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Abstract

Rationale Given that tetrahydrocannabinol (THC) and nicotine have similar effects on negative affect (NA), we hypothesized
that a 7-mg nicotine patch (NP) would reduce NA-related cannabis (CAN) withdrawal symptoms in cannabis-dependent (CD)
individuals who were not nicotine dependent.

Objective We sought to determine whether NP reduces NA across 15 days of CAN abstinence in two groups: non-tobacco
smokers (NTS) and light tobacco smokers (LTS).

Methods CD participants (V= 127; aged 18-35) who used CAN at least 5 times/week for the past 12 + months were randomized to
(1) NP or (2) a placebo patch (PP) and received $300 for sustained biochemically verified CAN abstinence. Of those randomly
assigned, 52 of 63 NP, and 56 of 64 PP maintained biochemically verified CAN abstinence and 51 NP and 50 PP participants complied
with all aspects of the study. Affect and other withdrawal symptoms were measured every 48 h across 15 days of CAN abstinence.
Results After controlling for age, tobacco use, baseline THC concentration, and baseline measurements of the dependent
variable, NP reduced NA symptoms across the 15-day treatment relative to PP. Differences in NA and CAN withdrawal
symptoms were not moderated by tobacco user status.

Conclusions The findings provide the first evidence that NP may be able to attenuate NA-related withdrawal symptoms in
individuals with cannabis use disorder who are not heavy users of tobacco or nicotine.

Clinical trials registry NCT01400243 http://www.clinicaltrials.gov

Keywords Cannabis - Marijuana - Withdrawal symptoms - Negative affect - Nicotine - Smoking - Testing effect - THC

Introduction assessment, and treatment in various therapy settings.

Cannabis use disorders (CUDs) are associated with significant

Cannabis withdrawal symptoms (CWS) constitute an impor-
tant syndrome that requires appropriate understanding,
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health and mental health problems, as recognized by the
DSM-5 (American Psychiatric Association 2013). CAN use
and cannabis use disorders have increased dramatically over
the past decade (Hasin et al. 2019). Because of the potential
adverse effects of heavy CAN use, treatment for CUD was
sought by 138,000 people in the USA in 2015 (Center for
Behavioral Health Statistics and Quality 2015). Among the
problem characteristics of CUD are its DSM-5-listed with-
drawal symptoms, which include increases in negative affect
(irritability-anger-aggression, nervousness-anxiety, and de-
pressed mood), restlessness, sleep difficulty (i.e., insomnia,
disturbing dreams), decreased appetite or weight loss, and at
least one of a group of physical symptoms (abdominal pain,
shakiness/tremors, sweating, fever, chills, or headache). It is
believed by some that these symptoms make abstinence diffi-
cult in some of those attempting to abstain from CAN use
(Budney et al. 2001). Though some small studies (e.g.,
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Arendt et al. 2007) failed to find that CWS failed to predict
relapse, there appear to be no well-powered, rigorous studies
of the association of CWS severity to relapse.

Convergent evidence suggests that some use of MJ is mo-
tivated in part by attempts to decrease negative mood and
emotional states, including those associated with CAN with-
drawal. Large national surveys have demonstrated that indi-
viduals with social anxiety disorder and panic disorder are
strongly disposed to CAN dependence (Agosti et al. 2002;
Lynskey et al. 2002; Green et al. 2003). The use of CAN
increased among Manbhattan residents after the 9/11 terrorist
attacks (Vlahov et al. 2002). Studies of daily CAN smokers
have shown more overall anxiety, irritability, depressed mood,
and decreased appetite compared with controls during a 28-
day period of supervised abstinence (Kouri and Pope 2000;
Budney et al. 2001, 2008). However, the effects of pharmaco-
therapies on CAN withdrawal symptoms have received rela-
tively little attention.

Pharmacotherapy of withdrawal and promotion of ab-
stinence is associated with improved treatment outcomes
for nicotine (Jorenby et al. 2006) and opioid dependence
(Kreek 2000). Haney and colleagues have conducted
well-controlled trials assessing the effects of different
pharmacotherapies on abstinence and withdrawal
symptoms. For example, Haney et al. (2008) found that
a combination of THC and lofexidine (an «2-adrenergic
agonist that attenuates norepinephrine release) attenuated
cannabis withdrawal and decreased relapse and found that
nabilone (an FDA-approved synthetic analog of THC) de-
creased CWS and a laboratory measure of CAN relapse
(Haney et al. 2013). Norepinephrine (NE) release is in-
creased centrally during CAN withdrawal (Hart 2005) and
other «2-adrenergic agonists can decrease extracellular
NE levels in certain conditions, possibly by stimulation
of autoreceptors that decrease functional adrenergic activ-
ity (Carter 1997). Clinical trials have shown that
rimonabant (a cannabinoid type 1 receptor blocker) may
be effective in curbing craving for food and nicotine
(Gelfand and Cannon 2006) and pretreatment with
rimonabant significantly decreased the physiological and
psychological effects of CAN (Huestis et al. 2001). In
contrast, a recent randomized clinical trial found that the
combination of lofexidine and dronabinol (a partial can-
nabinoid receptor agonist) to be no more efficacious than
placebo in individuals with CUD (Levin et al. 2016).
Furthermore, preliminary evidence suggests that
bupropion, a NE and dopamine reuptake inhibitor effec-
tive in the treatment of depression and tobacco smoking,
may worsen NA associated with CAN abstinence likely
because of its enhancing adrenergic functioning (Haney
et al. 2001).

Though the data is mixed, evidence suggests that it is rea-
sonable to continue to test the hypothesis that nicotine may
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reduce CAN withdrawal and promote abstinence by one of
several potential mechanisms. Nicotine modulates functional
NE release in the hippocampus (Barik and Wonnacott 2006)
in a manner somewhat like the above-noted x2-adrenergic
agonist, lofexidine (Haney et al. 2008). Nicotine can also re-
duce functional NE activity by stimulating «2 autoreceptors
that in turn decreases overall NE release (Wonnacott 1997).
Nicotine-induced decrease in NE release may desensitize NE
receptors and thereby have functional effects similar to those
associated with lofexidine (Sanchez-Merino et al. 1995).
Scherma et al. (2016) reviewed preclinical evidence of several
interactions between the endocannabinoid and nicotinic cho-
linergic systems, including findings suggesting that the «7
nicotinic-cholinergic receptor activation by nicotine may in-
hibit the development of CUD.

Supporting the possibility that nicotine patch (NP) or
other forms of nicotine could prove to be an efficacious
treatment of CUD, Solinas et al. (2007) presented evidence
supporting their view that &7 nicotinic receptors may be an
effective new target for the treatment of CUD and/or CWS.
Their experimental evidence showed that blockade of o7
nicotinic receptors reversed the behavioral and
neurochemical effects of cannabinoids. The literature
review by Viveros et al. (2006) noted many parallels, con-
trasts, and interactions between nicotine and cannabinoids
on brain and behavioral functioning. Both CAN (Corrigall
et al. 1994) and nicotine (Gerdeman et al. 2003; Lupica
and Riegel 2005) promote the release of mesolimbic dopa-
mine contributing to the reinforcing properties of both sub-
stances. Consistent with the notion that a common biolog-
ical disposition contributes to polysubstance abuse, indi-
vidual differences in dopamine tone have been hypothe-
sized to predict disposition to the abuse of many drugs
(Blum et al. 2000; Lupica and Riegel 2005). These obser-
vations provide support for the view that there should be a
high priority for testing the hypothesis that nicotine and
other nicotinic agonists can reduce THC withdrawal symp-
toms and promote CAN abstinence in those attempting to
quit using CAN. A finding that nicotine reduces CWS
could have social and clinical benefits, possibly leading
to a standard treatment of cannabis dependence and/or to
the development of new cholinergic agonist therapies
based on the observed efficacy of nicotine therapy.

In contrast to our hypothesis, a recent finding that, relative
to normal nicotine cigarettes, low-nicotine cigarettes did not
impact self-reported CAN intake (Pacek et al. 2016) could
appear to be contrary to our hypotheses that nicotine promotes
CAN abstinence. The study by Pacek et al. (2016) used par-
ticipants who were not cannabis dependent (averaged
11.3 days of CAN use/past month). In contrast to the mixed
findings in humans, studies using animal models have found
interactions of nicotine with THC on CAN use-related behav-
ior and brain mechanisms reviewed by Viveros et al. (2006),
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including dopamine release in the mesolimbic system, en-
hanced endogenous opioids release, stimulation of adrenocor-
tical activity, anxiolytic, and other behavioral effects. There
are also a number of behavioral similarities between THC and
nicotine, as well as documented behavioral interactions be-
tween these two drugs (Viveros et al. 2006). For example,
users report that both drugs produce relaxation, are used to
cope with stress, and to more generally enhance positive and
to attenuate negative affect (Green et al. 2003; Viveros et al.
2006; Martens and Gilbert 2008). Interactions of nicotine with
THC include rodent studies indicating additive effects of the
drugs reinforcing effects, THC potentially reducing nicotine
withdrawal symptoms, but nicotine enhancing somatic THC
withdrawal symptoms (Valjent et al. 2002; Viveros et al.
2006). In contrast, nicotine and THC have the opposite effects
on hunger and on cognitive performance, with nicotine de-
creasing hunger and enhancing cognitive performance
(reviewed by Viveros et al. 2006). However, no studies to date
have assessed the aims of the current proposal, which are to
assess the efficacy of nicotine in those with CUD who are not
nicotine dependent and approximately half of whom have no
history of nicotine use.

The study was not designed with the expectation that the
methods we used would be used in normal clinical practice.
Instead, it was designed to understand and provide a rigorous
assessment of CAN withdrawal symptoms that may drive
some individuals in real-world situations to relapse to chronic
CAN use. The objective of this randomized controlled trial
was to determine whether, relative to placebo patch (PP),
low-dose (7 mg) NP reduces negative affect (NA) and CWS
across 15 days of CAN abstinence in cannabis-dependent
(CD) individuals who were either non-tobacco users or light
tobacco smokers as defined by a baseline urine cotinine con-
centration < 150 ng/ml and self-reported by timeline follow-
back assessments of no more than 5 cigarettes per day. Besides
the initial orientation and consent sessions, participants com-
pleted four pre-quit monitoring sessions (twice per week, be-
ginning 2 weeks immediately prior to quitting) during which
they completed the below-noted mood and withdrawal mea-
sures, and eight post-quit monitoring sessions (on post-quit
days 1, 3, 5, 7, 9, 11, 13, and 15 of abstinence). The four
baseline sessions were used to help stabilize the downward
drift of reported NA and CWS due to the repeated adminis-
tration of questionnaires that are nearly universally found in-
dependent of interventions (Sharpe and Gilbert 1998;
Arrindell 2001; Gilbert et al. 2019). For reasons noted in the
methods, measures from the first day of abstinence were not
included in the statistical analyses. We assessed heart rate and
blood pressure because of the well-established fact that nico-
tine increases heart rate and in some cases blood pressure
(Benowitz et al. 2002), while abstinence from THC has been
reported to be associated with increases in blood pressure
(Vandrey et al. 2011).

Methods

Participants Individuals with DSM-5-assessed CUD, who re-
ported on timeline follow-backs (the mean of four 3-month
timelines, as well as the preceding month) 10+ CAN uses/
week across the preceding year, were recruited from 2011 to
2014 by university postings and newspaper ads in
Carbondale, IL, and surrounding communities. A great major-
ity (98.6%) of uses were by smoking (joints, blunts, one-hit-
ters, pipes, bongs, bowls, chillums). Female uses were pre-
dominantly via blunts (73.9%), while males’ use of blunts
was lower (42.9%) due to their greater use of bowls and pipes
(32.5% vs. 14.6% in females). Joints, bongs, vapes, and edi-
bles in combination constituted approximately 10% of uses
across both genders. Only one individual primarily vaped,
and edibles were rarely used (0.3% of uses). Inclusionary
criteria included CAN use on 10 + occasions per week, will-
ingness to abstain from CAN and tobacco/nicotine for 15 days
and a reported age between 18 and 50 years, baseline urine
cotinine concentration assessed via NicAlert® test-strip value
“3” (100-200 ng/ml) or lower (a concentration indicating
minimal or no nicotine intake) during the nicotine-free base-
line period (Blackford et al. 2006), and reported use of fewer
than 5 tobacco cigarettes/day or equivalent tobacco/nicotine
use during the past 2 years. Exclusionary criteria included
weekly use of psychoactive drugs or medications (other than
CAN, alcohol, or caffeine), tobacco smoking more than 5/day,
alcohol use > 28 alcoholic drinks per week, age <18 or >
50 years, non-English speaking, education < 12 years, atypical
sleep cycles, pregnancy, body mass indices below 18.5 or
above 35, use of creatinine-containing supplements, and cur-
rent DSM-IV-TR assessed diagnoses of major depression or
psychotic disorder. Participants received medical clearance by
an in-house physician and procedures were approved by the
local Institutional Review Board (IRB).

Verification of THC intake and abstinence To establish a reli-
able pre-quit baseline and subsequent decreases in THC in-
take, a quantitative urine index of THC intake concentration
was assessed by ExperTox® (Deer Park, TX) using gas
chromatographic-mass spectroscopy of 11-nor-9-carboxy-9-
tetrahydrocannabinol (THCCOOH), the primary THC metab-
olite. THCCOOH was normalized with urine creatinine con-
centration to obtain a THC metabolite-creatinine ratio (CN-
THCCOOH). These normalized THC concentrations are pre-
sented in Fig. 1. The individual with the lowest baseline
creatinine-normalized 11-nor-9-carboxy-A°’-
tetrahydrocannnabinol (CN-THCCOOH) concentration in
our sample was 42 ng/mg, which is substantially greater than
the approximately 30 ng/mg sample mean concentration ob-
served in a cannabis treatment study by Schuster et al. (2016).

To verify continuous THC abstinence during the quit
phase, we used the THC abstinence criteria algorithm
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Fig. 1 Mean post-abstinence creatinine-normalized THCCOOH concen-
trations decreased from the preceding assessment during each of the sev-
en assessments

developed by Schwilke et al. (2011) that estimates the proba-
bility of new THC use from CN-THCCOOH values at a given
number of days of THC abstinence with the values at the pre-
quit baseline. The algorithm also uses different abstinence
criteria as a function of different baseline CN-THCCOOH
concentrations. We used the 95% confidence interval of a
CN-THCCOOH concentration as indicating a new use of
THC during the abstinence period. Only three of the 101 in-
cluded participants failed to meet the criteria across all assess-
ments beginning with day 5 of abstinence. All participants
included in our statistical analyses of the effects of abstinence
on withdrawal symptoms and affect met the Schwilke absti-
nence criteria across each of the latter assessment days (7, 9,
11, 13, and 15). We included the two participants not meeting
the CN-THCCOOH criteria on day 5, because they met the
criteria on all subsequent days and because 2-3 individuals
would be expected to have false positive value indicating
CAN use when there, in fact, was no use, given the 95%
threshold and concentrations indicating clear compliance from
day 7 onward. Urine specimens were also tested for psycho-
active drugs (cocaine, cannabis, opiates, amphetamines, meth-
amphetamine, phencyclidine, benzodiazepine, methadone,
barbiturate, tricyclic antidepressants, oxycodone, and pro-
poxyphene with built-in adulteration strips for creatinine, ox-
idants, and pH, including a temperature strip in the back of
each cup) using the qualitative ICup™ 12 panel Urine Drug
Test. Specimens were also evaluated with a Urine Check 7-
drug alteration test for the detection of diluted or adulterated
urine. For those in the PP group, subjects were judged
nicotine-abstinent from tobacco if urine cotinine levels were
below a cutoff of 50 ng/ml. Results showed that 51 of the 63
individuals in the NP group and 50 of the 64 in the PP group
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maintained biochemically verified CAN abstinence and com-
plied with all other aspects of the study.

As outlined in the study flow chart (Online Resource), of
the 1596 individuals who inquired about the study and were
screened for potential eligibility by phone, 567 were eligible
for in-person screening interviews, 420 showed up for in-
person interviews, and of these, 146 were consented. Of the
146, 19 dropped out prior to the randomization to treatment/
abstinence phase, leaving 127 individuals who entered absti-
nence with patch treatment. Of those not meeting eligibility
criteria, 751 failed to use CAN > 10 times/week across 5 +
days or CAN for less than a year, 186 used tobacco/nicotine
more than 35 times/week, 95 had serious medical or psychi-
atric conditions, 14 had BMIs in excess of 35, 6 drank more
than 35 alcoholic drinks/week, 35 used illicit drugs routinely,
and 2 were not available for lab sessions. Most (101/127) of
those entering treatment complied with study requirements,
including meeting the above-noted CAN abstinence criteria
throughout the full 15 days of abstinence (i.c., without report-
ed or CN-THCCOOH ratio-assessed slips), and used the nic-
otine patch continuously throughout the 15 days as assessed
by urinary cotinine values using NicAlert® test strips (nico-
tine patch group mean test-strip value =5.42 [0.88 SD]
reflecting cotinine values between 500 and 2000 ng/ml, pla-
cebo patch group value =0.53 [0.67 SD] reflecting cotinine
values between below 10 ng/ml). Test-strip values of less than
“4” (200-500 ng/ml) on any one or more post-quit assessment
sessions were considered to reflect the failure to comply with
patch use requirements in the nicotine group. In the PP group,
values of greater than “2” (30—100 ng/ml) were used as indi-
cators of nicotine use, though no participant exceeded this
value. Of the 26 participants excluded from the present treat-
ment effects analysis, 19 clearly did not comply with CAN
abstinence as indicated by the Schwilke et al. (2011) algo-
rithm, while 6 participants had cotinine assays suggesting a
large degree but not full compliance with the study protocol
for patch use. Only individuals unambiguously complying
with study requirements were included in the statistical anal-
yses of the effects of treatment.

Structured interview for DSM-IV-TR (SCID-research version)
The SCID is a semi-structured interview designed for use by
trained lay interviewers for the lifetime assessment of mental
disorders (First et al. 2002) using DSM-IV-TR criteria
(American Psychiatric Association 2000). The DSM-IV-TR
research version of the SCID was administered to all partici-
pants during the screening and orientation sessions by an in-
terviewer with extensive training and experience with the
SCID. The interviewer’s work and diagnoses were closely
reviewed by a highly experienced licensed clinical psycholo-
gist. The research version of the SCID-IV-TR assesses 11 of
the 12 criteria used in the DSM-5 version to diagnose CUD.
The one item not assessed was “craving” something that we
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assessed using the CAN version of the Questionnaire for
Smoking Urges (Tiffany and Drobes 1991). Thus, we were
able to assure that all participants had a DSM-5 diagnosis of
CUD and also were able to assess the current severity of CUD
on the DSM-5 scale of mild (presence of 23 of the 12 items),
moderate (45 items), and severe (6 or more items). The 12
CUD items cover areas assessing tolerance, withdrawal, use
despite social/interpersonal/legal problems, neglected major
roles, and repeated attempts to quit or control use over the past
12 months.

All consented individuals met the DSM-5 criteria for CUD,
with the mean number of symptoms being 5.78 (SD =1.1) and
mean CUD severity of 2.66 (SD =0.5) on the DSM-5 three-
point severity scale. The characteristics of the study sample
are shown in Table 1. Study completers included roughly
equal numbers of African Americans and European
Americans (42 and 49, respectively, with 11 other ethnicities).
However, consistent with gender distributions of cannabis-
dependent individuals, 75 of the study completers were male
and 26 were female. Similar proportions of males and females
were consented (M =99; F =47). Mean pre-quit baseline

CAN uses per week were slightly greater for the nicotine
(19.96) than for the placebo group (16.00), P <0.05.

Questionnaires Mood, withdrawal, and personality question-
naires included the following: The Profile of Mood States
(POMYS), (McNair et al. 1971), including the anger-irritability,
sadness-depression, and tension-anxiety scales; the Marijuana
Withdrawal Checklist (MWC), (Budney et al. 2001); and the
Marijuana Problems Scale (Stephens et al. 1994) which as-
sesses problems related to the use of CAN in the past 90 days
using a list of 19 negative psychological, social, occupational,
and legal consequences. Endorsements of items are counted to
create indices of the total number of problems (range = 0-19;
alpha = 0.90).

Procedure An IRB-approved consent form was signed by
each participant. Participants received $300 for biochemically
verified abstinence and for completing twelve mood and urine
monitoring sessions. All participants were asked to and were
biochemically verified (cotinine) to have refrained from any
tobacco use (other than that associated with smoking blunts)

Table 1 Sample characteristics

Nicotine group (n=>51) Placebo group (n=50)

Variable NorM % or (SD) NorM % or (SD)
Age (years) 21.10 (3.83) 20.48 (2.34)
Male (reference: female) 40 78.4% 35 68.6%
Ethnicity
African American 21 412 20 40.0
Asian 0 0.0 1 2.0
Caucasian 23 45.1 26 52.0
Other 7 13.7 3 6.0
Education
Completed HS 5 9.8 3 5.9
Some college 40 78.4 35 70.0
Associate degree 1 2.0 9 18.0
4-year degree 2 39 2 4.09
Some grad school 2 39 2 4.0
Completed grad school 1 2.0 0 0.0
Baseline CN-THCCOOH (ng/mg) 331.85 (373.27) 393.36 (714.84)
Age first CAN use (years) 15.22 (2.5) 14.86 (2.00)
Age consistent CAN use (years) 16.80 (1.82) 16.98 (2.11)
CAN uses/day for year prior to quitting 2.86 (0.86) 2.94 1.77)
Drinks of alcohol consumed past 30 days 32.04 (25.92) 26.55 (27.2)
Number of light tobacco smokers 5 9.8 6 12.0
SCID-past depression 6 11.8 5 10
SCID-past drug use disorder 4 7.8 2 4.0
SCID-past alcohol use disorder 3 59 3 6.0
Marijuana problems scale mean score 4.82 (2.52) 4.88 (2.52)

None of the differences between nicotine and placebo groups differ at p < 0.05. Values in parentheses are standard

deviations of continuous variables
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beginning at least 2 weeks prior to initiating study procedures
and to continue to refrain throughout the study. Low concen-
trations of cotinine in the NP group would indicate failure to
reliably use the NP during the quit phase. Abstinence was
verified by urine cotinine concentrations and a completed
pre-quit baseline phase that included assessments of mood,
breath carbon monoxide (CO) concentration, and urine/
saliva cotinine monitoring days. It should be noted that CO
cannot distinguish CAN from tobacco smoking, but since
both were prohibited, elevated (5 + ppm) CO was used for
validation. Subjects were then randomly assigned by an urmn
technique without replacement approach, to one of the two
treatment groups (NP or PP). Participants received counseling
based on the guide “Getting Out of It: How to Cut Down or
Quit Cannabis” (Mentha 2001).

Patches In order to minimize the adverse effects of nicotine
(primarily nausea and lightheadedness), we used the low-dose
(7 mg) nicotine patch (Habitrol®) that has a slower nicotine
blood rise time than other brands of patches (Gupta et al.
1993). This slow rise time greatly lessens the adverse effects
of nicotine in non-tobacco users relative to fast blood-rise
patches such as NicoDerm CQ® (Gilbert et al. 2003).
Placebo patches were manufactured and blinded by
Rejuvenation Labs (Salt Lake City, UT). All patches were
obtained with NIDA funding and were not supplied or spon-
sored in any way and without any consultation, influence, or
input from a drug or other company.

Data analysis General linear mixed models (GLMM) (Koller
and Stahel 2011) were calculated in order to determine the
effect of the treatment (PP or NP) on NA (model 1), CAN
withdrawal symptoms based on a total score for the MWC
(model 2), and CAN craving based on a single item from the
MWC (model 3) across 7 measurements within the 15-day time
period (days 3, 5, 7, 9, 11, 13, and 15 of abstinence). Day 1 of
abstinence was excluded from analysis because participants had
been on the patch for only 4-8 h at the time of the first moni-
toring session and it takes several hours for maximal blood
nicotine concentration to be achieved (Gupta et al. 1993); thus,
much or most of the participants’ first day of abstinence up to
the time of the day 1 assessment was spent with very low doses
of blood nicotine. Each model included the following fixed
independent variables: treatment group assignment (1 = NP,
2 = PP), time (1-7), baseline CN-THCCOOH measurements
(continuous), tobacco user status (“0” = not a tobacco user,
“1” = tobacco user), baseline measurements (mean of the final
two pre-quit baseline) of the dependent variable (continuous),
age, and a two-way interaction for time and treatment group
assignment. Although we considered including random slopes
in the models, our final presented models do not contain ran-
dom slopes because (a) our sample size was small and (b) the
variance on random slopes in our models were near zero.
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Analyses were conducted using the “robustlmm” package in
R Studio (Koller 2016). Though the study was a double-
blinded, randomized controlled trial, it differs from traditional
RCTs in that the outcomes/dependent variables were not a di-
chotomous abstinent vs. relapsed category, but instead were
based on continuous variables (symptom severities) analyzed
only on the great majority of participants who maintain absti-
nence and who complied fully with study requirement. Thus,
traditional intent-to-treat analyses were not appropriate or spec-
ified in our NIDA proposal for this study because the study
focus was on CWS, not on the maintenance of abstinence.
Finally, because “age” and “‘smoker status” were not significant
in any of the analyses reported below, statistics related to these
variables are included only in the Online Resource, where the
full set of analytic values are presented for CWS and negative
affect.

Results

Verification of THC abstinence Mean post-abstinence CN-
THCCOOH concentrations decreased during each of the sev-
en assessments from the value of the preceding assessment.
The CN-THCCOOH abstinence criteria algorithm developed
by Schwilke et al. (2011) demonstrated 95% confidence that
there were no uses after the first point of algorithm validity
(day 5), except in three subjects where this criterion was not
reached until day 7 of abstinence.

Verification of NP use and tobacco abstinence NicAlert® dip-
sticks (JANT Pharmaceutical Corporation) were used to as-
sess nicotine intake level prior (pre-quit) and on days 1, 3, 5, 9,
11, 13, and 15 after the quit date. The NicAlert® test yields a
semiquantitative measure of nicotine’s major metabolite co-
tinine, using a colorimetric immunoassay reaction. The assay
displays seven zones reflecting urine cotinine concentrations
from “0” (010 ng/ml) to “6” (> 1000 ng/ml). There was a
mean value of 5.42 (corresponding to an estimated
1000 ng/ml cotinine) in the NP group, relative to a value of
0.70 (estimated 10 ng/ml, nonsmoker range) in the placebo
group, F(1,100) =1259.07, p <0.001. Six individuals in the
NP group were not included in the study analyses because of
low cotinine concentrations (< 100-200 ng/ml) on the
NicAlert® 6-point scale during one or more of the seven
post-quit phase assessments.

Expired breath CO concentrations were measured with a
MiniCO™ meter (Vitalograph, Lenexa, Kansas). CO concen-
trations of <5 ppm were used to help validate tobacco and
CAN smoking abstinence. No individual from either group
had a CO concentration of 5 ppm or greater during the absti-
nence period, something that helped validate our use of the
three participants with slightly greater than expected day-5
CN-THCCOOH concentrations. Urine was also tested during
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each session for cannabis, antidepressants, cocaine, benzodi-
azepines, opioids, and methamphetamine using the qualitative
[Cup™ 10-panel Urine Drug Test (Instant Technologies,
Norfolk, VA). No one was excluded after random assignment
to treatment because of drug use. Chain-of-custody proce-
dures with urine temperature measurement were used to as-
sure valid sample use.

Effects of NP on heart rate and blood pressure NP, relative to
placebo (PP), had the expected cardiovascular activating ef-
fects on resting heart rate (HR) and blood pressure (BP).
Relative to pre-quit-pre-patch baseline, NP was associated
with an 8.5 BPM (1.29 SE) increase in mean HR, while the
PP group had an increase of 1.02 BPM, (1.30 SE), F(1,99)=
16.78, p<0.001, p172=0.145, ePower =0.982. NP also in-
creased diastolic BP (M =6.9 mmHg, 0.99 SE) relative to
PP (M =1.5 mmHg, 0.99 SE), F(1,99)=14.87, p<0.001,
pi =0.126, ePower =0.963. The trend for NP to increase
systolic BP relative to placebo did not achieve statistical sig-
nificance, p =0.107. There were no main effects for time or
for time X patch type for HR or BP across the seven post-quit
sessions statistically analyzed.

Blindness to patch assignment Blindness of patch assignment
was assessed with a questionnaire at the end of the abstinence
day 15 assessment session. Those on the PP thought there was
a 48.7% chance that they were on a nicotine patch with a
difference from 0.5 chance (¢, 49, p =0.77, two-tailed), while
those on NP thought that there was a 56.6% chance that they
were on a nicotine patch with a difference from 0.5 chance (z,
50,p=0.097, two-tailed). While these differences approached
statistical significance in the NP group, they also indicate that
neither group was accurate in guessing whether their patch
contained nicotine or not. Thus, the drug-condition blind
was largely maintained given the 50% chance of random
guessing.

Adverse events Adverse events (AEs) were assessed in all 127
individuals who initiated patch use. There were no serious
adverse events, and as seen in Online Resource Table 1, the
number of non-serious AEs was small and not systematically
related to either the active patch or the placebo patch, except
for more frequent reports of itchiness (NP = 14; PP =6) and
nausea (NP = 10; PP =4), (p <0.05, based on chi-square).

Effects of nicotine patch therapy on negative
affect and cannabis withdrawal

POMS negative affect Results (Table 2, Fig. 2) showed a sig-
nificant interaction of treatment with time for POMS negative
affect, b=209.13e-5 [95% CI=1.09¢-5, 417.17e-5] such that
the attenuation of NA by NP tended to be greater at later points

Table 2 Negative affect analysis. The effects of nicotine patch on
POMS negative affect across 7 post-quit measurements taken every
48 h (total observations =707, n=101)

95% CI
Variable Coefficient Robust SE Lower bound Upper bound
Patch -37.55 477.63 —954.07 878.97
Time —528.36%  170.92 —856.32 -200.39
THC 0.04 041 -0.75 0.83
B-NA —7769.88  6119.56 -19,512.56  3972.79
Patch x Time 209.13* 108.42 1.09 417.17

All values are reported with the following scientific notation: value x e-5.
Patch = NP or PP; B-NA = baseline negative affect scores; * = beta
coefficient with 95% CI that does not wrap around zero

in time (days 7, 11, 13, 15). The mean negative affect score for
the NP group was different than for the PP group at days 7
(Cohen’s d=0.2), 11 (Cohen’s d=0.2), 13 (Cohen’s d=0.2),
and 15 (Cohen’s d=0.2). Also, differences in NA did not
differ by tobacco use status for all subjects, b=—215.03e-5
[95% CI=—1632.46¢-5, 1202.40e-5]. A separate linear trend
analysis of the decrease in POMS NA scores across the four
pre-quit baseline days, prior to CAN abstinence and the onset
of treatment, revealed a significant downward slope, t=—
19.44, p<0.001. The treatment main effect across all points
in time was not significant.

Marijuana withdrawal checklist Another model (Table 3)
showed that NP was associated with higher CAN withdrawal
symptoms overall, b=— 67.72e-4 [95% CI=— 124.08e-4,
—11.36e-4]; however, there was a significant interaction effect
for time and treatment group (“Patch”) on CAN withdrawal
symptoms, b=26.57e-4 [95% Cl=28.97e-4, 44.18e-4].
Measurements on the MWC, taken every 48 h across a 15-
day time period for the PP and NP groups, are shown in Fig. 3.
The NP group had greater values on post-quit day 3 (Cohen’s
d=0.3), day 5 (Cohen’s d=0.2), and day 11 (Cohen’s d=
0.2). Differences in CAN withdrawal symptoms total score
did not differ between the light and nonsmoker groups, b=
— 16.80e-4 [95% CI=— 100.16e-4, 66.56e-4]. A separate
analysis of the decrease in total MWC scores across the four
pre-quit baseline days revealed a significant downward drift,
t=—14.97, p=0.001.

Marijuana withdrawal checklist craving item A final model
(Table 4) showed that treatment was not associated with
CAN craving symptoms overall across the 15 days of absti-
nence; however, there was a significant interaction effect for
time and treatment group (“Patch”) on CAN craving symp-
toms, b=0.02e-1[95% CI=0.01e-1, 0.04e-1]. Measurements
on the MWC craving are shown in Fig. 4. CAN craving symp-
toms decreased during the 15-day abstinence period to a
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Fig. 2 Negative affect (NA) decreased significantly across the four pre-
quit baseline days and then increased beginning the third day of CAN
abstinence. Note that the patches were applied beginning on the first day
of quitting (post-quit day 1). The four baseline sessions occurred across
the 2 weeks prior to the simultaneous initiation of abstinence and patch
use at 2- to 4-day intervals. The decrease in NA across the four baseline
days is consistent with previous studies demonstrating large downward

greater degree for the NP group than the PP group, especially
as measured on day 13 of cannabis abstinence. The mean
MWC craving score for the NP group was different than for
the PP group at baseline day 4 (Cohen’s d = 0.2) and on day 13
(Cohen’s d=0.2).

Also, differences in CAN craving symptoms did not differ
by tobacco use status for either treatment group, b=—0.07e-1
[95% Cl=—5.76e-1, 5.61e-1]. A separate linear trend analy-
sis of the decrease in CAN craving scores across the four pre-
quit baseline days revealed a significant effect, 1=— 15.30,
p=0.001. The large decrease in craving across the four

Table 3 Total MWC cannabis symptom analysis. The effects of
nicotine patch on cannabis withdrawal symptoms across 7 post-quit mea-
surements taken every 48 h (total observations =707, n=101)

95% CI
Variable Coefficient Robust SE  Lower bound Upper bound
Patch —67.72%  28.76 —124.08 -11.36
Time —58.22% 14.16 —85.97 —30.46
THC 0.04 0.02 -0.01 0.09
B-MWC 8246.36%  860.64 6559.52 9933.19
Patch x Time 26.57* 8.98 8.97 44.18

All values are reported with the following scientific notation: value x e-4.
Patch = PP or NP; B-MWC = baseline marijuana withdrawal checklist
scores; * = beta coefficient with 95% CI that does not wrap around zero
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drift testing effects on measures of NA. Asterisks indicate a significant
small patch effect size (Cohen’s d=0.2) at that time point. Across post-
quit days 3—15, NA scores were lower in the NP than in the PP group.
However, when examined day by day, on post-quit days 7, 11, 13, and 15
were lower in the NP group than in the PP group. The dependent variable
was transformed with a log10 + 100 transformation because model resid-
uals were not normally distributed

baseline sessions was followed by a subsequent large decrease
in craving with the onset of the abstinence period, #=— 3.25,
p=0.001.

Analyses of finding with previously dependent tobacco
smokers excluded Our nonsmoker group included only three
former smokers (individuals who smoked more than 5
cigarettes/day [all prior to the past 2 years]). We ran follow-
up analyses without these three individuals and found that the
analyses were nearly identical, with interpretations on key
variables remaining the same as our analysis including the 3
former smokers. As seen in our Online Resource Tables 2, 3
and 4, tobacco user status did not significantly influence out-
come measures.

Discussion

Our findings support our primary hypothesis that low-dose
(7 mg) NP therapy reduces negative affect-related CAN with-
drawal symptoms as assessed by the well-validated Profile of
Mood States (McNair et al. 1971) beginning 7 days after ini-
tiation of patch use and through at least 15 days of use in
individuals with CUD, independent of whether they are light
tobacco smokers or nonsmokers. Other important findings
include (1) NP did not reduce total CAN withdrawal symptom
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Fig. 3 Marijuana Withdrawal
Checklist withdrawal symptoms
decreased across the baseline
days and then increased with the
onset of abstinence, followed by a
gradual decrease in craving. Note
that the four baseline days (B1,
B2, B3, B4) occurred prior to the
onset of cannabis abstinence and
simultaneous treatment onset.
Asterisks indicate a significant
small patch effect size (Cohen’s
d=0.2) at that time point. The
increase in post-quit increase in
withdrawal symptoms on post-
quit days 3, 5, and 11 largely
reflected increased nausea that
was significantly greater in the
nicotine than in the placebo group
(see Table 2)

MWC Withdrawal Symptom Scores
F-9

-+=Placebo

——Nicotine

0 T

B1 B2 B3 B4/1 3 5§ 7 9

Baseline
(Pre-Quit, Pre-Patch)

scores assessed by the MWC and in fact increased nausea,
which in turn increased total MWC score at several points in
time, (2) NP had no reliable effects on MWC CAN craving
scores, (3) the only frequent and statistically significant ad-
verse effects of NP were nausea and itchiness near the patch
application site, and (4) there were large downward drifts in
withdrawal symptom scores, craving, and NA across the four
pre-quit pretreatment baseline sessions, something that may
have important implications for the present findings and future
research assessing NA-related and other symptoms of CAN
withdrawal severity. As detailed below, before concluding that
NP-induced attenuation of NA-related CWSs is beneficial as a
treatment aid, these findings need to be replicated and the
relative importance of reductions in NA assessed in longer-

Table 4 MWC craving analysis. The effects of nicotine patch on
cannabis craving across 7 post-quit measurements taken every 48 h (total
observations =707, n=101)

95% CI
Variable Coefficient Robust SE  Lower bound Upper bound
Patch —5.46 1.76 —4.00 291
Time —0.04* 0.01 —0.08 —-0.01
THC 1.23 2.13 -2.95 541
B-MWCC 614.01* 190.24 241.13 986.88
Patch x Time 0.02* 0.01 0.01 0.04

Patch = PP or NP; B-MWC = baseline marijuana withdrawal checklist
craving scores; values are presented in scientific notation: value x e-1; * =
beta coefficient with 95% CI that does not wrap around zero

11 13 15
Post-Quit Days

term studies without large incentives for CAN abstinence so
that the effects of NP on abstinence maintenance can be
assessed in more natural conditions with typical high-relapse
rates. Also, in some individuals wanting to quit their CAN
use, the benefits of NA reduction may be offset by the increase
in AEs and/or worsening of other CWSs. The present finding
suggests that nausea and patch-site itchiness caused by NP
may offset any potential beneficial effects of NP on NA,
something that might be even more problematic in future stud-
ies using nicotine doses in excess of the presently used 7 mg.

We assessed NA, craving, and other “withdrawal” symp-
toms on four different days prior to the onset of treatment and
abstinence initiation so that we could assess and attenuate
post-quit downward drifts in these symptoms that are inherent
to repeated assessments of NA. Downward drifts in NA the
control groups consisting of ex-CAN users and non-CAN
users have been observed in previous studies of CAN with-
drawal symptoms (Kouri and Pope 2000; Budney et al. 2003),
but these and other CAN studies have used only a single
baseline assessment point and thus were not able to detect
tendencies for downward drift in their CAN quit groups or
controls prior to abstinence initiation. The limitations of single
time point baseline is underscored by numerous investigations
that have shown downward drifts in NA in non-abstinent gen-
eral populations (Sharpe and Gilbert 1998) and during tobacco
smokers prior to quitting (Gilbert et al. 2002, 2019). The im-
portance of using extended pre-quit baselines in the assess-
ment of abstinence symptoms can been seen when it is real-
ized that the severity and duration of withdrawal symptoms
have been shown to be greatly underestimated when only a
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Fig. 4 CAN craving decreased
across the baseline days and then
dramatically further decreased
with the onset of abstinence and
did not differ between groups at
any point after abstinence onset,
except on day 13. Note that the
four baseline days (B1, B2, B3,
B4) occurred prior to the onset of
cannabis abstinence and
simultaneous treatment onset.
Asterisks indicate a significant
small patch effect size (Cohen’s
d=0.2) at that time point
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single (initial) pre-quit session is used as the baseline because
of the inherent tendency of NA-related scores to decrease
independent of any intervention (Gilbert et al. 1998, 2002,
2019; Gilbert and Pergadia 2017). The use of multiple base-
lines allowed us to partly attenuate the effects of downward
drift; as can be seen, if one compares, what would have hap-
pened to our NA and CWS severity estimates had we used the
first two, rather than the last two baseline sessions to compute
our change scores—the interpretation would have been that
NA, craving, and other CWS were less severe and of lesser
duration.

An even stronger experimental design to more accurately
assess CWS and NA symptom severity would be to combine
multiple baselines with a randomized delayed-quit no-medi-
cated control group that would perform all of the assessments
across the same time periods as used in the randomized NP
and PP groups. Use of such a delayed-quit group would allow
the characterization of inherent measurement drift across the
full period of abstinence, not just the baseline. A number of
tobacco withdrawal symptom studies have been conducted
using delayed-quit group designs and the most recent of these
studies concluded that “...the results strongly suggest that
controlled trials using randomized delayed-quit groups with
incentivized abstinence contingencies are as close as one can
reasonably expect to get to a gold standard for scientific re-
search on NA SAS [smoking abstinence symptom]
trajectories, and that returning to control-group levels, rather
than to baseline symptoms levels, is best practice when exam-
ining smoking abstinence-symptom resolution.” (Gilbert et al.
2019). The present findings suggest that randomized delayed-
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quit groups with incentivized abstinence contingencies are
also as close as one can reasonably expect to get to a gold
standard for scientific research on the severity and duration of
CAN withdrawal symptoms.

Future studies attempting to characterize the severity of
CAN abstinence symptoms, including craving, NA, and gen-
eral withdrawal symptoms, would clearly benefit from the
randomization of CUD individuals to one of three groups:
(1) delayed-quit controls, (2) placebo controls, or to (3) active
treatment. Such designs would allow that assessment of con-
tinued downward drift in self-report indices independent of
abstinence. Another very important limitation of the study is
that there was not a group of individuals randomized to a
delayed-quit control group that continued to smoke and com-
plete the NA and CWS questionnaires at the same intervals as
the NP and PP groups abstained for 15 days. The effects of NP
on NA and CWS could have been larger in groups motivated
to quit CAN use. A delayed-quit group would have provided a
control for downward drift and other variabilities in the NA
and CWS scores across time and repeated testing, something
that has proven to be critical in studies of tobacco abstinence
symptoms (Gilbert et al. 1998, 2002, 2019).

Study limitations and future directions There are many limi-
tations to this investigation. First, the modest sample size lim-
ited the ability to precisely characterize how the effects of
patch type may be modified by personality traits and individ-
ual differences in CAN, tobacco, and other drug use histories.
Participant selection factors limit the generalizability of study
findings. The study excluded individuals with current
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psychiatric disorders and frequent psychoactive drug use other
than CAN, alcohol, and low-level tobacco use. The use of a
single nicotine dose (7 mg) is a further limitation. Larger
doses, possibly with a step-up from the 7-mg dose to avoid
nausea and other adverse effects, may have proven to be more
efficacious. Given that we only had three previously depen-
dent tobacco smokers, we had no power to assess their differ-
ences in response to patch treatment from those of other par-
ticipants. However, our statistical analyses revealed that our
light tobacco smoker versus nonsmoker classification did not
affect the measured outcomes. Females were greatly under-
represented in the current sample, providing minimal power to
detect sex differences. Nonetheless, our results may lack gen-
eralizability as many cannabis users are heavy smokers
(Badiani et al. 2015). The time-demanding nature of the study
also resulted in self-selection bias. While study funding limit-
ed the assessment to only 15 days of abstinence, a longer
period of observation and study, with measurements at 30,
45, 60, and 90 days might provide a more convincing demon-
stration of the potential efficacy of NP. Additionally, the re-
sults will not necessarily generalize to the group of CAN-
dependent smokers who are also nicotine dependent. It is
not clear what the effect of NP would be on NA-related
CWS or other CWS symptoms in nicotine-dependent tobacco
smokers. It has been found that nontreatment-seeking tobacco
smokers benefit less from well-established drug treatments for
tobacco cessation than do treatment-seeking individuals desir-
ing to quit (Perkins et al. 2006). Our use of individuals who
were not treatment-seeking could have minimized or other-
wise altered the effect of NP. Despite study limitations, the
current results of this randomized controlled trial provide ev-
idence that NA-related CAN withdrawal symptoms may be
attenuated by 7-mg nicotine patch therapy relative to placebo
in both light users and nonusers of tobacco. Finally, given the
modest effect size for NA, one could question whether the
effect size is clinically meaningful—something that only fu-
ture research can answer.

In conclusion, it is important to emphasize that the
large monetary contingencies assured that a great major-
ity of the participants maintained biochemically verified
abstinence. This high and non-differential rate of absti-
nence between the NP and PP groups was the goal of the
study so that selective dropout/relapse would not bias
focus of the study—characterization of the effect of NP
on NA-related CWS severity as a function of treatment
in a highly controlled situation. Thus, the present inves-
tigation was not designed to detect the efficacy of NP vs.
PP on the maintenance of CAN abstinence, and our find-
ings should not be viewed as suggesting anything
concerning the efficacy of NP therapy on CAN absti-
nence success. However, the present findings suggest
that NP may attenuate CAN abstinence-induced NA.
Gaining an understanding of the mechanisms underlying

this NA attenuation could lead to potential enhanced
treatments for CUD.
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