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Upon petition, the State Medical Board of Ohio has the authority to approve and designate conditions or diseases as qualifying medical conditions for
treatment with medical marijuana. For the calendar year of 2021, the board will accept petitions for consideration between November 1, 2021 and
December 31, 2021.
The following conditions are already part of the program: AIDS, amyotrophic lateral sclerosis, Alzheimer’s disease, cachexia, cancer, chronic traumatic
encephalopathy, Crohn’s disease, epilepsy or another seizure disorder, ﬁbromyalgia, glaucoma, hepatitis C, Huntington's disease, inﬂammatory bowel
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submitter’s name provided contact information, and responses.
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All sections below are required to be completed per Ohio Administrative Code 4731-32. All text boxes are required. Applicants may type "see
attached" or "previously submitted" in the required ﬁelds.
If you would like for the Medical Board to consider multiple conditions, please complete a separate submission for each one.
Please refrain from providing personal medical information as all submissions are subject to public record requests.
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Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
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Question 4_Insomnia.pdf

2.70 MB

5) Letters of support provided by physicians with knowledge of the disease or condition. This may include a letter provided by the physician treating the
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Information from experts who specialize in the disease or condition:
Insomnia is among the most common problems encountered by the family physician, accounting for more
than 5.5 million visits annually. The American Academy of Sleep Medicine defines insomnia as the
subjective perception of difficulty with sleep initiation, duration, consolidation, or quality that occurs
despite adequate opportunity for sleep, and that results in some form of daytime impairment. 1
About 10% of all adults complain of chronic insomnia, a condition characterized by daytime impairment
of cognition, mood, or performance that impacts not only the patient and his family, but also affects
friends, coworkers, and caretakers. Insomnia patients are more likely to visit hospitals and physicians,
have increased absenteeism, make mistakes or have accidents at work, and have more fatal road
accidents. There is also an increased risk for depression, anxiety, substance use, suicide, and possible
immune dysfunction 2.
Management Strategies: Non-Pharmacological
Behavioral interventions are the mainstay of treatment for insomnia. A survey of the primary approaches
is provided below:
Stimulus Control Therapy: One strategy for managing insomnia is stimulus control therapy, which is based
on the idea that insomnia is a conditioned response to temporal and environmental cues that are usually
associated with sleep. This approach includes using the bedroom only for sleep, trying to sleep only when
tired, maintaining a regular rising time regardless of the day of the week or number of hours of sleep, and
avoiding naps.
Sleep Restriction: Another option is to reduce the amount of time spend in bed to as close to the amount
of time sleeping as possible, creating a mild “sleep-deprivation”.
Relaxation Therapy: Relaxation-based interventions are based on the observation that insomnia patients
often display high levels of arousal, both at night and during daytime. Relaxation methods are used to
deactivate the heightened arousal system.
Cognitive Therapy: Cognitive therapy seeks to alter faulty beliefs and attitudes about sleep. The objective
of cognitive therapy is to cut short the vicious cycle of insomnia, emotional distress, dysfunctional
cognitions, and further sleep disturbances.
Paradoxical intention: Paradoxical intention is a method that consists of persuading a patient to engage
in his or her most feared behavior, i.e., staying awake. The basic premise is that performance anxiety
inhibits sleep onset. Thus, if a patient stops trying to sleep and contrarily attempts to stay awake,
performance anxiety will be reduced and sleep may come more easily.
Sleep hygiene education: Sleep hygiene education targets health practices (e.g., diet, exercise, and
substance use) and environmental factors (e.g., light, noise, temperature, and mattress) that may be
Matheson E. Insomnia: Pharmacologic Treatment Am Fam Physician. 2017 Jul 1;96(1):29-35. (ATTACHMENT 1)
Saddichha S. Diagnosis and treatment of chronic insomnia. Ann Indian Acad Neurol. 2010;13(2):94-102. doi:10.4103/09722327.64628 (ATTACHMENT 2)
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either detrimental or beneficial to sleep. Although these factors are rarely severe enough to be the
primary cause of chronic insomnia, they may complicate an existing sleep problem and hinder treatment
progress.
Behavioral intervention: Having the patient keep a sleep diary for 2 weeks may be helpful. Behavioral
psychologists focus on encouraging the patient to eliminate behavior incompatible with sleep, such as
lying in bed and worrying, by instructing the patient to leave the bedroom at these times. Patients can
condition themselves to be insomniacs, and treatment focuses on de-conditioning the patient from
associating the bedroom with a place of restlessness.
Management Strategies: Pharmacological
Drug treatment is indicated as a short-term solution for insomnia and is typically recommended for no
mora than 2 – 4 weeks, often in combination with at least one of the behavioral intervention techniques
described above.
Benzodiazepines: Benzodiazepines (BZD) are some of the most commonly prescribed medications in the
world but they are associated with a high potential for abuse and dependence. Despite recommendations
against long-term BZD use (i.e., more than 2–4 weeks), many providers continue to prescribe them for
months or even years, allowing for dependence and diversion to occur. About 15% of the U.S. population
take BZDs in any given year and about 6% of the US population have abused sedative-hypnotics 3.
Although many benzodiazepines are used to treat insomnia, only five are approved by the U.S. Food and
Drug Administration (FDA) for this indication. These include recognized brand names like Xanax, Klonopin,
Valium, Restoril, and Halcion among others. Adverse effects include memory impairment, loss of
coordination and daytime somnolence. Chronic use can disrupt the quality of sleep, diminish sleep time
and result in heightened fatigue 4.
Nonbenzodiazepine hypnotics (z-drugs): These are the most commonly prescribed class of insomnia
medication, recognized brands include Ambien, Sonata, and Lunesta. Side effects include higher dosages,
memory loss, dizziness, disinhibition, gastrointestinal upset, and hallucinations. Sleep related behaviors,
such as sleep driving and sleep eating have also been reported. Because z-drugs cause stimulation,
euphoria and anxiolysis, these drugs have a high potential for abuse 5.
Melatonin: Rozerem is a melatonin agonist approved by the FDA for insomnia related to sleep latency that
is not habit forming. The effectiveness of Rozerem is modest, and the adverse effects are few. Controlled
release (not regulated by the FDA) is another option but the purity varies widely between brands.
Other types of medications used to address insomnia are antidepressants, antihistamines (over the
counter), antipsychotics, orexin receptor antagonists, and antiepileptics. Each of these medications have
side effects and present the potential to become addictive.

Guina J, Merrill B. Benzodiazepines I: Upping the Care on Downers: The Evidence of Risks, Benefits and
Alternatives. Journal of Clinical Medicine. 2018; 7(2):17. (ATTACHMENT 3)
4 Matheson E. Insomnia: Pharmacologic Treatment Am Fam Physician. 2017 Jul 1;96(1):29-35.(ATTACHMENT 1)
5 Matheson E. Insomnia: Pharmacologic Treatment Am Fam Physician. 2017 Jul 1;96(1):29-35.(ATTACHMENT 1)
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Insomnia: Pharmacologic Therapy
ERIC MATHESON, MD, and BARRY L. HAINER, MD, Medical University of South Carolina, Charleston, South Carolina

Insomnia accounts for more than 5.5 million visits to family physicians each year. Although behavioral interventions
are the mainstay of treatment, pharmacologic therapy may be necessary for some patients. Understanding the risks and
benefits of insomnia medications is critical. Controlled-release melatonin and doxepin are recommended as first-line
agents in older adults; the so-called z-drugs (zolpidem, eszopiclone, and zaleplon) should be reserved for use if the firstline agents are ineffective. For the general population with difficulty falling asleep, controlled-release melatonin and
the z-drugs can be considered. For those who have difficulty staying asleep, low-dose doxepin and the z-drugs should
be considered. Benzodiazepines are not recommended because of their high abuse potential and the availability of
better alternatives. Although the orexin receptor antagonist suvorexant appears to be relatively effective, it is no more
effective than the z-drugs and much more expensive. Sedating antihistamines, antiepileptics, and atypical antipsychotics are not recommended unless they are used primarily to treat another condition. Persons with sleep apnea or
chronic lung disease with nocturnal hypoxia should be evaluated by a sleep specialist before sedating medications are
prescribed. (Am Fam Physician. 2017;96(1):29-35. Copyright © 2017 American Academy of Family Physicians.)
CME This clinical content
conforms to AAFP criteria
for continuing medical
education (CME). See
CME Quiz on page 21.
Author disclosure: No relevant financial affiliation.

▲

Patient information:
A handout on this topic is
available at http://www.
aafp.org/afp/2015/1215/
p1058-s1.html.

I

nsomnia is among the most common
problems encountered by the family
physician, accounting for more than 5.5
million visits annually.1 The American
Academy of Sleep Medicine defines insomnia as the subjective perception of difficulty
with sleep initiation, duration, consolidation, or quality that occurs despite adequate
opportunity for sleep, and that results in
some form of daytime impairment.2 The
recommended first-line therapies for insomnia are nonpharmacologic, such as stimulus control, relaxation training, or sleep
restriction. However, this article focuses on
pharmacologic treatment of insomnia; nonpharmacologic methods were discussed in
an earlier review.3
Women are more likely than men to experience insomnia and twice as likely to be
diagnosed with insomnia.4,5 The prevalence
of insomnia in women increases with hormonal changes, such as in the third trimester
of pregnancy and after menopause.5 Insomnia can occur at any age but is particularly
common in older adults, with symptoms
present in as many as 65% of persons 65 years
or older.5-7 Patients with comorbidities such
as pulmonary disease, heart failure, neurologic disease, and painful conditions are at
increased risk.8 An increased prevalence of
insomnia is also associated with psychiatric disorders, including depression, anxiety,
substance abuse, and posttraumatic stress

disorder.9,10 Population studies suggest that
insomnia is more prevalent in persons who
have experienced the death of a family member or are unemployed, divorced, widowed,
separated, or of lower socioeconomic status.11,12 Persons withdrawing from alcohol or
opiates also report high levels of insomnia.
The number of prescriptions written for
insomnia skyrocketed from 5.3 million
in 1999 to 20.8 million in 2010.1 Given the
widespread use of medications for insomnia, understanding the benefits and risks of
these agents is critical. Numerous classes of
medications have been used for insomnia;
the most commonly prescribed are reviewed
in Table 1.13
GABA Agonists
BENZODIAZEPINES

Benzodiazepines work through the modulation of the γ-aminobutyric acid (GABA)A
receptor in neurons, resulting in hyperpolarization of the cell.14 GABA serves as
an inhibitory neurotransmitter in the central nervous system, decreasing neuronal
excitability. Through stimulation of GABA
receptors, benzodiazepines cause sedation,
decreased anxiety, muscle relaxation, and
retrograde amnesia.15,16
Although many benzodiazepines are used
to treat insomnia, only five are approved
by the U.S. Food and Drug Administration
(FDA) for this indication. Several important
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SORT: KEY RECOMMENDATIONS FOR PRACTICE
Clinical recommendation
Although benzodiazepines improve short-term
sleep outcomes, they have significant adverse
effects and may be addictive.

Evidence
rating

References

B

18

benzodiazepines, the z-drugs bind more
selectively to certain subunits of the GABA A
receptor, primarily targeting the sedative
The z-drugs (zolpidem [Ambien], eszopiclone
A
18
effect of the receptor rather than the anx[Lunesta], and zaleplon [Sonata]) improve
sleep outcomes in the general population.
iolytic effect.23 Like benzodiazepines, the
Ramelteon (Rozerem) is only modestly effective
B
18
z-drugs have several adverse effects, particcompared with placebo, but it has few
ularly in higher dosages, including memory
adverse effects.
loss, dizziness, disinhibition, gastrointesLow-dose doxepin (Silenor) improves sleep
A
18
tinal upset, and hallucinations. Uncomoutcomes and has no significant adverse
monly, complex sleep-related behaviors
effects compared with placebo.
(e.g., sleep driving, sleep eating) have been
A = consistent, good-quality patient-oriented evidence; B = inconsistent or limitedreported in patients taking high doses of
quality patient-oriented evidence; C = consensus, disease-oriented evidence, usual
z-drugs; this risk should be discussed with
practice, expert opinion, or case series. For information about the SORT evidence
patients when these medications are inirating system, go to http://www.aafp.org/afpsort.
tially prescribed.24-26 The prescriber must be
aware of the abuse potential of the z-drugs
differences must be taken into account when prescrib- because they may cause stimulation, euphoria, and anxing a benzodiazepine for insomnia, including onset and iolysis in some patients, particularly at high dosages.27
duration of action, and metabolism. Rate of metabolism
The z-drugs have been used to treat a broad array of
is particularly important in patients with impaired liver sleep problems without sacrificing sleep efficiency.18
and/or kidney function or advanced age because these In addition to treating insomnia related to difficulty
agents can bioaccumulate, resulting in adverse effects with sleep latency and sleep maintenance, zolpidem, an
such as memory impairment, loss of coordination, and imidazopyridine agent, has been used to treat circadian
daytime somnolence. Beyond the immediate effects, rhythm misalignment and high-altitude insomnia.28-30
chronic benzodiazepine use disrupts the quality of sleep Eszopiclone is a cyclopyrrolone drug that has been
by distorting sleep architecture and diminishing deep used to improve sleep latency, and it is particularly well
sleep time, which may account for the fact that per- suited for sleep maintenance given its long half-life.31
sons who take long-term benzodiazepines report much One unique adverse effect of eszopiclone is unpleasgreater fatigue than self-reported good sleepers.17
ant taste that affects nearly one-third of patients at the
The risk of developing physical dependence to ben- maximum recommended dosage. Zaleplon, a pyrazozodiazepines is high18 ; 15% to 40% of long-term users lopyrimidine drug, has an extremely short half-life
report severe withdrawal symptoms after cessation.19 and is indicated for improving sleep latency but not
Even after only a few weeks of benzodiazepine therapy, sleep maintenance. Each of the z-drugs has a slightly
patients often have rebound insomnia and increased different pharmacologic profile, indications, effecanxiety.20 Benzodiazepines are contraindicated during tiveness, and adverse effect profile (Tables 113 and 2 32).
pregnancy and breastfeeding (category D or X). They These agents should be used during pregnancy only if
should not be used in patients with sleep apnea and/or the benefits outweigh the risks. Because of their abuse
chronic pulmonary disease because they may suppress potential, eszopiclone, zaleplon, and zolpidem are clasrespiratory drive. Because of their abuse potential, ben- sified as schedule IV drugs.
zodiazepines are classified as schedule IV drugs.
Melatonin Agonists
NONBENZODIAZEPINE HYPNOTICS
Melatonin has a key role in regulating the sleep-wake
The most commonly prescribed class of medication for cycle, and disruption of the timing of melatonin release
insomnia is the so-called z-drugs, zaleplon (Sonata), or decreased melatonin production can contribute to
zolpidem (Ambien), and eszopiclone (Lunesta).21 insomnia. The problem is particularly pronounced
Numerous trials have demonstrated the effectiveness when changing time zones or during shift work. Melatoof these drugs, including a recent meta-analysis that nin production also wanes with age, which may be parshowed that they decreased sleep latency by an average tially responsible for the sleep difficulties experienced
of 42 minutes vs. 20 minutes for placebo.22 Like ben- by older adults.33 Ramelteon (Rozerem) is a melatonin
zodiazepines, the z-drugs bind to the GABA A receptor, agonist approved by the FDA for insomnia related to
causing hyperpolarization of the cell. However, unlike sleep latency. Although the effectiveness of ramelteon is
30 American Family Physician
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Table 1. Comparison of Commonly Prescribed Sleep Medications

Medication

Insomnia: Pharmacologic Therapy

Approximate
time to peak
(hours)

Approximate
half-life (hours)

Cost*

Recommended use

0.5 to 2

2

10 to 24

$14

Sleep maintenance†

15 to 30

1

47 to 100

$12

Sleep maintenance†

25 to 84

(NA) $357

Sleep maintenance†

Dose (mg)

Benzodiazepines
Estazolam
Flurazepam
Quazepam (Doral)

7.5 to 15

2

Temazepam (Restoril)

7.5 to 30

1.5

3.5 to 18.4

$102 ($600)

Sleep onset and maintenance†

Triazolam

0.125 to 0.25

2

1.5 to 5.5

$21

Sleep onset†

Eszopiclone (Lunesta)

1 to 3

1

6

$25 ($437)

Sleep onset and maintenance

Zaleplon (Sonata)

5 to 10

1

1

$17 ($278)

Sleep onset

Zolpidem (Ambien)

5 to 10

1.6

2.6

$8 ($488)

Sleep onset and maintenance

Zolpidem, extended release
(Ambien CR)

6.25 to 12.5

1.5

2.8

$66 ($488)

Sleep onset and maintenance

Zolpidem, sublingual (Intermezzo)

1.75 or 3.5

1

2.5

$105 ($357)

Night awakening‡

Melatonin, controlled release

1

1.5

3.5

$1

Sleep onset

Ramelteon (Rozerem)

8

0.75

2.5

NA ($351)

Sleep onset

Z-drugs

Melatonin agonists

Tricyclic/quatracyclic antidepressants
Amitriptyline

4

30

$4

Limited use§

Doxepin (Silenor)

25 to 150
3 to 6

3.5

15

NA ($383)||

Sleep maintenance

Mirtazapine (Remeron)

7.5 to 15

2

30

$28 ($185)

Not recommended

Nortriptyline (Pamelor)

25 to 150

8

30

$4 ($1,024)

Limited use§

Trazodone

50 to 100

1

10

$4

Not recommended

5 to 20

2

15

$314

Sleep onset and maintenance

Orexin receptor antagonist
Suvorexant (Belsomra)
Antihistamines
Diphenhydramine (Benadryl)

25 to 50

2.5

$3 ($5)

Not recommended

Doxylamine

25 to 50

2.4

10

8.5

$5

Not recommended

Hydroxyzine

50 to 100

2

20

$4

Not recommended

2.5 to 20

6

30

$13 ($325)

Limited use¶

6

$12 ($205)

Limited use¶

20

$11 ($246)

Limited use¶

2.5

6

$6 ($129)

Limited use**

3

6

NA ($185)

Limited use**

Antipsychotics
Olanzapine (Zyprexa)
Quetiapine (Seroquel)
Risperidone (Risperdal)

50 to 400
0.25 to 6

1.5
1

Anticonvulsants
Gabapentin (Neurontin)
Pregabalin (Lyrica)

300 to 600
50 to 300

NA = not available.
*—Estimated retail price of one month’s treatment at the lowest dose based on information obtained at http://www.goodrx.com for prescription
medications and http://www.walgreens.com for over-the-counter medications (both accessed December 16, 2016). Generic price listed first; brand
name in parentheses.
†—Benzodiazepines should be avoided if possible and are recommended for use only in healthy adults for brief periods. They should be avoided
entirely in older adults and in patients with a history of substance abuse or sleep apnea.
‡—Use only if three to four hours remain before planned awakening.
§—Use only for insomnia with comorbid depression, fibromyalgia, and/or chronic neuropathic pain.
||—Generic formulation is available in 10-mg capsules ($9 for 30). Although safe, this dosage has not been approved by the U.S. Food and Drug
Administration for the treatment of insomnia.
¶—Use only for insomnia with comorbid schizophrenia or bipolar disorder.
**—Use only for insomnia with comorbid seizure disorder, fibromyalgia, restless legs syndrome, or neuropathic pain.
Information from reference 13.

July 1, 2017

◆

Volume 96, Number 1

www.aafp.org/afp

American Family Physician 31

Insomnia: Pharmacologic Therapy

Table 2. Comparison of Medications for Insomnia in Adults

Difference in sleep
onset latency
(minutes)*

Difference in
total sleep time
(minutes)†

Difference in time
awake after sleep
onset (minutes)‡

Relative risk of withdrawal
from study because of
adverse events (95%
confidence interval)

7.5 to 30

– 30.9

93.5

NR

6.7 (0.4 to 121.1)

Eszopiclone (Lunesta)

2 to 3

– 19.1

44.8

Zaleplon (Sonata)

5 to 20

– 9.9

NR

NR

1.6 (0.7 to 3.9)

NS

Medication

Dose (mg)

Benzodiazepine
Temazepam (Restoril)
Z-drugs

Zolpidem (Ambien)
Zolpidem, extended
release (Ambien CR)

5

– 18.3

10

– 14.8

– 10.8

NS

NR

0.3 (0.1 to 1.6)

48.1

– 22.8

2.8 (1.0 to 8.0)

12.5

–9

25

– 16

1.79 (1.04 to 3.1)

3.5

– 18

NS

NR

NS

NR

NR

0.86 (0.4 to 1.8)

NS

1.2 (0.47 to 3.2)

Zolpidem, sublingual
(Intermezzo)
Melatonin agonist
Melatonin, controlled
release

1

– 6.0

Ramelteon (Rozerem)

4 to 16

NS

NS

3

NS

11.9

– 18

1.1 (0.4 to 3.9)

6

NS

17.3

– 23

1.1 (0.4 to 3.9)

Tricyclic antidepressant
Doxepin (Silenor)
Orexin receptor antagonist
Suvorexant (Belsomra)

15 to 20

– 6.0

16.0

– 4.7

0.6 (0.3 to 1.3)

NR = not reported; NS = not significant.
*—Mean difference in the length of time to transition from full wakefulness to sleep vs. placebo.
†—Mean difference in total sleep time vs. placebo.
‡—Mean difference in total minutes of wakefulness recorded after sleep onset vs. placebo.
Information from reference 32.

modest, it has few adverse effects and is not habit forming.18 One small study found that ramelteon decreased
the risk of hospital-associated delirium in older adults,
lowering the incidence from 32% to 3% compared with
placebo.34 Ramelteon should be used in pregnancy only
if the benefits outweigh the risks.
Controlled-release melatonin is much less expensive
and may work as well, if not better, than ramelteon for
insomnia. A 2013 meta-analysis found that melatonin at doses of 0.1 mg to 5 mg decreased sleep latency
by 7.1 minutes, increased total sleep time by 8.3 minutes, improved overall sleep quality, and had a favorable adverse effect profile.35 Because melatonin is not
regulated by the FDA and purity varies widely among
products, reviewing third-party product evaluations is
recommended to determine product quality.
Other Hypnotic Drugs
ANTIDEPRESSANTS

Although antidepressants have been widely used for
their sedative effects, only the tricyclic antidepressant
doxepin (Silenor) has been FDA approved for the treatment of insomnia characterized by difficulties with sleep
32 American Family Physician

maintenance. The mechanism of action is not known
but is likely related to antagonism of the histamine H1
receptor. Compared with placebo, doxepin at doses of 3
and 6 mg improves sleep efficiency and total sleep time,
and a 6-mg dose improves sleep latency.36 The adverse
effect profile of both doses is favorable in older adults
and similar to placebo, even when used long term.18,37
Doxepin is also available in a much less expensive
generic formulation in 10-mg capsules. Although safe,
this dosage has not been approved by the FDA for the
treatment of insomnia. Doxepin should be used during
pregnancy only if the benefits outweigh the risks. Several other antidepressants are also used off-label to treat
insomnia, especially trazodone, which is typically prescribed at dosages of 50 to 100 mg at bedtime. However,
the evidence for trazodone is weak, and it should not
be considered as first-line therapy.38 In addition to trazodone, mirtazapine (Remeron), amitriptyline (Elavil),
and nortriptyline (Pamelor) are used off-label for the
treatment of insomnia. The evidence for these medications is also limited, and they should be considered only
if there is another indication besides insomnia. These
medications have anticholinergic effects and should not
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Treatment of Insomnia
Patient diagnosed with insomnia

OREXIN RECEPTOR ANTAGONIST

Behavioral interventions; address any
medical condition that may be contributing

Suvorexant (Belsomra) is the first orexin
receptor antagonist approved for the treatYes
ment of insomnia. The orexin system
Symptom resolution?
Reinforce
regulates the sleep arousal cycle that prointervention
No
and continue
motes wakefulness.42 Compared with plaDetermine insomnia type
cebo, suvorexant in doses of 10 and 20 mg
decreased first-night sleep latency by an average of 3.4 and 9.4 minutes, respectively, but
these times did not reach statistical signifiSleep-onset
SleepInsomnia in
Depression
cance.43-45 At one month, the 10-mg dose still
insomnia
maintenance
older adults
and insomnia
did not significantly improve sleep latency,
insomnia
but the 20-mg dose did (22.3 minutes compared with placebo). Both dosages reduced
Melatonin, controlled
Eszopiclone
Doxepin
Doxepin
awakening after sleep by 21 and 25 minutes,
release
Doxepin
Melatonin,
Mirtazapine
respectively, on the first night of testing
Eszopiclone (Lunesta)
(Silenor)
controlled
(Remeron)
release
and continued during the entire four-week
Zaleplon (Sonata)
Zolpidem
Ramelteon
trial.46 The most common adverse effect
Zolpidem (Ambien)
(Rozerem)
was daytime somnolence, but otherwise
the medication was well tolerated. SuvorexNOTE: Medications are listed in order of preference for each indication.
ant is thought to have moderate potential
for addiction and is classified as a schedule
IV drug. Given its high cost and addictive
Figure 1. Recommended treatment algorithm for insomnia.
potential, suvorexant is not recommended as
be used in patients with glaucoma or difficulty with uri- a first-line treatment for insomnia.
nary retention.
ANTIEPILEPTICS

ANTIHISTAMINES

Diphenhydramine (Benadryl) and doxylamine are
available over the counter for the treatment of insomnia, but they are recommended only for the treatment
of pregnancy-related insomnia. Although these medications are effective, the evidence for their use is limited
compared to that for doxepin.39,40 Doxylamine (category
A) and diphenhydramine (category B) are first-line
therapies for insomnia in pregnant women because they
may be effective for nausea and insomnia and are generally considered safe during pregnancy. Hydroxyzine is
another antihistamine with sedating qualities, but evidence for its use in the treatment of insomnia is lacking.
Sedating antihistamines have significant anticholinergic
effects and should be avoided in patients with glaucoma
or difficulty with urinary retention.
ANTIPSYCHOTICS

Several antipsychotic medications are used off-label to
treat insomnia, including olanzapine (Zyprexa), quetiapine (Seroquel), and risperidone (Risperdal). As with
trazodone, the evidence for their use is weak, and these
medications should be used only if the patient has some
other indication, such as bipolar disorder.41
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Gabapentin (Neurontin) and pregabalin (Lyrica) have
been found to improve sleep, but the mechanism of action
is not clear.47,48 A randomized, double-blind, placebocontrolled trial of adults who reported occasional sleep
disturbance found that taking 250 mg of gabapentin at
bedtime improved total sleep time by 64 minutes on day 1
of the trial and 46 minutes on day 28.46 Other trials found
similar benefits in healthy participants with sleep disturbances and in those with depression and sleep disturbances.48,49 Gabapentin is particularly useful for persons
with insomnia due to restless legs syndrome.50 Pregabalin may also improve sleep quality, but the evidence is too
limited to recommend it for this indication.51-53
Approach to the Patient
Behavioral interventions are the mainstay of treatment
for insomnia. If pharmacologic intervention becomes
necessary, a tailored approach based on the type of
insomnia is suggested (Figure 1). If the initial intervention is ineffective, a different agent in the same class or
a different class of medication should be considered.
Although some persons can tolerate multiple sedating agents, such as a sedating tricyclic antidepressant
and a z-drug, extreme caution should be used when
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BEST PRACTICES IN SLEEP MEDICINE: RECOMMENDATIONS FROM
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Recommendation

Sponsoring
organization
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Review: Management Updates
(Reviews on advances in treatment)

Diagnosis and treatment of chronic insomnia
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Abstract
Insomnia is a disorder characterized by inability to sleep or a total lack of sleep, prevalence of which ranges from 10 to 15% among
the general population with increased rates seen among older ages, female gender, White population and presence of medical or
psychiatric illness. Yet this condition is still under-recognized, under-diagnosed, and under-treated. This article aims to review the
operational definitions and management of chronic insomnia. A computerized search on PubMed carried from 1980 to January
2009 led to the summarization of the results. There are several strategies to manage chronic insomnia. To initiate treatment, it
is necessary to define it and differentiate it from other co-morbid psychiatric disorders. Non-pharmacologic strategies such as
stimulus control therapy and relaxation and cognitive therapies have the best effect sizes followed by sleep restriction, paradoxical
intention and sleep hygiene education which have modest to less than modest effect sizes. Among pharmacotherapeutic agents,
non-benzodiazepine hypnotics are the first line of management followed by benzodiazepines, amitryptiline and antihistaminics.
However, adequate trials of combined behavior therapy and pharmacotherapy are the best course of management.
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Oh sleep, Oh gentle sleep,
Nature’s soft nurse How have I frighted thee?
That though no more will weigh mine eyelids down
And sleep my senses in forgetfulness?
-Henry IV, William Shakespeare

Introduction
The word “insomnia’ originates from the Latin “in” (no) and
“somnus” (sleep). It is a disorder characterized by inability
to sleep or a total lack of sleep. Being the first psychosomatic
disorder to be described by Johann Heinroth in 1818, insomnia
clinically presents as a subjective perception of dissatisfaction
with the amount and/or quality of the sleep.[1] The presenting
complaints are often that of[2] diﬃculties falling asleep in spite
of being in bed, waking up often during the night and having
trouble going back to sleep, waking up too early in the morning
or having an unrefreshing sleep.
Various studies have noted insomnia to be quite a common
condition with symptoms present in about 33–50% of the
adult population.[3] The prevalence, however, ranges from 10
to 15% among the general population,[4] with higher rates seen
among divorced, separated, or widowed people,[5] older ages,
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female gender,[6] White population,[7] and in the presence of
co-morbid medical or psychiatric illness.[8] About 30% of all
adults complain of occasional insomnia and 10% of chronic
insomnia, of whom 40% may have a psychiatric illness.[9,10]
Despite these high prevalence rates, evidence suggests that
insomnia is mostly under-recognized, under-diagnosed, and
under-treated,[4] with the condition continuing to remain
persistent in 50–85% of individuals over follow-up intervals
of one to several years.[11]
Chronic insomnia represents a more complex condition than
acute transient insomnia. Patients with chronic insomnia
usually have accompanying daytime impairment of cognition,
mood, or performance that impacts not only the patient and
his family, but also aﬀects friends, coworkers, and caretakers.
Insomnia patients are more likely to visit hospitals and
physicians, have increased absenteeism, make errors or have
accidents at work, and have more fatal road accidents. [12,13]
There is also an increased risk for depression, anxiety,
substance use, suicide, and possible immune dysfunction.[14]
It is imperative that clinicians remain alert to these possible
individual and societal risks during the evaluation.

Materials and Methods
The author carried out a computerized search on PubMed/
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MEDLINE for all articles in English published from 1980 to
January 2009, using combinations of the following words:
insomnia, chronic, sleep disorder, treatment, resistance,
management, behavioral therapy, cognitive therapy,
pharmacologic therapy, drugs. Subsequently, we searched
the bibliographies of the articles selected via the first strategy.
Full-text articles were retrieved with the help of institutional
online access and by writing personally to the authors. The
search led to 422 articles that pertained to chronic insomnia.
Out of these, about 282 articles were retrieved using the above
strategies. Assessment of this literature led to the identification
of pertinent articles, which were then weighted according to a
rating scheme based on levels of evidence according to NICE
guidelines.[15] This was as follows:
Level Ia: evidence obtained from meta-analysis of randomized
controlled trials;
Level Ib: evidence obtained from at least one randomized
controlled trial;
Level IIa: evidence obtained from at least one well-designed
controlled study without randomization;
Level IIb: evidence obtained from at least one other type of
well-designed quasi-experimental study;
L e ve l I I I : e v i d e n c e o b t a i n e d f r o m we l l - d e s i g n e d
nonexperimental descriptive studies, such as comparative
studies, correlation studies, and case studies;
Level IV: evidence obtained from expert committee reports or
opinions and/or clinical experiences of respected authorities.
These levels were further divided into grades which were
Grade A (evidence levels Ia, Ib): requires at least one
randomized controlled trial as part of the body of literature of
overall good quality and consistency addressing the specific
recommendation;
Grade B (evidence levels IIa, IIb, III): requires availability of
well-conducted clinical studies but no randomized clinical
trials on the topic of recommendation;
Grade C (evidence level IV): requires evidence obtained
from expert committee reports or opinions and/or clinical
experiences of respected authorities. Indicates absence of
directly applicable clinical studies of good quality.
Good practice points (GPP): recommended best practice based
on the clinical experience of the guideline development group.
The author then evaluated the articles in a non-quantitative
manner, collated them, and summarized the results.

Results and Discussion
Definition of chronic insomnia
Although there are various definitions of chronic insomnia,
the most widely accepted[16] is the one that defines it to be a
condition characterized by “inadequate quantity or quality
of sleep characterized by a subjective report of diﬃculty with
sleep initiation, duration, consolidation, or quality that occurs
despite adequate opportunity for sleep, and that results in
some form of daytime impairment and has persisted for at least
one month”. The causes of this are many, the most important
of which are medications, drug or alcohol abuse, psychiatric
disorders like depression or anxiety, medical disorders (such
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as arthritis, asthma, Parkinson’s disease, hyperthyroidism,
prostate hypertrophy, degenerative neurological disorders,
renal disorders, heart failure, rhinitis), poor sleep hygiene, and
other disorders like sleep apnea, periodic limb movements,
conditioned insomnia (behavioral conditioning), restless
legs syndrome, circadian rhythm disorder or advanced/
delayed sleep-phase syndrome. Neurological causes such as
fibromyalgia and Morvan’s syndrome, medical causes such as
gastroesophageal reflux disease, and in children, sleep-onset
association disorder and limit-setting sleep disorder also need
to be identified and addressed since these can commonly
present as chronic insomnia.
Diﬃculty in falling asleep may be primarily due to behavioral
and cognitive factors such as worrying in bed or having
unreasonable expectations of sleep duration. [17] Gillin [18]
believes that this excessive worry about sleep loss eventually
becomes persistent and “provides an automatic nocturnal
trigger for anxiety and arousal.” Further, unsuccessful attempts
to control thoughts, images, and emotions only worsen the
situation. After such a cycle is established, “insomnia becomes
a self-fulfilling prophecy that can persist indefinitely.” Other
behaviors in bed or in the bedroom that are incompatible with
sleep may include talking on the telephone at night, watching
television, using computers, exercising, eating, smoking, or
“clock watching.”
Evaluation of a patient with insomnia
As insomnia is both a symptom and a disorder in itself, detailed
evaluation of the problem is imperative before reaching a
clinical diagnosis. The treating clinician should have a high
index of suspicion of insomnia or sleep difficulty when
patients present with the following symptoms:[19] fatigue,
excessive daytime sleepiness, major and/or minor depressive
episode, generalized anxiety disorder, memory/concentration
complaints, pain.
The mandatory assessment of insomnia includes the following.

Sleep history
Sleep history is the first step in evaluation of primary insomnia,
which provides the clinician with a structured approach to a
diagnosis. It requires a general description of the disorder, i.e.,
its duration, severity, variation, and daytime consequences. The
NHLBI Working Group has devised the following approach
which may be followed [Table 1].[20]

Use of prescription drugs
Various prescription drugs may be responsible for chronic
insomnia. Such a use should be asked for specifically and
ruled out. The drugs may include anticonvulsants such as
phenytoin and lamotrigine, beta-blockers like acebutolol,
atenolol, metoprolol, oxprenolol, propranolol, and sotalol,
antipsychotics like sulpiride, antidepressants such as Selective
Serotonin Reuptake Inhibitors (SSRIs) or Monoamine oxidase
inhibitors (MAOIs) and non-steroidal anti-inflammatory drugs
(NSAIDs) such as indomethacin, diclofenac, naproxen, and
sulindac.

Sleep diary or sleep log
A sleep diary helps in specifically estimating the severity of
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Table 1: Evaluation of insomnia
Primary area of focus

Sample questions

What is the nature and severity of the problem?

Do you have difficulty primarily in
falling asleep
staying asleep
waking too early
Do you have trouble going back to sleep if you wake during the night?
Do you take any drugs/medications to help you sleep?
What are the day time consequences of your sleep problem? (e.g., fatigue, irritability,
difficulty in concentration etc.)
How many nights per week/month does your insomnia occur? Is it related to season,
menstrual cycle or any other cyclical factors?
Is there anything in your home that disturbs your sleep such as loud TV, pets, infants,
noise, lights, etc.?
At what time do you get into bed and try to sleep?
At what time do you get up in the morning?
How many hours in the night do you actually sleep (out of total time spent in bed)?
Is your occupation timings causing the sleep problems? (work schedule, shift duty, jet
lag etc.)
Do you sleep during the day or evening?
Do you consume nicotine, tea/coffee, or alcohol prior to sleep?
What do you do each night before going to bed?
When you wake up in the night, do you eat/smoke/check the clock?

Is the patient’s environment disturbing?
What is the patient’s sleep routine?

Identify maladaptive behaviors

the problem, the night to night variability, and presence of
maladaptive habits such as taking naps or spending excessive
time in bed (more than 8 hours). Sleep diary also keeps track
of compliance with behavioral interventions and response to
treatment.

Sleep and psychological rating scale
Epworth Sleepiness Scale (ESS) rates the chance of dozing in
the following situations[21] which may be during sitting and
reading, watching television, sitting inactively in a public
place, being a passenger in a car for an hour without a break,
during lying down to rest in the afternoon, sitting and talking
to someone, sitting quietly after lunch without alcohol or while
waiting at a traﬃc signal in a car.
The ESS is rated on a 4-point scale for each of the above factors
based on the following scores:
0 – no chances of dozing;
1 – slight chances of dozing;
2 – moderate chances of dozing; and
3 – high chances of dozing.
A score of more than 16 indicates daytime somnolence, while
a cutoﬀ of 11 is often employed to indicate a possible disorder
associated with excessive sleepiness.

Focused physical examination
A general physical examination may help assess certain organic
pathologies such as chronic obstructive pulmonary diseases
(COPD), asthma, or restless leg syndrome which may disturb
sleep.

Blood tests
Blood tests may help to rule out subtle manifestations of thyroid
diseases, iron deficiency anemia, and vitamin B12 deficiency
(restless leg syndrome).
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Polysomnography
It is considered the gold standard for measuring sleep.
electroencephalogram (EEG), electrooculography (EOG),
electromyography (EMG), electrocardiography (ECG), pulse
oximetry, and air flow are used to reveal a variety of findings
like periodic limb movement disorder, sleep apnea, and
narcolepsy.[22]

Actigraphy
Actigraphy measures physical activity with a portable device
(usually including an accelerometer) worn on the wrist. Data
recorded can be stored for weeks and then downloaded into a
computer. Sleep and wake time can be analyzed by analyzing
the movement data. This approach to estimating sleep and
wake time has been shown to correlate with polysomnographic
measures in normal sleepers, with reduced values noted in
patients with insomnia.[2,23]

Summary of investigations
Investigations do not always correlate well with the patient’s
experience of insomnia and cannot replace a thorough clinical
evaluation. Hence, it is important to recognize that insomnia is a
subjective clinical diagnosis, and therefore, a patient’s subjective
report of sleep diﬃculties should play the most important role
in directing management in most cases. It is also important to
ask questions about the range of symptoms experienced and
changes over time. Because insomnia is a patient-reported
symptom, rather than a polysomnographically defined
disorder, referral to a sleep laboratory for polysomnographic
diagnosis should be reserved for cases in which another
primary sleep disorder, such as obstructive sleep apnea or
periodic movement disorder, is suspected, because these may
require greater expertise in sleep medicine.[24] Other measures
that can be used are evaluation of mental status, subjective sleep
quality, psychological assessment scales, daytime function,
quality of life, and dysfunctional beliefs and attitudes.
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Table 2: Diagnosis of primary insomnia
DSM IV TR criteria of primary insomnia
These include any of the following:
•
The predominant complaint is difficulty initiating or maintaining sleep, or non-restorative sleep, for at least 1 month.
•
The sleep disturbance (or associated daytime fatigue) causes clinically significant distress or impairment in social, occupational, or other
important areas of functioning
•
The sleep disturbance does not occur exclusively during the course of narcolepsy, breathing-related sleep disorder, a circadian rhythm
sleep disorder or a parasomnia.
•
The disturbance does not occur exclusively during the course of another mental disorder (e.g., major depressive disorder, generalized
anxiety disorder, a delirium).
•
The disturbance is not due to the direct physiological effects of a substance (e.g., a drug of abuse, a medication) or a general medical
condition.

Diagnosis
The DSM IV TR [Table 2][25] provides a list of diagnostic criteria
for primary insomnia. The term “primary” indicates that the
insomnia is independent of any known physical or mental
condition.
The International Classification of Sleep Disorders 2[26] codes
insomnia under the broad heading of dyssomnias, either
intrinsic or extrinsic sleep disorders. Based on the severity, it
classifies insomnia into three types as follows.
1. Mild insomnia: This term describes an almost nightly
complaint of an insuﬃcient amount of sleep or not feeling
rested after the habitual sleep episode. It is accompanied by
little or no evidence of impairment of social or occupational
functioning. Mild insomnia is often associated with feelings
of restlessness, irritability, mild anxiety, daytime fatigue,
and tiredness.
2. Moderate insomnia: This term describes a nightly
complaint of an insuﬃcient amount of sleep or not feeling
rested after the habitual sleep episode. It is accompanied
by mild or moderate impairment of social or occupational
functioning. Moderate insomnia is always associated with
feelings of restlessness, irritability, anxiety, daytime fatigue,
and tiredness.
3. Severe insomnia: This term describes a nightly complaint
of an insuﬃcient amount of sleep or not feeling rested
after the habitual sleep episode. It is accompanied by
severe impairment of social or occupational functioning.
Severe insomnia is associated with feelings of restlessness,
irritability, anxiety, daytime fatigue, and tiredness.
Treatment of Chronic Insomnia
The treatment of chronic insomnia consists of initially
diagnosing and treating the underlying medical or
psychological problems. The identification of behaviors that
may worsen insomnia follows and stopping (or reducing)
them would help eliminate insomnia. Next, a possible trial
of pharmacology can be tried, although the long-term use of
drugs for chronic insomnia is controversial. This is in spite of
the fact that the US FDA has approved three medications for
the treatment of insomnia with no limitation on the duration
of their use. A trial of behavioral techniques to improve sleep,
such as relaxation therapy, sleep restriction therapy, and
reconditioning, is however useful. Behavioral intervention
combined with pharmacologic agents may be more eﬀective
than either approach alone.

Non-pharmacologic management strategies
Non-pharmacologic interventions for insomnia consist
primarily of short-term cognitive-behavioral therapies. These
methods act primarily by reducing heightened autonomic and
cognitive arousal, modifying self-perpetuating maladaptive
sleep habits, altering dysfunctional beliefs and attitudes about
sleep, and educating patients about healthier sleep practices. [27]
The techniques include the following.

Stimulus control therapy
Stimulus control therapy is based on the premise that
insomnia is a conditioned response to temporal (bedtime) and
environmental (bed/bedroom) cues that are usually associated
with sleep.[28] Accordingly, the main objective of stimulus
control therapy is to train the patient to “re-associate the
bed and bedroom with rapid sleep onset by curtailing sleepincompatible activities (overt and covert) that serve as cues
for staying awake and by enforcing a consistent sleep-wake
schedule.” Stimulus control therapy consists of the following
instructional procedures[29] consisting of going to bed only
when feeling sleepy, using the bed and bedroom only for sleep
and sex and nothing else like watching TV, getting out of bed
and going into another room whenever unable to fall asleep or
returning to sleep within 15–20 minutes and returning to bed
only when sleepy again, maintaining a regular rising time in
the morning regardless of sleep duration the previous night,
and avoiding daytime napping.
Evidence suggests that stimulus control therapy is eﬀective
and well suited for the clinical management of insomnia in the
elderly[30] with eﬀect sizes ranging from 0.81 to 1.16 for sleep
latency, 0.41 to 0.38 for total sleep time, and 0.70 for wake after
sleep onset.[31,32]

Sleep restriction
Sleep restriction therapy consists of restricting the amount
of time spent in bed to nearly match the subjective amount
of time spent sleeping.[30] For example, if a person reports
sleeping an average of 5 hours per night out of 8 hours spent
in bed, the initial prescribed “sleep window” (i.e., from initial
bedtime to final arising time) would be 5 hours. Subsequently,
the allowable time in bed is increased by 15–20 minutes for a
given week when sleep eﬃciency (defined as ratio of total sleep/
time spent in bed × 100%) exceeds 90%, decreased by the same
amount of time when sleep eﬃciency is lower than 80%, and
kept stable when sleep eﬃciency falls between 80 and 90%.
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Periodic adjustments are made (usually on a weekly basis)
until an optimal sleep duration is achieved. Sleep restriction
therefore creates a mild state of sleep deprivation and is said
to “promote a more rapid sleep onset, more eﬃcient sleep,
and less inter-night variability.” To prevent excessive daytime
sleepiness, time spent in bed should not be less than 5 hours
per night. Evidence suggests that sleep restriction therapy is
moderately eﬀective with eﬀect sizes ranging from 0.85 to 0.98
for sleep latency, −1.06 to 0.37 for total sleep time and 0.76 for
wake after sleep onset.[31,324]

Paradoxical intention
Paradoxical intention is a method that consists of persuading
a patient to engage in his or her most feared behavior, i.e.,
staying awake.[37] The basic premise is that performance anxiety
inhibits sleep onset. Thus, if a patient stops trying to sleep and
contrarily attempts to stay awake, performance anxiety will
be reduced and sleep may come more easily. This procedure
may be conceptualized as a form of cognitive restructuring
technique to alleviate performance anxiety. Eﬀect sizes reported
have been moderate in sleep latency (0.63–0.73), total sleep time
(0.10–0.46), and wake after sleep onset (0.81).[31,32]

Relaxation therapies
Relaxation-based interventions are based on the observation
that insomnia patients often display high levels of arousal
(physiological and cognitive), both at night and during
daytime.[33] Relaxation methods are used to deactivate the
heightened arousal system, and the selection of a specific
technique varies depending on whether physiological or
cognitive arousal is targeted for treatment. Progressive muscle
relaxation and biofeedback techniques seek to reduce somatic
arousal, whereas attention focusing procedures such as
imagery training and thought stopping are intended to lower
presleep cognitive arousal (e.g., intrusive thoughts, racing
mind). Additional relaxation therapies (e.g., abdominal
breathing, meditation, hypnosis) have also been advocated,
but currently there is no evidence to support their use in the
clinical management of insomnia with less than modest eﬀect
sizes ranging from 0.81 to 0.83 for sleep latency, 0.25 to 0.52
for total sleep time, and 0.06 for wake after sleep onset.[31,32]
As is the premise for most self-management skills, all these
relaxation techniques require regular practice over a period of
several weeks, and professional guidance is often necessary in
the initial stage of training.

Cognitive therapy
Cognitive therapy seeks to alter faulty beliefs and attitudes
about sleep.[34] For example, insomniacs “often display a
great deal of apprehension about bedtime and performance
anxiety in their attempt to control the process of sleep onset;
some even entertain catastrophic thinking about the potential
consequences of insomnia, all of which may heighten their
aﬀective response to poor sleep.” The objective of cognitive
therapy is to cut short the vicious cycle of insomnia,
emotional distress, dysfunctional cognitions, and further sleep
disturbances. Examples of treatment targets for cognitive
therapy include having unrealistic sleep expectations (e.g.,
"I must get 8 hours of sleep every night"), misconceptions
about the causes of insomnia (e.g., "my insomnia is entirely
due to chemical imbalances in my body"), amplifications of
its consequences (e.g., "I am going to fail after a poor night's
sleep"), and performance anxiety resulting from excessive
attempts at controlling the sleep process.[35]
The advocates of cognitive therapy believe that “it consists
of identifying patient-specific dysfunctional sleep cognitions,
challenging their validity, and replacing them with more
adaptive substitutes through the use of restructuring
techniques such as reattribution training, decatastrophizing,
hypothesis testing, reappraisal, and attention shifting.”[36] The
evidence for this mode of intervention is the strongest with
eﬀect sizes ranging from 0.93 to 1.20 for sleep latency, 0.28 to
0.57 for total sleep time, and 0.28 for wake after sleep onset.[31,32]
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Sleep hygiene education
Sleep hygiene education targets health practices (e.g., diet,
exercise, and substance use) and environmental factors (e.g.,
light, noise, temperature, and mattress) that may be either
detrimental or beneficial to sleep.[38] Although these factors
are rarely severe enough to be the primary cause of chronic
insomnia, they may complicate an existing sleep problem and
hinder treatment progress. Additional recommendations,
which tend to overlap with stimulus control and sleep
restriction, may also include curtailing daytime napping and
time spent in bed. While poor sleepers are generally better
informed about sleep hygiene, they also engage in more
unhealthy practices than good sleepers. Thus, the objectives
of sleep hygiene are to promote better health practices. In a
meta-analysis of sleep hygiene, eﬀect size observed was modest
in all parameters.[31]

Behavioral intervention
Having the patient keep a sleep diary for 2 weeks may be
helpful. Depending on the findings in the sleep diary, a
discussion of sleep hygiene may be beneficial to the patient.
Adopting the practices of good sleep hygiene is often helpful
regardless of whether the patient has primary insomnia or a
sleep disturbance related to a medical condition.[30] Behavioral
psychologists focus on encouraging the patient to eliminate
behavior incompatible with sleep, such as lying in bed and
worrying, by instructing the patient to leave the bedroom at
these times. Patients can condition themselves to be insomniacs,
and treatment focuses on de-conditioning the patient from
associating the bedroom with a place of restlessness.

Summary of non-pharmacologic strategies
There are three recently published meta-analyses which
serve to establish the eﬃcacy of psychological and behavioral
methods. Pallesen and colleagues[39] evaluated behavioral and
psychological interventions in an elderly insomniac patient
population (mean age > 60 years). Significant eﬀect sizes in sleep
latency (0.64), wake after sleep onset (0.59), and total sleep time
(0.37) were observed for psychological/behavioral treatments.
Similarly, Irwin and colleagues[40] evaluated treatment eﬃcacy
of cognitive behavioral intervention in older adults >55 years
old and found significant eﬀects for sleep latency (0.50), wake
after sleep onset (0.69), and total sleep time (0.17). However,
Montgomery and Dennis[41] reviewed psychological/behavioral
and other non-pharmacologic strategies in a similar population
and observed minimal changes in sleep latency (mean decrease:
3 minutes) and modest eﬀects on wake after sleep onset (mean
decrease: 22 minutes) and total sleep time (mean increase: 14.6
minutes).
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Pharmacologic management strategies
Drug treatment is indicated for patients as short-term alleviation
of insomnia but is insuﬃcient for long-term management of
chronic insomnia. In combination with behavioral therapy,
it however, yields the most durable improvements in sleep
patterns.[42]
Although clinical trials of pharmacotherapeutic agents
recently approved by the FDA have demonstrated their
eﬃcacy and safety, common general practice dictates that
five basic principles be followed which characterize rational
pharmacotherapy for insomnia, especially chronic insomnia, in
both adult and geriatric patients:[43] using the lowest eﬀective
dose, using intermittent dosing (two to four times weekly),
prescribing medication for short-term use (i.e., regular use
for no more than 3–4 weeks), discontinuing the medication
gradually, and remaining alert for rebound insomnia following
discontinuation.
The therapeutic options include the following.
First line pharmacotherapy
These drugs carry the highest level of evidence supporting
eﬃcacy and safety.

Benzodiazepines
Benzodiazepines are frequently prescribed to treat insomnia.
These hypnotics reduce latency to sleep onset and total
awakenings by increasing total sleep duration. Benzodiazepines
enhance the eﬀect of the inhibitory neurotransmitter gammaamino butyric acid (GABA) by increasing the aﬃnity of GABA
for its receptor. Benzodiazepines non-selectively bind to an
allosteric site and aﬀect the GABA-A receptor complex to
allow a greater number of chloride ions to enter the cell when
GABA interacts with the receptor and therefore enhance the
inhibitory action of GABA. This accounts for their sedative,
anxiolytic, myorelaxant, and anticonvulsant properties.
Five benzodiazepines (estazolam, flurazepam, quazepam,
temazepam, and triazolam) have an FDA-approved indication
for the management of insomnia. Dose, distinguishing
pharmacokinetic properties (absorption rate, distribution,
and elimination half-life), and risk-benefit ratio should be
considered when selecting the most appropriate medication.
The lowest effective dose should be used to minimize
side effects, and long-acting benzodiazepines with active
metabolites should be avoided in the elderly.
Major side eﬀects of short-acting benzodiazepines include
rebound insomnia and anterograde amnesia. Intermediate- and
longer-acting benzodiazepines are less eﬀective for inducing
sleep, but are indicated for sleep maintenance and decreasing
nocturnal awakenings.[44] Long-acting medications are best
indicated for people with insomnia as well as concomitant
daytime anxiety. Accumulation of active metabolites is
problematic in elderly patients and in those patients with
impaired liver function as it can cause confusion and cognitive
dysfunction. Benzodiazepines are contraindicated in patients
with acute alcohol intoxication with depressed vital signs, a
history of substance abuse, and during pregnancy.
Benzodiazepines should be used cautiously in patients with
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chronic pulmonary insuﬃciency or untreated sleep apnea.
They are frequently used in mood disorders but a worsening
of the dysphoric symptoms and precipitation of suicide has
been noted in depression, while hypomania or frank mania and
paradoxical hyper-excited states can also occur.[42] However,
long-term use (beyond 4 weeks) is associated with dependence,
discontinuation syndrome, diﬃculty in new learning abilities,
and blunting of emotions.[45]

Non-benzodiazepine hypnotics
Non-benzodiazepine hypnotics include zopiclone, zolpidem,
and zaleplon.

Zopiclone
Zopiclone is a non-benzodiazepine hypnotic of the
cyclopryrrolone class. It is eﬀective for reducing sleep latency
and nocturnal awakenings and increasing total sleep time.
Zopiclone delays the onset of rapid eye movement (REM) sleep
but does not reduce consistently the total duration of (REM)
periods. Rebound eﬀects have been reported but are minimal.
The incidence of adverse eﬀects is low at recommended doses
(3.75–7.5 mg).[46]

Zolpidem
Zolpidem is a non-benzodiazepine hypnotic of the
imidazopyridine class. It exhibits hypnotic eﬀects with minimal
myorelaxant, anticonvulsant, and anxiolytic properties, as it
preferentially binds with the GABA-A receptor complexes
with an alpha-1 subtype. Zolpidem is eﬀective for reducing
sleep latency and nocturnal awakenings and increasing total
sleep time. Rebound eﬀects are minimal. Common side eﬀects
include drowsiness, dizziness, and headache.[47]

Zaleplon
Zaleplon, like zolpidem, belongs to the imidazopyridine class
of non-benzodiazepine hypnotics. The pharmacology of these
two drugs is similar; however, zaleplon has an ultra-brief
duration of eﬀect.[48] It is eﬀective for reducing time to sleep
onset, but is not as eﬀective for reducing nighttime awakenings
or increasing total sleep time. No next-day sedation or rebound
insomnia is documented with zaleplon at recommended doses
(5–10 mg).

Eszopiclone
Eszopiclone, which is the active stereoisomer of zopiclone,
acts as an agonist at benzodiazepine (BNZ) receptors. Well
absorbed orally, about 3 mg of eszopiclone is equivalent
to 10 mg of diazepam.[49] Although FDA approved for the
management of chronic insomnia, there have been several
reports of adverse eﬀects like headaches, day-time drowsiness,
loss of coordination, GI eﬀects, decreased sexual desire, painful
menstruation, and breast enlargement in males, leading a
major reviewer to comment that the risk-benefit ratio should
be weighed carefully due to the possible adverse eﬀects such
as cancer, infection, and death.[50]

Ramelteon
A melatonin agonist, it acts by selectively binding to the
melatonin receptors (MT1, MT2) in the suprachiasmatic nucleus
(SCN). It has also recently been approved for the treatment
of insomnia and is the only non-scheduled prescription drug
Ann Indian Acad Neurol, April-June 2010, Vol 13, Issue 2
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available in the United States for the treatment of insomnia. It
has been shown to be eﬀective in the elderly.[51]
No specific agent within this group is recommended as preferable
to the others in a general sense; each has been shown to have
positive eﬀects on sleep latency, total sleep time (TST), and/or
wake after sleep onset (WASO) in placebo-controlled trials.[52-55]
Second line pharmacotherapy
These drugs have moderate level of evidence supporting their
eﬃcacy and tolerability.

Antidepressants
Tricyclic antidepressants (TCAs) such as amitriptyline, doxepin,
and nortriptyline are eﬀective for inducing sleep and improving
sleep continuity.[56] These agents should be used at their lowest
effective dose to minimize anticholinergic effects and to
minimize cardiac conduction prolongation, especially in the
elderly. The overdose potential of TCAs is greater than with
other hypnotic agents, and daytime sedation can be significant.

Trazodone
Trazodone is a potent sedating antidepressant. Trazodone
improves sleep continuity and is an attractive option in
persons prone to substance abuse, as addiction or tolerance is
not a problem.[57] Trazodone is also used in conjunction with
stimulating antidepressants such as some SSRIs and bupropion
in depressed patients with insomnia. Adrenergic blockade can
result in oversedation and orthostatic hypotension, especially
in elderly patients. The risk of priapism, a condition of painful,
prolonged erection in men, is rare. Other antidepressants used
include Mirtazapine due to its sedative properties. Evidence for
their eﬃcacy when used alone is relatively weak and hence no
specific agent within this group is recommended as preferable
to the others in this group.[58-61]

Antihistamines
Antihistamines are found in many over-the-counter (OTC)
sleep aids. These agents are effective for mild insomnia;

however, next-day sedation may be a problem. Antihistamines
commonly cause psychomotor impairment and anticholinergic
eﬀects. Tolerance may also develop with repeated use and
evidence for their eﬃcacy and safety is very limited.[62]
Alternative medications
These are drugs with variable evidence and are useful only in
individual cases.
Valerian is a perennial plant that appears to increase GABA
concentrations in animal studies, but its exact mechanism is not
known. Valerian should not be used for the acute management
of insomnia because its hypnotic eﬀect is delayed for 2–4
weeks. Valerian appears to be well tolerated; however, it can
cause headache and daytime sedation[63] and is currently still
being evaluated.[64]
Other herbs used to promote sleep include skullcap, passion
flower, California poppy, and Lemon balm.[65] Melatonin and
l-tryptophan are two other molecules undergoing evaluation
for the treatment of chronic insomnia.[66] There is currently
very little evidence for their use.[67] Indiplon, a novel GABAA
potentiator, till recently being studied, [68] has now been
abandoned due to its toxicity.
The recommended drugs according to the level of clinical
evidence are summarized in Table 3.

Conclusions
The prevalence of chronic insomnia is quite high, yet remains
under-diagnosed. It is imperative to recognize it since it
may result in increased healthcare utilization, lower quality
of life and social relationships, and decrements in memory,
mood, and cognitive function. Management strategies favor a
combination of cognitive/behavioral therapy and short-term
pharmacotherapy with non-benzodiazepine hypnotics being
the first line of management. Based on recommendations, an
algorithm for treatment is proposed below.

Table 3: Summary of clinical evidence of pharmacotherapy
Grade A: Highest level of supporting evidence – First line pharmacotherapy
Agents

Recommended dosage

Zopiclone

3.75–7.5 mg

Zaleplon

5–10 mg

Temazepam/quazepam

10–30 mg

Comments
Common side effects include drowsiness, dizziness, anterograde
amnesia, nightmares, blurred vision, and palpitations
Adverse effects include headache, dizziness, somnolence, and
nausea
Has the greatest incidence of side effects including
dependence and morning after hang over

Grade B: Moderate level of supporting evidence – Second line pharmacotherapy
Amitriptyline
Antihistaminics
Grade C: lowest level of supporting evidence –
variable and insufficient evidence
Valerian
Ramelteon
Melatonin
l-Tryptophan
Indiplon

10–50 mg
OTC drugs

400–900 mg
8 mg
1–5 mg
0.5–2 g
10–20 mg
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At low doses, anticholinergic effects rare
Sedation and tolerance are the main problems

May cause headache and daytime sedation
Approved for chronic insomnia in elderly
Experimental drugs still being evaluated
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Step 1: Evaluate insomnia treatment options (cost, preference,
availability).
Step 2: Optimize treatment for co-morbid disorder.
Step 3: Initiate treatment with cognitive behavior therapy with/
without relaxation therapy.
Step 4: If no eﬀect, consider another modality of treatment –
Type 2.
Step 5: If still not improved, consider another modality of
treatment – Type 3.
Step 6: If still no improvement, re-evaluate especially for occult
or co-morbid disorders.
Step 7: Reconsider diagnosis.
Step 8: Combine with pharmacology – first choice of zaleplon/
zopiclone/temazepam/quazepam.
Step 9: Combine with pharmacology –second choice of
amitriptyline/antihistaminics.
Step 10: Try alternative therapies like valerian/ramelteon/
melatonin.

19.
20.
21.
22.
23.
24.
25.
26.
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Abstract: Benzodiazepines are some of the most commonly prescribed medications in the world.
These sedative-hypnotics can provide rapid relief for symptoms like anxiety and insomnia, but
are also linked to a variety of adverse effects (whether used long-term, short-term, or as needed).
Many patients take benzodiazepines long-term without ever receiving evidence-based first-line
treatments (e.g., psychotherapy, relaxation techniques, sleep hygiene education, serotonergic agents).
This review discusses the risks and benefits of, and alternatives to benzodiazepines. We discuss
evidence-based indications and contraindications, and the theoretical biopsychosocial bases for
effectiveness, ineffectiveness and harm. Potential adverse effects and drug-drug interactions are
summarized. Finally, both fast-acting/acute and delayed-action/chronic alternative treatments for
anxiety and/or insomnia are discussed. Response to treatment—whether benzodiazepines, other
pharmacological agents, or psychotherapy—should be determined based on functional recovery and
not merely sedation.
Keywords: benzodiazepine; sedative; hypnotic; anxiolytic; psychopharmacology; alprazolam;
clonazepam; evidence-based

1. Introduction
Benzodiazepines (BZDs) are some of the most commonly prescribed medications in the world [1,2].
However, they are commonly used in ways not supported by the literature. Here, we review their
historical and common uses, and the evidence for and against the use of benzodiazepines.
1.1. History of Benzodiazepines
The history of sedative-hypnotics extends back thousands of years to the early use of alcohol.
Likely because of its history and cultural perceptions, alcohol has not been categorized as a
sedative-hypnotic in the Diagnostic and Statistical Manual of Mental Disorders (DSM) [3]. However,
many consider alcohol to be a sedative-hypnotic because of its mechanism of action, synergy and
cross-tolerance with barbiturates and BZDs, and very similar intoxication and withdrawal phenomena.
Since the 1800s, several other sedative-hypnotics have been developed. After the introduction of
chlordiazepoxide in 1960, BZDs quickly became the most common “minor tranquilizer,” replacing
older agents like alcohol, chloral hydrate, paraldehyde, barbiturates and meprobamate. Compared to
these agents, BZDs were considered to have less side effects, toxicity, abuse (i.e., continued use despite
substance-related problems), physical dependence (i.e., tolerance and/or withdrawal), and suicide
potential. Unlike barbiturates, which were commonly abused (often intravenously to provide a
“rush”) and are lethal at levels 10 times the usual therapeutic dose, BZDs have a therapeutic ratio
above 100 [4]. While physicians recognized that BZDs did “not represent a panacea for all neurotic

J. Clin. Med. 2018, 7, 17; doi:10.3390/jcm7020017

www.mdpi.com/journal/jcm

J. Clin. Med. 2018, 7, 17

2 of 22

ills . . . does not eliminate the causes of intra- or extrapsychic stress . . . do not directly affect the
psychodynamic and environmental factors responsible for emotional problems . . . do not, at least in a
direct sense, affect the characterologic or personality side of the patient,” many were excited about the
hope that they could “facilitate problem solving, contribute to the de- and reconditioning of emotional
responses, and enable the patient to cope with intra- and extrapsychic stress more appropriately” in
conjunction with psychotherapy [5]. Many prescribers were led to believe that BZDs were harmless
and had no dependence risk [1,4]. BZDs were prescribed frequently and often long-term for various
conditions: Anxiety, insomnia, substance withdrawal, anesthesia, muscle tension, seizures, psychosis,
depression, narcosynthesis (aka the “BZD interview”) for combat neurosis, ordinary life stressors,
vague psychosomatic complaints, and even arrhythmias and myocardial infarction [1,5–9]. By the
1970s, BZDs were the most commonly prescribed medications in the world [1].
Unfortunately, the potential for abuse and dependence was rapidly discovered [10]. In 1975,
BZDs were placed on the Food and Drug Administration (FDA) restricted drug list, reflecting growing
concerns about abuse [5]. After years of patients and clinicians anecdotally reporting tolerance
and withdrawal with long-term use of even therapeutic doses, several controlled trials in the 1980s
confirmed that BZDs can cause dependence [1]. In 1990, the American Psychiatric Association (APA)
officially recognized the risk of BZD dependence [4,11]. With growing data and warnings about
BZDs as well as the arrival of safer, more effective anti-anxiety medications like selective serotonin
reuptake inhibitors (SSRIs) and the popularization of cognitive behavior therapy (CBT), BZD use
slowly declined after the mid-1980s (mostly due to the reduction of BZD use as anxiolytics as there
was little change in BZD use as hypnotics) [12,13]. In recent years, the Department of Veterans
Affairs (VA) has been particularly driven to replace BZD prescriptions with evidence-based treatments,
resulting in a significant reduction in BZD prescriptions from 1999 to 2009 [14]. VA Researchers [14]
speculated that “ideally, benzodiazepine use has decreased because veterans with Posttraumatic stress
disorder (PTSD) are receiving higher rates of evidence-based treatments for core symptoms, including
cognitive-behavioral therapy and adequate trials of first-line medications, thereby minimizing residual
symptoms and eliminating the need for adjunctive benzodiazepines.”
Despite recommendations against long-term BZD use (i.e., more than 2–4 weeks), many providers
continue to prescribe them for months or even years, allowing for dependence and diversion to occur [1,15].
Total BZD use actually increased from 1999 to 2014, largely driven by increases in long-term use [16].
For example, as many as 94% of PTSD patients using BZDs receive at least 30 day supplies and about
two-thirds receive at least 90 day supplies [14,17]. About 15% of the U.S. population take BZDs in any
given year and about 6% of the US population have abused sedative-hypnotics [12], drugs that—unlike
cannabis, amphetamines and opioids—exclusively originate from the medical system.
1.2. Common Uses Today
Since the introduction of SSRIs, BZDs are mostly used for anesthesia, alcohol or BZD withdrawal,
and the symptomatic treatment of anxiety and/or insomnia [18–20]. Many BZDs received FDA
approval (see Table 1) for the treatment of “anxiety states” or “anxiety disorders” prior to disorders
having specific diagnostic criteria first present in DSM-III in 1980. Therefore, BZD treatment represents
an off-label use (i.e., without FDA disease-specific approval) for most mental disorders. This is
especially true for PTSD, which was first officially recognized in DSM-III and was separated from
anxiety disorders in DSM-5 in 2013. Though the only FDA approved medications for PTSD are
sertraline and paroxetine (both antidepressants), of PTSD patients receiving pharmacotherapy, 65–90%
receive antidepressants, 37–74% receive sedative-hypnotics and 21–34% receive antipsychotics [20–22].
Therefore, PTSD patients were frequently prescribed medications not supported by evidence-based
clinical practice guidelines (CPGs), which generally discourage BZDs and marginally support
atypical antipsychotics. Most studies about BZD prescriptions are in participants with PTSD (likely
because of the VA’s increased interest in evidence-based treatment for veterans, who commonly
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have trauma-related and substance-related disorders), but one can imagine that there are parallels in
prescribing across diagnoses.
Table 1. Food and Drug Administration (FDA) approvals for benzodiazepines.
Benzodiazepine

Anxiety

flurazepam
chlordiazepoxide
diazepam
clorazepate
clobazam

+
+
+

clonazepam

Insomnia,
Short-Term

Alcohol
Withdrawal

Seizure

Other

+
+
+
+

+

estazolam
temazepam

+
+
+

Preoperative anxiety
Muscle spasms, preoperative sedation
Lennox-Gastaut syndrome (adjunct)
Panic disorder; periodic limb movement
disorder; neuralgia

+
+

lorazepam

+

oxazepam
alprazolam
triazolam
midazolam

+
+

+

+

Preoperative sedation;
chemotherapy-related nausea/vomiting

+
Panic disorder
+
Procedural sedation

There are four typical groups of BZD users: Older medically ill patients who are taking many
medications including BZDs usually prescribed by non-psychiatrists, panic disorder or agoraphobia
patients, patients with recurrent dysphoria with vague and chronic symptoms, and patients with
chronic sleep disturbances. The latter two groups have been found to be much more likely than the first
two groups to misuse BZDs (e.g., take with other substances like alcohol) [11]. Factors increasing the
likelihood of an individual being prescribed BZDs include: Comorbid psychiatric disorders (especially
anxiety disorders, PTSD, and borderline personality disorder) [17,20,22–25], substance use disorders
(SUDs) [20,22,23,26], inpatient psychiatric treatment [20,24], longer duration of disorder [14,17], more
VA disability compensation [17,20], concurrent opioid prescriptions [23,26], concurrent prescriptions
for other BZDs [26], and number of traumas [25]. Meanwhile, decreased BZD prescription for PTSD
patients correlates with increased prescription of antidepressants [24,27], trazodone [17], prazosin,
quetiapine, and non-BZD hypnotics [27]. While correlations with psychotherapy have not been studied,
one study predicted that the “expanded use of high-quality, evidence-based psychotherapy for PTSD,
insomnia, and other comorbidities could have contributed to declining reliance on benzodiazepine
prescribing” [23]. Studies conflict about howgender [17,22,23,26] and age [17,20,22,23,26] affect
BZD prescriptions.
When first-line serotonergic agents are initiated for anxiety, it is not uncommon for prescribers to
co-administer BZDs, despite this practice not being supported by the evidence and posingrisks [2,19,28].
Serotonergic agents (e.g., SSRIs, serotonin and norepinephrine reuptake inhibitors [SNRIs]) are
the first-line pharmacologic treatments for anxiety disorders, including panic disorder (PD) and
generalized anxiety disorder (GAD) [29]. These “antidepressants” (that are not only effective for
depression) typically take four to six weeks before they exert clinical effect, though in the treatment
of anxiety symptoms this delay can be even longer [30]. Further compounding this delay is that
antidepressants are not necessarily effective at starting doses and therefore during titration to an
effective dose a patient can remain symptomatic. Consequently, it can be months before anxiety
relief is experienced from an antidepressant regimen. BZDs are commonly used as adjuncts during
the first few weeks of starting a serotonergic agent with the hopes that once a therapeutic dose
is achieved, the BZD can be discontinued [31–33]. Unfortunately, there is no evidence to support
this practice, the combination may increase adverse effects without increasing therapeutic effects,
and it is not uncommon for patients to continue BZDs long-term in the presence or absence of the
antidepressant [2,34]. BZDs do not make SSRIs more effective when prescribed simultaneously, despite
conventional wisdom. There are also no long-term benefits, but there is a long-term risk of physical
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dependence (i.e., tolerance and/or withdrawal), associated with prescribing BZDs when initiating
SSRIs [2,12]. Despite many clinicians intending to taper/discontinue BZDs after the 4–6 weeks it
takes SSRIs to have their therapeutic effect, 12% of patients receiving this regiment continue BZDs for
over 6 months—sometimes in the absence of SSRIs—likely indicating the difficulty of discontinuing
BZDs once started. Despite the absence of efficacy and the evidence of risks, the rate of physicians
prescribing this way almost doubled between 2001 and 2014 [2].
It is common for psychiatrists to lament referrals from primary care after the primary care
prescriber initiated BZDs and then expects for the psychiatrist to assume responsibility for the
medication. Contrary to the prediction of the authors of one large study (n = 356,958) that primary
care providers were responsible for most BZD prescriptions, mental health providers prescribed BZDs
more than twice as often as other providers [21]. However, the study also found that BZD prescription
rates were highly variable between facilities. This conforms with suggestions that facility culture
can influence prescribing practices, and that a lack of awareness of CPGs and evidence is one of
the most common barriers to best practices. Provider and facility characteristics are an important
factor in BZD prescribing. Professional development activities, lectures, journal club presentations
and informal interactions among physician peers may influence local culture at the facility level
and encourage evidence-based practices [17]. However, the study [21] acknowledged the difficulty
prescribers face when they “inherit” patients who previously received BZDs from other prescribers
(many of whom started BZDs prior to CPGs), creating “an immediate tension” as providers attempt to
balance individual patient factors with the need to provide evidence-based care.
2. Evidence for Benzodiazepine Prescription
2.1. Evidence-Based Indications
The only mental disorders—not including alcohol/sedative-hypnotic withdrawal and
catatonia—for which there is an evidence basis for BZDs are PD, GAD, social anxiety disorder (SAD),
and insomnia [8,31–37]. For these four conditions, BZDs have only demonstrated efficacy and are only
recommended for short-term durations (i.e., less than 2–4 weeks) and for treatment-resistant cases
(i.e., after failing multiple first-, if not second-, line treatments).
Sedative-hypnotics can provide rapid relief for symptoms like anxiety and insomnia. Because
many anxiety and insomnia patients will be seen in primary care and medical specialty settings, it is
important that all providers be familiar with first-line evidence-based treatment recommendations.
BZDs are intended to be used for no more than 2–4 weeks in the treatment of severe anxiety and/or
insomnia that are resistant to multiple evidence-based treatments. Some argue to “limit benzodiazepine
prescriptions to emergency situations where a rapid symptomatic amelioration is required before
the onset of action of antidepressant treatment allows the reduction and finally the cessation of
benzodiazepines” [35].
Systematic reviews and CPGs generally recommend psychotherapy (e.g., CBT) and serotonergic
agents (e.g., SSRIs, SNRIs) as first-line treatments for anxiety disorders [19,33,38–44]. However, because
not all individuals respond or fully remit, or have adverse effects with these treatments, it is important
to know options for those who have continuing symptoms or do not tolerate first-line treatments [45].
BZDs are an evidence-based option for PD, GAD, and SAD patients who fail psychotherapy and
multiple serotonergic agents, or require adjunctive treatment when serotonergic agents are partially
effective but other adjuncts have failed.
In general, it is helpful, prior the onset of treatment, to determine if the impairment caused by an
anxiety disorder would be best ameliorated with short- or long-term treatment. For instances of anxiety
that are caused by infrequent, predictable inciting stimuli (e.g., fear of air travel, public speaking or
dental procedures) short-term BZD treatment may be the simplest, safest, and most effective course of
action. Though certainly non-BZD options should be considered (e.g., propranolol for performance
anxiety) as these options may have less potential for toxicity (e.g., cognitive dulling which would make
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it difficult to get to or think through a performance) and physical dependence. Where the experience
of anxiety is more enduring (e.g., GAD, PD) long-term pharmacologic treatment may be useful.
2.2. Theoretical Basis
Sedative/anxiolytic (i.e., anxiety-reducing) and hypnotic/soporific (i.e., sleep-inducing) effects
occur because BZDs potentiate the effects of gamma-aminobutyric acid (GABA), the primary inhibitory
neurotransmitter in the central nervous system (CNS). BZDs exert their effects allosterically on GABA-A
receptors by binding the BZD receptor complex. All BZDs interact with this complex and are capable of
producing both hypnotic and anxiolytic effects, despite specific FDA indications for particular disorders.
Therefore, selection of a particular agent for a given patient largely depends upon pharmacokinetic,
rather than pharmacodynamic properties [46,47]. When BZDs interact with GABA-A receptors, ion
channels open more frequently, increasing the inflow of chloride ions which increases membrane
polarization and inhibits neuron firing [4]. The result is CNS depression [12].
Some have postulated that underlying differences in GABA receptors can predispose individuals
to develop anxiety disorders, and/or that trauma/stressors can induce modulation or downregulation
of GABA receptors in those that develop anxiety disorders [48]. Dysfunction in the GABA system
(including BZD-GABA binding) in different brain areas have been theorized to correlate with common
anxiety symptoms: Amygdala (emotional modulation dysfunction and fear conditioning), prefrontal
cortex (attention and working memory deficits), hippocampus (memory formation dysfunction),
and striatum (salience reactivity and misinterpretation of aversivestimuli) [48–50]. While GABA
receptors are distributed throughout the CNS, the primary desired target for BZD activity for
anxiolytic effects is the amygdala and related circuits (e.g., the locus ceruleus which is implicated in
autonomic cardiovascular activity, periaqueductal gray which is implicated in autonomic motor activity,
the parabrachial nucleus which is implicated in autonomic respiratory activity, and hypothalamus
which is implicated in the endocrinological stress response and sleep regulation) [51]. Therefore, it is
theorized that BZDs can normalize these brain areas in individuals with hypoactive GABA activity
(e.g., provide inhibition in a hyperactive amygdala), thus relieving anxiety and improving sleep.
3. Evidence against Benzodiazepine Prescription
While there is some evidence for the efficacy of short-term BZDs in treatment-resistant cases of PD,
GAD, SAD and insomnia, BZDs are frequently overprescribed for other indications for which there is no
evidence of efficacy, to individuals who have contraindicated comorbid conditions, for longer periods
of time than are recommended, and before other first and second-line treatments are tried [52–57].
3.1. Conditions and Durations with No Evidence of Efficacy
Even in the conditions for which BZDs have proven efficacy—PD, GAD, SAD and insomnia—there
is no evidence of long-term efficacy.
Aside from PD, GAD, SAD and insomnia, no other mental disorders have an evidence-basis
for BZDs. To the contrary, PTSD [31,36,44,58] and phobias [59] have evidence of ineffectiveness or
even harm. Biological explanations for BZD-induced anxiety include discontinuation symptoms
(i.e., withdrawal or rebound symptoms resulting from GABA receptor desensitization and glutamate
receptor sensitization) and/or worsening of underlying anxiety pathophysiology (e.g., disrupting
normal hypothalamic-pituitary-adrenal [HPA] axis stress responses, and inhibiting serotonin
regulation) [58]. BZDs have demonstrated the ability to interfere with fear extinction [17,23,39],
which is critical for the improvement of anxiety and is likely why BZDs have been found to increase
fear conditioning with phobias [59] and to have fear-sensitizing effects in response tostress [23,60,61].
For many, BZDs—especially when used long-term—actually worsen anxiety.
BZD treatment for PTSD is particularly concerning because BZDs have no known preventative
value for PTSD and may actually increase the risk of developing PTSD 2–5 times among those with
trauma; BZD side effects overlap with several PTSD core symptoms (e.g., avoidance, negative mood,
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inattention, amnesia, recklessness, irritability); PTSD is commonly comorbid with conditions that
are contraindicated for BZDs (e.g., SUD, traumatic brain injury [TBI], depression); and BZDs can
inhibit trauma-focused psychotherapy by promoting avoidance of exposure, numbing trauma-related
emotions, and inhibiting of cognitive processing (all of which is necessary for recovery) [3,58,62–65].
For these reasons and the lack of any study supporting BZD efficacy for PTSD symptoms, most CPGs
(e.g., American Psychiatric Association, British Association for Psychopharmacology, International
Consensus Group of Depression and Anxiety, International Society for Traumatic Stress Studies,
Veterans Affairs/Department of Defense) recommend against the use of BZDs for PTSD [43,44,66–68].
Berger et al. [45] summarized: “There is no compelling scientific evidence of the effectiveness of
benzodiazepines either in the prevention of PTSD or in the treatment of its core symptoms although
clinical experience suggests that they may improve sleep and agitation, at least in the short term. These
limited advantages must be weighed against the marked potential for addiction that characterizes this
class of drugs, particularly considering that PTSD patients have higher rates of drug abuse/dependence
than the general population”.
There are no studies outside of case reports that support the use of BZDs as adjunctive or
symptomatic treatments. Additionally, some worry that “because benzodiazepines reduce anxiety
without addressing the underlying PTSD, clinicians may incorrectly believe the patient has improved,
thus delaying definitive PTSD care” [39]. High rates of comorbidity suggest that PTSD and SUDs
are functionally related, a concept supported by several studies indicating a pathway (likely related
to corticotropin-releasing hormone and norepinephrine) whereby PTSD precedes substance use [69].
Substance use is commonly a direct result of PTSD and often correlates with the amount of terror
felt during trauma [7]. In one large study (n = 274,297), while the strongest diagnostic predictor of
sedative-hypnotic prescription for PTSD was a comorbid anxiety disorder, 77.2% of those receiving
sedative-hypnotics did not have a comorbid anxiety disorder [20] and, therefore, did not have
an indicated diagnosis. Many researchers, clinicians and organizations have recommended that
pharmacotherapy—BZDs or otherwise—should not be used as a routine first-line PTSD treatment [33].
There are no studies to support the long-term use of BZDs for insomnia, and the evidence that
is supportive of short-term use is based on very few studies (which were insufficient to perform
a meta-analysis of triazolam) but triazolam was not considered first-line due to a higher risk for
“rebound anxiety” [37,57]. Some insomnia studies using BZDs demonstrate short-term efficacy
without evaluating long-term efficacy, some demonstrate no benefit after one day to several months
of use, and several demonstrate no statistical difference between BZDs and placebo even in the
short-term [13,37,58,70–72]. Likely explanations for the lack of long-term efficacy of BZDs for insomnia
include rebound insomnia, tolerance, and sleep architecture dysregulation. BZDs can directly worsen
sleep by disrupting sleep architecture, which may continue even months after discontinuation [4].
Several studies have demonstrated that even short-term BZD use can decrease sleep time, decrease
deep-stage/slow-wave sleep, increase rapid eye movement (REM) sleep latency, increase stage 2
non-REM sleep and decrease delta count [1,12,72,73]. Like alcohol, the sedating properties of BZDs
often deceive patients into thinking that BZDs improve sleep when, in actuality, they tend to induce
the early stages of sleep while inhibiting the deep, most restorative, stages of sleep. Fortunately,
BZDs do not permanently alter sleep architecture, as after an initial decrease in sleep time during
acute withdrawal, sleep parameters significantly improve following BZD discontinuation to levels not
significantly different from healthy controls [1,12,72].
3.2. Contraindicated Comorbid Conditions
While receiving BZDs for conditions without an indicated diagnosis is concerning, receiving
BZDs when contraindications are present is dangerous. Mental conditions for which BZDs
are contraindicated include SUDs, depression, suicidal ideation, bipolar disorder, psychosis,
and neurocognitive disorders (NCDs) including those due to TBI [58,74]. Unfortunately, each of these
have high comorbidity with anxiety disorders, for example: SUD (33–50%) [58,75], depressive disorders
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(10–55%) [3], and TBI (4–48%) [3,76]. Even more concerning, several studies have demonstrated
high rates of sedative-hypnotics among patients with contraindicated comorbid psychiatric disorders:
Depressive, substance use [20,22] and neurocognitive disorders [20,22,77]. In fact, anxiety patients with
these contraindicated disorders are usually more likely to receive sedative-hypnotics [20,22,23,26,77].
Because the development of BZD use disorder (BUD) with prescribed medications occurs in at
least 50% of patients with preexisting or active SUDs [1], BZDs are almost universally considered
contraindicated for patients with any history of SUDs (except in cases of acute alcohol or
sedative-hypnotic withdrawal).
Comorbid depression is particularly problematic. Because of high rates of comorbidity and
the large overlap of symptoms (e.g., negative thoughts, insomnia, irritability, fatigue, suicidality)
with depressive and anxiety disorders [19,35,38,66,78], a missed diagnosis of depression is possible
when treating only anxiety or insomnia. When the diagnosis is missed, a prescriber may be
less cautious than necessary about providing a BZD. BZDs do not prevent the development of
depression, can be depressogenic and can lead to suicide attempts [8,42,70,79,80]. BZDs have the
potential to cause or worsen depression, dysphoria, dissatisfaction with life, and suicidal thoughts
and behaviors [39,58,62,81]. Risk factors for attempted and completed suicide while using BZDs
include BZD intoxication, repeated BZD intoxication, high doses of prescribed BZDs, and underlying
depression [3,23,82]. While the anxiolytic and hypnotic effects of BZDs diminish as tolerance develops,
depression and impulsivity with high suicidal risk commonly persist and are “often interpreted as
an exacerbation or as a natural evolution of previous disorders and the chronic use of sedatives is
overlooked” [8]. Unlike antidepressants, in which activating effects usually improve with continued
treatment, BZD-induced depression is unlikely to improve. This is part of the reason BZDs may be
indicated for anxiety disorders like GAD and PD, but not for PTSD, which is not a pure anxiety disorder
as it also has features of depressive disorders and has a different underlying pathophysiology. Potential
explanations for BZD-induced depression include general CNS depression, prefrontal cortex [PFC]
inhibition (hypoactive PFC is implicated in depression, disinhibition and suicidality), BZD-induced
inhibition of central monoamine activity including serotonergic and noradrenergic, and withdrawal
dysphoria [58,83–85]. While BZD-induced depression may be exacerbated after discontinuation,
evidence suggests that mood significantly improves after the acute withdrawal period to levels better
than during use [8]. Modern practice guidelines (e.g., APA, The Department of Veterans Affairs and
the Department of Defense guidelines (VA/DoD)) for the treatment of major depressive disorder either
suggest using buspirone as an augmentation agent for anxiolysis or evaluating the treatment response
of an antidepressant prior to BZD trials [86]. Sedating antidepressants (e.g., doxepin, mirtazapine,
trazodone, and amitriptyline) can be effective for anxiety and/or insomnia especially with comorbid
depression [57]. Fortunately, the first-line treatments are the same for anxiety disorders, PTSD,
and depressive disorders: Psychotherapy and serotonergic agents.
In addition to the mental conditions above, BZDs have several other contraindications: BZD
hypersensitivity, pulmonary disease (e.g., sleep apnea, chronic obstructive pulmonary disease),
Parkinson’s disease, porphyria, hepatic disease, renal impairment, closed-angle glaucoma, myasthenia
gravis, children and adolescents less than 18 years old, pregnancy, and breast-feeding [74]. Sleep apnea
is of particular concern because it can be comorbid with or mimic anxiety disorders (e.g., insomnia,
fatigue, anxiety, and irritability). Similarly, pulmonary diseases in general, Parkinson’s disease and
porphyria are each associated with anxiety. Finally, obesity is a concern due to being associated with
reduced elimination of BZDs [74].
3.3. Adverse Effects
BZDs are linked to a variety of adverse effects, whether used long-term, short-term, or as
needed. While BZDs would be ideal anxiolytics if they could selectively inhibit the hyperactive
amygdala (implicated in anxiety), because GABA receptors are widely distributed throughout the
CNS, BZDs indiscriminately target the entire brain. This is particularly problematic for those
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areas of the brain that are already hypoactive in anxiety disorders, such as the PFC (implicated
in mood dysregulation including depression and anxiety, behavioral dysregulation including
disinhibition and irritability, and cognitive dysfunction including inattention and cognitive processing
of risk/stress/trauma) and hippocampus (implicated in amnestic effects and inhibited fear extinction).
However, global CNS inhibition also leads to adverse effects via every area of the brain including
motor, sensory, speech, and respiratory impairments [19,58,74,85]. Table 2 attempts to summarize
an exhaustive list of cognitive, emotional, behavioral, perceptual and physical adverse effects from
BZDs [1,3,4,8,11,15,24,31,59,74,78–80,83,87–91].
Table 2. Benzodiazepine adverse effects that overlap with core symptoms, associated symptoms and
common comorbidities of PTSD.
Overlap with
Anxiety

Example of Mental Disorders with Similar
Symptoms

dizziness (vertigo, lightheadedness/syncope)

+

panic, somatic, dissociative

nausea/vomiting

+

panic, somatic

+

panic, somatic

restlessness/psychomotor agitation

+

GAD, PTSD, mood, somatic

muscle pain/tension/spasms

+

GAD, PTSD, somatic

sensory (visuospatial impairments, photophobia, hyperacusis,
strange tastes, tinnitus, paresthesia/ numbness/burning)

+

panic, somatic

Benzodiazepine Adverse Effects
Physical

speech (dysarthria, slurred)
motor (incoordination/unsteadiness, ataxia, poor reaction time,
tremors, weakness, hyperreflexia, nystagmus, diplopia)

coryza/nasal congestion
rash

+

somatic

sexual (dysfunction, menstrual irregularities)

+

somatic, depressive, SUD, sexual

+

panic, PTSD, somatic

+

Somatic

sedation/drowsiness/fatigue

+

GAD, depressive, SUD, NCD

inattention/poor concentration

+

GAD, depressive, SUD, NCD

nightmares/intrusive thoughts

+

PTSD

memory impairments/amnesia

+

PTSD, dissociative, SUD, NCD

+

PTSD, panic, psychotic, dissociative, SUD, NCD
depressive, SUD, personality

+

PTSD, SUD, psychotic

blood dyscrasias
autonomic (brady- vs. tachy-cardia, hypo- vs. hyper-tension,
dyspnea/ respiratory depression vs. hyperventilation,
diaphoresis, fever/hyperpyrexia)
dependence (tolerance, withdrawal)
seizures

SUD

Cognitive

impaired judgment

SUD, NCD, psychotic, bipolar

perceptual (illusions, dissociation, de-realization, hallucinations)
suicidal ideations
homicidal ideations

SUD, personality

paranoia/hypervigilance
delirium/stupor/coma

SUD, NCD
Emotional

depression/dysphoria

+

PTSD, depressive, SUD

numbness/emotional anesthesia

+

PTSD, depressive, SUD, dissociative

anger/irritability/mood lability

+

PTSD, GAD, SUD, personality, bipolar

anxiety/phobias/panic

+

anxiety, PTSD, SUD

excitement/activation/euphoria

+

anxiety, SUD, bipolar

mania

SUD, bipolar
Behavioral

appetite/weight (anorexia, weight gain)

+

depressive, eating, SUD

insomnia

+

PTSD, GAD, depressive, SUD

avoidance/agoraphobia

+

anxiety, PTSD

impulsivity/disinhibition

+

PTSD, SUD, personality, bipolar

suicidality

+

PTSD, depressive, SUD, personality

aggression/hostility/rage/violence

+

PTSD, SUD, personality, bipolar

abuse/misuse/drug reinforcement

+

PTSD, SUD, personality
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3.3.1. Vulnerable Populations
Adverse effects are more likely to occur with elderly patients, NCDs, TBI, hepatic impairments,
renal impairments, pulmonary impairments (e.g., sleep apnea) and in combination with other CNS
depressants (e.g., alcohol, sedative-hypnotics, opioids, antihistamines, anticonvulsants, neuroleptics
and sedating antidepressants) [15,83].
Extra caution is recommended when prescribing BZDs to the elderly. Several considerations are
relevant to this recommendation. Specifically, disinhibition, falls, and respiratory depression are of
concern in the elderly given the higher prevalence of other chronic medical conditions. The elderly are
particularly sensitive to BZDs because of pharmacokinetic changes that prolong medication effects
(i.e., distribution, metabolism, elimination), increased use of additional medications that can compound
adverse effects, and increased presence of even minimal brain damage [8,13,73]. People of advanced
age may have impaired hepatic metabolism and this could lead to the accumulation of benzodiazepines
and their metabolites in the plasma and consequent toxicity. The lengthy half-life of diazepam often
makes that agent more risky in the elderly. Many clinicians favor the so-called “L.O.T. drugs” in this
population (lorazepam, oxazepam, and temazepam) as they do not require oxidative metabolism in
the liver and have no active metabolites. Agitation, associated with dementia is a common reason for
medical intervention in the elderly and benzodiazepines may be useful, especially in situations where
anxiety is prominent. Short-term use is the recommendation with special care needed to use only the
lowest effective dose. BZD toxicity in the elderly can cause cognitive impairment even with short-term
therapeutic doses [11]. After nicotine and alcohol, BZDs are associated with the greatest risk of SUD in
the elderly [13].
Additional concerns for women of child-bearing age include teratogenicity and breast-feeding.
BZDs have been labeled class D teratogens and are contraindicated in breast-feeding mothers [83].
The risk of BZDs in pregnancy is not entirely clear. There is evidence that BZDs cross the placenta to the
fetus and are secreted in breast milk to infants, although studies are mixed on specific consequences.
Early evidence suggested a heightened risk of facial anomalies though this finding has not been
consistently found and may have been confounded by other predisposing teratogenic etiologies
(e.g., anti-epileptic drugs) [92]. BZD use during pregnancy may cause preterm birth, low birth weight,
neonatal withdrawal, respiratory depression, temperature dysregulation, apnea, hypotonia, poor
feeding, sedation, lethargy, weight loss, cleft palates, cardiac malformations, neural tube defects, limb
deficiencies, anal atresia, floppy baby syndrome, lower Apgar scores, and impede the progress of
childbirth [15,31,93–95]. BZD use during breastfeeding may cause sedation, weight loss, respiratory
depression (especially with long-acting BZDs), and withdrawal (especially with short-acting BZDs) in
children [93]. Thus, as with other clinical scenarios, the use of BZDs should include an assessment of
the risks and benefits, and in pregnancy the consideration of risks should be extended to the unborn
child. This includes the risks and benefits of prescribing BZDs and the risks of untreated mental illness
in pregnancy, which can carry a host of downstream effects. Complicated mental health in pregnancy
represent an appropriate time to engage a psychiatrist for collaboration or consultation.
3.3.2. Tolerance
A major disadvantage with BZDs is that tolerance to their therapeutic effects develop relatively
quickly while many adverse effects persist. Tolerance develops to hypnotic effects within days to weeks,
to myorelaxant effects within weeks, to anticonvulsant effects within weeks to months, and to anxiolytic
effects within months [1,8,83,96]. This explains why patients commonly increase dosage over time and
many eventually take more than one type of BZD after the first loses effectiveness [1,3,4,73,79]. While
therapeutic effects are subject to tolerance, adverse effects often are not, with cognitive, depressogenic,
and disinhibiting effects typically persisting long-term when present and increasing in risk if doses
are increased in response to therapeutic tolerance [8]. Because tolerance to brain stem depressant
effects develop more slowly than tolerance to sedating effects, patients may take more BZDs to achieve
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desired effects (e.g., hypnotic, anxiolytic or even euphoria in recreational abusers) which may cause
sudden respiratory depression, hypotension and/or death [3].
BZD tolerance develops as the result of long-term alterations of the intraneural gene expression
and function of GABA receptors, likely including downregulation of BZD binding sites on GABA-A
receptors (similar to alcohol), uncoupling of the allosteric linkage of the BZD-GABA receptor complex,
and changes in receptor subunit turnover [1,4,8,83,96]. Chronic BZD-induced enhancement of GABA
also likely results in a compensatory sensitization of excitatory systems (including glutamate) [1,97].
3.3.3. Cognitive, Emotional and Behavioral Adverse Effects
Many adverse effects of BZDs overlap with symptoms associated with mental disorders (see Tables 3
and 4). This overlap may make it difficult to determine if symptoms are due to underlying anxiety
disorders or BZDs. Symptoms with specificity for sedative-hypnotic toxicity include nystagmus,
slurred speech and unsteady gait [4]. Overlapping symptoms and adverse effects indicate that
BZDs may synergistically worsen underlying anxiety (which may be misattributed to a primary
worsening of underlying anxiety). Giving credence to this concern, several studies have demonstrated
that psychiatric symptoms, cognitive performance and general physical health improve after BZD
discontinuation (especially in the elderly) [1].
Table 3. Benzodiazepine-induced disorders in the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition [3].

Psychotic Disorder
Bipolar Disorder
Depressive Disorder
Anxiety Disorder
Sleep Disorder
Sexual Dysfunction
Delirium
Neurocognitive Disorder

Disorder with Onset
During Intoxication

Disorder with Onset
During Withdrawal

+
+
+

+
+
+
+
+
+
+
+

+
+
+
+

Persisting Disorder

+

Mental health patients commonly have inattention (e.g., GAD, PTSD, depression), and amnesia
(e.g., PTSD, dissociative disorders). Therefore, it is particularly disturbing that cognitive impairments
are among the adverse effects caused by BZDs (i.e., benzodiazepine-induced neurocognitive disorder).
While cognitive effects can occur as part of BZD intoxication, withdrawal or delirium, they can also
occur as a direct effect of BZDs [3]. Cognitive impairments are more common with high doses and/or
long-term use of BZDs, but can also be caused by low doses, short-term use and even single daily
doses (especially in the elderly) [3,13]. While the most common cognitive adverse effects of BZDs
(sedation and drowsiness) often improve as tolerance develops, many cognitive impairments persist
with continued use: Attention, concentration, learning, working memory, episodic memory, semantic
memory, verbal memory, nonverbal memory, procedural memory, general intelligence, problem
solving, verbal reasoning, procedural reasoning system, speed of processing, sensory processing,
visuospatial abilities, motor performance and psychomotor speed [1,6,8,12,15,71,83]. In the elderly,
these symptoms may be mistaken for an unrelated progressive dementia [1,3]. In fact, BZDs can
cause dementia which persists after discontinuation of use [3,98]. In fact, elderly patients often
attribute memory problems to age rather than BZDs and about 10% of elderly patient referred to
memory clinics have cognitive impairments that are substance-induced, often due to BZDs [13]. Risk
factors for BZD-induced neurocognitive disorder include older age (especially persistent use after
50 years old) [3,6,12,23], other substance use (especially alcohol), other NCDs (especially TBI), delirium
(in which even very low doses of BZDs may be intoxicating), longer use and primary psychiatric
disorders (especially PTSD, psychotic, depressive and bipolar disorders) [3]. For these and other
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reasons, BZDs are contraindicated in patients with a history of SUD, NCD, TBI and depression.
Finally, some have argued that BZDs need to be discontinued prior to psychotherapy because the
cognitive effects of BZDs decreased psychotherapy effectiveness, likely due to reduced ability to
cognitively process and remember material presented in therapy [45]. Fortunately, several studies have
demonstrated that cognition improves after discontinuing BZDs (especially working and episodic
memory, visuospatial search abilities, information processing, attention and simple reaction time) [13].
While cognition usually slowly recovers after BZD discontinuation, like with alcohol, these effects can
persist after an extended period of abstinence (i.e., benzodiazepine-induced persisting neurocognitive
disorder, previously called benzodiazepine-induced persisting amnestic disorder) [1,3,6,12].
BZD use for anxiety disorders can be problematic because anxiety, panic attacks, phobias and
social avoidance are among the adverse effects of BZDs. While BZDs may provide short-term relief
for anxiety, there is often a paradoxical long-term worsening of anxiety. Similar concepts have been
studied with nicotine (which is associated with worse anxiety with chronic use and improvement after
discontinuation) [99,100] and opioids (i.e., opioid-induced hyperalgesia, in which chronic opioid use
makes patients more sensitive to pain) [101,102]. Nevertheless, patients often believe these substances
are helping, mistaking the temporary relief of withdrawal symptoms for improvement of baseline
symptoms. It seems patients are much more adept at detecting the immediate impact of a BZD on
anxiety symptoms as opposed to detecting the long-term deterioration in mood or worsening of
anxiety. Potential explanations for BZD-induced anxiety disorder include: Rebound or withdrawal
anxiety (i.e., after tolerance develops to the anxiolytic effects of BZDs, they no longer treat baseline
anxiety but only treat discontinuation symptoms at best returning anxiety levels back to their pre-BZD
baseline) [1,8]; BZDs increasing fear responses after stressful exposures likely by fear-sensitization and
generalizing conditioneddefeat [60,61,103,104]; BZDs being associated with a loss of self-confidence
in one’s ability to cope with stressors without medications [83]; and BZDs indirectly worsening
anxiety by promoting avoidance, preventing fear extinction, inhibiting cognitive processing of past
traumas and present risk assessment, and inhibiting the process of desensitizing individuals to
anxiety through both therapeutic and natural exposure [7,17,23,25,27,39,58,59]. During the 1980s,
many behavioral therapists and researchers began realizing that BZDs reduce the therapeutic effects
of exposure. This undercut the purpose of exposure therapy: Gradually decrease anxiety through
repeated exposure to anxiety-provoking stimuli. It also challenged an assumption made since the
1960s that a drug-induced low-anxiety state accompanying anxiety-provoking stimuli would lead to
faster fear extinction. Several studies suggest that “patient attribution of fear reduction to the drug
rather than to improvement in coping may result in a loss of gains after withdrawal of the drug” [59].
Therefore, BZDs may directly worsen avoidance and indirectly worsen anxiety by inhibiting emotional
and memory processing during exposure (therapeutic or natural), decreasing learning efficiency
and decreasing fear extinction. Avoidance is an important consideration because, although patients
often present complaining about arousal and autonomic symptoms, it is arguably the most disabling,
the most difficult to treat, and the most predictive of poor outcome. Once physical dependence
develops, the affective states that are numbed with sedatives become more intense during withdrawal
states causing patients to wrongly believe that the withdrawal state is their baseline and believe
that they need the substance. While anxiety may be exacerbated during acute withdrawal, evidence
suggests that patients have significantly less anxiety five weeks after discontinuation then they had
during BZD use (when users often subjectively report being less anxious than they were prior to using),
and avoidance and social functioning improve within one year of BZD discontinuation [1,8].
Insomnia is one of the most common chief complaints of patients with mental disorders, and sleep
deprivation can cause fatigue, irritability, inattention, depression, anxiety, dysfunction, and reduced
quality of life [21,63,73]. Therefore, it is particularly disturbing that BZD-induced sleep disorder,
insomnia and nightmares are among the adverse effects of BZDs. While BZDs may provide short-term
relief for insomnia, there is often a paradoxical long-term worsening of sleep. After tolerance develops
to the hypnotic effects of BZDs, it is likely that they no longer treat baseline insomnia but only treat
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rebound and withdrawal insomnia (i.e., benzodiazepine-induced sleep disorder), at best allowing
the patient to sleep as they did prior to BZD use [1,8,11]. Many patients claim they cannot sleep
without BZDs, not realizing they are only preventing rebound insomnia caused by chronic BZD use.
One randomized control trial concluded “ineffectiveness of BZDs in aiding sleep is also suggested
by the significantly positive correlations between measures of BZD intake (dose, cumulative dose)
and patient’s ratings of sleeping problems. In the withdrawers at baseline, the higher the nightly dose
of BZD the greater the rating of sleep problems” [13]. In addition to rebound insomnia, BZDs often
exacerbate sleep disturbances by directly disrupting sleep architecture (like alcohol). Sleep architecture
may continue to be disrupted even months after BZD use [4]. Several studies have demonstrated
that even short-term BZD use can worsen several sleep parameters: Decreasing sleep time, increasing
rapid eye movement (REM) sleep latency, decreasing slow wave sleep (stages 3 and 4 non-REM sleep),
increasing stage 2 non-REM sleep and decreasing delta count [1,12,72,73]. After an initial decrease in
sleep time during acute BZD withdrawal, sleep parameters significantly improve (especially in the
elderly) to levels not significantly different from healthy controls: Sleep quality, increased slow wave
sleep and increased delta count [1,8,12,13,72]. This indicates that BZD use can cause poor sleep, but
sleep usually recovers after discontinuation.
Many patients with mental health problems struggle with irritability, aggression, violence,
suicidality, and/or self-destructive or reckless behavior. Therefore, it is particularly disturbing that
the list of potential BZD adverse effects include all of these, as well as poor judgment and behavioral
disinhibition. While BZDs may provide acute improvement of agitation, there is often the potential for
worsening with regular use. While alprazolam has the strongest link with aggression, it may occur
with any BZD (including the supposedly “safe” clonazepam) [105]. A large long-term cohort study
concluding that “our results provide additional support for discouraging long-term benzodiazepine
use to manage core symptoms of PTSD” [106]. In addition to rebound irritability, BZDs can cause
“paradoxical reactions” (e.g., disinhibition, impulsivity, excitement, irritability, aggression, hostility,
rage attacks, violence, homicidal ideations, suicidality) [24,83,105]. The proposed mechanisms of
BZD-induced violence is similar to that of alcohol, including PFC inhibition and systemic inhibition of
serotonin (which is associated with anger, impulsivity and violence at low levels) [84]. While evidence
suggests that BZD-induced violence is rare, it is usually severe when it does occur [105]. Like with
alcohol, BZD-induced disinhibition can result in subsequent interpersonal (e.g., arguments, fights,
and inappropriate sexual or aggressive behavior), medical (e.g., physical risks like fights, and driving
an automobile or operating a machine while impaired) and/or legal problems (from the above as well
as neglect of children) [3]. Risk factors for paradoxical reactions with BZDs include other substance
use (especially alcohol) [24,90,105], neurocognitive disorders (especially TBI) [17,84,105], a history
of disinhibition or impulsivity (especially with borderline personality disorder) [39,105,106], anxiety
disorders [24,90], older age [31], learning disabilities [105], and motivational drive [107]. Unfortunately,
some of these factors (substance use, anxiety and personality disorders) also correlate with increased
BZD prescription for PTSD patients. For these and other reasons, BZDs are contraindicated in
patients with a history of SUD, TBI or a history of impulsivity or violence [39,44]. However, there
are reports of patients engaging in uncharacteristic behaviors (e.g., aggressive, destructive, sexually
inappropriate and criminal) that only occur after BZD use, without any history of similar behaviors,
and usually improve after discontinuation [15,90,105]. While the anxiolytic and hypnotic effects of
BZDS disappear as tolerance develops, irritability, anger and impulsivity with high suicidal risk
commonly persist [8]. Furthermore, BZD-induced irritability may be exacerbated during withdrawal,
evidence suggests that irritability significantly improves after the acute withdrawal period to levels
better than during use [8,13].
3.3.4. Physical Adverse Effects
Sedation (including daytime drowsiness from a previous night’s dose) is the most common
BZD adverse effect [12]. Other common adverse effects include unsteadiness, impaired psychomotor
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speed and accuracy, cognitive impairment and slurred speech. BZDs can be fatal, whether directly
by overdose (usually due to synergistic respiratory depression when combined with other CNS
depressants) or indirectly by injury (usually as the result of BZD-induced cognitive impairment,
inattention, incoordination, unsteadiness, delayed reaction time, visuospatial impairments, behavioral
disinhibition and/or poor judgment) [4]. BZDs—from both nonmedical use and use as prescribed—are
associated with emergency department visits, typically due to overdoses (whether suicidal, accidental
and/or recreational) or injuries (e.g., falls, fights, motor vehiclecollisions) [1,3,11,13,23,31,71,105]. BZDs
increase the risk of fractures 50–110%, with no difference in risk between short-acting and long-acting
BZDs, and combining BZDs with other substances more than doubles the risk of injury [12]. These
risks are particularly disturbing for anxiety patients, for which comorbid substance use is common
and who often already have difficulty concentrating, irritability or impulsivity.
3.3.5. Dependence, Misuse, Abuse and Addiction
BZDs have been shown to be relatively efficacious for the short-term treatment of GAD, PD, SAD and
insomnia, but long-term efficacy is unproven while the risk of physical dependence and addiction is. “Like
alcohol, these agents are brain depressants and can produce similar substance/medication-induced
and substance use disorders” [3]. There has been much debate and confusion about what constitutes a
BZD use disorder in patients prescribed BZDs. Some have tried to clarify this by distinguishing
non-mutually exclusive terms: Physical dependence, misuse, recreational abuse and addiction.
The DSM-5 nomenclature is consistent with these distinctions for prescribed medications (e.g., opioid
analgesics, sedatives, stimulants), exempting tolerance and withdrawal from the diagnostic criteria for
SUD when these are the only symptoms present and medications are taken as prescribed [3]. Below
we define and differentiate various substance-related terms.
Physical dependence is the presence of tolerance and/or withdrawal. Of those prescribed therapeutic
doses of BZDs long-term, 58–100% inadvertently become physically dependent (therapeutic dose
dependence) [1,12]. Iatrogenic dependence is more likely to occur with high doses and/or short acting
BZDs, but can occur with any BZD prescription [1,26,31]. As tolerance develops, some patients are able
to persuade providers to increase their dose (prescribed high-dose dependence). Even patients who
recognize the long-term ineffectiveness of BZDs often continue to take them to stave off withdrawal
symptoms, which are often mistaken for baseline anxiety [1]. With increased usage, tolerance and the
potential for withdrawal worsen. Both BZD tolerance and withdrawal can be explained by the chronic
desensitization of GABA receptors and sensitization of glutamate receptors. Considering that low GABA
receptor sensitivity and hyperactive glutamate are implicated in anxiety [1,97], this would imply that
chronic BZD use could actually exacerbate the pathophysiology of anxiety rather than improves it.
Prescription medication misuse is the use of medications differently than prescribed (e.g., higher
doses, increased frequency, combined with alcohol, etc.), obtaining medications from several providers
without informing them of the others (i.e., “doctor shopping”), or diversion (i.e., giving, selling or
trading medications to others). Misuse is more likely to occur with the elderly, chronic pain and a
history of SUD [91]. BZDs can cause drug reinforcement and misuse in patients without histories of
SUD in conditions of continuous BZD availability, especially in patients with anxiety, insomnia and
histories of moderate alcohol consumption [91]. As BZD tolerance develops, there is often a gradual
increase in the frequency of self-administration beyond provider recommendations, which may be
subtle and mistaken for appropriate use [91]. Some patients combine BZDs with alcohol when they are
not able to obtain desired therapeutic effects due to tolerance [83]. “The individual is likely to continue
to justify use on the basis of his or her original symptoms of anxiety or insomnia, but substance seeking
behavior becomes more prominent, and the individual may seek out multiple physicians to obtain
sufficient supplies of the medication” [3]. While some solely rely on providers for BZDs, others obtain
extra medications from the black market (generally supplied by patients who divert prescriptions) [1].
Recreational abuse is the intentional use of medications to produce intoxication (a “high”).
Short-acting BZDs are more likely to be used for intoxicating purposes, although long-acting BZDs
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(including the supposedly “safe” clonazepam) can also produce a high [3,83]. BZDs can be used as
the primary drug of choice, but they are used in conjunction with other substances about 80% of the
time [1,83]. In combination with other CNS depressants, like alcohol, cannabis or opioids (including
methadone), BZDs are often used by substance users to enhance intoxication (i.e., a “boost”) [3,4,83].
These combinations can be lethal, whether by accidental or deliberate overdose [3]. Concurrent alcohol
use is particularly concerning because of availability, cross-tolerance with BZDs, and because providers
are commonly unaware of alcohol use [12]. This is a problem because patients prescribed BZDs for
alcohol-induced anxiety or sleep disorders (whether the provider recognizes that the symptoms are
alcohol-related or not) are at increased risk of misusing BZDs [3,4]. Many substance users also use
BZDs to alleviate unpleasant effects associated with other substances, including self-treating opioid
withdrawal (i.e., a “fix”) and stimulant intoxication (i.e., a “come down”) [1,3,83]. The combination of
stimulant-induced wakefulness/agitation and BZD-induced cognitive impairments (e.g., judgment,
memory) can result in unpredictable behavior [4]. Recreational abusers are more likely to use BZDs by
insufflation (“snorting”) or intravenously (which is associated with its own inherent medical risks, like
infections) [1,3,15,105]. Higher doses, combining BZDs with other substances, and non-oral use all
increase the risk of overdose.
Addiction is a chronic pattern of compulsive drug-seeking associated with a loss of
control, preoccupation and anticipation, and continued use despite psychosocial dysfunction
anddistress [3,8,12,108]. Table 4 describes BUD and related disorders. When in the context of
only taking BZDs as prescribed, BUD should only be diagnosed when these factors are present
(i.e., not based on tolerance or withdrawal alone) [3]. Risk factors for developing BUD include
pre-existing or active SUDs (especially alcohol, sedative-hypnotics, cannabis, opioids and stimulants),
family history, medical availability, early onset of use, chronic medical conditions, chronic insomnia,
chronic dysphoria, impulsivity, and borderline or dependent personality disorders [1,3,8,11,12,17,90].
Unfortunately, some of these factors—particularly SUDs and borderline personality disorder—also
correlate with increased BZD prescriptions [20,22,23,25,26]. BUD is almost universally iatrogenic due
to widespread over-prescription [1]. Because BZDs are exclusively manufactured by pharmaceutical
companies (unlike most other substances), the prevalence of dependence correlates with its medical
availability [3,4]. In addition to prescriptions, BZDs can be obtained through the internet, the black
market (“the street”) or theft (e.g., from manufacturers, delivery services, hospitals, clinics, pharmacies
or patients’ medicine cabinets).
Table 4. Benzodiazepine-related disorders in the Diagnostic and Statistical Manual of Mental Disorders,
5th Edition.
Benzodiazepine Use Disorder
Duration of at least 2 signs/symptoms
within a 12-month period
use larger amounts or over a longer
period of time than intended
(2) desire to cut down use
(3) a great deal of time spent obtaining
(4) cravings
(5) failure to fulfill major role obligations
(6) use despite social or
interpersonal problems
(7) important activities are given up
or reduced
(8) use in physically hazardous situations
(9) use despite physical or
psychological problems
(10) tolerance
(11) withdrawal

Benzodiazepine Intoxication
Onset during or shortly after use

Benzodiazepine Withdrawal
Onset following cessation or reduction in
prolonged use

•

(1)

•

•

“clinically significant maladaptive
behavioral or psychological
changes (e.g., inappropriate sexual
or aggressive behavior, mood
lability, impaired judgment)”
at least 1 sign/symptom:
(1)
(2)
(3)
(4)
(5)
(6)

slurred speech
incoordination
unsteady gate
nystagmus
impaired cognition
(e.g., attention, memory)
stupor or coma

•

“clinically significant distress or
impairment in social, occupational,
or other important areas
of functioning”
at least 1 sign/symptom:
(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)

autonomic hyperactivity
(e.g., sweating, tachycardia)
hand tremor
insomnia
nausea or vomiting
transient visual, tactile,
or auditory hallucinations
or illusions
psychomotor agitation
anxiety
grand mal seizures
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3.4. Drug–Drug Interactions
Pharmacodynamically, the most significant concern with BZDs is CNS/respiratory depression.
Therefore BZDs are contraindicated with other CNS depressants. This is particularly concerning
since many people with anxiety have comorbid SUD, often with CNS depressants like alcohol,
opioids, ketamine, and marijuana. The CNS depressants considered to have “major” interactions
(i.e., concomitant use may cause respiratory depression, hypotension, profound sedation and
death) are: Barbiturates (such as butalbital, which is sometimes found in headache medicine),
cannabinoids, ethanol, melatonin (which has also been found to increase BZD binding at receptor sites),
opioids and opiate agonists (e.g., tramadol, buprenorphine), pramipexole, and sodium oxybate [74].
Despite these contraindications, significant predictors of BZD prescription rates include concurrent
opioid analgesic [23,26] and concurrent BZD prescriptions [26]. “Moderate” interactions include:
Anticonvulsants, antihistamines and antipsychotics (all of which are commonly used in mental health
patients). Regarding opioids and BZDs, one should typically be discontinued during the administration
of the other. A common scenario is a patient undergoing both alcohol/sedative withdrawal and opioid
withdrawal, during which the former is life-threatening and the latter is not, and therefore a BZD taper
should be favored over buprenorphine/methadone administration. However, the risks of delaying
opioid agonist treatment often outweighs the concerns about synergistic CNS depressant effects.
When the risks of delay outweigh the benefits, opioid dependent patients may be relatively safely
stabilized with agonists while also tapering benzodiazepines. Because of the exponential risk of
respiratory depression and death with concomitant use of BZDs and opioids these agents should only
be used together with abundant caution (e.g., prescribed at lower than usual doses) and only after
exhausting other options. Medications such as pseudoephedrine, phenylephrine and caffeine may
have minor-moderate drug interactions with BZDs because they antagonize the sedative effects of
BZDs [74], which could lead to some patients taking more BZDs to counteract the stimulants.
BZDs can be differentiated based on pharmacokinetic properties. Lorazepam, oxazepam and
temazepam are only metabolized via glucuronidation but not oxidation through the Cytochrome
P450 (CYP) pathway. Otherwise, BZDs are CYP3A4 substrates, though some can also be CYP2C19
substrates and CYP3A4 inhibitors. Medications that have a “major” potential to increase BZD levels
are: Aprepitant, atazanavir, boceprevir, ceritinib, chloramphenicol, cobicistat, conivaptan, darunavir,
dehydroepiandrosterone, delavirdine, fluvoxamine, fosamprenavir, fosaprepitant, grapefruit juice,
idelalisib, imatinib, indinavir, itraconazole, ketoconazole, lopinavir, nefazodone, nelfinavir, ritonavir,
saquinavir, telithromycin, and tipranavir [74]. Of this list, fluvoaxime and nefazodone are particularly
concerning as they are psychotropic medications. Conversely, BZDs may increase the levels of:
Cisapride (arrhythmia risk) and lomitapide (hepatotoxicity risk). Finally, BZD levels may be reduced
by: St. John’s Wort (an over-the-counter psychotropic commonly used for anxiety and/or depression).
4. Alternatives
BZDs are often used as first-line treatments for anxiety and insomnia despite evidence supporting
equal or superior efficacy of other treatment modalities that are less associated with toxicity (e.g., behavioral
therapy for insomnia, antidepressants for anxiety) [52–54]. There are several evidence-based alternatives
for BZDs for both fast-acting/acute and chronic uses. Regardless, of the treatment used, response
should be monitored and determined based, not only on self-reported symptom changes but also
functional improvement. Recovery should be equated with “adaptation, reappraisal, and learning” [7].
Reduced anxiety and increased sleep in the presence of sedative-induced emotional numbness and
detachment, and sedative-facilitated avoidance of healthy relationships and employment do not
denote recovery.
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4.1. First-Line Treatments for Anxiety and Insomnia
Psychotherapy (e.g., CBT, exposure, relaxation, eye movement desensitization and reprocessing
(EMDR)) is the gold standard treatment for anxiety while medications are generally considered
adjunctive (only serotonergic agents are considered first-line pharmacologic monotherapies) [36,44,55].
Nevertheless, patients with anxiety are frequently prescribed medications that are not evidence-based
or supported by CPGs, and BZDs are often initiated before evidence-based treatments are even tried
or offered. While serotonergic agents have stronger efficacy for anxiety than BZDs, it is notable that a
2016 Cochrane review [56] concluded insufficient evidence exists to compare antidepressants to BZDs
for the treatment of PD in terms of efficacy and tolerability.
For insomnia, psychological and behavioral therapies (e.g., CBT including CBT for insomnia
(CBT-I), stimulus control, relaxation, sleep restriction) are the standard of care. Medications, at best,
received a “consensus” or “weak” recommendation—each the lowest recommendation from respective
insomnia CPGs [37,57]—with temazepam and triazolam being the only BZDs to receive such a
recommendation and, then, only for short-term use. Nevertheless, insomnia patients are frequently
prescribed BZDs before gold standard treatments (i.e., psychological and behavioral) or even other
evidence-based medications (e.g., ramelteon, doxepin, suvorexant) [37,57].
Because of the wide spectrum of symptoms and the varying pathophysiological components behind
mental disorders, there are no panaceas. However, while first-line treatment (e.g., psychotherapy, SSRIs)
fail to control all symptoms in all people, unlike BZDs, they do not exacerbate the symptoms and
disorders they are not effective in treating.
4.2. Additional Pharmacologic Alternatives
Serotonergic agents (e.g., SSRIs, SNRIs, tricyclics, mirtazapine, monoamine oxidase inhibitors,
trazodone, nefazodone, buspirone) have the strongest evidence of greater therapeutic effects and less
adverse effects than BZDs, but adrenergic inhibitors (e.g., propranolol, prazosin, clonidine, guanfacine),
antihistamines (e.g., hydroxyzine, diphenhydramine), anticonvulsants (e.g., gabapentin, pregabalin,
lamotrigine, topiramate, valproate), antipsychotics (e.g., quetiapine, olanzapine, risperidone),
memantine and triiodothyronine all have stronger evidence for certain anxiety/insomnia disorders
than BZDs [19,31,33,35,36,38–45]. Consideration for unique adverse effects and comorbidities should
be given. For example: Hydroxyzine may be particularly effective for people with anxiety, insomnia,
nausea/vomiting and/or allergies (all indications); amitriptyline may be particularly effective for
people with anxiety, insomnia, depression, neuralgias and/or migraines (all indications); clonidine
may be particularly effective for people with anxiety, insomnia, inattention +/− attention-deficit
hyperactive disorder, tics, cancer-related pain, and/or hypertension (all indications); lamotrigine
may not be first-line but may be used earlier in the course of successive medication trials for people
with anxiety, bipolar disorder (especially bipolar depression), and epilepsy (both indications), and/or
obesity (lack of weight gain effects); and it may be prudent to avoid (or try later in the course of
medication trials) olanzapine in those with obesity and/or diabetes (metabolic risks) but useful to try
it earlier in those with anxiety, insomnia, depression, psychosis and/or bipolar disorder.
5. Conclusions
Overwhelming evidence for or against the use of BZDs is lacking for most psychiatric disorders.
What is known is the potential for rapid anxiolysis and sedation with these medications, though
long-term, outcome-based studies are needed. The potential for abuse and addiction is high with BZDs
and should be a consideration each time they are prescribed. Due to the lack of evidence of efficacy and
presence of evidence of many risks, BZD prescription is only recommended in severe, disabling anxiety
or insomnia. Until questions about long-term BZD use are satisfactorily addressed, “the wise prescriber
will limit his prescriptions in number to patients who are severely anxious or insomniac; in dosage to
the lowest effective; and in duration to a few weeks rather than months or years” [15]. Long-term BZD
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use has no efficacy and significant harm. “The risk/benefit ratio of these drugs becomes less favorable
or even adverse as treatment becomes prolonged: Efficacy wanes and risks accumulate” [15]. Risks
include dependence, withdrawal, “chronic subtle toxicity and the interference with the underlying
psychopathology” [8]. Their greatest asset is also their greatest liability: Drugs that work immediately
tend to be addictive” [82]. Without strong evidence of efficacy and with significant evidence of risks,
a variety of evidence-based treatments should be considered prior to initiating BZD trials. Assessment
of recovery should be based on improved functioning and not merely self-reported sedation (which
often does not correlated with functional recovery).
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Consideration of whether conventional medical therapies are insufficient to treat of alleviate the
disease or condition:
According to the National Health & Nutrition Examination Survey it is estimated that at least 8.6 million
Americans take prescription sleeping pills 6. Pharmacological treatments for insomnia are not
recommended for long term use, though many providers continue to prescribe them for months, even
years. “Unfortunately, the treatment options currently available do not help most people who suffer from
insomnia. A drug that can produce a normal sleep pattern does not currently exist 7.”
Few Options Are Available for Geriatric Patients
Conventional medications for insomnia leave few options for geriatric patients. Benzodiazepines are not
recommended to treat insomnia in the geriatric population, especially for long term use. Z-drugs have
improved safety profiles but their side effects include dementia, serious injury, and fractures which should
limit their use in the geriatric population. Sedating low-dose antidepressants are an attractive option for
insomnia when the patient has comorbid depression. Antipsychotics have not been extensively studied
in older patients and significant adverse effects limit their potential use 8.
The Efficacy of Conventional Insomnia Medications Can’t be Evaluated in a Vacuum
The viability of conventional treatments for insomnia must be considered in the larger context of
concurrent drug use. According to the National Institute on Drug Abuse (NIDA) combining opioids and
benzodiazepines can be unsafe because both types of drug sedate users and suppress breathing—the
cause of overdose fatality—in addition to impairing cognitive functions. Unfortunately, many people are
prescribed both drugs simultaneously 9.
Although the primary concern with benzodiazepines and z-drugs has been the risk of dependence and
injuries, these drugs also have potentially fatal respiratory effects. Benzodiazepines depress respiration
and thus can exacerbate sleep-disordered breathing, which, in turn, can trigger life-threatening cardiac
arrhythmias. In overdose, benzodiazepines can cause airway obstruction or respiratory failure. The zdrugs also impair respiration, although to a lesser degree than for benzodiazepines. In contrast,
respiratory impairment has not been observed for trazodone, although it infrequently has serious adverse
cardiovascular effects. 10
A study conducted at Vanderbilt University 11, found that patients over 65 with concurrent opioids,
benzodiazepines and z-drugs were associated with increased out-of-hospital and total mortality. These
findings indicate that the dangers of benzodiazepine–opioid coadministration go beyond the documented
National Health & Nutrition Examination Survey (website link)
Psychology Today – Marijuana for Insomnia? Is Marijuana Better or Worse than Currently Available Drugs. April
2019 (ATTACHMENT 4)
6
7

Schroeck JL, Ford J, Conway EL, Kurtzhalts KE, Gee ME, Vollmer KA, Mergenhagen KA. Review of Safety and Efficacy of Sleep
Medicines in Older Adults. Clin Ther. 2016 Nov;38(11):2340-2372. doi: 10.1016/j.clinthera.2016.09.010. Epub 2016 Oct 15.
PMID: 27751669. (ATTACHMENT 5)
9 NIDA website – Benzodiazepines & Opioids (website link)
8

: Ray WA, Chung CP, Murray KT, Malow BA, Daugherty JR, Stein CM (2021) Mortality and concurrent use of
opioids and hypnotics in older patients: A retrospective cohort study. PLoS Med 18(7): e1003709.(ATTACHMENT 6)
11
NIDA website – Benzodiazepines & Opioids (website link)
10

the voice of Ohio’s medical cannabis industry

association with overdose death and suggest that in combination with opioids, the z-drugs may be more
hazardous than previously thought.
Nearly 30% of fatal “opioid” overdoses also involve benzodiazepines, which are often used concurrently
with opioids, raising the possibility that some of the increase in opioid related deaths could be caused by
increases in concurrent benzodiazepine/opioid use over time. Although benzodiazepines have received
less public safety attention than opioids, the combination of the two drugs is dangerous because
benzodiazepines potentiate the respiratory depressant effects of opioids. 12 Similar trends in concurrency
have been noted in Switzerland, Spain, and Australia.

BMJ 2017;356:j760 Association Between Concurrent Use of Prescription Opioids and Benzodiazepines and overdose:
Retrospective Analysis (ATTACHMENT 7)
12
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Review Article

Review of Safety and Efﬁcacy of Sleep Medicines
in Older Adults
Jennifer L. Schroeck, PharmD, BCPS, CGP; James Ford, PharmD;
Erin L. Conway, PharmD; Kari E. Kurtzhalts, PharmD; Megan E. Gee, PharmD;
Krista A. Vollmer, PharmD, BCACP; and Kari A. Mergenhagen, PharmD, BCPS AQ-ID
VA Western New York Healthcare System, Buffalo, New York
ABSTRACT
Purpose: Insomnia is problematic for older adults.
After behavioral modiﬁcations fail to show adequate
response, pharmacologic options are used. The pharmacokinetics of agents used to treat insomnia may be
altered. This review focuses on the safety and efﬁcacy
of medications used to treat insomnia.
Methods: A literature search of Medline, PubMed,
and Embase was conducted (January 1966–June 2016).
It included systematic reviews, randomized controlled
trials, observational studies, and case series that had an
emphasis on insomnia in an older population. Search
terms included medications approved by the US Food
and Drug Administration for insomnia: benzodiazepines (triazolam, estazolam, temazepam, ﬂurazepam,
and quazepam), nonbenzodiazepine receptor agonists
(non-BzRAs; zaleplon, zolpidem, and eszopiclone),
suvorexant, ramelteon, doxepin and trazodone. Offlabel drugs such as other antidepressants, antihistamines, antipsychotics, gabapentin, pramipexole, tiagabine, valerian, and melatonin were also included.
Findings: Cognitive behavioral therapy and sleep
hygiene are considered initial therapy for insomnia.
Benzodiazepines are discouraged in the geriatric population, especially for long-term use. Although nonBzRAs have improved safety proﬁles compared with
benzodiazepines, their side effects include dementia,
serious injury, and fractures, which should limit their
use. Ramelteon has a minimal adverse effect proﬁle
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and is effective for sleep-onset latency and increased
total sleep time, making it a valuable ﬁrst-line option.
Although the data on suvorexant are limited, this drug
improves sleep maintenance and has mild adverse
effects, including somnolence; residual daytime sedation has been reported, however. Sedating low-dose
antidepressants should only be used for insomnia
when the patient has comorbid depression. Antipsychotic agents, pramipexole, and tiagabine have all
been used for insomnia, but none has been extensively
studied in an older population, and all have considerable adverse effects. Gabapentin may be useful in
patients with restless leg syndrome or chronic neuropathic pain and insomnia. Diphenhydramine should
be avoided in the elderly. Valerian and melatonin are
unregulated products that have a small impact on
sleep latency and can produce residual sedation.
Implications: An ideal treatment for insomnia should
help to improve sleep latency and sleep duration with
limited awakenings and be without signiﬁcant adverse
effects such as daytime somnolence or decreased alertness. Cognitive behavioral therapy should always be
ﬁrst line treatment. Clinical inertia regarding previous
prominent use of benzodiazepines and non-BzRAs will
be a signiﬁcant challenge for patients accustomed to
their issuance. The future direction of insomnia treatment should have an emphasis on nonpharmacologic
interventions, treating comorbid conditions, and focusing therapy on using benzodiazepines and non-BzRAs
Scan the QR Code with your phone to obtain
FREE ACCESS to the articles featured in the
Clinical Therapeutics topical updates or text
GS2C65 to 64842. To scan QR Codes your
phone must have a QR Code reader installed.
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as last resorts. (Clin Ther. 2016;38:2340–2372) Published by Elsevier HS Journals, Inc.
Key words: aged, benzodiazepines, hypnotics and
sedatives, ramelteon, sleep initiation and maintenance
disorder, suvorexant.

INTRODUCTION
Insomnia is a prevalent sleep disorder that adversely
affects older adults at a rate higher than the adult
population.1 One third of adults will subjectively
describe problems falling asleep, remaining asleep, or
awakening too early.2 The elderly population will be
the largest segment of the population in the next 20
years.3 Thus, the assessment, diagnosis, and treatment of
insomnia is paramount in this age group, who are often
more vulnerable to the adverse effects of treatment.1
Despite the common misconception, insomnia is not
consistent with the normal aging process.4 The progression of sleep throughout the night, referred to commonly as sleep architecture, is composed of 3 segments
as described by using EEG and electromyographic
criteria.5 The ﬁrst segment consists of stages 1 and 2
and is characterized by light sleep. The second segment
consists of stages 3 and 4 and is characterized by deep
sleep or delta sleep. Stages 3 and 4 are believed to be
the most restorative stages of sleep. Collectively, stages
1 through 4 constitute non–rapid eye movement (nonREM). The third segment of sleep, REM sleep, occurs
during the second half of sleep, while stages 3 and 4
occur during the ﬁrst half of the sleep period. REM sleep
is also commonly referred to as “dream sleep,” and most
people will cycle through the 4 stages of sleep 4 to 5
times per night.6 Nocturnal arousals deﬁned according to
EEG activity are also very common during sleep. An
older healthy adult with no sleep complaints will have an
average of 27 arousals per hour compared with 10 to 20
arousals per hour of younger age groups.7
There are several important physiologic processes that
occur to create age-related changes in sleep that span a
lifetime. As a person ages, the average amount of sleep
time decreases to  5 to 7 hours of sleep per night.8 This
ﬁnding highlights the fact that the maximal sleep
capacity, as indicated by total sleep time (TST), will
also decrease with age. Younger patients will have a
maximal sleep capacity of 8.9 hours versus 7.4 hours in
older subjects.9 Other components of sleep architecture
will also change with age advancement. There are
increases in wakefulness after sleep onset (WASO), less
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time spent in the restorative stages of sleep, and increased
time spent awake at night.8 The increase in WASO may
be explained by the increases in nocturnal arousals as
demonstrated by EEG. Physiologic changes in circadian
rhythm will also inﬂuence the elderly to retire to bed
earlier and ultimately wake up earlier. This scenario
directly decreases both the quality and duration of sleep.10
Ironically, sleep latency is decreased in the elderly, possibly
explaining why the elderly may be more somnolent than
the younger population.11 Comprehension of these
physiologic changes that occur in sleep architecture will
assist older adults in adjusting expectations of sleep in
context with a reduction in sleep need.
Cognitive behavioral therapy for insomnia
(CBTI) is a critical approach to address behaviors and
preconceived notions of sleep that will perpetuate
insomnia in the elderly. CBTI is considered a ﬁrst-line
therapy approach for all forms of insomnia. It consists
of several ﬁrst-line interventions that may have signiﬁcant positive effects on time to sleep onset and time
awake after sleep onset.12,13 The critical components of
CBTI are based on elements of sleep hygiene and
maladaptive behavior modiﬁcations. Speciﬁcally, there
are goals to control the environment, restrict the amount
of time in bed, reduce outside stimulus, promote
relaxation through mediation and mindfulness, limit
caffeine and alcohol, and avoid daytime napping and
exercise close to bedtime. The beneﬁts of CBTI are
generally not immediately realized, but in a trial comparing it versus benzodiazepines, there were no signiﬁcant differences in time to sleep onset or TST at 4 to 8
weeks.14 Despite the impact not being immediate, CBTI
was superior when assessed 6 to 12 months after discontinuation.15 Sleep hygiene, which is a critical component
of CBTI, is not overtly effective as the sole intervention
to treat insomnia, but its components are part of an
overall behavior modiﬁcation program.16
There are barriers to appropriate implementation of
CBTI, which has the potential for a provider to rely on
prescribing a sleep agent with possible adverse effects.
Inherently, changing the course of poor sleeping habits is
a tedious process that can be met with opposition,
especially because efﬁcacy may not be realized early in
therapy. Implementation is not only time-consuming,
but the process required to initiate CBTI is not always
possible given the numerous responsibilities of the
providers. Using effective strategies for CBTI often takes
several sessions to restructure behavior; these strategies
may be met with patient indifference due to the
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immediate impact of perceived sleep deprivation. Despite
the long-term efﬁcacy, these collective challenges may
severely limit the effective use of CBTI, but this should
not belie CBTI as a proven ﬁrst-line or complimentary
treatment program for insomnia.
Unfortunately, despite guidelines that stress the
efﬁcacy of sleep hygiene and cognitive behavioral
therapy, insomnia in the elderly will routinely be treated
with medication. The goals of pharmacologic treatment
include improving sleep quality and quantity, enhancing associated daytime function, reducing sleep latency
and WASO, and increasing TST. Pharmacologic therapy for insomnia in the United States includes many
different classes of medications. Medications approved
by the US Food and Drug Administration (FDA) for
insomnia include nonbenzodiazepine receptor agonists
(non-BzRAs; zaleplon, zolpidem, and eszopiclone),
benzodiazepines (triazolam, estazolam, temazepam,
ﬂurazepam, and quazepam), the orexin receptor antagonist suvorexant, the melatonin receptor agonist ramelteon, the antidepressants doxepin and trazodone, and
off-label drugs such as other antidepressants, antihistamines, antipsychotic agents, gabapentin, pramipexole,
tiagabine, valerian, and melatonin.17
The older adult population is at an increased risk for
experiencing adverse events due to alterations of pharmacokinetic properties. The absorption of drugs is not
affected by aging due to passive absorption; however,
due to the increase in body fat, decrease in total body
water, and reduction in plasma proteins, a resulting
increase in drug elimination t½ is observed.5,18,19 Alteration in phase I metabolism in the elderly consists of the
potential for reduction in the cytochrome P450 (CYP)
system. Hypnotic agents, which are cleared through this
system, include, but are not limited to, diphenhydramine,
eszopiclone, ﬂurazepam, ramelteon, and zolpidem. Agents
such as temazepam and zaleplon that are cleared by
phase II metabolism (consisting of glucuronidation, acetylation, or sulfation) are not affected by aging.18 We
review the pharmacokinetic properties of each agent, with
an emphasis on the changes that occur in aging.
The presence of insomnia increases the risk for
falls.1,20 Insomnia has also been linked with daytime
dysfunction, decreased quality of life, development of
psychiatric disorders, and an increase in morbidity
and mortality.21–23 It has also been linked with loss of
productivity and increase in accidents.1,24
The purpose of the present review was therefore to
identify pharmacologic agents and their effect on
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sleep-onset latency (SOL), sleep duration, sleep maintenance, and residual sedation. This article highlights
a history of each agent, as well as its efﬁcacy and
safety, with emphasis in the aged population and
pharmacokinetic alterations (Table I).

MATERIALS AND METHODS
Definitions
The following deﬁnitions were used throughout the
article25,26: sleep-onset latency (SOL), the length of
time that it takes to accomplish the transition from full
wakefulness to sleep; rapid eye movement (REM)
sleep, a recurrent period of sleep characterized by
REMs that has been associated with vivid dreams;
sleep maintenance, which may be considered the
ability to stay asleep, measured by using total sleep
time (TST); TST, the total time asleep after sleep
onset; nocturnal awakening, which is characterized by
having difﬁculty returning to sleep after waking up
during the night or very early in the morning; and
wake after sleep onset (WASO), the sum of wake
times from sleep onset to the ﬁnal awakening.

Literature Search Strategy
The articles included in this review were chosen
after a search of the published English-language
medical literature. A secondary search was performed
via review of the references found from the initial
search. Non-English abstracts were included from the
secondary search if an abstract was available in
English. The search was conducted by using MEDLINE via Ovid (1966–June 2016), PubMed, and
EMBASE (1980–June 2016) and included systematic
reviews, randomized controlled trials, observational
studies, case series, and case reports that involved
neurologic effects, speciﬁcally sleep initiation and
maintenance disorders in the geriatric patient population. Search terms included medications approved by
the US Food and Drug Administration for insomnia:
benzodiazepines (triazolam, estazolam, temazepam,
ﬂurazepam, and quazepam), non-BzRAs (zaleplon,
zolpidem, and eszopiclone), the orexin receptor antagonist suvorexant, the melatonin receptor agonist
ramelteon, and the antidepressants doxepin and trazodone. Off-label drugs such as other antidepressants,
antihistamines, antipsychotics, gabapentin, pramipexole, tiagabine, valerian, and melatonin were also
included.
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Table I. Dosage, indications, metabolism, and adverse effects for commonly used insomnia medications in older adults.
Drug

Bedtime Dosage
for Older Adults

Nonbenzodiazepine receptor agonists
1 mg (sleep-onset
Eszopiclone1–5,*
latency)

Zolpidem1,6,7,*

2 mg (sleep
maintenance)
2.5 mg

Effects on Sleep

Metabolism/
Clearance

Adverse Effects

Comments

Sleep-onset
latency

Oxidation and
demethylation

Headache, unpleasant taste,
somnolence, dyspepsia,
dry mouth, dizziness

Absorption may be reduced if
taken with high-fat/heavy
meal

Sleep
maintenance
Sleep-onset
latency

Oxidation and
hydroxylation

Headache, dizziness,
drowsiness, nausea,
vomiting, anterograde
amnesia, hallucinations,
delirium, unusual
nighttime behaviors

Absorption may be delayed if
given with or immediately
after a meal

MDD, 5 mg

Zolpidem
(controlled
release)1,6,7,*

6.25 mg

5 mg/spray

Zaleplon1,6,8–13,*

5 mg

1.75 mg

Sleep-onset
latency
Sleep
maintenance
Sleep-onset
latency
Nighttime
awakening

Sleep-onset
latency

Spray directly into mouth
over tongue
Place under tongue and allow
it to disintegrate

Aldehyde oxidase
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Headache, nausea, dizziness,
somnolence, rhinitis,
asthenia, abdominal pain

Do not swallow whole
Avoid administration with or
immediately after a
high-fat meal
(continued)
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Zolpidem (oral
mist)*
Zolpidem
sublingual
tablet*

Use caution in patients with
hepatic impairment,
COPD, sleep apnea, or
depression
Swallow whole

Drug

Bedtime Dosage
for Older Adults

Effects on Sleep

Metabolism/
Clearance

Adverse Effects

MDD, 10 mg

Benzodiazepines
Estazolam1,14–20,*

Temazepam1,6,14–

0.5 mg

7.5 mg

20,*

Volume 38 Number 11

MDD, 15 mg

Comments
Avoid use in patients with
severe hepatic impairment
Contraindicated in patients
with sleep apnea,
myasthenia gravis, severe
respiratory dysfunction, or
allergy to tartrazine dye
May be taken middle of the
night as long as 4 h
available for sleep

Sleep
maintenance

Sleep
maintenance

Oxidation

Glucuronidation

Daytime drowsiness,
dizziness, lightheadedness,
dementia, fall risk, hip
fractures, mobility
problems

Drowsiness, dizziness,
dementia,
fall risk-hip fractures,
mobility problems

Short- to intermediate-acting

Caution in patients with
seizure disorder, respiratory
depression, severe hepatic
disease, or renal
impairment
Short- to intermediate-acting

Caution in patients with
seizure disorder, respiratory
depression, severe hepatic
disease, or renal
impairment
(continued)
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Table I. (continued).
Drug
Triazolam1,6,14–18,

Bedtime Dosage
for Older Adults
0.125 mg

20–23,*

Effects on Sleep
Sleep-onset
latency

Metabolism/
Clearance
Oxidation

Adverse Effects
Rebound insomnia,
anterograde amnesia,
psychological dependence,
anxiety

MDD,
0.25 mg

Flurazepam1,14–20,*

15 mg

Sleep
maintenance

Oxidation

Residual daytime sedation,
confusion, dizziness,
impaired motor
coordination, fall risk,
motor vehicle accidents

Comments
Short-acting

Caution in patients with
seizure disorder, respiratory
depression, severe hepatic
disease, or renal
impairment
Long-acting

Caution in patients with
seizure disorder, respiratory
depression, severe hepatic
disease, or renal
impairment
Melatonin receptor agonist
8 mg
Ramelteon1,24–36

5 mg
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Oxidation

Headache, somnolence,
nasopharyngitis

Does not cause CNS
depression
Avoid administration around
a high-fat meal
Minimal abuse potential
Minimal withdrawal effects

Sleep induction

Oxidation

Somnolence, fatigue,
headache,
dry mouth, residual

Administration 30 min before
bedtime
(continued)
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Orexin antagonist
Suvorexant6,37–39

Sleep-onset
latency

Drug

Bedtime Dosage
for Older Adults

Effects on Sleep

Metabolism/
Clearance

Adverse Effects

Comments

daytime sedation, sleep
paralysis,
fall risk

Antidepressants
Trazodone6,40,41

MDD,
20 mg

Sleep
maintenance

25 mg

Sleep
maintenance

Require minimum sleep
period of
7h
Oxidation

Residual daytime sedation,
orthostasis, headache,
nausea, vomiting,
xerostomia

MDD,
100 mg

Mirtazapine6,42–46,

7.5 mg

Sleep-onset
latency

MDD,
30 mg
3 mg

Nighttime
awakening
Sleep
maintenance

*

Doxepin6,47,*

Oxidation,
demethylation,
hydroxylation

Residual daytime sedation,
anticholinergic effects,
weight
gain

Oxidation

Headache, somnolence,
sedation,
mild anticholinergic effects
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MDD,
6 mg

Miscellaneous
Gabapentin6,48–51

100 mg

Lacks anticholinergic activity

Indicated for insomnia
secondary to depression,
alcohol dependence,
substance abuse
Beneﬁcial in patients with
comorbid depression

Brand name product only

Administration 30 min before
bedtime
Separate with food for at
least 3 h
Sleep
maintenance

Renal clearance

Drowsiness, somnolence

Beneﬁcial in patients with
comorbid restless leg
(continued)
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Table I. (continued).
Drug

Bedtime Dosage
for Older Adults

Pramipexole52

MDD,
900 mg
0.125 mg

Tiagabine53

MDD,
0.5 mg
2 mg

Effects on Sleep

Metabolism/
Clearance

Adverse Effects

Comments
syndrome or chronic
neuropathic pain
Dose adjustment in renal
impairment
Use should be limited to
patients with rapid eye
movement sleep behavioral
disorder
Administration 2–3 h before
bedtime
8-mg dose associated with
residual effects and
reduced alertness

Sleep
maintenance

Renal clearance

Insomnia, hallucinations

Sleep
maintenance

Oxidation

Drowsiness

Sleep-onset
latency
Sleep
maintenance

Oxidation

Residual daytime sedation,
anticholinergic effects,

Tolerance development

Sleep-onset
latency

Not well
established

Drowsiness, headache,
depression

Inconsistent results

Sleep-onset
latency

Not well
established

Residual daytime sedation

Administer within 1 h of sleep

MDD,
8 mg
Over-the-counter
Diphenhydramine54–56,*

12.5 mg
MDD,
50 mg
300 mg

Melatonin61–64

MDD:
600 mg
1 mg
MDD, 2 mg
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CNS = central nervous system; COPD = chronic obstructive pulmonary disease; MDD = maximum daily dose.
*
Medication appears in the Beer’s criteria. Updated Beers Criteria for Potentially Inappropriate Medication Use in Older Adults in 2015.
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Herbal
Valerian57–60
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Table II. Pharmacokinetics of benzodiazepines approved for use in insomnia.
Generic
Name

Tmax, h t½, h*

Dose in Elderly,
mg

Metabolic Pathway

Estazolam
Flurazepam

2
1

12–15
8

0.5
Avoid

Oxidation
Oxidation

Quazepam

2

39

Avoid

Temazepam
Triazolam

1.5
1

10–15
2

7.5
0.125

Oxidation, Ndealkylation
Glucuronidation
Oxidation

*

Clinically Signiﬁcant
Metabolites
—
Hydroxyethylﬂurazepam, ﬂurazepam
aldehyde
2-Oxo-quazepam, Ndesalkylﬂurazepam
—
—

The t½ of the parent drug.

RESULTS
Benzodiazepines
First synthesized in the mid-1950s, benzodiazepines
offered sedative/hypnotic, anxiolytic, anticonvulsant, and
muscle-relaxing properties without the toxicity and overt
lack of dependence common with barbiturates.27 The
perceived beneﬁts of benzodiazepines coupled with the
alleged lack of adverse effects led to these agents becoming the most commonly prescribed drugs worldwide by
the late 1970s.28 Ironically, during this same time period,
it was noted that patients were developing dependence on
benzodiazepines after chronic use, and withdrawal
symptoms occurred when these medications were
discontinued.29 As time progressed, benzodiazepine use
was associated with numerous class effects, including
daytime sedation, delirium, ataxia, anterograde memory
disturbance, fractures, falls, motor vehicle accidents, and
rebound insomnia.5,30,31
The benzodiazepine class of medications remains
frequently used in the treatment of sleep disorders in the
elderly, despite well-documented dangers. Its use is 3
times more frequent in older adults.32 Nearly one third of
older adults prescribed benzodiazepines were using them
on a long-term basis, which corresponds with greater risk
of fractures, cognitive decline, and dependence.32–36
Benzodiazepines approved by the FDA for the treatment of short-term insomnia include triazolam, estazolam, temazepam, ﬂurazepam, and quazepam.37–41 This
class of medications improves insomnia by reducing
time to REM sleep, shortening SOL, and decreasing
nocturnal awakenings.5,19 These agents bind to the
γ-aminobutyric acid (GABA) receptors in the central
nervous system (CNS), resulting in the inhibition of
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neuronal excitation.42,43 GABA receptors are present
throughout the brain, including the ventral lateral
preoptic area that controls sleep.44 Older adults experience changes in the GABA neurotransmitter system,
which results in an increased sensitivity to benzodiazepines and predisposes these patients to ataxia,
sedation, and cognitive impairment.18,45,46
Older patients are more susceptible to the potential
adverse effects of benzodiazepines because of altered
pharmacokinetics and pharmacodynamics.47 Triazolam
is absorbed rapidly after oral administration and has
an onset of action within 0.5 hour, whereas temazepam is less lipophilic and has a slower onset of action ( 1
hour).1,43 Onset of action for estazolam, ﬂurazepam, and
quazepam occurs 1 to 2 hours after ingestion (Table II).
Medication duration of action and adverse effect
proﬁle may be attributed to elimination t½ and active
metabolites.1,48 Metabolism occurs primarily through the
liver via oxidation, nitroreduction, and glucuronidation.
Temazepam is metabolized exclusively via glucuronidation, whereas the other benzodiazepine hypnotic agents
are metabolized by hepatic microsomal oxidation followed by glucuronide conjugation.43 Oxidative capacity
is reduced with aging, resulting in a prolonged elimination t½; glucuronidation is not affected by aging.
Therefore, with the exception of temazepam, the benzodiazepine hypnotic agents have a prolonged elimination
t½ in aged subjects.1,44,48,49 This Phase I metabolism of
oxidation and reduction through the CYP enzyme system
creates a potential for altered pharmacokinetics related to
age. Changes in drug metabolism will also potentiate
drug–drug interactions due to competing CYP inducers,
inhibitors, and substrates.1,18 Alternatively, triazolam,
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which is metabolized by the CYP3A4 isoenzyme, is
contraindicated with concurrent use of CYP3A4 inhibitors such as ketoconazole, itraconazole, nefazodone,
ritonavir, indinavir, nelﬁnavir, saquinavir, or lopinavir.37,45,50 Triazolam, estazolam, and temazepam lack
clinically signiﬁcant metabolites. Flurazepam and quazepam have a long elimination t½ and active metabolites
that have the potential to accumulate with repeated
dosing.43 Renal excretion of benzodiazepines is minor.19
Benzodiazepine indication for use is based on the
speciﬁc medication’s pharmacokinetic parameters and
safety proﬁle. The benzodiazepines’ elimination t½
ranges from very short to extended.1,43 With a very
short t½ and quick onset, triazolam is indicated for
sleep-onset insomnia. Flurazepam, quazepam, estazolam, and temazepam, with their intermediate to long
t½ ﬁndings and slower onset of action, are indicated for
sleep maintenance insomnia.50,51 Triazolam would
seem to be the benzodiazepine of choice with its
quick onset and short t½; however, it is well documented
that triazolam causes rebound insomnia, anterograde
amnesia, psychological dependence, and anxiety.37,51,52
Triazolam is therefore not considered a ﬁrst-line agent.12
Flurazepam and quazepam should be avoided in the
elderly due to the long t½ ﬁndings and active metabolites of these agents.19,50 These long-acting agents are
associated with signiﬁcant daytime hangover effect, confusion, dizziness, impaired motor coordination, increased
risk of falls resulting in fractures, and increased risk of
motor vehicle accidents.53–58 Concomitant administration
with alcohol or other CNS depressants can potentiate the
CNS effects and should be avoided.51,59 Benzodiazepines
must also be used with caution in patients with seizure
disorders, respiratory depression, severe hepatic disease, or
renal impairment.51
Benzodiazepines have been commonly studied for short
duration of use. Glass et al60 reviewed 24 randomized
controlled trials of any pharmacologic treatment for insomnia for at least 5 consecutive nights in people aged 460
years with insomnia. Signiﬁcant results included improvement in sleep quality, TST (mean, 34 minutes), and
decreased nighttime awakenings with benzodiazepine use
compared with placebo. Adverse events with benzodiazepines were more common, including cognitive events
and adverse psychomotor events, and were statistically
signiﬁcant; the effect size was small, however, and the
clinical beneﬁts were modest at best. In individuals aged
460 years, the beneﬁts of benzodiazepines may not
justify the increased risk of adverse events.
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A large meta-analysis reviewing the use of benzodiazepines in the treatment of insomnia illustrated the
lack of well-controlled studies regarding the efﬁcacy of
long-term exposure to these medications in patients
with chronic insomnia. Holbrook et al61 performed a
meta-analysis of 45 randomized controlled trials of
benzodiazepine use in insomnia in subjects of all ages.
Only 15 of these studies included patients aged
465 years. Compared with placebo, benzodiazepines
nonsigniﬁcantly decreased SOL by 4.2 minutes and
signiﬁcantly increased total sleep duration by 61.8
minutes (95% CI, 37.4–86.2). As expected, daytime
drowsiness, dizziness, and decline in cognitive function were reported in the active treatment arm, leaving
the question of risk versus beneﬁt. No benzodiazepine
has been evaluated in randomized controlled trials
exceeding 12 weeks, making long-term safety and
efﬁcacy of benzodiazepines in chronic insomnia difﬁcult to be determined.58
Temazepam is the most commonly used benzodiazepine for insomnia.62 In a small study of older adults,
temazepam 7.5 mg was evaluated in a sleep laboratory using a 14-night protocol (4 placebo baseline
nights, 7 drug nights, and 3 placebo withdrawal
nights). Short-term use of temazepam was effective
in producing a signiﬁcant improvement in TST from
baseline with no major CNS and behavioral adverse
effects. This study also reported no signiﬁcant increase
in rebound insomnia.63
The evidence of harms associated with benzodiazepines from the 2016 American College of Physicians
(ACP) guidelines from randomized controlled trials
focused mostly on withdrawal phenomena. However,
there were observational studies that linked benzodiazepines to daytime drowsiness, dizziness or lightheadedness,
dementia, increased risk for falls, hip fractures, mobility
problems, and an increased incidence of cancer.17,64,65
Similarly, the American Geriatrics Society published the
Updated Beers Criteria for Potentially Inappropriate
Medication Use in Older Adults in 2015 and strongly
recommends avoiding benzodiazepines in elderly patients
due to increased risk of cognitive impairment, delirium,
falls, fractures, and motor vehicle crashes.66 The role of
benzodiazepines in clinical practice for insomnia is clearly
diminishing. The 2014 Clinical Guideline for the
Treatment of Primary Insomnia in Middle-Aged and
Older Adults from the Agency for Healthcare Research
and Quality recommends against the use of benzodiazepines in primary insomnia.67
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Benzodiazepine use, even for only a few days, has
the potential to cause physical dependence.27,47
Abrupt discontinuation of benzodiazepines may result
in withdrawal symptoms. Typical symptoms include
agitation, anxiety, dysphoria, rebound insomnia, tachycardia, diarrhea, increased awareness of sensory
stimuli, perceptual disturbances, depersonalization,
confusion, delirium, and seizures.47,68 After longterm use, the benzodiazepine dosage should have a
gradual tapering of 5% to 10% every 1 to 2 weeks to
discontinue.28 Elderly patients had better outcomes
and demonstrated less severe withdrawal symptoms
during a gradual tapering off of benzodiazepines.69
In summary, benzodiazepine use is discouraged in
the elderly and should be avoided. If a benzodiazepine
medication is used, then the lowest dose for the
shortest duration is preferred. Regular reassessment
of the beneﬁts and risks is recommended, with followup visits scheduled at least every 6 months to monitor
for efﬁcacy, side effects, tolerance, and appropriate
medication use.12,30 Gradual dose tapering, as opposed to abrupt discontinuation, is safer and less
likely to lead to withdrawal symptoms.70

Nonbenzodiazepine Receptor Agonists
Non-BzRAs, sometimes referred to as nonbenzodiazepine sedative-hypnotics, were ﬁrst developed in
the 1980s with the intent of overcoming the deleterious aspects of benzodiazepine therapy. These medications are commonly referred to as the “Z drugs”
and include zolpidem, zopiclone, eszopiclone, and
zaleplon.
Because of the known adverse events associated
with benzodiazepines, the trend in the past decade has
been to use non-BzRAs.71–73 With proven efﬁcacy, as
well as the reduced possibility of dependence and
withdrawal, non-BzRAs are now the most commonly
prescribed hypnotic agents worldwide.74–76 The percentage of ofﬁce visits by patients aged Z65 years
during which a non-BzRA was prescribed increased
almost 1200% from 1999 (0.2%) to 2010 (2.5%).77
Analysis of data from the National Ambulatory
Medical Care Survey over a 15-year period (1993–
2007) showed that prescriptions for non-BzRAs grew
21 more times rapidly than sleeplessness complaints
and 5 times more rapidly than diagnoses for insomnia,
indicating non-BzRAs are being prescribed without
documented patient complaint or diagnosis.75
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The 2014 guidelines of the Agency for Healthcare
Research and Quality and the 2016 ACP guidelines
recommend that all adult patients receive CBTI as the
initial treatment for chronic insomnia.17,67 ACP cautiously recommends adding pharmacologic therapy
when CBTI is unsuccessful.17 If a pharmacologic
agent is to be used, low-quality evidence showed that
eszopiclone improved global and sleep outcomes and
zolpidem decreased SOL.17
Non-BzRAs are not benign agents. Evidence of
harm according to observational studies has linked
these medications with infrequent but serious adverse
effects, including dementia, delirium, sleepwalking,
serious injury, fractures, and increased cancer risk
(zolpidem).17,64,65,78–80 Use is associated with an increase in hospitalizations and motor vehicle accidents,
which can limit future independence and functionality.66
There is insufﬁcient evidence to evaluate the balance of
beneﬁts and harms associated with long-term use of
pharmacologic treatment in adults with chronic insomnia, and the ACP guidelines mirror FDA approvals that
these pharmacologic agents should be for short-term use
of 4 to 5 weeks only.17 The FDA also recommends
lower doses for elderly patients and that patients with
insomnia that does not resolve after 7 to 10 days be
further evaluated.17,81 The American Geriatrics Society
2015 Updated Beers Criteria for Potentially Inappropriate Medication Use in Older Adults strongly recommends avoiding non-BzRAs in elderly patients without
consideration for duration of use due to their minimal
efﬁcacy in treating insomnia but signiﬁcant risk for
possible adverse effects.
Similar to benzodiazepines, non-BzRAs bind to the
GABA receptor complex. The GABA receptor is a
multicomponent transmembrane protein complex
with multiple ligand binding sites, with GABA receptors classiﬁed based on pharmacologic binding studies.82 GABAB receptors are coupled to calcium and
potassium channels. Functioning as an ion channel
that alters chloride ion conduction across the cell
membrane, the GABAA complex is the major
inhibitory receptor in the CNS. GABAA receptors
are composed of 5 subunits that form a central ion
channel with at least 19 different receptor subunits,
each deriving from 1 of 7 distinct gene families: α1–6,
β1–3, γ1–3, δ, ε, π, and θ.73,82–85 These GABAA
receptors and subunit compositions are what mediate
the physiologic effects associated with sedativehypnotic agents, including sedation, anxiolysis, muscle
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relaxation, amnesia, and other cognitive effects. It has
been hypothesized and tested in animal models that
this binding to the individual subunit is responsible for
producing an agent’s unique pharmacologic response.86 The α1-receptors selectively mediate
sedation and hypnotic effects, whereas the α2-, α3and α5-receptors mediate anxiolytic pathways.73,83
Anticonvulsant, ataxic, and muscle-relaxing effects
are controlled by a number of different receptors.73,85
Benzodiazepines bind nonselectively to the GABAA
receptor α subunits, resulting in the sedative, hypnotic,
anticonvulsant, muscle relaxant, and anxiolytic properties and corresponding adverse effects. The nonBzRAs are chemically distinct from the benzodiazepines and bind more selectively to the GABAA receptor α1 subunits, resulting in more therapeutic sedative
and hypnotic effects with less risk of negative
consequences.
All of the non-BzRAs are Schedule IV controlled
substances, which brings an inherent concern for
potential abuse. Initial clinical trials reported no evidence of abuse or dependence potential with zolpidem.87A postmarketing surveillance report involving a
literature review of case reports from 1996 to 2002
found similar rates of zolpidem abuse in men and
women from all age groups, with most cases involving
individuals with drug and alcohol abuse problems and/
or psychiatric illness.72 The French study performed by
Victorri-Vigneau et al88 concluded that zolpidem has
potential for abuse and dependence and should be used
with caution in patients who have a history of
substance abuse. The 2014 Drug Abuse Warning
Network Report highlighted the increased emergency
department visits attributed to overmedication with
zolpidem, showing that 11% of these visits involved
patients Z65 years old.89

Zolpidem
Zolpidem is a short-acting α1-selective imidazopyridine with intermediate potency at the α2 and α3
receptors that is available as an immediate-release
tablet, controlled-release (CR) tablet, a sublingual
tablet, and an oral spray mist formulation.83,84,90
The immediate-release zolpidem formulations are
FDA indicated for the short-term treatment of insomnia characterized by difﬁculties with sleep initiation,
whereas the CR tablet is approved for difﬁculty of
sleep onset and/or sleep maintenance. The sublingual
tablet is indicated for as-needed, middle-of-the-night
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awakening. Recommended dosing for elderly patients
is 5 mg for the immediate-release tablet and spray,
6.25 mg for the CR formulation, and 1.75 mg for the
sublingual middle-of-the-night tablet.90,91 Administration of zolpidem with or immediately after a meal may
delay absorption; thus, it should be taken on an empty
stomach.
Zolpidem is rapidly absorbed, with an absolute oral
bioavailability of 70%.92 The onset of effect is rapid,
usually within  30 minutes to 1 hour depending on
formulation. Peak plasma concentrations are achieved
within 1.2 to 2.5 hours.73,84,90,91 In elderly patients,
both Cmax and AUC were signiﬁcantly increased compared with younger people, explaining why dose reduction to 5 mg nightly in the elderly is recommended.82
Zolpidem undergoes extensive hepatic metabolism via
CYP isoenzymes, primarily CYP3A4 and to a lesser
degree CYP1A2 and CYP2C9, to 3 inactive metabolites.
Oxidation and hydroxylation are the major routes of
metabolism, with up to 96% of the administered dose
eliminated as metabolites in the urine, feces, or
bile.82,92,93 Elimination t½ varies depending on route
of administration and ranges from 2.5 to 3 hours.90,91
Zolpidem is highly protein bound in plasma (92%);
however, the unbound fraction increases in patients
with renal or hepatic failure.93,94 Large increases in
elimination t½ along with Cmax and AUC were seen in
patients with cirrhosis, resulting in recommendations
regarding dose reductions.94 Although not speciﬁcally
recommended in package labeling, patients with renal
insufﬁciency or those undergoing dialysis had slower
elimination rates and increased AUC, which may
necessitate dose reductions.90,91,93,94 Combining alcohol
or other CNS depressant medications (antipsychotics,
antidepressants, hypnotics, anxiolytics/sedatives, narcotic analgesics, anticonvulsants, anesthetics, and sedating antihistamines) may enhance the CNS depressant
effects of zolpidem.92 With zolpidem being metabolized
via CYP isoenzymes, coadministration with inhibitors
or inducers of CYP3A4 isoenzymes can result in
signiﬁcant drug interactions. When zolpidem is
combined with multiple doses of a CYP3A4 inducer
such as rifampicin, signiﬁcant decreases in the AUC,
Cmax, and elimination t½ and pharmacodynamic effects
can be seen. Conversely, CYP3A4 inhibitors have the
potential to increase AUC and elimination t½ and
decrease the oral clearance of zolpidem. Ketoconazole
has been linked to zolpidem-related impairment of
psychomotor function.87
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Zolpidem has proven efﬁcacy for decreasing SOL
and improving TST in the elderly.95 In a double-blind,
placebo-controlled trial performed by Leppik et al,96
335 elderly patients ages 60 to 85 years were
randomized to receive 28 days of double-blind treatment with zolpidem 5 mg, triazolam 0.125 mg,
temazepam 15 mg, or placebo followed by a 4-day
single-blind, placebo withdrawal period. Over the
4-week treatment period assessed by using patient
questionnaires, zolpidem and temazepam (but not
triazolam) produced signiﬁcantly shorter SOL. Sleep
duration was increased above baseline levels in all
groups, and no tolerance or rebound insomnia above
baseline was noted in any of the treatment groups.
Patients taking temazepam experienced a signiﬁcantly
higher incidence of drowsiness and fatigue compared
with zolpidem and placebo. Triazolam produced a
signiﬁcantly higher incidence of nervousness compared with zolpidem. The most common adverse
effects associated with zolpidem included headache,
myalgia, nausea, and upper respiratory tract infection.
Zolpidem’s adverse effects seem to be dose related.
When dosed at 5 mg daily, zolpidem is generally well
tolerated in elderly patients with insomnia.94 The
most frequent adverse events documented in postmarketing studies are headache, dizziness, drowsiness,
nausea, and vomiting.92 As long-term experience with
zolpidem accumulated, more adverse effects were
identiﬁed. There have been case reports of anterograde amnesia, hallucinations, and delirium, along with
unusual nighttime behaviors such as sleep-eating,
sleep-sex, and sleep-driving.44,92 These unusual nighttime behaviors associated with zolpidem gained much
media attention, prompting the FDA in December
2006 to request that the labeling of all medications
approved for the treatment of sleep disorders include a
warning about rare and potentially serious adverse
effects. Labeling now includes warnings for anaphylaxis and angioedema along with an increased risk for
hazardous sleep-related activities such as sleep-driving, preparing and eating food, making telephone
calls, or having sex while asleep.97,98 Other potentially
serious adverse effects associated with zolpidem in the
older adult include balance impairment, memory
impairment, driving impairment/motor vehicle
crashes, increased risk of fracture, and higher risk of
major injury requiring hospitalization17,66,79,80,99–101
The incidence of rebound insomnia with zolpidem is
minimal, except for the zolpidem CR formulation.92
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This formulation consists of a bilayer tablet that
immediately releases a portion of zolpidem, followed
by a slower release of the remaining medication during
the middle portion of the night (3–6 hours after
dosing).102 This process enables therapeutic plasma
concentrations to be maintained. In a clinical study
performed by Walsh et al, zolpidem CR demonstrated
improvements in both SOL and sleep duration in
elderly patients with primary insomnia during a
3-week period.102,103 Compared with placebo, zolpidem CR exhibited no next morning residual effects,
and the overall incidence and nature of adverse effects
were comparable between the 2 groups. Abrupt discontinuation of zolpidem CR has the potential to
produce a single night of rebound insomnia.95,97

Zaleplon
Zaleplon is a pyrazolopyrimidine that also binds
selectively to the GABAA α1-receptor subunit but to a
lesser degree than zolpidem.83,84 Zaleplon is FDA
approved for the treatment of short-term treatment
of chronic insomnia. Of all the “Z drugs,” zaleplon is
the shortest acting. With a rapid onset of action ( 30
minutes) and a short duration of action (2–4 hours),
zaleplon is an ideal option for patients who exhibit
problems with sleep latency.68 Zaleplon also has the
advantage of being used for nighttime wakening as
long as the patient has 44 hours of sleep time
remaining before wakening.81,91
A review of pharmacokinetic parameters shows that
zaleplon undergoes signiﬁcant ﬁrst-pass hepatic metabolism with only 30% available systemically.82 It is
metabolized via aldehyde oxidase along with minor
metabolism from the CYP system, mainly by the
CYP3A4 isoenzyme to inactive metabolites.82,104,105
Because CYP metabolism is not the primary means of
activation, zaleplon may be less susceptible to drug
interactions related to the induction or inhibition of the
CYP system.83 Even with the minor CYP activity, when
administered concurrently with strong CYP3A4
inducers including rifampin, phenytoin, carbamazepine, and phenobarbital, zaleplon’s Cmax and AUC
may be signiﬁcantly decreased.105 Cimetidine inhibits
both aldehyde oxidase and CYP3A4 and has been
shown to cause an 85% increase in the mean Cmax and
AUC of zaleplon; the zaleplon dose should be reduced
if prescribed along with cimetidine or should be
avoided altogether. Potent CYP3A4 inhibitors including ketoconazole, itraconazole, and erythromycin may
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increase the Cmax of zaleplon, yielding a prolonged
effect.83,91,105 Combining alcohol or other CNS depressant medications (antipsychotics, antidepressants, hypnotics, anxiolytics/sedatives, narcotic analgesics,
anticonvulsants, anesthetics, and sedating antihistamines) can result in increased CNS depressant
effects.91,104 Cmax is 1 hour, and the elimination t½
is  1 hour. Age has not been found to signiﬁcantly
affect the pharmacokinetics of zaleplon, although
further study is need in this area.83
Ancoli-Israel et al106 performed a randomized,
placebo-controlled outpatient study to determine the
efﬁcacy and safety of zaleplon in elderly patients.
Using patient questionnaires, sleep was assessed in
549 patients aged Z65 years. Outcomes concluded
that zaleplon effectively reduced sleep latency with no
clinically signiﬁcant rebound insomnia after treatment
discontinuation. A multicenter, double-blind, randomized, placebo-controlled, 2-week outpatient study was
performed in Europe by Hedner et al107 with the
objective of reviewing the safety and efﬁcacy of zaleplon in patients Z65 years old. Study results concluded that zaleplon signiﬁcantly reduced sleep latency
and improved sleep quality in elderly patients with no
signiﬁcant difference in adverse events. Rebound
insomnia was not seen with the 5-mg dose in the
study, but there was a weak indication for rebound
insomnia noted the ﬁrst night after the 10-mg dose was
discontinued. These 2 studies showed that the tolerability proﬁle of zaleplon was similar for both elderly
and nonelderly patients, with the overall incidence of
adverse events being similar to placebo.104,106,107
Ancoli-Israel et al108 examined the results of longterm use of zaleplon in older adults after 1 year in a
single-blind, open-label multicenter (United States and
Europe) study, which was an extension phase of
2 randomized, double-blind trials. The investigators
concluded that long-term therapy with zaleplon is safe
and effective for community-dwelling older adults with
primary insomnia. Although double-blind, placebocontrolled studies would be needed to conﬁrm these
results, the open-label study provides evidence that
zaleplon is not associated with rebound in time to sleep
onset, sleep duration, or number of middle of the night
awakenings.
During double-blind, placebo-controlled trials in
42000 patients, the most common treatmentemergent study adverse events were headache (28%),
nausea (7%), dizziness (7%), somnolence (5%),
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rhinitis (5%), asthenia (5%), and abdominal pain
(5%).109 These adverse events were reported with a
frequency comparable to that of placebo that did not
increase with patient age.
Zaleplon is available in 5- and 10-mg tablets.
Recommended dosing for elderly patients is 5 mg
immediately before bedtime, with a maximum daily
dose of 10 mg.91 Although a dosage reduction is not
recommended in patients with impaired renal
function, this medication has not been extensively
studied in patients with severe renal impairment.
Zaleplon should be avoided in patients with severe
hepatic impairment and is contraindicated in patients
with sleep apnea syndrome, myasthenia gravis, severe
respiratory dysfunction, or an allergy to tartrazine
dye.81,91,104 Administration of zaleplon with or immediately after a high-fat meal may delay onset of
action and is therefore not recommended.81,91

Eszopiclone
First synthesized by researchers in the 1970s, racemic zopiclone has been available for use outside of the
United States for decades.110,111 Eszopiclone is the S
(þ)-enantiomer of zopiclone, which was reported in
preclinical studies to be more active than the racemic
zopiclone, although there is insufﬁcient evidence to
prove signiﬁcant clinical beneﬁt.84,110 With no structural similarity to zolpidem, zaleplon, or the benzodiazepines, eszopiclone is a pyrrolopyrazine derivative of
the cyclopyrrolone class.112 Unlike zolpidem and
zaleplon, eszopiclone demonstrates little or no
selectivity for the GABAA receptors, with binding
proﬁles similar to benzodiazepines but with more
intense agonist activity with certain GABAA receptor
subtypes.82 It is speciﬁcally indicated for patients with
difﬁculty falling asleep as well as for patients who have
trouble with sleep maintenance.91,113,114
The majority of pharmacokinetic data published for
eszopiclone is based on zopiclone.112,115 After oral
administration, eszopiclone is rapidly absorbed and
extensively distributed to body tissues, with peak concentrations occurring within 1 hour.111,113 Plasma
protein binding ranges from 52% to 59%, and disposition is not affected by protein binding–related drug–
drug interactions.112,114 Eszopiclone is metabolized
primarily in the liver through oxidation and demethylation via CYP isoenzymes CYP3A4 and CYP2E1 to
2 principal metabolites, (S)-zopiclone-N-oxide and
(S)-N-desmethylzopiclone. The desmethyl metabolite is
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active and binds to the GABA receptor, which contributes to the sleep-inducing and maintenance effects of the
parent drug.111,113,116 Eszopiclone is primarily excreted
through the urine with o10% excreted as parent drug.
The t½ of eszopiclone is  6 hours in healthy adults, but
clearance is reduced in patients Z65 years old, resulting
in an increased AUC (41%) and t½ of 9 hours.
Absorption of eszopiclone may be reduced if a high-fat/
heavy meal is consumed at dosing time.114 Combining
alcohol or other CNS depressant medications (antipsychotics, antidepressants, hypnotics, anxiolytics/sedatives,
narcotic analgesics, anticonvulsants, anesthetics, and
sedating antihistamines) with eszopiclone can result in
increased CNS depressant effects.113,114,116 With metabolism through CYP isoenzyme CYP3A4, concurrent
administration of a potent CYP3A4 inhibitor (ketoconazole, itraconazole, nefazodone, nelﬁnavir, ritonavir,
and clarithromycin) may increase the AUC, Cmax, and
t½ of eszopiclone. If these inhibitors are going to be
taken concurrently, the dose of eszopiclone should be
reduced to 1 mg nightly with a maximum dose of 2 mg.
When combined with the CYP3A4 inducer rifampicin,
the exposure and effects of eszopiclone are signiﬁcantly
decreased.114
The efﬁcacy of eszopiclone in older adults (aged
64–86 years) was documented in 2 short-term use
(2 weeks) trials and one 12-week trial.111,117–119 Scharf
et al118 performed a randomized, double-blind, placebocontrolled, multicenter outpatient study to evaluate the
efﬁcacy of eszopiclone in elderly patients with primary
insomnia. This study comprised 231 patients aged 65 to
85 years who received either placebo, eszopiclone 1 mg,
or eszopiclone 2 mg nightly for 2 weeks. Eszopiclone
1 mg nightly was effective at inducing sleep, whereas
eszopiclone 2 mg nightly was effective in reducing SOL
and WASO. Compared with placebo, eszopiclone 2 mg
nightly improved sleep quality and depth, daytime
alertness, and quality of life. In a 2-week, multicenter,
randomized, double-blind, placebo-controlled study,
McCall et al119 included 255 patients who received
either eszopiclone 2 mg or placebo nightly. Results
revealed that eszopiclone was associated with signiﬁcantly shorter SOL, less WASO, higher sleep efﬁciency,
more TST, and greater patient-reported quality and
depth of sleep scores than placebo (P o 0.05 for all)
with a trend in patient-reported morning sleepiness (P ¼
0.07). Although the aforementioned studies illustrate the
safety and efﬁcacy of eszopiclone for short-term use,
there is a lack of pharmacologic studies examining long-

2354

term use. In a 12-week, multicenter, randomized,
double-blind, placebo-controlled trial with a 4-week
follow-up, Ancoli-Israel et al108 evaluated the safety
and efﬁcacy of eszopiclone in patients aged 65 to 85
years of age with insomnia. There was signiﬁcant
improvement in the TST, SOL, and WASO from
baseline compared with placebo.
Eszopiclone clearance is not altered in mild, moderate, or severe renal insufﬁciency, and no dose
reduction is recommended for patients with renal
failure.91,111,112,114 Dose reduction is not recommended in mild to moderate hepatic impairment;
however, severe hepatic impairment will double systemic exposure and requires a dose reduction to 1 mg,
with a maximum dose of 2 mg. There is no speciﬁc
patient population in whom eszopiclone use is contraindicated, but it should be used in caution in patients
with depression, hepatic impairment, and respiratory
dysfunction.91,114 The most common adverse effects
associated with eszopiclone were headache, unpleasant taste, somnolence, and dyspepsia.118,119

Ramelteon
The signiﬁcant individual, social, and economic
effects of insomnia, as well as the expected adverse
reactions of many other current treatments, have set
the stage for novel treatment approaches to insomnia.
The role of melatonin, once thought to be a potential
panacea for insomnia treatment, has fueled interest in
the development of ramelteon, a novel melatonin
agonist.
Melatonin innervates the suprachiasmatic nucleus
via the G protein–coupled receptors (MT1/MT2). Both
receptors are highly expressed in the suprachiasmatic
nucleus, which helps to regulate the primary mammalian circadian rhythm. The biological mechanism led
to the development of receptor agonist targets for
MT1 and MT2 receptors, and ramelteon became the
ﬁrst novel MT1/MT2 melatonin receptor agonist.120
From a pharmacodynamic standpoint, ramelteon
exhibits 6- and 4-fold higher binding afﬁnity for MT1
and MT2 receptors, respectively, compared with melatonin.121 It has low afﬁnity for the MT3-binding site,
which is considered negligible in its importance to the
sleep–wake cycle. Interestingly, ramelteon has great
selectivity for melatonergic receptors, limiting adverse
effects.122 This ﬁnding is especially important in
elderly patients who may be more vulnerable to
adverse reactions. Ramelteon is distinguishable from
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other common competitors in the insomnia market in
that it does not cause general CNS sedation.122–124
In contrast, ramelteon functions to positively alter the
sleep–wake cycle to improve sleep latency.
Ramelteon is rapidly absorbed after oral administration. Despite this action, it has a relatively low
bioavailability due to a high ﬁrst-pass metabolism and
probable tissue uptake.120,125 It is more lipophilic
than melatonin and has a longer t½.126 The longer
t½ may partially explain why ramelteon has greater
efﬁcacy in improving sleep maintenance compared
with melatonin. Administration of ramelteon with
food showed a decrease in Cmax and a delay in Tmax
compared with the fasting state.120 Administration
should therefore be avoided around a high-fat meal.
Ramelteon undergoes extensive oxidative metabolism,
leading to 4 oxidative metabolites (MI–MIV).127
Metabolite II has the highest plasma concentrations
and longer t½ compared with the other metabolites.
This could be the major contributor of the
pharmacologic effects of ramelteon.128 CYP1A2 is
the enzyme predominantly involved in ramelteon
biotransformation. CYP2C subfamily enzymes and
CYP3A4 seem to play a minor role.120 It is mostly
eliminated in the urine (Z84%) and feces (4%).
Elderly patients will have differences in systemic
exposure of ramelteon compared with younger counterparts. A small study completed by Greenblatt
et al129 found that elderly subjects given a 16-mg
dose of ramelteon had a longer t½, greater Cmax, and
reduced clearance. A potential explanation for these
ﬁndings may stem from reduced phase I metabolism in
the elderly, which is in part dependent on CYP
metabolism. Despite the higher mean AUC, there were
no signiﬁcant pharmacodynamic effects. This is critical because no dose adjustments from the approved
8-mg dose are recommended based on age. Thus, the
pharmacokinetic properties are relatively insigniﬁcant
based on age alone; therefore, the metabolism of this
medication is not a deterrent for use in vulnerable
populations.
Drug interactions of ramelteon revolve around
CYP1A2. Fluvoxamine is a potent CYP1A2 inhibitor,
and its combination with ramelteon should be
avoided. It is also recommended to avoid use with
other CYP1A2 inhibitors such as zileuton, ciproﬂoxacin, and mexiletine.130
Ramelteon has consistently proved to be efﬁcacious
in the literature. Several studies have compared
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ramelteon versus placebo to illustrate its effect on
subjective sleep latency. In each study, the ramelteon
groups exhibited statistical improvement in SOL.131–133
Mixed efﬁcacy data were found for TST, and no
differences in sleep maintenance were demonstrated.134
In addition, Roth et al135 conducted a randomized,
double-blind, placebo-controlled, 35-night trial with
weekly clinic visits at multiple centers. In this study,
older adult (aged Z65 years old) patients with chronic
insomnia reported reductions in SOL and increases in
TST during a 5-week nightly treatment with ramelteon.
Compared with the baseline measurements, ramelteon
produced  13- to 29-minute reductions in sleep
latency. Patient-reported increases in TST were also
evident at both doses of ramelteon compared with
placebo at weeks 1 and 3. It should be noted, however,
that at week 4, there were no statistical differences in
patient-reported TST between the placebo and the
ramelteon groups (4 and 8 mg). This ﬁnding may be
explained by improved sleep hygiene, which is typically
evident in sleep studies.
Other studies have shown that ramelteon reduced
latency to persistent sleep and increased TST as
measured by using overnight polysomnography
(PSG) readings.136,137 In a PSG study of 100 elderly
adults with chronic insomnia, ramelteon (4 and 8 mg)
also resulted in statistically signiﬁcant reductions in
latency to persistent sleep, as well as statistically
signiﬁcant increases in TST and sleep efﬁciency.137
Mini et al138 evaluated patients with severe sleeponset difﬁculty (subjective sleep latency 460 minutes)
who had received ramelteon 8 mg or placebo from a
previously published multicenter outpatient trial of
829 adults (Z65 years old) with primary, chronic
insomnia. Patients received single-blind placebo for 7
days before receiving double-blind ramelteon 8 mg or
placebo nightly for 35 nights. A 7-day, single-blind
placebo washout period followed. This subjective
subset analysis of older adults with severe baseline
sleep-onset difﬁculties found that ramelteon 8 mg
signiﬁcantly and persistently reduced subjective reports of time to sleep onset during 5 weeks of nightly
treatment.
Review of the literature shows ramelteon to be a
favorable option in terms of safety and reported
adverse reactions. Although much of the literature
focuses on short-term usage, the adverse reaction
proﬁle seems to be more promising than benzodiazepine and non-BzRA (“Z” drugs) options. The most
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common adverse effects of ramelteon are comparative
to placebo and include headache, somnolence, and
nasopharingitis.127,131,133,135,137,139 Of equal importance is the lack of withdrawal effects and rebound
insomnia displayed versus placebo in all studied
doses.131–133,139 Ramelteon also lacks abuse potential.128 Ramelteon is therefore an attractive option
because it has a favorable side effect proﬁle, limited
concern for abuse potential, and no signiﬁcant
rebound or withdrawal effects.
Ramelteon reduces sleep latency, which has been
demonstrated across all age groups. Dose adjustments
are not recommended based on age, sex, declining
metabolism, and elimination functions. It is pharmacodynamically consistent across all age groups. Despite the beneﬁt for sleep onset, ramelteon is not as
effective for sleep maintenance and TST.
Further research is needed to compare ramelteon
versus other treatment options such as the benzodiazepines and non-BzRAs. More information is also
needed on the long-term safety data, but short-term
safety data are very favorable. It should be considered
as an early pharmaceutical option for an elderly
patient after sleep hygiene has failed. Patients with
chronic insomnia may not transition well from a
benzodiazepine or non-BzRA to ramelteon due to lack
of abuse potential and sleep maintenance efﬁcacy
concerns. Thus, the place in therapy is likely before
the benzodiazepines or non-BzRAs.

Orexin Antagonist
Suvorexant is an orexin receptor antagonist that
was FDA approved for insomnia in 2014.140 Orexin
antagonists are neuropeptides secreted from the
hypothalamus neurons and play a large role in the
sleep cycle, speciﬁcally in the promotion and
maintenance of wakefulness.140–142 Suvorexant is a
reversible antagonist to orexin receptors A and B and
inhibits the activation of the arousal system, resulting
in improved sleep induction and maintenance.140,142
Suvorexant has rapid absorption once administered
orally, with a median time of 2 hours to reach peak
concentrations.143 Administration with a high-fat
meal can delay time to peak concentrations by 90
minutes; it is therefore recommended that suvorexant
not be taken with food or shortly after food consumption for faster sleep onset. Suvorexant is metabolized by the CYP3A4 pathway (major) and
the CYP2C19 enzyme pathway (minor). Oxidative
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metabolism is reduced in the elderly, which can
result in decreased metabolism and prolonged t½.7
The metabolite is not pharmacologically active and is
eliminated primarily through the feces and urine. The
t½ is  12 hours.142,144
Drug interactions include those most likely to
interfere with the major metabolizing pathway,
CYP3A4. A reduced dose of 5 to 10 mg is recommended with co-administration of moderate CYP3A4
inhibitors including but not limited to diltiazem,
ﬂuconazole, grapefruit juice, and verapamil; use is
not recommended with co-administration of strong
CYP3A4 inhibitors such as ketoconazole, clarithromycin, and ritonavir. There are no dose adjustments
with co-administration of CYP3A4 inducers (phenytoin, carbamazepine, and rifampin) but may lead to
decreased efﬁcacy of suvorexant.142
A multicenter trial conducted by Michelson et al145
sought to determine the safety and efﬁcacy as deﬁned by
patient-reported TST and time to sleep onset of suvorexant. Older adults receiving 30-mg doses were found to
have signiﬁcant improvements in both measures after 1
month of treatment. Suvorexant resulted in an increased
mean subjective TST of 39 minutes compared with 16
minutes for placebo and a decreased mean subjective
time to sleep onset of 18 minutes compared with 8
minutes for placebo. Additional studies have shown
suvorexant, at doses ranging from 10 to 80 mg, to be
effective for the treatment of insomnia ranging in
duration from 4 weeks to 3 months of treatment.146,147
Patients taking suvorexant reported improved sleep
efﬁcacy (deﬁned as increased TST, improved WASO,
and decreased time to sleep onset) compared with
placebo. Despite reduced doses of 15 to 30 mg, older
adults had effective results similar to adults receiving high
doses.145,147 Rebound or withdrawal symptoms were not
observed with the discontinuation of suvorexant.147
Suvorexant was well tolerated in clinical trials with
some mild adverse effects, including somnolence,
fatigue, headache, and dry mouth.144–148 Few serious
adverse effects were reported but included excessive
daytime sleepiness, driving impairment, sleep paralysis, falls, and complex sleep-related behaviors.145 All
adverse effects were more common in women versus
men and appeared to be dose dependent.144
The FDA-approved dosing range of suvorexant is 5
to 20 mg daily.144,149 The trials discussed previously
included doses ranging from 10 to 80 mg daily;
however, the FDA concluded that suvorexant was
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effective at doses r20 mg with minimal safety concerns. Higher doses were associated with a larger
incidence and/or severity of adverse events.144 Of the
2 studies including elderly patients, doses of
suvorexant were 15 to 30 mg daily.145,147 The
recommended starting dose of suvorexant is 10 mg
taken within 30 minutes of going to bed, and the
maximum recommended dose is 20 mg. Suvorexant
should be taken only if the patient can guarantee a
minimum of 7 hours of sleep.144
Overall, suvorexant has shown to have effective
impact on sleep induction and maintenance compared
with placebo. Providers may wish to use caution with
this medication in the elderly (due to its adverse effect
proﬁle) as well as strict administration requirements.

Sedating Low-dose Antidepressants
Sedating low-dose antidepressants can be used in the
treatment of insomnia when a patient has comorbid
depression or in cases of treatment failure. Trazodone,
doxepin, mirtazapine, and amitriptyline are included in
this class. There is, however, a paucity of data from
randomized trials to support the use of sedating
antidepressants for the treatment of primary insomnia,
with the exception of doxepin.1,150 Antihistaminergic,
anticholinergic, serotonergic, and adrenergic antagonistic activities are mechanisms responsible for the
sedating effects of these antidepressants.

Trazodone
Trazodone is an oral psychoactive agent that is
FDA indicated for the treatment of depression.151 The
sedating effects of trazodone may be produced by the
α-adrenergic and histamine blockade. Trazodone prolongs slow-wave sleep that includes stages III and
IV.152,153 REM latency was prolonged without affecting the proportion of REM sleep.153–155
Trazodone is highly protein bound with extensive
distribution, and animal studies show that it crosses the
blood–brain barrier.156 Trazodone is metabolized by
the liver into pharmacologically inactive metabolites.
Trazodone is a substrate of CYP2D6 and CYP3A4,
creating a high potential for possible drug interactions.
Due to its relatively short t½, trazodone can be uptitrated every 3 to 4 days to achieve desired response.
There was no signiﬁcant difference in the maximal
plasma concentration between older and younger
patients who received a single 100-mg dose of trazodone, but the terminal t½ doubled with signiﬁcant
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prolongation in elderly patients (4.6–8.3 hours to
6.0–16.2 hours; P o 0.05), indicating an age-related
hepatic drug-metabolizing change.157
Insomnia is commonly associated with depression
and is also a well-documented side effect of selective
serotonin reuptake inhibitors.158 For this reason, there
are several studies demonstrating the efﬁcacy of
trazodone for secondary insomnia due to depression,
but there is less literature assessing its use for primary
insomnia.158–164 Treatment of insomnia with trazodone
showed a reduction in scores on the Hamilton Depression Rating Scale in a group of middle-aged women
(20–50 years old) who were receiving long-term selective serotonin reuptake inhibitor therapy for depression.158 Trazodone has also been shown to signiﬁcantly
improve multiple sleep parameters, including TST,
sleep–wake sleep, sleep efﬁciency index, sleep
continuity index, and number of awakenings.
Limited published data regarding trazodone use in the
elderly population are available. In Alzheimer’s patients,
trazodone 50 mg at bedtime improved TST and nighttime
percentage of sleep compared with placebo.163 Despite
imperfect data, trazodone is considered a favorable
option compared with other sleep aids such as
hypnotics, benzodiazepines, and tricyclic antidepressants,
which have unfavorable side effect proﬁles.
The most common side effects of trazodone are
relatively mild and include dizziness, drowsiness, fatigue,
headache, xerostomia, nausea, and vomiting.157 Rarely,
it can cause priapism.30 It lacks anticholinergic activity
and cardiotoxicity, making it particularly attractive
for elderly patients who are at high risk of adverse
drug reactions.157 Trazodone had less potential
for abuse compared with benzodiazepines. It was
compared speciﬁcally with triazolam, based on the
Addiction Research Center Inventory test.165
Individuals with a history of alcohol dependence
reported a signiﬁcant improvement in sleep after 4
weeks of treatment with trazodone (dose range, 50–
300 mg at bedtime).159
Dosing of trazodone for major depression typically
ranges from 150 to 600 mg per day.12 Symptoms of
insomnia have been shown to improve at lower
trazodone doses, typically starting at 25 mg and
titrating up to 100 mg daily at bedtime as needed
for effect. Sleep symptoms improved in a group of
depressed patients after 2 weeks of receiving
trazodone 50 to 100 mg at bedtime, and improved
further at 4 and 6 weeks.161 Of note, if trazodone is
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being used to co-manage depression and insomnia, the
dosing appropriate for depression should be used.
There are no double-blind, randomized controlled
trials examining the efﬁcacy of trazodone for insomnia
in the elderly population. Still, the limited data that
are available support the safety and efﬁcacy of
trazodone for insomnia, especially in patients with
depression, Alzheimer’s disease, and history of alcohol
or substance abuse. The lack of anticholinergic activity and favorable side effect proﬁle make it a promising therapy in older adults experiencing insomnia.

Mirtazapine
Mirtazapine is a noradrenergic and speciﬁc serotonergic antidepressant with the latter speciﬁcally involving 5-HT1, 5-HT2, and 5-HT3 receptors.166 It has
sedating properties and may beneﬁt patients with a
comorbid diagnosis of depression. It has been found to
improve sleep architecture and efﬁciency by shortening
sleep latency and reducing nighttime awakenings. It has
also been found to improve sleep maintenance and SOL
in patients with depression and insomnia.166–168 Mechanisms believed to be involved in its sleep-promoting
effect include mirtazapine’s high afﬁnity for histamine1
receptors and its inhibition of 5-HT2 receptors. In
addition, the enhancement of noradrenergic neurotransmission increases the synthesis of melatonin.169,170
Mirtazapine exhibits rapid oral absorption, with a
peak plasma concentration within 2 hours of administration. Steady state is achieved after  5 days of treatment. Mirtazapine is extensively metabolized to both
pharmacodynamically active (desmethyl-mirtazapine)
and inactive compounds. It is also a substrate and very
weak competitive inhibitor of CYP3A4, CYP2D6, and
CYP1A2. The drug is eliminated via the urine (70%–
80%) and feces. Drug clearance is reduced by 30% to
50% in patients with renal failure and up to 30% in
patients with hepatic failure. Compared with young
adults, in older adults the clearance of mirtazapine is
reduced by 10% to 40%, leading to higher plasma
concentrations.171,172 Caution should be exercised when
prescribing to older adults secondary to reduced clearance.
Mirtazapine is approved for the treatment of
depression, with evidence supporting its efﬁcacy in
older adults.169,173,174 There is no indication for its
use in the treatment of primary insomnia; however, it
may be beneﬁcial in patients with comorbid depression. Acute effects of mirtazapine on sleep were
studied in a small set of patients with depression,
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based on the Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition) criteria; their ages
ranged from 18 to 65 years. Sleep parameters after
1 week of mirtazapine 15 mg and 1 week of
mirtazapine 30 mg were compared with baseline sleep
parameters. Mirtazapine signiﬁcantly increased TST
from 360 minutes to 420 minutes, increased sleep
efﬁciency from 83% to 93%, and decreased sleep
latency from 14 minutes to 5 minutes. Thirty milligrams of mirtazapine did not signiﬁcantly improve
parameters compared with 15 mg.175 Similar results
were seen in a study comparing the use of mirtazapine
and ﬂuoxetine in 19 patients ranging in age from 18
to 75 years old. Patients were initiated on mirtazapine
15 mg with titration up to 45 mg over the initial
2-week period. Signiﬁcant improvements were again
seen in sleep latency and TST. Although sleep efﬁciency trended toward improvement, it failed to show
signiﬁcance. These improvements were seen as early as
2 weeks after the initiation of mirtazapine.166,168,175
Mirtazapine is generally well tolerated. Compared
with placebo, the most common adverse effects
include drowsiness, excessive sedation, increased appetite, weight gain, and dry mouth.166,176 Ironically,
lower doses cause more sedation. This pattern of side
effects in older adults was similar to that in the overall
population.166,173,177,178 Regardless of the cause,
weight loss is an independent predictor of increased
disability and mortality in older adults.179–182 Raji
and Brady169 describe 3 case reports in which patients
with Alzheimer’s disease experienced response to
mirtazapine, including complete remission of poor
appetite, weight loss, sleep disturbances, and anxiety.

Doxepin
Doxepin, a tricyclic antidepressant, is commonly
known for its use in the treatment of depression. At
smaller doses (3–6 mg), doxepin has high selectivity
for histamine receptors and primarily acts as a
histamine antagonist that produces a sedative effect.62,183 Doxepin is FDA approved for primary
insomnia at doses of 3 and 6 mg.183 At low doses,
doxepin has high selectivity for histamine receptors
and little to no effect on serotonin and adrenergic
receptors, thus avoiding the anticholinergic adverse
effects associated with higher doses.184 The Beers
criteria by the American Geriatric Society recommend caution against use of doxepin in doses
46 mg daily in the elderly population.66

Volume 38 Number 11

J.L. Schroeck et al.
Doxepin has rapid absorption once administered
orally, with a median time of 3.5 hours to reach peak
concentrations.185 Administration with a high-fat
meal can delay time to peak concentrations by
3 hours; it should not be taken within 3 hours of
food consumption. Doxepin should be taken 30
minutes before bedtime.186 Doxepin undergoes
oxidative metabolism, mainly through the CYP2D6
Oxidative
and
2C19
enzyme
pathways.185
metabolism is reduced in the elderly, which can
result in decreased metabolism and prolonged t½.18
It is mainly eliminated in the urine and has an
approximate t½ of 15 hours.185
Due to its metabolism with the CYP enzyme pathways, increased systemic concentrations of doxepin
can result if it is administered with inhibitors of either
CYP enzyme. These include but are not limited to
proton pump inhibitors such as omeprazole and
pantoprazole, cimetidine, ketoconazole, paroxetine,
bupropion, cinacalcet, and amiodarone. Drug–drug
interactions should be reviewed before recommending
doxepin.185,186
Doxepin has been shown to improve sleep maintenance.150,187 Three published trials have studied
doxepin in older adults. Lankford et al150 conducted
a 4-week trial of doxepin 6 mg versus placebo nightly
in older adults. Doxepin resulted in signiﬁcant increased subjective TST of 335 minutes versus 316
minutes for placebo at week 1 and 346 minutes versus
336 minutes for placebo at week 4. Doxepin resulted
in signiﬁcant improved subjective wake after sleep
onset of 79 minutes versus 97 minutes for placebo at
week 1 and 66 minutes versus 79 minutes for placebo
at week 4. Patients taking doxepin were additionally
found to have improvements in the Clinical Global
Impression scale and Insomnia Severity Index
score.150 Results from the additional studies showed
that doxepin at doses of 1 to 6 mg produced increased
TST and improved WASO versus placebo. Outcomes
were measured by using both subjective and objective
assessments.187,188
The most commonly experienced adverse effects in
all studies were comparable in frequency to placebo
and included headache and somnolence/sedation.
There were few reported events of anticholinergic
effects and next-day residual sedation.150,187,188 Additional studies of doxepin versus placebo were conducted in adults aged 18 to 64 years old and produced
similar results and adverse events.189–191
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Doxepin is available in 3- and 6-mg doses only as a
brand name product, which could be a ﬁnancial
burden to older adults. Studies in the older adult
population have shown promising results; however,
all of the studies included placebo as the comparator
group. There have been no published studies with
doxepin versus another FDA-approved insomnia medication, resulting in doxepin being a second-line treatment recommendation for insomnia.183,186

Amitriptyline
Amitriptyline is a tricyclic antidepressant that carries
an off-label indication of insomnia. Due to the availability of newer agents and medications with more
favorable side effect proﬁles, the use of amitriptyline for
insomnia is no longer recommended.1,192 Amitriptyline
is a lipophilic medication and reportedly has an
increased t½ as well as reduced clearance in elderly
patients, leading to increased risk of adverse effects.193
The American Geriatric Society strongly discourages
the use of amitriptyline in the elderly population.66 It
has many anticholinergic effects, including dry mouth,
urinary retention, constipation, and drowsiness, in
addition to impaired cognition, increased risk of
delirium, and drug–drug interactions.1,193 There are
limited studies of the efﬁcacy of amitriptyline in patients
with insomnia, especially in the elderly population,
which makes it extremely difﬁcult to recommend its
use given the known side effect proﬁle.

Miscellaneous Sleep Products
There are a number of medications whose adverse
effects have been capitalized upon for sleep. These
agents include antipsychotics, gabapentin, pramipexole, and tiagabine. In general, these medications have
not been studied in the elderly population to evaluate
the safety and efﬁcacy of the medication for the
treatment of insomnia. The limited data available
are mostly from studies conducted in a small number
of younger individuals and not in controlled randomized studies. These agents may only be appropriate in
patients with comorbid psychiatric diagnoses who
beneﬁt from the primary action as well as the sedating
side effect.12 Off-label use of these agents should be
avoided due to the lack of data to support their
efﬁcacy for primary insomnia along with their potential for adverse reactions.
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Antipsychotic Agents
Antipsychotic agents are often used in elderly
patients who are unable to sleep and also have
behavioral disturbances or major depression disorder.194 As a class, antipsychotic agents carry a black
box warning for increased risk of death in patients
with dementia (1.6–1.7 times that of placebo), and
they are included in the 2015 Updated Beers Criteria
for Potentially Inappropriate Medication Use in Older
Adults from the American Geriatrics Society.195
Atypical antipsychotic agents cause less sedation
than conventional antipsychotic agents such as
haloperidol.196 Olanzapine and quetiapine are the
most sedating of the atypical antipsychotics, and
sedation is less common with risperidone and
ziprasidone. It is believed that the sedating effect of
the antipsychotic agents is related to the afﬁnity for
the histamine H1 and serotonin type 2A receptors in
the CNS, which varies for each agent.196,197
In elderly patients with major depression disorder,
quetiapine CR signiﬁcantly reduced the MontgomeryÅesberg Depression Rating Scale total score (P o
0.001) and the Pittsburgh Sleep Quality index (P o
0.001) compared with placebo at week 9 of treatment.194 Unfortunately, adverse events were reported
in 80.7% of patients and led to discontinuation of
therapy in 9.6% of patients.
Maher et al198 conducted a literature review of the
off-label use of antipsychotic agents in adults. The
majority of the articles contained indications for
psychosis, agitation, and global behavioral symptoms
in dementia; generalized anxiety disorder; and
obsessive-compulsive disorder. Only 1 trial evaluated
the use of atypical antipsychotic agents for insomnia,
and it was found to be inconclusive. In elderly patients
with dementia, a number of adverse reactions were
reported: increased risk of death (odds ratio, 1.54),
cardiovascular symptoms, edema, vasodilation, increased appetite and weight, central and peripheral
anticholinergic effects, sedation and fatigue, extrapyramidal symptoms, urinary tract symptoms, and cognitive decline.
There are limited data evaluating the use of antipsychotic agents in patients with insomnia in the
absence of psychiatric conditions, and no trials
are available comparing their safety and efﬁcacy
versus those of another active agent for insomnia
such as zolpidem.197 Considering the lack of robust
data for efﬁcacy and their adverse event proﬁles, the
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beneﬁt of antipsychotic agents for the treatment of
insomnia does not outweigh the risks associated with
therapy.

Gabapentin
Gabapentin has been used for insomnia, especially
in patients with restless leg syndrome or chronic
neuropathic pain.30,199 Gabapentin is a structural
analogue of GABA that interacts with α2-δ1 subunits
of voltage-gated calcium channels, resulting in the
release of excitatory neurotransmitters. One of the
associated adverse effects is drowsiness, which may be
responsible for its effectiveness for insomnia.200
Gabapentin has fast absorption once administered
orally, with a median time of 2 to 3 hours to reach
peak concentrations.201 Bioavailability decreases as a
daily dose of gabapentin increases, ranging from 60%
bioavailability with 900 mg daily to 27% bioavailability with 4800 mg daily.201,202 Administration with
food has little to no effect on absorption. Gabapentin
is not metabolized and undergoes elimination as
unchanged drug through the urine; the t½ is 5 to
7 hours. Gabapentin is highly lipid soluble, and it
therefore readily distributes into the CNS, contributing to its common side effect of drowsiness.201
A trial conducted by Rosenberg et al203 analyzed
the effects of a single dose of gabapentin 250 mg and
500 mg on both subjective patient-reported sleep
measures and PSG sleep measures in adults aged
Z18 years. Both doses of gabapentin (250 and
500 mg) resulted in a signiﬁcantly improved PSG
measure of WASO of 101 minutes and 73 minutes,
respectively, compared with 135 minutes for placebo.
Signiﬁcantly increased PSG TST was found with both
gabapentin 250 mg (356 minutes) and 500 mg (379
minutes) compared with placebo (311 minutes). The
only signiﬁcant patient-reported sleep measure was
seen in TST with the gabapentin 500-mg dose only.
An additional study assessed the 28-day treatment
efﬁcacy of gabapentin 250 mg on both subjective
patient-reported sleep measures and PSG sleep measures in adults aged Z18 years.200 Gabapentin was
associated with signiﬁcant improvement in the PSG
measure of WASO at both day 1 and day 28 of
treatment. The use of gabapentin additionally resulted
in a signiﬁcant PSG increase in TST and self-reported
measures, including improvement in WASO, increases
in TST, and higher rates of sleep quality.
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Adverse effects associated with gabapentin included
headache, somnolence, dizziness, and GI disturbances.
No residual daytime sedation was associated with this
drug.200,203 Although gabapentin has been shown to
be efﬁcacious, limited data are available that focus on
older adults. Additional concerns include renal dose
adjustment with kidney dysfunction, as well as adverse effects including dizziness and somnolence.
Gabapentin may be a second-line recommendation
for insomnia unless the patient has comorbidities of
restless leg syndrome or chronic neuropathic pain.

Pramipexole
REM sleep behavior disorder (RBD) is traditionally
treated with clonazepam as a ﬁrst-line choice, but
pramipexole has been theorized to be beneﬁcial due to
underlying pathophysiology involving dopaminergic
deﬁciency.204 Pramipexole is a dopamine agonist with
speciﬁcity for the D2 and D3 receptors. In a small study
of 9 elderly patients (mean age, 72 years), 89% of
patients had moderate reduction or complete resolution
in frequency of RBD symptoms. One patient experienced vivid hallucinations and withdrew from the
study, indicating that pramipexole may be inappropriate for patients with history of psychiatric disorders
or hallucinations. Interestingly, insomnia has been
reported as a side effect in up to 27% of patients.205
Considering the limited data available at this time and
the high incidence of insomnia, pramipexole should be
used cautiously and be limited to those with REM sleep
behavioral disorder.

Tiagabine
Tiagabine inhibits the uptake of GABA by binding
to recognition sites and is approved for the treatment
of partial seizures. CNS effects are common with
tiagabine use, and drowsiness has been reported in
up to 21% of patients.206 Currently, tiagabine does
not have a labeled indication for insomnia.
Treatment with tiagabine 4 to 8 mg signiﬁcantly
increased slow-wave sleep and decreased stage 1 sleep
compared with placebo in elderly patients (aged 65–
87 years) with a Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition) diagnosis of primary insomnia.207 There was no signiﬁcant change in
wake after sleep onset, latency to persistent sleep,
TST, or subjective sleep ratings. Tiagabine was well
tolerated at 2 to 6 mg compared with placebo, but
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dosing at 8 mg was associated with residual effects
and reduced alertness.

Summary
Antipsychotic agents, gabapentin, pramipexole,
and tiagabine have all been used off-label for insomnia, but none has been studied extensively in the
elderly population. Because other pharmacologic
agents are available that have been studied extensively
and have better side effect proﬁles, the current
recommendation is to reserve these agents for individuals who have a comorbid condition that is a
primary indication for use.

Over-the-Counter Drugs
Over-the-counter (OTC) or nonprescription medications such as antihistamines are frequently used for
sleep. They are inexpensive and readily available
options; however, they have limited data on safety
and efﬁcacy when used for insomnia. Diphenhydramine is the most commonly used OTC pharmacologic agent. OTC sleep aids should be utilized in short
durations because tolerance can develop.5
Diphenhydramine is a ﬁrst generation histamine1receptor antagonist that was discovered in the
1940s.208,209 Histamine is a neurotransmitter that activates receptors leading to bronchoconstriction, acid secretion, contraction of the gut, and, in the CNS, controls
vigilance during the waking state. First-generation histamine1-receptor antagonists competitively block histamine
from binding to its receptors. They readily penetrate the
blood–brain barrier.209 In the CNS, ﬁrst generation
histamine1-receptor antagonists also have afﬁnity for
muscarinic, adrenergic, serotonergic, and dopaminergic
receptors.208,209 Diphenhydramine only has afﬁnity for
histamine1, muscarinic, and adrenergic receptors.183 Due
to its receptor activity in the CNS, diphenhydramine is
used as an OTC sedative, but there is much variability in
efﬁcacy and safety between patients. Older adults,
especially in those with renal and hepatic impairment,
tend to be more prone to the adverse effects of
diphenhydramine. Anticholinergic agents are currently
listed as inappropriate for use in older adults based on
the updated Beer’s criteria.66
Older studies comparing diphenhydramine versus
placebo reported improvements in overall sleep parameters (TST, number of awakenings, sleep latency,
sleep efﬁcacy, and quality of sleep).210,211 The designs
of the studies lack the ability to show signiﬁcant
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clinical improvement in sleep for older adults because
the studies have small sample sizes, have short study
durations, and have a younger average patient age (40
to 60 years old). More recent studies comparing
diphenhydramine versus placebo have only found
moderate improvement in sleep efﬁciency (4.6%
improvement vs 2.5% with placebo) or number of
awakenings (1.7 awakenings vs 2.0 with placebo).212,213 These more recent studies still consist of
short treatment durations (2-week increments) and
small sample sizes (20–65 patients), which brings to
question the signiﬁcance of clinical beneﬁt. Even when
differences in diphenhydramine dose are assessed,
there is little added beneﬁt with higher doses.211
Furthermore, tolerance develops after 1 to 2 weeks
of uninterrupted use of the antihistamines, which
would render it an ineffective therapy.1
Adverse effects, both systemic and in the CNS, are
important limitations of histamine1-receptor antagonists and diphenhydramine. As mentioned, these medications tend to accumulate in patients with hepatic and
renal impairment. Common adverse effects of diphenhydramine are dry mouth, blurred vision, urinary
retention, constipation, orthostatic hypotension, and
tachycardia.62,214 Adverse effects are dose dependent
and increase in occurrence with higher doses of
diphenhydramine.211 It is not just anticholinergic side
effects that are of concern, however; cognitive effects of
diphenhydramine, especially in older adults, play a role
in appropriateness of use. Grogginess, drowsiness,
confusion, and memory loss have been well described
with use of diphenhydramine.210,212,213 Communitydwelling older adults were shown to have reduced
alertness, diminished memory task performance, and
impaired episodic memory with diphenhydramine.215
Diphenhydramine can place hospitalized older adults at
increased risk of delirium and altered consciousness, as
well as result in increased length of hospital stay.214
Although diphenhydramine is an inexpensive and
easily obtained OTC option for insomnia and
sleep disturbances, its impact on sleep is modest and
nonsustained. In addition, diphenhydramine is
used in many OTC products marketed to aid in sleep.
Patients and providers need to be aware and cautious
of all ingredients in OTC products to prevent unintentional use or overuse of diphenhydramine. Ultimately,
the risks of residual daytime sedation and anticholinergic side effects outweigh the beneﬁts of this
agent.30,212
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Herbal Supplements
Dietary supplements endorsed for the treatment of
insomnia carry no FDA approval nor does their
production undergo the scrutiny of FDA monitoring.
Quality studies are limited with dietary supplements
and often offer conﬂicting results. Use of dietary
supplements is often not reported to practitioners.
This scenario has the potential to lead to otherwise
avoidable, drug interactions. The following section
discusses the use of valerian and melatonin for sleep
disorders.

Valerian
Valerian is extracted from the plant species Valeriana ofﬁcinalis and Valeriana edulis and is available in
many different dosage forms.216,217 Unfortunately, the
FDA does not regulate their production, and the
various formulations contain different amounts of
valerian.216,218 Although the exact mechanism of valerian for insomnia is unknown, it is believed to have
important interactions with the neurotransmitter
GABA and its receptors. Valerian is thought to inhibit
the uptake of GABA and also stimulate its release.219
More recently, it has been shown to be a partial agonist
at the adenosine and serotonin receptors.220,221
Studies of valerian on sleep have often shown mild
effects and limited statistical signiﬁcance, with conﬂicting results between different studies. Subjective
improvement in sleep did not differ between valerian
and placebo treatments.212,222 Contradictory results
have also been shown with changes in sleep latency;
some studies exhibited improvement, whereas others
have shown a decline in sleep latency.212,223–225 Overall, valerian showed small improvement in sleep
efﬁciency.212 Regrettably, many of these studies were
conducted in younger populations for short durations
of time. In those studies that included older adults,
comparisons between valerian and placebo were
difﬁcult to make because of differences in baseline
characteristics between the groups or because testing
was conducted over too short of a duration to
appropriately assess outcomes.223,226
Adverse effects from valerian are usually mild and
do not differ from those seen with placebo.212
Residual and rebound drowsiness is not usually seen
with valerian and is similar in frequency to that
reported with placebo. Due to valerian’s action on
the GABA receptors, there may be potential for effects
on the CNS. However, few studies have shown
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differences in cognitive effects and residual daytime
sedation when valerian was compared with
placebo.212,227 Although valerian does not have more
documented adverse effects than placebo, its prolonged use has not been well documented and there
is no robust documentation of use in the elderly
population.

Melatonin
Melatonin, although a dietary supplement, is also a
hormone produced by the pineal gland. Melatonin is
released at night and binds to its receptors (MT1 and
MT2) in the suprachiasmatic nucleus and results in
suppression of neuronal activity.228 Melatonin
production is controlled by light; thus, during the
evening hours, melatonin levels rise while during the
day melatonin levels stay low.229 Levels are decreased
in elderly patients, which puts them at risk for more
conditions related to circadian rhythms such as sleep
disorders, cognitive impairment, and delirium.229,230
The administration of melatonin as a dietary supplement can mimic the function of endogenous melatonin. However, it is important to note that different
administration times can impact the effect melatonin
has on circadian rhythms. Morning administration
can delay the circadian rhythm and delay onset of
evening fatigue.231 However, when administered in
the evening, melatonin can advance the circadian
rhythm and induce sleep onset.232
The effects of melatonin on sleep have been widely
studied in the literature. Similar to other studies of
OTC and dietary supplements, the results are not
consistent between trials. Some earlier studies indicated improvement in sleep latency and cognitive
impairment.233,234 More recent data from larger study
populations have shown no improvement in objective
measures even though subjective improvements were
reported by caregivers.235 Although some data suggest
that melatonin can improve sleep latency, ﬁndings of
signiﬁcant overall improvement in sleep are
lacking.236 The potential for daytime drowsiness
with the use of melatonin may, however, be of
concern. Residual daytime sedation, tiredness at
rising, and increased sleep disruption have been
documented.237,238 Some evidence also suggests that
the sedative effects of melatonin can last for up to
7 hours even in younger patients.239
Compared with other dietary supplements used for
sleep disturbances, melatonin’s mechanism is the most
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closely linked to physiologic processes and is generally
well tolerated.236,240 There is still some uncertainty
regarding the efﬁcacy of melatonin; it may have a
small effect on sleep latency but little effect on waking
after sleep.30,241 Some safety concerns, especially in
the elderly, include the potential for residual daytime
sedation and prolonged duration of action. However,
melatonin could potentially be used to spare the use of
prescription hypnotic agents. When choosing a melatonin supplement for use in older adults, controlledrelease products should be avoided because they can
result in prolonged melatonin levels. It is recommended that immediate-release formulations be used;
a maximum of 1 to 2 mg should be administered
1 hour before bedtime.229

CONCLUSIONS
An ideal treatment for insomnia should help to
improve sleep latency and sleep duration, with limited
awakenings, and be without signiﬁcant detrimental
adverse reactions. Factors causing insomnia or sleep
interruption should be ruled out before initiating
therapy. Worsening of chronic medical conditions
such as heart failure, pulmonary diseases, urinary
incontinence, and nighttime pain must be considered
and addressed to prevent addition of medications.
Current medication regimens can be reviewed for
drugs that may cause or contribute to insomnia
(including speciﬁc drugs and timing of doses), noncompliance with necessary medications, and use of
medications or supplements previously unreported
that should be evaluated. CBTI and sleep hygiene
should always be the initial therapy for insomnia and
should continue throughout treatment. Ramelteon is a
potentially desirable pharmaceutical option for an
older patient after sleep hygiene has failed. Ramelteon’s low adverse effect proﬁle combined with reduced SOL and increase TST makes it a valuable ﬁrstline consideration. In addition, suvorexant decreases
the time to sleep onset and increases TST. Adverse
effects with suvorexant are mild and include somnolence, but residual daytime sedation has been reported. There is, however, limited clinical experience
with suvorexant.
Complicating a potential new avenue of treatment
for insomnia is a suspected clinical inertia faced with
clinicians. For decades, benzodiazepines and nonBzRAs were the most commonly used options for
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insomnia treatment. Although these agents are efﬁcacious, as time progressed, their deleterious adverse
effects have made these agents somewhat prohibitive.
The challenge for clinicians is how to overcome the
issue of inaction in patients who are dependent on the
continued use of these agents.
Benzodiazepines should be avoided in the geriatric
population, especially for long-term use. Non-BzRAs
have improved safety proﬁles compared with benzodiazepines, but side effects such as dementia, serious injury,
and fractures should also limit their use in the elderly.
Sedating low-dose antidepressants are an attractive
option for insomnia when the patient has comorbid
depression. Trazodone seems to be the safest because
it lacks anticholinergic activity. Mirtazapine may be
beneﬁcial for the treatment of insomnia in the elderly
when the patient is experiencing frailty syndrome, due
to its side effect of appetite stimulation.
Antipsychotic agents, pramipexole, and tiagabine
have all been used for insomnia, but none has been
extensively studied in an older population. All have
considerable adverse effects, once again limiting their use
with insomnia and a corresponding comorbid condition.
Gabapentin may be useful in patients with restless leg
syndrome or chronic neuropathic pain and insomnia.
Diphenhydramine is unsuitable for the elderly due
to its potent anticholinergic effects. Valerian and
melatonin are unregulated products. Although the
data on melatonin are inconsistent, it can be considered an option due to its comparatively favorable side
effect proﬁle.
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among the most frequently prescribed medications for older adults. Both can depress respiration, which could have fatal cardiorespiratory effects, particularly among patients with concurrent opioid use. Trazodone, frequently prescribed in low doses for insomnia, has minimal
respiratory effects, and, consequently, may be a safer hypnotic for older patients. Thus, for
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Methods and findings
The retrospective cohort study in the United States included 400,924 Medicare beneficiaries
65 years of age or older without severe illness or evidence of substance use disorder initiating study hypnotic therapy from January 2014 through September 2015. Study endpoints
were out-of-hospital (primary) and total mortality. Hazard ratios (HRs) were adjusted for
demographic characteristics, psychiatric and neurologic disorders, cardiovascular and renal
conditions, respiratory diseases, pain-related diagnoses and medications, measures of
frailty, and medical care utilization in a time-dependent propensity score–stratified analysis.
Patients without concurrent opioids had 32,388 person-years of current use, 260 (8.0/1,000
person-years) out-of-hospital and 418 (12.9/1,000) total deaths for benzodiazepines;
26,497 person-years,150 (5.7/1,000) out-of-hospital and 227 (8.6/1,000) total deaths for zdrugs; and 16,177 person-years,156 (9.6/1,000) out-of-hospital and 256 (15.8/1,000) total
deaths for trazodone. Out-of-hospital and total mortality for benzodiazepines (respective
HRs: 0.99 [95% confidence interval, 0.81 to 1.22, p = 0.954] and 0.95 [0.82 to 1.14, p =
0.513] and z-drugs (HRs: 0.96 [0.76 to 1.23], p = 0.767 and 0.87 [0.72 to 1.05], p = 0.153)
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did not differ significantly from that for trazodone. Patients with concurrent opioids had 4,278
person-years of current use, 90 (21.0/1,000) out-of-hospital and 127 (29.7/1,000) total
deaths for benzodiazepines; 3,541 person-years, 40 (11.3/1,000) out-of-hospital and 64
(18.1/1,000) total deaths for z-drugs; and 2,347 person-years, 19 (8.1/1,000) out-of-hospital
and 36 (15.3/1,000) total deaths for trazodone. Out-of-hospital and total mortality for benzodiazepines (HRs: 3.02 [1.83 to 4.97], p < 0.001 and 2.21 [1.52 to 3.20], p < 0.001) and zCompeting interests: The authors have declared
that no competing interests exist.
drugs (HRs: 1.98 [1.14 to 3.44], p = 0.015 and 1.65 [1.09 to 2.49], p = 0.018) were significantly increased relative to trazodone; findings were similar with exclusion of overdose
Abbreviations: AU
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Center for Medicare &
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deaths or restriction to those with cardiovascular causes. Limitations included composition
Administration; GABA-A, γ-aminobutyric acid type
of the study cohort and potential confounding by unmeasured variables.
www.nhlbi.nih.gov/, through a grant (HL081707).
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Conclusions
In US Medicare beneficiaries 65 years of age or older without concurrent opioids who initiated treatment with benzodiazepine hypnotics, z-drugs, or low-dose trazodone, study hypnotics were not associated with mortality. With concurrent opioids, benzodiazepines and zdrugs were associated with increased out-of-hospital and total mortality. These findings indicate that the dangers of benzodiazepine–opioid coadministration go beyond the documented association with overdose death and suggest that in combination with opioids, the
z-drugs may be more hazardous than previously thought.

Author summary
Why was this study done?
• Benzodiazepines and the related z-drugs are sleep medications commonly prescribed
for persons 65 years of age or older.
• Both can interfere with breathing, which, in turn, may cause irregular heartbeat and
deaths.
• Opioid painkillers, often used with sleep medications, also interfere with breathing and
thus could increase the likelihood of deaths with benzodiazepines or z-drugs.
• Trazodone, an antidepressant that in low doses often is prescribed for insomnia, has not
been found to affect breathing and thus may be safer for older patients, particularly for
those also taking opioids.

What did the researchers do and find?
• We identified 400,924 persons in the US Medicare program 65 or older who began
treatment with benzodiazepine, z-drug, or trazodone sleep medications.
• For patients without and with opioid use, we compared the rate of out-of-hospital
deaths—often related to heart problems—and total mortality during treatment with
benzodiazepines and z-drugs to that for trazodone.
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• For patients with opioid exposure, benzodiazepines were associated with respective
302% and 221% increases in out-of-hospital and total mortality, and z-drugs were associated with respective 98% and 65% increases in out-of-hospital and total mortality.

What do these findings mean?
• In older populations, the risks of concurrent benzodiazepine–opioid exposure go
beyond the known increased likelihood of overdose, suggesting that greater efforts are
needed to prevent use of this medication combination.
• Patients and clinicians should be aware that in combination with opioids, the z-drugs,
thought to be relatively safe, may increase the risk of death.

Introduction

Hypnotics are among the most frequently prescribed medications for older adults [1–3]. The 3
most commonly prescribed medications for insomnia in the US are the benzodiazepines, the
z-drugs, and low-dose trazodone [4,5]. Benzodiazepines stimulate γ-aminobutyric acid type A
(GABA-A) receptors, the major inhibitory neurotransmitter in the central nervous system [6].
The z-drugs (zolpidem and related nonbenzodiazepine hypnotics) are GABA-A agonists that
are more selective for the α1 subtype receptors thought to mediate hypnotic effects [7] and
thus hypothesized to reduce the risk of dependence, psychomotor impairment, and injuries
reported for benzodiazepines [6,8–10]. Trazodone, an antidepressant without GABA activity
[4,11–13], in low doses is often prescribed for insomnia [4,5], although it is not labeled as a
hypnotic and guidelines generally only recommend use for insomnia associated with a mood
disorder [14].
Although the primary concern with benzodiazepines and z-drugs has been the risk of
dependence and injuries [6,8–10], these drugs also have potentially fatal respiratory effects.
Benzodiazepines depress respiration [7,15,16] and thus can exacerbate sleep-disordered
breathing [17,18], which, in turn, can trigger life-threatening cardiac arrhythmias [19–21]. In
overdose, benzodiazepines can cause airway obstruction or respiratory failure [22]. The zdrugs also impair respiration, although to a lesser degree than for benzodiazepines [18,23]. In
contrast, respiratory impairment has not been observed for trazodone [24,25], although it
infrequently has serious adverse cardiovascular effects [26,27].
The frequent use of opioid analgesics with both benzodiazepines and z-drugs [28–31] could
increase the risk of adverse cardiorespiratory effects. Opioids profoundly depress respiration
[32–34], cause sleep-disordered breathing [34, 35], increase the likelihood of airway obstruction and respiratory failure [36], and are associated with increased risk of out-of-hospital cardiovascular death [37]. Although the US Food and Drug Administration (FAU
DA):requires
PleasenotethatFDAhas
a
boxed warning (“black box”) concerning coadministration of benzodiazepines and opioids
because of greater likelihood of overdose death [28], such deaths are relatively uncommon in
older populations [38]. However, an increased risk of cardiovascular deaths, the most common
cause of death for persons 65 years of age or older [38], with concurrent use of benzodiazepines or z-drugs with opioids would have major public health implications.
Thus, to better define the relative safety of commonly prescribed hypnotics, both without
and with concurrent opioids, we compared mortality in US Medicare enrollees 65 years of age
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or older without severe illnesses initiating treatment with benzodiazepine hypnotics, z-drugs,
or low-dose trazodone.

Methods
Design

We conducted a retrospective cohort study using the computerized files of the US Medicare
program, which provided an efficient means to identify the cohort and obtain study data [39].
The protocol is shown in S1 Protocol. The study is reported as per the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guideline (S1 Checklist). The
study was approved by the Vanderbilt Medical Center Ethics CommitteeAU
. : Pleasenotethatthestatemen

Cohort
Medicare data. Medicare provides healthcare insurance for nearly all US citizens 65 years
of age or older [40]. All Medicare beneficiaries have coverage for inpatient/skilled nursing
facility stays (Part A) and also may elect coverage for outpatient services (Part B) and prescription medications (Part D). Enrollees can choose either a fee-for-service plan or Medicare
Advantage (Part C), a managed care model. To ensure completeness of data, our study was
restricted to enrollees with Parts A, B, and D who had fee-for-service coverage, because Medicare Advantage healthcare encounter data were considered less reliable during the study years
[40]. In 2019, there were 53 million Medicare enrollees 65 years of age or older, of whom 26
million had fee-for-service Parts A, B, and D [41].
The Medicare enrollment file records periods of enrollment for each part of Medicare. It
identifies deaths for >95% of persons 65 and older in the US [40], which have been linked to
the National Death Index (NDI). Other files include medical care encounters for pharmacy,
hospital, outpatient, and nursing home services. The data reside in the Center for Medicare &
Medicaid Services (CMS) Chronic Condition Warehouse (Section C.1 in S1 Appendix) and
were accessed through the Virtual Research Data Center (VRDC), a cloud-based repository of
de-identified Medicare files [42]. In accordance with CMS policy, no table cells with fewer
than 11 patients were reported. The study was approved by the Vanderbilt University Medical
Center Institutional Review Board, with waiver of informed consent.
Study medications. Study hypnotics (Table A in S1 Appendix) included selected benzodiazepines, z-drugs, and trazodone in doses up to 100 mg (recommended for hypnotic use, but
lower than doses for treatment of mood disorders) [12]. The study benzodiazepines were those
with a labeled hypnotic indication (estazolam, flurazepam, quazepam, temazepam, and triazolam), as well as alprazolam, clonazepam, and lorazepam, which have similar pharmacodynamic properties, are prescribed for insomnia and are included in guidelines for hypnotics
[6,10]. Patients for whom the prescribed regimen was inconsistent with hypnotic use (more
than 1 tablet/capsule per day) or for whom there was evidence of an alternative indication for
benzodiazepines or trazodone (diagnosis in the past 90 days indicating panic disorder, anxiety/post-traumatic stress disorder, neurologic indications for benzodiazepines, major depression, or bipolar disorder) were excluded from the cohort (Section A in S1 Appendix).
The study opioids (Table B in S1 Appendix) excluded parenteral opioids (infrequently prescribed for outpatients) and preparations specifically formulated for cough or diarrhea. Opioids were classified as short or long acting, and dose equivalents were calculated in morphine
milligram equivalents (MME) according to guidelines for chronic opioid therapy for non-cancer pain [43].
Cohort eligibility. The cohort (Table C in S1 Appendix) consisted of Medicare beneficiaries 65 years of age or older who filled a study hypnotic prescription between January 1, 2014
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and September 29, 2015. They had to have complete demographic information and in the past
year have enrollment in Medicare Parts A, B, and D but not Part C, thus limiting the cohort to
beneficiaries with fee-for-service coverage. To assure regular contact with medical care, cohort
members had to have at least 1 outpatient visit and 1 filled prescription (other than the study
hypnotic) in the prior year.
The cohort was restricted to new users of hypnotic medications, which permits better ascertainment of deaths early in therapy in susceptible patients and assures baseline covariates are
not influenced by the study hypnotics [44]. Thus, cohort members could not have filled a prescription in the past year for any study hypnotic (other than a single day of supply, often periprocedural), non-study benzodiazepine, or non-study hypnotic (Table C in S1 Appendix).
Hypnotics and opioids often are initiated for patients with unstable or life-threatening illness, which increases the likelihood of difficult-to-control confounding [6,45] and reduces the
capacity to detect drug-associated mortality [37]. Thus, the cohort excluded patients in nursing
homes, with hospice care, with recent hospitalizations indicating unstable illness, and with
active cancer or other life-threatening disease (Table D in S1 Appendix). To assess the effects
of therapeutic study drug use, patients with diagnosed substance use disorder or use of buprenorphine, most commonly prescribed as opioid replacement therapy, were excluded.
Follow-up. Cohort follow-up began on the day following the fill date for the first study
hypnotic prescription. Follow-up ended with prescription of a hypnotic medication from a different class, a non-study benzodiazepine or trazodone >100 mg as well as with loss of full feefor-service (Parts A, B, and D and no C) Medicare enrollment, nursing home or hospice entry,
hospital stay >30 days, substance use disorder diagnosis, September 30, 2015, or death.
Patients who left the cohort could not reenter. Because the postulated mechanisms by which
study medications affect mortality require presence of the drug [17], follow-up and analysis
were restricted to current hypnotic use (Fig A in S1 Appendix): the prescription fill through
end of dispensed days of supply (offset 1 day to account for probable nocturnal hypnotic use).
Opioids could be started or stopped at any time during follow-up. Thus, both current use
and its characteristics (start past 90 days, long-acting drug, dose) were determined for each
person-day of follow-up. A single patient could have person-time both with and without concurrent opioids (Fig 1); however, because there was no overlap and the endpoint occurred
only once, statistical independence assumptions were satisfied [24].

Endpoints
Deaths were identified from the Medicare Master Beneficiary Summary File, and the underlying cause of death (Table E in S1 Appendix) came from the linked NDI. The small number of
beneficiaries with a Medicare date of death but no linked NDI record (1.4%) were considered
deaths of unknown cause.
The primary endpoint included all out-of-hospital deaths for several reasons. First, in
patients without severe illness, a substantial proportion of deaths are plausibly related to cardiac arrhythmias. In a previous investigation of opioid use for non-cancer chronic pain with
medical record review [37,46], 73% of out-of-hospital deaths were sudden unexpected deaths
consistent with a cardiac arrhythmia. Second, both our experience [37] and that of others [47]
suggests that US death certificates under-ascertain cardiovascular deaths, particularly for outof-hospital deaths in older patients for whom postmortem investigations may be limited [48].
Third, benzodiazepines and opioids, particularly in overdose, have respiratory effects—
decreased ventilation, airway obstruction, and respiratory failure [22,36]—that can lead to sudden unexpected death. A sensitivity analysis restricted deaths to those with a cardiovascular
cause.
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Fig 1. Study design. N denotes number of patients. PY, person-year.
https://doi.org/10.1371/journal.pmed.1003709.g001

Analysis
Covariates. Study comparisons controlled for 105 covariates plausibly associated with
both risk of death and the use of specific hypnotics or opioids (Section G and Table F in S1
Appendix). The covariates, defined from medical care encounters in the year preceding cohort
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entry, were based on our previous studies of out-of-hospital death [37,46], standard measures
of comorbidity [49,50], and indicators of frailty [51]. They included demographic characteristics (including self-reported race, indicator of genetic factors potentially influencing drug
metabolism), psychiatric and neurologic disorders, cardiovascular and renal conditions, respiratory diseases, pain-related diagnoses and medications, measures of frailty, and medical care
utilization. Because comorbidity could change during follow-up, covariate values (other than
opioid characteristics) were updated on the date of each hypnotic prescription fill.
Propensity score. All covariates (other than opioid characteristics) were controlled for by
stratifying the analysis according to deciles (distribution in trazodone group) of the appropriate pairwise propensity score, the probability of trazodone use, given the covariates (Section H
in S1 Appendix) [52,53]. Because the covariates were updated at the time of each hypnotic prescription fill during follow-up, the propensity scores were time dependent [54]. After weighting, the distributions of covariates differed little between treatment groups (Table G in S1
Appendix).
Statistical analysis. The adjusted relative risk of death was estimated with hazard ratios
(HRs) from a stratified time-dependent proportional hazards regression (Section I in S1
Appendix) [55]. The timescale was cumulative days of current hypnotic use, creating risk sets
of patients with the same treatment duration. For patients with opioid use, the model included
terms for opioid current use and its characteristics. Because opioid prescriptions could be filled
at any time during follow-up, these variables were updated on a daily basis. Statistical significance was defined as 95% Wald confidence intervals that excluded 1, with p-values calculated
accordingly. Because the study comparisons were planned, p-values were not adjusted for multiple comparisons. All analyses were done with SAS version 9.4.
Sensitivity analyses. Sensitivity analyses were performed that examined groups of particular interest or used an alternative statistical analysis. The former included restriction of endpoints to non-overdose deaths or deaths from cardiovascular causes and exclusion of possible
non-hypnotic benzodiazepine use by requiring the benzodiazepine to be labeled as a hypnotic
or the patient to have a recent insomnia diagnosis. The alternative statistical analyses (Section
I in S1 Appendix) accounted for geographic region (assessed region both as clustering factor
and confounder), fixed all covariates at baseline except for opioid use and characteristics
(guards against causal pathway confounding), had time-dependent propensity score weights
based on all covariates (residual confounding), and used baseline pairwise propensity score
matching with only opioid covariates time dependent (causal pathway and residual
confounding).

Results
Characteristics of cohort at baseline
Entire cohort. There were 646,226 new users of study hypnotic medications 65 years of
age or older with adequate Medicare data, of whom 400,924 qualified for the cohort (Fig 1).
The most frequently prescribed individual benzodiazepines were alprazolam (39.8% of patients
receiving benzodiazepine), lorazepam (27.7%), and temazepam (17.9%); zolpidem was the
most frequently prescribed z-drug (91.1%). Cohort members had a mean age of 75.5 (std 7.3)
years, and 65.9% were female.
No concurrent opioid. At baseline, 349,105 cohort members did not have concurrent opioid use, including 152,711 new users of benzodiazepines, 134,359 of z-drugs, and 62,035 of
trazodone. Comorbidity levels in the past year were consistently higher for the trazodone
group than for z-drugs (Table 1, Table F in S1 Appendix). The patients beginning trazodone
use were more likely to have Medicaid enrollment (22.4% versus 14.7%), mood disorders
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Table 1. Baseline cohort characteristicsa according to concurrent opioid use.
No concurrent opioid use
Benzodiazepines
N
Dose, mean, mgb
Age, mean (std)

z-Drugs

Concurrent opioid use

Trazodone

Benzodiazepines

z-Drugs

Trazodone

152,711

134,359

62,035

21,805

20,522

9,492

8.9

7.4

52.2

10.0

7.6

54.9
75.6 (7.7)

76.1 (7.6)

74.3 (6.8)

76.6 (7.8)

75.6 (7.6)

74.0 (6.8)

Female

70.3%

60.4%

67.5%

68.8%

60.2%

67.2%

White racec

87.2%

84.9%

82.6%

85.5%

84.4%

81.5%

Entered cohort in 2014

57.6%

59.0%

54.1%

58.3%

59.4%

56.5%

Medicaid

15.7%

14.7%

22.4%

25.5%

23.5%

35.3%

13.5%

10.1%

19.4%

16.6%

13.6%

23.0%

8.7%

4.3%

5.8%

8.6%

5.2%

6.9%

Psychiatric/neurologic
Mood disorderd
Anxiety, panic disorder, or PTSDe
Alzheimer and other dementias

8.3%

3.8%

13.4%

6.3%

3.9%

8.7%

Selective serotonin reuptake inhibitors

19.3%

14.1%

20.0%

20.8%

17.5%

22.8%

Other antidepressant

10.4%

9.6%

14.2%

17.2%

16.1%

22.2%

Myocardial infarction

3.9%

3.5%

4.1%

4.9%

5.1%

5.3%

Heart failure

8.8%

7.6%

9.6%

12.2%

10.4%

13.2%

30.8%

29.4%

33.0%

36.5%

35.8%

38.1%

9.4%

9.4%

11.8%

14.7%

16.0%

19.0%

Cardiovascular/renal

Diabetes
Smoking and smoking-related disorders
Chronic kidney disease

10.5%

9.0%

12.6%

13.5%

12.1%

16.0%

Beta-blockers

39.9%

34.6%

38.9%

42.0%

38.2%

44.0%

Diuretics, loop

12.8%

10.5%

14.7%

20.9%

17.3%

23.5%

4.7%

4.5%

6.5%

7.6%

7.2%

9.5%

13.5%

14.0%

16.6%

16.7%

17.1%

18.0%

Hypoglycemics, insulin
Hypoglycemics, metformin
Respiratory

11.7%

10.0%

12.8%

18.2%

16.2%

21.4%

Home oxygen

Chronic obstructive pulmonary disease

4.3%

4.0%

5.0%

7.2%

6.1%

8.6%

Beta-agonists

11.5%

11.2%

12.7%

16.0%

15.6%

19.0%

Neuropathic pain

21.2%

21.5%

20.7%

36.7%

36.5%

36.8%

Headache, including migraine

10.2%

8.9%

10.2%

12.6%

11.6%

12.5%

Cyclobenzaprine/other skeletal muscle relaxant

6.3%

6.5%

6.8%

15.9%

16.3%

18.2%

Gabapentinoids/carbamazepine

9.8%

9.5%

11.6%

23.6%

22.8%

28.8%

Unintentional fall (not vigorous activity)

7.0%

5.4%

9.1%

10.5%

9.2%

12.3%

Wheelchair, hospital bed, or difficulty transfers

2.3%

1.8%

3.3%

4.8%

4.0%

6.1%

Malnutritionf

7.4%

6.1%

8.8%

9.1%

7.6%

10.7%

Inpatient discharge

1.8%

2.2%

2.3%

3.1%

4.6%

3.7%

Emergency department visit

9.9%

7.4%

10.9%

15.1%

13.0%

15.4%

Home health visit

4.3%

3.0%

5.6%

7.8%

6.7%

9.1%

Long acting

0.0%

0.0%

0.0%

4.8%

4.3%

5.7%

Started past 90 days

0.0%

0.0%

0.0%

25.1%

27.1%

Pain

Frailty

Medical care in past 90 days

Opioid characteristics
13.9%
(Continued )
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Table 1. (Continued)
No concurrent opioid use
Benzodiazepines
Dose �60 morphine milligram equivalents

z-Drugs

0.0%

Concurrent opioid use

Trazodone
0.0%

Benzodiazepines

0.0%

29.8%

z-Drugs
30.4%

Trazodone
34.6%

Unless otherwise specified, covariates that are based on medical care reflect encounters in the year prior to cohort entry.
a

Some important covariates selected by the authors as examples of the study covariates; see Table F in S1 Appendix for the complete set.

b

Benzodiazepines: diazepam equivalents; z-drugs: zolpidem equivalents.
Race is self-reported to Medicare.

c

d

Cohort excludes patients with diagnosis of major depression or bipolar disorder in past 90 days.

e

Cohort excludes patients with a diagnosis of panic or anxiety disorder or PTSD in past 90 days.
f
Includes diagnosis of malnutrition, abnormal weight loss, feeding problems, and dysphagia.
PTSD, post-traumatic stress disorder.
https://doi.org/10.1371/journal.pmed.1003709.t001

(19.7% versus 10.3%), dementia (13.5% versus 3.9%), chronic kidney disease (12.6% versus
9.1%), chronic obstructive pulmonary disease (13.1% versus 10.1%), history of falls (9.2% versus 5.5%), and malnutrition or feeding problems (8.9% versus 6.2%). The comorbidity levels
for patients initiating trazodone were also higher than those for benzodiazepines, although the
differences were less pronounced.
Concurrent opioid. At baseline, 51,819 cohort members had concurrent opioid use,
12.9% of the cohort. These included 21,805 new users of benzodiazepines, 20,522 of z-drugs,
and 9,492 of trazodone. The covariates indicated greater comorbidity for the trazodone group
than for the z-drugs (Table 1, Table F in S1 Appendix) as well as similar, although less pronounced, differences between patients receiving trazodone and benzodiazepines. Those with
use of trazodone were less likely to have started the opioid within the past 90 days but were
more likely to receive a long-acting drug and higher doses.

Deaths during follow-up
Entire cohort. During 85,277 person-years of follow-up, there were 1,128 deaths (13.2/1,000
person-years), of which 715 (8.4/1,000) were out-of-hospital, and 413 (4.8/1,000) were in-hospital.
The underlying causes of study deaths were cardiovascular (59.0% of deaths), respiratory (10.2%),
neurologic (6.9%), injuries (6.8%), cancer (4.3%), and other causes (12.8%).
No concurrent opioid. During 75,061 person-years of follow-up without concurrent opioid use, there were 32,388 person-years and 260 out-of-hospital deaths for benzodiazepines
(8.0/1,000), 26,497 person-years and 150 deaths for z-drugs (5.7/1,000), and 16,177 personyears and 156 deaths (9.6/1,000) for trazodone (Table 2). After adjustment for covariates, the
risk of out-of-hospital death for benzodiazepines (Fig 2, HR = 0.99 [0.81 to 1.23], p = 0.954)
and z-drugs (HR = 0.96 [0.76 to 1.23], p = 0.767) did not differ significantly from that for trazodone, nor were there significant differences in the adjusted risk of total study mortality (benzodiazepines, HR = 0.95 [0.80 to 1.12], p = 0.513; z-drugs, HR = 0.87 [0.72 to 1.05], p = 0.153).
When the benzodiazepines were compared with the z-drugs (Table H in S1 Appendix), there
were no significant differences for out-of-hospital or total mortality.
Concurrent opioid. During 10,166 person-years of follow-up with concurrent opioid use,
there were 4,278 person-years and 90 out-of-hospital deaths for benzodiazepines (21.0/1,000),
3,541 person-years and 40 deaths for z-drugs (11.3/1,000), and 2,347 person-years and 19
deaths (8.1/1,000) for trazodone (Table 2). When compared with trazodone (Fig 2), the risk of
out-of-hospital death was increased for both benzodiazepines (HR = 3.02 [1.83 to 4.97],
p < 0.001) and z-drugs (HR = 1.98 [1.14 to 3.44], p = 0.015). The increased risk remained
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Table 2. Unadjusted incidence of death (per 1,000 person-years) during follow-up according to study hypnotic and concurrent opioid use.
Benzodiazepines

z-drugs

Trazodone

No concurrent opioid use
Person-years

32,388

26,497

16,177

Deaths

Rate (95% CI)

Deaths

Rate (95% CI)

Deaths

Rate (95% CI)

Out of hospital

260

8.0 (7.1 to 9.0)

150

5.7 (4.8 to 6.6)

156

9.6 (8.1 to 11.2)

In hospital

158

4.9 (4.1 to 5.6)

77

2.9 (2.3 to 3.6)

100

6.2 (5.0 to 7.4)

All

418

12.9 (11.7 to 14.1)

227

8.6 (7.5 to 9.7)

256

15.8 (13.9 to 17.8)

Deaths

Rate (95% CI)

Deaths

Rate (95% CI)

Deaths

Rate (95% CI)

Out of hospital

90

21.0 (16.7 to 25.4)

40

11.3 (7.8 to 14.8)

19

8.1 (4.5 to 11.7)

In hospital

37

8.6 (5.9 to 11.4)

24

6.8 (4.1 to 9.5)

17

7.2 (3.8 to 10.7)

All

127

29.7 (24.5 to 34.8)

64

18.1 (13.6 to 22.5)

36

15.3 (10.3 to 20.3)

Concurrent opioid use
Person-years

4,278

3,541

2,347

https://doi.org/10.1371/journal.pmed.1003709.t002

present when the out-of-hospital deaths were restricted to those with cardiovascular causes
(Table 3). The adjusted risk of total mortality for both benzodiazepines (HR = 2.21 [1.52 to
3.20], p < 0.001) and z-drugs (HR = 1.65 [1.09 to 2.50], p = 0.018) was greater than that for
trazodone. When the benzodiazepines were compared with the z-drugs (Table H in S1 Appendix), there were no significant differences for out-of-hospital or total mortality.

Sensitivity analyses
HR estimates were little changed with the exclusion of drug overdose deaths, restriction of
deaths to those with cardiovascular causes, or limiting benzodiazepines to patients who started
a drug with a hypnotic label or had an insomnia diagnosis prior to cohort entry (Table 3). The
HRs estimated with alternative statistical methods did not differ materially from those of the
primary analysis.

Fig 2. Adjusted HRs for benzodiazepines and z-drugs vs. trazodone for out-of-hospital and total mortality, according to concurrent opioid use. The bars
indicate the 95% confidence intervals for the HRs. The adjusted HRs for the comparisons of benzodiazepines vs. z-drugs are shown in Table H in S1
Appendix. HR, hazard ratio.
https://doi.org/10.1371/journal.pmed.1003709.g002
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Table 3. Sensitivity analyses for benzodiazepines and z-drugs vs. trazodone, according to concurrent opioid use.
No concurrent opioid

Concurrent opioid

Benzodiazepines

z-drugs

Benzodiazepines
p-value HR (95% CI)

z-drugs

HR (95% CI)

p-value HR (95% CI)

p-value HR (95% CI)

p-value

Out-of-hospital deaths

0.99 (0.81 to 1.22)

0.954

0.96 (0.76 to 1.23) 0.767

3.02 (1.83 to 4.97)

<0.001 1.98 (1.14 to 3.44) 0.015

All deaths

0.95 (0.80 to 1.12)

0.513

0.87 (0.72 to 1.05) 0.153

2.21 (1.52 to 3.20)

<0.001 1.65 (1.09 to 2.49) 0.018

Out-of-hospital deaths

1.00 (0.81 to 1.23)

0.977

0.96 (0.75 to 1.22) 0.738

2.98 (1.81 to 4.91)

<0.001 1.99 (1.14 to 3.45) 0.015

All deaths

0.95 (0.81 to 1.12)

0.527

0.87 (0.72 to 1.05) 0.144

2.19 (1.51 to 3.18)

<0.001 1.65 (1.09 to 2.49) 0.017

Out-of-hospital deaths

0.99 (0.77 to 1.28)

0.948

0.94 (0.70 to 1.26) 0.660

3.41 (1.79 to 6.51)

<0.001 2.65 (1.32 to 5.30) 0.006

All deaths

0.92 (0.74 to 1.14)

0.453

0.83 (0.65 to 1.07) 0.153

2.24 (1.38 to 3.63)

0.0012

Primary analysis

(a) Subgroups of interest
Overdose deaths excluded

Cardiovascular deaths only
1.68 (0.98 to 2.88) 0.059

Benzodiazepines hypnotic label or sleep
problem diagnosis
Out-of-hospital deaths

0.85 (0.66 to 1.10)

0.223

2.67 (1.54 to 4.64)

<0.001

All deaths

0.84 (0.69 to 1.03)

0.089

1.85 (1.20 to 2.85)

0.0050

Out-of-hospital deaths

0.99 (0.80 to 1.24)

0.960

0.96 (0.75 to 1.23) 0.740

3.02 (1.83 to 4.99)

<0.001 1.99 (1.14 to 3.46) 0.015

All deaths

0.95 (0.80 to 1.12)

0.529

0.87 (0.71 to 1.06) 0.157

2.21 (1.52 to 3.21)

<0.001 1.65 (1.09 to 2.50) 0.018

(b) Alternative statistical analysisa
Clustering by region: variance adjustment

Cluster by region: control for and variance adjustment
Out-of-hospital deaths

0.99 (0.80 to 1.24)

0.959

0.96 (0.75 to 1.23) 0.740

3.02 (1.83 to 4.99)

<0.001 1.99 (1.14 to 3.46) 0.015

All deaths

0.95 (0.80 to 1.12)

0.528

0.87 (0.71 to 1.06) 0.158

2.21 (1.52 to 3.21)

<0.001 1.65 (1.09 to 2.50) 0.018

Out-of-hospital deaths

0.93 (0.76 to 1.15)

0.520

0.94 (0.73 to 1.20) 0.590

2.81 (1.71 to 4.63)

<0.001 1.97 (1.14 to 3.43) 0.016

All deaths

0.93 (0.79 to 1.09)

0.377

0.86 (0.70 to 1.04) 0.118

2.14 (1.47 to 3.11)

<0.001 1.65 (1.09 to 2.49) 0.018

Out-of-hospital deaths

1.09 (0.88 to 1.35)

0.407

1.03 (0.80 to 1.32) 0.822

2.80 (1.67 to 4.71)

<0.001 2.13 (1.18 to 3.82) 0.013

All deaths

1.03 (0.87 to 1.22)

0.113

0.93 (0.76 to 1.13) 0.478

2.03 (1.38 to 3.00)

<0.001 1.63 (1.06 to 2.51) 0.026

Out-of-hospital deaths

0.95 (0.74 to 1.21)

0.674

1.04 (0.78 to 1.39) 0.800

2.39 (1.37 to 4.16)

0.002

2.00 (1.01 to 3.95) 0.046

All deaths

0.97 (0.80 to 1.18)

0.732

0.99 (0.79 to 1.24) 0.919

2.05 (1.33 to 3.18)

0.001

1.73 (1.07 to 2.78) 0.025

Covariates fixed at baseline

Time-dependent propensity score weights

Propensity score matched, covariates fixed
at baseline

HRs adjusted for study covariates.
a

See Section I in S1 Appendix for details of analysis.

HR, hazard ratio.
https://doi.org/10.1371/journal.pmed.1003709.t003

Discussion
In the absence of concurrent opioids, US Medicare beneficiaries 65 years of age or older without severe illness who began use of either benzodiazepine hypnotics or z-drugs had out-of-hospital and total mortality that differed little from that of comparable patients starting trazodone.
In contrast, with concurrent opioids, patients receiving benzodiazepines or z-drugs had significantly increased out-of-hospital and total mortality relative to trazodone. The association with
increased risk persisted with the exclusion of overdose deaths. There were no significant differences in mortality between patients receiving benzodiazepines and z-drugs, either without or
with concurrent opioids.
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Our finding in patients without opioid use of no significantly increased mortality for benzodiazepines or z-drugs must be interpreted cautiously. To reduce confounding by both the
adverse effects of inadequate sleep [6,10] and the association of hypnotic use with life-threatening illness [45], the study comparator was a hypnotic from a different pharmacologic class.
Consequently, our findings could be influenced by the cardiovascular and other adverse effects
of trazodone [26,27,56]. Indeed, a 2017 clinical guideline discouraged the use of trazodone as a
hypnotic [56] given the paucity of clinical trial data supporting its efficacy and safety. However,
both patients and providers consider trazodone a safer alternative to benzodiazepine and zdrug hypnotics [56], and trazodone prescribing for insomnia is increasing [5]. Further studies
of the efficacy and safety of trazodone for insomnia are needed.
At baseline, 12.5% of cohort members initiating treatment with benzodiazepine hypnotics
had concurrent opioids, which is consistent with other reports from older populations [29–
31]. Our data indicate that the hazards of concurrent use go beyond the documented association of benzodiazepines with increased opioid overdose deaths [57], which are relatively
uncommon in older populations [38]. The greater than 2-fold increase in total mortality we
observed, even after overdose deaths were excluded, suggests that concurrent benzodiazepine–
opioid exposure poses a major risk to the health of older persons.
Although the z-drugs were introduced as a safer alternative to the benzodiazepine hypnotics
[7], more recent thinking is that the adverse effects of these 2 hypnotic classes are similar [10].
However, although there is evidence of z-drug involvement in opioid overdose [58–60], unlike
benzodiazepines [28], there is no “black box” FDA warning against opioid coadministration.
Our findings of increased out-of-hospital and total mortality suggest that in combination with
opioids, the z-drugs may be more hazardous than previously thought.
Because both hypnotics and opioids may be prescribed for patients with greater likelihood
of death, a key element of our design was an active control: comparing benzodiazepines or zdrug exposure, with or without concurrent opioids, to comparable use of low-dose trazodone.
Furthermore, the time-dependent propensity score analysis controlled for a large number of
possible confounders. The distribution of baseline covariates in patients with concurrent opioid use indicated that patients receiving trazodone had greater comorbidity than did users of
the other hypnotics, particularly relative to the z-drugs. Consequently, if there is residual confounding, our findings could underestimate the risks of coadministration of opioids with benzodiazepine hypnotics or z-drugs.
We postulated that the adverse cardiovascular effects of nocturnal respiratory impairment
could mediate an increased risk of death for the benzodiazepines and z-drugs. However, our
primary endpoint included all out-of-hospital deaths, both to avoid potentially differential
under-ascertainment of cardiovascular deaths [37,46–48] and to include deaths related to
other adverse respiratory effects of study hypnotics and opioids [22,36]. Although the
increased risk for out-of-hospital deaths from cardiovascular causes is consistent with our
hypothesis, the study data did not permit elaboration of the mechanisms of hypnotic-related
deaths.
The most recent study data were for calendar 2015. Since that time, efforts to reduce opioid
use have intensified, including the FDA black box warning against concurrent use with benzodiazepines [28]. Nevertheless, more recent data demonstrate continuing elevated prevalence of
concurrent use of benzodiazepines and z-drugs with opioids [30,31].
The study cohort consisted of US Medicare fee-for-service beneficiaries 65 years of age or
older without severe illnesses, which limits generalizability. Prescribing patterns for both hypnotics and opioids may differ in other countries. Findings may differ for younger patients
(although those over 65 years of age have greater prevalence of hypnotic use [1,2,61] and
increased mortality rates), those in Medicare managed care, or with substance use disorder.
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There were several other study limitations. For patients receiving z-drugs with concurrent
opioids, the total number of deaths was small, and the lower bound of the HR 95% CI was
1.09. Thus, a relatively small additional risk for this exposure cannot be ruled out. Although all
of the study drugs are widely prescribed as hypnotics and included in guidelines for insomnia
treatment [6], some benzodiazepines have other indications. However, findings did not change
with exclusion of patients receiving benzodiazepines for whom the indication was most likely
to be ambiguous. Study benzodiazepines only included those with a hypnotic indication or
mentioned in insomnia treatment guidelines, even though other benzodiazepines are prescribed as hypnotics in clinical practice. There was no comparison to patients whose insomnia
was treated with less frequently prescribed hypnotic medications or cognitive behavioral therapy. We did not examine differences between the study hypnotics for many potentially important nonfatal endpoints. Finally, the study Medicare data did not include physiological data
that could be useful for identifying patients at greatest risk of hypnotic–opioid adverse effects.

Conclusions
In US Medicare beneficiaries 65 years of age or older without concurrent opioids who initiated
treatment with benzodiazepine hypnotics, z-drugs, or low-dose trazodone, study hypnotics
were not associated with mortality. With concurrent opioids, benzodiazepines and z-drugs
were associated with increased out-of-hospital and total mortality. These findings indicate that
the dangers of benzodiazepine–opioid coadministration go beyond the documented association with overdose death and suggest that in combination with opioids, the z-drugs may be
more hazardous than previously thought.
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ABSTRACT
Objectives
To identify trends in concurrent use of a
benzodiazepine and an opioid and to identify the
impact of these trends on admissions to hospital and
emergency room visits for opioid overdose.
Design
Retrospective analysis of claims data, 2001-13.
Setting
Administrative health claims database.
Participants
315 428 privately insured people aged 18-64 who were
continuously enrolled in a health plan with medical
and pharmacy benefits during the study period and
who also filled at least one prescription for an opioid.
Interventions
Concurrent benzodiazepine/opioid use, defined as an
overlap of at least one day in the time periods covered
by prescriptions for each drug.
Main outcome measures
Annual percentage of opioid users with concurrent
benzodiazepine use; annual incidence of visits to
emergency room and inpatient admissions for opioid
overdose.
Results
9% of opioid users also used a benzodiazepine in
2001, increasing to 17% in 2013 (80% relative
increase). This increase was driven mainly by increases
among intermittent, as opposed to chronic, opioid
users. Compared with opioid users who did not use
benzodiazepines, concurrent use of both drugs was
associated with an increased risk of an emergency

What is already known on this topic
In many countries, the increased use of prescription opioids and the resulting
potential for addiction and overdose represent a growing public health concern
Nearly 30% of fatal “opioid” overdoses in the US also involve benzodiazepines,
raising the possibility that some of the increase in opioid related deaths might be
caused by increases in concurrent benzodiazepine/opioid use over time
Although the concurrent use of opioids and benzodiazepines has been studied
among patients in the US Veterans Health Administration, trends in concurrent use
among the privately insured population, and their consequences for population
health, have not been fully characterized

What this study adds.
In a large sample of privately insured patients in 2001-13, concurrent
benzodiazepine/opioid prescribing increased by nearly 80%
Opioid users who also used benzodiazepines were at substantially higher risk of an
emergency room visit or inpatient admission for opioid overdose
Elimination of the concurrent use of benzodiazepines and opioids could reduce the
population risk of an emergency room visit or inpatient admission for opioid
overdose by 15%
the bmj | BMJ 2017;356:j760 | doi: 10.1136/bmj.j760

room visit or inpatient admission for opioid overdose
(adjusted odds ratio 2.14, 95% confidence interval
2.05 to 2.24; P<0.001) among all opioid users. The
adjusted odds ratio for an emergency room visit or
inpatient admission for opioid overdose was 1.42 (1.33
to 1.51; P<0.001) for intermittent opioid users and 1.81
(1.67 to 1.96; P<0.001) chronic opioid users. If this
association is causal, elimination of concurrent
benzodiazepine/opioid use could reduce the risk of
emergency room visits related to opioid use and
inpatient admissions for opioid overdose by an
estimated 15% (95% confidence interval 14 to 16).
Conclusions
From 2001 to 2013, concurrent benzodiazepine/opioid
use sharply increased in a large sample of privately
insured patients in the US and significantly contributed
to the overall population risk of opioid overdose.

Introduction
In the US, the increased use of prescription opioids and
the resulting potential for addiction and overdose
impose substantial public burden of morbidity, mortality, and economic costs.1 2 Opioid prescriptions have
increased sharply—nearly threefold—over the past fifteen years,3 with a concurrent increase in opioid related
overdoses and deaths.3 4 5 As a result, policymakers and
researchers have expended considerable effort towards
finding ways to reduce the misuse of, and overdose
from, opioids.6-15
Nearly 30% of fatal “opioid” overdoses also involve
benzodiazepines, which are often used concurrently
with opioids,16-18 raising the possibility that some of the
increase in opioid related deaths could be caused by
increases in concurrent benzodiazepine/opioid use over
time. Although benzodiazepines have received less public safety attention than opioids, the combination of the
two drugs is dangerous because benzodiazepines potentiate the respiratory depressant effects of opioids.19
Indeed, the US Food and Drug Administration (FDA)
recently released a “black box” caution, warning
patients and providers about the potential risks of combined use. Understanding the degree to which concurrent benzodiazepine/opioid use has increased over time,
as well as the magnitude of its potential adverse effects,
could have important implications for policy and clinical
practice. These concerns are particularly salient in the
US, but there is also some evidence of high rates of concurrent use internationally. For example, one study
found that 47% of patients in methadone treatment programs in Spain also used b
 enzodiazepines,20 while a
another study reported that nearly 52% of Swiss patients
in methadone treatment programs were “regular” benzodiazepine users.21 Studies have also found high rates of
benzodiazepine use among heroin users in Australia.22 23
1
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Methods
Data
We obtained a sample of administrative health claims
provided by Marketscan (Truven Health Analytics, Ann
Arbor, MI). Marketscan provides patient level data on
use and expenditures for the care of patients enrolled in
private insurance plans through a participating
employer, health plan, or government organization.
The database has grown from six million beneficiaries
to comprise over 35 million beneficiaries today. Compared with the general US population, the Marketscan
population includes more women, is more likely to
come from the southern areas of the US, and is less
likely to be drawn from the western areas of the US.33
The data are frequently used in analyses of healthcare
use and spending.34-37 Our data include all claims from
1 January 2001 to 31 December 2013, inclusive. As we
used de-identified patient data, institutional review
board approval was not required.
The information on inpatient and outpatient data
claims provided details from specific encounters,
including diagnosis codes (ICD-9 (international classification of diseases, ninth edition)), procedure codes
(current procedural terminology, CPT), and date of
2

service provision. For the pharmacy claims data, the
information provided includes fill date, quantity supplied, and number of days supplied. The data also provide the National Drug Code, which can be linked to Red
Book data (Truven Health Analytics, Ann Arbor, MI) to
obtain the generic name and dose of the prescribed drug.

Sample
Our initial sample consisted of the 595 410 patients who
were continuously enrolled in a plan with medical and
pharmaceutical benefits from 1 January 2001 to 31
December 2013. We restricted our analysis to patients
who were continuously enrolled during the study
period because, as noted above, the set of employers
and health plans contributing data to Marketscan has
markedly increased over time, leading to a large
increase in the number of people in the database. Our
approach thus reduces the risk of confounding that
might occur because of changes over time in the underlying population reporting data to Marketscan.
From this sample, we identified and excluded patients
with a history of cancer or those who received a diagnosis
of cancer during the study period (n=28 780) as well as
those aged under 18 or over 64 when they first entered
the study (n=142 789), giving a sample of 423 841 patients.
Our final sample was the subset of patients (315 428) who
filled at least one prescription for an opioid during the
study period. A flow diagram (fig A) describing the construction of our sample is in the appendix.
Outcomes
Our primary outcome was an emergency room visit or
inpatient admission for opioid overdose within a given
calendar year. Using methods described elsewhere,38
we defined opioid overdose to be an admission or visit
with ICD-9 codes indicating either opioid related poisoning or a potential opioid related adverse event (such
as respiratory depression) and an ICD-9 code corresponding to opioid overdose. For each opioid prescription, we defined a time interval starting the day the
prescription was filled and lasting the number of days
supplied in the prescription. We counted visits only if
they occurred during this time interval or within seven
days after the end of this interval. For example, if a
patient received an opioid prescription on 1 January
2007 with 10 days’ supply, we counted only visits that
occurred between 1 January 2007 and 17 January 2007.
In our sensitivity analyses we considered alternative
definitions, such as visits occurring within 30 days of
the time interval previously described.
Variables
Our key independent variable of interest was whether an
opioid user also used a benzodiazepine concurrently
within a given calendar year. First, we identified opioid
use by isolating all prescriptions for outpatient opioids
(table A in appendix), excluding prescriptions containing hydrocodone in a cough/cold formulation. We then
isolated all prescriptions for a benzodiazepine (table B
in appendix) and directly examined the degree of temporal overlap between prescriptions among individuals
doi: 10.1136/bmj.j760 | BMJ 2017;356:j760 | the bmj
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A recent study examined the incidence of opioid and
benzodiazepine use among the subset of the veteran
population who receives care from the Veterans Health
Administration (VHA). Nearly 30% of VHA patients who
were prescribed opioids also received a concurrent prescription for benzodiazepines, defined as having at
least one day’s overlap between a benzodiazepine and
opioid prescription in a given calendar year.24 25 Moreover, this study found that co-prescribing was associated with a significantly higher risk of death than with
the use of opioids alone. Similar results were found in
studies examining opioid prescriptions in North
Carolina26 and in Ontario, Canada.27
As prescribing behaviors are likely to vary nationally
and across clinical settings,28 29 however, the applicability
of these findings to the broader population (including to
veterans, most of whom do not access VHA care) is
unclear. For example, compared with the general population, veterans in the US have a higher prevalence of substance misuse and mental health disorders.30-32 We
focused on concurrent benzodiazepine/opioid use in a
privately insured population broadly representative of the
entire US, in whom concurrent use was defined as one
day of overlap in the time periods covered by each prescription. We have built on previous work by focusing on
trends in concurrent benzodiazepine/opioid use over
time and their effects on population health, which has
not been fully characterized. Using a large dataset of
administrative health claims data, we explored trends in
concurrent use in 2001-13. In addition, we examined the
degree to which patients using these two prescribed drugs
have an increased risk of an emergency room visit or inpatient admission for opioid overdose. Finally, we examined
the degree to which reducing concurrent use could reduce
the risk of emergency room visits and inpatient admissions for opioid overdose at the population level.

RESEARCH
Analyses
We first calculated the annual percentage of opioid
users with concurrent benzodiazepine use. We stratified our analysis by intermittent and chronic opioid
users. Following previous work,10 chronic users were
defined as patients who filled more than 10 prescriptions or had more than 120 days’ supply in a given year,
with the remaining opioid users being defined as intermittent users. Because our study sample consisted of
patients who were continuously enrolled during the
study period, the average age of our population
increased by one year annually. Therefore, we calculated age adjusted estimates using methods described
in the appendix.
We then used multivariate logistic regression to estimate the association between concurrent benzodiazepine/opioid use and opioid overdose among opioid
users. The dependent variable in this regression was an
indicator variable that equaled 1 if the patient had at
least one emergency room visit or admission for opioid
overdose (using the methods described above) in the
given calendar year and 0 otherwise. Our independent
variable of interest was an indicator variable that
equaled 1 if the opioid user met the criteria for concurrent benzodiazepine use in the given year and 0 otherwise. We also included controls for age, year, and the
set of additional variables in table 1.
Finally, we calculated the population attributable
fraction (PAF) of concurrent benzodiazepine/opioid use
to the risk of opioid overdose. This fraction represents
the relative risk reduction for a given event at the population level under a counterfactual scenario for a specific
risk factor. For example, the population attributable
fraction has been used to describe the degree to which
low birth weight would be reduced if maternal smoking
could be eliminated entirely.41 In our case, we calculated
the population level risk reduction that would occur if
concurrent benzodiazepine/opioid use could be

Table 1 | Characteristics of study population with any opioid use at start of study period (2001) according to concurrent filled prescription for
benzodiazepine. Figures are numbers (percentage; 95% CI) of patients meeting criteria (unless stated otherwise)

Men
Mean age (years)*
Congestive heart failure
Peripheral vascular disease
Hypertension
Chronic obstructive pulmonary disease
Diabetes mellitus
Chronic kidney disease
Cerebrovascular disease
Dementia
Myocardial infarction
Liver disease
Alcohol abuse
Drug abuse
Psychosis
Depression
Mean daily health spending ($)*

No benzodiazepine (n=53 389)

With benzodiazepine (n=5425)

P value for
difference
between groups

23 194 (43; 43 to 44)
42.4 (42.4 to 42.5)
79 (0.15; 0.12 to 0.18)
81 (0.15; 0.12 to 0.18)
3686 (6.9; 6.7 to 7.1)
1041 (2.0; 1.8 to 2.1)
1813 (3.4; 3.2 to 3.6)
77 (0.14; 0.11 to 0.18)
101(0.19; 0.15 to 0.23)
66 (0.12; 0.09 to 0.15)
69 (0.13; 0.10 to 0.16)
251 (0.47; 0.41 to 0.53)
162 (0.30; 0.26 to 0.35)
118 (0.22; 0.18 to 0.26)
67 (0.13; 0.10 to 0.16)
2362 (4.4; 4.3 to 4.6)
$21.83 (20.91 to 22.74)

1888 (35; 34 to 36)
44.5 (44.4 to 44.7)
42 (0.77; 0.54 to 1.01)
22 (0.41; 0.24 to 0.58)
516 (9.5; 8.7 to 10)
252 (4.7; 4.1 to 5.2)
259 (4.8; 4.2 to 5.3)
12 (0.22; 0.096 to 0.35)
35 (0.65; 0.43 to 0.86)
15 (0.28; 0.14 to 0.42)
22 (0.41; 0.24 to 0.58)
74 (1.4; 1.1 to 1.7)
61 (1.1; 0.84 to 1.4)
63 (1.2; 0.88 to 1.5)
30 (0.55; 0.36 to 0.75)
915 (17; 16 to 18)
$33.62 (29.22 to 38.02)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.16
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Hedge’s g for
standardized difference
between groups

−0.30
0.18
−0.14
−0.06
−0.10
−0.19
−0.07
−0.02
−0.10
−0.04
−0.07
−0.12
−0.13
−0.17
−0.11
−0.55
−0.10

*Mean and 95% CI only.
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who filled a prescription for both classes of drugs. Specifically, for each opioid prescription, we defined an
interval in which the prescription took effect as the interval starting on the day the prescription was filled and
lasting up to the number of day’s supply provided in the
prescription. We defined a similar interval for a benzodiazepine prescription and quantified the total number of
opioid prescription days that overlapped with a benzodiazepine prescription days. For example, suppose a
given patient filled an opioid prescription and received a
30 day supply on 1 January 2001. If the same individual
filled a benzodiazepine prescription on 20 January 2001
with 30 days’ supply, then 11 out of the 30 days of the
opioid prescription overlapped with a benzodiazepine
prescription. For our baseline analyses, we defined concurrent use as having at least one day of overlap in a
given calendar year,24 39 in line with previous studies. We
also considered alternative definitions of concurrent
opioid/baseline in our sensitivity analyses.
Our analysis included several controls for patients’
demographics and health. Age and sex were directly
obtained from the claims data. ICD-9 diagnosis codes
were used to control for comorbidities including diabetes mellitus and congestive heart failure (table 1 provides a full list of comorbidities). 40 For each
comorbidity, we identified the earliest year with at least
two claims containing the associated ICD-9 codes (table
B in appendix) and defined the patient as having a history of the given comorbidity from that year onwards.
Finally, we also controlled for total healthcare spending
in the time period before the first opioid prescription in
a given year. To do so, we isolated all pharmacy, inpatient, and outpatient claims submitted before the earliest opioid prescription in a given year. We then summed
the spending across all these claims and divided by the
number of calendar days in the interval between 1 January of the given year and the date of the earliest opioid
prescription.

RESEARCH

Sensitivity analyses
We conducted several sets of sensitivity analyses. First,
in our baseline analyses we defined concurrent benzodiazepine/opioid overdose as requiring at least one day of
overlap; we considered an alternative (stricter) definition that required 25% of the days’ supply of opioids to
overlap with a benzodiazepine prescription. Similarly,
our baseline analyses defined an opioid overdose as an
emergency room visit or admission occurring during the
time interval covered by an opioid prescription or within
seven days after the end of the prescription; we considered alternative definitions that both loosened (allowing
a visit to occur within 30 days after the time interval covered by an opioid prescription) and tightened (requiring
the visit to occur exactly during the interval covered by
an opioid prescription) this criterion.
Second, a potential issue arises because our sample
was constructed as a set of individuals who were continuously enrolled between 2001 and 2013. The advantage of this approach is that allows us to follow a
uniform set of people over time. By contrast, other
approaches—such as including all patients regardless
of enrollment duration—would have the drawback of
having to deal with a changing population over time as
people enter and exit the sample. Restriction to people
who did not leave the sample (because of death or loss
of employment), however, could lead to bias because
people who die (or lose employment) secondary to opioid use would probably have experienced a series of
emergency room visits or inpatient admissions for opioid overdose before the actual event. To the degree that
the concurrent benzodiazepine/opioid use increases
the risk of these events (and of attrition), our approach
will therefore underestimate the true effect of
concurrent use (as our sample is limited to people who
did experience these events, but not enough to result in
death or loss of employment). To deal with this, we conducted a secondary analysis using a broader sample
consisting of all people who were continuously enrolled
for at least two years (n=3 810 747). Each individual
remained in the sample until the study end date or until
they exited the sample. Thus, this broader sample
includes our original sample as well as patients who
subsequently entered and exited the sample.
Finally, one potential source of bias is that opioid
users who concurrently used benzodiazepines could
differ from those who did not. We performed a residual
confounding analysis45 46 to investigate the extent to
which our results could be explained by other
unobservable factors, such as differences in health status between the two groups. Specifically, we assumed
4

the presence of an unmeasured binary confounder that
was patient specific and independent of our measured
confounders. We assumed that this confounder had a
prevalence of 75% among our surgical sample and 0%
among the non-surgical patients. The assumed difference in prevalence between surgical and non-surgical
patients of this unmeasured confounder is much larger
than the difference in prevalence for all the medical
comorbidities we examined. Using methods described
elsewhere, we then estimated the degree of confounding that would be necessary for this confounder to eliminate the estimated association between opioid
overdose and concurrent benzodiazepine/opioid use.46

Patient involvement
No patients were involved in setting the research question or the outcome measures, nor were they involved in
developing plans for design or implementation of the
study. No patients were asked to advise on interpretation or writing up of results. There are no plans to disseminate the results of the research to study participants
or the relevant patient community.
Results
Table 1 shows descriptive statistics for patients who
filled at least one prescription for an opioid during the
year, stratified by whether those patients also filled at
least one prescription for a benzodiazepine. Among opioid users, patients who also filled a prescription for a
benzodiazepine were older (44.5 v 42.4, P<0.001) and
less likely to be men (35% v 43%, P<0.001) compared
with those who did not. In addition, the prevalence of
every comorbidity examined was significantly higher
(P<0.001) among opioid users who also filled prescriptions for a benzodiazepine. Given our large sample size,
we are likely to find many differences between the two
groups that are small in magnitude but nonetheless significant. We therefore calculated the standardized difference between the two groups using Hedge’s g (table 1).
Overall, the differences between the two groups for most
of the characteristics were of modest magnitude (<0.2
SD), with the exception of depression (roughly 0.5 SD).
The proportion of opioid users who were co-prescribed
benzodiazepines nearly doubled from 9% (5425/53 389) in
2001 to 17% (14 415/85 617) in 2013 (fig 1). Most of this
growth occurred among intermittent opioid users, in
whom the percentage of patients who also used a benzodiazepine increased from 7% (4122/55 960) to 13%
(9292/65 114) during the study period. By contrast,
although a higher percentage (46%; 1596/3457) of chronic
opioid users also used benzodiazepines in 2001, this percentage remained fairly constant during the study period.
Among all opioid users who did not use benzodiazepines, the age adjusted incidence of emergency room
visits or inpatient admissions for opioid overdose
increased from 1.08% (95% confidence interval 0.99%
to 1.16%) in 2001 to 1.35% (1.26% to 1.43%) from 2001 to
2013 (fig 2 ). For intermittent opioid users who did use
not benzodiazepines, the age adjusted incidence of opioid overdose increased from 1.05% (0.96% to 1.14%) to
1.15% (1.06% to 1.23%) during this time period, and
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e liminated entirely. These estimates were calculated by
using the results from the logistic analyses described
above, following methods described elsewhere.42 43
Because the unit of observation in our data is a person year, patients will contribute multiple observations
if they used opioids in more than one calendar year. We
therefore adjusted our standard errors for clustering at
the patient level.44 All analyses were performed with
Stata 14.0 (College Station, TX).

Fig 3 | Adjusted incidence of
opioid overdose for
patients taking opioids
with and without
benzodiazepines. Adjusted
incidence incorporates
controls for year, sex, age,
and characteristics listed in
table 1 (95% confidence
intervals calculated with SE
clustered at patient level)
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Fig 2 | Unadjusted incidence
of opioid overdose for
patients using opioids with
or without benzodiazepines
in 2001-13 stratified by
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among chronic opioid users who did not use benzodiazepines, the incidence increased from 2.00% (1.30% to
2.70%) to 3.51% (3.05% to 3.98%). As shown in figure 2,
the age adjusted incidence of opioid overdose was
higher among concurrent benzodiazepine/opioid users.
For example, among all opioid users who also used
benzodiazepines, the age adjusted incidence of opioid
overdose was 2.01% (1.64% to 2.39%) in 2001 and 3.99%
(3.58% to 4.21%) in 2013.
Among all opioid users, the annual adjusted incidence of an emergency room visit or inpatient admission
for opioid overdose was 1.16% (95% confidence interval
1.13% to 1.18%; fig 3) for those who did not use a benzodiazepine compared with 2.42% (2.32% to 2.51%) among
concurrent benzodiazepine/opioid users, a significant
difference (odds ratio 2.14, 95% confidence interval 2.05
to 2.24; P<0.001). Intermittent opioid users who used a
benzodiazepine concurrently also experience a higher
incidence of emergency room visits or inpatient
the bmj | BMJ 2017;356:j760 | doi: 10.1136/bmj.j760

 dmissions for opioid overdose (1.45%, 1.36% to 1.51%)
a
compared with intermittent opioid users who did not
use a benzodiazepine concurrently (1.02%, 0.996% to
1.04%), with an odds ratio of 1.42 (1.33 to 1.51; P<0.001).
Chronic opioid users with concurrent benzodiazepine
use also experienced a higher adjusted incidence of
emergency room visits or inpatient admissions for opioid overdose (5.36%, 5.12% to 5.61%) compared with
those who did not use benzodiazepines (3.13%, 2.94% to
3.31%), with an odds ratio of 1.81 (1.67 to 1.96; P<0.001).
Using the logistic regression model results, we estimated the population attributable fraction for benzodiazepine co-prescribing to be 0.15 (95% confidence
interval 0.14 to 0.16) among all opioid users, suggesting
that eliminating concurrent benzodiazepine/opioid use
could reduce the population risk for an opioid related
emergency room visit or inpatient admission by 15%.
Among intermittent opioid users, the population attributable fraction was 0.043 (0.034 to 0.051), whereas the
population attributable fraction was 0.27 (0.23 to 0.30)
for chronic users.
We conducted three sets of sensitivity analyses. First,
we considered alternative measures of concurrent benzodiazepine/opioid use (requiring 25% of the days of
opioid to overlap with a benzodiazepine prescription)
as well as alternative measures of opioid overdose. The
results were qualitatively similar to our main results
(appendix).
A second set of analyses examined whether imposing
the requirement that our study population be continuously enrolled from 2001 to 2013 could have resulted in
bias. This set of analyses used a broader sample, consisting of the patients in our original sample as well as
patients who were continuously enrolled for at least
two years but who might have subsequently left the
sample. Among this larger sample, the adjusted relative
risk was 1.66 for intermittent users (95% confidence
interval 1.64 to 1.69; P<0.001) and 1.61 (1.58 to 1.63;
P<0.001) for chronic users.
Finally, we performed a residual confounding analysis to estimate the degree of confounding that would
need to be present to explain our results. Assuming the
presence of an unmeasured binary confounder with a
prevalence of 75% among concurrent benzodiazepine/
opioid users or a prevalence of 0% among persons with
no concurrent use, our analysis suggested that residual
confounding would negate our results only if the odds
ratio associated with the unmeasured confounder was
at least 2.40. The odds ratio associated with this confounder would need to be at least 1.45 among intermittent users and at least 1.89 among chronic users.

Discussion
Principal findings
In a sample of privately insured patients, we found that the
incidence of concurrent benzodiazepine/opioid use
increased by roughly 80% from 2001 to 2013. Moreover, we
found that opioid users who concurrently used benzodiazepines were at an increased risk of opioid overdose and
that eliminating concurrent benzodiazepine/opioid use
could reduce the risk of opioid overdose by 15%. Opioid
5
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Fig 1 | Annual age adjusted
prevalence of concurrent
benzodiazepine/opioid
use, 2001-13. Concurrent
use was defined as having
at least one day of overlap
between time covered by
prescriptions

Annual prevalence (per 100 patients/year)
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Comparison with other studies
A previous study of patients receiving care from the Veteran’s Administration found that 27% of opioid users
also received benzodiazepines and that concurrent opioid/benzodiazepine use was associated with an
increased risk of death from opioid overdose.24 Another
study found that nearly 80% of patients taking an opioid also used a benzodiazepine and that those who
used both drugs concurrently were at a tenfold
increased risk of death from overdose,26 although in
that study concurrent use was defined as having used
an opioid and benzodiazepine at least once in a given
year, without an attempt to identify the extent of overlap between the periods of opioid and benzodiazepine
use. Using toxicology analysis, another study found
that benzodiazepines were involved in 60% of deaths
from opioid overdose in patients in Ontario, Canada.27
We also found that concurrent opioid/benzodiazepine use was fairly common; differences in the magnitude of concurrent use between our studies and
previous work is possibly because of differences in the
definition of concurrent use as well as differences in the
underlying patient population. Our study builds on
these results by examining growth in concurrent use
over time and estimating the effect of this growth on
population health. Moreover, we examined concurrent
use in a national sample that is broadly representative
of the privately insured population in the US.
Strengths and limitations of this study
Our results should be viewed in the light of the study’s
limitations. First, we cannot exclude the possibility of
confounding because of unobservable differences
between opioid users who did and did not use benzodiazepines. While we dealt with this issue by adjusting for
an extensive set of covariates and comorbidities, we cannot exclude the possibility of further confounding. We
did, however, perform a residual confounding analysis
to judge the extent of confounding that would be needed
to explain our results. Our analysis suggested that any
unobserved confounder would need to exert effects
larger than the estimated effect for concurrent benzodiazepine/opioid use and be unequally distributed across
concurrent and non-concurrent users to a far larger
extent than any of the potential measured confounders
we considered, a scenario we consider to be unlikely.
Second, the construction of our sample—which
required people to be continuously enrolled for the
entire 13 year period—could also result in confounding
as it excluded those who might have left the sample secondary to opioid related death or job loss. To deal with
this issue, we performed sensitivity analyses in which
we added to our original sample individuals who were
continuously enrolled for at least two years but who
6

might have subsequently left the sample secondary to
death or job loss. The point estimates for this set of sensitivity analyses were qualitatively similar to our baseline estimates.
Third, we note that our analysis examined only cases
of opioid overdose/poisoning when a patient received
emergency room/hospital care and ultimately survived,
which could mean that our analysis underestimated the
true risk of opioid overdose.
Fourth, our analysis does not take into account changes
in prescribing/patient behaviors that could evolve in
response to reduced concurrent benzodiazepine/opioid
prescribing. For example, if patients increase their dose of
opioids in response to a reduction in concurrent benzodiazepine/opioid prescribing, this would mitigate some of
the benefits we observed in the study.
Finally, we note that a prescription database would
not capture heroin use or the use of prescription drugs
bought illegally.

Conclusions and policy implications
These findings have several implications. From a clinical
perspective, providers should exercise caution in prescribing opioids for patients who are already using benzodiazepines (or vice versa), even in a non-chronic setting.
Indeed, we note that the association between concurrent
benzodiazepine/opioid use and the risk of opioid overdose was broadly similar for both intermittent and
chronic opioid users. Therefore, opioids should be prescribed cautiously—even if only for a short term course—
among patients who are also using benzodiazepines.
From a policy perspective, in addition to the current focus
on opioid prescribing, policymakers and healthcare systems should also focus on benzodiazepine prescribing
behaviors, as these behaviors can play an important role
in mitigating the risks of opioid prescriptions. Healthcare
systems might also want to implement education programs that warn prescribers and patients about the risks
of taking benzodiazepines and opioids concurrently, with
the Veterans Health Administration’s system-wide opioid
safety initiative being a potential model to emulate.
Contributors: All authors contributed to the design and conduct of the
study, data collection and management, analysis interpretation of the
data; and preparation, review, or approval of the manuscript. ECS is
guarantor.
Funding: ECS was supported by a mentored research training grant
from the Foundation for Anesthesia Education and Research and the
Anesthesia Quality Institute. KNH was supported by funding from the
Veterans Affairs health services research and development service.
The research conducted was independent of any involvement from the
sponsors of the study. Study sponsors were not involved in study
design, data interpretation, writing, or the decision to submit the
article for publication.
Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf (available on
request from the corresponding author) and declare: support provided
by grants from the Foundation for Anesthesia Education and Research;
no financial relationships with any organizations that might have an
interest in the submitted work in the previous 3 years; and no other
relationships or activities that could appear to have influenced the
submitted work.
Ethical approval: Not required as patient data were de-identified.
Data sharing: No additional data available.
Transparency statement: The lead author affirms that the manuscript
is an honest, accurate, and transparent account of the study being

doi: 10.1136/bmj.j760 | BMJ 2017;356:j760 | the bmj

BMJ: first published as 10.1136/bmj.j760 on 14 March 2017. Downloaded from http://www.bmj.com/ on 22 December 2021 by guest. Protected by copyright.

prescribing, use, and overdose are receiving increased
attention given the sharp increase in the number of opioid
related adverse events over the past decade. Understanding the underlying causes for these secular increases in
opioid related events is an important step towards developing policies aimed at reducing their incidence.
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reported; that no important aspects of the study have been omitted;
and that any discrepancies are disclosed.

Evidence supporting the use of medical marijuana to treat or alleviate the disease or condition,
including journal articles, peer reviewed studies, and other type of medical or scientific documentation.
Given how important quality sleep is for optimizing mental and physical wellbeing, it is alarming how
pervasive sleep disturbances are throughout society. The limited effectiveness and risk of undesirable and
potentially dangerous side effects of conventional pharmaceutical sleep aids 13 result in nearly 50%
dissatisfaction rates 14. Hence, it is not surprising why people with sleep disturbances commonly report
regular experimentation with multiple types of sleep aids, including alcohol and Cannabis.
Ask a patient with a medical marijuana card how it has helped their condition and many will say “It helps
me sleep.” While “insomnia” is not an approved condition under Ohio’s Medical Marijuana Control
Program, it is a side effect of many of the conditions approved under the program (PTSD, Chronic Pain,
Cancer, etc.). So why – if medical marijuana is so effective at helping people sleep – isn’t insomnia an
approved condition? Approving insomnia would expand access to patients suffering from insomnia as
their primary condition.
Comparing the Side Effects:
The side effects, potential for addiction, misuse and potential overdose associated with traditional
insomnia medications should be sufficient evidence to encourage the State Medical Board to consider
adding insomnia as a condition eligible for medical marijuana. After all, a licensed physician with a
Certificate to Recommend would need to determine that the patient does in fact have insomnia, they
could consider if the patient has experimented with behavioral changes to address the condition and
determine if medical marijuana poses less of a risk to the patients’ health compared to benzodiazepines
or z-drugs. The alternatives alone should encourage a doctor to allow their patient to try a gummy before
bed, instead of a highly addictive prescription medication that could stop their breathing.
Medical marijuana is not a silver bullet for treating insomnia and is still being studied. With the evolving
market of new cannabis strains and cannabinoid formulations, each with varying proportions of CBD and
THC, the generalizability of the current literature about sleep impact is limited. However, marijuana (both
prescribed and unprescribed) are being increasingly used as experimental therapies for sleep disorders 15.
Efficacy Studies:
In a 2018 study conducted by professors at the University of New Mexico and California State Polytechnic
Institute, 409 people with a specified condition of insomnia completed 1056 medical cannabis
administration sessions using the Releaf AppTM educational software during which they recorded realtime ratings of self-perceived insomnia severity levels prior to and following consumption, experienced
13
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15 Diep C, Tian C, Vachhani K, et al Recent cannabis use and nightly sleep duration in adults: a population analysis of the
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side effects, and product characteristics, including combustion method, cannabis subtypes, and/or major
cannabinoid contents of cannabis consumed. The study concluded that consumption of medical Cannabis
flower is associated with significant improvements in perceived insomnia with differential effectiveness
and side effect profiles, depending on the product characteristics. 16
In a randomized, double-blind, placebo-controlled study published in 2021, professors at the University
of Western Australia evaluated the efficacy of 2 weeks of nightly sublingual cannabinoid extract in treating
chronic insomnia (symptoms > 3 months). The study found the treatment to be well tolerated by the
participants and to improve insomnia symptoms and sleep quality 17.
Access to Medical Marijuana Reduces Benzodiazepine Prescriptions
Trends in states with recreational marijuana programs point to people using marijuana to help with sleep
outside of the medical program. For instance, an article published in 2019 that looked at the correlation
between the opening of dispensaries in Colorado and a 33% decline in sleep-aid market share. 18 According
to the article, these results are consistent with evidence that legal access to medical cannabis is associated
with reductions in Scheduled II-V prescription medications (e.g., opioids and sedatives), many of which
may be used in part as sleep aids. Prescription sleep aids, namely anti-depressants (e.g., trazodone,
amitriptyline, and doxepin), benzodiazepines (e.g., diazepam and lorazepam), GABA medications
(zolpidem and eszopiclone), and anti-psychotics (aripiprazole, olanzapine, quetiapine and risperidone)
come with practical and significant clinical drawbacks, as discussed above.
Patient Safety Above All Else:
Federal prohibitions make it extremely difficult to conduct cannabis research in the United States, leaving
medical marijuana programs to rely on international studies and statistics to guide policy decisions. As
discussed above, the side-effects of prescription sleep-aids (specifically benzodiazepines and z-drugs) are
significant and in the worst case can result in death. Patients suffering from insomnia should be able to
work with their physician to evaluate the potential of medical marijuana as an alternative solution for
managing their condition.
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cannabinoid medicine compared with placebo, Sleep, Volume 44, Issue 11, November 2021, zsab149, (ATTACHMENT 12)
18
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Study Objective. To measure the association of symptoms attributed to residual effects of sleep medication (e.g., drowsiness, difficulty
concentrating, and impaired memory) on self-reported functioning and satisfaction with these medications. Methods. Individuals
using prescription medications for insomnia were invited to complete an Internet-based survey. Respondents were compared
according to the presence of self-reported residual effects; relationships between severity of these effects and outcomes were modeled
using regression. Measures included the Brief Insomnia Questionnaire, Work Productivity and Activity Impairment Questionnaire,
and SATMED-Q. Subgroup analyses were conducted with patients aged ≥65 years. Approximately 80% reported experiencing ≥1
residual effect. The severity of residual effects was associated with increased residual effect-related work impairment, including
absenteeism (RR = 1.46, 𝑝 < 0.001), presenteeism (RR = 1.12, 𝑝 < 0.001), overall work impairment (RR = 1.13, 𝑝 < 0.001), and
nonwork activity impairment (RR = 1.11, 𝑝 < 0.001). More severe residual symptoms were also associated with increased difficulty
in home management (Beta = .31, 𝑝 < 0.001), ability to work (Beta = .31, 𝑝 < 0.001), social relationships, (Beta = .32, 𝑝 < 0.001),
close personal relationships (Beta = .30, 𝑝 < 0.001), and lower medication satisfaction (Beta = −.37, 𝑝 < 0.001). Conclusions.
Individuals using medications for insomnia commonly experience symptoms considered as residual effects, and these symptoms
are associated with greater interference of sleep-related problems at work, at home, and with social relationships.

1. Introduction
Insomnia is a debilitating condition that accompanies several
sleep, medical, and psychiatric disorders. It is diagnosed
via subjective reports of persistent difficulty falling asleep,
staying asleep, and/or experiencing sleep of poor quality.
Insomnia confers significant daytime symptoms such as
fatigue, low energy, impaired cognitive functioning, mood
disturbance, and perceptions of decreased global functioning.
In fact, daytime symptoms are those which most frequently
lead patients to seek treatment [1]. Acute insomnia regularly
occurs with life events or sleep schedule changes. For some,
however, insomnia becomes unrelenting and chronic. Overall, insomnia has become a prevalent and costly public health

concern, associated with long-term effects on functioning
and quality of life.
Approximately 25% of U.S. adults report dissatisfaction
with their sleep, 10–15% report insomnia symptoms, and 6–
10% have an insomnia disorder [2]. Population-based longitudinal data show nearly 70% of patients with baseline insomnia also report insomnia one year later, and 50% of those with
baseline insomnia continue to report insomnia up to three
years later [3, 4]. In fact, insomnia has become one of the most
prevalent complaints in the primary care setting [5]. Moreover, high rates of comorbidity between insomnia and medical/psychiatric disorders have been described. Odds ratios
reported by the 2002 U.S. National Health Interview Survey
and the U.S. National Comorbidity Survey showed those with
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insomnia to be twice as likely to present with congestive
heart failure and up to five times more likely to present with
a psychiatric disorder [6, 7]. Further, insomnia is strongly
associated with hypertension and pain conditions, as well as
greater risk of mortality, specifically in older adults [8–10].
Treatment can consist of behavioral/psychological interventions and/or pharmacotherapy. In general, it is considered
that primary insomnia and secondary insomnia respond to
both pharmacotherapy and behavioral/psychological intervention [11, 12]. Common agents to treat insomnia include
over-the-counter agents (OTCs, antihistamines, melatonin,
and herbal preparations), prescription hypnotic drugs (benzodiazepines, BzRAs, chronobiotic agents, and low-dose
doxepin hydrochloride), and other prescription agents not
specifically indicated for insomnia (antidepressants, antipsychotics, and anticonvulsants) [13]. However, sleep-promoting
agents can produce adverse effects, particularly in the elderly
[13]. Residual sleep medication effects have the potential to
interfere with quality of life and include drowsiness, difficulty
concentrating, headaches, nausea, dry mouth, oversleeping, and nightmares. Memory can also be affected, including impaired short-term memory and periods of amnesia
reported in the literature [14–16].
Of the hypnotics, benzodiazepines and nonbenzodiazepine hypnotics with longer half-lives tend to produce
residual impairment or “hang over,” particularly with
middle-of-the-night dosing and regular use [17, 18]. Residual
effects of hypnotics include sedation, cognitive impairment,
motor incoordination, ataxia, dizziness, and gastrointestinal
upset. In the elderly, the use of sedating drugs is dangerously
associated with increased fall risk [19]. Meanwhile, the use of
some antidepressants to treat insomnia has been associated
with increased suicidal ideation, increased mania/hypomania
in patients with bipolar disorder, and exacerbation of restless
legs syndrome [20]. Further, the use of anticonvulsants
(e.g., pregabalin) can produce daytime sedation, dizziness,
and cognitive impairment [13]. Finally, the use of antipsychotics has been correlated with exacerbation of restless legs
syndrome and increased mortality, particularly in elderly
individuals [11]. From the standpoint of concern for public
safety, insomnia treatments have been shown to impair nextday driving and increase the risk of motor vehicle accidents,
particularly in women [21].
As above, older patients are particularly vulnerable to
residual sleep medication effects. Meta-analysis of patients
aged 60 years and older, who were free of other psychiatric
disorders (𝑁 = 2,417), showed significantly higher odds of
adverse cognitive events, adverse psychomotor effects, and
daytime fatigue when patients used any hypnotic sedative,
compared with placebo [22]. A large (𝑁 = 15,528) study of
nursing home patients (mean age = 81), with hip fracture
documented in Medicare Part A and Part D fee-for-service
claims, showed elevated risk of hip fracture among users
of a nonbenzodiazepine hypnotic sleep drug. Effects were
particularly strong in new users [23].
Ultimately, residual sleep medication effects are associated with impaired functioning and lowered quality of life
in insomnia patients and confer safety risks for both the
patients and the public. Moreover, the literature reports older

Sleep Disorders
patients to be at heightened risk for adverse side effects
[13]. Little research, however, has characterized the impact of
adverse side effects across multiple domains of functioning
in the same group of patients—particularly in the elderly.
The current study was conducted to collect information
on the relationship between self-reported residual effects
of prescription sleep medications and patient-reported outcomes. A secondary objective of the study was to describe
the relationship between these symptoms and outcomes in
users of these medications aged 65 years and older, since, as
described above, these patients may be particularly vulnerable to residual effects [13].

2. Materials and Methods
The present study was a cross-sectional survey of current and
former users of prescription medications for sleep reporting
a diagnosis of insomnia (𝑁 = 2,250). For the purpose of
estimating the burden of residual effects, only those currently
using a sleep medication (𝑛 = 1,605) were included. Those
reporting residual sleep medication effects were compared
to those reporting no residual effects, and the relationship
between severity of residual effects and outcomes was modeled using regression. Subgroup analyses were conducted
with patients aged 65 years or older due to reported vulnerability to adverse sleep medication effects [13].
Respondents were recruited primarily from previous
respondents to the U.S. National Health and Wellness Survey
(NHWS). The NHWS is a cross-sectional survey administered via the Internet to a sample of adults (18 years and older)
who were identified through a web-based consumer survey
panel. Members of the panel are recruited through opt-in
emails, coregistration with other panels, e-newsletter campaigns, and online banner placements. All panelists explicitly
agreed to become panel members, registered through unique
email addresses, and completed in-depth demographic registration profiles. Invitations to participate in the NHWS were
sent using a random stratified sampling framework to ensure
the final sample of NHWS participants is representative of
the adult population in the U.S. according to the Current
Population Survey (CPS) of the U.S. Census (United States
Bureau of the Census, 2012) in terms of age, gender, and
white/non-white racial identification. Because of the size
of the target sample and inclusion criteria of this study,
additional respondents were also identified through the Light
Speed Research Ailment Panel, which is composed of general
panel members who have self-identified as having certain
medical conditions.
Only those who were aged 18 years or older, self-reported
a diagnosis of insomnia, and did not self-report diagnosis for
sleep-disordered breathing, narcolepsy, shift work disorder,
parasomnia, or other sleep condition were included in the
survey. For inclusion in the current analysis, respondents also
had to report current use of a prescription medication for
sleep.
2.1. Procedure. Respondents were interviewed through a selfadministered, Internet-based questionnaire between December 5th and 18th, 2012. The protocol and questionnaire
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were reviewed and approved by Essex Institutional Review
Board (Lebanon, New Jersey, USA) prior to recruitment of
participants.
The presence and severity of residual effects were assessed
through a series of items assessing to what extent the respondent experienced each of the nine side effects when they take
their insomnia medication. These were feelings of drowsiness,
difficulty concentrating, difficulty remembering, headaches,
nausea, dry mouth, oversleeping, amnesia, and nightmares,
using a Likert scale from 1 (None) to 5 (“Very Severe”).
Drowsiness, difficulty concentrating, difficulty remembering,
headaches, nausea, dry mouth, and oversleeping were also
combined by summing the ratings of severity to provide an
overall index of residual symptoms.
Respondents who indicated at least one residual symptom
completed the Work Productivity and Activity Impairment,
Specific Health Problem (WPAI-SHP) questionnaire [24].
The specific health problem was residual symptoms, and
the term used in the instrument for residual symptoms was
“next-day effects.” Respondents were informed that this term
was meant to indicate any side effects they feel the day after
taking the medication. Four subscales (absenteeism, presenteeism, overall work impairment, and activity impairment)
were generated in the form of percentages, with higher values
indicating greater impairment. Absenteeism represents the
percentage of work time missed due to next-day effects of
sleep medication in the past seven days, and presenteeism
represents the percentage of impairment in the past seven
days while at work. Overall work impairment represents
the overall amount of impact to work productivity due to
either absenteeism or presenteeism (since they are mutually
exclusive) in the past seven days. Activity impairment represents the percentage of impairment experienced during daily
activities in the past seven days. Only employed respondents
provided data on absenteeism, presenteeism, and overall
work impairment but all respondents who reported at least
one residual symptom rated their activity impairment.
Information on sleep difficulties was assessed using the
Brief Insomnia Questionnaire (BIQ [25]). Information collected in the BIQ included in this analysis was the number
of nights out of the past 7 with sleep problems due to trouble
falling asleep, trouble staying asleep, trouble waking too early,
waking feeling tired or unrested, and nights with at least
one of these problems. The degree to which the individual’s
sleep problems interfered with home management, ability to
work, social relationships, and close personal relationships
was also assessed in the BIQ using a modified version of
the Sheehan Disability Scales. These are scored from 0 to 10,
with higher numbers indicating greater interference. A “don’t
know” response is also provided, and those who selected this
option were excluded from analysis of the relevant item.
Insomnia Treatment History. A variety of items were used to
characterize the respondents’ treatment history for insomnia.
These include the year diagnosed with insomnia, type of
diagnosing doctor, type of prescribing doctor, type of doctor
currently managing insomnia, whether the respondent is
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currently seeing a healthcare provider for insomnia, and
previous prescription medications taken for insomnia.
Satisfaction with current medication was measured by
the SATMED-Q [26]. This scale includes a total of 17 items
that measure treatment satisfaction across multiple domains,
including the presence and interference caused by side effects,
the efficacy of the medication, convenience and ease of use,
impact of medicine on everyday life, the follow-up from the
doctor, and the patient’s overall opinion of the medicine.
Health characteristics and risk behaviors incorporated in
the analysis included body mass index (BMI; underweight,
normal weight, overweight, and obese), alcohol consumption
(consume alcohol versus abstain from alcohol), cigarette
smoking (current smoker versus nonsmoker), and whether
the person reports exercising vigorously in the past 30 days.
The severity of respondents’ comorbid medication conditions
was assessed using the Charlson comorbidity index (CCI
[27]). The CCI is calculated by weighting the presence of
the following conditions and summing the result: HIV/AIDS,
metastatic tumor, lymphoma, leukemia, any tumor, moderate/severe renal disease, hemiplegia, diabetes, mild liver
disease, ulcer disease, connective tissue disease, chronic pulmonary disease, dementia, cerebrovascular disease, peripheral vascular disease, myocardial infarction, and congestive
heart failure. The greater the total index score, the greater
the comorbidity burden on the patient. Because insomnia
commonly presents with psychiatric disorders, self-reported
psychiatric diagnoses were also included in the questionnaire,
including alcoholism, anxiety, bipolar disorder, depression,
fibromyalgia, and schizophrenia.
2.2. Analysis. Analyses were conducted both on the full
sample (aged 18 and older) and among the portion of the
sample aged 65 years and older. Initial analyses compared
those experiencing no residual symptoms to those who experienced at least one residual symptom using chi-square test
for categorical variables and independent-samples 𝑡-tests for
continuous variables. The relationship between the severity
of residual effects and outcomes was also analyzed using
multivariable regression. The multivariable models adjusted
for covariates to reduce the likelihood that observed effects of
residual symptoms were due to confounding factors. Covariates included gender (male versus female), race/ethnicity,
age (continuous), BMI (overweight, obese, and missing
versus normal/underweight), household income, comorbidity burden according to CCI, and a variety of psychiatric
illnesses, which were found to be associated with residual
symptoms during review of bivariate analyses. Models of
treatment satisfaction were conducted using the total score
from the SATMED-Q and were conducted using maximum
likelihood linear regression. Likewise, ratings of disability
were approximately normally distributed and also analyzed
using linear models. Models of impairments measured by
the WPAI were conducted using generalized linear models
(GLMs) specifying a negative binomial distribution and a loglink function. All analyses were conducted first in the full
sample and repeated in the subsample aged 65 and older.
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3. Results
Sample characteristics are presented in Table 1. Respondents
were 52 years old on average, 78% were female and 87% were
white. Most had their insomnia diagnosed and managed by a
general practitioner. Psychiatric comorbidities were common
among the sample, with approximately 50% reporting depression and approximately one-third of the sample reporting an
anxiety disorder.
Approximately 80% of current users (1,274/1,605) indicated some level of residual symptoms. Those reporting residual symptoms were slightly younger on average, but otherwise there were few demographic characteristics that differed
across the presence of residual symptoms (Table 2). However, health characteristics differed according to presence of
residual symptoms, with anxiety, depression, schizophrenia,
and fibromyalgia all more likely among those with residual
symptoms relative to those without residual symptoms, while
alcoholism and bipolar disorder were marginally more likely.
Psychiatrists were more often the diagnosing and prescribing
doctor for those with residual symptoms than those without.
The burden of comorbid conditions as represented by the CCI
did not differ according to residual symptoms.
Problems with sleep in the prior 7 nights were common in
current users of sleep medications. The presence of residual
symptoms was associated with one additional day waking
up tired/unrested, but not with the number of nights out
of the past 7 with trouble falling asleep, staying asleep, or
waking before the alarm (Table 3). In contrast, the impact
of poor sleep on functioning was greater among those
with residual effects, however, as ratings of interference in
home management, ability to work, social relationships, and
close relationships were all significantly higher among those
reporting residual effects. Likewise, those who experienced
residual symptoms were less satisfied with their current sleep
medication than those who did not experience any residual
symptoms (69.2 versus 76.0, 𝑝 < 0.001).
Correlational analyses confirmed that when present,
severity of residual symptoms was associated with worse
outcomes and lower satisfaction. All residual symptoms
were significantly associated with greater ratings of work
and activity impairment in bivariate correlations. Difficulty
concentrating and drowsiness were particularly burdensome,
which were correlated with work and activity impairment
𝑟𝑠 = .46–.49. Likewise, the severity of difficulty concentrating
(𝑟𝑠 = −.347, 𝑝 < 0.001) and grogginess (𝑟𝑠 = −.366, 𝑝 <
0.001) was most associated with (reduced) satisfaction with
sleep medication (data not presented).
Regression analyses confirmed the association between
residual symptoms and outcomes. The severity of residual
symptoms was associated with lower satisfaction as measured
by the SATMED-Q, (Beta = −.37, 𝑝 < 0.001). The severity of
residual symptoms was also associated with increased residual symptom-related work impairment, including absenteeism (RR = 1.46, 95% CI: 1.34–1.60, 𝑝 < 0.001), presenteeism (RR = 1.12, 95% CI: 1.09–1.14, 𝑝 < 0.001), overall work
impairment (RR = 1.13, 95% CI: 1.10–1.15, 𝑝 < 0.001), and
impairment in nonwork activities (RR = 1.11, 95% CI: 1.10–
1.13, 𝑝 < 0.001). The severity of residual symptoms was also

Sleep Disorders
Table 1: Respondent characteristics.

Age (Mean, SD)
Age (10-year brackets)
Under 25
25–34
35–44
45–54
55–64
65–74
75 and older
Female
Non-white
Completed college
Annual household income
Below $25k
$25–<50k
$50–<75k
$75k and above
Decline to answer
Employed
BMI (Mean, SD)
BMI (categories)
Underweight
Normal
Overweight
Obese (up to 35)
Obese (over 35)
Decline to answer
Alcohol use
Current smoker
Exercise in previous month
Psychiatric comorbidities
Alcoholism
GAD or SAD
Depression
Schizophrenia
Bipolar disorder
Fibromyalgia
Diagnosing doctor
General Practitioner/Family
Practitioner/Internist
Psychiatrist
Sleep Specialist
Other
Prescribing doctor
General Practitioner/Family
Practitioner/Internist
Psychiatrist
Sleep Specialist
Other
Current sleep medication
Benzodiazepine
Z-drug
Antidepressant
Other
Still using first sleep medication

Current user
𝑛
%
52.06
12.7
27
148
256
429
472
238
35
1260
203
791

1.7
9.2
16.0
26.7
29.4
14.8
2.2
78.5%
12.6%
49.3%

356
397
281
481
90
778
26.6

22.2%
24.7%
17.5%
30.0%
5.6%
48.5%
6.6

39
544
472
248
200
102
1050
387
1018

2.4%
33.9%
29.4%
15.5%
12.5%
6.4%
65.4%
24.1%
63.4%

60
510
802
169
170
221

3.7%
31.8%
50.0%
10.5%
10.6%
13.8%

1075

67.0

358
103
69

22.3
6.4
4.3

1132

70.5

363
33
77

22.6
2.1
4.8

331
809
335
130
341

20.6%
50.4%
20.9%
8.1%
21.2%
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Table 2: Respondent characteristics by presence of residual symptoms.

Age (Mean, SD)
Female
Non-white
College degree
Annual household income
Below $25k
$25–<50k
$50–<75k
$75 k and above
Decline to answer
Employed
BMI (Mean, SD)
CCI (Mean, SD)
Alcohol use
Current smoker
Exercise in previous month
Self-report psychiatric diagnoses
Alcoholism
GAD or SAD
Depression
Schizophrenia
Bipolar disorder
Fibromyalgia
Diagnosing doctor for insomnia
General Practitioner/Family Practitioner/Internist
Psychiatrist
Sleep Specialist
Other
Prescribing doctor
General Practitioner/Family Practitioner/Internist
Psychiatrist
Sleep Specialist
Other

Residual symptoms
None (𝑁 = 331)
One or more (𝑁 = 1,274)
𝑛
%
𝑛
%
54.1
12.7
51.5
12.6
259
78.2%
1001
78.6%
40
12.1%
163
12.8%
227
68.6%
862
67.7%
73
71
52
106
29
153
27.1
0.60
224
75
207

22.1%
21.5%
15.7%
32.0%
8.8%
46.2%
6.8
1.11
67.7%
22.7%
62.5%

283
326
229
375
61
625
28.0
0.77
826
312
811

22.2%
25.6%
18.0%
29.4%
4.8%
49.1%
6.6
1.36
64.8%
24.5%
63.7%

7
72
128
23
26
31

2.1%
21.8%
38.7%
6.9%
7.9%
9.4%

53
438
674
146
144
190

4.2%
34.4%
52.9%
11.5%
11.3%
14.9%

240
50
21
20

72.5%
15.1%
6.3%
6.0%

835
308
82
49

65.5%
24.2%
6.4%
3.8%

246
54
11
20

74.3%
16.3%
3.3%
6.0%

886
309
22
57

69.5%
24.3%
1.7%
4.5%

𝑝 value
0.001
0.898
0.729
0.750
0.032

0.358
0.048
0.032∗
0.333
0.488
0.706
0.081
<0.001
<0.001
0.017
0.069
0.009
0.002

0.005

Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.

Table 3: Sleep-related trouble according to the presence of residual symptoms.

Nights out of 7 with trouble falling asleep
Nights out of 7 with trouble staying asleep
Number of days out of 7 waking before alarm
Number of days out of 7 waking tired/unrested
Nights out of 7 with any problem above
Sleep problems interfere with home management
Sleep problems interfere with ability to work
Sleep problems interfere with social relationships
Sleep problems interfere with close relationships

Residual symptoms
None (𝑁 = 331)
One or more (𝑁 = 1,274)
Mean
SD
Mean
SD
5.1
2.3
5.3
2.0
5.4
2.2
5.4
2.2
4.6
2.6
4.5
2.5
4.6
2.4
5.6
1.9
6.0
1.5
6.1
1.5
3.9
3.0
5.6
2.8
3.1
3.1
4.6
3.2
3.6
3.2
5.3
3.0
3.3
3.2
5.2
3.1

Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.

𝑝 value
0.297∗
0.856
0.253
<0.001∗
0.891
<0.0001
<0.0001
<0.0001
<0.0001
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Table 4: Respondent characteristics by experience of residual symptoms in respondents aged 65 and older.

Age (Mean, SD)
Female
Non-white
Completed college
Annual household income
Below $25k
$25–<50k
$50–<75k
$75k and above
Decline to answer
Employed
BMI (categories)
Underweight
Normal
Overweight
Obese (up to 35)
Obese (over 35)
Refused
Alcohol use
Smokes
Exercise in previous month
Psychiatric comorbidities
Alcoholic
Anxiety
Depression
Schizophrenia
Bipolar disorder
Fibromyalgia
Diagnosing doctor
General Practitioner/Family Practitioner/Internist
Psychiatrist
Sleep Specialist
Other
Prescribing doctor
General Practitioner/Family Practitioner/Internist
Psychiatrist
Sleep Specialist
Other

Residual symptoms
None (𝑁 = 78)
One or more (𝑁 = 195)
𝑛
%
𝑛
%
69.37
4.07
69.72
4.53
63
80.8%
143
73.3%
4
5.1%
8
4.1%
59
75.6%
145
71.4%
13
13
14
26
12
15

16.7%
16.7%
17.9%
33.3%
15.4%
19.2%

32
61
34
53
15
33

16.4%
31.3%
17.4%
27.2%
7.7%
16.9%

3
26
28
11
7
3
51
13
43

3.8%
33.3%
35.9%
14.1%
9.0%
3.8%
65.4%
16.7%
55.1%

6
66
65
34
19
5
133
23
113

3.1%
33.8%
33.3%
17.4%
9.7%
2.6%
68.2%
11.8%
57.9%

1
8
18
1
3
4

1.3%
10.3%
23.1%
1.3%
3.8%
5.1%

6
45
76
33
5
31

3.1%
23.1%
39.0%
16.9%
2.6%
15.9%

66
5
2
5

84.6%
6.4%
2.6%
6.4%

142
29
15
9

72.8%
14.9%
7.7%
4.6%

82.1%
7.7%
3.8%
6.4%

162
24
3
6

83.1%
12.3%
1.5%
3.1%

82.1%
7.7%
3.8%
6.4%

𝑝 value
0.558
0.197
0.709
0.466
0.076

0.651
0.968

0.653
0.282
0.671
0.397
0.016
0.013
0.000
0.570
0.016
0.074

0.264

Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.

associated with increases in sleep-related interference on the
four domains measured in the BIQ in the regression analyses;
home management (Beta = .31, 𝑝 < 0.001), ability to work
(Beta = .31, 𝑝 < 0.001), social relationships, (Beta = .32,
𝑝 < 0.001), and close personal relationships (Beta = .30,
𝑝 < 0.001) were all similarly affected.
Analysis of those aged 65 and older also revealed a high
proportion (71%; 195 of 273) of current users reporting at
least one residual symptom. As in the full sample, the rates

of anxiety, depression, schizophrenia, and fibromyalgia were
higher among those with residual symptoms (Table 4). Unlike
the full sample, patients aged 65 or older with residual
symptoms had higher CCI scores relative to those without
residual symptoms.
Results of comparisons of sleep outcomes also mirrored
those of the full sample (Table 5). The number of nights
with different types of sleep problems were comparable
across those with and without residual symptoms except for
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Table 5: Sleep-related trouble according to the presence of residual symptoms in respondents 65 years and older.
Residual symptoms
None (𝑁 = 78)
One or more (𝑁 = 195)
Mean
SD
Mean
SD
Nights out of 7 with trouble falling asleep
Nights out of 7 with trouble staying asleep
Number of days out of 7 wake up before alarm
Number of days out of 7 wake up tired/unrested
Nights out of 7 with problem
Sleep problems interfere with home management
Sleep problems interfere with ability to work
Sleep problems interfere with social relationships
Sleep problems interfere with close relationships

4.6
5.4
4.6
3.7
5.9
2.7
1.7
2.6
2.5

2.5
2.2
2.7
2.7
1.6
2.8
2.5
3.0
3.1

5.2
5.4
4.3
4.9
5.8
4.6
3.0
3.9
3.5

2.1
2.2
2.7
2.4
1.8
2.8
3.0
2.8
2.9

𝑝 value
0.059∗
0.822
0.461
0.001∗
0.651
<0.001
0.001∗
0.001
0.010

Note: ∗ indicates Welch’s test was used in lieu of parametric 𝑡-test due to nonhomogeneity of variance.

days waking up tired or unrested. Also consistent with the
full sample, levels of disability due to sleep problems were
elevated in those with residual symptoms relative to those
without for all four domains measured. Those who experienced at least one residual symptom also had marginally
lower satisfaction than those without any residual symptoms
(74.7 versus 78.5, 𝑝 = 0.057).
As in the full sample, the expected relationship between
residual symptoms and satisfaction with sleep medication
was seen in the correlations between satisfaction and ratings
of individual residual symptoms (data not presented). Difficulty concentrating was most closely related to satisfaction
(𝑟𝑠 = −.34, 𝑝 < 0.001). Total residual symptoms and difficulty
concentrating were most closely related to sleep medicationrelated impairment to nonwork activities (both 𝑟𝑠 = .46,
𝑝 < 0.001).
Regression results demonstrated that total residual symptoms were associated with lower satisfaction with current
medication among those aged 65 years and older (Beta =
−.37, 𝑝 < 0.001). The severity of residual symptoms was
also associated with increases in sleep-related interference
on home management (Beta = .30, 𝑝 < 0.001), social
relationships (Beta = .26, 𝑝 < 0.001), and close personal
relationships (Beta = .27, 𝑝 < 0.001). Total residual symptoms
were also associated with impairment to nonwork activities
on the WPAI (RR = 1.18, 95% CI: 1.11–1.25, 𝑝 < 0.001).

4. Discussion
This study described the relationship between perceived
residual sleep medication effects and a wide range of important outcomes for insomnia patients. This was the first
study, to our knowledge, to describe the magnitude of the
relationship between residual sleep medication effects and
this large array of patient-reported outcomes, particularly in
a single, large sample. Findings are particularly novel for the
older patients, as the literature focuses primarily on what
the residual effects are, rather than their correlates, for this
demographic group.

Residual medication effects—such as feelings of being
drowsy, groggy, or sluggish the next day, difficulty concentrating/remembering, or sleeping too much—were reported
by approximately four out of every five individuals currently using prescription sleep medication. Overall, findings
showed significant burden experienced by patients reporting
residual sleep medication effects relative to those not reporting such effects.
Though patients with and without perceived residual
effects suffered a similar number of nights with sleep problems (falling asleep, staying asleep, waking before the alarm,
or any problem), the experience of residual effects was associated with an average of one more day per week of “unrestful
sleep.” One potential explanation is that the residual effects
of the sleep medication itself are responsible for the difference, though this is only speculation; the present analysis
was not designed to identify the cause. Patients reporting
residual effects were also less satisfied with their medications.
Moreover, there were clear relationships between increasingly
severe residual symptoms and decreased satisfaction, as
well as increasingly severe residual symptoms and greater
work and activity impairment, and greater sleep-related
interference in home management, ability to work, and social
relationships. Though respondents reporting residual effects
indicated they experienced more psychiatric symptomatology and other comorbidities than those not experiencing
such effects, the relationships between functioning and residual symptom severity remained significant after these and
other relevant covariates were accounted for.
Analysis of older patients showed a similar pattern of
relationships. Differences between those with and without residual symptoms were only marginal, but the correlation between increasingly severe residual symptoms
and decreased satisfaction was of considerable magnitude.
Increasing symptom severity corresponded with greater
impairment across residual symptom-related nonwork activities, home management, ability to work, and social relationships. These relationships held when relevant covariates were
included as well.
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In support of prior research, insomnia patients experiencing residual symptoms comprise a group who are under particular strain, even relative to other already-burdened insomnia patients. This study uniquely describes the depth of this
strain, which appears to occur across a wide range of domains
and is likely affecting patients’ global functioning and quality
of life. Increasing residual symptom severity appears to affect
level of impairment. Regarding financial burden, the strain
could be indirectly affecting the work force and healthcare
system. As hypothesized, older patients experiencing residual
sleep medication effects showed the additional burden of
more medical comorbidities. The comorbid conditions could
potentially be aggravated or exacerbated by sleep medication
side effects.
There are a number of limitations of the current study
that should be considered alongside the results. Most importantly, this was an observational study, and the correlational
nature of the data collection precludes any causal attribution.
Likewise, the cross-sectional design does not allow us to
ascertain whether the residual symptoms precede difficulties
in home management, ability to work, and so forth, or
whether residual symptoms occur in response to a worsening
of such problems. Indeed, some residual symptoms, such as
grogginess and difficulty concentrating, are also symptoms of
insomnia, so some of the residual symptoms reported here
may instead be symptoms of inadequately treated insomnia
rather than next-day effects of sleep medication or a combination of both inadequate efficacy and medication side effects.
Residual effects were self-reported rather than using objective
measures of attention, memory, or reaction time. Another
study limitation includes the margin of error inherent in any
study using self-report measures, though insomnia itself can
only be diagnosed via self-report, making self-report vital to
this study [11]. Finally, the residual sleep medication effects we
reported likely relate to other medical, psychosocial, quality
of life, and economic outcomes that we did not measure. We
may thus be underestimating the true extent of humanistic
and economic burden.

5. Conclusions
Ultimately, patients who experience residual sleep medication effects represent a group with significant impairment of
workplace, home, and social life activities; as the perceived
severity of the residual symptoms increases, so does the
burden. Thus, thorough medical and psychosocial/behavioral
assessment of individuals experiencing residual effects is
recommended (especially for the elderly). Also, improved
management of insomnia would be beneficial. Behavioral
and cognitive interventions have essentially no side effects
and have been shown to lead to long-lasting, sustained
improvements in sleep symptoms and parameters over 6
months to 24 months [28]. However, the degree of sleep
medication use in this sample demonstrates that many may
prefer, or need, pharmacotherapy for insomnia, highlighting
a need for medications with fewer residual symptoms. The
development of sleep medications with reduced residual
effect profiles will be important for treatment of this patient
population.
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Sleeping Pill Administration Time and Patient Subjective Satisfaction
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Study Objectives: Taking hypnotic agents 30 min before bedtime is the usual suggested administration time, but some patients report dissatisfaction with
their sleeping pills. We investigated whether the timing of sleeping pill administration influences patient subjective satisfaction with these drugs.
Methods: One hundred twelve patients with primary insomnia currently taking benzodiazepine or nonbenzodiazepine gamma-aminobutyric acid (GABA)
agonists as sleeping pills were selected. The time of administration for their sleeping pills, bedtime, sleep onset time, and wake up time were obtained from
their medical records. Subjects were also categorized into satisfied or dissatisfied groups.
Results: Hypnotic agents administration time (p < 0.001) and bedtime (p < 0.001), but not sleep onset or wake up time, occurred later in the night in the
satisfied group. The durations from administration of pills to sleep onset (33.6 ± 20.7 min) and to wake up time (7.2 ± 1.2 h) were significantly shorter in
the satisfied group when compared to the dissatisfied group (135.9 ± 73.4 min and 9.3 ± 1.5 h for time to sleep onset and wake up, respectively). Logistic
regression analysis revealed that patient subjective satisfaction with hypnotic agents could be predicted by a short duration from administration of pills to
sleep onset (odds ratio = 0.01; 95% confidence interval [0.001–0.09]) and a short duration from administration of pills to wake up time (0.53; [0.31–0.89],
F = 49.9, p < 0.001).
Conclusions: Taking sleeping pills at a later time and a shorter interval between pill administration and wake up time may increase patient subjective
satisfaction with hypnotic agents. We propose that physicians advise patients to take sleeping pills approximately 7 h before their usual getting-out-of-bed
time instead of the current standard of 30 min before bedtime.
Keywords: hypnotics, insomnia, patient satisfaction, sleep
Citation: Chung S, Youn S, Yi K, Park B, Lee S. Sleeping pill administration time and patient subjective satisfaction. J Clin Sleep Med 2016;12(1):57–62.

I N T RO D U C T I O N

BRIEF SUMMARY

Current Knowledge/Study Rationale: Most insomnia patients
usually take sleeping pills 30 min before the time when they desire
to go to bed, not the time when they should go to bed based on their
sleep-wake cycle. The exact time when patients take their sleeping
pills may influence the efficacy of these hypnotics. This study was
done to investigate the impact of timing on the effectiveness of
sleeping pills and patient subjective satisfaction with these drugs.
Study Impact: Patients who were satisfied with their sleeping pills
tended to take these hypnotic agents later in the evening than those
who were not satisfied. Patients in the satisfied group also spent
only 7.2 h until wake up in the morning after taking their sleeping
pills, whereas patients in the dissatisfied group spent 9.3 h. We
propose that physicians advise patients to take benzodiazepine or
nonbenzodiazepine GABA agonists sleeping pills 7 h before their
getting- out-of-bed time rather than 30 min before bedtime.

When physicians prescribe sleeping pills to patients with insomnia, they usually advise that these pills be taken 30 min
before bedtime. Patients are also often generally aware of this
guideline. Some studies have reported that administration of
sleeping pills 30 min before bedtime shortens sleep latency
and increases total sleep time.1–3 Numerous studies have defined normal sleep onset latency as less than 30 min,4–6 and
clinical practice guidelines for insomnia also state that 30 min
is an optimal length of time for sleep latency.7 In one study, a
sleep latency of 31 min was found to be the most defensible
quantitative criteria for insomnia.8
The typical 30-min guideline for administration of sleeping
pills is generally helpful to patients with insomnia, but some
patients complain that they do not fall asleep when using these
drugs in this way. When hypnotics are not satisfactory, patients often want to increase the dosage to achieve better sleep
quality. Physicians also tend to prescribe a higher dosage of
hypnotics or switch to other medications when patients report
dissatisfaction. It has been previously reported that 5% of the
general population in South Korea were given at least one hypnotic tablet (zolpidem or triazolam) daily, and 0.6% took at least
two tablets daily.9 If other sedative medications such as benzodiazepines, antidepressants, antihistamines, antipsychotics, or
melatonin agonists are included, these percentages would most
certainly increase. Higher dosages or multiple medications are
likely to increase the risk of falls, daytime somnolence, sleepy

driving, and drug abuse and dependency.10–12 Thus, it is important to understand other possible reasons for poor responses to
these medications.
When physicians ask patients when they usually take their
sleeping pills, most commonly respond 30 min before bedtime
rather than give the precise time. Although most patients take
hypnotics about 30 min prior to bedtime, this could be anywhere
between 20:00 and 24:00. This means that patients with insomnia usually take sleeping pills 30 min before the time when they
desire to go to bed, not the time when they should go to bed
based on their sleep-wake cycle. We hypothesized that the exact
time when patients take their sleeping pills may influence the
57
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efficacy of these hypnotics. The aim of this study was to investigate the effect of timing on the effectiveness of sleeping pills
and patient subjective satisfaction with these drugs.

we defined new sleep indices such as duration from administration of pills to bedtime (PTB), duration from administration
of pills to sleep onset time (PTS), and duration from administration of pills to wake up time (exactly, finally get-out-of-bed
time) (PTW). Duration variables were calculated using numerically transformed time variables.

METHODS

Subjects and Assessments

Calculating the Number of Tablets of Equivalent
Hypnotic Agents

Subjects were selected from patients who visited the sleep
clinic in the Department of Psychiatry at the Asan Medical
Center, Seoul, South Korea, between July and December 2014.
The study protocol was approved by the Institutional Review
Board of the Asan Medical Center. Subjects were included in
this study if they received a diagnosis of primary insomnia
and had been taking sleeping pills including benzodiazepine
or nonbenzodiazepine gamma-aminobutyric acid (GABA)
agonists (zolpidem, the only nonbenzodiazepine GABA agonist available in South Korea). All participants underwent a
full history and psychiatric examination by a psychiatrist and a
sleep specialist (SC), and received a new diagnosis of primary
insomnia according to the diagnostic criteria of the International Criteria for Sleep Disorders, Second Edition.
Patients were excluded if they had (1) the presence of concurrent major psychiatric conditions such as major depressive
disorder or anxiety disorder; (2) the presence of other concurrent sleep disorders such as circadian rhythm sleep disorder,
restless legs syndrome, or periodic limb movements during
sleep; (3) snoring, apneic symptoms, or severe daytime sleepiness suggestive of obstructive sleep apnea syndrome; (4) major
medical or neurological diseases that can induce severe pain
during the night or impair mobility and daily activities; (5)
experienced cognitive-behavioral therapy (CBT) for insomnia
prior to visiting our clinic; (6) usually spent over 30 min lying in bed during daytime; or (7) taking other psychotropic
medication, such as trazodone, mirtazapine or antipsychotics,
or melatonin agonist as sleeping pills.
When patients visit our clinic, we asked the following questions: “How many tablets of sleeping pills per day are you taking now?” “Are you satisfied with your sleeping pills to induce
your sleep?” “What is the usual time to take sleeping pills?”
“What is your usual bedtime?” “What is your usual time to fall
asleep?” “What is your usual time to finally get out of bed in
the morning?” We reviewed all study patient medical records
retrospectively to acquire information that was routinely obtained in our sleep clinic. We categorized patients into satisfied or dissatisfied groups according to their answers regarding
sleeping pills.

We defined the number of tablets of equivalent hypnotic agents
(TEQ) in this study. Equivalent doses of each medication was
calculated as follows13: alprazolam (0.25 mg), bromazepam (3
mg), clonazepam (0.25 mg), diazepam (5 mg), lorazepam (0.5
mg), triazolam (0.25 mg), and zolpidem (10 mg of immediaterelease form and 12.5 mg of extended-release form). We calculated the TEQ by summing the number of prescribed tablets of
sleeping pills per day. For example, if a subject was prescribed
0.125 mg of triazolam, 5 mg of zolpidem immediate-release
form, or 6.25 mg of zolpidem extended-release form, the TEQ
would be 0.5. If a subject was prescribed 0.25 mg of triazolam
and 5 mg of zolpidem immediate-release form at the same time,
the TEQ would be 1.5.

Statistical Analysis

Statistical analyses were performed with SPSS version 19.0
for Windows (IBM Corp., Armonk, NY, USA). Data are summarized as the means ± standard deviation (SD). Significance
was defined as p < 0.05 in two-tailed tests for all analyses. A
Student t-test for continuous variables and a chi-square test
for categorical variables were performed for between group
analyses. A Pearson correlation analysis was performed to explore the association among patients’ clinical characteristics. A
logistic regression model was used to explore what variables
may predict patient subjective satisfaction with sleeping pills.
A receiver operating characteristic (ROC) curve was plotted
for patient satisfaction in accordance with the PTW.
R ES U LT S
Among 180 patients with primary insomnia who visited our
sleep disorder clinic, 68 patients were excluded due to insufficient records, using mirtazapine, trazodone, or antipsychotics,
previously experiencing CBT for insomnia, or spending over
30 min lying in bed during daytime. A total of 112 subjects
were included in this study. Among these cases, 58 patients
(52%) reported satisfaction with their sleeping pills. There was
no statistical differences in sex or age balance between the satisfied and dissatisfied subjects (Table 1). The mean administration time for sleeping pills was 23:11 in the satisfied group and
21:16 in the dissatisfied group, and the mean bedtime was 23:22
in the satisfied group and 21:47 in the dissatisfied group. Among
the time variables, the pill administration time (p < 0.001) and
bedtime (p < 0.001) occurred later in the evening in the satisfied group when compared to the dissatisfied group, but there
were no significant differences in sleep onset time (p = 0.22)
or wake up time (p = 0.54) between the two groups (Figure 1).
Among the duration variables, patients in both group followed

Calculating the Time and Duration Variables

We calculated the time and duration variables (Table 1) using this information. Patient time variables were obtained by
averaging the usual times reported; (i.e., if a patient answered
“I take sleep pills usually between 21:00 and 21:30”, then we
calculated this time as 21:15). We transformed time variables
into numeric variables because minutes vary from 0 to 60. Fifteen minutes (one quarter of 1 h) was transformed into 0.25
(one quarter) and 30 min (half of 1 h) was 0.50 (i.e., 22:15 was
transformed into 10.25, and 23:30 into 11.50). Using these data,
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Figure 1—Time variables of sleeping pills administration and sleep pattern among satisfied and dissatisfied group.

*p < 0.001.

Table 1—Clinical characteristics of patients who were
satisfied or dissatisfied with their sleeping pills.

the general guidance of taking sleeping pills around 30 min before bedtime (PTB, 10.3 versus 31.3 min, p < 0.001), despite
a significant difference. The duration from administration of
pills to sleep onset (PTS, 33.6 versus 135.9 min, p < 0.001), the
duration from administration of pills to wake up time (PTW,
7.2 versus 9.3 h, p < 0.001), and the total time in bed (7.1 versus
8.8 h, p < 0.001) were all significantly shorter in the satisfied
group when compared to the dissatisfied group. The TEQ taken
did not differ between the two groups (p = 0.29).
Correlation analyses revealed that age was positively correlated with sleep latency; however, the TEQ was negatively
correlated with sleep onset time (Table 2). Logistic regression analyses (Table 3) revealed that the duration from administration of pills to sleep onset (odds ratio [OR] = 0.01;
95% confidence interval [CI] = 0.001–0.09) and the duration
from administration of pills to wake up time (OR = 0.53;
95% CI = 0.31–0.89) were two significant variables that can
predict a patient’s subjective satisfaction with their sleeping
pills (F = 49.9, p < 0.001).
The ROC analysis was done to decide the appropriate PTW
for patient satisfaction (Figure 2). When we defined the appropriate PTW ≤ 7 h, 86% of patients (32/37) were satisfied among
subjects who had PTW ≤ 7 h, and 35% of patients (26/75) were
satisfied among subjects with PTW > 7 h. When we defined
the appropriate PTW ≤ 8, 85% of patients (47/56) were satisfied among subjects whose PTW ≤ 8, and just 20% of patients
(11/56) were satisfied among subjects with PTW > 8. Based on
PTB, 57 patients (62%) were satisfied with their sleeping pills
among the 92 patients who took their sleeping pills within 30
min before their bedtime. However, among the 20 patients who
took their sleeping pills more than 30 min before their bedtime,
just one patient (5%) was satisfied with his or her sleeping pills.

Male, n (%)
Age (y)
Time variables
Sleeping pill administration
time
Bedtime
Sleep onset time
Wake up time
Duration variables
Sleep latency (min)
Time in bed (h)
PTB (min)
PTS (min)
PTW (h)
TEQ (tablets)

Satisfied
(n = 58)
27 (47%)
61.3 ± 12.8

Dissatisfied
(n = 54)
14 (43%)
62.6 ± 11.3

p
0.67
0.57

23:11 ± 0:49 21:16 ± 0:53 < 0.001
23:22 ± 0:51 21:47 ± 0:55 < 0.001
23:45 ± 0:52 23:31 ± 1:05
0.22
06:25 ± 1:04 06:33 ± 1:05
0.54
23.4 ± 18.6 104.6 ± 71.1 < 0.001
7.1 ± 1.3
8.8 ± 1.4 < 0.001
10.3 ± 13.9 31.3 ± 49.8 < 0.001
33.6 ± 20.7 135.9 ± 73.4 < 0.001
7.2 ± 1.2
9.3 ± 1.5 < 0.001
1.2 ± 0.6
1.4 ± 1.0
0.29

PTB, duration from administration of pills to bedtime; PTS, duration
from administration of pills to sleep onset time; PTW, duration from
administration of pills to wake up time; TEQ, number of tablets of
equivalent hypnotic agents.

D I SCUS S I O N
We observed that patients who were satisfied with their sleeping pills tended to take these hypnotics later in the evening than
those who were not satisfied. Patient subjective satisfaction
with sleeping pills was found to be related to a shorter interval between taking pills to sleep onset and a shorter duration
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from administration of pills to wake up time, but not with the
duration from administration of the pills to bedtime. From the
viewpoint of CBT for insomnia,14 it has been shown to be useful
to manage this condition by staying awake and out of bed until
one can fall asleep.15 Some people believe that it is healthy to
go to bed early,16 and to sleep well earlier if possible. However,
patients with insomnia tend to go to bed early in the evening
to increase the possibility of better sleep.17,18 This can lead to
tension and anxiety that further impairs the ability to sleep.19,20
Patients in this study took sleeping pills approximately 30
min before bedtime (10.3 versus 31.3 min). Depending on the
type (short or long acting) of benzodiazepine the patients took,
the administration time for sleeping pills needs to be adjusted.
However, patients with insomnia usually take sleeping pills
“around” or “within” 30 min before their bedtime. In this study
82% of all patients (n = 92) took their sleeping pills “within” 30
min before their bedtime. However, satisfaction with sleeping
pills varied. We found that patients who were not satisfied with
sleeping pills tended to take sleeping pills at 21:16 and go to
bed at 21:47, whereas patients who were satisfied tended to take

sleeping pills at 23:11 and go to bed at 23:22. Considering that
patients in both groups tended to fall asleep at similar times
(23:31 versus 23:45), this indicated that patients in the dissatisfied group stayed awake in bed longer (104.6 min of sleep
latency) when compared to patients in the satisfied group (23.4
min). From the viewpoint of CBT for insomnia, being awake
for a long time in bed likely decreases sleep efficiency, i.e., the
percentage of actual time sleeping versus time in bed. Therefore, reducing the total time in bed is recommended to increase
sleep efficiency.18 Numerous studies have shown that 7 or 8 h of
sleep is associated with a lower risk of cardiovascular complications.21–23 Patients in this study who were satisfied with their
sleeping pills spent a shorter time in bed (7.1 h versus 8.8 h).
Patients in the satisfied group also spent only 7.2 h until wake
up in the morning after taking their sleeping pills, whereas
patients in the dissatisfied group spent 9.3 h. We speculate that
a longer time in bed may increase patient dissatisfaction with
sleeping pills, although various factors including patient personality, sex, age, or the type of hypnotics taken may affect
the degree of satisfaction with a sleeping pill.24 In our current

Table 2—Pearson correlation analysis of age and number
of tablets of equivalent hypnotic drugs with the clinical
characteristics of insomnia patients.
Age
Time variables
Sleeping pill administration time
Bedtime
Sleep onset time
Wake up time
Duration variables
Sleep latency
Time in bed
PTB
PTS
PTW
TEQ (tablets)

Age
–

TEQ
0.04

−0.10
−0.18
0.01
−0.02

−0.07
−0.03
−0.23*
−0.04

0.21*
0.15
−0.13
0.12
0.09
0.04

−0.18
−0.01
0.08
−0.12
0.02
–

Figure 2—Receiver operating characteristics curve for
patients’ satisfaction with their sleeping pills.

*p < 0.05. PTB, duration from administration of pills to bedtime;
PTS, duration from administration of pills to sleep onset time;
PTW, duration from administration of pills to wake up time; TEQ, number
of tablets of equivalent hypnotic agents.

PTW, duration from administration of pills to wake up time.

Table 3—Results of logistic regression of clinical characteristics or duration variables on patient satisfaction with sleeping pills.
Explanatory Variables
Age
Sex (male)
TEQ
PTB
PTS
PTW

B
0.05
−0.91
−1.15
−0.75
−4.67
−0.65

SE
0.03
0.80
0.63
1.23
1.14
0.27

Wald
2.12
1.30
3.30
0.34
16.70
5.54

Odds Ratio
1.05
0.40
0.32
2.12
0.01
0.53

95% CI
0.98–1.12
0.08–1.93
0.09–1.10
0.17–26.42
0.001–0.09
0.31–0.89

p
0.15
0.26
0.07
0.56
< 0.001
0.02

Overall model F: F = 49.9, p < 0.001. CI, confidence interval; PTB, duration from administration of pills to bedtime; PTS, duration from administration of pills
to sleep onset time; PTW, duration from administration of pills to wake up time; SE, standard error; TEQ, number of tablets of equivalent hypnotic agents.
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study, there were no significant differences in age, sex, or the
TEQ used between the two groups.
Regression analyses in our current study revealed that the
duration from administration of pills to sleep onset and the
duration from administration of pills to wake up time are significant variables contributing to a patient’s subjective satisfaction with sleeping pills. If it takes a long time from taking
the sleeping pill to falling asleep, patients may feel dissatisfied
with their prescribed hypnotics. However, considering that we
found no significant difference in the sleep onset time between
our two study groups (23:31 versus 23:45), dissatisfaction with
sleeping pills was associated with taking sleeping pills earlier
in the evening. In our correlation analyses, older age was found
to be significantly associated with longer sleep latency. This
can be explained by elderly patients tending to take sleeping
pills earlier. In this regard, it is widely known that the sleep
phase can be somewhat advanced in elderly patients.25,26 The
TEQ prescribed to the subjects in our current study was found
to negatively correlate with sleep onset time. Although we cannot precisely determine the causal relationship, higher doses of
medication may be related to more advanced sleep onset time.
Based on PTW, 85–86% of patients were satisfied with their
sleeping pills when the appropriate PTW was defined as less
than or equal to 7 and 8 h, respectively. However, the satisfaction rate was lower (62%) when we estimated it based on
PTB ≤ 30 min. From the results, we can consider recommending patients take sleeping pills 7 or 8 h before their wake up
time (exactly, finally getting-out-of-bed time) may be more
effective when compared to the usual recommendation of 30
min before bedtime. The ROC analysis revealed that 7 or 8 h of
PTW may be appropriate for patient satisfaction. If the aim of
this study was to define the diagnostic cutoff, 8 h of PTW may
be more appropriate. However, we think that a short PTW may
be more helpful for patients with primary insomnia because
they usually tend to spend their time in bed as much as they
can. Therefore, we hypothesize that 7 h of PTW is more effective for patients with primary insomnia in clinical practice.
This study had several limitations. First, patients’ subjective
satisfaction with sleeping pills were assessed based on answers
to our questions, rather than objective assessment tools. Satisfaction with the medication’s ability to induce sleep may not be
the same as satisfaction with sleep. Second, we did not assess
the severity of insomnia in each patient. This study was a retrospective pilot study based on medical records in which the assessment of insomnia severity was not sufficient. More detailed
assessments of sleep severity or quality will be included in our
next prospective study. Third, objectively measured sleep efficiency or the incidence of frequent awakenings were also not analyzed in this study. These factors are reported to be associated
with patient subjective satisfaction with sleeping pills.24,27 Occult obstructive sleep apnea and resultant frequent awakenings
can significantly affect the degree of insomnia; nocturnal polysomnography is a useful tool for detecting comorbid obstructive
sleep apnea. However, we did not perfrom routine polysomnography on our subjects because this test was not recommended for
patients with insomnia according to care guidelines.28
In conclusion, taking sleeping pills at a later time may increase patient satisfaction with these drugs. The duration from

administration of pills to bedtime (30 min before bedtime)
may not engender patient satisfaction with sleeping pills if the
physician does not educate patients about the concepts of a
proper sleep schedule and better sleep efficiency. Patients who
expressed dissatisfaction tended to stay in bed awake for a longer duration until falling asleep, and spent more time in bed
until their normal wake up time. We propose that physicians
advise patients to take benzodiazepeine or nonbenzodiazepine
GABA agonists sleeping pills 7 hours before their getting out
of bed time rather than 30 min before bedtime. Also, if we
use CBT to treat insomnia, we can manage patient sleep more
appropriately. However, it is not easy to compel most general
practitioners to learn and practice CBT for insomnia, despite
various types of CBT for insomnia being currently applied 29,30
and shown to be helpful to facilitate physical health.31 Adopting a “7 h before getting-out-of-bed time” approach includes
the concepts of CBT for insomnia and circadian rhythm regulation (delaying the advanced bedtime) because it incorporates
the time when the patient takes sleeping pills and when they go
to bed. We believe that taking 7 h before getting out of bed is
an easier way for doctors to advise their patients with insomnia
when they are not familiar with CBT concepts. We also propose to use new sleep indices such as PTB, PTS, or PTW to understand patients’ sleeping pill administration patterns more
precisely. We plan to investigate the real effectiveness of advising patients to take their sleeping pills “7 h before getting-outof-bed time” versus “30 min before bedtime” in a future study.
A B B R E V I AT I O N S
CBT, cognitive-behavioral therapy
PTB, duration from administration of pills to bedtime
PTS, duration from administration of pills to sleep onset time
PTW, duration from administration of pills to wake up time
TEQ, number of tablets of equivalent hypnotic agents
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INTRODUCTION

Cannabis use in North America continues to rise
in prevalence. Approximately 45 million adults in
the USA reported cannabis use in 2019, double the
prevalence from the early 2000s.1 This is, at least
in part, related to widespread decriminalization in
many states over the past decade, as well as scientific
or clinical research that have encouraged a reduction in the perceived risk of cannabis use.2 Ongoing
research suggests that cannabinoids may have therapeutic value as well, having shown promise for pain
relief3 with ongoing efforts to determine their role
in anxiety and sleep disorders.
Despite popular use as sleeping aids,4 there are
mixed findings about the effects of cannabis and

cannabinoids on various sleep metrics such as durawake
tion, architecture, and quality.5 Both sleep-
regulation and human endocannabinoid physiology are immensely complex, and their interaction
is not yet fully understood. While animal and in
vitro studies have begun to elucidate these pathways, clinical studies with humans have typically
been small and heterogeneous in design, leading to
mixed results overall.6–8
At the same time, sleep deprivation and insufficiency in the population has become a major public
health concern.9 Experts recommend 7–9 hours of
sleep per night, yet only two-thirds meet this guideline and almost half of all American adults report
daytime sleepiness nearly every day.10 Chronic
sleep disturbances increase overall morbidity and
mortality related to traumatic accidents, cardiovascular comorbidities, psychiatric disorders, and
chronic pain.11–13 Identifying or developing safe
interventions to improve sleep health is thus a
priority.
Characterizing relationships between current
cannabis use trends and sleep patterns may help
guide targeted clinical intervention and policy
development to improve health outcomes at the
patient and population levels. The purpose of this
study was to determine the relationship between
recent cannabis use and nightly sleep duration in a
nationally representative data set.

METHODS
Study population
Data for this study were obtained from the
National Health and Nutrition Examination
Survey (NHANES), which is a cross-
sectional
survey designed by the National Center for Health
Statistics (NCHS) and Centers for Disease Control
and Prevention. The NHANES is designed to
yield nationally representative data for the non-
institutionalized civilian population in the continental USA. This is achieved using a multistage
area probability sample selection (1): selection of
primary sampling units (PSUs),(2) segments within
PSUs (one or more blocks containing a cluster of
households),(3) households within segments, and
(4) at least one participant within each household.
Sample weights and adjustments are then made to
account for oversampling and control for non-response.14 For this present study, a data set was
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The primary outcome for this study was nightly sleep duration
categorized as short, optimal, or long. Based on previous studies
examining sleep metrics and outcomes, we defined short sleep
as <6 hours and long sleep as >9 hours on average weeknights
or worknights.17 Secondary outcomes included: (1) whether
participants reported having any trouble falling asleep, staying
asleep, or sleeping too much in the past 2 weeks; (2) whether
patients had ever told any physician about having any trouble
with sleep (eg, duration, patterns, or habits), which was determined by any score greater than 0 for Item #3 of the Patient
Health Questionnaire-9; and (3) whether participants experienced daytime sleepiness often, which was defined as feeling
overly sleepy on at least 5 of the last 30 days (only captured in
2005–2006, 2007–2008, 2015–2016, and 2017–2018 cycles).

A multinominal model was used to allow comparison of the
outcomes of interest (‘short’ and ‘long’ sleep) to a reference level
of ‘optimal’ sleep. The relationship between recent cannabis
use and the binary secondary outcomes was then assessed with
adjusted multiple logistic regression models. All regression
models took into consideration NHANES sample weights which
were adjusted by the number of years of survey data to represent
a single year and population. All covariates were included in the
model without further selection. To account for potential differences over time related to evolving attitudes towards cannabis
use, an interaction term between cannabis use and the year of
survey administration was added to the regression model. The
regression term was found to be not statistically significant and
thus was not included in the primary analysis. No other interaction terms were considered.
Further analyses were subsequently performed to test the
robustness of our primary model. First, to test for a dose effect,
recent cannabis users were further categorized as moderate or
heavy users if they had, respectively, used <20 or ≥20 days
of the past 30 days. Second, recent users were compared with
former users, who were defined as having a history of use but
none in the past 30 days.
Significance was tested through two-tailed tests at a significance
level of p<0.05 for all described analyses. All data analyses were
performed using R V.3.5.2 (R Core Team, Vienna, Austria). Regression models that accounted for adjusted sample weights and maintained the complex survey design of the NHANES were built using
the open source ‘survey’ and ‘svrepmisc’ packages, with guidance
from published statistical methods.14 20 The sample size was based
on the available data, no further observations were removed, and no
a priori power calculations were performed.

Covariates

RESULTS

constructed using publicly available files from seven 2-year cycles
of NHANES responses (2005–2006, 2007–2008, 2009–2010,
2011–2012, 2013–2014, 2015–2016, and 2017–2018). The
study population consisted of all respondents to the NHANES
cannabis questionnaires, which were only administered to adults
aged 20–59 years.

Exposure

Cannabis use was the primary exposure variable for this study.
While there is no single definition for regular cannabis use across
the scientific literature,15 we dichotomized participants as: (1)
non-users if they reported no cannabis use in the past 30 days or;
(2) recent users if they had reported any cannabis use in the past
30 days. This definition has been consistently used with previous
studies examining cannabis use in the NHANES data set.16

Outcomes

Covariates were selected a priori based on biological plausibility
of being a confounder in the relationship between the exposure
and primary outcome. Demographic characteristics included age
(categorical: 20–29, 30–39, 40–49, or 50–59 years old), sex,
and race (categorical: Hispanic, white, black, or other) were
included. Education beyond high school and number of hours
worked per week (categorical: <20, 20–40, or >40 hours)
were considered as socioeconomic factors. Health-related variables such as history of hypertension, diabetes, coronary artery
disease, body mass index (categorical: <25 kg/m2, 25–30 kg/m2,
or ≥30 kg/m2), smoking, heavy alcohol use (≥4 drinks per day,
on average), and prescriptions within the past 30 days for the
following classes of medications were all considered binary variables: opioids, benzodiazepines, ‘Z drugs’, barbiturates, other
sedatives, and stimulants (see online Supplementary Table A for
the full list of agents included in these classes).18 19 Finally, the
2-year survey cycle in which participants were interviewed or
examined was included in statistical modeling. For any covariate
for which >5% of survey participants were missing data, a separate level was coded for the missing values to retain these large
samples in analyses. Respondents with missing values for exposure variables, outcome variables, or any other covariates were
removed from analyses.

From 2005 to 2018, surveys about cannabis use were administered to a total of 25,348 participants through the NHANES.
After excluding participants with missing outcome, exposure, or
covariate data (other than the exceptions described above), 21,729
were included in analyses (figure 1), representing an estimated
146,417,873 adults from the USA. A total of 3132 (14.5%) reported

Data analysis

Weighted differences in baseline covariates and outcome variables between exposure groups were analyzed using χ2 tests.
Multinominal logistic regression was used to determine the
association between recent cannabis use and sleep duration categories in the primary analysis while accounting for covariates.
2

Figure 1 Participant inclusion flow chart from the National Health
and Nutrition Examination Survey (NHANES) 2005–2018.
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Table 1 Characteristics of included participants from the National
Health and Nutrition Examination Survey, 2005–2018

Table 2 Self-reported sleep outcomes of included participants from
the National Health and Nutrition Examination Survey, 2005–2018

Cannabis use in past 30 days?

Cannabis use in past 30 days?

No (n=18,597)

Yes (n=3132)

No (n=18,597)

Yes (n=3132)

125,275,280

21,142,592

P value

125,275,280

21,142, 592

 20–29

4375 (23.1)

1311 (41.2)

<0.001

 30–39

4675 (23.9)

784 (23.2)

 <6 hours

2537 (11.6)

554 (15.7)

 40–49

4848 (26.5)

579 (19.1)

 6–9 hours

15,358 (85.3)

2376 (77.8)

 50–59

4699 (26.5)

458 (16.5)

 >9 hours

702 (3.1)

202 (6.5)

4309 (25.6)

877 (29.7)

<0.001

 Female

9962 (52.2)

1194 (37.9)

Told doctor about trouble with
sleep, n (%)

 Male

8635 (47.8)

1938 (62.1)

Trouble with sleep in past 2
weeks, n (%)*

7024 (38.0)

1470 (47.0)

<0.001

 Hispanic

5320 (16.7)

498 (11.5)

 White

7251 (64.5)

1407 (65.5)

 Black

3731 (10.9)

953 (16.9)

 Other

2295 (8.0)

274 (6.1)

Represented no of
adults in the USA
Age in years, n (%)

Sex, n (%)
<0.001

Ethnicity, n (%)

Education beyond high 10 788 (65.0)
school, n (%)

<0.001

<0.001

<0.001

Hours worked per
week, n (%)
1113 (6.1)

244 (7.3)

 21–40

6899 (36.7)

1115 (37.2)

 41–80

5030 (31.6)

642 (24.9)

 >80

100 (0.5)

19 (0.7)

 Missing data

5455 (25.1)

1112 (29.8)

Hypertension, n (%)

4363 (22.9)

669 (20.3)

<0.01

Diabetes, n (%)

1385 (6.1)

130 (3.4)

<0.001

Coronary artery
disease, n (%)

206 (1.0)

27 (1.1)

0.76

 <25

5287 (29.5)

1251 (40.6)

<0.001

 25–30

5921 (32.1)

921 (30.1)

BMI in kg/m², n (%)

 ≥30

7389 (38.4)

960 (29.3)

Smoker, n (%)

3615 (18.6)

1668 (50.2)

<0.001

Heavy alcohol use,
n (%)

3271 (17.3)

1165 (38.3)

<0.001

 Missing data

5280 (23.7)

261 (8.1)

 Opioids

814 (4.6)

200 (5.8)

<0.001

 Benzodiazepines

395 (2.5)

98 (3.6)

<0.001

 Z drugs

208 (1.5)

40 (1.5)

0.98

63 (0.3)

9 (0.3)

0.44

 Other sedatives

552 (3.0)

114 (3.0)

0.90

 Stimulants

164 (1.2)

51 (2.4)

<0.001

 2005–2006

2508 (14.3)

325 (12.0)

<0.001

 2007–2008

2747 (14.3)

394 (11.4)

 2009–2010

2961 (14.0)

466 (12.4)

 2011–2012

2570 (14.1)

422 (13.1)

 2013–2014

2835 (14.8)

492 (14.4)

 2015–2016

2637 (14.1)

477 (16.8)

 2017–2018

2339 (14.3)

556 (19.8)

Prescription drug use,
n (%)

 Barbiturates

Nightly sleep duration, n (%)

Represented no of adults in
the USA

No (n=10,226)

Yes (n=1752)

125,161,108

22,217,277

Daytime sleepiness (≥5 of past 30 2288 (23.7)
days), n (%)†

1590 (55.4)

 ≤20

Represented no of adults in
the USA

Survey year, n (%)

All proportions displayed are weighted to represent the non-institutionalized
population in the continental USA. Survey weights are adjusted by the number of
years of data included in analysis.
P values reflect χ2-analysis used to test significance between groups for categorical
variables.
BMI, body mass index.;
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P value

467 (26.7)

<0.001

<0.01

All proportions displayed are weighted to represent the non-institutionalized
population in the continental USA. Survey weights are adjusted by the number of
years of data included in analysis.
P values reflect χ2 analysis used to test significance between groups for categorical
variables.
*Defined as any score greater than 0 on Item #3 of the Patient Health
Questionnaire: ‘Have you had trouble falling asleep, staying asleep, or sleeping too
much over the past 2 weeks?’.
†Only respondents from the 2 year survey cycles (2005–2006, 2007–2008, 2015–
2016, 2017–2018) with this variable were included in the regression model for this
outcome.

cannabis use in the past 30 days. Sample characteristics grouped by
cannabis exposure are presented in table 1.
The mean self-reported sleep duration of all included survey
respondents was 6.97±1.47 hours; there was no difference
between those with recent cannabis use and those without.
Among all survey respondents, 12.2% reported <6 hours, and
3.6% reported >9 hours per night (table 2). Compared with
those with no cannabis use in the past 30 days, recent users were
more likely to report sleeping <6 hours per night (15.7% vs
11.6%; unadjusted OR 1.47, 95% CI 1.26 to 1.71, p<0.001),
or >9 hours per night (6.5% vs 3.1%; unadjusted OR 2.26, 95%
CI 1.88 to 2.73, p<0.001). After adjusting for covariates, the
association persisted with cannabis users more likely to endorse
either short sleep (adjusted OR (aOR) 1.34, 95% CI 1.12 to
1.59, p<0.001) or long sleep (aOR 1.56, 95% CI 1.25 to 1.96,
p<0.001) (table 3; full regression model displayed in online
supplementary table Bonline Supplementary Table B).
Recent cannabis users were also more likely to report difficulty
falling asleep, staying asleep, or sleeping too much in the past 2
weeks (aOR 1.31, 95% CI 1.18 to 1.45, p<0.001), and having
ever told a physician about having trouble with sleep (aOR 1.29,
95% CI 1.13 to 1.47, p<0.001) (table 2). Recent cannabis exposure was not associated with frequent daytime sleepiness (aOR
1.00, 95% CI 0.88 to 1.14, p=0.94).
When recent users were further categorized by frequency of use,
moderate users (<20 of the past 30 days) were more likely to have
long sleep (aOR 1.47, 95% CI 1.13 to 1.91, p<0.01) but not short
sleep (aOR 1.19, 95% CI 0.98 to 1.44, p=0.07) compared with
non-users. Heavy users (≥20 of the past 30 days) were more likely
to have both short sleep (aOR 1.64, 95% CI 1.28 to 2.09, p<0.001)
and long sleep (aOR 1.76, 95% CI 1.19 to 2.60, p<0.01) compared
with non-users (table 3). Compared with former cannabis users (no
3
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Table 3

Weighted and adjusted ORs for cannabis use and nightly sleep duration
Short sleep (<6 hours per night)

Cannabis use

OR (95% CI)

Long sleep (>9 hours per night)
P value

OR (95% CI)

P value

Primary analysis:
 No use in past 30 days

1 (reference)

1 (reference)

 Use in past 30 days
 Unadjusted

1.47 (1.26 to 1.71)

<0.001

2.26 (1.88 to 2.73)

<0.001

 Adjusted*

1.34 (1.12 to 1.59)

<0.001

1.56 (1.25 to 1.96)

<0.001

Dose-r esponse analysis:
 No use in past 30 days

1 (reference)

 Moderate (<20 days/months)*

1.19 (0.98 to 1.44)

0.07

1 (reference)
1.47 (1.13 to 1.91)

<0.01

 Heavy (≥20 days/months)*

1.64 (1.28 to 2.09)

<0.001

1.76 (1.19 to 2.60)

<0.01

Bold values denote statistical significance at the p<0.05 level.
*Reported ORs were adjusted for the following covariates: age, sex, ethnicity, education beyond high school, weekly work hours, hypertension, diabetes, coronary artery disease, body mass index, smoking, heavy alcohol
use, prescription medication use (opioids, benzodiazepines, ‘Z’ sleep drugs, barbiturates, other sedatives, stimulants), year of survey cycle.

use in past 30 days), recent users were more likely to report both
short sleep (aOR 1.34 95% CI 1.12 to 1.62, p<0.01) and long sleep
(aOR 1.65, 95% CI 1.29 to 2.11, p<0.001).

DISCUSSION

In this study, we demonstrate a significant association between
recent cannabis use and the extremes of nightly sleep duration in
a nationally representative sample of adults aged 20–59. There
was also an exposure–response between cannabis use frequency
and the prevalence of both short sleep (<6 hours per night) and
long sleep (>9 hours per night). These results were not different
between survey years.
The literature examining the effects of cannabis on sleep duration, architecture, or quality in people with no sleep disturbances
at baseline demonstrate overall mixed results.5–8 Early polysomnographic studies suggest that even a single cannabis exposure
can cause reduced sleep-onset latency, increased total sleep time,
and less disruptions once asleep.21 Repeated use can quickly
demonstrate habituation and likely opposite effects: increased
sleep-onset latency, decreased total sleep time, and greater sleep
disruption.22 While there is no clear temporal or frequency definition for acute versus chronic exposure, participants in our study
who endorsed regular use were thought to represent chronic
users. We determined there to be a possible exposure–response
relationship between frequency of use and sleep duration; heavy
users (cannabis use on 20 or more of the past 30 days) were
at the greatest risk of both extremes of nightly sleep duration
compared with non-users. This bimodal risk distribution has not
previously been reported, particularly the association between
cannabis use and long sleep. With our cross-sectional analyses,
we can only speculate that these findings may be related to an
unknown consequence of repeated cannabis exposure alone or
may be a reflection of other underlying sociodemographic or
health factors. While the doses used by NHANES participants
were not reported, our results imply that frequency of use alone
may impact sleep architecture. Further clinical study is needed to
characterize the dose–response relationships between cannabis
use and sleep outcomes.
There has been a surge of interest in cannabinoids such as
cannabidiol (CBD) in recent years as potential sleep aids for
primary sleep-
wake disorders such as insomnia, restless leg
syndrome, central sleep apnea, obstructive sleep apnea (OSA),
as well as for sleep disturbances secondary to other conditions
such as chronic pain or post-traumatic stress disorder (PTSD).7 8
In contrast to CBD, current evidence suggests that delta-9 tetrahydrocannabinol (THC), the other major cannabinoid present
in most strains of cannabis, has stimulant and hallucinogenic
4

properties contributing to sleep disruption.8 With an evolving
market of new cannabis strains and cannabinoid formulations,
each with varying proportions of CBD and THC, the generalizability of the current literature about sleep impact is limited.
Despite insomnia being one of the most cited reasons for self-
medication with cannabis or cannabinoids, the evidence base
is overall inconsistent and of poor quality, as described in a
recent systematic review.23 Currently, the only indications with
some robust evidence for therapeutic cannabis use to improve
sleep duration or quality are OSA, PTSD, and chronic pain
syndromes.24–26
Increasing prevalence of both cannabis use and sleep deprivation in the population is a potential cause for concern. While
our cross-sectional analysis did not demonstrate an association
between recent cannabis use and daytime sleepiness, insufficient sleep in the modern world is a growing public health issue9
and sleep disturbances can be a major risk factor for initiating
cannabis use.27 This can perpetuate cycles of increased cannabis
use, progressive sleep disturbances, and acute cessation leading
to withdrawal which may add further negative effects to sleep
architecture and quality.28 The importance of adequate sleep is
underscored by the known health consequences of chronic sleep
deprivation and chronic oversleeping. Both states can predispose
to traumatic injuries, cardiovascular comorbidities, depression,
cognitive deficits, and pain.11–13 The extremes of sleep thus
exhibit a ‘U-shaped’ relationship with morbidity and mortality
at the individual and population levels.17 29 This is thought to be
related to pathological states of generalized systemic inflammation with chronic short sleep, long sleep, or other disturbances.30
The role of the endocannabinoid system in exacerbating or alleviating these inflammatory pathways in the long term is not fully
understood and an important area of ongoing study as cannabis
use continues to grow in prevalence.
This study has several limitations inherent in its design that should
be considered when interpreting the results. First, data collected
from survey questionnaires are self-reported and therefore subject
to selection bias; only persons willing and able to participate in the
survey and examination process are included. In addition, the historical (and still present) stigma associated with cannabis may impact
participant responses to questions about cannabis use. However, in
our analyses, there was no significant interaction between survey
year and cannabis use variables, suggesting that the effects of this
response bias did not differ over the study period. Second, given
the cross-
sectional nature of our study there may be residual
unmeasured confounding we are unable to account for, including
confounding by indications for cannabis use. Furthermore, these
cross-sectional data are unable to provide insight on causality (or
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reverse causality) between sleep outcomes and cannabis use. Third,
granular data related to cannabis exposure (formulations, dosing,
intended purpose of use) and sleep-related metrics (timing, quality,
efficiency, alertness, or prior sleep disorders) were not available
but would have allowed for further analysis. Fourth, the NHANES
cannabis survey did not include the adolescent demographic, which
represent the group at highest risk of both cannabis-related harms
and sleep disturbances.31 Thus, the generalizability of our findings
is limited.

CONCLUSIONS

Recent cannabis use was associated with the extremes of self-
reported nightly sleep duration in this nationally representative
sample of adults, with suggestions of a dose–response relationship. Despite the current literature demonstrating mixed effects
of cannabis and various cannabinoid formulations on sleep
architecture and quality, these agents are being increasingly used
as both prescribed and unprescribed experimental therapies
for sleep disturbances. Sleep-wake physiology and regulation is
complex and research about related endocannabinoid pathways
is in its early stages. Given the growing prevalence of cannabis
use, future studies should continue exploring the relationship to
human sleep using polysomnographic or actigraphic analysis. A
better understanding of the endocannabinoid-mediated effects
on sleep can inform development of clinical guidelines to target
improved long term health outcomes at the patient and population levels, particularly for demographic groups that may be at
increased risk of consequent sleep disturbances.
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Abstract: Background: We use a mobile software application (app) to measure for the first time,
which fundamental characteristics of raw, natural medical Cannabis flower are associated with changes
in perceived insomnia under naturalistic conditions. Methods: Four hundred and nine people with a
specified condition of insomnia completed 1056 medical cannabis administration sessions using the
Releaf AppTM educational software during which they recorded real-time ratings of self-perceived
insomnia severity levels prior to and following consumption, experienced side effects, and product
characteristics, including combustion method, cannabis subtypes, and/or major cannabinoid contents
of cannabis consumed. Within-user effects of different flower characteristics were modeled using
a fixed effects panel regression approach with standard errors clustered at the user level. Results:
Releaf AppTM users showed an average symptom severity reduction of −4.5 points on a 0–10 point
visual analogue scale (SD = 2.7, d = 2.10, p < 0.001). Use of pipes and vaporizers was associated with
greater symptom relief and more positive and context-specific side effects as compared to the use
of joints, while vaporization was also associated with lower negative effects. Cannabidiol (CBD)
was associated with greater statistically significant symptom relief than tetrahydrocannabinol (THC),
but the cannabinoid levels generally were not associated with differential side effects. Flower from
C. sativa plants was associated with more negative side effects than flower from C. indica or hybrid
plant subtypes. Conclusions: Consumption of medical Cannabis flower is associated with significant
improvements in perceived insomnia with differential effectiveness and side effect profiles, depending
on the product characteristics.
Keywords: insomnia; Cannabis; marijuana; sleep; sleep disturbance; flower; cannabidiol;
tetrahydrocannabinol; C. indica; C. sativa

1. Introduction
Nearly 50% of the adult population in the United States (US) experiences sleeping problems [1–4],
with high rates of dissatisfaction over the effectiveness and potential side effects of conventional
pharmaceutical sleep aid medications [5]. Prescription sleep aids, including antidepressants,
benzodiazepines, gamma-aminobutyric acid (GABA) medications, and anti-psychotics, are associated
with significant negative side effects and risks of dangerous drug interactions [6]. Over-the-counter
(OTC) medications such as antihistamines, melatonin, and valerian, are generally less dangerous
than prescription pharmaceuticals, but also less effective, and can also carry negative consequences
(e.g., headaches, confusion, agitation), including residual effects (e.g., drowsiness, difficulty
Medicines 2018, 5, 75; doi:10.3390/medicines5030075
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concentrating, and memory impairments) that can lead to secondary problem behaviors (e.g., lethargy,
work absenteeism) [2,7–11]. First generation antihistamines (e.g., diphenhydramine, hydroxyzine,
doxylamine succinate, and clemastine) act as anticholinergics. They generally score high on the
anticholinergic cognitive burden scale. Alone or coupled with other anticholinergics, these medications,
in addition to other classes of muscarinic antagonists, may contribute to an increased risk of developing
dementia because the effects are cumulative and the body’s production of acetylcholine diminishes
with age [12]. These circumstances may make people with insomnia willing to experiment with
alternative sleep aid therapies, including medical cannabis, which is commonly used for treating
insomnia [13–15] and becoming increasingly accessible due to expanding medical and now recreational
cannabis reformation laws.
Clinical randomized controlled trials (RCTs) have historically used cannabis extracts and synthetic
phytocannabinoid analogues for estimating the pharmacodynamic properties of cannabis used
in vivo [16]. They generally show that while cannabis consumption can improve some sleep outcomes
(e.g., latency to sleep, reduced REM sleep problem behaviors), it is often associated with negative (albeit,
relatively minor) side effects, and the major phytocannabinoids, delta-9 tetrahydrocannabinol (THC)
and cannabidiol (CBD), may have different effects at different stages of sleep [17–22]. The improved
sleep outcomes associated with THC may be influenced by the putative interaction of the CB1
cannabinoid receptor with orexin receptors that are, in turn, targeted by sleep aid medications such
as suvorexant [23]. Unfortunately, RCTs are poorly suited for assessing real-life patient decisions
and capturing the phasic and inconsistent nature of the most common type of cannabis products
used by millions of people daily, raw whole natural dried Cannabis flowers [16,24]. No study
to date has measured the relative associations between THC and CBD contents and other basic
characteristics of natural Cannabis flower (e.g., route of administration, cannabis subtypes) consumption
and self-perceived feelings of insomnia in real-time under naturalistic conditions.
This is the first study to measure which fundamental attributes of commonly consumed dried
Cannabis flower affect perceived insomnia levels and experienced side effects. We operationalize
our research question using a mobile educational software application (app) [25] for recording how
combustion method, cannabis subtypes, and major cannabinoid contents are associated with real-time
measurements of subjective insomnia levels, prior to and following administration of cannabis, and
the manifestation of myriad possible side effects from normative use in users’ natural environments.
2. Materials and Methods
2.1. Study Design
Institutional Review Board exemption was obtained from the University of New Mexico for
this study, and the data were obtained from MoreBetter Ltd. (Washington, DC, USA), subject to a
confidentiality agreement. This study uses self-collected data and user experiences recorded with the
Releaf AppTM (version 1.4.1, Morebetter LTD, Washington, DC, USA) between June 2016 and May 2018.
This mobile device educational software application was designed to track the effects of different types
of medical cannabis products used under normal circumstances in natural environments, so that users
can more optimally treat their underlying medical condition, with insomnia as one possibly treatable
condition. Users of this version of the app consented through a privacy agreement for their anonymous
data to be statistically analyzed and published in aggregate form. Prior to beginning each session,
the user specifies the condition to be treated and the starting symptom level as well as a broad range of
product characteristics. (The user interface for the Releaf AppTM is shown in Supplemental Figure S1).
For the purpose of uniformity, we include only users of Cannabis flower. For analyses including THC
and CBD, we omitted observations with labels indicated THC potencies greater than 35% or CBD
potencies greater than 30%, because higher percentages do not occur naturally in flower.
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2.2. Study Outcomes
Our study outcomes focus on symptom relief (reductions in insomnia symptom severity) and
side effects. Product characteristic entry is voluntary, so the number of observations varies depending
on the product characteristics included. Once a session has begun, the user can update their symptom
level at any time. Symptom levels range from 0 (no detectable level) to 10 (most severe intensity level).
In our analysis, we include only users reporting an initial symptom level of 1 or higher. Symptom Relief
is measured as the starting symptom level minus the ending symptom level and ranges between
−10 (maximum symptom relief) and 9 (minimum possible symptom relief). Our other outcome
variables are any side effect reported by category (negative, positive, and context-specific) and percent
of total available side effects in that category with 13 negative side effects, 19 positive side effects, and
10 context-specific side effects available for selection at any time during the session. (The side effects
with categories are listed in Supplemental Table S1).
2.3. Statistical Analysis
We use ordinary least squares panel regressions to analyze the effects of product characteristics
on symptom relief and side effect profiles. We regress symptom relief on the product characteristics
separately. The sample size changes due to non-reporting of product characteristics. For our
six separate side effect outcomes, we include all the product characteristics together for the sake
of brevity. Because starting symptom levels are a strong predictor of symptom relief, partly
mechanistically (e.g., higher starting symptoms enable greater possible symptom relief), we include the
starting symptom level in all our regressions. Although the outcomes are [0, 1] in the “any” side effect
regressions and [0, 1] in the “percent” side effect regressions, we use ordinary least squares for the sake
of consistency across regression models with different outcomes. All regressions include time-invariant
user fixed effects and standard errors are clustered at the user level to account for heteroskedasticity
and arbitrary correlation at the user level. Analyses were conducted using Stata 13.1.
3. Results
Four hundred and nine users reported using flower to treat insomnia during 1056 sessions.
In addition to the type of product, the user is prompted to report the combustion method (joint [13%],
pipe [38%], and vape [49%]), plant subtypes (C. Indica [60%], C. Sativa [6%], and hybrid [33%]), and
THC and CBD content (percentage of total weight). The mean THC level was 20% (SD = 5.39 percentage
points) and the mean CBD level was 5.7% (SD = 5.44 percentage points). Starting symptom levels
average 6.6 (SD = 2.1), while ending symptom levels average 2.2 (SD = 2.1). Mean symptom relief
was −4.5 (standard deviation = 2.7, d = 2.10, p < 0.001). During the average session, users in our
sample report 10% of negative side effects, 21% of positive side effects, and 24% of context-specific
side effects. In addition, in 57% of sessions, users report at least one negative side effect, in 95% at
least one positive side effect, and in 86% at least one context specific side effect. Table 1 presents
complete descriptive statistics. Additionally, insomnia patients reported using 461 different strains.
Among the most frequently used strains, there was wide variability in cannabinoid contents, with two
C. indica strains with fairly high THC (around 20%) and high (20%) to moderate (7%) CBD potencies
(“Granddaddy Purple” and “Northern Lights”), followed by two hybrid strains with similar amounts
of THC but CBD potencies of less than 4% (“OG Kush” and “Blue Dream”).
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Table 1. Descriptive Statistics.
Variable

Mean

Std. Dev

Minimum

Maximum

0
0
0

1
1
1

Panel A: Subtypes (983 sessions, 378 users)
Hybrid
C. indica
C. sativa

0.33
0.60
0.06

0.47
0.49
0.24

Panel B: Combustion Method (996 sessions, 385 users)
Joint
Pipe
Vape

0.13
0.38
0.49

0.34
0.48
0.50

0
0
0

1
1
1

0.02
0
0
0

0.35
1
1
1

0
0
0
0

0.30
1
1
1

Panel C: THC (353 sessions, 143 users)
% THC
THC < 10%
THC 10–19%
THC 20–34%

0.19
0.05
0.50
0.45

0.54
0.22
0.50
0.50

Panel D: CBD (119 sessions, 281 users)
% CBD
CBD 0%
CBD 1–9%
CBD 10–34%

0.60
0.19
0.51
0.30

0.54
0.39
0.50
0.46

Panel E: Outcome and Control Variables (1056 sessions, 409 users)
Symptom Change
Starting Symptom Level
Ending Symptom Level

−4.5
6.6
2.2

2.7
2.1
2.1

−10
1
0

9
10
10

0
0
0
0
0
0

1
1
1
1
1
1

Panel F: Side Effects (1215 sessions, 359 users)
Any Negative Side Effect
% of Negative Side Effects
Any Positive Side Effect
% of Positive Side Effects
Any Context-Specific Side Effect
% of Context-Specific Side Effects

0.57
0.10
0.95
0.21
0.86
0.24

0.50
0.13
0.23
0.15
0.35
0.19

Note: The different types of variables are grouped in Panels A through F, with the number of sessions and users
for whom that information is available listed in parentheses. For each variable in each panel, we report the mean,
standard deviation, minimum, and maximum values for that variable. Our variables are all dichotomous {0, 1} with
the exception of THC, CBD, and the % of side effects variables, which are percentages range from 0 to 1, and the
symptom relief measures, which are measured on a 0 to 10 scale with 0 being no discernable symptom level and
10 extreme symptom severity. Symptom change is measured as the ending symptom minus the starting symptom
level for a range between −10 and 9. Starting symptom levels are restricted to range from 1 to 10, while ending
symptom levels range from 0 to 10. Nineteen positive, thirteen negative, and ten context-specific side effects were
available for selection in Panel F.

Table 2 shows the results from regressing Symptom Relief on flower characteristics with each
column representing a separate regression. When entered separately, the analyses show that only
the product characteristic CBD percentage has a statistically significant effect on symptom relief;
each additional percentage point of CBD contents is associated with a decrease of −0.04 (p < 0.01) in
symptom severity levels. Starting symptom levels are important determinants of patient symptom
relief with coefficients implying that once we restrict the sample to only those patients who reported
CBD and THC, patients with low starting symptom levels experience worsening insomnia symptoms
with consumption of Cannabis unless they are consuming sufficiently high percentages of CBD.
When all product characteristics are included jointly, we find that smoking from a pipe or using
a vaporizer is associated with greater symptom relief than smoking joints, and suggestive evidence
that higher CBD levels are associated with greater symptom relief even after controlling for other
characteristics of the flower consumed. The coefficient on C. sativa versus hybrid strains is large in
magnitude at 2.481, but is statistically significant at only the 0.1 level.
Figure 1 explores these relationships in greater detail in the raw data, depicting the mean THC
and CBD percentages by level of symptom relief. The left hand (low symptom relief) side of the figure
is likely fairly noisy due to small session counts, but the figure does suggest that non-linearities may
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exist in the general improvement in symptom relief with higher CBD levels and lower THC levels.
Figure 1 also shows that THC potencies tend to be much higher than CBD potencies across all levels of
symptom relief. This may indicate an interaction effect or that the optimal ranges may differ for the
two cannabinoids.
Table 2. Effects of Product Characteristics on Symptom Relief—Regression Results.
Variable

(1)

(2)

(3)

(4)

Panel A: Subtypes, omitted category = hybrid

−0.227
(0.214)
−0.214
(0.492)

C. indica
C. sativa

0.176
(0.220)
2.481 *
(1.445)

Panel B: Combustion Method, omitted category = joint

−0.715
(0.563)
−0.823
(0.583)

Pipe
Vape

−1.686 **
(0.758)
−1.560 **
(0.782)

Panel C: THC and CBD
THC (%)
CBD (%)
Starting Symptom Level
Constant
Observations
R-squared
Number of users

−0.763 ***
(0.058)
0.603 *
(0.362)
983
0.341
378

−0.781 ***
(0.056)
1.318 **
(0.617)
996
0.337
385

−4.759
(2.978)
−3.828 ***
(1.121)
−0.951 ***
(0.095)
2.599 ***
(0.920)
205
0.562
90

−4.280
(3.761)
−5.232 *
(2.841)
−0.873 ***
(0.092)
3.100 ***
(1.115)
195
0.613
83

Notes: Each column represents a separate regression. Regressions control for individual user fixed effects. C. indica
and C. sativa are relative to Hybrid, and Pipe and Vape are relative to Joint. Standard errors are clustered at the user
level. ***
p < 0.01,
< 0.05,
* pREVIEW
< 0.1.
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In our regressions of side effects on product characteristics (Table 3), we find that product
characteristics matter. In particular, C. sativa strains appear to be associated with more reporting of
negative side effects, while vaping is associated with reduced reporting of negative side effects
relative to consumption using joints and pipes. Individuals smoking joints appear to be the least
likely to report positive or context-specific side effects. THC and CBD, however, do not appear to be
associated with much variation in side effect reporting, except for a potential reduction in the
extensive margin for context-specific side effects of 1.1 percentage points (p < 0.05). Higher starting
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In our regressions of side effects on product characteristics (Table 3), we find that product
characteristics matter. In particular, C. sativa strains appear to be associated with more reporting of
negative side effects, while vaping is associated with reduced reporting of negative side effects relative
to consumption using joints and pipes. Individuals smoking joints appear to be the least likely to
report positive or context-specific side effects. THC and CBD, however, do not appear to be associated
with much variation in side effect reporting, except for a potential reduction in the extensive margin
for context-specific side effects of 1.1 percentage points (p < 0.05). Higher starting symptoms are
associated with increased negative side effects on both the extensive (any reported) and intensive
(percent reported) margins as well as the reporting of a higher percent of positive side effects. Based on
the R-squared, the product characteristics, individual user fixed effects and starting symptoms do a
better job of explaining variation in positive and context-specific side effects than negative side effects.
Table 3. Effects of Product Characteristics on Side Effects—Regression Results.

Variable
C. indica
C. sativa
Pipe
Vape
THC (%)
CBD (%)
Starting Symptom Level
Constant
Observations
R-squared
N Users

(1)

(2)

(3)

(4)

Negative

% of
Negative

Positive

% of
Positive

−0.034
(0.026)
0.478 ***
(0.152)
−0.042
(0.122)
−0.484 ***
(0.144)
−0.136
(0.810)
0.525
(1.263)
0.074 ***
(0.025)
0.388
(0.329)
170
0.128
70

0.001
(0.011)
0.105 ***
(0.028)
−0.044
(0.038)
−0.067 *
(0.037)
−0.002
(0.093)
0.239
(0.159)
0.012 ***
(0.004)
0.035
(0.055)
170
0.165
70

0.037
(0.036)
−0.349
(0.277)
0.025
(0.022)
0.034
(0.026)
0.031
(0.077)
0.163
(0.142)
−0.002
(0.002)
0.955 ***
(0.035)
170
0.382
70

−0.035 **
(0.015)
−0.002
(0.088)
0.116 **
(0.050)
0.135 ***
(0.049)
−0.200
(0.304)
−0.008
(0.154)
0.012 ***
(0.004)
0.084
(0.092)
170
0.123
70

(5)

(6)

% of
Context-Specific
Context-Specific

−0.004
(0.039)
−0.236
(0.309)
0.917 ***
(0.075)
0.993 ***
(0.083)
0.808
(0.586)
−1.101 **
(0.496)
0.030
(0.021)
−0.297 *
(0.155)
170
0.355
70

−0.013
(0.022)
−0.018
(0.131)
0.252 ***
(0.050)
0.248 ***
(0.063)
0.506
(0.455)
−0.006
(0.241)
0.004
(0.009)
−0.105
(0.096)
170
0.101
70

Notes: Each column represents a separate regression. Regressions control for individual user fixed effects. C. indica
and C. sativa are relative to Hybrid and Pipe and Vape are relative to Joint. Standard errors are clustered at the user
level. *** p < 0.01, ** p < 0.05, * p < 0.1.

4. Discussion
Given how important quality sleep is for optimizing mental and physical wellbeing, it is alarming
how pervasive sleep disturbances are throughout society [2–4]. The limited effectiveness and risk of
undesirable and potentially dangerous side effects of conventional pharmaceutical sleep aids [6,7]
result in nearly 50% dissatisfaction rates [5]. Hence, it is not surprising why people with sleep
disturbances commonly report regular experimentation with multiple types of sleep aids [26], including
alcohol and Cannabis. Our results showed that on average, Releaf AppTM users experienced a
statistically and clinically significant improvement (−4.5 points on a 0–10 point scale) in perceived
insomnia levels. However, products made with C. sativa were associated with less symptom relief and
more negative side effects than products made from C. indica or hybrid plant subtypes. Use of pipes
and vaporizers was associated with greater symptom relief and more positive and context-specific side
effects as compared to the use of joints, while vaporization was also associated with lower negative
effects. CBD potency levels were associated with greater symptom relief than were THC levels, but the
cannabinoid contents were generally not associated with differential reported side effects.
The current results are consistent with survey-based studies showing increasing reported
usage of cannabis for treating insomnia in healthy people and patients with other primary health
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conditions [13–15], and a patient preference for high CBD products [13,18,27]. In comparison to
conventional prescription pharmaceutical sleep aids, CBD is generally believed to be much safer and
often is described as non-psychoactive [16]. Prescription sleep aids in contrast, namely antidepressants
(e.g., trazodone, amitriptyline, and doxepin), benzodiazepines (e.g., diazepam and lorazepam),
gamma-aminobutyric acid (GABA) medications (zolpidem and eszopiclone), and anti-psychotics
(aripiprazole, olanzapine, quetiapine and risperidone) are associated with significant clinical
drawbacks [6] and heightened risk of morbidity [28–31]. The phytocannabinoid family of CBDs are
known to differ from other cannabinoids such as THC in several ways, including having little affinity to
CB1 receptors, serving as an antagonist to the effects of THC, and functioning as anti-inflammatory and
immuno-suppressant agents [32,33]. Orexin antagonists, such as suvorexant [34], as well as nemorexant
and lemborexant, which are currently in phase 3 clinical trials, are all dual antagonists of the orexin
OX1 and OX2 receptors. They are being investigated for their potential use in treating sleep disorders.
OX1 and OX2 receptors regulate several functions that overlap with cannabinoids, such as pain,
wakefulness, and sleep. Both receptor types can form homo- and heterodimers with one-another and
with CB1 receptors; however, orexin potentiation of CB1 signaling may result from orexin-promoted
2-AG (2-arachidonoyl glycerol, a native ligand of CB1 cannabinoid receptors) production and not
necessarily from orexin-CB1 heterodimerization [23,35]. The activation of OX1 and OX2 receptors each
modulate the effects induced by cannabinoids in different ways [36]. Whereas THC is a partial agonist
of the CB1 receptor, CBD has a very low affinity for the CB1 receptor and instead acts as an indirect
antagonist [37].
However, the fact that our results did not seem to show a clear relationship between THC or CBD
and symptom relief suggests that other cannabinoid chemical(s) (e.g., cannabinols) and terpenes could
contribute to changes in sleep experiences. Cannabinoid and terpene profiles vary across strains and
we did find that the most frequently used cannabis strains for insomnia treatment were quite distinct in
their chemotypic characteristics, highlighting the range of products and associated interactions among
sub-compounds across products used by patients even just within flower. Therapeutically, cannabis
consumption may also alleviate primary symptoms such as pain and anxiety, which are associated with
sleep disturbances [16]. Unfortunately, due to cannabis’ continued Schedule I status and associated
barriers to conducting medical cannabis research [24], no practical, naturalistic investigations have
been completed on how patient-managed phytocannabinoid consumption affects discrete mechanisms
(e.g., ventrolateral preoptic nucleus activation, memory consolidation) and other basic characteristics
(e.g., sleep stages, circadian rhythm) involved in normal and aberrant sleep patterns.
Despite the novelty and practical implications of our findings, the observational nature of the
research design had unavoidable drawbacks, most notably the absence of a comparison group, which
could have resulted in overestimation of the effectiveness of cannabis if unsatisfied users chose not to
use the Releaf AppTM , or underestimation of cannabis’ effectiveness if users choose not to use the app
as a result of accomplished satisfaction with product choices and their effects. It is also possible that
the Releaf AppTM affected how users experience cannabis’ effects, and future research will benefit from
examining both the effectiveness and influence of using electronic technology for patient medication
management and monitoring. Small sample sizes could have also led to under-powered analyses,
i.e., that other product characteristics matter but our sample is too small to pick them up at standard
levels of statistical precision. Our study was also limited in the amount of information obtained by
users and did not include detailed demographic characteristics, pre-app experience using cannabis,
other types of sleep therapies, or type of sleep disorder. Finally, the study was limited to the accuracy
of the product characteristics displayed on labels of the products consumed in the study, and there is a
common problem of inaccurate (e.g., inflated) labeling practices in the medical cannabis industry in
the U.S. [38].
Notwithstanding these limitations, this is the first study to measure how fundamental properties
of self-directed Cannabis flower consumption affect immediate symptom relief from insomnia
within users’ natural environments. Although no U.S. state has legalized medical cannabis for the
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treatment of sleep disorders, our results show that consumption of Cannabis flower is associated with
significant improvements in perceived insomnia with differential effectiveness and side effect profiles.
The widespread apparent use of cannabis as a sleep aid underscores the importance of further medical
research regarding its risk-benefit profile and the effectiveness of cannabis as a substitute for other
substances, including alcohol, over-the-counter and prescription sleep aids, and scheduled medications
(e.g., opioids and sedatives) [14,39–41], many of which are used in part as sleep aids.
Supplementary Materials: The following are available online at http://www.mdpi.com/2305-6320/5/3/75/s1,
Table S1: Categories and Frequency of Side Effect Reporting, Figure S1: Releaf AppTM User Interface.
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Abstract
Study Objectives: This randomized, double-blind, placebo-controlled, crossover study was conducted to evaluate the safety and efficacy of 2 weeks of nightly
sublingual cannabinoid extract (ZTL-101) in treating chronic insomnia (symptoms ≥3 months).
Methods: Co-primary study endpoints were safety of the medication based on adverse event reporting and global insomnia symptoms (Insomnia Severity Index
[ISI]). Secondary endpoints included: self-reported (sleep diary), actigraphy-derived, and polysomnography measurements of sleep onset latency (SOL), wake after
sleep onset (WASO), total sleep time (TST), sleep efficiency (SE); and self-reported assessments of sleep quality (sSQ) and feeling rested upon waking. Adjusted mean
differences between placebo and ZTL-101 were calculated.
Results: Twenty-three of 24 randomized participants (n = 20 female, mean age 53 ± 9 years) completed the protocol. No serious adverse events were reported.
Forty mild, nonserious, adverse events were reported (36 during ZTL-101) with all but one resolving overnight or soon after waking. Compared to placebo, ZTL-101
decreased ISI (−5.07 units [95% CI: −7.28 to −2.86]; p = 0.0001) and self-reported SOL (−8.45 min [95% CI: −16.33 to −0.57]; p = 0.04) and increased self-reported TST
(64.6 min [95% CI: 41.70 to 87.46]; p < 0.0001), sSQ (0.74 units [95% CI: 0.51 to 0.97]; p < 0.0001), and feeling of being rested on waking (0.51 units [95% CI: 0.24 to 0.78];
p = 0.0007). ZTL-101 also decreased actigraphy-derived WASO (−10.2 min [95% CI: −16.2 to −4.2]; p = 0.002), and increased actigraphy-derived TST (33.4 min [95% CI:
23.07 to 43.76]; p < 0.001) and SE (2.9% [95% CI: 2.0 to 3.8]; p = 0.005).
Conclusions: Two weeks of nightly sublingual administration of a cannabinoid extract (ZTL-101) is well tolerated and improves insomnia symptoms and sleep
quality in individuals with chronic insomnia symptoms.
Clinical Trial: ANZCTR; anzctr.org.au; ACTRN12618000078257.

Statement of Significance
Chronic insomnia is present in 6%–15% of the population and is associated with adverse health outcomes. Current pharmacologic treatment options are often
unsatisfactory. Cannabinoids have been proposed as a potential new therapeutic alternative although evidence regarding their safety and efficacy is limited. In
this world-first randomized double-blind placebo-controlled crossover trial of 24 participants with chronic insomnia, 2 weeks of ZTL-101 significantly decreased
insomnia symptoms relative to placebo. While more adverse events were reported while taking ZTL-101 than placebo all were mild and the majority resolved soon
after waking. While replication in a larger cohort is required before definitive conclusions can be drawn, these results suggest that the cannabinoid formulation
ZTL-101 may provide a useful therapeutic option for individuals with chronic insomnia, at least for short-term use.
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Introduction

Study design and procedures
A double-blind, randomized, placebo-controlled, crossover design study was conducted between May and December 2019 at
The University of Western Australia’s Centre for Sleep Science.
Zelira Therapeutics Ltd (formerly Zelda Therapeutics) sponsored the study, but the investigators independently designed
it and collected, analyzed, and interpreted all data. Ethical review and approval of the study, which was in accordance with
the guidelines of the International Council for Harmonisation
and principles of the Declaration of Helsinki, was obtained from
Bellberry Ltd (HREC2017-03-226) and The University of Western
Australia (RA/4/1/9236). Informed written consent was obtained
from each participant following full explanation of procedures,
risks, and benefits.
Preliminary eligibility was established during a clinical
interview at a screening and consent visit, which was followed
by a 2-week baseline period (Figure 1) during which participants wore a wrist-based activity monitor (GT9X, ActiGraph,
Pensacola, FL) and completed sleep diaries [13]. On the 14th
baseline night a laboratory-based polysomnography (PSG) study
(Grael, Compumedics, Sydney, Australia) was performed; participants were encouraged to attempt to sleep at their usual time
and were not woken by others in the morning. The PSG montage aligned with AASM criteria [14] and studies were scored according to these criteria by a single experienced scorer who was
blinded to treatment.

Assessed for Eligibility (n=167)
Did not progress:
n= 85 ineligible
n= 10 declined parcipaon
n= 31 unavailable
Screeening & Consent (n=41)

Methods
Participants
Men and women aged 25–70 years presenting with chronic insomnia, defined as self-reported difficulty initiating sleep (latency to persistent sleep >30 min) and/or maintaining sleep
(>30 min awake, or waking >30 min before desired waking time)
on ≥3 nights per week, for ≥3 months and an Insomnia Severity
Index (ISI) score >10 [12]. Participants were recruited via email,
newspaper, or television advertisement asking for volunteers to
test a new medication to improve sleep quality. Only after responding to the advertisement were potential participants informed that the medication was medicinal cannabis.
Participants were excluded from the study if they: were unwilling to cease using psychotropic, CNS-depressant (confirmed
at baseline with urine drug screen for opioids, amphetamine,
cocaine, benzodiazepine, and cannabis), or cytochrome P450 inhibitor medications for the study duration, commencing from at
least 2 weeks prior to baseline assessments; had untreated cardiovascular, metabolic, or significant psychopathologic disorders

Baseline (2 weeks) +
Sensivity test (n=37)

Did not progress:
n=2 suicidal ideaon
n=1 contraindicated medicaons
n=1 declined parcipaon

Did not progress:
n=12 other sleep disorder
n=1 declined parcipaon
1 week washout

Randomised (n=24)

Allocated to Placebo (n=12)

2 weeks

1 week washout

Allocated to Placebo (n=11)

2 weeks

Allocated to ZTL-101 (n=12)

Did not progress:
n=1 withdrew due to nonserious adverse event
Allocated to ZTL-101 (n=12)

Analysed (n=23)

Figure 1. CONSORT flow diagram of participants at each phase of the trial.
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Chronic insomnia disorder, characterized by difficulty initiating
or maintaining sleep at least 3 nights per week for at least
3 months, is present in 6%–15% of the population [1, 2], and is
associated with poor health outcomes and reduced productivity.
Cognitive behavioral therapy for insomnia (CBTi) is the first-line
treatment, with improvement reported in approximately 60% of
patients [3]. In cases where treatment is ineffective or access to
CBTi is limited or delayed, then pharmacological therapies can
be useful. However, adverse effects from conventional pharmacological treatments for insomnia are common [4] and include
dependence, abuse potential, tolerance, daytime sedation, psychomotor impairment manifesting as falls and cognitive impairment [5] and increased risk of head injury or fracture [6].
These undesirable side-effects drive an ongoing search for alternative therapies. Cannabinoids have emerged as a possible
alternative therapy for patients with insomnia who are considering therapeutic options.
Cannabis use in the United States was prohibited from 1937
until it was legalized for medical use in the late 1990s. Similar
legislative changes have followed in many countries, prompting
increased availability and use for medical purposes. Insomnia
(or “sleep disorder”) is a common symptom for which people
use cannabis [7]. However, few studies have examined the efficacy of cannabinoid formulations in treating insomnia [8], and
a placebo-controlled randomized trial has yet to be undertaken.
Improvements in sleep quality have been reported with delta9-tetrahydrocannabinol (THC) and cannabidiol (CBD) alone or
in combination. However, when taken in combination CBD is
known to attenuate the potential psychotropic effects of THC
[9] although high doses of CBD have been reported to have potential alerting properties [10]. Greater drowsiness has been reported with the addition of cannabinol (CBN) and THC than with
THC alone [11].
This study therefore employed a double-blind, randomized,
placebo-controlled, crossover design to evaluate the safety and
efficacy of a cannabinoid formulation which included THC, CBD,
and CBN (ZTL-101), for treating insomnia symptoms in patients
with chronic insomnia disorder.

(self-reported); had other significant sleep disorders (selfreported or identified at baseline); or were participating in a behavioral therapy program to improve sleep (see Supplementary
Methods for full exclusion criteria). Participants were provided
with travel vouchers where required but no other compensation.
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Primary outcomes
The co-primary outcome measures were: (1) frequency, type,
and severity of adverse events during each of the 2-week treatment periods; and (2) global insomnia symptoms as assessed by
the ISI on the 14th night of each 2-week treatment period.
Secondary outcomes
Measures of sleep quality and quantity were obtained from
the following methods: (1) self-report from sleep diary (s), (2)
actigraphy (a), and (3) PSG. Measures of sleep quality/quantity
derived from each method, where possible, included sleep onset
latency (SOL: time from lights off to falling asleep); total sleep
time (TST: total time spent asleep overnight); wake after sleep
onset (WASO: time spent awake after initially falling asleep
until final out of bed time); sleep efficiency (SE: proportion of
time spent asleep between the period of lights out and out of
bed time); and awakening index (AI: number of awakenings
per hour of sleep from lights out to out of bed time). A rating
of perceived sleep quality (sSQ) and feeling rested/refreshed on
waking was also recorded. Self-report and actigraphy measures
were calculated from the mean of each of the 2-week baseline

and treatment periods. The proportion of the sleep period spent
in sleep stages N1, N2, N3, and REM were determined from PSG.
Additional detail regarding each outcome measure is provided
in Supplementary Methods.
A Maintenance of Blinding Questionnaire [15] was administered on the 14th night of each study arm to assess the success
of participant blinding to treatment.
Pharmacokinetic study
All participants who completed both 2-week study periods
were invited to an overnight study during February–March
2020 to examine the 12-h pharmacokinetic responses to a
single dose (i.e. THC/CBN/CBD; 10/1/0.5 mg), and in some
participants, a double dose of ZTL-101 (i.e. THC/CBN/CBD;
20/2/1 mg). Venous blood samples were drawn at 0, 1, 2, 4, 6, 8,
10, and 12 h following dosing and the plasma was analyzed for
CBD, CBN, THC, and the metabolite carboxy-THC (THC-COOH)
(see Supplementary Methods for further detail on pharmacokinetic study).

Statistical analysis
Sample size
No previous study had reported changes in ISI, the primary outcome measure, following cannabinoid therapy for insomnia.
Therefore, a sample size calculation was undertaken based on
the assumption that a clinically meaningful improvement in
ISI was six points [16]. Assuming a SD of 6 [17], alpha level of
0.05 and power of 0.9, a minimum of 13 participants were required to detect this difference. A separate sample size calculation for the secondary outcome measure of SE from PSG was
also performed. In order to detect an increase in SE of 20 with
a SD of 25 [18], power of 0.9 and alpha of 0.05, a minimum of
19 participants was required. To ensure a sufficient sample size
to detect both primary and secondary outcome measures in per
protocol analysis and to allow for a 20% attrition rate the planned
sample size was 24 participants. Due to the high prevalence of
obstructive sleep apnea (OSA) in the general population, approximately 40% of participants were expected to be excluded
following the baseline PSG. Thus, we expected to consent a total
of 40 participants, and exclude approximately 16 following consent due to the presence of OSA.
Linear mixed models were used to analyze differences
in responses between the two study arms. Fixed effects of
treatment (placebo vs ZTL-101) and order and period of treatment were included, along with random individual effects.
Estimated differences in least squares means were calculated
along with standard errors and confidence intervals. Cohen’s
d (effect size) was calculated based on the method for paired
data [19]. Whilst multiple tests were undertaken, and all results presented, the p-values presented have not been adjusted for multiplicity.
One participant did not complete the baseline ISI questionnaire. Screening data were imputed for this participant’s baseline data. One participant did not complete question three of the
seven item ISI questionnaire on the first dosing arm (placebo).
A mean of screening and baseline data (which were identical)
was imputed for this question. No other data were missing.
Unless specified, data are presented as adjusted mean ± SD
and adjusted mean difference [95% CI].
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Potential sensitivity, including anaphalaxis, adverse cardiovascular, hallucinogenic, or paranoid responses, to a small dose
of the study medication (THC/CBN/CBD; 3/0.3/0.15 mg + 0.15 mL
placebo) was assessed from a 3-h observation period on the
morning following this baseline PSG.
Eligible participants then underwent a 1-week washout
period following which they were randomly allocated to ZTL-101
or placebo for 2 weeks (see Supplementary Methods for further
detail on randomization procedure). Following a further 1-week
washout period, participants crossed-over to the alternate study
arm for a further 2 weeks. All participants and investigators
were blinded as to whether ZTL-101 or placebo was administered. Wrist-based activity monitors were worn throughout
each study arm with PSG studies performed on the 14th night
of each arm.
During each of the 2-week study arms, participants sublingually self-administered 0.5 mL of ZTL-101 or placebo
one, hour prior to their desired sleep time. With physician
approval, participants were allowed, but not required, to
double the dose (i.e. increase to two syringes of ZTL-101 or
placebo = 1.0 mL sublingually) from the fourth night of each
2-week study period. Further increases in dose were not permitted, although dose decreases were. Participants were contacted daily for the first 3 days of each 2-week study period,
and following dose increases, to monitor adverse events.
Participants were supplied with sufficient doses for 1 week at
a time and all used and unused syringes were returned to the
study site to confirm doses taken.
ZTL-101 contained THC 20 mg/mL, CBN 2 mg/mL, CBD 1 mg/
mL and naturally occurring terpenes, extracted from the cannabis plant, in pharmaceutical grade sunflower oil as the diluent. The investigational product was manufactured to an
approved specification in a good manufacturing practice certified facility (Eurofins PROXY Laboratories, Leiden, Netherlands).
The placebo contained the same terpenes, but no cannabinoids,
extracted from the same cannabis plant, to match ZTL-101 as
closely as possible for smell, taste, and color (Eurofins PROXY
Laboratories, Leiden, Netherlands).
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Results

Primary outcomes
Safety
No serious adverse events were reported. During ZTL-101
dosing, 36 nonserious adverse events possibly or likely related
to ZTL-101 medication were recorded from 17 participants. Four
nonserious adverse events were recorded from four participants
during dosing with the placebo medication and one nonserious
adverse event was reported during sensitivity testing (Table 1).

Insomnia symptoms
ISI scores at the end of 2 weeks of ZTL-101 were significantly
lower than scores following 2 weeks of placebo (adjusted mean
difference −5.1 [95% CI −2.9 to −7.3], p = 0.0001, d = 0.94; Figure 2;
Table 2). ISI scores for the 12 participants who took a single dose
of ZTL-101 and 11 participants who took a double dose are presented in Supplementary Results, Table S1.

Secondary outcomes
Self-reported measures from sleep diary
When taking ZTL-101 vs placebo participants perceived that
they went to sleep faster (sSOL) (8.4 min [95% CI −16.3 to −0.6],
p = 0.0369, d = 0.44), slept for longer (sTST) (64.6 min [95% CI 41.7
to 87.5], p < 0.0001, d = 1.27), had improved sleep quality (sSQ)
(0.7 [95% CI 0.5 to 1.0], p < 0.0001, d = 1.37), and felt more rested/
refreshed on waking (0.5 [95% CI 0.2 to 0.8], p = 0.0007, d= 0.83)
(Table 2).
Actigraphy measures
Relative to placebo, ZTL-101 significantly decreased aWASO
(−10.2 min [95% CI −16.2 to −4.2], p = 0.0021, d = 0.68) and increased aTST (33.4 min [95% CI 23.1 to 43.8], p < 0.001, d = 1.44)
and aSE (2.9% [95% CI 2.0 to 3.8], p < 0.001, d = 1.28) (Table 2).
Measurements of aSOL (−0.4 min [95% CI −1.2 to 0.4], p = 0.2825,
d = 0.22) and aAI (0.1 [95% CI −1.6 to 1.8, p = 0.8829, d = 0.03]) were
unchanged by ZTL-101.
PSG measures
Relative to placebo, ZTL-101 had minimal effect on SOL (0.42 min
[95% CI −26.4 to 27.3], p = 0.9743, d = 0.00), WASO (15.1 min [95%
CI −7.9 to 38.1], p = 0.1872, d = 0.26), TST (−3.5 min [95% CI −38.9
to 31.9], p = 0.8396, d = 0.03), and SE (−2.4% [95% CI −8.4 to 3.6],
p = 0.4124, d = 0.15). ZTL-101 had minimal effect on the number
of awakenings (4.1 [95% CI −0.4 to 8.6], p = 0.0709, d = 0.40) (Table
2), proportion of sleep stages or severity of obstructive sleep
apnea or periodic limb movements (Supplementary Table S2),
compared with placebo.

Table 1. Adverse events reported during ZTL-101 and placebo dosing*
Adverse event

ZTL-101 (n = 24)

Placebo (n = 23)

Sensitivity (n = 24)

Headache
Xerostomia
Dizziness
Feeling abnormal
Dry eye
Palpitations
Nausea
Ataxia
Mood variable
Tachyphrenia
Auditory hallucinations
Visual hallucinations
Oral hypesthesia
Swollen tongue

4 (16.7)
8 (33.3)
6 (25.0)
4 (16.7)
2 (8.3)
2 (8.3)
2 (8.3)
2 (8.3)
1 (4.2)
1 (4.2)
1 (4.2)
1 (4.2)
1 (4.2)
1 (4.2)

2 (8.7)
0 (0)
1 (4.2)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (4.2)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
1 (4.2)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

*All values expressed as number and (percentage) of participants.

Downloaded from https://academic.oup.com/sleep/article/44/11/zsab149/6296857 by guest on 21 December 2021

Of 167 individuals considered for inclusion, 85 were ineligible
due to concomitant medications (n = 35), age (n = 23), other sleep
disorders (n = 11), comorbidities (n = 4), currently participating
in CBTi (n = 4), ISI <10 (n = 4), self-exclusion for unknown
reason (n = 3), or history of falling asleep while driving (n = 1).
In addition, 41 individuals declined participation due to lack of
availability (n = 31) or unwillingness to participate in a pharmaceutical trial (n = 10) leaving 41 participants who consented for
the trial. A total of 15 were excluded: 12 with significant other
sleep disorders; 2 with suicidal ideation; and 1 with contraindicated medication use. A further two participants withdrew
prior to initial dosing. Twenty-four participants (n = 20 female,
mean age 53 ± 9 years) proceeded to dosing (Figure 1). One female participant withdrew after the fourth night of ZTL-101
due to nonserious adverse events (xerostomia, oral hypesthesia, swollen tongue, nausea). Twenty-three, predominantly
Caucasian (n = 1 Asian) participants completed the full protocol
(n = 19 female; n = 5 premenopausal; mean age 52 ± 9 years;
mean body mass index 24.8 ± 3.6 kg/m2).
Of the 23 participants who completed the protocol, 12
(52%) were taking a double dose of ZTL-101 on the 14th night.
Sixteen (69.5%) were taking a double dose of placebo on the 14th
night. Twenty-one of 21 participants (100%) (n = 2 missing data)
guessed that they were receiving the active medication when
taking ZTL-101. “Improvement in sleep quality” was the reason for
their guess in 17 (81%) with adverse reactions the reason in the
remaining four participants. When taking the placebo, 18 of 23
participants (78%) thought they were receiving placebo. Sixteen
noted “lack of improvement in sleep quality” as the reason for their
guess that they were receiving placebo.

All adverse events were classified as mild and had either resolved overnight or soon after waking (97.5%).
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Pharmacokinetic measures
Pharmacokinetic measures were obtained in all those available
to return for an additional night of testing. Pharmacokinetic
measures in response to a single dose of ZTL-101 were obtained
in nine participants. Time at which maximal plasma concentration was reached (Tmax) occurred at 4–6 h for CBD, CBN, THCCOOH, and THC (Figure 3).
Pharmacokinetic measures in response to a double dose
of ZTL-101 (n = 2) are displayed in Supplementary Figure S1
and additional pharmacokinetic parameters are shown in
Supplementary Table S3.

This Phase 1b study demonstrated that nightly sublingual administration of a novel cannabinoid formulation for 2 weeks
improved insomnia symptoms without significant adverse
events in participants with chronic insomnia symptoms. This
study used the ISI, a reliable, valid, and widely used instrument, to quantify perceived insomnia severity and its impact

Insomnia Severity Index (score)
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p=0.0001

ZTL-101

Placebo

Figure 2. Individual (A) and group mean (±SD) (B) ISI scores for all participants
(n = 23) at baseline and during treatment with ZTL-101 and placebo.

on daily function [17]. The ISI was lower while taking ZTL-101
relative to placebo. Consistent with this positive treatment response, improvements in self-reported sleep diary and objective
actigraphic measures of sleep quality and quantity were also
documented.
The novel formulation, ZTL-101, was well tolerated with only
one participant withdrawal, due to a nonserious adverse event.
Seventeen of the 24 participants experienced at least one adverse event while taking ZTL-101, with dry mouth and dizziness
being most frequently reported. Although the number of adverse events is somewhat greater than that commonly reported
for contemporary hypnotics [20], it is comparable to other trials
using medicinal cannabis [21]. Furthermore, all adverse events
were classified as mild and all but one (xerostomia, oral hypesthesia, swollen tongue, nausea in the participant who withdrew)
had resolved upon waking or soon afterwards. The occurrence of
dizziness and hallucinations are the most concerning and suggest caution is required in populations such as the elderly or
those with psychiatric disorders. Although the occurrence of adverse events may be reduced with a more gradual dose titration
[22], it is clear that further research is required to more comprehensively assess benefits and harms of medicinal cannabis use
for the treatment of insomnia.
The effects of ZTL-101 on sleep were assessed from selfreport, actigraphy, and PSG. Each of these methods is widely
used to assess sleep, although none are without limitations in
individuals with insomnia. For example, while self-reported
sleep difficulty is the basis of the clinical diagnosis of insomnia,
self-reported measures of total time spent asleep and time
taken to fall asleep at the start of the night are known to be
under and overestimated, respectively [23]. Actigraphy can objectively and unobtrusively measure sleep over multiple nights
in the home environment. However, it tends to overestimate

Table 2. Group mean* measures of insomnia symptoms and sleep quantity and quality at baseline and during ZTL-101 and placebo dosing
(n = 23)

Baseline
Insomnia symptoms
ISI (score)
18.0 ± 3.7
Self-reported measures—sleep diary
sSOL (min)
47.6 ± 38.0
sTST (min)
300.5 ± 82.6
sSQ§
2.5 ± 0.5
Rested on waking‖
1.2 ± 0.4
Actigraphy
aSOL (min)
4.7 ± 1.3
aWASO (min)
84.3 ± 23.2
aTST (min)
398.9 ± 33.8
aSE (%)
81.8 ± 4.3
aAI (n)
24.8 ± 5.8
PSG
SOL (min)
12.3 ± 11.4
WASO (min)
108.8 ± 49.5
TST (min)
375.0 ± 68.4
SE (%)
75.6 ± 10.6
AI (n)
23.0 ± 8.7

ZTL-101

Placebo

12.9 ± 5.3

18.0 ± 4.3

38.1 ± 28.0
366.7 ± 74.5
3.2 ± 0.6
1.8 ± 0.6

p†

Effect size‡
d

0.0001

0.94

46.9 ± 34.4
304.1 ± 81.0
2.5 ± 0.5
1.2 ± 0.5

0.0369
<0.001
<0.001
0.0007

0.44
1.27
1.37
0.83

4.8 ± 0.9
71.8 ± 23.9
424.7 ± 34.7
84.8 ± 4.3
23.4 ± 6.0

5.2 ± 1.9
82.3 ± 27.7
391.2 ± 35.5
81.9 ± 4.9
23.6 ± 6.2

0.2825
0.0021
<0.001
<0.001
0.1236

0.22
0.68
1.44
1.28
0.03

25.5 ± 22.0
96.2 ± 65.9
384.3 ± 82.0
75.8 ± 14.2
22.7 ± 8.2

25.4 ± 52.7
82.0 ± 51.0
386.9 ± 72.0
78.0 ± 12.7
18.4 ± 5.6

0.9743
0.1872
0.8396
0.4124
0.0709

0.00
0.26
0.03
0.15
0.40

*Unadjusted mean ± SD.
†
p-value based on linear mixed model analysis of treatment responses for ZTL-101 vs placebo.
‡
Effect size for ZTL-101 vs placebo.
§
Rating of sleep quality 0 = very poor, 1 = poor, 2 = fair, 3 = good, 4 = very good.
‖
Rating of feeling rested/refreshed upon waking 0 = not at all rested, 1 = slightly rested, 2 = somewhat rested, 3 = well-rested, 4 = very well-rested.
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Figure 3. Mean plasma concentrations (±SE) for CBD, CBN, THC, and THC-COOH
over time after administration of a single dose (n = 9) of ZTL-101. Hours since
time of administration (h) and mean time of day (hh:mm) are shown on the
x-axis.

sleep time and underestimate wake time because the method
designates periods of no motion as sleep, whether asleep or
not. PSG is considered the “gold-standard” method of defining
sleep, wake, respiration, and movement, and can therefore provide an objective measure of sleep quality, quantity, and identify
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other sleep disorders. It is typically performed in a laboratory or
clinic on a single night and is more intrusive than actigraphy.
However, its use in individuals with insomnia is limited by first
night effects (i.e. patients sleeping worse or better than usual)
and an inability to capture night-to-night variability in sleep behavior with a single night measurement. To enable a thorough
evaluation of the impact of ZTL-101 on sleep, the present study
utilized all three methods.
When taking ZTL-101 participants reported an improvement in the time taken to fall asleep, time spent asleep, and
feelings of being more rested/refreshed on waking. These
self-reported improvements were supported by actigraphyderived measures of the mean total time spent asleep each
night, which increased by 33.5 min; SE, which increased by
2.9%–84.8%; and the time spent awake during the night, which
decreased by 10 min. The mean total time spent asleep across
the 2-week period was over 7 h while taking ZTL-101, which
is the recommended minimum sleep duration for adults [24],
and above average for individuals of comparable age without
insomnia [25]. Despite this, the average time spent awake
during the night remained high at greater than 70 min, possibly reflecting a persisting tendency to disturbed sleep in individuals with chronic insomnia or that sufficient sleep had
been achieved given the other improvements. Notably, the time
taken to fall asleep was unchanged by ZTL-101. This has been
reported in other studies [26] and could reflect a “floor effect”
given the relatively short aSOL values at baseline in the study
participants; or the inability of actigraphy to differentiate motionless wakefulness from sleep.
The improvements in self-reported and actigraphy-based
measures of sleep with ZTL-101 were not seen in any PSG
measure of sleep quantity or quality. This is likely due, at least
in part, to the inclusion criteria being based on self-reported
diagnostic criteria for insomnia [12] rather than PSG-defined insomnia, as well as the limitations of a single night PSG measure
described previously. The main purpose of PSG was to identify
and exclude participants with other sleep disorders such as
sleep apnea and periodic limb movement disorder, which can
coexist with insomnia and potentially confound interpretation
of any sleep-related changes ascribed to ZTL-101. It is important
to also note that ZTL-101 did not induce these sleep disorders,
nor did it alter the proportion of time spent in the different sleep
stages. By contrast, alteration of the proportion of sleep stages
is common with many hypnotic medications; benzodiazepines,
for example, are known to significantly decrease the proportion
of REM sleep [27].
Insomnia is characterized by self-reported difficulties
initiating or maintaining sleep [2]. As such, any globally effective
pharmacological therapy for it should be capable of targeting
either characteristic. To explore this, the pharmacokinetic properties of ZTL-101 overnight were determined after a standardized evening meal, thereby obtaining measurements of drug
metabolism under conditions pertaining to its use in the clinical setting. Following a single dose of ZTL-101, peak plasma
levels of the major constituents were reached at approximately
4–6 h. A similar profile was observed following ingestion of a
double dose of ZTL-101, albeit with greater maximum plasma
levels. Although it is possible that accumulation of cannabinoids might occur with dosing over multiple nights, this has not
been demonstrated in dosing with THC/CBD = 21.6/20.0 mg out
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to 9 days. These data suggest that for patients with sleep onset
insomnia dosing 2–4 h before desired bedtime might be optimal,
while those with sleep maintenance insomnia should dose 1 h
before desired bedtime.
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Disclosure Statement
None declared.

Data Availability
Limitations

Conclusions
This study has demonstrated that ZTL-101, a novel cannabinoid
therapy, is well tolerated and improves insomnia symptoms and
sleep quality in individuals with chronic insomnia symptoms.
These improvements, observed over a 2-week dosing period, are
encouraging and support further investigation of ZTL-101 for
the treatment of insomnia in studies with larger sample sizes.
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Due to the possible risk of exacerbating preexisting conditions, individuals with a history of significant cardiovascular
disease or known major psychopathology were excluded. The
safety and efficacy of ZTL-101 in these populations remains to
be established. Likewise, the possible drug–drug interaction
between ZTL-101 and cytochrome P450 inhibitors requires
further investigation. Maintenance of blinding is challenging
in hypnotic [28] and cannabinoid trials [29] and this study
is one of the first randomized, placebo-controlled medicinal
cannabis trials to assess efficacy of blinding. The results of
the blinding questionnaire suggest that despite considerable
efforts to ensure ZTL-101 and placebo were similar in appearance, odor, and taste, effective blinding for a beneficial
treatment effect was unable to be achieved; thus the data
should be interpreted with this in mind. This is the first study
to demonstrate acceptable safety and promising efficacy of a
cannabinoid therapy in a randomized, double-blind, placebocontrolled manner, although it was limited to 2 weeks and
included a relatively small sample of participants. Similarly,
the pharmacokinetic component of the study used a subset of
participants (n = 9), which although small is not unusual for
pharmacokinetic studies [30, 31].
We undertook a multifaceted study of the influence of ZTL101 on sleep and wakeful function, examining for a consistent
trend across many measures beyond the ISI, the co-primary outcome measure. Adjustment for multiple comparisons was not
performed as we did not want to artificially discount any of the
exploratory analyses, which are all presented [32]. Further dedicated studies are needed to confirm the promising findings of
this preliminary investigation of a novel pharmacological approach to a very common and vexing health issue.
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Using recreational cannabis to treat insomnia: Evidence from over-thecounter sleep aid sales in Colorado
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This study seeks to understand whether people substitute between recreational cannabis and conventional overthe-counter (OTC) sleep medications. UPC-level grocery store scanner data in a multivariable panel regression
design were used to compare the change in the monthly market share of sleep aids with varying dispensarybased recreational cannabis access (existence, sales, and count) in Colorado counties between 12/2013 and 12/
2014. We measured annually-diﬀerenced market shares for sleep aids as a portion of the overall OTC medication
market, thus accounting for store-level demand shifts in OTC medication markets and seasonality, and used the
monthly changes in stores’ sleep aid market share to control for short-term trends. Relative to the overall OTC
medication market, sleep aid market shares were growing prior to recreational cannabis availability. The trend
reverses (a 236% decrease) with dispensary entry (−0.33 percentage points, 95% CI −0.43 to −0.24,
p < 0.01) from a mean market share growth of 0.14 ± 0.97. The magnitude of the market share decline
increases as more dispensaries enter a county and with higher county-level cannabis sales. The negative associations are driven by diphenhydramine- and doxylamine-based sleep aids rather than herbal sleep aids and
melatonin. These ﬁndings support survey evidence that many individuals use cannabis to treat insomnia, although sleep disturbances are not a speciﬁc qualifying condition under any U.S. state-level medical cannabis
law. Investigations designed to measure the relative eﬀectiveness and side eﬀect proﬁles of conventional OTC
sleep aids and cannabis-based products are urgently needed to improve treatment of sleep disturbances while
minimizing potentially serious negative side eﬀects.

1. Introduction
About 50% of the adult population in the United States (US) experiences sleeping problems, with the highest rates among women and
older people,1–4 and other socio-demographic subgroups (e.g., college
students).5 Sleep disturbances including insomnia, short or long sleep,
and sleep apnea not only create economic burdens on society in terms
of medical costs and lost productivity,6–8 but are well-established risk
factors for mental and physical health conditions, including depression,9,10 cognitive impairment,11,12 chronic pain,13 obesity, vascular
diseases,14 and overall mortality.15,16 Sleep disorders are typically
treated with cognitive and behavioral therapies and/or prescription
pharmaceuticals, namely anti-depressants, benzodiazepines, gammaaminobutyric acid (GABA) medications, and anti-psychotics, each with

their own set of side eﬀects, risk proﬁles, and dangerous drug interactions.17–19 Over-the-counter (OTC) medications including antihistamines (e.g., diphenhydramine and doxylamine), melatonin
(available in natural and synthetic forms), and natural products like
valerian, are generally believed to be a safer alternative, but tend to be
less eﬃcacious, can carry negative side eﬀects (e.g., headaches, confusion, agitation) including vascular disturbances, and in the case of
diphenhydramine, are generally not recommended for older
people.2,20–25 For example, chronic use of sedating antihistamines such
as diphenhydramine can increase mortality among the elderly and this
medication together with all hypnotics are in Beer’s list of medications
contraindicated for geriatric population.26 Current risks and limitations
of treating sleep disturbances with conventional pharmaceutical medications have created the opportunity for alternative therapies to

Abbreviations: GABA, gamma-aminobutyric acid; OTC, over-the-counter; PTSD, post-traumatic stress disorder; UPC, Universal Product Code; U.S., United States of
America
⁎
Corresponding author at: University of New Mexico, Department of Economics, 1 University of New Mexico, MSC03 3060, Albuquerque, NM, 87131-0001, 505277-5304, United States.
E-mail addresses: jdoremus@calpoly.edu (J.M. Doremus), ssstith@unm.edu (S.S. Stith), vigilj@unm.edu (J.M. Vigil).

compete for consumer spending, including cannabis, which is becoming
increasingly popular and accessible through state-legal medical and
recreational dispensaries across the US.
This study uses retail scanner data to measure the eﬀect of recreational cannabis access on sales of OTC sleep aids in Colorado between
12/2013 and 12/2014. Colorado is an ideal environment for assessing
the impact of cannabis on OTC medications due to heterogeneity in the
timing and extent of recreational cannabis access across counties and
the pre-existing and relatively mature medical cannabis program. We
focus on the impact of recreational dispensaries on OTC sleep aid
medications because recreational dispensaries enabled the general
public to legally use cannabis for improving sleep. Pre-existing medical
programs throughout the US (including those in Colorado) do not include sleep disturbances as a speciﬁc authorized condition, although
some regions (e.g., Washington, DC, but not Colorado) do allow providers to refer individuals with any severe, debilitating condition.
However, severe, debilitating sleep disorders are unlikely to be treated
with OTC sleep aids, making the population aﬀected by recreational
access likely much larger than that aﬀected by medical dispensary access alone. Using a quasi-experimental diﬀerence-in-diﬀerences regression approach to compare market share growth in OTC sleep aids in
counties pre- and post-recreational dispensary entry, we examine the
research questions: 1) Is access to recreational cannabis via dispensaries
associated with changes in purchases of OTC sleep aids? and 2) Does
this association diﬀer by category of OTC sleep aid, i.e., pharmaceutical
(diphenhydramine and doxylamine) and supplements (melatonin and
herbal products)? During the period of our data sample (2012 to 2014),
the U.S. market for OTC sleep aids grew more than 37% from $570 M to
$780 M in inﬂation-adjusted dollars.27 However, based on previous
research showing legal access to medical cannabis reduces the use of
multiple scheduled prescription medications, including those used for
treating pain and sleep disorders,28–30 we hypothesize that recreational
cannabis access reduces the market for OTC sleep aids.
2. Methods
2.1. Data
We extracted data on the OTC medication market from retail
scanner data supplied by Nielsen through the Kilts Center for
Marketing. The Nielsen data cover 50% of grocery store commodity
volume, 32% of mass merchandiser sales (e.g., Target), and 1–2% of
liquor and convenience stores. The retail scanner data include all product sales as recorded by check-out scanners for the stores in the
Nielsen sample, with the underlying unit of observation the individual
product-level Universal Product Code (UPC) data (sales and units), including encoded store identiﬁers. Nielsen does not report speciﬁc product ingredients. The underlying data used in our main analysis includes all stores with non-zero monthly unit sales of any OTC sleep aids
for all months between 11/2012 and 12/2014. This restriction ensures
that we study stores that consistently stock and sell sleep aids. For our
category analysis, we used online manufacturer descriptions to identify
active ingredients and group our variables into two product categories:
supplements (herbal products and melatonin) and pharmaceuticals
(diphenhydramine and doxylamine.) Our category sample includes all
stores with positive sales of both of the product categories, supplements
and pharmaceuticals, for all months in our sample period.
2.2. Measures
For our main outcome variable, the annual growth in monthly OTC
sleep aids market share, we begin by dividing unit sales of OTC sleep
aids by unit sales of all OTC medications for each store for each month
between 11/2012 and 12/2014. Using market shares rather than raw
sales allows us to incorporate the size of a store’s overall market for
OTC medications into our outcome variable, a common approach for

estimating population-level eﬀects using Nielsen data.31 (Required
disclaimer: All results are “calculated (or derived) based on data from
The Nielsen Company (US), LLC and marketing databases provided by
the Kilts Center for Marketing Data Center at The University of Chicago
Booth School of Business.”) This also avoids conﬂating shifts in demand
for OTC sleep aids with shifts in demand for all OTC medications. For
our category analysis, we calculate the market shares by active ingredient group relative to the overall market for OTC sleep aids, leaving
us with two observations (one for pharmaceuticals; one for supplements) for each store-month.
We then adjust our market share measures to account for seasonality by subtracting the market share in a given month-year from the
market share in the same month the prior year, so that our outcome
variable uses data from 11/2012-12/2014 to measure the market share
growth in OTC sleep aids between 12/2013 to 12/2014. We also include the month-to-month lag of market share growth as an independent variable in order to account for store-level short-term trends
stimulated by, for example, temporary changes in display location or
neighborhood promotional circulars. For our main analysis of overall
sleep aids, 587 stores with 13 month-level observations per store were
analyzed, resulting in a total of 7631 store-months. Including only
store-months with product sales of both sub-categories of sleep aids
leaves 410 stores (due primarily to some stores not selling the supplements category of products every month) and 10,660 store-productlevel observations. Revenues and prices are in nominal U.S. dollars.
Our exposure variable is county-level recreational cannabis access
by month. Recreational cannabis became legally available for purchase
from dispensaries in Colorado on 1/1/2014. Unlike at medical cannabis
dispensaries, which ﬁrst opened in Colorado on 6/7/2010, recreational
cannabis can be purchased without a doctor’s referral, essentially overthe-counter. Monthly dispensary access varied during this time from 0,
including some counties (and cities) that banned the sale of recreational
cannabis, to a maximum of 101 in Denver County. We use three measures of recreational cannabis access: the existence of any recreational
dispensaries, recreational cannabis sales, and the total number of recreational dispensaries in each county in each month as reported by the
Colorado Department of Revenue.32 Dispensary zip codes were matched
to counties using the US Department of Housing and Urban Development’s zip code-county crosswalk for the ﬁrst quarter of 2014. The
Colorado Department of Revenue reports county-level recreational and
medical cannabis sales based on tax returns ﬁled by Colorado dispensaries, which we categorized as $0 sales, sales of $1 to $500,000,
and sales over $500,000. Conﬁdentiality exceptions exist for counties
with fewer than three recreational cannabis dispensaries or if one dispensary accounts for more than 80% of reported sales for that countymonth. We code these counties in the $1 to $500,000 category. Monthly
county-level recreational cannabis access was matched with store
market share data on the basis of each store’s county, as reported in the
Nielsen data. Descriptive statistics for all variables are shown in
Table 1. Fig. 1 shows the expansion of recreational dispensary access
across Colorado counties between 12/2012 and 12/2014.
2.3. Statistical analysis
We used ordinary least squares regressions to analyze the association between recreational cannabis access and OTC sleep aids market
share growth, regressing the OTC sleep aids market share growth on
three county-level measures of recreational cannabis access: existence
of any recreational cannabis dispensary; recreational cannabis sales
($0, $1-500,000, or greater than $500,000); and the number of recreational cannabis dispensaries active that month. For our analysis by
sleep aid category, we examine the interaction between an indicator
variable for the supplement category with our measures of recreational
cannabis access to estimate the diﬀerential association of access on
supplements’ market share growth relative to its association with
market share growth in the pharmaceutical product category.

Table 1
Descriptive Statistics for Regression Samples.
Mean

SD

Minimum

Panel A: Store-Level OTC Sleep Aids Market Information
(587 stores, 7631 store-months)
Any Dispensary
0.69
0.46
0.00
Number of Dispensaries
14.41
30.79
0.00
Revenue = $0
0.43
0.50
0.00
Revenue $1-500K
0.19
0.39
0.00
Revenue $500K+
0.38
0.49
0.00
Sleep Aids Sales (units)
94.38
73.52
1.00
OTC Medication Sales (units) 2,841
2,150
181
Sleep Aids Share of OTC
3.41
1.10
0.21
Market x 100
Sleep Aids Market Share
0.14
0.97
−10.27
Growth x 100
One Month Lagged Market
0.18
0.97
−7.36
Share Growth x 100
Medical Cannabis Patients
8,917
6,411
31
Population
397,635
237,185
3,537
Medical Cannabis Patients/
2.12
0.66
0.68
Population (%)
Sleep Aids Price ($)
7.02
2.27
1.34
Sleep Aids Price Growth ($)
0.06
0.85
−6.47
Number of Sleep Aids UPCs
45.79
24.91
1.00
Growth in Sleep Aids UPCs
2.77
9.42
−38.00
(UPCs)

Maximum

1.00
119.00
1.00
1.00
1.00
613.00
19,227
18.57

cluster our standard errors at the store level to control for heteroskedasticity and within-store error correlation.
In Panel A of Fig. 2, we provide graphical support for the parallel
trends assumption underlying our diﬀerence-in-diﬀerences estimation
approach and the need to adjust for seasonality. Panel B of Fig. 2 depicts the stability over time of the denominator of our OTC sleep aids
market share, OTC medications.
Because Denver is such a clear outlier, due to its large number of
recreational dispensaries and associated tourism, and hence the proportion of individuals likely contributing to recreational cannabis
purchases but not necessarily to local OTC medication purchases, we
rerun our regressions omitting Denver as a robustness check. All analyses were conducted using Stata 14.2.

12.66
12.66
20,186
665,052
4.85
13.25
4.44
136.00
50.00

Panel B: Market Information by Product Category
(410 stores, 820 store-product categories, 5330 store-months per product
category)
Pharmaceutical Sleep Aids
Sales (units)
108.40
64.77
5.00
551.00
Market Share x 100
87.39
6.91
33.33
99.29
Market Share Growth x 100
2.94
7.05
−39.70
41.96
Supplement Sleep Aids
Sales (units)
13.79
8.88
1.00
80.00
Market Share
12.61
6.91
0.71
66.67
Market Share Growth
−2.94
7.05
−41.96
39.70

Notes: Total Observations refers to store-months in Panels A and store-productcategory-months in Panel B. (In Panel B, each store-month has one observation
for pharmaceutical sleep aids and one observation for supplements.) Revenue
variables are {0,1} variables for whether a store is in a county that falls into
that revenue category. Sleep Aids Market Share refers to sleep aids sales divided
by total over-the-counter medication sales. Sleep Aids Market Share Growth
subtracts the current month's sleep aids market share from the sleep aids market
share in the same month one year prior to diﬀerence out store-speciﬁc seasonality. (Growth in Price per Dose and Growth in Number of UPCs are constructed similarly by subtracting the value from that month in the prior year.)
Market shares are multiplied by 100 to facilitate interpretation of percentage
point changes in the regression results. The underlying data range from 11/
2012 through 12/2014.

In all our regressions, we control at the store-level for factors likely
to aﬀect demand for OTC sleep aids, including growth in the number of
varieties of sleep aids within a product line (e.g., new dosages or
numbers of doses in a package), price growth (per product and per dose
in our store- and store-product-level analyses, respectively), and the
lagged monthly market share growth in order to control for monthly
changes in unobserved factors that aﬀect product sales besides price
and product variety. At the county-level, we control for population and
the size of the medical cannabis market using the number of medical
cannabis patients as a percent of a county’s 2010 population. Product
characteristics are based on the underlying Nielsen data, medical cannabis patient information is from the Colorado Department of Public
Health’s Medical Cannabis Registry, and county-level population data
are from U.S. Census Bureau. In each analysis, we also create separate
intercepts (ﬁxed eﬀects) to control for time-invariant eﬀects, i.e., factors that do not change over our sample period. We include store-level
intercepts for our main analysis and store-category intercepts, i.e. storepharmaceutical or store-supplement, for our category analysis. We

3. Results
Fig. 3 shows that before a dispensary opens, sleep aid market share
growth was ﬂat, but after entry the growth declined with each month.
(Supplementary Appendix Fig. SA1 indicates that the sleep aids market
share continued to decline with each additional dispensary.) Similarly,
our regression results in Panel A of Table 2 show that sleep aid market
share growth decreased by 236% or 0.33 percentage points (95% CI
−0.43 to −0.24, p < 0.01) after dispensary entry (from a mean
market share growth of 0.14 ± 0.97, measured from 1 to 100) and this
negative association grew with the size of the recreational cannabis
market. Comparing across product categories in Table 2, Panel B, we
ﬁnd that supplement market share growth increases with dispensary
entry relative to that of pharmaceutical sleep aids, i.e., that decreases in
the pharmaceutical market share growth drive the decrease in overall
sleep aid market share growth following access to recreational cannabis. Our robustness check omitting Denver yields a similar pattern of
results as reported in Supplemental Appendix Table SA1.
4. Discussion
Quality sleep is necessary for optimal mental and physical health,
behavioral functioning, and wellbeing, and yet sleep disorders are
pervasive in industrialized societies.2–5Conventional OTC pharmaceutical sleeping aids have limited eﬀectiveness,33,34 with 80% of consumers reporting residual eﬀects (e.g., drowsiness, concentrating and
memory impairments) that can contribute to broader behavioral disturbances (e.g., work absenteeism, non-work activities impairment).35
Consumers of conventional sleeping medications report experimenting
with an average of four types of sleep aids in the past year.26 With
nearly 50% dissatisfaction rates,36 consumers may welcome alternative
medication options. Our results show that the market share growth for
sleep aids shrank with the entry of recreational cannabis dispensaries
by more than 200% relative to the mean market share growth in our
sample, and the strength of the association increased with each subsequent dispensary. In particular, cannabis appears to compete favorably with OTC sleep aids, especially those containing diphenhydramine
and doxylamine, which constitute 87.4% of the market for OTC sleep
aids. Cannabis access may also be associated with an increased preference for more natural sleep aids, such as melatonin and valerian.
Our results are consistent with evidence that legal access to medical
cannabis is associated with reductions in Scheduled II-V prescription
medications (e.g., opioids and sedatives), many of which may be used
in part as sleep aids.28–3037 Prescription sleep aids, namely anti-depressants (e.g., trazodone, amitriptyline, and doxepin), benzodiazepines (e.g., diazepam and lorazepam), GABA medications (zolpidem
and eszopiclone), and anti-psychotics (aripiprazole, olanzapine, quetiapine and risperidone) come with practical and signiﬁcant clinical
drawbacks.17–19 For example, while tricyclic antidepressants and benzodiazepines can improve certain sleep outcomes (e.g., latency to
falling asleep), they can also cause somnolence and slow-wave interference (e.g., rapid eye movement [REM] sleep), and long-term use is

Fig. 1. Dispensary Entry in Colorado 1/2014 to 12/2014.
Notes: The maps show the increase in recreational cannabis access over time as dispensaries entered counties across Colorado.

associated with a heightened risk for neurodegenerative disorders (e.g.,
Alzheimer’s disease), malignancy, and death by suicide and accidental
poisoning.38–41
For the ﬁrst time, we show a statistically signiﬁcant negative association between recreational access to cannabis and OTC sleep aid sales,
suggesting that at least some recreational purchasers are using cannabis
for therapeutic rather than recreational purposes. Additionally, despite
a lack of direct clinical evidence on the eﬀectiveness of self-managed
cannabis as a sleep aid, our results indicate that enough individuals are
switching from OTC sleep aids to recreational cannabis that we can
identify a statistically signiﬁcant reduction in the market share growth
of OTC sleep aids in conjunction with access to recreational cannabis
using a statistically conservative county-month-level treatment variable
and a quasi-experimental research design. Recreational cannabis access
likely increases cannabis demand in general for several economic and
medical reasons, such as decreased transaction costs, reduced stigma,
and cannabis tourism. Such access could increase speciﬁcally medicinal
use of cannabis if, as our results suggest, cannabis improves sleep disorders typically treated with OTC sleep aids. Sleep improvement, possibly alongside improvements in primary symptom management associated with sleep disturbances such as pain and anxiety, could partially
explain why cannabis is the most widely used substance in the U.S.42
Substitution of cannabis for conventional sleep aids may also reﬂect a
broader trend toward “natural” remedies as reﬂected in increased
market share growth for supplement-based OTC sleep aids relative to
diphenhydramine- and doxylamine-based sleep aids.
The plant has been investigated as a potential treatment for a range
of medical conditions from post-traumatic stress disorder to cancer,
with the most consistent support for the treatment of chronic pain,
epilepsy, and spasticity.42 The current results are consistent with
survey-based studies showing increasing use of cannabis for improving
sleep among patient populations with disparate diagnoses (e.g., posttraumatic stress disorder (PTSD), Parkinson’s disease)43,44,45 and a

mobile app-based study that measured the real-time eﬀectiveness of
using Cannabis ﬂower for treating insomnia.46 Any potential therapeutic beneﬁts of cannabis use should, however, be weighed against
the risks of using cannabis as a sleep aid. While clinical trials have
shown that cannabis improves sleep in the short term,42 the risks of
long-term use are unknown. Other sleep medications carry risks of dose
escalation and dependence, and a similar risk of increased tolerance to
the somnolent eﬀects of cannabis and a subsequently increased risk of
experiencing cannabis withdrawal syndrome, often characterized by
disturbed sleep, may also occur. Regular cannabis use for sleep, and any
rebound withdrawal symptoms when use is ceased, could promote
continued cannabis use and increase the likelihood of developing cannabis dependence. Unfortunately, due to cannabis’ continued Schedule
I status and associated barriers to conducting medical cannabis research,47 no practical, naturalistic investigations have been completed
on how patient-managed phytocannabinoid consumption aﬀects long
term sleep prognosis or even discrete mechanisms (e.g., ventrolateral
preoptic nucleus activation, memory consolidation) and other basic
characteristics (e.g., sleep stages, circadian rhythm) involved in normal
and aberrant sleep patterns.
Our study has limitations. We assume that OTC sleep aids are not
commonly used for recreational purposes and that while cannabis
substitutes for OTC sleep aids, the marginal beneﬁt over locally obtained OTC sleep aids is insuﬃcient for individuals to travel a signiﬁcant distance to purchase cannabis products. If enough individuals
are willing to travel to the next county to obtain cannabis rather than
use an OTC sleep aid, our study may be underestimating the impact of
recreational cannabis access on OTC sleep aid markets. Alternatively,
we could be overestimating the eﬀect of recreational cannabis access if
consumers are shifting towards purchasing sleep aids, but not other
OTC medications, from stores not in our data at the same time a dispensary opens. However, the continued reductions in sleep aid market
share growth with the entry of additional recreational cannabis stores

Fig. 2. Testing Assumptions.
Notes: We diﬀerentiate between counties in which a dispensary never opened (Non-Dispensary County) and counties in which at least one dispensary entered
between 1/2014 and 12/2014 (Dispensary County). Panel A graphs the mean OTC sleep aids share (relative to all OTC medication unit sales) for all stores in our
sample by month during 2013 by type of county. Panel B shows mean OTC Medication Unit Sales from 1/2013 through 12/2014 by type of county.
Fig. 3. OTC Sleep Aids Market Share Growth
Pre- and Post-First Dispensary Entry.
Notes: Market Share Growth refers to the annual growth in monthly market share of OTC
sleep aids relative to the market for all OTC
medications (in unit sales). The scatter plot
shows the average market share growth for
each month relative to the month of dispensary
entry and include only data from counties in
which at least one dispensary opened by 12/
2014. We also show trend lines ﬁtted to the
scatter plot by period, pre- and post-entry.

supports that recreational cannabis access rather than an omitted
variable is driving the reduction in sleep aids. It is interesting that total
OTC medication sales remained basically unchanged regardless of
presence or absence of recreational cannabis dispensaries, likely due to
the small sleep aid market space (< 3.7% market share) relative to the

overall OTC medication market. Future research should consider investigating the the overall and relative eﬀects of recreational and
medical cannabis access on OTC medication usage, given medical dispensaries operate legally in more states than do recreational dispensaries and existing research suggesting a decline in prescription

Table 2
Association between Sleep Aids Market Share Growth & Recreational Cannabis
Access.
(1)

(2)

(3)

Panel A: Overall Sleep Aids Market Analysis (587 stores; 7631 store-months)
Any Dispensary
−0.334***
(−0.426 to
−0.241)
Revenue $1-500,000
−0.242***
(−0.315 to
−0.170)
Revenue $500,000+
−0.301***
(−0.368 to
−0.235)
Number of Dispensaries
−0.005***
(−0.009 to
−0.002)
R-squared
0.218
0.219
0.212
Panel B: Product Category Analysis (820 store-categories; 10,660 store-categorymonths)
Any Dispensary
−0.543**
(−1.032 to
−0.054)
Any Dispensary x
1.357**
Supplement
(0.107 - 2.607)
Revenue $1-500,000
−0.656**
(−1.244 to
−0.069)
Revenue $500,000+
−0.315
(-0.970 - 0.340)
Revenue $1-500,000 x
1.482**
Supplement
(0.014 - 2.951)
Revenue $500,000+ x
1.520**
Supplement
(0.218 - 2.822)
Number of Dispensaries
−0.013**
(−0.025 to
−0.001)
Number x Supplement
0.035
(−0.008 0.078)
R-squared
0.125
0.125
0.124

Notes: Each column in each panel represents a separate regression. Coeﬃcients
from a least squares regression model are reported in line with the corresponding variable with 95% conﬁdence intervals below. Our outcome variable
is the Sleep Aids Market Share Growth, or growth in the market share of sleep
aids relative to the overall market for over-the-counter medications. Panel A
reports results for the overall sleep aids market and Panel B identiﬁes the differential eﬀect of recreational cannabis access on the supplement category of
sleep aids relative to the pharmaceutical category of sleep aids. Observation
counts are in store-months in Panel A and store-product category-months in
Panel B. Revenue refers to recreational cannabis revenue only. The omitted
Revenue category is Revenue = $0. All regressions include medical cannabis
patients as a % of population, a previous month-level lag in the market share to
control for store-level short-term trends in market shares, growth in prices,
growth in the number of UPCs, and population. The top panel includes storelevel indicator variables (store-level ﬁxed eﬀects) and the bottom panel includes store-category indicator variables to control for time-invariant store and
store-category characteristics. Growth variables compare the current value of
each variable for a given month with the value for that month in the prior year
in order to diﬀerence out store-speciﬁc seasonality. Standard errors are clustered at the store level. p < 0.01 ***, p < 0.05 **, p < 0.1 *.

drug use following access to medical dispensaries.28–30
In conclusion, recreational cannabis dispensaries greatly increase
the number of individuals able to legally treat sleep disorders using
cannabis, particularly those with mild to moderate sleep disorders. The
apparent use of cannabis as a sleep aid in this study underscores the
importance of further medical research regarding its risk-beneﬁt proﬁle
and the eﬀectiveness of cannabis as a substitute for prescription sleep

aids, which generally entail even greater risks to patients than OTC
sleep aids. These issues are particularly important for older people, who
tend to experience high rates of sleep disturbances, such as insomnia
and sleep-disordered breathing,48 and heightened risk for cognitive
impairment, dementia, depression, neurodegeneration, and Alzheimer’s
diseases.10–1338–40 Despite the current lack of extensive medical evidence, the market evidence suggests that many consumers may be
opting to use cannabis for treating their sleep disturbances.
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12/16/21
I’m writing to urge the Ohio Medical Board to strongly consider the addition of
‘insomnia’ as a qualifying condition for medical marijuana use in Ohio.
As one of the first physicians in Ohio to begin recommending medical cannabis in
April of 2018, I have now followed hundreds of medical cannabis patients for over
three and a half years. In that time I have noticed a definite pattern when, at
follow-up, I ask patients to describe what medical cannabis is doing for them.
Regardless of the qualifying condition that a patient is using medical cannabis
for, they consistently report significant improvements in sleep due to their medical
cannabis use. I have documented hundreds of medical marijuana patients
reporting how the improvement in sleep alone has greatly improved their quality
of life. They describe how better sleep leads to improved mood, energy level, and
motivation. In the vast majority of my fibromyalgia cases (which nearly always
include some degree of chronic insomnia) medical cannabis use at bedtime
improves both quality and quantity of sleep, which leads to reduced daily pain
even when the patient is not using cannabis during the day.
One of the best arguments for using medical cannabis for chronic insomnia is its
safety profile. Many, if not most, conventional pharmaceuticals for chronic
insomnia are addictive. Medical cannabis is generally considered not addictive,
though there can be withdrawal symptoms after heavy use. Medical use, for
insomnia, would not be considered heavy use, and would therefore be highly
unlikely to lead to dependence. Even my patients using medical cannabis night
and day for pain control rarely experience withdrawal symptoms if they have to
stop using it (for example, during a hospitalization). Most conventional

pharmaceuticals for chronic insomnia have the potential for significant side
effects. Relatively, medical cannabis has a very low side effect profile. Most
conventional pharmaceuticals for chronic insomnia can be lethal in overdose.
Medical cannabis is not, as there are no endocannabinoid receptors in the
breathing centers of the brainstem (as is the case with opioids and
benzodiazepines). It is my clinical opinion that medical cannabis is a far safer
alternative to conventional pharmaceuticals for chronic insomnia.
In fact, I think you’d have a harder time making a case against using medical
cannabis for chronic insomnia, than for it. Please allow physicians to
recommend the use of this safe, effective medicinal plant for the benefit of
suffering patients.
Cordially,
Karin Cseak, DO
34.006986CTR

