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Abstract

Background and aims—Cannabis-dependent participants with depressive disorder are less 

likely to achieve abstinence with venlafaxine-XR (VEN-XR) treatment. Individuals on VEN-XR 

reported more severe withdrawal, despite not reducing their smoking behavior. We hypothesized 

that withdrawal-like symptoms, likely medication side effects, led to continued marijuana smoking 

in this group.

Methods—We conducted a secondary analysis using Marijuana Withdrawal Checklist (MWC) 

scores and urine THC to test whether severity of withdrawal-like symptoms mediates the 

relationship between VEN-XR treatment and continued marijuana smoking. We included 103 

participants (VEN-XR = 51, Placebo = 52). Marijuana use was dichotomized into smoking (THC 

> 100 ng/ml) and non-smoking (THC ≤ 100 ng/ml) weeks. MWC scores were obtained weekly. 

We used three models in a regression based mediation analysis.

Results—The estimated risk of smoking marijuana was greater for individuals on VEN-XR in 

weeks 7–9, even when controlling for MWC scores (week 7 Risk Difference (RD) = 0.11, p = 

0.034; week 8 RD = 0.20, p = 0.014), and higher scores mediated this effect. In weeks 10 and 11, 

the estimated effect was stronger (week 10 RD = 0.03, p = 0.380; week 11 RD = 0.07, p = 0.504), 
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and worse withdrawal-like symptoms more fully accounted for continued marijuana smoking in 

the VEN-XR group, according to the models.

Conclusions—Individuals treated with VEN-XR had more severe withdrawal-like symptoms, 

which mediated their continued marijuana smoking. Noradrenergic agents, such as VEN-XR, may 

negatively impact treatment outcomes in cannabis-dependent patients attempting to reduce or stop 

their use.
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1. Introduction

Cannabis is the most widely used illicit drug in the world, and prevalence rates of cannabis 

use disorders are relatively higher worldwide than for other drugs of abuse (UNODC, 2011). 

Cannabis withdrawal is common among regular users trying to quit or reduce their use 

(Cornelius et al., 2008; Hasin et al., 2008) and withdrawal can be a powerful motivator to 

continue using marijuana, contributing to early relapse (Allsop et al., 2012; Budney et al., 

2008). Conversely, reduction in withdrawal symptoms is associated with positive clinical 

outcomes in randomized-controlled trials: individuals receiving gabapentin had attenuated 

withdrawal and reduced marijuana use (Mason et al., 2012), and individuals treated with 

dronabinol had decreased withdrawal and increased study retention (Levin et al., 2011).

We previously reported on a 12-week randomized controlled trial of venlafaxine-XR (VEN-

XR) for comorbid cannabis dependence and depression, and found that participants 

receiving VEN-XR were significantly less likely to achieve abstinence than individuals 

receiving placebo, despite their depression improving (Levin et al., 2013). The findings of 

more marijuana smoking in the VEN-XR group were unexpected, and prompted us to 

consider the role of withdrawal symptoms. Because individuals receiving VEN-XR did not 

significantly reduce their smoking behavior, they would not be expected to experience more 

severe cannabis withdrawal. However, we speculated that the overlap in the symptom 

profiles of cannabis withdrawal and VEN-XR side effects contributed to a higher burden of 

withdrawal-like symptoms in the VEN-XR group. This finding would be clinically 

important, especially if it interferes with the individual’s ability to reduce or stop smoking 

marijuana.

VEN-XR is a serotonin and norepinephrine reuptake inhibitor that increases norepinephrine 

activity at higher doses. Evidence from preclinical and human laboratory studies suggests 

that noradrenergic hyperactivity may be an important feature of cannabis withdrawal. 

Precipitated withdrawal in cannabis-dependent mice has been alleviated by the alpha-2 

agonist clonidine, which decreases noradrenergic release (Lichtman et al., 2001), and by 

Prostaglandin E2, an end-product of the arachidonic acid cascade which also inhibits 

norepinephrine release (Anggadiredja et al., 2003). Human laboratory studies have shown 

that bupropion SR, a dopamine and norepinephrine reuptake inhibitor, worsened withdrawal 

symptoms in dependent marijuana smokers (Haney et al., 2001), while the alpha-2 agonist 

lofexidine, which acts similarly to clonidine and decreases noradrenergic activity, decreased 
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cannabis withdrawal and reduced self-administration (Haney et al., 2008). Thus, side effects 

of VEN-XR include symptoms associated with increased noradrenergic activity and may 

mimic withdrawal symptoms to experienced marijuana users who are medication-naïve.

Here, we examine the relationship between VEN-XR treatment, withdrawal symptom scores 

and marijuana use in a secondary analysis. We hypothesized that worse symptom scores on 

the Marijuana Withdrawal Checklist (MWC) contributed to continued marijuana smoking in 

the VEN-XR group, accounting for their higher urine THC levels relative to the placebo 

group in the later weeks of the study.

2. Methods

2.1. Participants

Individuals were men and non-pregnant females between the ages of 18–60, cannabis-

dependent with active use, had major depressive disorder or dysthymia, and at least 3 

months duration of depressive symptoms. We excluded participants with a history of mania, 

schizophrenia, or psychotic disorder; dependence on other substances requiring medical 

intervention; risk for suicide; seizure disorder or an unstable medical condition. We also 

excluded participants currently taking psychotropic medications and those with a prior trial 

of treatment with venlafaxine.

2.2. Study design

We have conducted a secondary analysis of the data from a randomized, placebo-controlled, 

double-blind, 12-week clinical trial of VEN-XR for cannabis dependence and depression 

(Levin et al., 2013). The study began with a placebo lead-in week followed by 

randomization. Participants (n = 22) who had a clinically significant improvement in 

depressive symptoms during the lead-in were not randomized. All other consented 

individuals were randomized to placebo or VEN-XR, titrated up to 225 mg over 3 weeks 

post-randomization. In week 4, if individuals did not score “very much improved” on the 

Clinical Global Impression scale, they were titrated up to 375 mg of placebo or VEN-XR. 

Medication doses were reduced if the dose increases were poorly tolerated due to side 

effects. All individuals received weekly cognitive behavioral therapy/relapse prevention 

therapy (CBT/RPT), and visited the clinic twice weekly for assessments.

2.3. Measures

Urine THC concentration (creatinine-corrected) was examined as a longitudinal variable. 

The Marijuana Withdrawal Checklist (MWC), a 29-item instrument in which participants 

are asked to rate the severity of each symptom on a scale of 0–3 (0 = none, 1 = mild, 2 = 

moderate, 3 = severe), was given weekly to assess the severity of cannabis withdrawal over 

the past 24 h. There is significant overlap between withdrawal symptoms on the MWC and 

VEN-XR side effects, which are likely also captured in the MWC symptom scores. Urine 

specimens were collected and withdrawal symptoms were recorded twice weekly at each 

clinic visit.
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2.4. Data analysis

In the current study, we used marijuana withdrawal scores on the MWC as a measure of 

withdrawal-like symptoms and we used urine THC concentration as a measure of marijuana 

use to test our hypothesis that withdrawal score severity mediates the relationship between 

VEN-XR and increased marijuana smoking. We used a regression-based mediation 

approach (Baron and Kenny, 1986), generalized to accommodate dichotomous outcomes 

where risk differences are used to compute mediation effects (Imai et al., 2010). In our 

analysis the primary marijuana outcome was dichotomized into either a smoking week 

(THC > 100 ng/ml) or a non-smoking week (THC ≤ 100 ng/ml). The cutoff of 100 ng/mL 

was used as the point between positive and negative to decrease the probability of false 

positives (Budney et al., 2000, 2006; Carpenter et al., 2009).

Three different models were evaluated to determine the relationships between treatment 

group, cannabis withdrawal scores, and marijuana smoking (see Fig. 1). All models used 

techniques of longitudinal generalized linear mixed modeling with appropriate distribution 

and link function, random intercept, and autoregressive correlation structure to account for 

the within-subject correlations of the repeated measures.

Model 1 used a log-linear model with time, treatment, and time by treatment interactions as 

predictors to test the relationship of withdrawal scores and treatment group and show that 

treatment was associated with withdrawal scores (see Fig. 1, relationship at). Without this 

relationship, withdrawal scores cannot be evaluated as a potential mediator. Significantly 

higher withdrawal scores were found in weeks 7–12, which allowed us to evaluate in Model 

2 and Model 3 the potential mediation effect of withdrawal scores on increased marijuana 

smoking in the VEN-XR group for those weeks. Model 2 estimated the magnitude of the 

effect of VEN-XR treatment on marijuana smoking without controlling for withdrawal 

scores (Fig. 1, relationship ct), using a logistic model with time, treatment, and time by 

treatment interaction as predictors. Model 3 estimated the magnitude of the effect of VEN-

XR on marijuana smoking with controlling for withdrawal scores (Fig. 1, relationship ct′), 

using a logistic model with time, treatment, withdrawal score, time by treatment, and time 

by withdrawal score interactions. In Model 3 we also tested the significance of the 

association between withdrawal scores and marijuana smoking (Fig. 1, relationship bt). The 

effect of VEN-XR treatment on marijuana smoking for each of the weeks of interest was 

expressed as a risk difference (RD). The percent change in risk differences between Model 2 

and Model 3 was calculated and provides the estimated proportion of the effect that is 

mediated by withdrawal scores. The difference in risk differences between Model 2 and 

Model 3 was calculated and provides the estimated amount of mediation.

In the 3 models discussed above, no additional covariates were adjusted for. Urine data was 

only collected during the study, with THC urine level from the first visit included in the 

outcome for week 1. Thus, a baseline THC urine was not used as a covariate. There were no 

differences in demographic characteristics between treatment arms (Levin et al., 2013) and 

thus no demographic characteristics were adjusted for.

For weeks 10 and 11, which showed the strongest estimated mediation effect of withdrawal 

scores on marijuana smoking, we also tested for significant differences between the 
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treatment and placebo groups for each item on the MWC using the Mann–Whitney U test 

for a nonparametric distribution.

3. Results

3.1. Characteristics of the sample

One hundred and three individuals were included in the original study and in this secondary 

analysis (VEN-XR = 51, PBO = 52). Participants did not significantly differ on baseline or 

clinical characteristics (age, gender, race, education, employment status, married status, 

marijuana use, depression scores). The sample was a heavy-using population, with the mean 

usage at 27.4 days out of 30, and the baseline grams used per using day was 2.6 (SD = 2.8) 

(Levin et al., 2013). Side effects reported in the parent study showed significant group 

differences only for decreased libido in the VEN-XR group. We observed that the VEN-XR 

group had a greater proportion of positive urines than the placebo group, especially in the 

later weeks of the study (see Fig. 2). We also observed that the VEN-XR group had higher 

symptom scores on the MWC in the later weeks of the study, specifically weeks 7–12 (see 

Fig. 3).

3.2. Model 1

In Model 1, significantly higher withdrawal scores were found in the VEN-XR group 

compared to the placebo group in weeks 7–12, but not in weeks 1–6 (see Table 1). The 

significant relationship between VEN-XR treatment and withdrawal scores in weeks 7–12 

allowed us to evaluate the mediation effect of withdrawal scores on the relationship between 

VEN-XR treatment and marijuana smoking only in those weeks.

3.3. Model 2

In weeks 7–10, the estimated risk of smoking marijuana was significantly greater for 

individuals in the VEN-XR group (see Table 1). In week 11, the estimated risk of smoking 

marijuana was still higher for the VEN-XR group, but only at a trend level (RD = 0.29, p = 

0.086). Overall, VEN-XR had a significant negative effect on abstinence in the later weeks 

of the study.

3.4. Model 3

In weeks 7–9, the estimated risk of smoking marijuana for individuals in the VEN-XR group 

remained significantly higher than PBO, but with decreased magnitude compared to Model 

2 (see Table 1, effect ct′). In weeks 10 and 11, the estimated risk difference of smoking 

marijuana between the VEN-XR group and PBO group was diminished when withdrawal 

scores were controlled for, and did not remain significant (week 10 RD = 0.03, p = 0.380; 

week 11 RD = 0.07, p = 0.504). In all of the weeks tested (weeks 7–12), withdrawal scores 

were significantly associated with marijuana smoking (see Table 1, effect bt).

3.5. Mediation effect

In each of the investigated weeks (weeks 7–12), the mediation effect of more severe 

withdrawal scores weakened the effect of VEN-XR treatment on increased marijuana 
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smoking. The proportion of this decrease that can be attributed to the estimated mediation 

effect of withdrawal scores is shown by week in Table 1 (see Table 1, estimated mediation 

effect).

In weeks 7–9, the estimated mediation effect of withdrawal scores on marijuana smoking is 

only partial because the effect of VEN-XR treatment on marijuana smoking, though 

decreased, remained significant (Table 1, column 4).

For example, in week 7, we see that participants in the VEN-XR group are expected to have 

38% higher withdrawal scores than participants in the placebo group, according to Model 1. 

Model 2 estimates that participants in the VEN-XR group have 25% greater risk of smoking 

marijuana compared to participants in the placebo group. Model 3 estimates that participants 

treated with VEN-XR have 11% higher risk of smoking marijuana when withdrawal scores 

are controlled for compared to participants treated with placebo, and one standard deviation 

increase in the withdrawal score would be expected to increase the odds of smoking 

marijuana by 7.2 times. The amount of mediation is 14%, which corresponds to a proportion 

of 56%. This means that in week 7, the models estimate that higher withdrawal scores 

account for 56% of the relationship between VEN-XR treatment and marijuana smoking.

In weeks 10 and 11, more severe withdrawal scores have a greater estimated mediation 

effect on the positive relationship between VEN-XR treatment and marijuana smoking. In 

week 10, for example, Model 2 estimates that the risk of smoking marijuana is 29% higher 

for those treated with VEN-XR relative to placebo. However, this increased risk loses 

significance when withdrawal scores are controlled for in Model 3 (estimated risk difference 

for marijuana smoking in VEN-XR group relative to placebo in week 10 = 2.75%, p = 

0.380). For both weeks 10 and 11, the models estimate that higher withdrawal scores 

accounted for greater than 75% of the effect of VEN-XR treatment on marijuana smoking 

(% decrease in estimated risk difference week 10 = 0.906, week 11 = 0.757). This suggests 

that withdrawal scores more fully mediate the effect of VEN-XR treatment on marijuana 

smoking in those weeks, according to the model estimates.

In week 12, higher withdrawal scores are estimated to account for about 30% of the effect of 

VEN-XR treatment on marijuana smoking (% decrease in estimated risk difference = 

0.2921), which means that the estimated mediation effect of withdrawal scores on marijuana 

smoking is smaller than in weeks 10 and 11.

3.6. Withdrawal symptom scores

For weeks 10 and 11, in which a stronger mediation effect of withdrawal scores was 

observed, we investigated the differences between VEN-XR treatment and placebo for each 

item on the 29-item MWC questionnaire. Significantly higher scores were reported for 9 

items by individuals on VEN-XR, including shakiness (U = 1177.5, p = 0.010), sleep 

difficulty (U = 1261.5, p = 0.001), sweating (U = 1248.5, p = 0.001), nervousness (U = 

1173.5, p = 0.023), increased appetite (U = 1167.5, p = 0.020), strange dreams (U = 1162.5, 

p = 0.024), dizziness (U = 1165.5, p = 0.0153), nausea (U = 1171.0, p = 0.0087) and 

yawning (U = 1148.0, p = 0.033).
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4. Discussion

When we examined the relationship between VEN-XR, marijuana smoking, and symptoms 

scores on the Marijuana Withdrawal Checklist using a mediation analysis, we found that 

severity of symptoms mediated the increased marijuana smoking in patients on VEN-XR. 

Individuals treated with VEN-XR experienced more severe withdrawal-like symptoms in 

weeks 7–12, and according to the model estimates, the increased marijuana smoking we 

observed in the VEN-XR group during weeks 7–9 was attributable to more severe 

withdrawal symptom scores. In weeks 10 and 11, the estimated effect of withdrawal scores 

was greater, and increased marijuana smoking was more fully attributable to the severity of 

these withdrawal-like symptoms.

Many of the specific withdrawal scale items that were scored higher in the VEN-XR group 

were consistent with a state of noradrenergic hyperactivation, such as shakiness, sweating, 

nervousness, and sleep difficulties and were likely side effects from VEN-XR. We propose 

that these symptoms were experienced similarly to marijuana withdrawal, and thus may 

have hindered attempts to stop or reduce marijuana smoking.

Across the study weeks, withdrawal scores were decreasing in both groups and trending 

toward an increasing divergence between groups (see Fig. 3). This trend is consistent with 

the idea that withdrawal-like side effects were persisting in the VEN-XR group while 

cannabis withdrawal symptoms were resolving in the placebo group. Additionally, 

medication doses continued to be increased up to week 4 and beyond for those individuals 

with continuing depressive symptoms, increasing the burden of noradrenergic side effects as 

the study weeks progressed. Thus, it is possible that individuals receiving VEN-XR may 

have been attempting to temper these side effects by increasing their marijuana smoking, 

accounting for their higher urine THC in the later weeks of the study.

Our proposed mechanism is supported by existing evidence of noradrenergic 

hyperactivation in marijuana withdrawal (Anggadiredja et al., 2003; Budney et al., 2008; 

Haney et al., 2013; Lichtman et al., 2001) and by the pharmacology of VEN-XR, which 

inhibits norepinephrine reuptake at higher doses resulting in adverse effects consistent with 

noradrenergic potentiation (Harvey et al., 2000). Further support comes from clinical studies 

suggesting monoamine reuptake inhibitors worsen marijuana withdrawal (Carpenter et al., 

2009; Haney et al., 2001), or are poorly tolerated (Tirado et al., 2008) in this population. In 

contrast, the alpha agonist lofexidine, which decreases noradrenergic activity, has shown to 

be beneficial in cannabis withdrawal (Haney et al., 2008).

There are several limitations to this study. First, this is a secondary, post hoc analysis from a 

medication efficacy trial, and findings must be interpreted in this context. Second, it is most 

likely that symptoms measured as marijuana withdrawal were primarily VEN-XR side 

effects. Nonetheless our finding that symptoms with a similar profile to cannabis withdrawal 

were significantly worse in the VEN-XR group and contributed to the overall higher 

withdrawal scores that mediated increased marijuana smoking is highly relevant. A final 

limitation is that this study was conducted in depressed individuals and the findings cannot 

be generalized directly to a non-depressed population.
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Despite these limitations, our findings add significantly to our thinking about the 

pathophysiology and clinical management of marijuana withdrawal. We have replicated 

findings of worse outcomes for cannabis-dependent individuals treated with medications 

that increase noradrenergic tone, and we have provided a potential mechanism. Thus, 

noradrenergic agents may negatively impact cannabis-dependent patients who are 

attempting to stop or reduce their use, and further studies are needed to more directly test 

this theory.
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Fig. 1. 
Mediation analysis. at = The estimated effect of treatment with VEN-XR on marijuana 

withdrawal. bt = The estimated effect of marijuana withdrawal on marijuana smoking when 

treatment with VEN-XR is included in the model. ct= The total estimated effect of treatment 

with VEN-XR on marijuana smoking when marijuana withdrawal is not included in the 

model. ct′= The direct estimated effect of treatment with VEN-XR on marijuana smoking 

when marijuana withdrawal is included in the model.
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Fig. 2. 
Observed proportion of positive urine toxicologies over the weeks in the study by treatment 

arm.
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Fig. 3. 
Observed withdrawal symptoms averaged by treatment group (VEN-XR, n = 51; PBO, n = 

52) and week. *Significant differences were found between treatment arms in the later 

weeks of the study (specifically, at weeks 7–12).
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