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for Differentiating Among Compounds
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Hypnotic drugs, including benzodiazepine receptor ligands, barbiturates, antihistamines, and mel-
atonin receptor ligands, are useful in treating insomnia, but clinicians should consider the relative
abuse liability of these drugs when prescribing them. Two types of problematic hypnotic self-
administration are distinguished. First, recreational abuse occurs when medications are used purpose-
fully for the subjective “high.” This type of abuse usually occurs in polydrug abusers, who are most
often young and male. Second, chronic quasi-therapeutic abuse is a problematic use of hypnotic drugs
in which patients continue long-term use despite medical recommendations to the contrary. Relative
abuse liability is defined as an interaction between the relative reinforcing effects (i.e., the capacity to
maintain drug self-administration behavior, thereby increasing the likelihood of nonmedical problem-
atic use) and the relative toxicity (i.e., adverse effects having the capacity to harm the individual
and/or society). An algorithm is provided that differentiates relative likelihood of abuse and relative
toxicity of 19 hypnotic compounds: pentobarbital, methaqualone, diazepam, flunitrazepam, loraze-
pam, GHB (y-hydroxybutyrate, also known as sodium oxybate), temazepam, zaleplon, eszopiclone,
triazolam, zopiclone, flurazepam, zolpidem, oxazepam, estazolam, diphenhydramine, quazepam, tra-
zodone, and ramelteon. Factors in the analysis include preclinical and clinical assessment of reinforc-
ing effects, preclinical and clinical assessment of withdrawal, actual abuse, acute sedation/memory
impairment, and overdose lethality. The analysis shows that both the likelihood of abuse and the tox-
icity vary from high to none across these compounds. The primary clinical implication of the range of
differences in abuse liability is that concern about recreational abuse, inappropriate long-term use, or
adverse effects should not deter physicians from prescribing hypnotics when clinically indicated.

Insomnia is a common medical condition that is associ-
ated with significant morbidity and public health bur-
den.! Although hypnotic medications have proven quite
useful in the treatment of insomnia, the issues of abuse
(i.e., nonmedical use) and toxicity (e.g., withdrawal, falls,
motor/cognitive impairment, and lethality in overdose)
have been of concern to prescribing physicians as well as
to patients. This article describes 2 types of problematic
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self-administration of hypnotic drugs and a conceptual
framework for understanding relative abuse liability. An
analysis is then provided that differentiates the relative
likelihood of abuse and relative toxicity of 19 hypnotic
compounds. A final section discusses the clinical implica-
tions of differences in abuse liability.

TWO TYPES OF PROBLEMATIC
SELF-ADMINISTRATION OF HYPNOTICS

Table 1% outlines and contrasts the distinguishing fea-
tures of 2 types of problematic self-administration of hyp-
notics: recreational abuse and quasi-therapeutic abuse. Al-
though the term “abuse” is most commonly applied to the
former, it is important to recognize that both represent in-
appropriate (i.e., outside of accepted medical practice)
drug self-administration significantly determined by the
common mechanism of drug reinforcement. Thus in the
current article, the term abuse is defined as nonmedical
use, which is different from the definition of substance
abuse provided by the American Psychiatric Association
for diagnostic purposes.*
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Table 1. Characteristics of 2 Types of Problematic Self-Administration of Hypnotic Drugs®

Characteristic Recreational Abuse Chronic Quasi-Therapeutic Abuse
Description Intermittent or chronic use of high doses, Long-term use by patients that is inconsistent
often in a pattern of polydrug abuse with accepted medical practice
Example Large doses of diazepam or flunitrazepam Nightly use of triazolam as hypnotic for years despite physician’s
used in combination with opioids or alcohol recommendation to the patient that the medication be stopped
Population Polydrug abusers; often young and male Patients with and without histories of alcohol or drug abuse,

Motive for use To get “high” (alcohol-like intoxication)

Route of Usually oral, but sometimes intranasal or intravenous
administration
Dose level Higher than usual therapeutic doses

Pattern of use Intermittent or chronic, but most often intermittent

Source of drug Often illicit

Incidence Relatively rare compared to the rate of prescription,
but similar to abuse of other illicit substances
such as opioids or cocaine

Problems Involvement in illicit drug culture with associated legal

and health risks; overdose; memory impairment;
risk of accidents; withdrawal syndrome

with the former being over-represented; elderly and chronic pain
patients are also over-represented

Patients often report that a motive for use is to treat insomnia;
patients may report unsuccessful efforts to cut down use and
use to relieve or avoid withdrawal

Oral

Therapeutic doses

Chronic

Often licit, however may involve deception of prescriber to
obtain drug (eg, multiple physicians)

Relatively prevalent compared to the rate of prescription

Memory impairment; risk of accidents; falls and hip fractures in
elderly; withdrawal syndrome

aAdapted with permission from Griffiths and Weerts.”

Recreational Abuse

Recreational abuse of hypnotics is nonmedical use for
purposes of becoming intoxicated or “high.”? An example
of this type of abuse would be the use of a large dose
of pentobarbital, flunitrazepam, or diazepam, perhaps in
combination with opioids or alcohol. Recreational abusers
are typically young males between 18 and 25 years old
who usually obtain their hypnotics illicitly. Popular abused
hypnotics are readily available for illicit purchase “on the
street.” The problems associated with recreational abuse
include involvement in the illicit drug culture (with the at-
tendant legal and health risks), overdose, memory impair-
ment, risk of accidents, and a withdrawal syndrome.

Recreational abuse of sedatives, particularly the benzo-
diazepines diazepam and flunitrazepam, has been a par-
ticular problem in selected populations such as methadone
maintenance patients and intravenous drug abusers.’*’
Furthermore, there have been localized outbreaks of sig-
nificant abuse of specific hypnotics such as GHB (y-
hydroxybutyrate, also known as sodium oxybate)®’ and
flunitrazepam (see reference 8) in recent years. On a popu-
lation basis, the incidence of recreational abuse of seda-
tives/hypnotics and related drugs is relatively rare, but it is
similar to the incidence of abuse of other illicit substances.
For example, in a 2004 survey of high school seniors in the
United States, 10% and 11% of students reported illicit use
of sedatives (barbiturates) and tranquilizers, respectively.’
For comparison, this rate of abuse is somewhat higher than
that reported for either MDMA (3,4-methylenedioxymeth-
amphetamine [ecstasy]) or cocaine in the same survey. The
2003 National Survey on Drug Use and Health'* found that
4.4% and 9.1% of individuals 18 years or older in the
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United States reported lifetime illicit use of sedatives and
tranquilizers, respectively. This same survey showed 19%
of past year sedative users fulfilled diagnostic criteria for
dependence (i.e., addiction) or abuse, which is a rate
higher than that for marijuana, stimulants, pain relievers,
alcohol, tranquilizers, hallucinogens, or inhalants.

Chronic Quasi-Therapeutic Abuse

Table 1 also outlines a second type of problematic self-
administration of hypnotics (i.e., chronic quasi-therapeutic
abuse) that is characterized by long-term drug-taking by
patients for a duration that is inconsistent with accepted
medical practice.” An example would be nightly use of tri-
azolam for years as a hypnotic despite the physician’s rec-
ommendation that medication be stopped. Although pa-
tients may insist that the drug is continuing to function as
an excellent hypnotic, it is important to recognize that they
are unlikely to be able to distinguish between the reemer-
gence of their original symptoms versus the emergence
of phenomenologically similar withdrawal symptoms (i.e.,
rebound insomnia). This type of problematic use occurs in
patients with and without histories of alcohol or drug
abuse, but it is more likely in substance abusers. The el-
derly and patients being treated for pain also have elevated
rates of chronic quasi-therapeutic abuse. This form of
problematic use is associated with memory impairment; an
increased risk of accidents, falls, and hip fractures in the
elderly; and a withdrawal syndrome.

In contrast to recreational abuse, chronic quasi-
therapeutic abuse is relatively prevalent in the general
population. A 1990 survey in the United States' **’* found
that 14% of past-year hypnotic users had taken the medica-
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tion daily for more than 12 months. Notably, surveys dur-
ing the 1990s'? from France, Germany, Italy, and United
Kingdom showed that 72% of current hypnotic users had
been taking their medications for more than 12 months.
Long-term users of hypnotics also account for most of the
hypnotics consumed.’

Until recently, the U.S. Food and Drug Administration
(FDA) required labeling of prescription hypnotics to indi-
cate that hypnotics be used only on a short-term basis (e.g.,
7 to 10 days). Recent studies''* suggest that some hypnot-
ics may have long-term efficacy, but more research exam-
ining the risks and benefits of long-term use is needed."'*'°

DETERMINANTS OF RELATIVE ABUSE LIABILITY

Abuse liability refers to the likelihood that a drug with
central nervous system effects will sustain patterns of non-
medical self-administration that result in disruptive or un-
desirable consequences.'’” It is important to recognize that
the commonly used concept of relative abuse liability'® re-
fers to both the liability for abuse (i.e., the likelihood that a
drug will be abused) and the liability of abuse (i.e., the un-
toward or toxic effects of using the drug nonmedically).

These 2 senses of the term abuse liability correspond
to 2 major characteristics of drugs of abuse. First, all
drugs of abuse have reinforcing effects. That is, they
have the capacity to maintain drug self-administration
behavior, thereby increasing the likelihood of nonmedical
problematic use. Second, in addition to maintaining self-
administration, drugs of abuse produce adverse or toxic ef-
fects and thus they have the capacity to harm the individual
and/or society.

Both the likelihood of abuse and the toxicity are inex-
tricably intertwined in the lay understanding of relative
abuse liability as well as embedded within the guidelines
by which regulatory agencies such as the FDA, the Drug
Enforcement Administration, and the World Health Orga-
nization formulate decisions about relative abuse potential
and scheduling of drugs. The relative abuse liability of a
compound is an interactive function of the degree of rein-
forcing effects and adverse effects.

Reinforcing Effects

Reinforcing effects are the primary determinant of
abuse liability because they are a major determinant of
whether a drug will be used in some socially unapproved
fashion (i.e., abused). A nontherapeutic drug devoid of re-
inforcing effects but producing significant adverse effects
should be considered to be a poison, not a drug of abuse
(e.g., cyanide).

For hypnotic drugs, the reinforcing effects or likelihood
of abuse can be assessed both in laboratory animals and in
humans using drug self-administration procedures. Pre-
clinical drug self-administration models'® have been
widely investigated and are well validated. These models
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provide replicable data about whether or not a drug can
function as a reinforcer. In general, there is a good corre-
spondence between those drugs self-administered by labo-
ratory animals and those that are self-administered and
abused by humans.>'*%

Although human drug self-administration and choice
methods have been used to differentiate among hypnotics,
this time-consuming approach may be impractical for com-
paring drugs over a range of doses. A more efficient and
common approach is to thoroughly characterize under
double-blind conditions the subjective effects profile of
single administrations of a drug in subjects with histories
of sedative drug abuse.?! Typically, a known drug of abuse
and a novel compound are compared over a range of doses.
Subjective effect measures that are used to infer the degree
of behavioral reinforcement include ratings of liking/
disliking, good/bad effects, disposition to take the drug
again, amount of money that the subject would be willing
to pay for the drug, and estimated monetary value that the
drug would be worth on the street.”'

A less rigorous but nonetheless useful indirect source of
information about reinforcing effects is retrospective sur-
vey studies of polydrug abusers. Drawing on their past ex-
perience with the drugs, subjects are typically asked to rate
subjective liking, “high,” street value, and disposition to
take again.?*%*

Adverse or Toxic Effects

Adverse effects are of secondary importance in deter-
mining abuse liability. Common adverse effects associated
with many hypnotics include a withdrawal syndrome,
overdose toxicity, psychomotor impairment and risk of
falls, memory and cognitive impairment, and interactions
with alcohol. For hypnotics, a withdrawal syndrome after
termination of chronic dosing is often considered an impor-
tant secondary determinant of abuse liability because, in
addition to the discomfort and health risks of withdrawal,
some withdrawal symptoms (e.g., insomnia, anxiety) can
potentiate the reinforcing effects. For example, chronic
self-administration of a hypnotic may be maintained be-
cause the individual experiences significant rebound in-
somnia if he/she does not take the drug. Symptoms of with-
drawal following therapeutic doses of benzodiazepines
and other hypnotics include anxiety, insomnia, irritability,
tremor, muscle twitching, headache, gastrointestinal distur-
bance (anorexia and nausea), depersonalization, perceptual
changes (paresthesias and hypersensitivity to light and
noise), and, in rare cases, psychosis or seizure.” %

COMPARATIVE LIKELIHOOD OF ABUSE
AND TOXICITY AMONG HYPNOTICS

Table 2 (appears at the end of this article) summarizes
information on pharmacology, relative likelihood of abuse,
and relative toxicity for 19 hypnotic compounds, most of
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which are available in the United States. The first 3 col-
umns provide basic pharmacologic information about mo-
lecular site of action, half-life, and peak time. Columns
4-10 provide relative ratings of several dimensions pro-
posed as definitional of likelihood of abuse and toxicity
for hypnotics. The footnotes and references in the table
provide the rationale and algorithm for calculating the
relative ratings of the dimensions and an explanation of
derived scores. It is beyond the scope of this article to pro-
vide detailed explanations for ratings in each table cell;
however, the cited references provide key citations to rel-
evant literature.

Likelihood of Abuse

Columns 4-6 provide information relevant to estimat-
ing the likelihood of abuse. Specifically, column 4 (animal
drug self-administration) rates the degree to which a com-
pound functions as a reinforcer in drug self-administration
studies conducted in nonhuman primates (cf. preceding
section: Reinforcing Effects).

Column 5 (human liking/reinforcement) summarizes
results from 2 types of human studies that reflect drug
reinforcement and/or subjective drug liking: (1) prospec-
tive double-blind studies conducted in subjects with histo-
ries of drug abuse and assessing drug self-administration,
drug choice, or ratings of liking/disliking or positive/
negative subjective effects?’ and (2) retrospective ques-
tionnaire studies of drug abusers and drug abuse clinicians
who rate relative liking or preference for hypnotics based
on abusers’ past histories of exposure to these compounds.

Column 6 (actual abuse) provides an estimate of the
relative rate of nonmedical use and recreational abuse of
the individual hypnotics based on epidemiologic survey
data and on case reports of abuse in the medical literature.

The second to last column in Table 2 provides an over-
all likelihood of abuse score for each of the hypnotic drugs
based on the information in column 4 (animal drug self-
administration), column 5 (human liking/reinforcement),
and column 6 (actual abuse). For each drug in each of the
3 columns, the percentage of the maximum score (+4) was
calculated. The overall mean likelihood of abuse score
is the mean percentage across the 3 columns (see table
footnote).

Based on this analysis, Figure 1 shows that the relative
likelihood of abuse scores of the 19 hypnotic compounds
range from 100 for pentobarbital to O for trazodone and
ramelteon. Interestingly, despite sharing a common mo-
lecular site of action, the 9 benzodiazepine compounds
(diazepam, flunitrazepam, lorazepam, temazepam, triazo-
lam, flurazepam, oxazepam, estazolam, quazepam) and
the 4 nonbenzodiazepine compounds (zaleplon, eszopi-
clone, zopiclone, zolpidem) with activity at the benzo-
diazepine receptor binding site show a wide range of
abuse liability scores, ranging from highs of 67 for diaze-
pam and flunitrazepam to 13 for quazepam.
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Figure 1. Relative Abuse Liability of 19 Hypnotic Drugs®
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“As discussed in text, relative abuse liability comprises an assessment
of both the likelihood of abuse (dark bars) and the toxicity (light
bars). Scores show the mean percentage of maximum possible score
(see text and Table 2 footnotes for details).

Abbreviation: GHB = y-hydroxybutyrate (also known as sodium
oxybate).

Also of interest is that the 3 compounds with actions
not mediated through a GABA (y-aminobutyric acid) re-
ceptor site are associated with a low likelihood of abuse
(diphenhydramine, trazodone, and ramelteon). All 3 of
these compounds produce an atypical profile of subjective
effects, with diphenhydramine and trazodone producing
greater adverse side effects than the classic hypnotics®*
and ramelteon producing no detectable subjective effects
at up to 20 times the recommended therapeutic dose.”'

Other Toxic Consequences of Use

Columns 7-10 of Table 2 provide information for esti-
mating the degree of drug-associated toxicity in addition
to the self-administration itself. Specifically, columns 7
and 8 provide an estimate of the relative withdrawal sever-
ity after termination of chronic supratherapeutic doses.
Column 9 indicates the relative degree of behavioral or
cognitive impairment after acute administration of supra-
therapeutic doses, and column 10 indicates the relative
likelihood of death after overdose.
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Figure 1 and the last column in Table 2 provide an over-
all toxicity score for each of the hypnotic compounds
based on the information from columns 7—10. Calculation
of this overall toxicity score is analogous to that for the
likelihood of abuse score. The relative toxicity scores
range from 94% for pentobarbital to 0% for ramelteon.
Pentobarbital, methaqualone, and GHB (also known as so-
dium oxybate) are notable because supratherapeutic doses
are more likely to be lethal with these drugs than with
any of the other hypnotics. Most of the other hypnotics
produce intermediate toxicity. Ramelteon is the notable
exception in that it produced no detectable motor or cog-
nitive impairment at up to 20 times the recommended
therapeutic dose.”'

CLINICAL IMPLICATIONS OF DIFFERENCES
IN ABUSE LIABILITY AMONG HYPNOTICS

Concern about possible recreational abuse, inappropri-
ate chronic use, and withdrawal are major deterrents to
physicians prescribing hypnotics and to patients. Because
the risk of abuse or problematic use of hypnotic drugs
is significantly elevated among patients with histories
of drug or alcohol abuse or dependence,’ physicians are
strongly discouraged from prescribing hypnotics to these
patients. This caution is repeated throughout the pharma-
cologic and medical scholarly literature.**** For example,
the Physicians’ Desk Reference entry for zolpidem recom-
mends that, “Because persons with a history of addiction
to, or abuse of, drugs or alcohol are at increased risk
of habituation and dependence, they should be under care-
ful surveillance when receiving zolpidem or any other
hypnotic”*®%? (italics added). Jindal and colleagues®
“recommend[ed] that benzodiazepine receptor agonists be
used very cautiously, if at all, in patients with any history
of substance abuse.” The advice to deny hypnotic treat-
ment to patients with histories of substance abuse is im-
practical given that patients may be unwilling to disclose
such information and the large number of people in the
population who have such histories. For example, the
2003 National Survey on Drug Use and Health®” found
that, among individuals 12 years or older in the United
States, 46% had lifetime use of illicit drugs and 9% ful-
filled a diagnosis of abuse of or dependence on illicit
drugs or alcohol within the past year. In addition to a his-
tory of substance abuse or dependence, groups at risk for
the development of problematic hypnotic use include the
elderly and patients with chronic pain.’

Given the large portion of the general population at risk
for development of problematic hypnotic use, it is under-
standable that physicians are hesitant to readily prescribe
such compounds. However, insomnia is a prevalent condi-
tion associated with significant morbidity.' The primary
implication of the wide differences in abuse liability
among hypnotic drugs (as illustrated in Figure 1) is that
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concern about recreational abuse, the development of in-
appropriate long-term use, or adverse effects should not
deter physicians from prescribing hypnotics when clini-
cally indicated.

After clinical evaluation and a thorough medical his-
tory, physicians may choose from a range of compounds
that differ in their potential for problematic use and toxic-
ity. Choice among specific compounds not only should
depend on the clinician’s assessment of the vulnerability
of the patient for nonmedical use, but also should take into
account other drug characteristics that may be important
for optimal treatment of the individual patient (e.g., speed
of onset, duration of action, likelihood of next-day carry-
over effects).

Available hypnotics range from compounds with virtu-
ally no likelihood of abuse (e.g., ramelteon, trazodone) to
those with varying degrees of both likelihood of abuse and
other toxicity. If a compound is selected that has some
likelihood of abuse and if the clinician is concerned about
the vulnerability of the particular patient to problematic
use, then limited amounts of hypnotic medication should
be dispensed to reduce the possibility of dose escalation or
diversion into the illicit market. Such prescriptions should
be restricted to the lowest effective dose for a limited dura-
tion. Intermittent use of hypnotics may also be an option®®
to help limit the amount of hypnotic prescribed.

Drug names: diazepam (Valium and others), diphenhydramine
(Benadryl and others), estazolam (ProSom), eszopiclone

(Lunesta), flurazepam (Dalmane and others), lorazepam (Ativan
and others), pentobarbital (Nembutal), quazepam (Doral), ramelteon
(Rozerem), temazepam (Restoril and others), trazodone (Desyrel
and others), triazolam (Halcion), zaleplon (Sonata), and zolpidem
(Ambien).

Disclosure of off-label usage: The authors have determined that sub-
stantial information is provided in this article about the abuse of drugs,
which is outside U.S. Food and Drug Administration—approved label-
ing, and trazodone is not approved for the treatment of sleep disorders.
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