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ABSTRACT

The American Thoracic Society Core Curriculum updates clinicians annually in adult
and pediatric pulmonary disease, medical critical care, and sleep medicine, in a 3–4-year
recurring cycle of topics. These topics will be presented at the 2020 Virtual Conference.
Below is the adult sleep medicine core that includes topics pertinent to sleep-disordered
breathing and insomnia.

Keywords:
sleep apnea; insomnia; positive airway pressure adherence; cognitive behavioral therapy; hypnotics

KEY POINTS

· Untreated obstructive sleep apnea
(OSA) increases the risk of cardiovascular
morbidity andmortality and is associated
with neurocognitive dysfunction.

· An individualized approach incorporating
technological advancements can improve
positive airway pressure adherence and
successful OSA treatment.

· Oral appliances remain the most
widely accepted alternative to
continuous positive airway pressure
(CPAP). For select patients, hypoglossal
nerve stimulation or surgical approaches
may also be considered. Weight loss
should be part of OSA management
for all overweight patients but generally
does not replace OSA-specific therapy.
For patients with OSA with residual
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sleepiness, several wake-promoting
medications have now been approved as
an adjunct to (not a replacement for)
OSA therapies.

· CPAP therapy is first line for treatment
of central sleep apnea associated
with heart failure after the treatment of
heart failure has been optimized.
Supplemental oxygen is recommended
for those patients who are unable to
tolerate or fail CPAP therapy.

· Cognitive behavioral therapy for
insomnia is recommended as first-line
treatment of insomnia.

CARDIOVASCULAR AND
NEUROCOGNITIVE CONSEQUENCES
OF UNTREATED OBSTRUCTIVE
SLEEP APNEA

Robert M. Marron and
Maria Elena Vega Sanchez

Patients with obstructive sleep apnea
(OSA) experience apneic and hypopneic
events that, when untreated, have
detrimental cardiovascular and
neurocognitive consequences. Under
normal conditions, blood pressure and
heart rate decrease during non–rapid eye
movement (REM) sleep and increase
commensurately upon waking. This is
attributed to a decrease in sympathetic
nervous system activation and a subsequent
increase in cardiac vagal tone during sleep
(1). The transient episodes of hypoxemia
and hypercapnia caused by apneas or
hypopneas, as well as arousals, result in an
increase in cardiac output and heart rate
that leads to sympathetically induced
peripheral vasoconstriction that causes a
marked increase in blood pressure. The
result of this chronic sympathetic excitation

and inflammation does not resolve upon
waking, and over time, together with the
loss of the normal nocturnal blood pressure
dip, it can lead to pathophysiologic changes
such as impaired vascular function and
stiffness (1–3). This impairment in the
untreated patient with moderate to severe
OSA has been found to increase the risk
of both acute coronary syndrome
and sudden cardiac death (4, 5). The
increased sympathetic nervous activity,
inflammation, and oxidative stress seen
in OSA can lead to hypertension. The
prevalence of hypertension in moderate to
severe OSA ranges between 13% and 60%,
and OSA is considered the most common
cause of secondary hypertension (6).

Arrhythmias can be common in patients
with OSA, and the prevalence of atrial
fibrillation is higher in these patients than in
patients without OSA. In fact, severe sleep-
disordered breathing is associated with twofold
to fourfold higher odds of having complex
arrhythmias. In addition, untreated OSA
has been associated with higher rates of failure

· The decision to treat chronic insomnia
disorder with long-term hypnotic
medications should be individualized
and balance the risks of long-term hypnotic
use against the risks of untreated chronic
insomnia and associated functional
limitations.

· Despite accumulating evidence
suggesting improved sleep quality with
cannabinoids, more information is
needed to understand optimal prescription,
dosing, timing, and duration. Also, adverse
effects of chronic use and dependency
need to be addressed.

*S.S. is Associate Editor of ATS Scholar. Her participation complies with American Thoracic
Society requirements for recusal from review and decisions for authored works.

Correspondence and requests for reprints should be addressed to Shazia M. Jamil, M.D., Scripps
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to maintain sinus rhythm after cardioversion
or ablation therapy (7).

Inflammation, atrial fibrillation, and
atherosclerosis are all associated with

OSA and overlap with risk factors for

cerebrovascular disease. OSA may be

frequently diagnosed after stroke, and it can

be difficult to determine whether the

condition is causal or resultant. Evidence

suggests that OSA is associated with an

increased risk of stroke in elderly patients,

and untreated OSA after stroke increases

mortality risk during 10-year follow-up
(8–10).

Another disease state affected by sleep
apnea is heart failure. Both OSA and
central sleep apnea are common in
patients with acute and chronic systolic
and diastolic heart failure. Untreated OSA
in this patient population has been
associated with an increased risk of
death. However, screening for sleep-
disordered breathing can be difficult
because patients with OSA and heart
failure often do not report excessive

Table 1. Association between common cardiac and neurological disorders and untreated OSA

Disease Process Association with Untreated OSA

Hypertension OSA is the most common cause of secondary hypertension

OSA causes activation of sympathetic nervous system, leading to
increased diastolic as well as systolic blood pressure

ACS Increased risk of:

· ACS and the need for percutaneous coronary intervention

· Sudden cardiac death between 12:00 A.M. and 6:00 A.M.

May be due to increased plaque vulnerability

Atrial fibrillation Strong association between moderate to severe OSA and atrial
fibrillation

Recurrence of atrial fibrillation after cardioversion or ablation
therapy

Stroke Increased incidence of stroke, especially in elderly patients

OSA is often diagnosed after stroke

Untreated OSA after stroke increases 10-yr mortality risk

Heart failure Both OSA and CSA (frequently with Cheyne-Stokes respiration)
are associated with heart failure

OSA > CSA in women with heart failure

CSA is more common in older men (>65 yr old) with atrial
fibrillation and hypocapnia (PaCO2

< 38 mm Hg) (1)

Patients often do not report excessive daytime sleepiness

Neurocognitive impairment Can affect learning, memory, attention, and executive function

Structural changes to the brain are believed to be from
intermittent hypoxemia and sleep fragmentation

Definition of abbreviations: ACS=acute coronary syndrome; CSA= central sleep apnea; OSA=obstructive sleep apnea; PaCO2
= partial pressure of arterial

carbon dioxide.
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daytime sleepiness. This absent symptom
raises challenges in diagnosis and
treatment adherence for OSA (11, 12).

Untreated OSA can affect many
cognitive domains, including learning,
memory, attention, and executive
functioning. Data suggest that OSA is
linked with cognitive impairment and may
advance cognitive decline or dementia
(13). In addition, intermittent hypoxemia
and sleep fragmentation have been

linked to structural changes in the brain
that may be responsible for cognitive
impairment (14).

Given the increased prevalence of
obesity and the common nature of
diagnoses such as hypertension, coronary
artery disease, atrial fibrillation, heart
failure, and neurocognitive impairment,
healthcare providers should be cognizant
of the hazards of untreated OSA
(summarized in Table 1).
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OSA: NEW ADVANCES IN POSITIVE
AIRWAY PRESSURE THERAPY TO
IMPROVE MANAGEMENT AND
ADHERENCE

Michael T. Lam and BernieY. Sunwoo

Positive airway pressure (PAP) therapy is
highly efficacious in treating OSA, but its

effectiveness relies on adherence. There is a

dose–response relationship between

continuous PAP (CPAP) usage and clinical

outcomes in OSA, although the optimal

adherence threshold may vary depending

on the clinical outcome of interest (1, 2).

Consequently, recognition of barriers to use

and interventions to augment adherence

are pivotal to the successful management of

patients with OSA.

Studies have explored potential modifiable
and nonmodifiable predictors of PAP

adherence with inconsistent results (3).

Most adherent patients have higher

baseline daytime somnolence, possibly

worse OSA severity based on the apnea–

hypopnea index (AHI), higher self-efficacy

(i.e., believing the device is going to improve

quality of life), and confidence for

troubleshooting as well as greater social

support, including bed partner engagement.

Patients who have challenges with PAP

adherence tend to have lower

socioeconomic status, type D (distressed)

personality, high expectations in treatment

outcome, claustrophobia, and small nasal

passages. Patient age, sex, marital status, and

amount of anxiety and depression have not

been shown to consistently predict PAP

adherence (4).

Therefore, an individualized patient-
centered approach is recommended to
optimize PAP adherence in OSA.
Interrogation of PAP tracking systems can
reveal patterns and the duration of PAP use
and may help identify potential modifiable
targets to improve adherence, such as
mask leak (5). High residual AHI can point
toward suboptimally treated obstructive
events or the emergence of central events.
Prompt and early troubleshooting of any
side effects is important, as the pattern of
PAP usage is established early and has
been shown to predict long-term use.
Attention to mask fitting is essential, with
otolaryngologic evaluation helpful in
patients with narrow nasal passages or
nasal congestion that may be amenable
to surgery (6). Given the psychological
influences on PAP adherence, educational
and behavioral interventions aim to address
patient perceptions and promote self-
efficacy. Motivational counseling by
psychologists during appointments with
follow-up phone calls has been shown to
increase adherence by 99 min/night
compared with control subjects (7). In a
meta-analysis, behavioral therapy improved
average PAP usage by 1.44 h/night and
increased the number of nights with>4 hours
usage from 28% to 47%, although the
quality of evidence was low (8). In addition,
studies exploring educational and behavioral
strategies are limited by heterogeneity, often
combining various modalities and thus
making generalizations difficult.

Increasingly, technological innovations
are being used to improve PAPmanagement
and adherence. Cloud-based platforms and
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Figure 1. Example of a standard positive airway pressure compliance report depicting 30 nights’ objective
downloaded data from automatic positive airway pressure device. AHI = apnea–hypopnea index; AI = apnea
index; EPR=expiratory pressure relief; HI = hypopnea index; RERA= respiratory effort–related arousal.
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wireless capabilities offer real-time
monitoring and active patient engagement.
In a retrospective analysis of two cloud-
based databases, patients who actively
engaged in real-time feedback through a
website connected to their PAP devices
(n=42,679) had 87% compliance compared
with 70% compliance in the usual-care group
(n=85,358), as defined by the U.S. Medicare
criteria for compliance (>4 h/night of PAP
usage on at least 70% of nights in a consecutive
30-day period) (9). These technologies are also
being incorporated in telemedicine. In a
recent trial on telemedicine education and
telemonitoring on CPAP adherence, patients

randomized to receive web-based education
and automated message feedback through
telemonitoring had a Medicare adherence
rate of 73% compared with 55% in the
usual-care group (10).Modern PAPdevices are
including features in an attempt to improve
comfort and adherence, including ramp,
automatically adjusting pressures (e.g.,
automatic PAP), expiratory pressure relief
technologies, lighter interfaces such as nasal
pillows, and heated humidification (see Figure
1). Although none of these have been shown to
consistently improve adherence, these
technological advancements reflect ongoing
efforts to personalize OSA management.
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OSA: UPDATE ON CURRENT
NON-PAP THERAPIES
Christopher Schmickl and
Jeremy E. Orr

OSA affects up to 1 billion people globally
and has a number of associated adverse
health effects (1). CPAP is recommended as
first-line treatment of OSA, but several
alternative therapies may be considered for
patients reluctant to use PAP or for those
who struggle with adherence.

Oral Appliances

Oral appliances (i.e., custom titratable
mandibular advancement devices) have been
shown to improve sleepiness (2) as well as
blood pressure (3). However, results may
depend on the particular device selected,
experience of the dentist, and appropriate
follow-up. Approximately 50% of patients
will have a therapeutic response as assessed
by reduction of the AHI, with responses
predicted modestly by clinical
characteristics (lower body mass index
[BMI], younger age, female sex, and lower
pretreatment AHI). More recently
identified predictors of oral appliance success
include a lower therapeutic CPAP pressure
(4) andOSA physiological traits such as less
upper airway collapsibility (5).

Hypoglossal Nerve Simulation

Implantable hypoglossal nerve
stimulation has been U.S. Food and Drug
Administration (FDA) approved since
2014 as an alternative therapy for OSA,
with data showing sustained AHI
improvement at 5-year follow-up (6).
However, only a subset of patients
are eligible based on the criteria of
BMI <32–33 kg/m2 and findings during
drug-induced sleep endoscopy (palatal
concentric collapse is unfavorable). In this
select population, AHI reduction

averages 50%. Recent findings from a
registry suggest that female sex, older age,
and lower BMI may be predictors of good
response to hypoglossal nerve
stimulation treatment (7).

Airway Surgeries

A number of upper airway surgeries are
available, including uvulopalatopharyngoplasty,
tongue reduction or advancement, and
maxillomandibular advancement, with
observational data suggesting highly
variable polysomnographic response
rates. Robust data in this area are
limited by variable criteria used for
patient and procedure selection and
evolving surgical techniques. For
uvulopalatopharyngoplasty, reported
polysomnographic response rates are
variable, but meta-analysis indicates an
average of 49.5% reduction in AHI.
Furthermore, randomized (nonsham)
trials suggest improvements
in sleepiness and quality of life (8).
Maxillomandibular advancement has
been shown to be beneficial in those
with mandibular retrognathia, although
high-quality data for patient selection
are lacking.

Weight Loss

Weight loss is recommended for adult
patients with OSA who are overweight
or obese on the basis of improvements
in AHI as well as improvements in
associated symptoms and comorbidities
(9). Programs that include comprehensive
lifestyle interventions, including a
reduced calorie diet, physical activity,
and behavioral counseling, are
recommended. For those with a
BMI ≥35 kg/m2, referral to bariatric
surgery may be considered. Although
weight loss commonly reduces OSA
severity, resolution is uncommon, and
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patients often regain weight over time.
Therefore, weight loss is regarded as an
adjunctive therapy and should not be
considered a substitute for primary OSA
therapies (10).

Pharmacotherapy
No pharmacotherapies are currently
FDA approved as primary treatments

for OSA. Medications currently
under study include acetazolamide,
dronabinol, and atomoxetine plus
oxybutynin. Solriamfetol and
pitolisant have recently been FDA
approved for the treatment of sleepiness
in patients with OSA, adding to
other alerting agents such as modafanil.
It is important to realize that these

Table 2. Overview of alternative non-PAP therapies

Intervention When to Consider
Key Predictors of Good

Response
Key Predictors of Poor

Response

Oral appliance Acceptable dentition Low AHI High loop gain

Mild to moderate OSA Low BMI

Availability of experienced sleep dentist Younger age

Female sex

Hypoglossal nerve stimulation FDA approval criteria include:

· AHI 20–65/h (<25% mixed/central
events)

· CPAP Failure (unwillingness to use
CPAP or <4 h use/night or residual
AHI >20/h)

· No CCC on DISE
Pivotal trial excluded subjects with BMI
>32 gm/m2

Patient is interested in surgery and has
acceptable surgical risk

Low BMI CCC on DISE
(contraindication)

Older age

Female sex

Upper airway surgery (e.g.,
uvulopalatopharyngoplasty)

Surgical problem (e.g., tonsillar
hypertrophy)

Low BMI High loop gain

Patient is interested in surgery and has
acceptable surgical risk

High Friedman/
Mallampati class

Tonsillar hypertrophy

Low AHI

Weight loss (complementary to
intervention targeting the underlying
obstruction)

Patient is overweight or has obesity N/A N/A

Specific intervention (lifestyle,
pharmacological, or surgical) depends
on degree of excess weight and other
patient factors

Wake-promoting medications
(solriamfetol, modafinil, and
armodafinil)

Residual sleepiness despite control of
underlying obstruction (e.g., CPAP)

N/A N/A

Avoid modafinil/armodafinil in women
on hormonal contraceptives

Definition of abbreviations: AHI =apnea–hypopnea index; BMI =bodymass index; CCC=complete concentric collapse; CPAP=continuous PAP; DISE=drug-
induced sleep endoscopy; FDA =U.S. Food and Drug Administration; N/A =not applicable; OSA =obstructive sleep apnea; PAP =positive airway
pressure.
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are symptomatic therapies only
that do not address the underlying
OSA and thus should not be
recommended for use in the

absence of optimal OSA treatment.
An overview of alternative non-PAP
therapies has been summarized in
Table 2.
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CONTROVERSIES AND CONSENSUS:
STRATEGIES IN THE MANAGEMENT
OF CENTRAL SLEEP APNEA

Snigdha Sharma and
Abdulghani Sankari

Central sleep apnea (CSA) is caused by a
temporary failure of the pontomedullary
pacemaker in generating a breathing rhythm,
which results in the loss of ventilatory effort.

If this lasts for ≥10 seconds, it is defined as a

CSA event. There is no brainstem inspiratory
neural output, and the nerves innervating
the inspiratory thoracic pump muscles are
silent. Therefore, on polysomnography (PSG),
it is characterized by the absence of both
naso-oral airflow and thoracoabdominal
excursions (i.e., muscle effort).

CSA can be seen in the settings of
high altitude, medication use, substance
abuse (most commonly opioids), or severe
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heart failure, manifesting in a Cheyne-
Stokes respiration pattern. When CSA is
not due to a primary medical disorder,
it is termed primary CSA. Treatment-
emergent CSA is another type of CSA
characterized by the emergence of CSA
during the treatment of OSA with PAP
therapy (1, 2).

Clinically, patients with CSA may
be asymptomatic or present with
excessive daytime sleepiness, poor
sleep quality, insomnia, paroxysmal
nocturnal dyspnea, morning headaches,
or nocturnal angina. In addition, apneic
episodes may be reported by bed partners.

Diagnosis

In-laboratory PSG is the gold standard for
establishing a diagnosis. However, more

recently, ambulatory testing has been
validated in CSA using the peripheral
arterial tonometry–based WatchPAT devices
(3). The diagnosis of CSAwith Cheyne-Stokes
breathing requires three or more
consecutive central apneas and/or central
hypopneas separated by a crescendo–
decrescendo respiratory pattern with a cycle
length of≥40 seconds (see Figure 2). In primary
CSA, PSG reveals five or more central apneas
and/or central hypopneas per hour of sleep,
and the number of central apneas and central
hypopneas is >50% of the total number of
apneas and hypopneas without any other
associated disorder (4).

Treatments

When confronted with opioid-associated
CSA, discontinuation of the offending agent

Figure 2. Apolygraph illustrating a case of consecutive central sleep apnea (CSA) eventswithCheyne-Stokes respiration. Red arrows’abbreviations: (a) crescendo phase; (b)
decrescendo phase; (c) electroencephalographic arousal at peak ventilation phase. The dotted vertical line indicates the end of a CSA event. Different CSA-related timing
definitions are highlighted. Apnea length = duration of apnea; Circulation time = the time between the end of CSA event and the nadir corresponding O2 saturation (SaO2

);
Ventilation length = duration of respiration following apnea. Adapted by permission from Reference 12.
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or at least lowering the dose is recommended
whenever possible. Although most cases of
treatment-emergent CSA resolve
spontaneously over weeks to months, some
casesmay persist (4). CSA can also be seen at
sleep onset in patients without sleep disorders
and is typically not treated because it is
physiological and reflects differences in
respiratory drive between wake and sleep. In
patients with heart failure, efforts should be
made to optimize treatment of the
underlying heart failure using medical therapy,
cardiac resynchronization, or other modalities
before considering PAP therapy. CPAP is
first-line therapy for symptomatic patients with
hyperventilation-related CSA associated with
heart failure (5). Treatment options for those
who are unable to tolerate or fail CPAP include
supplemental oxygen therapy (especially useful
for those with nighttime hypoxemia), and
adaptive servo ventilation. However, on the

basis of the results of the SERVE-HF
(Adaptive Servo-Ventilation for Central
Sleep Apnea in Systolic Heart Failure) trial, the
American Academy of Sleep Medicine now
recommends against the use of adaptive
servo ventilation to treat heart failure–
associated CSA in patients with an ejection
fraction ≤45% andmoderate to severe CSA
because of increased all-cause and
cardiovascular mortality (6, 7). Bilevel PAP
therapy in spontaneous-timed mode may be
considered if there is no response to other
interventions (8). In small clinical trials,
acetazolamide and theophylline have
demonstrated an improvement in heart
failure–associated CSA (9, 10). The FDA also
recently approved the use of transvenous
neurostimulation of the phrenic nerve for the
treatment of CSA on the basis of the results of
a randomized trial demonstrating a
significant reduction in the severity ofCSA (11).
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PRACTICAL APPROACHES TO
COGNITIVE BEHAVIORAL THERAPY
FOR INSOMNIA FOR CLINICIANS

Sogol Javaheri and Suzanne Bertisch

Chronic insomnia, characterized by
difficulties falling asleep, staying asleep, or
early morning awakenings, is the most
prevalent sleep disorder in the United
States, affecting an estimated 10–15% of
Americans. Symptoms occur despite
adequate opportunity to sleep and are
associated with daytime impairment,
including impaired attention and
cognition, increased risk of industrial
and motor vehicle accidents, reduced
work productivity, and increased
healthcare costs (1). Insomnia is also a
risk factor for multiple chronic health
conditions, including cardiovascular
disease (2), mood disorders, and pain
conditions (1).

Despite the widespread public health
impact, insomnia remains both
underrecognized and undertreated.
Nearly two-thirds of patients with
insomnia are unaware of available
treatment options, and ~40% self-
medicate with alcohol and unproven
over-the-counter sleep aids (3).
Evaluation of insomnia should include a
comprehensive sleep history, including
sleep/wake routines (time to bed, time to
fall asleep, number and duration of
awakenings, wake time, time out of bed,

and daytime naps), daily behaviors that
impact sleep (e.g., use of electronic
devices, caffeine, alcohol, and nicotine),
and screening for comorbid sleep
disorders (e.g., sleep-disordered
breathing, restless legs syndrome,
periodic limb movement disorder, and
circadian disorders) (1, 4). Given the high
prevalence of concurrent mood
disorders and other comorbidities, a
thorough medical and psychiatric
history is also warranted. Prior
treatments for insomnia should also be
reviewed. Use of a sleep diary to capture
the patient’s habitual sleep patterns,
including differences between weekday
and weekend sleep routines, is very
helpful. A sleep study is not routinely
recommended unless OSA or periodic
limb movement disorder are suspected.
Comorbid depression and anxiety as
well as pain syndromes are distinct but
overlapping entities and should be
treated concurrently (1).

Current guidelines recommend
multicomponent cognitive behavioral
therapy for insomnia (CBT-I) as first-line
treatment for chronic insomnia in
adults (see Table 3). Data suggest that
compared with pharmacotherapy, the
effects of CBT-I are similar (5) but
more durable and have a better safety
profile (5–7). CBT-I is also effective for
insomnia in adults with comorbid mood
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and medical conditions, including
conditions in which sleep medication
may be contraindicated. The key
components of CBT-I include sleep
hygiene, stimulus control, sleep
restriction, cognitive restructuring, and
relaxation techniques (Table 3) (8). It is
important to note that sleep hygiene alone
is not efficacious for chronic insomnia.
CBT-I should be implemented by
a trained provider or web-based
program supported by clinical data.

In-person CBT-I options are often limited
by an insufficient number of trained
clinicians, cost/insurance barriers,
and time intensity (8). Recent studies
support the use of validated web-based
CBT-I programs (9), group formats,
and condensed versions, such as brief
behavioral treatment for insomnia
(9, 10). Behavioral treatments can
also be implemented in patients who
are concurrently receiving sleep
aids (11).
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Table 3. Cognitive behavioral therapy for insomnia components

Technique Aim

Stimulus control Extinguish the association between wakefulness and the bedroom environment and establish a
consistent wake time

Sleep restriction Increase sleep drive and consolidate sleep by limiting time in bed

Relaxation training Reduce physical and cognitive arousals

Cognitive restructuring Restructure maladaptive thinking regarding insomnia, such as unhelpful beliefs about sleep or
performance anxiety

Sleep hygiene Reduce behaviors and environmental factors that interfere with sleep or increase arousals
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RISKS AND MANAGEMENT OF
LONG-TERM USE OF SLEEP-
INDUCING MEDICATIONS

KaraDupuy-McCauleyandBhanuKolla

Chronic insomnia disorder is
characterized by perceived difficulty
initiating or maintaining sleep or waking up
earlier than desired with difficulty
returning to sleep, coupled with daytime

impairment. It is a common condition in

the United States, with an approximate

prevalence of 10–24% (1). In addition to

being a source of emotional distress,

chronic insomnia can create problems

with mood and cognitive function and can
lead to increased risk of automobile
accidents, increased healthcare costs,
perceived poor health, and loss of
productivity or errors in the workplace (1).

Insomnia is frequently persistent if left
untreated. Chronic insomnia, by definition,
lasts for more than 3 months, but 56–74%
of patients will continue to have insomnia
at 1 year and 46% of patients have insomnia
for at least 3 years (2). The mainstay of
treatment for chronic insomnia is CBT-I
when available. There is moderate existing
evidence to suggest that CBT-I improves
sleep outcomes and has limited potential
for harm (1).

Little is known about the effects of using
hypnotic medication on a long-term
basis (1), yet many patients remain on
pharmacologic treatments for insomnia
beyond what can be thought of as an acute

period; ~2.5% of the U.S. population
receives hypnotics for insomnia, and 25%
of that group has been on nightly treatment
for 4 months or longer (3). The initial
guidelines for pharmacotherapy in
chronic insomnia were based on short-term
hypnotic use, with the mean duration of
clinical trials being 1 week. Two more
recent trials have examined the use of
hypnotic medications over a 12-month
period, and as a result, eszopiclone and
zolpidem extended release are now FDA
approved for long-term use (3, 4). Many
providers and patients remain hesitant to
use hypnotics on a long-term basis because
of fear of potential health-related
consequences. One matter of particular
concern to patients is the association of long-
term hypnotic use with neurodegenerative
diseases, mainly Alzheimer’s dementia.
Multiple prospective and retrospective
studies have linked long-term benzodiazepine
and nonbenzodiazepine hypnotic use
with dementia (5). Long-term hypnotic
use has also been linked to increased
mortality, cardiovascular disease,
psychiatric disorders, and falls (6–8).
Although alarming, support for these
concerns comes mainly from association
studies, and furthermore, these possible
risks have not formally been studied against
the risks of untreated insomnia. Insomnia
with short sleep, defined as a duration of less
than 6 hours, has been shown to increase
risk of hypertension, acute coronary
syndrome, and mortality (9). There is
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also evidence that insomnia and sleep
fragmentation may be risk factors for
neurodegenerative diseases, including
Alzheimer’s disease (10).

Recently, several hypnotic agents,
including doxepin (a tricyclic antidepressant
that acts exclusively as a hypnotic at low
doses), orexin antagonists, suvorexant,
and lemborexant have been approved by the
FDA for the treatment of insomnia.
Current data examining their safety and
efficacy in the long term are sparse.

In conclusion, for the treatment of
chronic insomnia, CBT-I should be first

line when available, but long-term
pharmacotherapy may be appropriate
in a select group of patients. We need
more rigorous and dedicated research
to fully elucidate the safety of long-term
hypnotic use, but one must also consider
the consequences of untreated insomnia
with respect to quality of life and risk of
morbidity and mortality. A careful risk–
benefit analysis should be assessed for
each patient, and the provider must
engage in shared decision-making when
considering the long-term use of hypnotics
for chronic insomnia (see Table 4).
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Table 4. Risks of long-term hypnotic use versus risks of untreated chronic insomnia
disorder

Potential Risks of Long-Term Hypnotic Use Potential Risks of Untreated Chronic Insomnia

All-cause mortality Hypertension

Cancer Cardiovascular disease

Abuse All-cause mortality

Dependence Psychiatric disorders, including depression

Infections Diabetes

Falls Neurocognitive deficits

Dementia

Cardiovascular disease

Alcohol use disorder

Major depressive disorder
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TETRAHYDROCANNABINOL,
CANNABIDIOL, EDIBLES, OILS, AND
ALL THAT: CANNABIS AND SLEEP

Ikuyo Imayama and Bharati Prasad

The legalization of cannabinoids in the
United States has opened avenues for using
cannabinoids to treat medical conditions.
Cannabinoids are active constituents
of cannabis. Tetrahydrocannabinol,
cannabidiol, edibles, and oils are different
forms of cannabinoids. Cannabinoid
products are approved for appetite stimulation,
nausea and vomiting, specific types of seizure
disorders, and pain. Prior studies have
reported their therapeutic potential in sleep
disorders, including insomnia, REM behavior
disorder, nightmare disorder, sleep
disturbances in pain conditions, daytime
sleepiness, and sleep apnea (1–4).

Endogenous cannabinoids are a brain
lipid involved in the regulation of the sleep–

wake cycle (5). Effects of cannabinoids

are mediated by cannabinoid 1 and 2

receptors, and by modifying effects of other

receptors (6). Animal studies have shown

that endogenous cannabinoids play a

significant role in regulating wakefulness

and sleep architecture (6). Alteration of

endogenous cannabinoid concentrations

associated with sleep deprivation, diurnal

variation of endogenous cannabinoids in the

brain, and synthetic cannabinoids induced

sleep in multiple animal models, suggesting

its pivotal role in sleep–wake homeostasis (5).

Short-term studies have shown that
cannabinoids improve subjective sleep

quality (i.e., decreased sleep fragmentation,

nightmares, and daytime sleepiness) and

objective sleep parameters (i.e., shortened
sleep onset latency, reduced wake after
sleep onset, and normalized REM sleep
onset) (1, 4, 7). One study reported a
reduction in OSA severity as measured by
the AHI (3). Effects of cannabinoids on
sleep is detailed in Figure 3. Cannabis
withdrawal symptoms in chronic users
include sleep disturbance and vivid
dreams (2). Abrupt cessation of
cannabinoids was associated with
decreased total sleep time, sleep efficiency,
and percentage of REM and slow-wave
sleep and increased wake after sleep onset,
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sleep onset latency, and periodic limb
movement (8, 9). These studies suggest that
cannabinoids interact with the sleep–wake
cycle and in the short term, may improve
subjective and objective sleep quality in
human subjects.
Despite animal and human studies
suggesting positive effects of cannabinoids
on sleep, limitations of current evidence
in examining therapeutic effects of
cannabinoids for sleep disorders include
1) small sample size, 2) comorbid conditions
such as pain and substance use disorders

that may confound the true effects of
cannabinoids on sleep, 3) examination of
sleep as a secondary outcome, 4) short
duration of the trials (<6 mo), 5) mixed
findings among reported studies, and
6) unclear optimal dosing and side
effect profile of different products, especially
in the long term (1, 7). Cannabinoids cannot
be recommended as a treatment for any
sleep disorder at this time (10).

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