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Abstract

There are a number of insomnia medications with high specificity, many of which have recently 

become available. Such agents provide us with a window into the varying clinical effects of 

modulating specific brain systems for the first time. They establish a new guiding principal for 

conceptualizing insomnia medications: “mechanism matters” and open the door to a new paradigm 

for insomnia therapy in which specific drugs are selected to target the specific type of sleep 

difficulty for each patient. This paradigm includes administering specific treatments for patients 

with insomnia co-morbid with particular psychiatric disorders. This approach promises an 

improved risk/benefit ratio over the traditional therapeutic approaches. This article reviews the 

insomnia medications focusing on how they define the new paradigm of personalization and 

discusses the implications for optimizing the treatment of insomnia occurring co-morbid with 

psychiatric conditions.
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I. INTRODUCTION

There are a number of different medications available for treating patients with insomnia. 

However, consistent with guidelines, these interventions are generally not administered with 

any degree of personalization.1 The treatment of insomnia has long been carried out without 

subtyping insomnia patients and customizing the choice of treatment to match patient 

subtype. The primary reason for this has been that, for many years, we have had only a very 

limited set of interventions to administer and there has not been any evidence that these 

differ fundamentally in the nature of their therapeutic effects. Treatment was long dominated 

by a group of medications which bind to the benzodiazepine binding site of the gamma-

amino butyric acid (GABA) Type A receptor complex.2 Examples include triazolam, 
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temazepam, flurazepam, zolpidem, zaleplon, and eszopiclone. These medications have been 

believed to differ only in their pharmacokinetic profiles which, along with medication 

dosage, determine the timing and duration of clinical effects. As a result, the personalization 

of therapy that has been possible has been limited to matching the time of night of effect of 

medications to the time of night of a given patient’s sleep difficulty as specified in the U.S. 

Food and Drug Administration (FDA) indications for these medications.1,2,3 For example, 

zolpidem and zaleplon are indicated only for the treatment of problems falling asleep, 

whereas eszopiclone, and the extended relase formulation of zolpidem are indicated for the 

treatment of patients with sleep onset problems, sleep maintenance problems or both.2,3

A greater degree of personalization is increasingly becoming possible in the clinical 

management of insomnia based on new research on insomnia therapies and the existence of 

medications with high specificity, many of which have recently become available.3 These 

agents include drugs that act with high specificity at particular receptors which have a 

relatively focused impact on particular brain circuits. Such agents pave the way for a new 

paradigm for insomnia therapy where specific medications are selected to target the specific 

type of sleep difficulty experienced by each patient. This paradigm includes specific agents 

for patients with insomnia co-occurring with particular psychiatric disorders.

For example, evidence indicates that some insomnia medications have greater therapeutic 

effects in patients with insomnia occurring with major depression and generalized anxiety 

disorder than others.3–8 This approach promises an improved risk/benefit ratio over the 

traditional “one-size-fits-all” model of insomnia therapy based on drugs without 

pharmacologic specificity and on drugs which have relatively global effects impacting many 

areas of the brain other than those needed to improve a patient’s particular sleep problem. 

There are times when high effect specificity is not desirable, including instances where a 

medication is being used to treat more than one condition, such as insomnia and depression. 

Another instance where high specificity may not be optimal is when there are several 

processes driving insomnia, such as stress, pain, and depression.

The critical point is that we now have tools available with varying specificity of effects and 

different types of specific effects that provide us with unprecedented ability to target therapy 

to the particular needs of each patient. Taking advantage of this opportunity so as to 

optimize care requires that we understand the particular characteristics of each of our 

treatment options and the relative merits of administering these options to the various types 

of patients encountered in clinical practice. To this end, this article reviews the insomnia 

medications in light of the new paradigm of personalization, with special emphasis on 

implications for optimizing the treatment of insomnia co-occurring with psychiatric 

conditions.

II. OVERVIEW OF INSOMNIA THERAPIES

The current primary treatment options for insomnia include non-medication therapies, most 

notably cognitive behavioral therapy for insomnia (CBTI), and a number of types of 

pharmacologic therapies. The scope of this article is limited to considering the medication 

therapies for insomnia. Pharmacologic therapies are comprised of the benzodiazepines, the 
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non-benzodiazepines, the selective melatonin receptor agonists, the selective histamine H-1 

antagonists, the selective adrenergic α1 antagonists, the selective hypocretin/orexin 

antagonists, antidepressants, antipsychotics, and “over the counter” non-selective H-1 

antagonists. These agents vary in the specificity of their effects (see Table 1). Some agents 

have high pharmacologic specificity in terms of having effects at a single receptor. Of these 

agents, some have non-specific clinical effects because the receptor that they affect has a 

broad impact on brain function. Others have very specific clinical effects because binding to 

their target receptor has a relatively limited effect on the brain, mainly impacting specific 

sleep/wake modulating circuitry.9 Insomnia medications are reviewed in the following 

sections, focusing on the degree of specificity of their effects and the implications for 

optimizing insomnia therapy.

III. INSOMNIA MEDICATIONS WITH RELATIVELY LOW SPECIFICITY OF 

EFFECTS

Medications with low specificity of effects include the benzodiazepines, the non-

benzodiazepines, antidepressants, antipsychotics, and “over-the-counter” antihistamines. 

Their low specificity is due to either having clinically significant effects on multiple 

receptors or because the receptor that they bind to has a broad impact on brain function. 

These agents have long dominated the clinical treatment of insomnia and are the foundation 

upon which our current “one-size-fits-all” model of insomnia pharmacotherapy was built.

A. Benzodiazepines

• Distinguishing Characteristics – The benzodiazepines are a group of medications 

that share a common chemical structure.10

• Agents Used to Treat Insomnia – Agents U.S. FDA Approved for Insomnia: 

Triazolam, Flurazepam, Temazepam, Estazolam, Quazepam.2 Agents U.S. FDA 

Approved for an indication other than insomnia: Clonazepam (approved for 

seizures, anxiety), Alprazolam (approved for anxiety), Lorazepam (approved for 

anxiety).2

• Mechanism of Action – The benzodiazepines are positive allosteric modulators 

of the GABA-A receptor complex. They bind to a site on the receptor complex, 

referred to as the “benzodiazepine binding site” and create a conformational 

change that enhances the inhibition that occurs when GABA binding activates 

the receptor.11 The effects on sleep derive from enhancing the GABA-A 

mediated inhibition of wake promoting regions of the brain such as the lateral 

hypothalamus, the tubero-mammillary nucleus, and the locus coeruleus.

• Pharmacologic Specificity - The benzodiazepines have high pharmacologic 

specificity in dosages used to treat insomnia. At these dosages, all of the clinical 

effects of these agents are believed to be due to positive allosteric modulation of 

the GABA-A receptor complex at the benzodiazepine binding site. However, it 

should be noted that, among agents which bind to the benzodiazepine binding 

site of the GABA-A receptor complex, the benzodiazepines are relatively non-
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specific. They cause clinically significant effects through binding to four 

different types of GABA-A receptors, each of which has a different distribution 

in the brain.12,13

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) - Benzodiazepines have quite broad inhibitory effects on brain 

function. This is because GABA is the predominant inhibitory neurotransmitter 

in the brain. As a result, enhancement of GABA-A mediated inhibition has the 

potential to have extremely broad effects. By exerting effects at four major 

GABA-A receptor types, the benzodiazepines produce widespread inhibition of 

brain activity.9,12,13,14 The result of this widespread inhibition is that these 

medications have a number of clinical effects other than sleep enhancement. 

Such effects include anxiolytic effects, cognitive impairment, motor impairment, 

myorelaxation, anti-seizure effects, and rewarding effects associated with abuse 

potential.

• Clinical Implications for Personalization of Therapy – Based on the non-specific 

clinical effects of the benzodiazepines, they are well-suited for use in patients 

who have insomnia occurring in the setting of one or more conditions that can be 

improved by the non-sleep effects of these medications. Examples include 

patients with insomnia occurring with significant anxiety or pain, for which the 

anxiolytic and myorelaxant effects of these medications are highly desirable. 

Patients without such co-occurring conditions are best treated with another type 

of medication because of the non-sleep related effects of these agents, such as 

cognitive impairment, motor impairment, and abuse potential, which result in a 

risk/benefit ratio that is less favorable than that of other options for patients 

without co-occurring conditions such as severe anxiety. The one exception to this 

is that compared to other available options, the benzodiazepines and non-

benzodiazepines (see below) administered in the dosages routinely used to treat 

insomnia have the most robust effects on sleep onset.2 As a result, there may be 

some patients with severe sleep onset difficulty for whom a benzodiazepine may 

constitute the agent with the best risk/benefit ratio of available medications, even 

where there isn’t an associated condition which is also being targeted for therapy.

B. Non-benzodiazepines

• Distinguishing Characteristics – The non-benzodiazepines are a heterogenous 

group of medications that do not have the chemical structure common to 

benzodiazepines but act via the same mechanism as the benzodiazepines.10

• Agents Used to Treat Insomnia – Agents U.S. FDA Approved for Insomnia: 

Zolpidem and Zaleplon (approved for the treatment of sleep onset difficulties 

only); Zolpidem Modified Release and Eszopiclone (approved for the treatment 

of sleep onset and maintenance difficulties).2

• Mechanism of Action – The non-benzodiazepines, like the benzodiazepines, are 

positive allosteric modulators of the GABA-A receptor complex; promoting 

sleep by enhancing GABA-A mediated inhibition of wake promoting regions of 
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the brain, such as the lateral hypothalamus, the tubero-mammillary nucleus, and 

the locus coeruleus.

• Pharmacologic Specificity - The non-benzodiazepines have high pharmacologic 

specificity in dosages used to treat insomnia. At these dosages, all of the clinical 

effects of these agents are believed to be due to positive allosteric modulation of 

the GABA-A receptor complex at the benzodiazepine binding site. However, 

they have greater pharmacologic specificity than the benzoadiazepines. While the 

benzodiazepines have clinically significant effects at 4 major types of GABA-A 

receptors, the non-benzodiazapines tend to preferentially bind to a subset of 

these GABA-A receptors.12,13

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) - The non-benzodiazepines, like the benzodiazepines have 

relatively broad inhibitory effects on brain function due to the wide distribution 

of GABA in the brain. However, the clinical effects of the non-benzodiazepines 

are believed to be relatively more focused than the benzodiazepines.12,13 

Zolpidem and zaleplon have effects predominantly at GABA-A receptors which 

enhance sleep but also lead to impairment of cognition and motor function.12,13 

Eszopiclone binding to GABA-A receptors has relatively greater anxiolytic, 

myorelxant, and perhaps antidepressant effects in addition to sleep enhancing 

effects. Indeed, when eszopiclone/fluoxetine co-therapy was compared with 

placebo/fluoxetine treatment of patients with depression and insomnia, 

eszopiclone was found not only to improve sleep but also to enhance the 

antidepressant response (eszopiclone led to improvement in non-sleep depression 

symptoms).4,5 Eszopiclone similarly improved not only sleep but also symptoms 

of generalized anxiety disorder compared with placebo when administered with 

escitalopram.6 However, when equivalent studies were carried out with zolpidem 

modified release, improvement in sleep compared with placebo was noted but 

not improvement in depression or symptoms of generalized anxiety disorder.7,8

• Clinical Implications for Personalization of Therapy – The differences among the 

non-benzodiazepines dictates different uses for these medications. Based on the 

available evidence, eszopiclone stands as the treatment of choice for combination 

with selective serotonin reuptake inhibitor therapy in the treatment of patients 

with insomnia co-occurring with major depression and generalized anxiety 

disorder.4–6 Zolpidem and zaleplon have robust effects on sleep onset like the 

benzodiazepines. However, they are preferred over the benzodiazepines due to 

their relatively limited duration of effects and less broad clinical impact, which 

together represent an improved risk benefit profile for those with severe sleep 

onset difficulties.2 In those with severe sleep onset problems who also have sleep 

maintenance difficulties, it is necessary to turn to eszopiclone and zolpidem 

modified release, which have both robust onset effects and therapeutic effects on 

sleep maintenance.2 Note that these agents are preferred only where severe sleep 

onset problems occur along with maintenance difficulties. If it is not the case that 

onset problems are substantial, then there are other agents with more favorable 

risk/benefit ratios than the non-benzodiazepines (see below).
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C. Antidepressants

• Distinguishing Characteristics – The antidepressants are a heterogenous group of 

agents of a number of chemical classes which have been approved by the U.S. 

FDA for the treatment of major depression. Despite their relatively widespread 

use for the treatment of insomnia, limited data exist regarding the treatment of 

insomnia with these agents.

• Agents Used to Treat Insomnia – There are no antidepressants approved by the 

U.S. FDA for the treatment of insomnia in the dosage range used to treat 

depression.2 The antidepressants most frequently used “off-label” to treat 

insomnia include: trazodone, mirtazapine, amitriptyline, and doxepin.2 These 

agents are generally used in dosages below their antidepressant dosages when 

used to treat insomnia. Doxepin, in dosages of 3–6 mg (antidepressant dosage 

range 75–150 mg), is approved by the U.S. FDA for insomnia treatment (see 

below).

• Mechanism of Action – The mechanism by which antidepressants are believed to 

have therapeutic effects on depression primarily involves inhibition of the 

serotonin (5-HT) and norepinephrine (NE) reuptake transporters. The 

mechanisms underlying their effects on sleep differ but derive from antagonism 

of one or more wake promoting systems mediated by blockade of 5-HT-2, α1 

adrenergic, H-1 histaminergic, and muscarinic cholinergic receptors.2

• Pharmacologic Specificity - The antidepressants are non-selective agents 

pharmacologically with varying degrees of antagonism of 5-HT and NE 

transporters, and 5-HT-2, α1, adrenergic, H-1 histaminergic, andmMuscarinic 

cholinergic antagonism.2

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) - Because of the pharmacologic non-selectivity of these agents, 

they have relatively widespread effects on brain function, inhibiting a number of 

key neural systems. This results in effects other than sleep enhancement which 

vary among these agents and leads to a relatively unfavorable side-effect profile 

in many cases. Given the lack of trials of insomnia treatment with these agents, 

the side-effect profiles generally have to be inferred from trials of these patients 

carried out in patients with mood or anxiety disorders. Their side effects may 

include weight gain, orthostatic hypotension, dry mouth, constipation, blurred 

vision, urinary retention, cognitive impairment, cardiotoxicity, sexual 

dysfunction, and potentially delirium.2

• Clinical Implications for Personalization of Therapy – Given the lack of data 

from controlled trials, it is not possible to reliably determine the risk/benefit ratio 

of these agents when used to treat insomnia. However, in theory, these agents 

would be expected to be particularly useful in cases where non-specific effects 

are advantageous. This would include patients with insomnia co-occurring with 

depression, anxiety, pain, stress. In this regard there have been three small 

double-blind controlled studies of the treatment of insomnia co-occurring mood 

disorders with trazodone 50–100 mg.15–17 These studies provided some evidence 
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that trazodone improves sleep (primary benefit seen in sleep maintenance) when 

administered in this setting. However, benefit was offset by significant next-day 

morning impairment which was detected with objective testing. It is reasonable 

to consider the use of these agents in treatment-resistant insomnia patients in 

whom it might be advantageous to block multiple wake promoting systems.

D. Antipsychotics

• Distinguishing Characteristics – The antipsychotics, much like the 

antidepressants, are a heterogenous group of agents from a number of different 

chemical classes which have been approved by the U.S. FDA for the treatment of 

psychotic disorders. Like the antidepressants, they enjoy relatively widespread 

use for the treatment of insomnia despite the fact that minimal data exist 

regarding the treatment of insomnia with these agents.2

• Agents Used to Treat Insomnia – No antipsychotics are approved by the U.S. 

FDA for the treatment of insomnia.2 The antipsychotics most frequently used 

“off-label” to treat insomnia include: quetiapine, olanzapine, lurasidone, and 

risperidone.2 These agents are generally used in dosages below their 

antipsychotic dosages when used to treat insomnia.

• Mechanism of Action – The mechanism by which antipsychotic drugs are 

believed to have therapeutic effects on psychosis involves primarily blockade of 

the dopamine type 2 (D2) receptor. The mechanisms underlying their effects on 

sleep differ, but derive from antagonism of one or more wake promoting systems 

mediated by blockade of 5-HT-2, α1 adrenergic, H-1 histaminergic, 

dopaminergic, and muscarinic cholinergic receptors.2

• Pharmacologic Specificity - The antipsychotics are non-selective agents 

pharmacologically with varying degrees of antagonism of 5-HT-2, 5-HT-7, α1, 

adrenergic, H-1 histaminergic, dopaminergic (D1 and D2), and muscarinic 

cholinergic antagonism.2

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) - Because of the pharmacologic non-selectivity of these agents, 

they have relatively widespread effects on brain function, inhibiting a number of 

key neural systems. This results in effects other than sleep enhancement which 

vary among these agents and leads to a relatively unfavorable side-effect profile 

in many cases. Given the lack of trials of insomnia treatment with these agents, 

the side-effect profiles generally have to be inferred from trials of these patients 

carried out in patients with schizophrenia and bipolar disorder. The side effects 

may include weight gain, insulin resistance, orthostatic hypotension, dry mouth, 

constipation, blurred vision, urinary retention, cognitive impairment, 

extrapyramidal side-effects such as tardive dyskinesia and parkinsonism, and 

sexual dysfunction.2

• Clinical Implications for Personalization of Therapy – As with antidepressants, 

given the lack of data from controlled trials, it is not possible to reliably 

determine the risk/benefit ratio of antipsychotic drugs when used to treat 
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insomnia. However, in theory, these agents would be expected to be particularly 

useful in cases where non-specific effects are advantageous. This would include 

patients with insomnia co-occurring with mania, schizophrenia, depression, 

anxiety, pain, or stress. It is also reasonable to consider these agents in treatment-

resistant insomnia patients where it might be advantageous to block multiple 

wake promoting systems.

E. Non-Selective Antihistamines

• Distinguishing Characteristics – Medications referred to as “antihistamines” are 

generally those that were developed for the treatment of allergies.3 Among these 

agents are a group that are available “over-the-counter” (OTC) and used to treat 

sleep problems. We refer to them as non-selective antihistamines in that they 

have clinically significant effects at receptors other than H-1 receptors in doses 

used for insomnia treatment. Like the antidepressants and antipsychotics, these 

agents are used by many people suffering from disturbed sleep despite the fact 

that minimal data exist on their risk/benefit profile in the treatment of insomnia 

patients.2,9

• Agents Used to Treat Insomnia – The agents available OTC with significant 

histamine H-1 receptor antagonism that are most commonly used to treat 

insomnia are diphenhydramine, doxylamine, and chlorpheniramine.2,3

• Mechanism of Action – The mechanisms underlying the sleep enhancing effects 

of these agents is believed to be antagonism of H-1 histamine receptors and 

muscarinic cholinergic receptors.2,9 This antagonism blocks the wake promoting 

effects of histamine neurons in the tuberomammillary nucleus and mitigates the 

wake promotion mediated by acetylcholine.2,9

• Pharmacologic Specificity – These agents, in the dosages used to treat sleep 

disturbance, are relatively non-selective among those which block H-1 receptors 

(see below) because of their clinically significant effects at both H-1 and 

muscarinic cholinergic receptors.2,9

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) - The cholinergic antagonism of these agents results in effects 

other than sleep enhancement, which leads to a relatively unfavorable side-effect 

profile compared with the selective H-1 antagonists (see below) in many cases. 

The associated side effects may include dry mouth, blurred vision, constipation, 

urinary retention, cognitive impairment and delirium.2,3,9

• Clinical Implications for Personalization of Therapy – The limited data on 

insomnia treatment with these agents limits estimating their risk/benefit profile. 

No data exist for chlorpheniramine. Doxylamine has only been studied in a 

double-blind, placebo-controlled trial in patients experiencing sleep disturbance 

post-surgery which found some benefit in self-reported sleep with this agent.18 A 

few trials have been carried out with diphenhydramine, which preliminarily 

indicate that this agent has more benefit for sleep maintenance than onset, though 

in one study, sleep enhancing effects were lost over several days of dosing.19–24 
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As more selective H-1 antagonists have robust effects on sleep maintenance, a 

better side-effect profile, and have been definitively found not to lose benefit in 

up to 3 months of nightly use, they should be preferred for use over these non-

selective H-1 antagonists. The only exception to this is the treatment of insomnia 

occurring in patients with rhinitis, where the anticholinergic effects of these 

agents would be of benefit.9,25,26

IV. INSOMNIA MEDICATIONS WITH HIGHLY SPECIFIC EFFECTS

There are a number of medications available for treating patients with insomnia that have 

highly specific pharmacologic effects which lead to relatively focused effects on brain 

function. These agents provide us, for the first time, with a window into the varying clinical 

effects of modulating specific brain systems. They establish a new guiding principal for 

conceptualizing insomnia medications: “mechanism matters” and open the door to a new 

paradigm for insomnia therapy, where medications are chosen to address the specific type of 

problem experienced by subgroups of insomnia patients. In this section, we discuss these 

medications, reviewing the support for this new paradigm and outlining how each drug fits 

into this paradigm in terms of clinical indications for their optimal use.

A. Selective H-1 Histamine Receptor Antagonists

• Distinguishing Characteristics - This group of agents is distinguished from the 

non-specific histamine H-1 antagonists by having greater pharmacologic 

specificity.2,9 The non-specific antihistamines reviewed above have relatively 

greater effects at muscarinic cholinergic receptors than the agents considered to 

be highly selective.

• Agents Used to Treat Insomnia – Doxepin, in dosages of 3 to 6 mg, is the only 

highly selective H-1 antagonist that is available for use in the treatment of 

insomnia patients.2,9 Doxepin is referred to as a “tricyclic antidepressant”, and in 

dosages from 75–300 mg this agent has broad pharmacologic effects and is FDA 

approved for the treatment of depression.2,9 However, in dosages of 3–6 mg 

doxepin becomes a highly selective and potent H-1 antagonist and is FDA 

approved for the treatment of insomnia.

• Mechanism of Action – Selective H-1 antagonists enhance sleep by preventing 

the arousing effect of histamine mediated by binding to H-1 receptors.9

• Pharmacologic Specificity – Although many agents are referred to as 

“antihistamines”, doxepin, in the 3 to 6 mg range, is actually a more potent and 

selective H-1 antagonist than any agent available in the U.S. that is referred to as 

an “antihistamine”.9 Doxepin’s most potent effect is H-1 antagonism and its 

affinity for this receptor is more than 7 times greater than its affinity for any 

other receptor.9 The consequence of this relatively greater H-1 affinity is that 

there should be a dosage where doxepin has clinically relevant effects at H-1 and 

at no other receptors.9 This appears to be the case for the 3–6 mg range, whereas 

in dosages from 75–300 mg, doxepin has clinically important effects at multiple 

receptors including the 5-HT and NE transporters, which are believed to 
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represent the mechanisms responsible for its robust antidepressant effects.9 Thus, 

doxepin, in the 3–6 mg range, is an intervention with high pharmacologic 

specificity for antagonism of histamine H-1 receptors. The trials carried out with 

low dose doxepin administration provide our first glimpse into the clinical effects 

associated with highly specific H-1 antagonism.

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) – As a consequence of the pharmacologic specificity of doxepin 

3–6 mg for histamine H-1 receptors and the relatively limited impact of the 

histamine system, this agent has relatively circumscribed effects on brain 

function.9 Because histamine H-1 receptor activation plays a limited role in 

functions other than enhancing arousal, the clinical effects of doxepin in the 3–6 

mg range are also limited primarily to preventing arousal, as evidenced by the 

relative absence of side-effects observed in clinical trials.9,25–28 Further, given 

that histamine is only one of a set of wake promoting systems that function in 

parallel and can maintain the arousal level even if histamine H-1 receptors are 

blocked (norepinephrine, hypocretin/orexin, acetylcholine, 5-HT, etc), the 

clinical effects of doxepin 3–6 mg are limited to situations where histamine 

release is significant and activity in the other wake promoting systems is 

relatively minimal.9 This occurs primarily in the middle and end of the night. At 

other times, blocking histamine is of relatively minimal consequence as arousal 

is maintained by the other parallel wake promoting systems. As a result, doxepin 

3–6 mg has a highly circumscribed effect that is limited to enhancing sleep 

during the middle and end of the night. The clinical manifestation of having such 

a focal impact is an improved risk/benefit ratio over other options for treating 

sleep maintenance problems.9,25–28

• Clinical Implications for Personalization of Therapy – Based on the relatively 

favorable risk/benefit ratio of doxepin 3–6 mg for treating patients with sleep 

maintenance insomnia, this agent should be considered for patients experiencing 

difficulty staying asleep in the relative absence of problems falling asleep. Of 

particular note, this agent, along with the hypocretin/orexin antagonists are the 

only drugs that can improve sleep in the last third of the night without 

substantially increasing the risk of morning impairment.9 In fact, doxepin 3–6 

mg is unique in having its largest therapeutic effect size in the last hour of the 

night.25,26 As such, it is the treatment of choice for those whose sleep difficulties 

are predominantly problems with early morning awakening, a group that includes 

many patients with psychiatric disorders (Table 2). The robust therapeutic effect 

such individuals have in response to treatment with such focused H-1 antagonism 

suggests that they represent a subgroup of insomnia patients who have histamine 

overactivity underlying their insomnia. This is consistent with preclinical data on 

the physiology of the histamine system, which indicate that the primary effect of 

this system is to increase arousal at the end of the night.9,29 This subgroup of 

patients who experiences sleep disturbance predominantly in the last 3rd of the 

night, includes many older adults and defines the target phenotype for this 

medication. By identifying this subgroup and treating them with the specific 
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intervention which best targets their type of sleep difficulty, i.e., doxepin 3–6 mg, 

it is possible to improve the risk/benefit ratio as compared to providing insomnia 

therapy which is not personalized in this way.

B. Selective Hypocretin/Orexin Antagonists

• Distinguishing Characteristics – This group of agents is distinguished by having 

as their predominant pharmacologic effect antagonism of receptors of the peptide 

hypocretin/orexin (hereafter referred to as orexin).

• Agents Used to Treat Insomnia – There is currently only one orexin antagonist 

available for the treatment of insomnia. This agent, suvorexant, blocks both types 

of orexin receptors (OX1 and OX2) and is approved by the FDA for treatment of 

problems falling asleep and staying asleep in dosages of 10–20 mg.30–32

• Mechanism of Action – Orexins are peptides released by the lateral 

hypothalamus that play an important role in maintaining wakefulness. (See 

Chapter 2). Support for this role derives in part from evidence that loss of orexin 

neurons is associated with narcolepsy in humans and a number of different 

animals.33 Selective orexin antagonists enhance sleep by preventing the arousing 

effects of orexin peptides which are mediated by their binding to OX1 and OX2 

receptors.33

• Pharmacologic Specificity – There are a number of orexin antagonists with high 

pharmacologic specificity, including suvorexant, which is potent and selective in 

terms of having orexin receptor antagonism as its predominant effect.32

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) – Orexin receptor antagonists have highly focused effects on the 

brain. Remarkably, there are only 10–20,000 neurons in the entire brain that 

release orexins.33,34 The orexin antagonists block only the receptors targeted by 

these neurons. However, the orexin receptors modulate the activity of a number 

of key brain areas that are responsible for their arousing effects but also would be 

expected to affect motivation, reward function, feeding behavior, locomotion, 

and sympathetic nervous system tone.35 This occurs because of the presence of 

orexin receptors on neurons in the cortex, basal forebrain, tuberomammillary 

nucleus, periaqueductal gray, dorsal raphe, locus coeruleus, nucleus accumbens, 

substantia nigra, nucleus of the solitary tract, and ventromedial medulla.35 So, 

while the orexin receptors have highly limited effects on brain function, in 

addition to promoting arousal, these agents would be expected to modulate 

several other functions that may be of clinical relevance. However, these 

modulatory effects do not manifest in adverse effects clinically. The side-effect 

profile observed in clinical trials with suvorexant suggests a quite favorable risk/

benefit ratio, with limited adverse effects, consistent with a medication that is 

highly specific, having effects predominantly on arousal systems.31,32 Of 

particular interest with respect to the adverse effects of these agents, there is no 

evidence that suvorexant causes narcolepsy-like symptoms, such as cataplexy, 
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hallucinations, and paralysis, that might have been expected based on the fact 

that loss of orexin neurons is associated with narcolepsy.31–33

• Clinical Implications for Personalization of Therapy – The clinical effects of 

orexin receptor antagonists have been evaluated primarily in patients with 

primary insomnia.31,32 Although one study included patients with medical and 

psychiatric conditions co-occurring with insomnia, the sizes of the groups of 

subjects with these conditions was insufficient to allow subgroup analyses.32 As 

a result, relatively little is known about the effects of orexin antagonists on the 

various presentations of insomnia patients encountered in clinical practice. 

However, we can infer that insomnia subgroups likely to improve with treatment 

with orexin receptor antagonists on the basis of information regarding the 

anatomy and physiology of the orexin system. As discussed above, consideration 

of the outputs of the orexin neurons indicates a primary effect of promoting 

arousal but also modulation of motivation, reward function, feeding behavior, 

locomotion, and sympathetic nervous system tone.35 Consideration of the inputs 

to orexin neurons can provide insight about what triggers orexin neurons to 

increase the arousal level and modulate motivation, reward, and other functions. 

A key input to the orexin neurons comes from the circadian clock, the 

suprachiasmatic nucleus of the hypothalamus.35 (See Chapter 3). The input from 

the clock is responsible for what is believed to be among the most important 

functions of orexin neurons, which is to maintain arousal during the biological 

day so as to allow long, consolidated periods of wakefulness.35 Orexin-mediated 

arousal increases over the course of the day to counteract the increasing 

homeostatic sleep drive which would otherwise lead to periodic sleep episodes, 

as is seen in patients with narcolepsy who lack orexin neurons.33–35 On this 

basis, orexin antagonists would seem to be particularly well-suited for 

individuals attempting to sleep at an adverse circadian time (e.g. shift workers, 

jet lag, etc), where wakefulness is being maintained at least to a degree by clock-

driven orexin-mediated arousal.34 Individuals who seem to get a “second wind” 

in the late evening and cannot shut down and sleep would also be prime 

candidates for a selective orexin receptor antagonist.34 Other key inputs to orexin 

neurons include the lateral septum, amygdala, periaqueductal gray, and 

parabrachial nucleus.35 These inputs to orexin neurons are believed to mediate 

stress/anxiety associated anxiety increases in arousal.35 On this basis it would be 

reasonable to consider the use of orexin antagonists in those patients 

experiencing difficulty sleeping in the setting of stress and/or anxiety.34 Inputs 

from the nucleus accumbens and the ventral tegmental area are believed to 

trigger arousal in the context of loss of rewarding stimuli via orexin neurons.35 

As such, it would be reasonable to consider using orexin receptor antagonists in 

individuals with disturbed sleep in the context of recently discontinuing 

substances of abuse or who are driven by low reward states to pursue goal-

directed behavior and have difficulty sleeping in that context.34 Given our limited 

experience with orexin receptor antagonists, future research studies will be 

needed to test the proposed hypotheses that orexin receptor antagonists are 

particularly well-suited for use in these insomnia subgroups. However, this very 
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specific intervention illustrates the potential for achieving an improved risk/

benefit ratio by using a medication that targets insomnia occurring in specific 

contexts with a therapy that has specific effects on the key neural system 

underlying the symptoms.

C. Selective α1 Adrenergic Antagonists

• Distinguishing Characteristics – This group of agents is distinguished by having 

as their predominant pharmacologic effect antagonism of α1 adrenergic 

receptors.

• Agents Used to Treat Insomnia – The only selective α1 adrenergic receptors that 

has been used to any significant degree in the treatment of insomnia is prazosin. 

This agent is approved by the FDA for treatment of hypertension but is used “off-

label” for the treatment of insomnia in dosages from 1–12 mg.30,36–40

• Mechanism of Action – Norepinephrine plays an important role in mediating 

arousal, particularly in the context of stress, anxiety, and novelty.41 Selective α1 

adrenergic antagonists enhance sleep by preventing the arousal that occurs when 

norepinephrine binds to α1 adrenergic receptors.

• Pharmacologic Specificity – Prazosin has high pharmacologic specificity for α1 

adrenergic receptors.41

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) - Prazosin also has clinical effects which are highly specific. The 

effects are limited to modifying sleep and blood pressure. In terms of effects on 

sleep, there have been no trials evaluating the treatment of primary insomnia 

patients with prazosin. However, four placebo-controlled trials have provided 

data indicating that prazosin has significant effects on nightmares and sleep 

maintenance in patients with post-traumatic stress disorder (PTSD).36–40 (See 

Chapter 5). The studies also suggest that the only non-sleep adverse effects of 

significance with prazosin administration are orthostatic hypotension and 

dizziness.36–40

• Clinical Implications for Personalization of Therapy – The available data on the 

risks and benefits of using prazosin as a treatment for patients with sleep 

disturbance suggest that prazosin should be the treatment of choice for treating 

nightmares and problems with sleep maintenance in patients with PTSD.36–40 

Using this highly specific intervention in PTSD patients promises an improved 

risk/benefit ratio over less selective options. Whether prazosin has therapeutic 

effects on insomnia occurring in other settings remains unknown, as no studies of 

its use for treating insomnia in other settings have been carried out. However, 

potentially relevant to the clinical use of prazosin is evidence that many patients 

with insomnia have elevated serum levels of norepinephrine.43,44 Although 

peripheral elevation of norepinephrine may occur independent of elevation in 

central nervous system norepinephrine, it seems of interest to investigate whether 

individuals with elevated serum norepinephrine might represent an increased 
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norepinephrine insomnia subtype and might respond preferentially to treatment 

with a selective adrenergic antagonist like prazosin.

D. Selective Melatonin Receptor Agonists

• Distinguishing Characteristics - This group of medications is distinguished by 

having as their predominant pharmacologic effect agonism of melatonin 

receptors.

• Agents Used to Treat Insomnia – The hormone melatonin is available “over the 

counter” and ramelteon, a substantially more potent agonist at melatonin MT1 

and M2 receptors is approved by the U.S. FDA for treatment of sleep onset 

difficulties.2

• Mechanism of Action – These agents promote sleep onset by binding to neuronal 

membrane-bound MT1 type melatonin receptors.

• Pharmacologic Specificity – Melatonin has effects at all three types of melatonin 

receptors.45 Ramelteon has high specificity for MT1 and MT2 receptors.45

• Specificity of Effects on Brain Functions (Effects on Systems Other Than Sleep/

Wake Systems) – Both melatonin and ramelteon also have very specific effects 

on brain function that is primarily limited to modulation of sleep, as evidenced 

by the results of clinical trials with these agents. Both agents have been found to 

have therapeutic effects only on sleep onset difficulties.2,46,47 Adverse effects 

have been relatively limited and both are without abuse potential. Studies of 

melatonin are somewhat difficult to interpret because they have involved a 

variety of dosages, preparations, and timing of dosing.46,47 These studies 

indicate that melatonin has a greater effect on patients with delayed sleep phase 

syndrome than on patients with insomnia, though meta-analyses suggest that 

melatonin has some therapeutic effect on sleep onset in insomnia patients.46,47 

Available evidence suggests that ramelteon is safe for use in patients with sleep 

apnea and chronic obstructive pulmonary disease (COPD).48,49

• Clinical Implications for Personalization of Therapy – Given the relatively 

favorable side-effect profile of these agents and the fact that they have clinical 

effects only on sleep onset, they should be considered for treating individuals 

with sleep onset difficulty in the absence of sleep maintenance problems or when 

sleep onset problems are the predominant type of sleep difficulty. It should be 

noted that patients who have been previously treated with benzodiazepines and 

non-benzodiazepines may be less satisfied with the effects of these agents. 

Melatonin is the treatment of choice for patients with sleep onset problems in the 

setting of delayed sleep phase syndrome.46,47 Melatonin has also been found to 

have therapeutic effects on sleep difficulties in patients with autism and other 

neurodevelopmental disorders and should be considered for use in these 

populations.50–51

Krystal Page 14

Psychiatr Clin North Am. Author manuscript; available in PMC 2018 May 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



V. CONCLUSIONS

Recent developments in research on insomnia treatments and the emergence of treatments 

with high pharmacologic specificity allow an unprecedented degree of personalization of 

insomnia therapy. By tailoring the mechanism and characteristics of the chosen insomnia 

therapy to the specific nature of each patient’s insomnia, the clinician can achieve an 

improved risk/benefit ratio over providing treatment according to the traditional model of 

insomnia therapy, where little to no tailoring of therapy to the specifics of patients occurs. In 

order to facilitate having practitioners provide this type of improved care, this article has 

reviewed the available insomnia medications, pointing out where data support targeting 

treatment to particular subtypes of insomnia patients, with a focus on patients with 

psychiatric disorders. However, it must be understood that this is a work in progress. We 

have only limited evidence to guide how to best match specific treatment options to specific 

patient subgroups. Nevertheless, once “pie-in-the-sky”, this approach already allows 

improving the risk/benefit ratio for many patients with insomnia. The emergence of new data 

and new agents will bring an expanding capacity to personalize insomnia therapy and better 

allow us to improve the lives of the many patients suffering from insomnia.
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Key Points

• There are a number of insomnia medications with high specificity of effects, 

many of which have recently become available.

• Such agents pave the way for a new paradigm for insomnia therapy where 

specific interventions are selected to target a specific type of sleep difficulty 

for each patient.

• This approach promises an improved risk/benefit ratio over the traditional 

“one-size fits all” approach to insomnia therapy.

This article reviews insomnia medications, focusing on how they define the new 

paradigm of personalization and discusses the implications for optimizing the treatment 

of insomnia occurring co-morbid with psychiatric conditions.
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Table 1

Specificity of Insomnia Therapies

Treatment Pharmacologic
Specificity

Specificity of Effect on
Brain Function

Target

Suvorexant Highly Specific Highly Specific Antagonism of Orexin receptors

Doxepin 3–6 mg Highly Specific Highly Specific Antagonism of H1 Histamine receptors

Prazosin Highly Specific Highly Specific Antagonism of α1 Adrenergic receptors

Ramelteon Highly Specific Highly Specific Agonism of Melatonin M1/M2 receptors

Benzodiazepines Highly Specific Non-Specific Binding to Benzo binding site on GABA-A Receptor Complex leads 
to broad CNS inhibition

Non-Benzodiazepines Highly Specific Non-Specific Binding to Benzo binding site on GABA-A Receptor Complex leads 
to broad CNS inhibition

Antidepressants Non-Specific Non-Specific Antagonism of 5HT and NE Transporters, 5HT2, α1, Adrenergic, H1 
Histaminergic, and Muscarinic Cholinergic antagonism

Antipsychotics Non-Specific Non-Specific Dopamine D2, Dopamine D1, 5HT2, α1, Adrenergic, H1 
Histaminergic, and Muscarinic Cholinergic antagonism

OTC “Antihistamines” Non-Specific Non-Specific Antagonism of H1 Histamine receptors and Cholinergic Receptors
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Table 2

Personalizing Insomnia Therapies for Patients with Psychiatric Disorders

Condition Associated with Insomnia Most-Specific Agents
Suited for Use

Non-Specific Agents Best-
Suited for Use

Generalized Anxiety Disorder Suvorexant (theoretical basis) Eszopiclone

Post-Traumatic Stress Disorder Prazosin

Major Depression Eszopiclone

Substance Dependence/Discontinuation Suvorexant (theoretical basis)

Psychosis Antipsychotic

Any Condition Associated Only with Early Morning Awakening or Early 
Morning Awaking and Sleep Maintenance Difficulty

Doxepin 3–6 mg

Any Condition Associated Only with Problems Falling Asleep Ramelteon/Melatonin Zolpidem/Zaleplon

Any Condition Associated with Problems Falling Asleep and Staying Asleep Suvorexant Eszopiclone, Zolpidem 
Extended Release

Delayed Sleep Phase Syndrome Melatonin

Autism and Other Neurodevelopmental Disorders Melatonin
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