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Abstract

Although marijuana is the most commonly used illicit drug in the United States, it is not established whether withdrawal from chronic use results in a clinically significant abstinence syndrome. The present study was conducted to characterize symptoms associated with marijuana withdrawal following chronic use during a supervised 28-day abstinence period. Three groups of participants were studied: (a) current chronic marijuana users, (b) former chronic marijuana users who had not used marijuana for at least 6 months prior to the study, and (c) marijuana nonusers. Current users experienced significant increases in anxiety, irritability, physical tension, and physical symptoms and decreases in mood and appetite during marijuana withdrawal. These symptoms were most pronounced during the initial 10 days of abstinence, but some were present for the entire 28-day withdrawal period. These findings support the notion of a marijuana withdrawal syndrome in humans.
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Abstinence Symptoms During Withdrawal From Chronic
Marijuana Use

Elena M. Kouri and Harrison G. Pope, Jr.
MeLan Hospitl. Harvard Medical School
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Although marfjuana is the most commonly used ilict
drug in the United States (Johnston, 1999), iLis not estab-
lished whether withdrawsl from chronic marjuana use re-
sully n & elinically sigoificant abstinence syndrome i bu-
mans. This question s importan, given cstimates that 145
of adolescent &nd 7% of adull marijusna smokers et
Diagnostic and Statitical Manal of Mental Disorders
crieria for marfjuana dependence (Anthony, Wamer. &
Kessler, 1994; Bucncy et al, 1997). In additon, individuals
sockin treatnent Jor marijuana dependence display signit-
eant levels of psychiatric distress. report numerous unsuc-
cessful aticmpts 10 quit, and perceive (hemselves s unable.
o stop their marijuan use (Budney, Radonovich, Higgins,
& Wong, 199%; Stephens, Roffman, & Simpson. 1993,
1994)

The existence of a marjuana withdrawal syndrome is
supporied by data from u number of preclmeal Mudics.
Repeated exposure 1o Aletrahydrocanuabinol (A°THC, the
primary psychoactive constimient of marijuana) results in
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hon the drug is discontinued in animal models (Beardsley,
Balster, & Hanis, 1986: Denean & Kaymakealan, 1971%
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bl s and mice (Aceto, Scates, Lovie, & Marlin, 1995,
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dovelopmeat of cumabinoid dependence (Rodriguez de
Fonseca ct al.. 1997).
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Elena M. Kouri and Harrison G. Pope, Jr.
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Although marijuana is the most commonly used illicit drag in the United States, it is not
established whether withdrawal from chronic use results in a clinically significant abstinence
syndrome. The present study was conducted to characterize symptoms associated with
marijuana withdrawal following chronic use during a supervised 28-day abstinence period.
Three groups of participants were studied: (a) current chronic marijuana users, (b) former
chronic marijuana users who had not used marijuana for at least 6 months prior to the study,
and (c) marijuana nonusers. Current users experienced significant increases in anxiety,
irritability, physical tension, and physical symptoms and decreases in mood and appetite
during marijuana withdrawal. These symptoms were most pronounced during the initial 10
days of abstinence, but some were present for the entire 28-day withdrawal period. These
findings support the notion of a marijuana withdrawal syndrome in humans.
Although marijuana is the most commonly used illicit
drug in the United States (Johnston, 1999), it is not estab-
lished whether withdrawal from chronic marijuana use re-
sults in a clinically significant abstinence syndrome in hu-
mans. This question is important, given estimates that 14%
of adolescent and 7% of adult marijuana smokers meet
Diagnostic and Statistical Manual of Mental Disorders
criteria for marijuana dependence (Anthony, Warner, &
Kessler, 1994; Budney et al., 1997). In addition, individuals
seeking treatment for marijuana dependence display signif-
icant levels of psychiatric distress, report numerous unsuc-
cessful attempts to quit, and perceive themselves as unable
to stop their marijuana use (Budney, Radonovich, Higgins,
& Wong, 1998; Stephens, Rofftnan, & Simpson, 1993,
1994).
The existence of a marijuana withdrawal syndrome is
supported by data from a number of preclinical studies.
Repeated exposure to A9-tetrahydrocannabinol (A9THC, the
primary psychoactive constituent of marijuana) results in
physical dependence, as evidenced by abrupt withdrawal
when the drug is discontinued in animal models (Beardsley,
Balster, & Harris, 1986; Deneau & Kaymakcalan, 1971;
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Laboratory, McLean Hospital, Harvard Medical School; Harrison
G. Pope, Jr., Biological Psychiatry Laboratory, McLean Hospital,
Harvard Medical School.
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Fredericks & Benowitz, 1980; Holson, Ali, Scallet, Slikker,
& Paule, 1989; Kaymakcalan, 1973; Taylor & Fennessy,
1982; Verberne, Taylor, & Fennessy, 1981). In addition,
administration of the cannabinoid receptor antagonist
SR141716A results in a distinct abstinence syndrome in
both rats and mice (Aceto, Scales, Lowe, & Martin, 1995,
1996; Cook, Lowe, & Martin, 1998; Rinaldi-Carmona et al.,
1994; Rodriguez de Fonseca, Carrera, Navarro, Koob, &
Weiss, 1997; Tsou, Patrick, & Walker, 1995). This antag-
onist-precipitated withdrawal may reflect the development
of underlying neuroadaptive processes that contribute to the
development of cannabinoid dependence (Rodriguez de
Fonseca et al., 1997).
Further support for the notion of cannabinoid dependence
is provided by provocative new data from animal studies
demonstrating that exposure to cannabinoids results in neu-
roadaptive processes similar to those observed in response
to other abused drugs. Specifically, A^HC has been found
to activate mesolimbic dopamine transmission by the same
mechanism as does the highly addictive drug heroin (Tanda,
Pontieri, & Di Chiara, 1997), and withdrawal from chronic
administration of A9THC has been shown to cause reduc-
tions in limbic dopaminergic transmissions, similar to those
observed with other addictive drugs (Diana, Melis, Mun-
toni, & Gessa, 1998). Moreover, withdrawal from the syn-
thetic cannabinoid HU-210 induces marked elevations in
extracellular corticotropin-releasing factor concentrations, a
phenomenon also associated with withdrawal from alcohol,
cocaine, and opiates (Rodriguez de Fonseca et al., 1997).
Empirical data from clinical studies also support the
notion of a marijuana withdrawal syndrome. The majority
of this evidence has appeared in the literature as anecdotal
reports or case series (Duffy & Milin, 1996; Rohr,
Skowlund, & Martin, 1989; Solowij, Grenyer, Chesher, &
Lewis, 1995) or as laboratory studies where marijuana or
A9THC was given to participants and then withdrawn
(Haney, Ward, Comer, Foltin, & Fischman, 1999a, 1999b;
Mendelson, Mello, Lex, & Bavli, 1984). Data from these
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published studies suggest that marijuana withdrawal follow-
ing regular use results in a syndrome characterized by
insomnia, restlessness, anorexia, irritability, and aggressive
behavior (Compton, Dewey, & Martin, 1990; Haney et al.,
1999a, 1999b; Jones & Benowitz, 1976; Jones, Benowitz, &
Bachman, 1976; Kouri, Pope, & Lukas, 1999; Mendelson et
al., 1984; Rohr et al., 1989; Tennant, 1986). The syndrome
appears to begin less than 24 hours after discontinuing
marijuana use, peaks in intensity on Days 2-4, and largely
disappears by Day 7 of withdrawal (Jones et al., 1976;
Mendelson, Kuehnle, Greenberg, & Mello, 1976; Wiesbeck
et al., 1996).
We recently demonstrated, consistent with the findings
detailed above, that marijuana abstinence following long-
term heavy use is associated with increases in incidents of
aggressive behavior (Kouri et al., 1999). Specifically,
chronic marijuana users responded significantly more ag-
gressively than did controls in a computer paradigm of
aggression on Days 3 and 7 of marijuana withdrawal. These
increases in aggressive responding returned to prewith-
drawal levels after 28 days of abstinence. Moreover, in a
recent report of individuals seeking treatment for marijuana
dependence, it was noted that 85% of participants reported
experiencing four or more behavioral and affective symp-
toms during marijuana abstinence, including irritability,
nervousness, cravings, depression, and anger (Budney,
Novy, & Hughes, 1999), further supporting the notion of a
marijuana withdrawal syndrome. However, in spite of the
numerous preclinical and clinical reports providing empir-
ical evidence of a cannabis withdrawal syndrome, the exis-
tence of this syndrome has not been established unequivo-
cally, and the Diagnostic and Statistical Manual of Mental
Disorders (4th ed.; DSM—IV; American Psychiatric Associ-
ation, 1994) still does not include cannabis withdrawal as a
diagnostic category.
The present study was conducted to further characterize
symptoms associated with marijuana withdrawal following
chronic use. To chronicle the symptoms, we asked partici-
pants withdrawing from the drug to fill out daily diaries.
Method
Participants
Men and women between the ages of 30 and 55 years were
recruited from the Boston area through newspaper advertisements.
Three groups of participants were included in the study:
1. Current marijuana users were denned as individuals who
reported a history of at least 5,000 separate episodes of marijuana
use in their lifetime (the equivalent to smoking marijuana once per
day for 13.7 years) and who were smoking marijuana at least once
daily at the time of recruitment. An episode was defined as an
occasion of smoking marijuana separated by at least 1 hr from
another episode.
2. Former marijuana users were defined as individuals reporting
a past history of at least 5,000 episodes of marijuana use but who
had not used marijuana for at least 6 months prior to the study.
3. Nonusers were defined as individuals who reported that they
had not smoked marijuana more than 50 times in their lifetime and
who had not smoked marijuana in the 6 months prior to the study.
The number of episodes of marijuana smoking was determined
in an interview during which the participant was asked to report
the number of times per week he or she smoked for every year
since he or she started smoking marijuana regularly. The age of 30
years was set as the minimum age for participatation in the study
to increase the probability that only participants with lengthy
histories of marijuana use would be included.
In addition, to be accepted in this study, participants could not
report a history of head injury with loss of consciousness, current
significant medical or neurological illness, current use of medica-
tions with psychotropic properties, or symptoms meeting DSM-IV
(American Psychiatric Association, 1994) criteria for a current
Axis 1 disorder. Participants were also excluded if they reported
that they had used substances from any other class of drugs,
including cocaine, stimulants, opioids, sedative-hypnotics, hallu-
cinogens, or inhalants, more than 100 times in their lifetime or had
consumed more than five alcoholic drinks per day continuously
for 1 month or more in their lifetime.
Study Design
After a telephone screening interview, participants meeting
study criteria were brought to the laboratory for a baseline evalu-
ation that included a physical exam with standard laboratory
chemistry and hematology screening tests, an assessment of psy-
chiatric and substance abuse history, and urine screening for drugs
of abuse and a full explanation of the experimental protocol.
Starting at this point (Study Day 0), participants accepted into the
study were required to abstain from marijuana and any other drug
of abuse for the next 28 days and were monitored by daily
observed urine samples. Participants were also instructed to limit
their alcohol consumption to a maximum of two alcoholic drinks
per day during the study. However, this restriction did not imply
that any of the participants' regular patterns of alcohol consump-
tion would be significantly reduced, because no participant in-
cluded in this study reported drinking more than seven drinks per
week. Participants were also instructed to consume their usual
amounts, of caffeine and tobacco, provided that caffeine consump-
tion did not exceed five cups of coffee per day. All participants
provided informed consent to participate in the study, which was
approved by the McLean Hospital Institutional Review Board.
Participants completing the 29-day trial without violating the study
protocol received monetary compensation for completing the
study.
Analysis of Urine Samples and Verification of
Abstinence
Urine samples were sent by air express to PharmChem Labora-
tories (Menlo Park, California), where they were screened by
immunoassay (EMIT) for the THC metabolite ll-nor-9-carboxy-
A9-tetrahydrocannabinol (THC-COOH), cocaine metabolites, ben-
zodiazcpincs, barbiturates, phcncyclidine, opioids, and amphet-
amines, and by enzymatic assay for ethanol. Urinary creatinine
concentrations were measured to assess urine concentration. The
threshold for detection of THC-COOH was 20 ng/ml. Samples
positive for THC-COOH were then tested by gas chromatography—
mass spectroscopy (GC/MS) to obtain quantitative THC-COOH
concentrations. Samples testing positive for alcohol or any of the
other six classes of drugs of abuse were also confirmed by GC/MS.
Participants in the former user group and the nonuser group
were not allowed to have any detectable THC-COOH in their urine
at any time during the study. Participants in the current user group
were allowed to have THC-COOH levels in their urine provided
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