA, the estimates of
prevalence of OSA have risen by 14% to 55% in recent years.?
Despite increased recognition, OSA continues to remain
largely undiagnosed, with 80% of cases unrecognized.® An in-
depth cost analysis found that unrecognized OSA produces a
large economic burden, costing the United States $149.6 bil-
lion annually.® Therefore, identifying valid, convenient, effec-
tive and inexpensive tools to identify those individuals at high
risk for OSA is of utmost importance. An ideal screening tool
is one that incorporates easily-obtained information to predict
the presence or absence of disease in a patient. OSA screening
tools that are currently available rely on classic observations
of OSA: obesity, snoring, and excessive daytime sleepiness.
The United States Preventive Services Task Force (USPSTF)
recently reviewed available screening tools for sleep apnea and
concluded there was insufficient evidence available to inform
the accuracy, benefits, and harms of screening tools for OSA to
recommend their use in asymptomatic adults.*

An effective outcome assessment tool is one that accurately
quantifies disease severity and response to treatment. The cur-
rently available OSA assessment tools utilize a diverse spec-
trum of health and behavioral markers to serve as outcome
measures. Daytime sleepiness, occupational functioning, and
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social functioning are three of the most common measures.
However, a comprehensive review of assessment tools has
yet to be performed to assist in informing implementation in
clinical practice.

In 2016, the American Academy of Sleep Medicine (AASM)
commissioned a task force (TF) of sleep medicine experts to
identify and evaluate current clinical screening and outcome
assessment tools for OSA and determine if they are reliable,
effective, and feasible for use in clinical settings. All members
of the TF were independent reviewers and were not involved
in the development of any of the tools evaluated, thereby, re-
ducing risk of inherent bias. The following report summarizes
these findings and recommendations of the TF regarding:
(1) whether particular tools should be recommended by the
AASM, (2) ways to improve current tools, and (3) key features
or elements to include in the future development of new tools.

METHODS

The TF was charged with (1) developing a comprehensive list
of metrics that would be clinically relevant to sleep medicine
providers and that could be used to objectively evaluate OSA
clinical screening and outcome assessment tools for adult pa-
tients, (2) identifying existing tools through a comprehensive
literature search, and (3) determining which tools, if any, met
the diverse needs of a clinical sleep practice.
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Table 1—Metrics evaluated for clinical screening of OSA tools.
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General population
Positive predictive value Obesity

+ Negative predictive value
+ Sensitivity

Validation High-Risk Populations Functional

+ Accuracy Commercial vehicle operator (airline pilot) + Cost
Cutoff values for scoring Commercial vehicle operator (truck driver) + Permission for use
Diagnostic odds ratio Congestive heart failure + Platforms (electronic, face-to-face, paper,
Likelihood ratio Coronary artery disease telephone)

Preoperative for bariatric surgery

Scoring (manual, electronic)
Source of information (clinician, patient,
observer, staff)

Specificity Pulmonary hypertension + Number of items
Sleep patient population + Grade readability
Stroke + Completion time
Type 2 diabetes + Languages
OSA = obstructive sleep apnea.
Table 2—Metrics evaluated for clinical outcome assessment of OSA tools.
Outcomes Validation High-Risk Populations Functional
* Anxiety + Accuracy + Commercial vehicle operator + Cost
+ Adherence + Area under the ROC curve (airline pilot) + Permission for use
+ Blood pressure + Diagnostic odds ratio + Commercial vehicle operator + Platforms (electronic, face-to-
+ Cardiovascular events + Likelihood ratio (truck driver) face, paper, telephone)
+ Cerebrovascular events + Negative predictive value + Congestive heart failure + Scoring (manual, electronic)
+ Cognition/memory * Retrospective + Coronary artery disease + Source of information (clinician,
+ Daytime fatigue + Positive predictive value + General population patient, observer, staff)
+ Daytime sleepiness * Prospective + Obesity + Number of items
+ Depression + Sensitivity + Preoperative for bariatric surgery | « Grade readability
+ Motor vehicle hazard « Specificity + Pulmonary hypertension + Completion time
+ Nocturnal oxygen saturation + Time points of assessment + Sleep patient population + Languages
+ Occupational hazard evaluated + Stroke
+ Quality of life + Type 2 diabetes

OSA = obstructive sleep apnea, ROC = receiver operating characteristic.

Development of Checklists to Evaluate Tools for
Clinical Screening and Outcome Assessment of OSA
The TF developed separate checklists to objectively evalu-
ate OSA clinical screening and outcome assessment tools to
determine if any of the existing tools met the various clini-
cally relevant outcome metrics and were validated sufficiently
to warrant recommendation by the AASM. Both checklists
consisted of (1) standard validation metrics to determine if
the tools were validated appropriately in OSA patients seen in
clinical practices, (2) target populations and demographics to
determine if screening tools were studied in patients at-risk for
OSA or if assessment tools were studied in patients before or
after intervention, and (3) functional metrics to determine how
the tools can be used in a clinical setting (Table 1 and Table 2).
Target populations were selected based on the AASM’s paper:
Quality Measure for Screening for Adult Obstructive Sleep
Apnea by Primary Care Physicians.’ For the evaluation of out-
come assessment tools, the checklist also included clinically
important outcomes by TF consensus (Table 2).

Identifying and Evaluating Tools for Clinical

Screening of OSA

The TF identified screening tools based on the work already
published in (1) the AASM’s Clinical Practice Guideline for

Journal of Clinical Sleep Medicine, Vol. 14, No. 7

Diagnostic Testing for Adult Obstructive Sleep Apnea® by
evaluating whether the tools that were initially reviewed for
the diagnosis of OSA in the publication could be used for
OSA screening and (2) the USPSTF’s review, Screening for
Obstructive Sleep Apnea in Adults.* For a list of identified
tools see Table S1 in the supplemental material. The TF evalu-
ated whether the screening tools were used in the appropriate
target populations (Table S3 in the supplemental material),
validated among the target OSA patient populations (Table S2
in the supplemental material), and functional in a clinical set-
ting (Table S5 in the supplemental material).

Identifying and Evaluating Tools for Clinical Outcome
Assessment of OSA

To identify OSA outcome assessment tools, the TF conducted
a PubMed literature search for studies published between
January 2010 and December 2016 with outcomes relevant
for assessing OSA before and after intervention. The TF,
by consensus, selected this data range, based on the fol-
lowing rationale: this range would incorporate the most re-
cent literature, and the tools that are most commonly used
today, while literature published before 2010 would add
little incremental value. For a list of identified tools see
Table S7 in the supplemental material.
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Table 3—List of evaluated clinical screening and assessment of OSA tools.

Tool

OSA Screening OSA Assessment

36-Item Short Form Health Survey (SF-36)'

Beck Anxiety Inventory (BAI)%

Beck Depression Inventory (BDI)*

Berlin Questionnaire’

Brief Fatigue Inventory (BFI)?*

Calgary Sleep Apnea Quality of Life Index (SAQLI)"

Clinical Global Impression (CGI)*

Epworth Sleepiness Scale (ESS)"

European Quality of Life-5 Dimensions (EQ-5D)%

Fatigue Severity Scale (FSS)?

Functional Outcomes of Sleep Questionnaire (FOSQ)*

Hospital Anxiety and Depression Scale (HADS)*

XX | X [ X | X | X|X|Xx

Multivariable Apnea Prediction (MVAP)?

NAMES Assessment?®

Nottingham Health Profile (NHP)*

OSA50"

Patient Reported Outcomes Measurement Information System (PROMIS) Sleep Disturbance®

Patient Reported Outcomes Measurement Information System (PROMIS) Sleep-Related Impairment®'

Pittsburgh Sleep Quality Index (PSQI)?

Short Form-6 dimension (SF-6D)*

Sleep Apnea scale of the Sleep Disorders Questionnaire (SASDQ)™®

Stanford Sleepiness Scale (SSS)*

State-Trait Anxiety Inventory (STAI)*

X | X | X [ X | X |X|Xx

STOP Questionnaire™

STOP-BAG Questionnaire?

STOP-BANG Questionnaire®

Symptomless Multivariable Apnea Prediction (sMVAP)°

X | X | X | X

Symptoms of Nocturnal Obstruction and Related Events (SNORE)*

Wisconsin Sleep Questionnaire®

OSA = obstructive sleep apnea.

The TF reviewed whether each tool adequately assessed
outcome domains of interest (Table S8 in the supplemental
material). The TF also reviewed whether each tool assessed
specific health or safety outcome measures that have well-es-
tablished associations to OSA (Table S9 in the supplemental
material). Finally, the TF evaluated in which patient popula-
tions the tools have been studied (Table S11 in the supple-
mental material), functionality of the tools in a clinical setting
(Table S13 in the supplemental material), and validation of the
tool among specific OSA patient populations (Table S10 in the
supplemental material).
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TOOLS FOR CLINICAL SCREENING OF OSA:

RESULTS OF EVALUATION

A total of 10 tools used for screening OSA were evaluated to
determine their usefulness in clinical settings (Table 3).

Validation of Screening Tools in Clinical Settings and
Various Populations

Of the 10 tools reviewed, the TF identified the Berlin Question-
naire, Multivariable Apnea Prediction (MVAP), Symptomless
Multivariable Apnea Prediction (sSMVAP) and STOP-BANG
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(Snoring, Tiredness, Observed apnea, high blood Pressure,
Body mass index (BMI), Age, Neck circumference, male
Gender) as individual tools meeting a majority of the pre-
determined validation metrics (Table S2).7'° Across the 10
tools evaluated, limited validation data exist pertaining to the
utilization of these individual tools in high-risk OSA popula-
tions. STOP-BANG appears to have the most diverse portfolio
of target population validation data, and sMVAP had a vali-
dation study conducted in a perioperative patient population
exclusively (Table S3).

Although the Epworth Sleepiness Scale (ESS) is used com-
monly as an OSA screening tool in various demographic groups
(Table S4 in the supplemental material), the TF review demon-
strated that validation data in targeted OSA patient populations
was lacking (Table S3)."" Overall, the TF found that there was
a lack of validation data for the identified clinical screening
tools in commercial drivers and stroke patient populations.
However, the TF noted that performance characteristics of the
STOP-BAG (Snoring, Tiredness, Observed apnea, high blood
Pressure, BMI, Age, male Gender), which was modified spe-
cifically from the STOP-BANG questionnaire, was assessed in
the stroke population and demonstrated superior performance
in predicting OSA in this population.'”? Although the TF found
sufficient validation data for the STOP-BAG within a stroke
population, additional data were not available to support its use
outside of the stroke patient population.

The Berlin Questionnaire, SMVAP, OSA 50, Wisconsin
Sleep Questionnaire, and STOP (Snoring, Tiredness, Ob-
served apnea, high blood Pressure) had limited use among mi-
nority populations (Table S4).*'* Additionally, the evaluation
uncovered gaps in the validity, utility, and feasibility of all
the reviewed screening tools in younger adults (18—44 years
of age).

Functionality of Screening Tools

OSA screening tools varied in terms of costs and permission
for use, often requiring that the developer be contacted for
details. No tool was freely available for clinical use without
permission. The available platforms for administering a tool
were predominantly face-to-face and paper (Table S5). The
tools required a combination of objective measures reported
by clinicians (eg, BMI) and subjective measures reported by
patients (eg, daytime sleepiness and snoring). The required
completion time generally ranged from 1-5 minutes and some
tools, such as the STOP, STOP-BANG, Berlin Questionnaire,
and ESS, were available in many languages (Table S6 in the
supplemental material). The Flesch-Kincaid score, performed
by the TF, revealed reading grade levels ranging from third to
seventh grade.

In a stroke population at high risk for OSA, the STOP-
BAG variables, which exclude the neck circumference, were
identified to have comparable performance characteristics to
the traditional STOP-BANG instrument when considering
mild to moderate levels of OSA."”? The TF recognized that the
potential increase in reliability offered by objectively-mea-
sured physical findings (eg, BMI) must be balanced against
the increased burden on the health care team to collect these
clinical variables.
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TOOLS FOR CLINICAL OUTCOME ASSESSMENT

OF OSA: RESULTS OF EVALUATION

A total of 20 OSA assessment tools were evaluated to deter-
mine their usefulness in clinical settings (Table 3).

Outcome Domains of Assessment Tools

The TF reviewed whether each tool adequately assessed out-
come domains of interest (Table S8). The TF identified the
Functional Outcomes of Sleep Questionnaire (FOSQ) as the
assessment tool that includes the most relevant outcome mea-
sures.”” However the FOSQ may be subject to having ques-
tions skipped by patients (eg, questions on sexual function),
thus, skewing the scoring and leading to misinterpretation
of results. Additionally, the TF noted that some of these as-
sessment tools report on general outcomes (eg, 36-Item Short
Form Health Survey [SF-36] for quality of life) and may lack
more immediate outcomes, such as adherence, that are useful
to the clinician in assessing a patient’s OSA post-intervention
response (Table S9).'6

Validation of Outcome Assessment Tools in Clinical
Settings and Various Populations

While none of the assessment tools were validated sufficiently
to warrant a recommendation, the FOSQ best met most of the
validation metrics for assessing OSA (Table S10). Most of the
remaining tools were not designed specifically to assess pa-
tients with OSA, and thus, did not meet the validation metrics
deemed important in assessing the OSA population. Only the
Calgary Sleep Apnea Quality of Life Index (SAQLI), Sleep
Apnea scale of the Sleep Disorders Questionnaire (SA-SDQ),
and Symptoms of Nocturnal Obstruction and Related Events
(SNORE) tools were developed for assessment of patients with
OSA.""" However, even these OSA-specific tools lacked many
of the domains of interest and supporting evidence in validat-
ing their use in specific target populations (Table S11).

Most of the assessment tools generally have been used in
both men and women, multi-national populations, and have in-
volved middle-aged and elderly individuals (Table S12 in the
supplemental material). The ESS, FOSQ, and Pittsburgh Sleep
Quality Index (PSQI) have been studied extensively across a
wide variety of demographic groups. The ESS has been widely
studied in a variety of populations including general medical,
cardiac, obese, stroke, type 2 diabetes mellitus, and preopera-
tive bariatric surgery candidates (Table S11). The PSQI also
has been examined in various clinical populations including
cardiac, general medical, and obese populations.?’ The Beck
Anxiety Inventory, Brief Fatigue Inventory, ESS, FOSQ, and
PSQI have been studied in minorities.

Functionality of outcome assessment tools

Most of the assessment tools were not associated with a known
cost (Table S13). The tools were available predominantly
through face-to-face, paper, and electronic platforms. All the
tools have the capability for manual scoring, and most tools
have electronic scoring options. Most of the tools did not re-
quire completion by providers, caregivers, and staff, which
allowed for full patient-report administration. Flesch-Kincaid
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readability for the tools ranged from second to eleventh grade,
and reported duration of completion ranged from 1 minute to
10 minutes.

CONCLUSION AND RECOMMENDATIONS

The TF performed a comprehensive literature review to iden-
tify both OSA screening and outcome assessment tools cur-
rently utilized in the health care setting. Of the 10 screening
and 20 assessment tools identified and evaluated, no single tool
met all the TF’s objective criteria and subjective assessment
for clinical validity and feasibility to be recommended by the
AASM. To fulfill this unmet need, researchers in the field of
sleep medicine should pursue the development and validation
of OSA screening and OSA outcome assessment tools, ideally
with the following features:

1. 10 or less questions (subjective symptoms or objective
physical findings, alone or in combination) written at or
below the 5th grade-school reading level*

2. Completion in less than 5 minutes by any member of
the health care team

3. Tiered system for completion, scoring, and
interpretability: (1) patient-reported, (2) bed partner-
reported, and (3) provider-reported measures

4. Compatibility with electronic health record platform
for future monitoring of clinical outcomes and analysis

5. Capability of patient self-tracking or capability to
monitor progress

6. Availability as an application platform with electronic
scoring or paper format with easy manual scoring

7. Availability in the various languages that represent
communities with high OSA presence

8. Adaptability to general and sleep patient populations

9. Adaptability for specific, at-risk OSA populations (eg,
stroke patients, atrial fibrillation) or those individuals
with unique occupational or public health risk (eg,
commercial drivers, pilots)

10. Available to the public

When left unidentified and untreated, OSA remains a health
care condition linked with numerous personal health and pub-
lic safety consequences. As such, the identification and imple-
mentation of feasible, valid, and effective OSA screening and
outcome assessment tools are paramount to our overall global
and domestic public health interests. Broad implementation of
clinical screening and outcome assessment tools that incor-
porate the aforementioned TF recommendations would im-
prove the ability of the sleep field to achieve the overarching
goal of enhancing methods of OSA detection and improving
patient outcomes.
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