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Abstract
Background—Few marijuana smokers in treatment achieve sustained abstinence, yet factors
contributing to high relapse rates are unknown.

Study 1: Methods—Data from five inpatient laboratory studies assessing marijuana
intoxication, withdrawal and relapse were combined to assess factors predicting the likelihood and
severity of relapse. Daily, nontreatment-seeking marijuana smokers (n=51; 10 ± 5 marijuana
cigarettes/day) were enrolled.

Results—49% of participants relapsed the first day active marijuana became available. Tobacco
cigarette smokers (75%), who were not abstaining from cigarettes, were far more likely to relapse
than non-cigarette smokers (OR=19, p<0.01). Individuals experiencing more positive subjective
effects (i.e. feeling “high”) after marijuana administration and those with more negative affect and
sleep disruption during marijuana withdrawal were more likely to have severe relapse episodes
(p<0.05).

Study 2: Methods—To isolate the effects of cigarette smoking, marijuana intoxication,
withdrawal and relapse were assessed in daily marijuana and cigarette smokers (n=15) under two
within-subject, counter-balanced conditions: while smoking tobacco cigarettes as usual (SAU) and
after at least 5 days without cigarettes (Quit).

Results—Most participants (87%) relapsed to marijuana whether in the SAU or Quit phase.
Tobacco cigarette smoking did not significantly influence relapse, nor did it affect marijuana
intoxication or most symptoms of withdrawal relative to tobacco cessation.

Conclusions—Daily marijuana smokers who also smoke cigarettes have high rates of marijuana
relapse and cigarette smoking versus recent abstinence does not directly influence this association.
These data indicate that current cigarette smoking is a clinically important marker for increased
risk of marijuana relapse.
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Marijuana-use disorders are ubiquitous worldwide (1), and an increasing number of
marijuana smokers are seeking treatment (2, 3, 4, 5). In the U.S., 6.9 million individuals
smoke near-daily (>20 days per month; 6), and approximately 16% of patients entering
treatment have a diagnosis of primary marijuana abuse (7). Treatment outcome among these
patients is poor. Clinical trials using psychological (8, 9, 10), behavioral (11, 12) and
pharmacological (13) interventions report only 15–37% of patients achieve continued
abstinence. Given these poor outcomes, a clear understanding of the factors associated with
high relapse rates is crucial for improving marijuana treatment outcomes.

One factor presumed to contribute to marijuana relapse rates is a withdrawal syndrome.
Controlled, human laboratory studies have shown that replacing active marijuana with
placebo marijuana for several days produces a time-dependent increase in irritability,
anxiety, sleep disruption and decreased appetite (14, 15, 16, 17, 18, 19). Replacement with
Δ9-tetrahydrocannabinol (THC; dronabinol) under double-blind conditions selectively
reduces withdrawal symptoms in laboratory (16, 20) and clinical (13) settings,
demonstrating the pharmacological specificity of marijuana withdrawal.

In an effort to improve treatment options, we have conducted placebo-controlled studies
testing the effects of a range of medications on marijuana intoxication, withdrawal, and
relapse. Because marijuana is administered, only individuals explicitly not seeking treatment
for their marijuana use are enrolled. Thus, relapse is operationally defined as marijuana self-
administration, at a financial cost, after a period of abstinence (17, 21, 22, 23): Participants
purchase self-administered marijuana using their study earnings. Although the motivation to
relapse or abstain may differ from that of a patient in treatment, laboratory measures of self-
administration predict clinical outcome (13, 21, 24, 25), and thus contribute controlled and
clinically-relevant data on factors affecting marijuana use.

After combining data from the placebo medication phases of five studies, a pattern emerged:
Despite closely similar marijuana-use and demographic profiles, only half of the participants
relapsed, i.e., chose to pay the high financial cost to resume marijuana smoking after several
days of abstinence. Given the detailed data collected on intoxication, withdrawal, and
demographic variables, the objective of Study 1 was to evaluate what predicted (1) the odds
an abstinent marijuana smoker would relapse to active marijuana use, and (2) the severity of
relapse, i.e., how much marijuana was self-administered among those who relapsed. The
results from Study 1 showed that tobacco cigarette-smoking status robustly predicted
marijuana relapse. Thus, Study 2 evaluated the direct effects of tobacco cigarette smoking
on marijuana relapse compared to tobacco cessation.

Study 1: Methods and Materials
Data from 5 studies (n=51 participants) using a similar model of marijuana relapse were
analyzed. Four medication studies (lofexidine, dronabinol, quetiapine, mirtazapine,
nabilone; 17, 22, 23, 26) enrolled participants in up to 4 inpatient phases, each testing a
different medication dose in counter-balanced order, and allowing time between phases for
medication clearance. Only the placebo condition was analyzed. One non-medication study
(n=9) tested the effects of marijuana-paired cues and marijuana exposure on relapse; only
the condition in which neither cues nor marijuana preceded the decision to relapse was
analyzed herein.
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Participants
Healthy marijuana smokers solicited through advertisements in New York, NY were
enrolled from August 2006 to September 2011. Inclusion criteria included: 21–50 years of
age and current marijuana use (minimum 2 marijuana cigarettes/day, 5 days/week). No
participant could: (1) regularly use any other illicit drug or be dependent on alcohol, (2)
meet criteria for a current Axis I disorder requiring medical intervention, (3) be taking
medication, or (4) be seeking marijuana treatment. Assessments of health included physical
examination, psychiatric evaluation, electrocardiogram, urinalysis, and blood chemistry.
Participants signed a consent form approved by The New York State Psychiatric Institute
(NYSPI) Institutional Review Board, which described the study, outlined possible risks, and
indicated that two different strength marijuana cigarettes would be tested. Volunteers were
compensated for participation.

Procedures
Participants, in groups of 3 or 4, lived in a residential laboratory for 9–11 days, with four
private rooms, two bathrooms and a recreational area; video- and audio-monitoring systems
allowed for continuous observation of participants (14). Before the inpatient stay,
participants sampled an active marijuana cigarette (labeled “Dose A”) and a placebo
marijuana cigarette (labeled “Dose B”) using procedures described below. They were told
that the strength of Dose A and Dose B would not change, and that they should pay attention
to how each dose made them feel as they would later make decisions regarding self-
administration.

On each inpatient day, participants completed one sleep scale, eight mood scales (17) and
six 30-min psychomotor/cognitive task batteries (27) between 0815 and 2330. A variety of
food to be consumed ad libitum was available. The recreation area was available at
lunchtime and from 1700–2200. At 2330, participants were given faux money representing a
portion of their earnings that could be used to purchase marijuana on self-administration
days or exchanged for cash upon study completion. Lights were turned off by 2400.

Marijuana
Marijuana was administered using a cued-smoking procedure, where duration of inhalation,
holding smoke in the lungs, and inter-puff interval was controlled (28). Marijuana was either
experimenter-administered at no cost or was available to purchase for self-administration;
participants were informed of that day’s condition at 0950 each morning.

During experimenter-administered days (first day of each inpatient phase), participants
smoked 3 puffs of active marijuana [3.3–6.2% THC (depending on study); Dose A] six
times throughout the day. The purpose of this day was to standardize marijuana exposure
prior to abstinence. On the subsequent 2–3 inpatient days, Dose B (placebo marijuana) was
available for self-administration [withdrawal], followed by 1–4 days when Dose A was
available for self-administration [relapse]. During self-administration days, participants had
six opportunities to purchase up to 3 puffs of the available dose. The cost was $9-10 for the
first puff of the day, and $2-3 for all subsequent puffs, depending on the study; prices were
derived from pilot data showing that marijuana self-administration following abstinence
varies as a function of cost (22). Participants paid for marijuana puffs using money
representing their earnings. They smoked self-administered marijuana in private to keep
other participants blind to their choice.
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Sleep
Subjective ratings of the previous night’s sleep were obtained using a 7-item VAS sleep
questionnaire. For objective sleep measurement, participants wore the Nightcap® (n=8) or
the Actiwatch® Activity Monitoring System (n=43; Respironics, Bend OR).

Subjective-Effects Battery
A 44-item subjective-effects questionnaire, comprising a series of 100-mm visual analog
scales (VAS) anchored with "Not at all" (0 mm) and "Extremely" (100 mm), included mood,
physical symptom and drug effect descriptors; participants rated the extent to which each
descriptor applied to them at that moment. Based on a cluster analyses, we employed
arithmetic means of individual item scores to produce seven subscales: miserable (example
items: “miserable”, “irritable,”); anxious (e.g. “anxious,” “on edge”); bad effect (e.g.,
“muscle pain,” “chills”); sedated (e.g., “sleepy,” “tired”); social (e.g., “friendly,”
“talkative”); high (e.g., “high,” “good effect”); confused (e.g., “forgetful,” “confused”). We
also analyzed ratings of drug craving using VAS ratings of “I Want Marijuana,” “I Want
Alcohol,” and “I Want Cigarettes.”

Tobacco cigarette smoking
The number of tobacco cigarettes smoked was recorded by counting cigarette butts in each
participant’s ashtray each evening.

Data Analysis
The primary outcome measure was the number of marijuana puffs (0–18) purchased on the
first day active marijuana was available after abstinence. Of the 51 participants, 26 (51%)
bought zero puffs of marijuana and 25 participants (49%) bought at least 1 marijuana puff.
Puffs of marijuana were analyzed using a Poisson hurdle regression model using PROC
NLMIXED in SAS 9.2. The Poisson hurdle, or two-part model, models whether the number
puffs of marijuana is zero or non-zero using logistic regression, and models the number of
puffs of marijuana purchased using a truncated-at-zero Poisson regression, conditional on
non-zero outcomes. This model reflects the two-stage decision-making process present:
deciding to self-administer the first puff of marijuana, and then deciding how many
marijuana puffs to self-administer. Table 1 lists the covariates examined in both parts of the
model; those included in the final model had a p-value <0.05. The logistic regression
component utilized a logit link function, and predicted the odds of abstinence, i.e., buying
zero marijuana puffs. The factors included in the logistic portion of the final model were 1)
whether participants were tobacco cigarette smokers and 2) age of onset of daily marijuana
use. The truncated Poisson regression part utilized a log link function, and predicted the
conditional incidence rates of marijuana puffs purchased. The factors included in the
Poisson portion of the model were 1) peak ratings of ‘high’ following experimenter-
administered marijuana, 2) peak cluster ratings of miserable during marijuana withdrawal,
and 3) sleep latency during marijuana withdrawal. Akaike information criterion was used to
assess goodness of fit.

Study 1: Results
Participant Characteristics

Table 2 portrays demographic data on the participants (n=51) included in the analysis.

Odds of Marijuana Relapse
Non-cigarette smokers had about 19 times the odds of not relapsing to marijuana
(OR=19.02; 95%CI:=2.18, 165.95, t = 2.73, p = 0.009), with age at daily use held constant.
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This effect is portrayed in Figure 1, which shows the number of daily marijuana smokers
who relapsed as a function of their tobacco cigarette use. As shown in Table 2, 75% of
participants smoked tobacco cigarettes (range: 1–18 cigarettes/day) and continued to do so
while inpatient.

The only other significant predictor was the age when daily marijuana use was initiated,
with those who started daily marijuana use later in life being more likely to relapse. The
odds of not purchasing any marijuana were estimated as 87.3% of what it would be
compared to starting marijuana use one year older (OR=0.87; 95% CI = 0.77, 0.99, t =
−2.15, p = 0.036), cigarette smoking held fixed. Table 2 shows that on average, participants
were 18 years old when they started daily marijuana use (range: 9–40 years). Everyone in
the non-relapsing group was under the age of 25 when they started smoking marijuana
everyday, while the relapse group included 5 individuals who were older when commencing
daily marijuana use (28–40 years).

Severity of Marijuana Relapse
Among the group who relapsed, three factors predicted relapse severity, i.e., the number of
marijuana puffs self-administered following a period of abstinence. All other factors were
held fixed when investigating each of these factors. The first factor was peak cluster ratings
of “High” following experimenter-administered marijuana (range: 0–100 mm). For every 10
mm increase in peak ratings of “High,” the estimated number of puffs purchased during the
relapse increased by 12.4% [Incidence Rate Ratio (IRR) =1.12; 95%CI = 1.05, 1.20, t =3.50,
p = 0.001]. The second predictive factor was an objective sleep measure during marijuana
withdrawal. For every 10-minute increase in sleep onset latency, the estimated number of
puffs purchased increased by 8.1% (IRR = 1.08; 95% CI = 1.03, 1.13, t=3.31, p = 0.002).
The third predictive factor was cluster ratings of “Miserable” during the withdrawal phase.
For every 10 mm increase in “Miserable” ratings, the estimated number of puffs purchased
following a period of marijuana abstinence increased by 4.3% (IRR = 1.04; 95% CI = 1.002,
1.09, t=2.13, p = 0.038).

Study 2: Methods and Materials
Study 1 demonstrated that the factor having the largest impact on marijuana relapse was
cigarette-smoking status. Participants were free to smoke tobacco cigarettes, so marijuana
relapse did not reflect an effort to attenuate nicotine withdrawal (29). One possibility is that
nicotine directly enhances marijuana’s effects and that repeatedly pairing tobacco cigarettes
and marijuana results in one drug cueing use of the other (30, 31). There is close overlap in
the distribution of nicotinic and cannabinoid receptors (32), and pretreatment with a nicotine
patch (21 mg) has been shown to increase marijuana ‘high’ (33). Further, some individuals
report smoking tobacco cigarettes immediately after marijuana, purportedly to produce
greater intoxication (34).

Thus, the purpose of Study 2 was to test the direct effects of tobacco cigarette smoking on
marijuana relapse. We used the same model of marijuana intoxication, withdrawal and
relapse described in Study 1 to compare daily marijuana and cigarette smokers across two
inpatient phases: when they were smoking cigarettes as usual (SAU) and after they had
undergone a period without smoking cigarettes (Quit). The order of Quit and SAU phases
was counter-balanced.

Participants
Screening procedures and inclusion criteria were identical to Study 1 except that eligible
volunteers smoked ≥5 cigarettes/day and could not be seeking tobacco cessation treatment.
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Procedures
Each 8-day, inpatient SAU or Quit phase was preceded by at least 7 outpatient days to allow
time to either quit or resume smoking tobacco cigarettes. For the Quit phase, our objective
was to have participants quit smoking tobacco cigarettes at least 1 week prior to study onset
to reduce the impact of peak nicotine withdrawal on measures of marijuana’s effects,
although some symptoms would persist (35). Participants underwent modified contingency
management procedures to foster tobacco cessation. They were given a date to quit tobacco
cigarettes and then visited the lab every 2–3 days to contribute a urinary sample for cotinine
measurement (NicAlert; Global Business Support Systems, San Diego CA), a breath sample
for CO measurement, and to complete ratings of nicotine withdrawal. Participants were
given $50 for each outpatient day in which they achieved low cotinine levels (<100 ng/ml;
36). They were told to avoid nicotine replacement products and smoking marijuana in blunts
(cigar tobacco leaves), which can increase urinary cotinine levels (37). For ethical reasons,
participants who had the Quit phase first were not instructed to resume SAU; they were told
that they would be re-enrolled regardless of tobacco smoking status. However, all resumed
SAU.

As in Study 1, participants smoked experimenter-administered, active marijuana (5.5%
THC) on the first inpatient day. For the next 3 days, inactive marijuana (0.0% THC) was
available for self-administration (withdrawal), followed by 4 days when 5.5% THC was
available for self-administration (relapse).

Data Analysis
Repeated measures analyses of variance (ANOVA) with planned comparisons were used to
determine the effect of tobacco cigarette smoking on marijuana’s direct effects, withdrawal
and relapse. An advantage of using repeated-measures, within-subjects designs is that they
are well powered due to substantial correlations between levels. Behavioral outcomes
included: the number of marijuana puffs purchased, peak subjective effects, drug craving,
task performance, number of tobacco cigarettes smoked, and objective and subjective sleep
measures. There were two within-group factors: tobacco smoking condition (SAU, Quit) and
marijuana condition. Planned comparisons were conducted to determine if the Quit vs SAU
condition affected marijuana: (1) intoxication when active marijuana was experimenter-
administered, (2) withdrawal (mean peak values on days 2 and 3 of abstinence), and (3)
relapse (number of marijuana puffs purchased on the first day of active marijuana
availability). Results were considered statistically significant at p values < 0.05. Huynh-
Feldt corrections were used, when appropriate.

Study 2: Results
Participant Characteristics

Table 2 portrays demographic data on the 15 participants who completed the study. During
the SAU phase, participants averaged 10–12 tobacco cigarettes/day, regardless of marijuana
condition. At the onset of the Quit phase, 13 of the 15 participants met criteria for tobacco
cessation (CO: ≤4 ppm and/or cotinine <100 ng/ml); 2 participants showed a reduction in
cigarette use but did not achieve either criteria prior to move-in.

Marijuana Intoxication
Tobacco cigarette smoking condition did not significantly affect peak ratings of “High”
when active marijuana was experimenter-administered [SAU: 67 ± 7 mm; Quit: 68 ± 6 mm].
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Marijuana Withdrawal
Craving for tobacco cigarettes was significantly higher during the Quit phase (55 ± 6 mm)
relative to SAU [45 ± 8 mm: F(1,98) = 5.53, p < 0.03] during marijuana withdrawal, but
cigarette smoking condition did not significantly affect marijuana craving or the mood
symptoms characterizing marijuana withdrawal. Figure 2, which portrays sleep ratings as a
function of marijuana and tobacco cigarette condition, shows that marijuana withdrawal
significantly worsened sleep ratings relative to intoxication. Tobacco cigarette smoking had
few effects on sleep, although participants reported waking more often during the Quit phase
than SAU during marijuana withdrawal.

Marijuana Relapse
Tobacco cigarette smoking status did not significantly influence marijuana relapse. On the
first day of active marijuana availability, 93% of participants purchased at least 1 puff of
marijuana in the SAU condition compared to 87% in the Quit condition; the number of puffs
purchased was identical (8 ± 1) in the two conditions. By contrast, placebo marijuana self-
administration was significantly influenced by tobacco cigarette condition. During
abstinence from active marijuana, participants in the Quit condition purchased significantly
more placebo marijuana puffs (3 ± 1) compared to SAU [1 ± 1; F(1,84)=3.97, p<0.05].

Overall Discussion
Study 1 evaluated the factors predicting whether daily marijuana users who have gone
through several days of marijuana abstinence will relapse, defined in this laboratory model
as paying a financial cost to reinitiate active marijuana smoking on the first day of its
availability. The results show that the factor best predicting marijuana relapse was tobacco
cigarette-smoking status. Withdrawal symptoms did not predict the likelihood of relapse.
However, the intensity of mood and sleep disruption during withdrawal predicted more
severe relapse, measured in the amount of marijuana self-administered after an abstinence
period. Another factor predicting the severity of relapse was ratings of ‘high’ following
active marijuana smoking: greater intoxication predicted more marijuana self-administration
after abstinence. These findings, which parallel tobacco cessation data (38), suggest that
both the positive and negative reinforcing effects of marijuana influence the severity of
relapse.

To follow-up, Study 2 assessed the direct impact of tobacco cigarette smoking by comparing
marijuana withdrawal and relapse in the same individuals when they smoked cigarettes ad
libitum and following a period of tobacco cessation. Consistent with findings from Study 1,
the vast majority of participants in Study 2 (>87%), all cigarette smokers, relapsed to
marijuana whether they were smoking tobacco cigarettes as usual or were recently abstinent
from cigarettes. These findings rule out acute nicotine exposure or the cueing effects of
tobacco cigarettes as an explanation for the high marijuana relapse rates observed among
cigarette smokers. Tobacco cigarette smoking, which was consistent across marijuana
conditions, had little influence on the direct or indirect effects of marijuana. In addition to
not affecting marijuana relapse rates, tobacco cigarette smoking did not alter marijuana
intoxication or most symptoms of marijuana withdrawal relative to tobacco cessation.

These laboratory findings parallel marijuana treatment data. In a large sample of
adolescents, 69% of marijuana smokers who smoked cigarettes relapsed to marijuana 1 year
later, compared to 54% of non-smokers (39). Among adults in marijuana treatment (n=174),
marijuana and cigarette smokers provided about half as many cannabis-negative urines and
had fewer weeks of abstinence than former smokers, despite no differences in treatment
retention or marijuana dependence severity (30). Tobacco cigarette smoking also predicts
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treatment outcome for other drugs (40, 41, 42). A meta-analysis of 19 randomized clinical
trials evaluating tobacco treatment interventions during drug treatment found that smoking
cessation was associated with a 25% increased likelihood of long-term abstinence from
alcohol and illicit drugs (43, 44). Thus, there is a clustering of quitting behavior, where
stopping use of one drug increases the likelihood that other drug use will stop (45).

Although clinical data show that quitting cigarettes predicts better treatment outcome than
continued smoking, short-term tobacco cessation did not decrease marijuana relapse in
Study 2. Yet, it is worth noting that tobacco cessation was brief and a desire to quit cigarette
smoking was an exclusion criterion. Participants (except for 2) complied with the
requirements to not smoke cigarettes prior to admission, but none maintained this abstinence
when not reinforced for doing so. Given that the absence of nicotine did not reduce
marijuana relapse, perhaps it is the demonstrated ability to quit smoking cigarettes that best
predicts the ability to remain abstinent from other drugs (30). Anti-smoking initiatives are
increasing, particularly in New York City where cigarette packs cost over $12, leading to a
35% drop in adult cigarette smoking prevalence from 2002 to 2010 (46). Perhaps those who
persist in smoking cigarettes despite mounting societal prohibitions are particularly
recalcitrant smokers, unable to maintain abstinence from cigarettes (47) or from drug use
overall.

Impulsivity may contribute to this recalcitrance. Delayed discounting, or the devaluing of a
reward obtained in the future relative to one that is immediate, is one measure of impulsivity
(48). Drug-dependent individuals tend to discount distant rewards more than controls,
consistent with their choice for immediately-available drug intoxication or withdrawal relief
over deferred rewards of higher long-term value, e.g., healthy lungs, job opportunities.
Among cigarette smokers, those with higher rates of delay discounting chose more cigarette
puffs over money (49). Similarly, although all of the current participants were daily drug
users (marijuana), those who also smoked tobacco cigarettes were more likely to choose the
immediate reward of marijuana smoking over a more delayed reward (higher study
earnings), regardless of tobacco cigarette availability.

Shared risk factors may also explain the current findings (50). Adolescents who smoke
tobacco cigarettes are over 9× more likely to smoke marijuana than nonsmokers (51, 52),
and rates of tobacco cigarette use among marijuana smokers (47–78%; 7, 30, 53) are over
twice the national average (23%; 54). In terms of mechanism, preclinical data show that
nicotine produces epigenetic effects that enhance drug reward. In mice, repeated nicotine
administration produced selective changes in striatal gene expression that enhanced the
subsequent rewarding effects of cocaine (55). Preclinical (56, 57, 58) and clinical (59, but
see 60, 61) studies show that cannabinoids also elevate striatal dopamine levels, albeit more
modestly than cocaine. Thus, it is intriguing to consider that one explanation for the current
finding is that cigarette smoking prior to the onset of marijuana use resulted in more
intractable marijuana use patterns.

Among those who relapsed to marijuana, two factors were associated with the severity of
relapse: marijuana withdrawal symptoms and intoxication. Again, there are interesting
parallels to the tobacco literature. Among cigarette smokers, breath-holding duration, which
measures the ability to tolerate discomfort, predicted relapse to cigarettes during early
abstinence, while the severity of nicotine withdrawal did not (62). Perhaps the intensity of
marijuana withdrawal is less predictive of relapse than the ability to tolerate the discomfort
of withdrawal.

The present findings suggest several future studies to pursue: Given that clinical data
support treatment for tobacco dependence in substance-dependent participants (63), it is
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important to determine whether patients seeking marijuana and tobacco cessation treatment
who successfully quit smoking cigarettes reduce their marijuana use relative to patients who
failed to quit cigarettes. In addition, participants in Study 1 began smoking marijuana every
day at about 18 years of age. Studies are needed to clarify why individuals who started daily
marijuana use when they were older were more likely to relapse than those who started at a
younger age. This finding appears counter-intuitive, but perhaps those with a longer history
of daily marijuana use have had more experience attempting to moderate this behavior.

There are several issues to consider with the present design: First, it may be that marijuana
withdrawal severity did not predict relapse because the abstinence phase was too short to
capture the full range of symptoms (23). Second, the sample was homogenous, comprised
primarily of black men, potentially limiting our ability to generalize the findings to women
or racially-mixed populations. Finally, our design was laboratory-based and used
nontreatment-seeking volunteers. However, although it may appear that such an approach is
not relevant to patients, the validity of the model is supported by clinical evidence that
cigarette smoking predicts marijuana relapse. Further, medication effects on drug self-
administration in this model are consistent with clinical outcome for marijuana (13, 16, 21,
22), as well as for treatment of other drugs (24, 25). Thus, human laboratory models of drug
self-administration offer a controlled yet clinically-relevant method to study factors
underlying problematic drug use.

In sum, these data indicate that daily marijuana smokers have considerable difficulty
maintaining abstinence from marijuana, and the factor best predicting this failure to maintain
abstinence is tobacco cigarette-smoking status. Whether individuals are currently smoking
tobacco cigarettes or have been recently abstinent does not alter these high relapse rates,
suggesting that cigarette smoking does not directly or indirectly influence marijuana relapse.
Rather, cigarette smoking in concert with daily marijuana use may reflect intrinsic factors,
such as greater impulsivity or distress intolerance, that render these individuals susceptible
to relapse. Overall, the data suggest that current cigarette smoking is a clinical marker for a
greater risk of drug relapse (41), including marijuana relapse.
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Figure 1.
Total number of participants in Study 1 (n=51) relapsing to marijuana as a function of
tobacco cigarette smoking status. ‘Relapsers’ (left panel) purchased at least 1 puff of active
marijuana on the first day it became available. ‘Smokers’ smoked at least 1 tobacco
cigarette/day.

Haney et al. Page 13

Biol Psychiatry. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 2.
Sleep ratings in Study 2 as a function of marijuana condition (Intoxication vs Withdrawal)
and tobacco cigarette smoking condition (SAU vs Quit). SAU: smoking tobacco cigarettes
as usual. Quit: tobacco cessation. Intoxication: Mean peak ratings following repeated
marijuana administration (5.5%). Withdrawal: Mean peak ratings on the second and third
day of marijuana abstinence. Asterisks indicate a significant difference between SAU and
Quit condition (* p < 0.05). Number signs indicate a significant difference between
Intoxication and Withdrawal condition (# p < 0.05; ## p < 0.01). Each bar represents 15
participants.

Haney et al. Page 14

Biol Psychiatry. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Haney et al. Page 15

TABLE 1

Factors included in logistic regression equation predicting likelihood of relapse and truncated Poisson
regression equation predicting severity of relapse".

Demographic Variables:

      Age

      Age of daily marijuana use

      Years smoking marijuana regularly

      Number of marijuana cigarettes smoked/day

      Cigarette smoker (yes/no)

      Cigarettes/day (#)

      Alcohol drinks/week

Acute Marijuana Effects

      Peak ratings of “High”

Marijuana Withdrawal Symptoms

      Peak ratings of marijuana craving

      Peak cluster ratings of “Miserable”

      Peak cluster ratings of “Anxious”

      Peak ratings of Fell Asleep Early, Sleep Satisfaction, Woke Early

      Sleep Latency, Percent Time Asleep
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TABLE 2

Demographic characteristics of participants

Study 1 Study 2

Number of participants 51 (46M; 5F) 15 (13M; 2F)

Race (Black/White/Mixed/Pacific Islander) 41/7/2/1   9/2/4

Ethnicity (Hispanic/non-Hispanic) 11/40 10/5

Age (years)   28 ± 7 30 ± 6

Marijuana use (#days/wk)   6.9 ± 0.4   6.9 ± 0.3

Marijuana cigarettes/day   9.9 ± 5.6   8.9 ± 5.7

Age beginning daily marijuana use 17.9 ± 5.8 16.1 ± 4.5

Cigarette Smokers (#)   38 15

      Cigarettes/day   9.0 ± 4.8 10.3 ± 3.8

Alcohol Drinkers (#)*   29   7

      Alcohol: Drinks/week   4.4 ± 3.5 12.3 ± 8.0

Education (years) 12.6 ± 2.4 12.5 ± 1.3

Note: Data are presented as means (± standard deviation) or as frequency.

*
Only included those reporting at least 1 drink/week.
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