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Abstract

Insomnia is a highly prevalent condition associated with significant morbidity, reduction in quality of life, and increase in
healthcare costs, and is a risk factor for multiple physical and mental disorders. The primary treatment modality is cognitive
behavioral therapy for insomnia (CBT-I) but this is associated with difficulties with access and higher cost as well as poor
response in some patients. Therefore, pharmacotherapy for insomnia is common and hypnotic agents are among the most
frequently prescribed medications in the United States. Older medications for insomnia are limited by their side effect burden
and narrow therapeutic window. Newer hypnotics, on the other hand, have been shown to have a better safety profile and longer
term efficacy. While some studies have shown that long-term hypnotic use is associated with adverse outcomes, the current
evidence is equivocal. The decision to treat chronic insomnia disorder with long-term hypnotics should be individualized and
balance the potential risks of continuing hypnotic medication use with the risks of untreated persistent insomnia and associated
functional limitations. This clinical review discusses the currently available medication options to treat insomnia, their mecha-
nisms of action, dosing, and side effect profiles. This review also provides guidance on long-term management of hypnotics and
the use of these medications in the elderly, those with medical comorbidities, and other special populations.
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Abbreviations Introduction

Bz, benzodiazepine receptor type I

CBT-1 cognitive behavioral therapy for insomnia Insomnia is characterized by difficulty initiating and/or main-
CYP3A  cytochrome P450, family 3, subfamily A taining sleep associated with daytime impairment, not other-
DORA  dual orexin receptor antagonists wise attributable to environmental deterrents to sleep such as
GABA  gamma-aminobutyric acid inadequate opportunity to sleep [1, 2]. Chronic insomnia is
GABA, gamma-aminobutyric acid receptor type A defined as symptoms occurring a minimum of 3 times a week
MAOI monoamine oxidase inhibitors for at least 3 months [1]. An estimated 30% of the worldwide
nBBRA non-benzodiazepine benzodiazepine receptor  population has one or more symptoms of insomnia [3].

agonist Insomnia can impact both physical and mental health [2].
OSA obstructive sleep apnea Decreased sleep duration in association with chronic insomnia
OX1R orexin receptor type 1 disorder is linked to increased risk of coronary artery disease,
OX2R  orexin receptor type 2 incident myocardial infarction, type 2 diabetes mellitus, obe-
SUD substance use disorders sity, systemic hypertension, and all-cause mortality [4].
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Insomnia is also associated with a higher risk of incident psy-
chiatric disorders [5]. Persistent sleep disturbance can increase
the risk of depressive relapse and insomnia is known to be a
significant risk factor for suicide [6, 7]. Finally, chronic in-
somnia disorder is a contributory factor to increasing
healthcare costs and reduced quality of life [8].

Cognitive behavioral therapy for insomnia (CBT-I) is con-
sidered first-line treatment for insomnia and its efficacy is
well-established [9]. CBT-I is the multimodal combination
of relaxation training, cognitive restructuring, stimulus
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control, sleep restriction, and sleep hygiene educational in-
terventions typically spanning the course of 5 weeks [10]. It
has been shown to improve insomnia at least as effectively,
if not better than medications, and with fewer associated
adverse effects [10]. There is evidence suggesting that
CBT-I may result in improvements that are more long-
lasting than pharmacologic treatment [11]. It is notable that
in these studies, the return of insomnia symptoms was as-
sociated with medication discontinuation and not loss of
efficacy. Despite the advantages of CBT-I, many providers
turn to prescription hypnotics for the initial treatment of a
patient presenting with insomnia [11]. Patient-based limi-
tations to more widespread utilization of CBT-I include
limited availability of trained providers as well as time
and cost considerations [10]. CBT-I can be difficult to ac-
cess, especially for individuals in rural locations. It can be a
time-consuming and expensive intervention limiting how
effectively patients with insomnia can fully engage in treat-
ment. Additionally, some studies in recent years have
shown that although CBT-I leads to improvement in sleep
as evidenced by improvements in subjective sleep ratings,
objective data on the positive impact of CBT-I on sleep are
less robust [11]. Thus, hypnotic medications are felt to be
necessary in many cases and continue to be widely pre-
scribed by clinicians.

Pharmacologic treatments for insomnia have been utilized
throughout recorded history [1]. At the start of the twentieth
century, barbiturates and related compounds became the most
commonly used agents to treat insomnia [1]. The use of bar-
biturates began to decline in the mid twentieth century when
their adverse side effects and the potential for lethal overdose
was better understood [1]. In 1963, the first benzodiazepine,
namely chlordiazepoxide, was introduced to the United States
(US) market [1]. In 1970, flurazepam was the first benzodiaz-
epine approved by the US Food and Drug Administration
(FDA) as a hypnotic [1]. Due to a perceived better safety
profile, the use of benzodiazepines quickly surpassed that of
barbiturates for the treatment of insomnia [1]. In 1992,
zolpidem was the first non-benzodiazepine benzodiazepine
receptor agonist (nBBRA) hypnotic to become available in
the US [1]. To this day, zolpidem remains one of the most
widely prescribed medications for the treatment of insomnia
[1].

The goal of this review is to describe different classes of
medications available in the US for the treatment of insomnia.
We will discuss established mechanisms of action, side effect
profiles, dosing ranges, and reported efficacy. We will also
examine controversies associated with long-term use of hyp-
notic medication and discuss the treatment of insomnia in
special populations. For this article, we reviewed the latest
literature from PubMed and Medline as well as practice pa-
rameters from the American Academy of Sleep Medicine and
other professional organizations.

Neurobiology of Insomnia—Implications
for Pharmacotherapy

While there are multiple psychological models of insomnia,
the most commonly accepted one is the 3P model which char-
acterizes etiology based on predisposing, precipitating, and
perpetuating factors [12]. When a patient with particular pre-
disposing factors experiences a trigger or precipitant, they
develop a maladaptive pattern of coping which leads to the
perpetuation of insomnia. This theory forms the basis for
CBT-L.

From a neurobiological perspective, sleep is a highly reg-
ulated physiologic state with multiple neural substrates for
sleep and wakefulness that are extensively distributed
throughout the brain (see Fig. 1). The monoaminergic (dopa-
mine, noradrenaline, histamine) and cholinergic systems pro-
mote wakefulness, whereas the gamma-aminobutyric acid
(GABA)-ergic systems in the pre-optic nucleus and brainstem
promote sleep [13]. Several hypnotics exert their effects by
acting on GABA, receptors. These complex receptors are
heterogeneous pentameric membrane proteins that are widely
dispersed throughout the central nervous system [1]. They are
the target receptors for benzodiazepines, and barbiturates, as
well as nBBRAs (Z-drugs). These medications are thought to
mediate their anxiolytic, sedative, muscle relaxant, and anti-
convulsant effects through GABA-mediated inhibition [2].
Sedative and hypnotic effects appear to be mediated by
alpha-1 and alpha-2 containing receptor subtypes respectively
[3, 6]. The more recently discovered hypocretin/orexin system
regulates wakefulness and suppresses rapid eye movement
sleep by providing excitatory input to the monoaminergic
and cholinergic systems [14]. These systems interact with
the circadian pacemaker located in the suprachiasmatic nucle-
us to generate normal sleep and wake cycles [15]. Thus, the
mechanisms involved in the promotion of sleep and wakeful-
ness are extensive and involve numerous neurotransmitters
which offer multiple treatment targets for insomnia.

Hypnotic Use in Clinical Settings
Long-Term Hypnotic Use

Insomnia is frequently persistent if left untreated; up to 46%
of patients have insomnia for at least 3 years [16].
Approximately 2.5% of the US population takes hypnotics
for insomnia, of whom 25% are on nightly medication treat-
ment for greater than or equal to 4 months [17]. Initial
guidelines for pharmacotherapy in chronic insomnia rec-
ommended the use of medications for up to 4 weeks and
were based on studies of short-term hypnotic use with the
mean duration of the clinical trials being 1 week [18]. More
recent studies have examined the use of hypnotic
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Fig. 1 Neurobiology of sleep and wake and mechanisms of action of hypnotics

medications over a 12-month period and as a result,
eszopiclone and zolpidem-extended release (ER) are now
FDA-approved for long-term use [19, 20].

Multiple prospective and retrospective studies have linked
long-term benzodiazepine and nBBRA hypnotic use with in-
creased risk of falls, psychiatric disorders, cardiovascular dis-
ease, dementia, and mortality [21]. Several of these investiga-
tions have not addressed or only partially accounted for in-
somnia severity and a majority are association studies.
Additionally, some studies have indicated an increase in ben-
zodiazepine or other hypnotic prescription in the weeks prior
to death indicating that these medications are likely prescribed
in the context of palliative care [22].

It should be noted that a recent large study reported a lack
of association between hypnotic use and dementia in a care-
fully analyzed large population-based sample [23].
Furthermore, these possible risks have never been formally
balanced against the risks of untreated insomnia; there is evi-
dence that insomnia and sleep fragmentation may themselves
be risk factors for neurodegenerative diseases including
Alzheimer’s dementia [24].

Hypnotic Dosing in Women

In 2013, the FDA required manufacturers to reduce the rec-
ommended dose of zolpidem and zolpidem-ER in women and
suggested that healthcare providers should consider prescrib-
ing lower doses for women [25]. Data from regulatory trials
indicated that when the plasma zolpidem level was >50 mg/ml
3 h following the use of sublingual zolpidem, the ability to
drive was impaired [25]. Analyses of initial regulatory data
involving immediate release zolpidem indicated that up to
15% of women versus 3% of men had plasma levels greater
than 50 ng/ml 8 h following medication use. The assump-
tion is that due to slower metabolism in women, the plasma
levels of the drug the morning after could be high enough to
impair driving and other important functions. It should be
noted that while recent evidence indicated that up to 35% of
women have a lower apparent clearance of zolpidem, there
was no difference between active drug and placebo 8 h
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following medication administration on objective tests of
functional impairment [26].

Hypnotic Use in Pregnancy

Pregnancy is a normal physiological event but sleep disrup-
tion is extremely common [27]. Poor sleep quality in preg-
nancy can be a risk factor for depression and is associated
with other adverse pregnancy-related outcomes including
preterm birth and prolonged labor. In general, pregnant
women are excluded from clinical trials and thus data ex-
amining the safety and efficacy of hypnotic medications
during pregnancy are sparse. A meta-analysis of hypnotic
medication—related adverse effects did not reveal any in-
crease in the rates of congenital malformation following
the use of these medications in pregnancy [28]. However,
benzodiazepines and nBBRAs were associated with pre-
term birth and low birth weight. Studies examining the
use of sedating antihistamines to treat hyperemesis suggest
that diphenhydramine and doxylamine are relatively safe in
pregnancy [28]. Up to 92% of pregnant women report that
they self-treat sleep disruption with one of these agents
[29].

Hypnotic Use in the Elderly

The prevalence of insomnia is higher in older adults. Changes
in body composition, increased comorbidities, polypharmacy,
and pharmacokinetics in older adults require more careful pre-
scribing of all medications including hypnotics. Among the
nBBRAs, eszopiclone, zolpidem-ER, and zaleplon have been
studied in older adults and found to be safe at slightly lower
doses [30-32]. Ramelteon and doxepin have also been studied
in older adults [33, 34]; the former has been shown to improve
sleep onset latency while the latter has been demonstrated to
result in a sustained improvement in sleep with minimal ad-
verse effects. Finally, suvorexant has been shown to improve
sleep maintenance with minimal associated side effects in this
population [35].
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Hypnotic Use in Patients with Medical Comorbidities

Most hypnotic agents undergo hepatic and renal clearance.
Metabolic clearance of these medications may therefore be
delayed in patients who have renal or hepatic disease leading
to accumulation and excessive sedation. Patients with hepatic
or renal failure should be prescribed the lowest effective does
and slowly titrated upwards as tolerated.

Insomnia is commonly comorbid with obstructive sleep
apnea (OSA) [36]. While the possibility of hypnotic medi-
cations resulting in muscle relaxation thereby worsening
OSA is a consideration in clinical settings, studies have
shown that eszopiclone and trazodone can result in minimal
improvements in sleep apnea severity by increasing the
arousal threshold [37, 38]. It is notable that subjects with
very severe sleep apnea and oxyhemoglobin desaturation
were generally excluded from these trials. Ultimately, it is
reasonable to approach comorbid OSA and insomnia inde-
pendently and in parallel; medications for insomnia, at least
in therapeutic doses, need not be withheld in patients with
OSA.

Hypnotic Use in Patients with Substance Use
Disorders

Sleep disturbances are commonly comorbid with substance
use disorders (SUD) [39]. Up to 80—90% of individuals in
early alcohol recovery experience sleep disruption [40].
Sleep disturbance is also a common symptom in early can-
nabis withdrawal, with up to 65% of subjects reporting
insomnia. Sleep disturbance occurring in the context of
substance use recovery can impact quality of life and in-
crease relapse risk. Data examining the efficacy of hypnotic
medications in these circumstances are limited. Trazodone
has been shown to improve sleep disruption in alcohol re-
covery [41]. Studies have demonstrated that zolpidem can
result in improvements in sleep following cannabis cessa-
tion [42]. However, longer term studies that evaluate the
impact of treating sleep disturbance on improved substance
use—related outcomes are required. Prescribing hypnotic
medications in this population should balance the risk of
abuse of these medications against the increased risk of
relapse and impaired quality of life secondary to ongoing
sleep disturbance.

Hypnotic Medication Classes

We describe the major hypnotic classes below and summarize
their mechanisms of action, dosage, common adverse effects,
and contraindications in Table 1.

Benzodiazepine Receptor Agonists

Eszopiclone, zaleplon, and zolpidem are nBBRAS or Z-drugs
that are FDA-approved for the treatment of insomnia. All
three medications have been found to be effective and rela-
tively safe in the treatment of insomnia [43].

The exact mechanism of action of eszopiclone is unclear.
Dosing of oral eszopiclone ranges from 1 to 3 mg. Common
side effects of eszopiclone include headache, nausea/emesis,
disorder of taste (unpleasant taste), dizziness, somnolence,
migraine, and increased respiratory infections. Zaleplon is
thought to exert its action through selective binding to alpha
subunit of GABA omega-1 receptor. Dosing ranges from 5
to 10 mg orally, with a typical dosage of 10 mg, to be admin-
istered immediately before bedtime, or for middle of the night
awakenings with an additional 4 h available to sleep. Adverse
effects consist of abdominal pain, nausea, headache, dizzi-
ness, somnolence, paresthesia, dysmenorrhea, and eye pain.
The mechanism of action of zolpidem is selective agonism at
the benzodiazepine-1 (BZ;) receptor inhibiting action poten-
tials and neuronal excitability. Zolpidem has two main formu-
lations, immediate release dosed at 5-10 mg and a controlled
release preparation dosed at 6.25-12 mg; both are adminis-
tered by mouth immediately prior to bedtime. Intermezzo™ is
a sublingual formulation of zolpidem that was specifically
developed for sleep maintenance insomnia, i.e., middle-of-
the-night-wakefulness with difficulty returning to sleep. It is
dosed at 1.75-3.5 mg and should be taken only if the patient
has an additional 4 h to sleep. Zolpimist™ is an oral metered
spray containing 5 mg of zolpidem and is used for sleep onset
insomnia. Most commonly associated side effects with the use
of zolpidem are diarrhea, nausea, dizziness, somnolence, and
visual disturbances. All nBBRAs are linked with complex
behaviors occurring out of sleep but zolpidem seems to be
especially associated with this side effect [44]. Currently, all
nBBRAs carry a boxed warning about these potential side
effects.

Benzodiazepines

Benzodiazepines exert their effects as positive allosteric mod-
ulators on the GABA 4 binding site that potentiates GABA’s
inhibitory effect. Through this mechanism, they are thought to
produce sedative, anxiolytic, hypnotic, muscle relaxant, and
anticonvulsant effects [45]. Currently, there are five benzodi-
azepines that are FDA-approved for insomnia in the adult
population, including estazolam, flurazepam, quazepam,
temazepam, and triazolam. Most other benzodiazepines are
also associated with sedation and are used off-label as hyp-
notics quite frequently. Dosing and side effects for these med-
ications are detailed in Table 1. In general, benzodiazepines
are associated with ataxia, dizziness, lethargy, sedation, som-
nolence, apnea, and blurred vision. Although there are reports
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Table 1 (continued)

Contraindications

Common adverse effects

Dosage

Indication

Mechanism of action

Drug name

Angioedema with prior

Dizziness, somnolence, fatigue,

Oral route:

Insomnia, in the adult

Agonist at melatonin receptor 1 and 2.

Ramelteon

€xposure.

nausea.

8 mg administered 30 min prior

population.

to bedtime.

Oral route:

Coadministration with MAOI,

Headache, dizziness,

Non-FDA-approved for use

Unknown.

Trazodone

linezolid, IV methylene

50 to 100 mg administered 1 h somnolence, insomnia, nausea.

in insomnia.

blue or use within 14 days
of discontinuing MAOIL
Concomitant use with

prior to bedtime.

saquinavir or ritonavir.

Coadministration with or

Constipation, dizziness,

Oral route:

Insomnia, characterized as

Histamine antagonist.

Doxepin

within 2 weeks of an

MAOIL
Glaucoma or urinary

somnolence, xerostomia.

Typical dose ranges from 3 to

difficulties with sleep

6 mg administered 30 min

prior to bedtime.

maintenance, in the adult

population.

retention.

Abbreviations: BZ; benzodiazepine receptor type I; CYP3A cytochrome P450, family 3, subfamily A; FDA Food and Drug Administration; GABA, gamma-aminobutyric acid receptor type A; IV

intravenous; MAOI monoamine oxidase inhibitors; OXIR orexin receptor type 1; OX2R orexin receptor type 2

indicating increased risk of anterograde amnesia on triazolam,
this can likely occur with other benzodiazepines as well [46,
47].

Dual Orexin Receptor Antagonists

Orexin neuropeptides A and B and their associated receptors
OX;R and OX,R are critical for sleep-wake regulation [48].
Suvorexant, sold under the trade name Belsomra™, and
lemborexant are dual OX;R/OX;,R antagonists (DORAS)
working by selectively blocking the binding of orexin neuro-
peptides A and B to their respective receptors [49]. This in
turn works to suppress wakefulness [49].

Suvorexant was the first in its class to be registered for
treatment of insomnia in the US and was approved by the
FDA in 2014 [48]. A meta-analysis of 4 trials with a total of
3076 patients showed that suvorexant resulted in improve-
ments in subjective measures of sleep quality [S0]. Here, the
medication was used at doses of 15-30 mg in the elderly and
30-40 mg in the non-elderly. However, current FDA approval
is for a starting dose of 10 mg for most patients, which may be
titrated up to 20 mg per day [49]. Major adverse effects in-
clude sleepiness/fatigue, abnormal dreams, dry mouth, and
diarrhea. There is a concern for increased risk of suicidal ide-
ation with the higher dose regimen [48].

Lemborexant is a more recently approved DORA which
has been shown to objectively improve sleep latency, sleep
efficiency, and total sleep time [51]. The major side effects
include headache, sleepiness, and sleep paralysis.

Sedative Antidepressants

Doxepin and trazodone are antidepressants that are commonly
prescribed as hypnotic agents. Silenor™ is a newer low-dose
formulation (3—6 mg) of the older tricyclic antidepressant
doxepin, which is now FDA-approved for insomnia. At this
dose, doxepin functions as a pure H-1 receptor antagonist and
does not have any of the anticholinergic, antiadrenergic, or
serotonergic properties [52]. Doxepin has been shown to be
effective in improving sleep maintenance and total sleep du-
ration but with minimal effect on sleep initiation [53]. It has
been studied in the elderly population and found to be safe
[54]. The main side effects are headache and somnolence [53].

Trazodone is a triazolopyridine which exerts its antidepres-
sant effect through serotonin antagonism and reuptake inhibi-
tion [55]. The current American Academy of Sleep Medicine
guidelines recommend against its use due to a paucity of ev-
idence on its effectiveness as a hypnotic [1]. Despite this, it
appears that trazodone is still commonly used oft-label to treat
insomnia in doses between 50 and 150 mg, especially in pa-
tients with psychiatric comorbidity, where there is some evi-
dence to support its efficacy [56—58]. Trazodone is commonly
associated with headache and daytime somnolence. Some
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studies have shown a deleterious effect on short-term memory
and balance the following morning [59]. Trazodone has been
associated with a potentially serious adverse effect of pria-
pism, but this is thought to be rare (risk of 1 in 1000 to 1 in
10,000) [60].

Melatonin, Melatonin Receptor Agonists, and Other
Supplements

Melatonin is a hormone that is produced by the pineal gland
and is a chronobiotic agent that regulates the sleep-wake cycle
[61]. It is a full agonist at melatonin receptors 1 and 2. While
melatonin is used to treat circadian rhythm sleep-wake disor-
ders, it is also a weak hypnotic. Meta-analyses of randomized
placebo controlled trials have demonstrated improvements in
sleep onset latency and total sleep time but these effects are
smaller than those of benzodiazepines, nBBRAs, and other
hypnotic agents [62]. The dosing regimen for melatonin is
unclear, with various studies utilizing doses between 0.1 and
5 mg. Melatonin appears to have a benign safety profile with
no major adverse effects compared to placebo, at least up to
doses of 10 mg. Melatonin is considered a nutritional supple-
ment in the US and is not regulated by the FDA. Studies have
shown that there is a wide variation in melatonin content com-
pared to that advertised on the label [63].

Ramelteon is a melatonin receptor 1 and 2 agonist. A meta-
analysis of 13 trials involving 5812 patients revealed mild
improvements in sleep onset latency and sleep quality [64].
There was no change in total sleep time. The main adverse
effect noted was somnolence. Ramelteon has been studied in
the >65-year-old population and found to be safe. However,
the overall clinical impact of the medication appears to be
small.

While there are multiple nutritional supplements that are
marketed for sleep, the most commonly used include valerian
root, chamomile, and kava. Valerian root is the most exten-
sively studied in placebo-controlled trials [65]. A meta-
analysis of 5 trials did not find any significant difference be-
tween valerian root and placebo in sleep-related outcomes.
Overall, all of the herbal supplements appear to be relatively
safe and well-tolerated with minimal adverse effects.

Diphenhydramine is an antihistaminergic agent that is a
common over-the-counter sleep aid. It has been evaluated at
a dose of 50 mg in the treatment of chronic insomnia [66].
Minor improvements in subjective and objective sleep mea-
sures were noted in this study, not thought to be clinically
significant. It is generally not recommended as a hypnotic
agent apart from occasional intermittent use in a younger pa-
tient, as there are concerns that it can cause daytime groggi-
ness due to its long half-life and result in other significant side
effects secondary to its anticholinergic properties.
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Barbiturates and Other Older Hypnotics

Numerous barbiturates have an FDA approval for use as sed-
ative hypnotics. These agents work as agonists and allosteric
modulators at the GABA 4 receptor site. However, due to their
narrow therapeutic window, potential for abuse/dependence,
and significant interactions with alcohol and other CNS de-
pressants, they are rarely used.

Among other older non-barbiturate hypnotic drugs, chloral
hydrate is available in the US but is generally not used in
clinical practice. Its mechanism of action is not entirely known
but it is thought to work through its active metabolite
trichloroethanol. Chloral hydrate has a very narrow therapeu-
tic window and is potentially dangerous following an
overdose.

Conclusions

While pharmacotherapy for insomnia is considered second-
line treatment, hypnotics are among the most commonly pre-
scribed medications. Current evidence supports the efficacy of
these agents in improving sleep quality and quantity. Long-
term use of certain hypnotic medications has been shown to be
relatively safe. Currently, there are no head-to-head trials in-
dicating a clear hierarchy of efficacy for these agents. The
choice of agent, length of treatment, and alternatives should
be based on shared decision-making and must weigh the risks
and benefits of all possible options in the individual patient.
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