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Marijuana Abstinence Effects in Marijuana Smokers
Maintained in Their Home Environment

Alan J. Budney, PhD; John R. Hughes, MD; Brent A. Moore, PhD; Pam L. Novy, PhD

Background: Although withdrawal symptoms are com-
monly reported by persons seeking treatment for mari-
juana dependence, the validity and clinical significance
of a marijuana withdrawal syndrome has not been es-
tablished. This controlled outpatient study examined the
reliability and specificity of the abstinence effects that oc-
cur when daily marijuana users abruptly stop smoking
marijuana.

Methods: Twelve daily marijuana smokers were as-
sessed on 16 consecutive days during which they smoked
marijuana as usual (days 1-5), abstained from smoking
marijuana (days 6-8), returned to smoking marijuana
(days 9-13), and again abstained from smoking mari-
juana (days 14-16).

Results: An overall measure of withdrawal discomfort
increased significantly during the abstinence phases and

returned to baseline when marijuana smoking resumed.
Craving for marijuana, decreased appetite, sleep diffi-
culty, and weight loss reliably changed across the smok-
ing and abstinence phases. Aggression, anger, irrita-
bility, restlessness, and strange dreams increased
significantly during one abstinence phase, but not the
other. Collateral observers confirmed participant re-
ports of these symptoms.

Conclusions: This study validated several specific ef-
fects of marijuana abstinence in heavy marijuana users,
and showed they were reliable and clinically significant.
These withdrawal effects appear similar in type and mag-
nitude to those observed in studies of nicotine with-
drawal.
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ARJUANA smoking re-
mains the most pre-
valent form of illicit
drug use in the United
States.! Treatmentseek-
ing for marijuana dependence increased dur-
ing the 1990s.2 Controlled trials®” evaluat-
ing treatments for marijuana dependence
suggest that initiating and maintaining mari-
juana abstinence, like with other drug de-
pendencies, is difficult. Whether an aversive
withdrawal syndrome contributes to this dif-
ficulty is unclear.

Nonhuman studies of cessation of
marijuana or cannabinoids have pro-
vided evidence of a withdrawal response.
In rhesus monkeys, withdrawal occurred
following cessation of injected and oral
tetrahydrocannabinol (THC) admini-
stration.®’” Recent antagonist challenge
studies®® have demonstrated a marked pre-
cipitated cannabinoid withdrawal syn-
drome in rats and dogs.

Early inpatient laboratory studies
confirmed the animal research. Cessation
following the administration of marijuana

10-12

cigarettes or oral THC produced de-
creased appetite, irritability, restlessness,
sleep difficulties, and uncooperativeness.
Two recent placebo-controlled inpatient
studies™'* extended these findings by
examining abstinence effects following
moderate dosing of oral THC or smoked
marijuana. Both studies demonstrated
withdrawal effects that included anxiety,
decreased contentment and food intake,
depressed mood, irritability, restlessness,
sleep difficulty, and stomach pain.

The abstinence effects reported in the
inpatient laboratory studies were less se-
vere than were retrospective reports' of
withdrawal in marijuana-dependent out-
patients. One explanation for this may be
that inpatient studies do not include envi-
ronmental stimuli that can produce con-
ditioned withdrawal effects (eg, persons or
things associated with smoking).'®" A re-
cent outpatient study'® of daily marijuana
smokers reported increased anxiety, irri-
tability, physical symptoms, negative mood,
and decreased appetite during 28 days of
abstinence, but the magnitude of these
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PARTICIPANTS AND METHODS
PARTICIPANTS

Seven male and 5 female (10 white and 2 Native Ameri-
can) volunteers, ranging in age from 18 to 50 years
(mean=SD, 30.1+9.0 years), completed a 16-day outpa-
tient study. Participants were recruited via newspaper ad-
vertisements seeking regular marijuana users for a non-
treatment study on the effects of marijuana use. Participants
had to report using marijuana at least 25 days per month
during the previous 6 months, and experiencing at least 2
withdrawal symptoms during previous periods of cessa-
tion. Individuals were excluded if they met the DSM-IV cri-
teria for an Axis I psychiatric disorder, including sub-
stance use disorders other than marijuana, nicotine, or
caffeine dependence; used any illicit substances other than
marijuana during the previous 30 days; were taking psy-
chotropic medication; were pregnant; or were seeking treat-
ment for marijuana-related problems. Approximately 25%
of those who responded to the advertisements were eli-
gible to participate. Most exclusions were for use of psy-
chiatric medication or illicit drugs other than marijuana.

Participants were all regular heavy marijuana users.
The mean +SD age at first use was 15.4+2.2 years, and the
mean=SD years of regular use was 13.7+8.9 years. Sub-
jects were primarily daily smokers (mean+SD, 28.5+2.8
days in the past month) who smoked multiple times per
day (mean+SD, 3.3+1.3 episodes per day). Eleven partici-
pants (92%) met the DSM-IV criteria for marijuana depen-
dence or abuse. Of the 12 participants, 3 were regular to-
bacco cigarette smokers.

MEASURES

The timeline follow-back method?®® assessed daily licit and
illicit substance use during the prior 30 days. A drug his-
tory questionnaire assessed use of marijuana and other
drugs. The DSM-IV Checklist®! was used to diagnose Axis
I psychiatric disorders.

Each study day, participants completed the sub-
stance use diary, the Marijuana Withdrawal Checklist

(MWC), the Brief Symptom Inventory, the Marijuana Crav-
ing Questionnaire, the Sleep Inventory, and the Profile of
Mood States scale. The MWC comprises 27 symptoms for
which participants indicate severity during the prior 24
hours on a 4-point scale (0 indicates not at all; 1, mild; 2,
moderate; and 3, severe). This checklist was modified from
a previous version developed for use in a retrospective
study’ of marijuana. To minimize expectancy effects, the
MWC was labeled the “Behavior Checklist.” A withdrawal
discomfort score (WDS) was computed by summing the
10 MWC items most frequently reported in the prior study"
(anger, craving for marijuana, depressed mood, decreased
appetite, headaches, irritability, nervousness, restless-
ness, sleep difficulty, and strange dreams). The internal re-
liability of the WDS was high (a=.89).

The Marijuana Craving Questionnaire was adapted
from a valid tobacco-smoking urges questionnaire.” This
questionnaire yields a total craving and 2 subscale scores.
Subscale 1 reflects intention and desire to smoke mari-
juana and anticipated pleasure, and subscale 2 reflects
anticipation of relief from negative affect and withdrawal.

The Brief Symptom Inventory is a valid measure of psy-
chiatric symptoms that yields 9 scales (somatization,
obsessive-compulsive, interpersonal sensitivity, depres-
sion, anxiety, hostility, phobic anxiety, paranoid ideation,
and psychoticism).? The Profile of Mood States scale pro-
vides 6 mood scale scores (tension, depression, anger, vigor,
fatigue, and confusion).”* A 5-item Sleep Inventory as-
sessed total amount of sleep, sleep-onset latency, number
of nocturnal awakenings, time of awakening, and subjec-
tive sleep quality (7-point scale).”

At the start of each laboratory visit, heart rate and blood
pressure (sitting) were measured via an automated moni-
tor (DINIMAP; Johnson & Johnson, Arlington, Tex). Body
weight was obtained on a standing mechanical scale (De-
tecto; Cardinal Scale Manufacturing Co, Webb City, Mo)
without shoes and heavy clothing, and after a urine speci-
men was provided.

All participants named a collateral observer with whom
they spent at least 2 hours per day. Each day, a research
assistant telephoned the observer and administered the
MWTC in reference to the participant’s behavior.

symptoms was difficult to discern because retrospective
reports were used for the baseline assessment.
Marijuana withdrawal is not recognized in the DSM-
IV,* as it concludes that the clinical significance of the
syndrome has yet to be established. A recent study" in-
dicated that most individuals seeking treatment for mari-
juana dependence report a withdrawal syndrome of sub-
stantial severity. Given the reliance on retrospective
reports of withdrawal symptoms and the lack of base-
line measures in that study, better-controlled outpa-
tient studies to determine the validity and significance
of a marijuana withdrawal syndrome are indicated.
The present study systematically examined the re-
liability and validity of abstinence effects following ces-
sation of heavy marijuana use in an outpatient environ-
ment. Observation of marijuana users in their natural
living environment during periods of regular marijuana
use and abstinence should provide a more accurate evalu-
ation of the magnitude and significance of the effects that
occur when heavy marijuana use is discontinued.

B RESULTS

MARIJUANA USE AND ABSTINENCE
VERIFICATION

During baseline phases 1 and 2, participants smoked mari-
juana a mean of 3.9+2.1 and 4.5+2.0 times per day, re-
spectively, and reported no use of other illicit psychoac-
tive substances. During the abstinence phases, all subjects
reported no use of marijuana or other psychoactive sub-
stances. All urinalysis results for substances other than mari-
juana were negative, and breath alcohol levels were all zero.
Self-reported abstinence from marijuana was confirmed in
all subjects using the previously mentioned quantitative pro-
cedure. Normalized 11-nor-9-carboxy-A9-THC levels ob-
tained during the abstinence phases differed significantly
from levels obtained during the baseline phases (F, ;;=13.92,
P=.003) and decreased consistently across days in the ab-
stinence phases (Fs¢6=4.71, P<<.001) (Figure 1).
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PROCEDURES

An ABAB within-subjects design was used. The 16-day out-
patient study included a 5-day baseline (smoking-as-
usual) phase 1, a 3-day marijuana abstinence phase 1, a sec-
ond 5-day baseline phase 2 (smoking as usual), and a second
3-day marijuana abstinence phase 2. Symptom increases
from baseline 1 to abstinence 1 indicated potential mari-
juana abstinence effects. Symptom decreases during base-
line 2 following abstinence 1 confirmed that such absti-
nence effects were related to marijuana use. Symptom
increases observed from baseline 2 to abstinence 2 indi-
cated that these effects were reliable.

Study day 1 was scheduled for a Thursday to mini-
mize the effect of specific days (weekend vs weekday) on
symptom ratings. With this schedule, 3 weekdays were in-
cluded in each phase of the study. Women with regular men-
strual cycles began on the Thursday following the onset of
menses to minimize potential premenstrual behavioral and
mood changes. Participants made 30-minute visits to the
laboratory at the same time each day (4-8 pPM). The Uni-
versity of Vermont, Burlington, institutional review board
approved all procedures, and informed consent was ob-
tained before baseline phase 1.

During baseline 1, participants were requested not to
change their usual pattern of marijuana smoking and to ab-
stain from all psychoactive drugs, with the exception of al-
cohol, nicotine, and caffeine. They were instructed not to
make significant changes in their diet or exercise habits.
Participants were also instructed not to smoke marijuana
for at least 2 hours before each visit. At each visit, physi-
ological measures were taken, a urine specimen was col-
lected, breath alcohol level was determined, and the affec-
tive and behavioral measures were completed.

On the day 5 baseline 1 visit, participants were in-
structed to abstain completely from marijuana and to con-
tinue with the daily laboratory visits. During abstinence phase
1, the same information as in baseline 1 was collected. On
day 3 of abstinence 1, participants were asked whether they
planned to resume their usual pattern of marijuana smok-
ing. If they said yes, we asked if they would participate in
the second half of the study. All participants planned to

return to smoking that day and provided consent to con-
tinue. Instructions for baseline 2 and abstinence 2 were iden-
tical to those for baseline 1 and abstinence 1.

Only participants whose urine screen results verified
illicit drug abstinence throughout the study and mari-
juana abstinence during the abstinence phases were eli-
gible to continue. A research assistant collected observed
urine specimens. An enzyme-multiplied immunoassay tech-
nique tested for the use of drugs other than marijuana (ben-
zodiazepines, cocaine, methamphetamine, and opioids)
(Dade-Behring, San Jose, Calif). A quantitative analytic pro-
cedure was used to determine marijuana abstinence.?® Gas
chromatographic—mass spectroscopic levels of 11-nor-9-
carboxy-A9-THC, the primary marijuana metabolite, were
normalized to the urine creatinine concentration mea-
sured via a modified Jaffe alkaline picrate method to ob-
tain a metabolite-creatinine ratio. Abstinence was con-
firmed if the metabolite-creatinine ratio on any day did not
increase by more than 50% from the ratio obtained the pre-
vious day.?

Participants received a total of $525 in 4 payments.
Compensation for participation in the abstinence phases
was provided only after urinalysis results confirmed mari-
juana abstinence.

DATA ANALYSIS

A series of repeated-measures analyses of variance were per-
formed on dependent variables across days within each of
the 4 phases. The primary analyses were a priori contrasts
(2-tailed) comparing the mean scores of baseline 1 and ab-
stinence 1, abstinence 1 and baseline 2, and baseline 2 and
abstinence 2. If significant differences were observed on the
planned contrasts, the day-by-phase interaction term was
examined to determine if effects intensified or dissipated
within each 3-day abstinence phase (time-course effects).
Significance levels were not corrected for multiple com-
parisons, as the ABAB design allowed for replication of sig-
nificant effects within the study. Data from weekend days
during the 5-day baseline phases were excluded to pro-
vide comparable 3-day weekday segments for each phase.
Data are given as mean+SD unless otherwise indicated.

AFFECTIVE AND BEHAVIORAL SYMPTOMS

The WDS significantly increased between baseline 1 and
abstinence 1 (F;3;=13.57, P<.001, effect size [d] =0.87),
decreased between abstinence 1 and baseline 2 (F; 3=
17.92, P<.001, d=1.00), and increased again between
abstinence 2 and baseline 2 (F, 33=9.67, P=.004, d=0.73)
(Table and Figure 2). These d values indicate a me-
dium to large effect according to Cohen.”

Significant differences between mean scores on 6
MWC items (aggression: F,3;=11.91, P=.002; anger:
F133=11.43, P=.002; craving for marijuana: F, 53=13.47,
P=.001; decreased appetite: F,53=7.85, P=.008; irrita-
bility: F 33=6.43, P=.02; and sleep difficulty: F, 3=5.49,
P=.03) were observed in comparisons between baseline
1 and abstinence 1 (Figure 2). The d values for these items
ranged from 0.52 to 0.87.

The 6 items showing significant change from
baseline 1 to abstinence 1 all showed significant
change back toward baseline values during baseline 2

(aggression: Fy33=11.91, P=.002; anger: F;3;=9.74,
P=.004; craving for marijuana: F,5;=18.71, P<<.001;
decreased appetite: F;33=18.87, P<<.001; irritability:
F133=7.05, P=.01; and sleep difficulty: F,3;3=4.90,
P=.03). Change toward baseline was also observed for
restlessness (F;3;=3.87, P=.06), which changed, but
not significantly, from baseline 1 to abstinence 1
(P=.06).

Of the 6 items showing significant change from
baseline 1 to abstinence 1, 3 replicated in the com-
parisons of baseline 2 with abstinence 2 (craving for
marijuana: F; ;3=10.74, P=.002; decreased appe-
tite: Fy133=10.39, P=.003; and sleep difficulty:
F133=9.76, P=.004). A significant increase in one new
item, strange dreams (F,;3;=6.95, P=.01), was
observed. The d values for these items ranged from
0.61 to 0.80.

A significant difference between baseline 1 and
abstinence 1 was observed on the hostility (F,33=7.06,
P=.01, d=0.63) and interpersonal sensitivity (F,3; =
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4.35, P=.05, d=0.50) scales of the Brief Symptom
Inventory. Hostility scale scores significantly decreased
back toward baseline during baseline 2 (F, 5;=8.61,
P=.006, d=0.69), but interpersonal sensitivity scale
scores did not (P=.67). Neither scale showed significant
(P=.55 and .59, respectively) change from baseline 2 to
abstinence 2.

MJ ABS MJ ABS
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Mean Creatinine-Normalized Tetra-
hydrocannabinol Level, ng/mL

1 4 5 6 7 8 9 12 13 14 15 16
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Figure 1. Mean creatinine-normalized tetrahydrocannabinol levels are
presented across study days (N=12). MJ indicates marijuana smoking phase;
ABS, marijuana abstinence phase.

Total craving scores changed significantly from base-
line 1 to abstinence 1 (3.4+1.3 vs 4.2+1.5; F,3;=9.09,
P=.005), from abstinence 1 to baseline 2 (4.2+1.5 vs
2.9x1.1; Fy33=22.06, P<.001), and from baseline 2 to
abstinence 2 (2.9+1.1vs3.8+1.2; F;3;,=10.53, P=.003).
The d values ranged from 0.7 to 1.0. These patterns were
replicated on both subscales (subscale 1, P<<.01 forall 3
comparisons; and subscale 2, P<<.01 for baseline 1 to ab-
stinence 1 and for abstinence 1 to baseline 2 and P=.07
for baseline 2 to abstinence 2).

Of the 5 sleep items, only sleep quality ratings
showed significant change between phases. The sleep qual-
ity score decreased significantly from baseline 1 to ab-
stinence 1 (3.5+1.8vs2.4+1.3;F,3=7.14,P=.01,d=0.63)
and from baseline 2 to abstinence 2 (3.8+1.8vs2.9+1.6;
F133=4.02, P=.05, d=0.47).

Differences between baseline 1 and abstinence 1
scores were observed on the anger (38.7+2.1 vs
39.9+3.2; Fy,4,=3.55, P=.07), fatigue (40.0£8.0 vs
37.0+3.5; F,,4,=8.30, P=.008), and confusion
(40.0£7.2 vs 37.9+5.6; F, 5,=9.5, P=.005) scales of
the Profile of Mood States scales (d range, 0.51-0.84).

Ratings for the Marijuana Withdrawal Checklist*
Symptom Baseline 1 Abstinence 1 Baseline 2 Abstinence 2
Strong Evidence
Withdrawal Discomfort scoret1§|| 4.8 (3.7) 8.8 (4.7) 4.2 (3.0) 7.6 (3.4)
Craving for marijuanat§|| 1.1(0.8) 1.9(0.7) 1.0 (0.7) 1.7 (0.6)
Decreased appetitef§|| 0.4 (0.6) 0.9 (0.9) 0.1(0.3) 0.7 (0.7)
Sleep difficulty$§|| 0.4 (0.6) 0.9(0.9) 0.4 (0.6) 1.1(0.9)
Moderate Evidence
Increased aggressiong]| 0.1(0.4) 0.6 (0.8) 0.1(0.3) 0.3 (0.5)
Increased angerd]| 0.0 (0.2) 0.4 (0.6) 0.1 (0.3) 0.1 (0.3)
Irritability| 0.6 (0.7) 1.2 (0.8) 0.6 (0.6) 0.9(0.8)
Strange dreams§ 0.6 (0.9) 0.8 (1.0) 0.5(0.7) 0.9 (1.0)
Restlessness||fl# 0.5 (0.6) 0.8 (0.7) 0.5 (0.6) 0.7 (0.8)
Weak or No Evidence

Chills 0.2 (0.5) 0.2 (0.4) 0.0(0.2) 0.1(0.3)
Feverish feeling 0.1(0.4) 0.1(0.3) 0.0(0.2) 0.1(0.4)
Stuffy nose 0.4 (0.6) 0.2 (0.5) 0.2 (0.6) 0.3(0.7)
Nausea 0.1(0.3) 0.2 (0.6) 0.1(0.3) 0.2 (0.5)
Diarrhea 0.1(0.4) 0.2 (0.4) 0.1 (0.4) 0.1(0.3)
Hot flashes# 0.0(0.2) 0.2 (0.4) 0.0 (0.0 0.1(0.2)
Dizziness 0.1(0.2) 0.1(0.3) 0.0 (0.0) 0.1(0.3)
Sweating 0.4 (0.6) 0.4 (0.6) 0.2 (0.4) 0.3 (0.6)
Hiccups 0.0(0.2) 0.0 (0.2) 0.0(0.2) 0.1(0.3)
Yawning 0.3(0.5) 0.2 (0.5) 0.0 (0.3) 0.3(0.4)
Headaches 0.3 (0.6) 0.4 (0.9) 0.2 (0.5) 0.2 (0.5)
Shakiness 0.2 (0.4) 0.4 (0.6) 0.2 (0.4) 0.5(0.8)
Muscle spasms 0.2 (0.5) 0.4 (0.6) 0.2 (0.4) 0.2 (0.6)
Stomach pains 0.2 (0.6) 0.2 (0.5) 0.2 (0.6) 0.2 (0.4)
Fatigue 0.6 (0.8) 0.5 (0.6) 0.4 (0.5) 0.6 (0.7)
Depressed mood 0.5 (0.6) 0.6 (0.8) 0.4 (0.6) 0.5(0.7)
Difficulty concentrating 0.6 (0.6) 0.7 (0.8) 0.7 (0.8) 0.7 (0.8)
Nervousness 0.5 (0.6) 0.8 (0.8) 0.5 (0.6) 0.8 (0.8)
Violent outbursts 0.1(0.4) 0.3 (0.6) 0.0(0.2) 0.1(0.4)

*Data are given as mean (SD). The range of scores for symptoms on the Marijuana Withdrawal Checklist is from 0 to 3 (0 indicates not at all; 1, mild;

N

moderate; and 3, severe).

tThe range for the Withdrawal Discomfort score is from 0 to 30.
$P<.05 for baseline 1 vs abstinence 1.

§P<.05 for baseline 2 vs abstinence 2.

||P<.05 for abstinence 1 vs baseline 2.

1P<.10 for baseline 1 vs abstinence 1.

#P<.10 for abstinence 1 vs baseline 2.
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Figure 2. Mean scores for 6 Marijuana Withdrawal Checklist items and the mean Withdrawal Discomfort score are presented across study days (N=12).

MJ indicates marijuana smoking phase; ABS, marijuana abstinence phase.

A significant return toward baseline was observed on
the anger scale score from abstinence 1 to baseline 2
(39.9£3.2 vs 38.0+1.8; F;,,=8.49, P=.008, d=0.80),
but not on the fatigue and confusion scales scores. No
Profile of Mood States depression scales showed sig-
nificant change from baseline 2 to abstinence 2.

PHYSIOLOGICAL MEASURES

The mean body weight decreased significantly from base-
line 1 to abstinence 1 (F,33=5.77, P=.02, d=0.57), in-
creased from abstinence 1 to baseline 2 (F; 33=5.09, P=.003,
d=0.53), and decreased from baseline 2 to abstinence 2
(F133=11.23,P=.002,d=0.79) (Figure 3). Heart rate and

blood pressure did not differ significantly between the base-
line and abstinence phases (P>.05).

COLLATERAL OBSERVER

Collateral observer ratings of irritability (F;;;=6.74,
P=.01) and restlessness (F; 33=5.16, P=.03) increased sig-
nificantly from baseline 1 to abstinence 1 and decreased
significantly from abstinence 1 to baseline 2 (irritabil-
ity: F133=5.34, P=.03; and restlessness: F;3;=10.01,
P=.003), but did not show significant increases during
abstinence 2 (P=.10 and .12, respectively). Aggression
ratings increased, but not significantly, from baseline 1
to abstinence 2 (F;3;,=3.54, P=.07), decreased signifi-
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Figure 3. The mean change in body weight from baseline is presented
across study days (N=12). Significant differences (P<.05) were observed
between phases and between days within the abstinence phases.

MJ indicates marijuana smoking phase; ABS, marijuana abstinence phase.

cantly from abstinence 1 to baseline 2 (F, ;;=4.36, P=.04),
and increased significantly from baseline 2 to absti-
nence 2 (F;33=5.41, P=.03). The d values ranged from
0.80 to 1.28.

TIME-COURSE EFFECTS

Body weight showed significant change across days within
phases (ie, time-course effects) (Fg6=7.58, P=.001) such
that weight appeared to decrease linearly across both ab-
stinence phases (Figure 3). No significant differences were
observed across days within the abstinence phases for any
of the other dependent variables that changed signifi-
cantly between phases (P>.05).

OTHER SUBSTANCE USE

The 3 regular tobacco cigarette smokers used a similar
number of cigarettes during the baseline and abstinence
phases. Two occasional cigarette smokers (<2 days per
week) reported smoking during the abstinence phases
but not during the baseline phases. The number of alco-
holic and caffeinated drinks did not differ between the
abstinence and baseline phases.

B COMMENT

This outpatient study validated specific symptoms of mari-
juana withdrawal, and showed they were reliable and clini-
cally significant. These symptoms increased during mari-
juana abstinence, returned to baseline when marijuana
smoking resumed, and increased again when absti-
nence was reinitiated, suggesting that they were caused
by cessation of marijuana use. Collateral observers con-
firmed participant reports, providing further support for
their validity and significance.

These findings support and extend those from re-
cent studies'>!* of marijuana abstinence effects con-
ducted in residential settings. Such consistent reports of
emotional and behavioral symptoms across settings sug-
gest that these types of symptoms are the hallmark of the
acute marijuana abstinence syndrome. The severity of the
symptoms appeared to be greater in the present outpa-
tient study, perhaps because the inpatient environment
diminished the experience of marijuana abstinence ef-
fects. For example, increased aggression was observed in

this outpatient study, but not in the inpatient studies. Ag-
gression may be a more severe form of the irritability that
was observed during the inpatient studies. Hence, the ag-
gression reported in the outpatient study might be an ex-
ample of how environmental factors such as provoca-
tion can be crucial to the expression of an abstinence
symptom. Indeed, increased aggression has also been ob-
served during marijuana abstinence in a laboratory model
of provoked aggression.?®

The withdrawal symptoms observed in the pres-
ent study were also consistent with those reported in
clinical and general population studies.!>?**! For
example, 67% of marijuana-dependent adolescents in
residential care described a history of marijuana with-
drawal symptoms that included irritability, restless-
ness, depressed mood, sleep difficulty, and fatigue or
yawning.” A previous study® of adults seeking treat-
ment for marijuana dependence showed a similar but
more severe pattern of withdrawal symptoms than that
observed in the present study (mean WDS, 14.8 vs
8.2). This difference may be a consequence of con-
trasting methods of symptom reporting. Alternatively,
treatment seekers may represent the marijuana users
who experience the most severe withdrawal symp-
toms. The participants in the present study reported
marijuana use patterns similar to the treatment seekers
assessed in a previous study."” Of the 4 study partici-
pants who experienced the greatest withdrawal sever-
ity, 3 had previously sought treatment for marijuana
dependence. This explanation for the increased with-
drawal severity is consistent with studies*? showing
that tobacco cigarette smokers attending cessation
programs report greater withdrawal severity than self-
quitters or those that stop smoking for a study but are
not planning to quit.

The affective symptoms observed during short-
term marijuana abstinence overlap substantially with those
observed in other drug withdrawal syndromes.** Stud-
ies’* in laboratory animals indicate that reductions in
mesolimbic dopamine transmission and elevations in ex-
tracellular-releasing factor concentrations observed in the
limbic system following withdrawal from cannabinoids
closely resemble the responses seen with other major
drugs of abuse. The behavioral consequences of these neu-
robiological changes observed during withdrawal are con-
sistent with the type of negative affective symptoms re-
ported by our participants and by patients withdrawing
from other substances. Such findings have led to specu-
lation that negative affect may be the common hallmark
of withdrawal across most drugs of abuse.*

The symptoms and severity of marijuana with-
drawal appear to most closely resemble those observed
during nicotine withdrawal. We compared the WDSs of
our participants with those reported during nicotine with-
drawal in 2 nicotine withdrawal studies®”® similar to the
present study. Both of these studies used an identical 0
to 3 scale that included all of the items in our WDS plus
one additional item (somatic complaints). For compari-
son, we used the average change in WDS from baseline
1 to abstinence 1. The WDS increased 181% in the pres-
ent study, compared with 142% and 226% in the 2 nico-
tine withdrawal studies.
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Marijuana withdrawal, like nicotine withdrawal,
appears less severe than alcohol or opioid withdrawal be-
cause it does not produce dramatic physical symptoms.
Nevertheless, the behavioral and emotional withdrawal
symptoms associated with marijuana withdrawal and
other drug withdrawal syndromes may be as, if not more,
important than physical symptoms in contributing to the
development of dependence and the undermining of
abstinence attempts.

Limitations of the present study include the follow-
ing. First, the sample included only daily heavy mari-
juana smokers who reported withdrawal symptoms dur-
ing prior periods of marijuana abstinence. As such, this
study does not address the prevalence of withdrawal, and
the findings cannot be generalized to less severe mari-
juana users or to those who use medically supervised mari-
juana. Whether most marijuana smokers who do not use
as frequently as those studied herein experience clini-
cally significant withdrawal must be determined in fu-
ture studies.

Second, the short cessation period prevented an ex-
amination of the course of the marijuana abstinence syn-
drome. With the exception of body weight, none of the
observed abstinence effects showed evidence of change
during the abstinence periods, which is consistent with
prior short-term inpatient studies. A recent outpatient
study'® suggested that some symptoms of marijuana with-
drawal might remain elevated for at least 3 to 4 weeks.
Controlled studies® of the time course are necessary to
determine whether the abstinence effects observed in the
existing studies reflect true time-limited withdrawal ef-
fects or merely represent offset effects that occur during
abstinence and then stabilize.

Third, the ABAB experimental design most likely
affected the experience of marijuana abstinence. Par-
ticipants knew that abstinence would last only 3 days,
and before abstinence phase 2, they had a recent expe-
rience with abstinence (phase 1). Hence, withdrawal
severity during phase 2 may have been affected by the
recent experience coping with a short period of absti-
nence, a change in expectancies, or a decrease in THC
levels.

Fourth, we did not assess neurocognitive effects of
abstinence. Prior studies® reported that heavy mari-
juana users exhibit cognitive impairment following at least
one day of abstinence, but suggested that these effects
were more likely due to a residue of drug in the brain or
neurotoxic effects of long-term use rather than with-
drawal. Minimal effects of withdrawal on cognitive and
psychomotor performance tasks were observed in re-
cent inpatient studies.”'* Because heavy marijuana use
has clearly been associated with cognitive deficits, more
study of neurocognitive functioning during cessation at-
tempts is warranted.

Fifth, we did not statistically control for multiple
comparison tests and, thus, increased the risk of false-
positive findings. All significant findings were consis-
tent with previous research on marijuana withdrawal, and
unexpected significant findings did not emerge, suggest-
ing that the primary findings were not spurious.

The present study provides new and confirmatory
evidence about marijuana withdrawal. The study de-

fined several valid and reliable symptoms that produce
a significant amount of observable distress in long-term
heavy marijuana users. Like other drug withdrawal syn-
dromes, individual variability exists. Many questions about
marijuana withdrawal remain unanswered. Which and
how many marijuana users experience significant with-
drawal is not known. How marijuana withdrawal affects
quit attempts has not been studied. We know that quit
rates during treatment for marijuana dependence are simi-
lar to those for other drug dependencies, indicating that
these patients find it difficult to stop.*” If marijuana with-
drawal undermines these cessation attempts, then be-
havioral or pharmacological treatments targeting with-
drawal may be helpful in the treatment of marijuana
dependence.
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