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ABSTRACT

The American Thoracic Society Sleep Core Curriculum updates clinicians on important
sleep topics, presented during the annual meeting, and appearing in summary here. This
year’s sleep core theme is sleep-disordered breathing and its management. Topics range
from pathophysiological mechanisms for the association of obstructive sleep apnea (OSA)
and metabolic syndrome, surgical modalities of OSA treatment, comorbid insomnia and
OSA, central sleep apnea, and sleep practices during a pandemic. OSA has been
associated with metabolic syndrome, independent of the role of obesity, and the
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pathophysiology suggests a role for sleep fragmentation and intermittent hypoxia in
observed metabolic outcomes. In specific patient populations, surgical treatment modal-
ities for OSA have demonstrated large reductions in objective disease severity compared
with no treatment and may facilitate adherence to positive airway pressure treatment.
Patient-centered approaches to comorbid insomnia and sleep apnea include evaluating for
both OSA and insomnia simultaneously and using shared-decision making to determine
the order and timing of positive airway pressure therapy and cognitive behavioral therapy
for insomnia. The pathophysiology of central sleep apnea is complex and may be due to
the loss of drive to breathe or instability in the regulatory pathways that control ventila-
tion. Pandemic-era sleep practices have evolved rapidly to balance safety and sustain-
ability of care for patients with sleep-disordered breathing.
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obstructive sleep apnea; central sleep apnea; insomnia; upper airway surgery; metabolic
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METABOLIC CONSEQUENCES OF
UNTREATED OBSTRUCTIVE
SLEEP APNEA
Chenjuan Gu and Jonathan C. Jun

Obstructive sleep apnea (OSA) is a highly
prevalent disorder. It is well established that
obesity predisposes individuals to developing
OSA and that untreatedOSAmay exacerbate
metabolic dysfunction and obesity (1).

Laboratory OSA Models

Intermittent hypoxia and sleep fragmentation
are two hallmarks of OSA, and potential
mediators of changes in metabolism. In
laboratory experiments, intermittent hypoxia
exposure induced insulin resistance in mice
and healthy humans, whereas sleep

fragmentation impaired both insulin-
dependent and insulin-independent glucose
disposal (1). A leading hypothesis contends
that intermittent hypoxia leads to tissue oxi-
dative stress, inflammation, and the dysregu-
lation of adipokines. In addition, sleep
fragmentation and intermittent hypoxia (via
stimulation of arterial chemoreceptors) acti-
vate the sympathetic nervous system and the
hypothalamus–pituitary–adrenal axis (1). In
turn, autonomic activation can lead to insulin
resistance and cardiometabolic dysfunction
(Figure 1). Autonomic activation stimulates
the release of counterregulatory hormones
(e.g., cortisol, catecholamines, and glucagon)
and mobilizes fatty acids from adipose tissues,
which in turn inhibit insulin action in tissues.
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Observational Studies of OSA and
Metabolic Dysfunction

Several observational studies have revealed a
close relationship between OSA and
metabolic dysfunction, independent of
obesity. OSA increased the odds of metabolic
syndrome, a clustering of clinical features
made up of abdominal obesity, hyperglycemia,
hypertension, and atherogenic dyslipidemia (2).
Patients with OSA exhibited a greater
prevalence and incident risk of type 2 diabetes
mellitus and worse glycemic control than
OSA-free populations (3). Some studies also
reported a more atherogenic lipid profile in
patients with OSA (1). Most of these studies
only adjusted for obesity in terms of the body

mass index (BMI), although visceral obesity
results in a greater predisposition to developing
OSA and metabolic dysfunction (1). Thus,
these studies clearly identify OSA as a marker
of metabolic dysfunction but cannot establish
causation.

Treatment Effects on Metabolic
Outcomes

Meta-analyses of studies in patients with type
2 diabetes mellitus revealed no overall effect of
continuous positive airway pressure (CPAP)
on glycemic control (4). However, CPAP
improved insulin sensitivity in certain groups,
such as patients with prediabetes and those
with insulin resistance (5, 6). Regarding
dyslipidemia, a meta-analysis revealed
decreased total cholesterol after CPAP but
revealed no effect on other lipid levels (7). It is
important to note that CPAP adherence in
most of these studies was relatively low (�2.4
to 6.2 h/night), perhaps explaining the limited
effectiveness of CPAP in altering metabolic out-
comes. However, CPAP improved glucose
metabolism in settings of directly observed
adherence (6, 8). Similarly, CPAP withdrawal
for 3 nights increased plasma free fatty acids,
glucose, and cortisol in CPAP-compliant
patients with severe OSA (9). These short-
termCPAP efficacy data indicate that OSA has
the potential to induce harmful metabolic
changes. However, the applicability of these
studies to the long-term health of the general
population with OSA remains unclear.
Although OSA treatment might be expected
to improve daytime energy and activity,
leading to weight loss, it was actually observed
that CPAP promotedmodest weight gain (10).
Further research is needed to clarify the
effects of CPAP on the metabolic outcomes of
OSA.
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Figure 1. Mechanisms underlying metabolic impacts
of obstructive sleep apnea. "= increase;
#=decrease; HPA=hypothalamus–pituitary–adrenal;
SNS=sympathetic nervous system.

REVIEWS

486 Reviews |
 



REFERENCES
1. Younas H, Gu C, Rathore A, Jun JC, Polotsky VY. Metabolic syndrome and sleep apnea: a

bidirectional relationship. In: Richard A, Johnston BTS, editors. Mechanisms and manifestations of
obesity in lung disease. Cambridge, MA: Academic Press; 2019. pp. 169–200.

2. Xu S, Wan Y, XuM,Ming J, Xing Y, An F, et al. The association between obstructive sleep apnea and
metabolic syndrome: a systematic review and meta-analysis. BMC Pulm Med 2015;15:105.

3. Pamidi S, Tasali E. Obstructive sleep apnea and type 2 diabetes: is there a link? Front Neurol 2012;3:
126.

4. Zhu B,Ma C, Chaiard J, Shi C. Effect of continuous positive airway pressure on glucose metabolism in
adults with type 2 diabetes: a systematic review and meta-analysis of randomized controlled trials. Sleep
Breath 2018;22:287–295.

5. Abud R, Salgueiro M, Drake L, Reyes T, Jorquera J, Labarca G. Efficacy of continuous positive
airway pressure (CPAP) preventing type 2 diabetes mellitus in patients with obstructive sleep apnea
hypopnea syndrome (OSAHS) and insulin resistance: a systematic review and meta-analysis. Sleep Med

2019;62:14–21.

6. Pamidi S, Wroblewski K, Stepien M, Sharif-Sidi K, Kilkus J, Whitmore H, et al. Eight hours of nightly
continuous positive airway pressure treatment of obstructive sleep apnea improves glucose metabolism
in patients with prediabetes: a randomized controlled trial. Am J Respir Crit Care Med 2015;192:96–105.

7. Xu H, Yi H, Guan J, Yin S. Effect of continuous positive airway pressure on lipid profile in patients
with obstructive sleep apnea syndrome: a meta-analysis of randomized controlled trials. Atherosclerosis
2014;234:446–453.

8. Mokhlesi B, Grimaldi D, Beccuti G, Abraham V, Whitmore H, Delebecque F, et al. Effect of one week
of 8-hour nightly continuous positive airway pressure treatment of obstructive sleep apnea on glycemic
control in type 2 diabetes: a proof-of-concept study. Am J Respir Crit Care Med 2016;194:516–519.

9. Chopra S, Rathore A, Younas H, Pham LV, Gu C, Beselman A, et al. Obstructive sleep apnea
dynamically increases nocturnal plasma free fatty acids, glucose, and cortisol during sleep. J Clin

Endocrinol Metab 2017;102:3172–3181.

10. Drager LF, Brunoni AR, Jenner R, Lorenzi-Filho G, Bense~nor IM, Lotufo PA. Effects of CPAP on
body weight in patients with obstructive sleep apnoea: a meta-analysis of randomised trials. Thorax
2015;70:258–264.

SURGICAL TREATMENT OF OSA

David Kent and Jeffrey J. Stanley

Although positive airway pressure (PAP)
therapy is a highly efficacious treatment for
OSA, some patients are unable to tolerate it,
limiting the potential subjective and objective
benefits to be gained from PAP. A variety of
alternatives for PAP-intolerant patients have
been developed over the past several decades,
including use of an oral appliance and surgical
interventions. Improved surgical techniques
introduced during the past 15 years have led

to more effective and less morbid procedures
tailored to the individual patient (1–4).

Structural surgeries, such as nasal surgery,
palatal modification, tongue base
advancement or resection, multilevel surgery,
and maxillomandibular advancement, are
designed to reduce upper airway collapsibility.
These surgeries have demonstrated
substantial improvements in patient-centered
outcomes in PAP-intolerant patients, includ-
ing excessive daytime sleepiness (measured by
a decrease in the Epworth Sleepiness Scale
score by up to 6 points), sleep-specific quality
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of life (measured by an increase in the Func-
tional Outcome of Sleep Questionnaire score
by up to 4 points), and snoring (measured by a
decrease in the visual analog scale score by
4–5 points) (1–3). Improvements in objective
measures of disease severity in PAP-intolerant
patients include a reduction in the
apnea–hypopnea index (AHI) and oxygen
desaturation index by 50–60% and a reduc-
tion in systolic and diastolic blood pressure by
6 mm Hg and 2–3 mm Hg, respectively.
Permanent serious morbidity, including dys-
phagia, is rare, as is perioperative mortality
(5). All patients undergoing surgical treatment
should undergo postoperative polysomnogra-
phy and follow up in the sleep disorders center
because residual symptomatic sleep apnea is
not uncommon and may require additional
intervention including PAP therapy.

Upper airway stimulation via implantation of
a hypoglossal nerve stimulator has been
shown to achieve similar improvements to
structural surgeries in daytime sleepiness,
quality of life, and disease severity as
measured by the AHI in PAP-intolerant
patients (4). Eligibility requirements include
PAP intolerance, an AHI >15 and <65
events/h with,25% central or mixed events,
a BMI ,32 kg/m2, and drug-induced sleep
endoscopy demonstrating a lack of complete
concentric collapse at the velum. Importantly,
this newer treatment modality has been

shown to normalize the AHI in approxi-
mately 40% of patients, while avoiding the
morbidity often associated with soft tissue and
craniofacial surgical options. Drug-induced
sleep endoscopy has shown utility as a tool for
refining surgical procedural selection, includ-
ing hypoglossal nerve stimulation, in patients
considering surgery (6).

Upper airway surgery has also been used as
an adjunctive treatment to facilitate the use of
PAP. Surgeries targeting the nose, tonsils, and
soft palate have demonstrated clinically
significant reductions in therapeutic PAP
requirements, with the mean decrease in
pressure being 2–3 cm H2O. Soft tissue sur-
geries have additionally demonstrated signifi-
cant increases in PAP adherence of .2 h/
night (7, 8). Tables 1 and 2 summarize sub-
jective and objective outcomes after various
surgical treatments for OSA.

Bariatric surgery for patients with OSA and
obesity can reduce the disease burden (9, 10).
After bariatric surgery, the Epworth
Sleepiness Scale score has been shown to
decrease by up to 6 points. For patients with a
presurgical BMI .31 kg/m2, systolic and
diastolic blood pressure decreased by 9 and
6–7 mm Hg, respectively. For patients with a
presurgical BMI .35 kg/m2, the AHI and
oxygen desaturation index were found to
decrease by 60–70%. However, this observed
improvement in disease severity may not be

Table 1. Subjective outcomes after surgical treatments of OSA

Upper Airway
Surgery

Upper Airway
Stimulation

Bariatric
Surgery

Sleepiness decrease (ESS) ## # ##
Snoring decrease (VAS) ## ## NA

Quality of life increase (FOSQ) " " NA

Definition of abbreviations: "= increase on the assessment scale; #=decrease on the assessment scale;
ESS=Epworth Sleepiness Scale; FOSQ=Functional Outcomes of Sleep Questionnaire; NA=not
applicable; OSA=obstructive sleep apnea; VAS= visual analog scale.
This table is a schematic representation of the literature on subjective outcomes of various surgical
treatments for OSA. The strength of the response is denoted by the number of arrows.
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sustained in patients whose weight loss is not
maintained. Therapeutic PAP pressure
requirements were also found to decrease by
an average of 3 cm H2O after bariatric

surgery. Low incidences of iron malabsorp-
tion, vitamin deficiency, reflux, and gastric
ulceration have been reported after this type
of surgery.
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Upper Airway
Surgery
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COMORBID INSOMNIA AND
SLEEP APNEA

Rachel Quaney and Nancy H. Stewart

Insomnia and sleep apnea are common sleep
disorders, and their cooccurrence is frequent
and wrought with challenges (1). First
identified in 1973, the combination is found in
up to 40% of adults worldwide and is found in
up to 58% of patients who present for sleep
disorder treatment (2, 3). This cooccurrence
has been associated with increased psychiatric
and medical morbidity as well as decreased
quality of life compared with either sleep
apnea or insomnia alone (3).

The diagnosis of comorbid insomnia and
sleep apnea can be complicated, in part
because of limitations in validated assessments
for both disorders simultaneously. Therefore,
in clinical practice, isolated evaluation of
either suspected sleep apnea or insomnia may

occur, as questionnaires and diagnostics for
these two entities remain separate (Figure 2),
leading to distinct treatment pathways (4).
Moreover, OSA is often considered the
primary problem, and insomnia is often
considered the secondary problem by default,
with OSA being treated before insomnia is
addressed (1).

This sequential approach to comorbid
insomnia and sleep apnea has its limitations.
The presence of insomnia symptoms is
associated with low adherence to PAP
therapy, contributing to both inadequate
treatment and failure to fulfill the
reimbursement requirements (1). On the
other hand, cognitive behavioral therapy for
insomnia (CBT-I) is well accepted as the
mainstay of treatment for insomnia but has
traditionally not been used in patients with
untreated sleep apnea for fear of exacerbating
daytime sleepiness.

Sleep Apnea

Comorbidity

Insomnia

1. History focusing on
    nocturnal
    signs/symptoms and
    daytime sleepiness
2. Physical exam
3. PSG or HSAT

1. History focusing on
    sleep/wake patterns,
    sleep hygiene, and
    psychologic concerns
2. Sleep/wake diary
     and/or actigraphy
3. Self-reporting
    questionnaires

Figure 2. The diagnostic dilemma of comorbid insomnia and sleep apnea. HSAT=home sleep apnea test;
PSG=polysomnography.
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Concomitant treatments for both insomnia
and OSA are gaining evidence for patients
with both disorders, although the timing of
CBT-I treatment and PAP treatment is still
being evaluated (1, 5–8). In one study, patients
with comorbid insomnia and sleep apnea who
received CBT-I before PAP treatments
showed higher PAP treatment acceptance,
greater average nightly adherence to PAP,
improved insomnia severity, and a greater
reduction in the AHI than the control group
(6, 7). Another study found that the addition
of CBT-I, either before or in conjunction with
PAP therapy, led to improvement in insomnia
severity compared with PAP alone. However,
no difference was demonstrated in PAP
adherence for those receiving CBT-I (5).
Further highlighting the complexity of this
topic, another study showed a similar reduc-
tion in insomnia severity for patients with
comorbid insomnia and sleep apnea using
both PAP and either CBT-I via a self-help
book (9) or sleep hygiene as the control arm.

This improvement in insomnia severity was
therefore attributed to PAP therapy (9).

Although the timing of multimodal therapy
for comorbid insomnia and sleep apnea
needs to be further elucidated, it is clear
that therapist-delivered CBT-I is safe and
effective in patients with both disorders,
even with the transient increase in daytime
sleepiness that occurs with initiation of
CBT-I and sleep restriction (8). Further
research and guidelines are needed to define
characteristics of comorbid insomnia and
sleep apnea. This is to identify patients who
are most likely to benefit from a limited
resource such as CBT-I–capable therapists
and to identify the optimal timing of treat-
ment interventions. Currently, patient-
centered approaches to comorbid insomnia
and sleep apnea should include evaluating for
both OSA and insomnia simultaneously and
using shared-decision making to determine
the order and timing of PAP therapy and
CBT-I.
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PATHOPHYSIOLOGY AND
TREATMENT OF CENTRAL
SLEEP APNEA

Isadore Budnick and Eric M. Davis

Central sleep apnea (CSA) is defined by lack
of ventilatory effort and complete airflow
cessation on polysomnography (1). CSA can
be classified into two main groups:
hypercapnic and nonhypercapnic (eucapnic/
hypocapnic) (2). Nonhypercapnic CSA is
more common and occurs in patients with
heart failure, acute ischemic stroke, and high-
altitude periodic breathing (2). Hypercapnic
CSA is seen is patients with, neuromuscular
disease, thoracic abnormalities, or opioid
intoxication (2). Common symptoms of CSA,
which are also present in other forms of sleep-
disordered breathing, include excessive day-
time sleepiness, poor subjective sleep, and
morning headaches.

Hypercapnic CSA occurs from a loss of the
drive to breathe in combination with either a
blunted central respiratory controller response
or reduced tidal volumes from neuromuscular
weakness (2). In contrast, nonhypercapnic
CSA is caused by instability in the regulatory
pathways that control ventilation (3).
Disturbances such as hypoxemia or transitions
from wakefulness to sleep are associated with
periods of hyperpnea, which lead to increased
minute ventilation and subsequent decreases
in the partial arterial carbon dioxide pressure
(PaCO2

) (2). When the PaCO2
falls below the

apneic threshold as determined by the central
chemoreceptors, a central apnea ensues (4).
Ventilation resumes when the PaCO2

rises
above the apneic threshold (1). Increased loop

gain, in part, accounts for the ventilatory
instability and periodic breathing as described
through the animated video we provide
(Video 1) and as described in detail in the
literature (3, 5).

The mainstay of treatment for hypercapnic
and nonhypercapnic CSA is management of
the underlying cause. For the purposes of this
brief review, we will focus the discussion on
CSA associated with cardiac disease. In heart
failure, optimization of the volume status
and/or improvement in the left ventricular
ejection fraction (LVEF) has been found to
improve CSA (6). Guidelines recommend a
trial of CPAP for nonhypercapnic CSA (1, 7),
which improves CSA by preventing upper
airway occlusion, decreasing circulatory
delay, and minimizing plant gain (see Video 1
for an explanation) by increasing lung
volumes (8). CPAP improves the AHI in CSA;
however, a broad mortality benefit was not
identified in the original trial (9). A subsequent
post hoc analysis determined that there is a
transplant-free survival benefit (as well as a
reduction in the LVEF) in those patients
treated with CPAP who had a reduction in
the AHI to fewer than 15 events/h on treat-
ment (10).

New treatment modalities for CSA have been
explored, including adaptive servo-ventilation
(ASV), acetazolamide, and transvenous
phrenic nerve stimulators. ASV, a form of
PAP that augments ventilatory effort in a
manner proportional to the patient’s effort,
has been shown to improve the central AHI
and LVEF in CSA (7). However, in the largest
trial of CSA in heart failure, ASV was asso-
ciated with increased all-cause mortality in
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patients with an LVEF <45% (11). ASV is
therefore not recommended for the treatment
of CSA in this group. There are a limited
number of trials examining the use of ASV in
other conditions associated with CSA. Data
on the long-term mortality benefit in condi-
tions such as CSA associated with high-
altitude periodic breathing and hypercapnic
CSA related to opioid medication are lacking
(1). Acetazolamide is an alternative approach
for reducing the central apnea index. In
response to metabolic acidosis, which occurs
after acetazolamide administration, there is

are increases in the PaCO2
reserve (difference

between eupnea PaCO2
and apnea threshold)

and alterations in loop gain that are associated
with a reduction in the central apnea index
(12, 13). Lastly, transvenous phrenic nerve
stimulators ensure stable ventilation, and
prospective studies in CSA have demon-
strated improved physical performance and
hypoxemia (14). Future directions include
enhancing the understanding of loop gain,
determining the impact of PAP in select sub-
populations, and researching alternative
treatments for CSA.
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SLEEP CENTER MANAGEMENT IN
THE ERA OF CORONAVIRUS DISEASE

Kirsten Young and Shannon Sullivan

The coronavirus disease (COVID-19)
pandemic generated rapid changes for the
practice of sleep medicine. Documents from
professional societies such as the American
Academy of Sleep Medicine (1) and the
American Thoracic Society (2) as well as a
“perspective document” from European sleep
experts (3) are available to help guide practices
with facility reopening and management.
Such guidance addresses critical strategies for
screening and COVID-19 testing; clinical
modifications, including telemedicine, staff
protections, and discontinuation of some
services (e.g., mask fitting); and laboratory
considerations, including diagnostic testing,
PAP titration, and issues specific to pediatric
patients. These documents also recognize the
need to adapt to national and regional factors.
Recommendations are predicated on limited
evidence and thus require ongoing
reevaluation.

Clinical practices have quickly ramped up
telemedicine offerings. Payer changes now

widely support telehealth (covering phone as
well as video visit types). Government payers
may allow postponement and waivers for
recertifications and loosening of restrictions on
durable medical equipment ordering as well
as of replacement requirements.

Regarding laboratory services, home sleep
apnea testing is preferred over in-laboratory
testing whenever possible, although this
approach has limitations in pediatric popula-
tions and other subpopulations (4). Patients
requiring in-person studies should undergo
screening and testing for COVID-19 before
and at the time of an in-person visit (Figure 3).
Appropriate personal protective equipment
and use of disposables whenever possible
are advised (1–3, 5). For nondisposables,
allowing 72 hours of rest between uses is rec-
ommended (1).

A primary concern for laboratories is the risk

of aerosolized COVID-19 due to PAP venti-

lation (5). Circuit filters have been proposed,

and proper ventilation and engineering con-

trols are recommended. Whenever possible,

minimizing exposure risk through use of

autotitration and remote monitoring of data is
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recommended. Overall, the pandemic has
increased discussion around best practices
for laboratory versus home-based PAP
management (6, 7).

There is limited guidance available regarding
use of PAP in the home setting for patients
who become infected with severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2). Disease risks and benefits, the status
of other inhabitants, and the ability to self-
isolate according to Centers for Disease

Control and Prevention guidance are consid-
erations (6). Equally important is that sleep
apnea has been linked to the risk of worse
COVID-19 outcomes, including mortality (8,
9).

If PAP is continued, data are lacking on the
best mitigation strategies. Use of antiviral
filters have been proposed, although these
require a nonvented, full-face mask. Such
measures have unknown real-world impact
and may be associated with patient

Day of
Visit/Study 

36-72 hours
prior to Visit 

Inpatient sleep
study

necessary? 

eg - hypoventilation, persistent
hypoxia

COVID-19 community
prevalence assessed and

acceptable

COVID Screening:

Contacts

COVID Symptoms

Consider COVID-
19 testing

Symptom and contact screening

Temperature

Surgical masks

Hand hygiene

Physical distancing when possible

Appropriate PPE for staff

If positive, follow
CDC protocols

Consider when possible:
HSAT, APAP

Reusable HSAT
equipment: cleaning;

consider 72-hour
downtime

Front/waiting area:

Masks, gloves and social
distancing for front desk

Assure appropriate space
and ventilation 

In Lab Staff:

FFP2 masks, nitrile
gloves, eye protection
and removable gowns

for in lab staff

Lab:

Ventilation/ engineering
controls

Physical distancing

Adequate cleaning for physical
spaces and equipment

Titration: consider filters

yes

Figure 3. Process flow for coronavirus disease (COVID-19) screening and testing for sleep testing laboratories.
APAP=auto–positive airway pressure device; CDC=Centers for Disease Control and Prevention; FFP2= filtering
face piece class 2; HSAT=home sleep apnea test; PPE=personal protective equipment.
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intolerance and be difficult to use. Replacing
filters, tubing, and masks and careful device
cleaning after infection has been resolved are
recommended.

Unresolved issues include how to best manage
special circumstances (e.g., pediatric patients),
widening disparities in sleep center access,
and a strained provider workforce.
Workforce fatigue, burnout, and financial
pressures have been reported, with 36% of
551 sleep providers surveyed applying for

financial assistance to maintain their
practices (10).

Not without challenges, pandemic-era sleep
practices have nonetheless evolved rapidly to
balance safety, sustainability, and novel
methods of care. Such innovations born of
necessity will hopefully outlast the pandemic
and continue to serve patient care into the
future.

Author disclosures are available with the
text of this article at www.atsjournals.org.
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