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Background: Obstructive sleep apnea (OSA) diagnosis and
care models rely on sleep specialist physicians (SSPs) and can be
expensive and inefficient.

Purpose: To assess OSA case-finding accuracy and comparative
effectiveness of care by non–sleep specialists (NSSs) and SSPs.

Data Sources: MEDLINE and CINAHL from January 2000
through July 2017.

Study Selection: English-language trials or observational stud-
ies comparing case finding or care by SSPs versus providers not
specifically trained as SSPs (NSSs) for adults with suspected or
diagnosed OSA.

Data Extraction: One investigator extracted data and assessed
risk of bias and strength of evidence, with confirmation by a sec-
ond investigator. Primary outcomes were patient-centered (mor-
tality, access to care, quality of life, patient satisfaction, adher-
ence, symptom scores, and adverse events). Intermediate
outcomes included resource use, costs, time to initiation of treat-
ment, and case finding.

Data Synthesis: Four observational studies (n = 580; mean age,
52 years; 77% male) reported good agreement between NSSs
and SSPs on appropriate diagnostic testing and classification of
OSA severity (low-strength evidence). Five randomized trials and

3 observational studies (n = 1515; mean age, 52 years; 68%
male) found that care provided by NSSs and SSPs resulted in
similar quality of life, adherence, and symptom scores (low-
strength evidence). Evidence was insufficient for access to care
and adverse events.

Limitations: Many outcomes were reported infrequently or not
at all. Many NSSs had extensive training or experience in sleep
medicine, which limits generalizability of findings to providers
with less experience.

Conclusion: Care by NSSs and SSPs resulted in similar out-
comes in adults with known or suspected OSA. Studies are
needed to determine care model implementation and repro-
ducibility of results in nonacademic settings and among less ex-
perienced NSSs.

Primary Funding Source: Department of Veterans Affairs, Vet-
erans Health Administration, Office of Research and Develop-
ment, Quality Enhancement Research Initiative. (PROSPERO:
CRD42016036810 [full Veterans Affairs Evidence-based Synthe-
sis Program report])
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Obstructive sleep apnea (OSA) is associated with
excessive daytime sleepiness, decreased quality

of life, myocardial infarction (1, 2), heart failure (3),
stroke (4, 5), and cognitive decline (6, 7). Continuous
positive airway pressure (CPAP) improves quality of life
and symptoms among persons with OSA and excessive
daytime sleepiness (8). Although CPAP has not been
shown in randomized trials to reduce myocardial infarc-
tions, stroke, or death (9–12) among patients with OSA,
it decreases blood pressure and is associated with re-
duced risk for motor vehicle accidents (13).

As patients and providers gain awareness of OSA,
and as prevalence of obesity (a major risk factor for
OSA) increases (14), health care systems need to de-
velop strategies to address the increasing demand for
sleep services. The traditional evaluation and care
model relies on primary care providers to refer patients
with suspected OSA to a sleep specialist physician
(SSP). The process often includes consultation, in-
laboratory diagnostic polysomnography (PSG), CPAP
initiation and titration PSG for persons with OSA, and
SSP follow-up of treatment adherence and efficacy. This
traditional model may be expensive and inefficient.

New OSA care models have been proposed and
implemented, including home sleep testing for diag-

nostic purposes (15, 16), followed by treatment with an
autotitrating CPAP device (17), which has internal algo-
rithms that adjust pressure to keep the airway open
during sleep. These models reduce PSG-associated
costs and logistical barriers but typically still include
SSP consultation and follow-up. Given recent data indi-
cating a decreasing supply of SSPs (18), other models
have been proposed that would reduce reliance on
SSPs by including providers not specifically trained as
SSPs (non–sleep specialists [NSSs]), such as nurses or
primary care physicians, to provide the majority of OSA
diagnosis and treatment.

Although studies testing some of these new mod-
els have been conducted, systematic reviews of studies
focusing on who should deliver care are lacking. In this
article, we expand on 1 aspect of a larger evidence
report conducted for the Department of Veterans Af-
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fairs Evidence-based Synthesis Program (protocol reg-
istered in PROSPERO [CRD42016036810]) (19) by as-
sessing the comparative effectiveness and harms of
new OSA evaluation and treatment models comparing
different provider types. Specifically, we evaluated case
finding and care by NSSs versus SSPs for patients with
suspected or diagnosed OSA.

METHODS
Data Sources and Searches

We searched Ovid MEDLINE and CINAHL for arti-
cles published from January 2000 through July 2017.
Our search was limited to studies that enrolled adults
and were published in English. The search for studies
of NSSs versus SSPs included the Medical Subject
Headings terms sleep apnea syndromes; sleep apnea,
obstructive; and health personnel (Appendix Table 1,
available at Annals.org). We obtained additional articles
by hand-searching reference lists of relevant studies.

Study Selection
Abstracts and full-text reports were independently

reviewed by 2 trained investigators and research asso-
ciates. Full-text reports of studies identified as poten-
tially eligible after abstract review were obtained for
further review. We included randomized or controlled
clinical trials and observational studies that reported re-
sults in adults with suspected or diagnosed OSA and
were conducted in geographic settings likely to have
similar populations and sleep medicine resources
(United States, Canada, Europe, Australia, and New
Zealand). We adopted a broad definition of care mod-

els but required that the study include a comparison of
providers with different qualifications (for example, pri-
mary care physician vs. SSP).

We did not include studies that compared home
sleep testing with sleep laboratory testing if all test re-
sults were interpreted by SSPs. We excluded studies
evaluating the role of dentists or anesthesiologists and
studies in which the goal of the intervention was not
OSA care. We also excluded studies if they did not re-
port our outcomes of interest or were dissertations,
conference abstracts, case reports, narrative reviews,
editorials, or commentaries. Reasons for exclusion of a
study at full-text review were noted, and disagreements
were resolved by a third reviewer.

Data Abstraction and Quality Assessment
Study characteristics and outcomes were extracted

by one investigator and verified by a second. Our out-
comes of interest included patient-centered outcomes
(mortality, access to care, quality of life, patient satisfac-
tion, adherence, symptom scores, and adverse events)
and intermediate or resource-related outcomes (re-
source use, costs, time to initiation of treatment, and
case finding).

Two trained investigators rated the risk of bias of
individual studies over all outcomes as low, medium, or
high. For randomized controlled trials (RCTs), we based
risk-of-bias ratings on the following criteria: allocation
sequence generation, allocation concealment, blind-
ing, incomplete outcome data, and selective outcome
reporting (20). For observational studies, we rated risk
of bias using criteria from the Agency for Healthcare
Research and Quality Methods Guide (21). We as-
sessed strength of evidence as high, moderate, low, or
insufficient, based on the following domains: study lim-
itations (low, moderate, or high, based on the quality or
risk of bias of individual studies), consistency (consis-
tent, inconsistent, or unknown or not applicable), di-
rectness (direct or indirect), and precision (precise or
imprecise) (22). Strength of evidence was rated by one
methodologist and verified by a second. Discrepancies
were resolved by discussion.

Data Synthesis and Analysis
We described and qualitatively compared findings

of included studies. Analyses were performed in Com-
prehensive Meta-Analysis, version 3 (Biostat), using
random-effects models to calculate mean differences
with corresponding 95% CIs.

Role of the Funding Source
The Department of Veterans Affairs, Veterans

Health Administration, Office of Research and Develop-
ment, Quality Enhancement Research Initiative as-
signed the topic and reviewed the original protocol but
was not involved in data collection, analysis, or manu-
script preparation or submission.

RESULTS
Search results are shown in Figure 1. Our search

identified 12 studies that were eligible for inclusion.

Figure 1. Evidence search and selection.

Abstracts obtained from database
searches (n = 3086)
   Ovid MEDLINE: 2450
   CINAHL: 636

Articles included (n = 12)*
   Case finding: 4
   Treatment: 8

Articles excluded (n = 334)
   Population: 11
   Intervention: 88
   Comparator: 48
   No outcomes: 3
   Inappropriate setting: 13
   Study design: 171

Articles included from hand-search
of references (n = 3)

Abstracts excluded (n = 2720)

Articles included in full-text review
(n = 366)

* An additional 23 studies on autotitrating positive airway pressure vs.
continuous positive airway pressure were included in the full evidence
report only.
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Case Finding in Adults With Suspected OSA
We identified 4 observational studies on case find-

ing in adults with suspected OSA (23–26). Study
characteristics are summarized in Appendix Table 2
(available at Annals.org), with additional information
provided in Supplement Table 1 (available at Annals
.org). Two studies received government funding, 1 re-
ceived both government and respiratory society fund-
ing, and 1 did not report a funding source. Each study
took a different approach to case finding. Two were
rated as having high risk of bias (23, 25), and 2 were
rated as having medium risk of bias (24, 26). Although
populations, interventions, comparators, and settings
differed across studies, outcomes were similar and re-
sults suggested good agreement between SSPs and
NSSs (Supplement Tables 2 and 3, available at Annals
.org).

In a single-site study in the United States, a nurse
practitioner experienced in sleep medicine and super-
vised by an SSP reviewed electronic health records of
patients referred for evaluation of OSA (23). The goal
was risk stratification and determination of eligibility for
an unattended sleep study. If information from the
health records was inadequate, a clinic visit with an SSP
was scheduled. The health record review (nurse practi-
tioner evaluation) found adequate information for 115
patients, whereas 90 had a clinic visit (SSP evaluation).

A community-based study in the United States in-
cluded 191 patients with at least 4 hours of interpreta-
ble recording time from a portable sleep monitoring
device (24). The classification of disease severity that
was based on the Apnea–Hypopnea Index value gener-
ated by the monitoring device software was compared
with the classification that was based on an indepen-
dent review of the monitoring device output by a
board-certified SSP.

In the third study, conducted in Spain, 88 patients
with suspected OSA were evaluated by 2 providers: a
respiratory physician who was trained in sleep medi-
cine and used results from respiratory polygraphy, and

an SSP who used results from PSG (26). Both evalua-
tions took place within 1 month.

Each of these studies reported on classification of
OSA severity (none to severe). Two reported � coeffi-
cients of 0.75 (24) and 0.71 (26), indicating good
agreement. The third study only reported that the final
diagnoses of severity did not statistically significantly
differ between groups (23). We found low-strength ev-
idence that classification of OSA severity was similar
(Table 1). One of the studies also reported agreement
on the Apnea–Hypopnea Index (<10, 10 to 29, or ≥30
events per hour), with a � coefficient of 0.65 (26).

The fourth study, also done in Spain, compared the
ability of a primary care pulmonologist (described as
having “basic knowledge” of sleep medicine) and an
SSP to identify the most suitable diagnostic test for in-
dividual patients (25). Ninety-six patients were in-
cluded. A � coefficient of 0.74 was reported for agree-
ment on the diagnostic test prescribed.

No studies assessed patient satisfaction with care,
but 1 study evaluated patient-reported clinical im-
provement (23). The percentage who perceived clinical
improvement at 30-day follow-up was similar (P = 0.76)
among patients who were evaluated by chart review
and those who required a clinic visit. Many of our other
outcomes of interest were not reported, including mor-
tality, access to care, quality of life, adherence, symp-
tom scores, adverse events, resource use, costs, and
time to initiation of treatment.

Comparative Effectiveness of Management of
OSA by NSSs Versus SSPs

We identified 8 studies, including 5 RCTs (27–34).
Study characteristics are summarized in Appendix Ta-
ble 2, with additional information provided in Supple-
ment Table 1. Five studies reported funding from a
combination of government, foundation, and industry
sources, including 2 with borrowed or donated equip-
ment. One study reported that no funding was re-
ceived, and 2 did not report a funding source.

Table 1. Strength of Evidence

Outcome Strength of Evidence (Rationale)* Direction

SSP vs. NSS case finding
OSA severity classification Low (study limitations) Similar

SSP care vs. management by primary care physicians, sleep
specialist nurses, or other NSSs for suspected OSA

Access to care Insufficient –
Epworth Sleepiness Scale score Low (study limitations, imprecise results) Similar improvement from baseline

between groups
Quality of life Low (study limitations, imprecise results) Similar quality of life at follow-up

between groups
Adherence Low (study limitations, imprecise results) Similar adherence between groups
Adverse events Insufficient –

NSS = non–sleep specialist; OSA = obstructive sleep apnea; SSP = sleep specialist physician.
* Definitions obtained from reference 22. “High” indicates high confidence that the estimate of effect lies close to the true effect; there are few or
no deficiencies in the body of evidence, and findings are believed to be stable. “Moderate” indicates moderate confidence that the estimate of
effect lies close to the true effect; there are some deficiencies in the body of evidence, and findings are likely to be stable, but there is some doubt.
“Low” indicates limited confidence that the estimate of effect lies close to the true effect; there are major or many deficiencies in the body of
evidence, and additional evidence is necessary before concluding that findings are stable or that the estimate of effect is close to the true effect.
“Insufficient” indicates no evidence, inability to estimate an effect, no confidence in the estimate of effect, or a body of evidence that precludes
judgment.
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Care by an SSP was compared with primary care
management in 4 studies (n = 678) (27, 28, 31, 34),
sleep specialist nurse care in 3 studies (n = 434) (29, 32,
33), and care from other NSSs (60% primary care phy-
sicians) in 1 study (n = 403) (30). Studies generally in-
cluded older obese men with excessive daytime sleep-
iness based on Epworth Sleepiness Scale (ESS) scores
and moderate or severe OSA. Among the RCTs, 1 had
low risk of bias (32) and 4 had medium risk of bias; the
3 observational studies all had medium risk of bias.
Three studies (2 RCTs and 1 cohort study) described
interventions in which the SSP had more autonomy
than the NSS, who generally delivered protocol-driven,
guideline-concordant care (28, 31, 32). Three RCTs
compared patients who received similar care delivered
by different providers and at different locations (home
vs. hospital or clinic) (27, 29, 33). Two retrospective
studies provided few details about NSS care (30, 34).

Outcomes are summarized in Table 2, with details
provided in Supplement Tables 2 and 3. Quality of life,
based on Short Form-36 Health Survey scores (Figure 2
[top]), did not statistically significantly differ between
the NSS and SSP groups (low-strength evidence) (Table
1) (28, 32, 33). Mean differences between groups
ranged from �0.02 to �0.06. Similar results were found
in studies reporting EuroQol 5-dimension question-
naire scores (27) or Functional Outcomes of Sleep
Questionnaire scores (28, 29, 32). Results for patient
satisfaction were mixed (27, 28, 32, 33).

Adherence to CPAP (in hours per night) did not
statistically significantly differ between the NSS and SSP
care groups in any of the 5 RCTs reporting this out-
come (Figure 2 [middle]) (27–29, 32, 33). Adherence
ranged from 3.6 to 5.9 hours per night in the NSS
groups and from 4.2 to 5.6 hours per night in the SSP
groups. The mean difference in 3 of the 5 studies was

below the consensus-based threshold of 0.5 hour per
night for clinically important improvement adopted by
the American Academy of Sleep Medicine (35). We
found low-strength evidence that adherence was simi-
lar between groups (Table 1).

Epworth Sleepiness Scale scores did not statisti-
cally significantly differ for groups receiving care from
different providers, with 1 exception (Figure 2 [bottom])
(low-strength evidence [Table 1]) (27–29, 32, 33).
Between-group differences in mean change in ESS
score from baseline in the 5 RCTs ranged from �1.79
to 1.10 points, all below the consensus-based 2-point
threshold adopted by the American Academy of Sleep
Medicine for a clinically important difference (35). Fur-
thermore, mean improvements in ESS score from base-
line exceeded the 2-point threshold in all studies,
regardless of whether care was provided by NSSs (im-
provement of �4.0 to �9.0 points) or SSPs (improve-
ment of �4.2 to �11.0 points). There were no signifi-
cant between-group differences in Sleep Apnea
Symptom Questionnaire scores (28).

Resource use, cost, and time to initiation of treat-
ment were sporadically reported (Table 2 and Supple-
ment Tables 2 and 3). Measures of resource use varied
across studies and included recommendations to use
CPAP at follow-up (28, 34), need for help from a spe-
cialist (33), and provider contact (29, 32, 33). Results
were mixed.

Cost measures also varied. Total average costs
were lower when patients were evaluated and followed
outside of sleep specialty units (27–29, 32), although
only 2 studies (29, 32) reported that the difference was
statistically significant. A fifth study reported that the
total cost to patients was higher in the clinic visit group,
but the cost to the health care system was higher in the
nurse home visit group (33).

Table 2. Summary of Outcomes: OSA Treatment Provided by SSPs Versus NSSs

Study, Year
(Reference)

Sample
Size, n

Study
Design

Comparative
Provider

Follow-up Quality
of Life

Patient
Satisfaction
(VSQ-9)

Adherence,
hours per
night

Sánchez-de-la-Torre et al, 2015 (27) 210 RCT Primary care 6 mo 7* 2 7
Chai-Coetzer et al, 2013 (28) 155 RCT Primary care 6 mo 7*† 8 7
Lettieri et al, 2011 (31) 210 Cohort Primary care 4–6 wk NR NR 7
Scharf et al, 2004 (34) 103 Chart review Primary care 7 mo NR 7 NR
Andreu et al, 2012 (29) 65 RCT Sleep unit nurse 6 mo 7† X 7
Antic et al, 2009 (32) 195 RCT Sleep specialist nurse 3 mo 7*† 8 7
Palmer et al, 2004 (33) 174 RCT Sleep specialist nurse 3 mo 7* 8 7
Pamidi et al, 2012 (30) 403 Chart review NSS¶ 30 d NR NR 2

Total** – – – – 57 17
38
12
1X

67
12

7 = nonsignificant difference between NSS and SSP care;2 = significantly better with SSP care than NSS care;8 = mixed results between NSS and
SSP care;1 = significantly better with NSS care than SSP usual care, including less resource use; ESS = Epworth Sleepiness Scale; NR = not reported;
NSS = non–sleep specialist; OSA = obstructive sleep apnea; RCT = randomized controlled trial; SSP = sleep specialist physician; VSQ-9 = Visit-Specific
Satisfaction Instrument; X = between-provider significance not reported.
* Based on Short Form-36 Health Survey scores.
† Based on Functional Outcomes of Sleep Questionnaire scores.
‡ Treatment.
§ Provider contact.
�� Referrals.
¶ Includes primary care, otolaryngology, pulmonology, neurology, endocrinology, cardiology, surgery, and other.
** Numbers indicate the number of studies.
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Only 1 study reported time to treatment initiation
and found that significantly more patients were treated
with CPAP within 1 month of PSG in the group evalu-
ated and followed by SSPs than in the group evaluated
by SSPs but followed by primary care physicians (34).
Adverse events, reported in only 1 study, were associ-
ated with CPAP treatment (dryness, nasal congestion,
and abrasions) and did not differ by provider group
(29). Strength of evidence was insufficient for adverse
events (Table 1). No study reported mortality or access
to care.

DISCUSSION
Our review found good agreement between NSSs

and SSPs on appropriate diagnostic testing and classi-
fication of OSA severity. We also found that quality of
life, symptom scores, and treatment adherence did not
statistically significantly differ when care was provided
by NSSs versus SSPs. When reported, cost of care was
generally lower or did not statistically significantly differ
when provided by NSSs compared with SSPs.

Given good agreement for case finding, similar
treatment-related outcomes, and possible lower costs
among patients diagnosed with OSA, expanded use of
NSSs who have received training in sleep medicine
could be considered, especially where SSP supply is
low and OSA service demand is high. However, the cur-
rent evidence base is limited; only 1 study was judged
to have low risk of bias; and some outcomes, such as
time to initiation of treatment and resource use, were
infrequently and inconsistently reported.

The primary goal of OSA treatment is to reduce
excessive daytime sleepiness. We found that care pro-
vided by both NSSs and SSPs resulted in clinically sig-
nificant mean reductions in daytime sleepiness from

baseline, as defined by a consensus-based 2-point im-
provement in ESS score. There were no between group
differences when comparing NSS versus SSP care with
regard to ESS score improvement or CPAP adherence.
Although NSS models of OSA care have been pro-
posed (18) and in some cases implemented to improve
access to care, no studies reported on access. Informa-
tion on resource use was sporadically reported but did
not show large differences.

Non–sleep specialists were often highly experi-
enced in sleep medicine. In the study by Chai-Coetzer
and colleagues (28), the nurse at 1 site had 15 years of
experience in a tertiary care sleep medicine service,
whereas the NSSs in other studies included respiratory
physicians with experience in sleep medicine. Many
studies also were conducted in academic settings.
Therefore, important questions remain about whether
these results can be replicated in nonacademic com-
munity settings or among primary care providers who
do not have specific experience in sleep medicine.
Studies also did not provide clear details on how NSSs
were trained or certified to provide OSA case finding
and care.

We sought to compare studies in settings with sim-
ilar sleep medicine resources and therefore included
only studies performed in the United States, Canada,
Europe, Australia, or New Zealand. We also excluded
studies of dentists and anesthesiologists because they
typically provide focused, limited sleep services and
may not be NSSs. We found no studies of care models
that used sleep respiratory therapists or behavioral
sleep medicine providers. We also did not find prior
systematic reviews pertaining to provider type.

Most enrolled patients were obese middle-aged
men with moderate to severe symptomatic OSA; there-

Table 2—Continued

Adherence
(Regular Use)

Symptom
Scores
(ESS)

Resource
Use

Costs Time to
Initiation
of Treatment

Adverse
Events

NR 2 NR X NR NR
NR 7 7‡ X NR NR
7 7 NR NR NR NR
7 NR 7‡ NR 2 NR
7 7 X§ 1 NR X
NR 7 8§ 1 NR NR
NR 7 2§, X�� X NR NR
2 NR NR NR NR NR
37
12

57
12

27
18
12
2X

21
3X

12 1X
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fore, whether our findings can be generalized to
women, nonobese persons, or those with milder and
less symptomatic OSA remains unknown. Furthermore,
the findings may not be generalizable to patients with low
pretest probability of OSA; patients with minimal daytime
sleepiness; or complex patients, such as those with con-
comitant disorders like central sleep apnea, hypoventila-
tory disorders, and other comorbid sleep conditions.

We included studies in which NSS and SSP pro-
vider types were compared. Although our review found
no difference between NSS and SSP care, 2 studies
showed that patients with OSA receiving care from
board-certified SSPs or at accredited facilities were
more likely to be adherent to CPAP and satisfied with
their care than those receiving care from non–board-

certified SSPs or at nonaccredited facilities (36, 37).
These data suggest that training and other quality mea-
sures may be an important factor in patient outcomes.
Such factors were not described in most studies we re-
viewed and should be better described in future studies.

Our report focused on methods that might im-
prove the supply side of OSA evaluation and treatment
through improvements in efficiency via use of NSSs.
However, health care systems struggling to match sup-
ply to demand might also consider prioritizing the de-
mand side. The evidence to date indicates that the
main benefit of OSA detection and treatment is im-
provement in patient-reported daytime sleepiness and
associated quality of life rather than reduction of fatal
and nonfatal cardiovascular outcomes (8–12). Health

Figure 2. Outcomes for NSSs vs. SSPs from randomized trials.

Study, Year (Reference)

SF-36 score

Patients, n NSS Type Standardized Mean Difference (95% CI)Duration, mo

Favors SSP Favors NSS

Chai-Coetzer et al, 2013 (28) 155 PCP 6

Antic et al, 2009 (32) 170 Nurse 3

Palmer et al, 2004 (33) 139 Nurse 3

−0.50 −0.25 0.00 0.25 0.50

CPAP adherence

Mean Difference (95% CI)

Favors SSP Favors NSS

Chai-Coetzer et al, 2013 (28) 155 PCP 6

Sánchez-de-la-Torre et al, 2015 (27) 210 PCP 6

Andreu et al, 2012 (29)

Antic et al, 2009 (32)

Palmer et al, 2004 (33)

42

170

139

Nurse

Nurse

Nurse

3

3

3

−2.00 −1.00 0.00 1.00 2.00

ESS score

Mean Difference (95% CI)

Favors SSP Favors NSS

Chai-Coetzer et al, 2013 (28) 155 PCP 6

Sánchez-de-la-Torre et al, 2015 (27) 210 PCP 6

Andreu et al, 2012 (29)

Antic et al, 2009 (32)

Palmer et al, 2004 (33)

42

170

139

Nurse

Nurse

Nurse

3

3

3

−4.00 −2.00 0.00 2.00 4.00

CPAP = continuous positive airway pressure; ESS = Epworth Sleepiness Scale; NSS = non–sleep specialist; PCP = primary care physician; SF-36 =
Short Form-36 Health Survey; SSP = sleep specialist physician. Top. Standardized mean differences in change from baseline in SF-36 Mental
Component Summary score. Middle. Mean differences (in hours per night) in CPAP adherence. Bottom. Mean differences in change from baseline
in ESS score.
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care providers and decision makers could achieve the
highest-value care, including optimal resource use, by
targeting case-finding approaches and subsequent
evaluation and treatment to persons with unexplained
daytime sleepiness, as recommended by the U.S. Pre-
ventive Services Task Force and the American College
of Physicians (38–40).

Pragmatic trials are needed to determine whether
the results we observed can be achieved in routine
practice, outside of controlled research settings and
among primary care providers without extensive expe-
rience in sleep medicine. We are aware of 1 random-
ized trial in progress (funded by the Patient-Centered
Outcomes Research Institute) that, although it includes
a major academic sleep center, is testing the effective-
ness of a collaborative model involving primary care
plus a sleep center versus a traditional sleep center–
based model (41). Implementation studies such as
these would help determine whether and how NSS
models can be operationalized to achieve optimal
patient-centered outcomes. Such studies should ideally
describe methods to train and provide quality assur-
ance for NSSs.

In conclusion, low-strength evidence suggests that
case finding and OSA management outcomes are sim-
ilar whether provided by primary care physicians, sleep
specialist nurses, or SSPs. Evidence was insufficient to
assess whether provider type affects access to care or
adverse events. Future studies are needed to deter-
mine whether these results can be replicated in nonac-
ademic settings and among primary care providers
without extensive sleep medicine experience and how
such care models should be implemented.

From Minneapolis Veterans Affairs Health Care System and
University of Minnesota, Minneapolis, Minnesota; Minneapolis
Veterans Affairs Health Care System Evidence-based Synthe-
sis Program Site and Center for Chronic Disease Outcomes
Research, Minneapolis, Minnesota; and Minneapolis Veterans
Affairs Health Care System Evidence-based Synthesis Pro-
gram Site and Center for Chronic Disease Outcomes Re-
search and University of Minnesota, Minneapolis, Minnesota.

Disclaimer: The views expressed in this article are those of the
authors and do not reflect the views of the U.S. government,
the Department of Veterans Affairs, or any of the authors' af-
filiated academic institutions.

Financial Support: By the Department of Veterans Affairs, Vet-
erans Health Administration, Office of Research and Develop-
ment, Quality Enhancement Research Initiative. The Office of
Research and Development also provided protected research
time in support of this study.

Disclosures: Authors have disclosed no conflicts of interest.
Forms can be viewed at www.acponline.org/authors/icmje
/ConflictOfInterestForms.do?msNum=M17-2511.

Reproducible Research Statement: Study protocol: The proto-
col for the full evidence report is registered in PROSPERO
(CRD42016036810). Statistical code: Not applicable. Data set:
See the supplement tables.

Requests for Single Reprints: Timothy J. Wilt, MD, MPH, Pro-
fessor of Medicine, University of Minnesota School of Medi-
cine, Minneapolis VA Center for Chronic Disease Outcomes
Research, 1 Veterans Drive (111-0), Minneapolis, MN 55417;
e-mail, tim.wilt@va.gov.

Current author addresses and author contributions are avail-
able at Annals.org.

References
1. Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardiovas-
cular outcomes in men with obstructive sleep apnoea-hypopnoea
with or without treatment with continuous positive airway pressure:
an observational study. Lancet. 2005;365:1046-53. [PMID:
15781100]
2. Peker Y, Hedner J, Norum J, Kraiczi H, Carlson J. Increased inci-
dence of cardiovascular disease in middle-aged men with obstruc-
tive sleep apnea: a 7-year follow-up. Am J Respir Crit Care Med.
2002;166:159-65. [PMID: 12119227]
3. Gottlieb DJ, Yenokyan G, Newman AB, O’Connor GT, Punjabi
NM, Quan SF, et al. Prospective study of obstructive sleep apnea
and incident coronary heart disease and heart failure: the Sleep
Heart Health Study. Circulation. 2010;122:352-60. [PMID: 20625114]
doi:10.1161/CIRCULATIONAHA.109.901801
4. Redline S, Yenokyan G, Gottlieb DJ, Shahar E, O’Connor GT,
Resnick HE, et al. Obstructive sleep apnea-hypopnea and incident
stroke: the Sleep Heart Health Study. Am J Respir Crit Care Med.
2010;182:269-77. [PMID: 20339144] doi:10.1164/rccm.200911-
1746OC
5. Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohs-
enin V. Obstructive sleep apnea as a risk factor for stroke and death.
N Engl J Med. 2005;353:2034-41. [PMID: 16282178]
6. Blackwell T, Yaffe K, Laffan A, Ancoli-Israel S, Redline S, Ensrud
KE, et al; Osteoporotic Fractures in Men (MrOS) Study Group. Asso-
ciations of objectively and subjectively measured sleep quality with
subsequent cognitive decline in older community-dwelling men: the
MrOS Sleep Study. Sleep. 2014;37:655-63. [PMID: 24899757] doi:10
.5665/sleep.3562
7. Yaffe K, Laffan AM, Harrison SL, Redline S, Spira AP, Ensrud KE,
et al. Sleep-disordered breathing, hypoxia, and risk of mild cognitive
impairment and dementia in older women. JAMA. 2011;306:613-9.
[PMID: 21828324] doi:10.1001/jama.2011.1115
8. Giles TL, Lasserson TJ, Smith BH, White J, Wright J, Cates CJ.
Continuous positive airways pressure for obstructive sleep apnoea
in adults. Cochrane Database Syst Rev. 2006:CD001106. [PMID:
16855960]
9. McEvoy RD, Antic NA, Heeley E, Luo Y, Ou Q, Zhang X, et al;
SAVE Investigators and Coordinators. CPAP for prevention of car-
diovascular events in obstructive sleep apnea. N Engl J Med. 2016;
375:919-31. [PMID: 27571048] doi:10.1056/NEJMoa1606599
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Appendix Table 1. Search Strategies

Ovid MEDLINE
1. Sleep Apnea Syndromes/di,th
2. Sleep Apnea, Obstructive/di,th
3. (protocol: or algorithm:).mp.
4. Patient care team/ or nurse's practice patterns/ or health personnel/ or allied health personnel/
5. Sleep apnea syndromes/nu or sleep apnea, obstructive/nu
6. (nurse led or nurse-led).ti,ab.
7. (nurse: or nursing or technician:).mp.
8. Primary health care/ or physicians/ or (nurse* or technician or special* or primary care or physician).ti,ab.
9. “referral and consultation”/ or (electronic adj consult).mp. or consult*.mp. or telemedicine/ or remote consultation/
10. Mass screening/
11. Continuous positive airway pressure/mt, nu
12. Polysomnography/nu
13. Chart review.mp. or risk assessment/
14. 1 or 2
15. 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13
16. 14 and 15
17. Limit 16 to (English language and yr=”2000-Current”)
18. Limit 17 to “all child (0 to 18 years)”
19. Limit 17 to “all adult (19 plus years)”
20. 18 not 19
21. 17 not 20

CINAHL
1. (MH “Sleep Apnea Syndromes/DI/TH”)
2. (MH “Sleep Apnea, Obstructive/DI/TH”)
3. AB (protocol* or algorithm*)
4. (MH “Multidisciplinary Care Team”) OR “MH “Team Nursing”) OR (MH “Total Patient Care Nursing”)
5. (MH “Nursing Practice”) OR (MH “Scope of Nursing Practice”)
6. (MH “Health Personnel”) OR (MH “Allied Health Personnel”)
7. (MH “Sleep Apnea Syndromes/NU”) OR (MH “Sleep Apnea, Obstructive/NU”)
8. “nurse led”
9. “nurse-led”
10. AB (nurse* or nursing or technician*)
11. (MH “Primary Health Care”)
12. (MH “Physicians”)
13. (MH “Referral and Consultation”) OR (MH “Remote Consultation”)
14. (MH “Telemedicine”)
15. AB (electronic adj consult) OR AB consult*
16. (MH “Health Screening”)
17. (MH “Continuous Positive Airway Pressure/MT/NU”)
18. (MH “Polysomnography/NU”)
19. 1 or 2
20. S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18
21. 19 AND 20 (Limits: Published dates 2000 to present, English Language)
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Appendix Table 2. Summary of Study Characteristics

Characteristic Value (Range) Studies Reporting, n

Case finding
Total participants enrolled, n 580 (88–205) 4
Total participants treated by sleep specialist nurse, n 115 1
Total participants treated by NSS, n 184 (88–96) 2
Weighted mean age of participants, y 52 (48–58) 4
Weighted mean percentage of men 77 (63–91) 4
Weighted mean baseline BMI, kg/m2 31 (28–35) 4
Mean baseline Epworth Sleepiness Scale score 12 1
Weighted mean percentage of participants with hypertension* 40 (25–55) 3
Total participants by location, n

United States 396 (191–205) 2
Europe 184 (88–96) 2

Care management
Total participants enrolled, n 1515 (65–403) 8

Randomized controlled trials 799 (65–210) 5
Other trials 716 (103–403) 3

Total participants treated by primary care physician, n 678 (103–210) 4
Total participants treated by sleep specialist nurse, n 434 (65–195) 3
Total participants treated by other NSS, n 403 1
Weighted mean age of participants, y 52 (48–56) 8
Weighted mean percentage of men 68 (47–86) 8
Weighted mean baseline BMI, kg/m2 34 (30–36) 7
Weighted mean baseline Epworth Sleepiness Scale score 11 (9–16) 7
Weighted mean baseline Apnea–Hypopnea Index score, events/h 37 (21–51) 4
Weighted mean percentage of participants with hypertension* 56 (49–59) 3
Total participants by location, n

United States 716 (103–403) 3
Europe 449 (65–210) 3
Australia/New Zealand 350 (155–195) 2

Total participants required to have daytime sleepiness, n 415 (65–195) 3

BMI = body mass index; NSS = non–sleep specialist.
* As defined by study.
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