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Abstract

Background—Marijuana use is clinically problematic in depression, and non-medical and 

medical use may both contribute to barriers to care in this population. Among outpatients with 

depression, we examined the differential impact of medical or non-medical marijuana use, relative 

to no-use, on psychopathology and service use over time.

Method—Participants were 307 psychiatry outpatients participating in a trial of drug/alcohol use 

treatment for depression. Measures of past 30-day marijuana use, depression/anxiety symptoms, 

psychiatry visits, and functional data related to health status were collected at baseline, 3, 6, and 

12 months. Regressions (baseline and 1 year) and growth models (over time) predicted clinical and 

psychiatry visit outcomes, from medical or non-medical marijuana use (no-use=reference).

Results—At baseline, 40.0% of the sample used marijuana and more reported non-medical 

(71.7%) than medical (28.2%) use. Relative to non-users at baseline, patients using medically had 

worse mental/physical health functioning (p’s <.05), and non-medical use was associated with 

higher suicidal ideation (B = 1.08, p = .002), worse mental health functioning (B = −3.79, p = .

015), and fewer psychiatry visits (B = −0.69, p = .009). Patients using non-medically over time 

improved less in depression symptoms (B = 1.49, p = .026) and suicidal ideation (B = 1.08, p = .

003) than non-users.

Limitations—Participants were psychiatry outpatients, limiting generalizability.

Conclusions—Marijuana use, especially non-medical use, among patients with depression may 

impede depression symptom improvement while lessening the likelihood of psychiatry visits. 

Marijuana use and associated barriers to care should receive consideration by depression treatment 

providers.
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1. Introduction

The policies and attitudes toward marijuana use are changing in the United States (Volkow et 

al., 2014; Volkow et al., 2016; Hasin et al., 2017). As of January 2018, 30 states and the 

District of Columbia have passed medical marijuana laws (National Conference of State 

Legislatures, 2018), and fewer adults perceive non-medical marijuana use as risky (Pacek et 

al., 2015). Although some adults can use marijuana without harm (Hasin et al., 2016), 

marijuana users with comorbid psychiatric disorders, such as depression, are at increased 

risk of experiencing poor symptom and functional outcomes (Bahorik et al., 2013; Trull et 

al., 2016). Yet the degree to which medical or non-medical marijuana use may contribute to 

adverse clinical outcomes in depression is less clear.

Comorbidity of depression and marijuana use has been studied extensively, with evidence 

showing a high prevalence of depression among marijuana users and vice versa (Chen et al., 

2002; Feingold et al., 2014; Substance Abuse and Mental Health Services Administration 

[SAMHSA], 2015). In the U.S., 7% of adults had major depressive episodes in 2014–2015, 

and the past year prevalence of non-medical marijuana use among them was 15% 

(SAMHSA, 2015). Non-medical medical marijuana use among adults with depression is 

associated with increased risk of severe psychiatric symptoms (Degenhardt et al., 2003; 

Bahorik et al., 2017; Trull et al., 2016) high rates of suicidal ideation (Degenhardt et al., 

2003), and low psychiatric service utilization (Campbell et al., 2016). A recent study found 

non-medical users and nonusers were equally prone to develop depression over time 

(Feingold et al., 2017), while several others report of significant associations between non-

medical marijuana use and future occurrence of anxiety and depression symptoms and vice 

versa (Bonn-Miller et al., 2011; Crippa et al., 2009; Bahorik et al., 2013). Depression and 

anxiety are associated with more frequent non-medical marijuana use (Bonn-Miller et al., 

2011; Crippa et al., 2009), and in one dispensary-based study, medical use for depression 

was associated greater problems with use (Bonn-Miller et al., 2014). Since these studies 

have not concurrently examined non-medical and medicinal use it remains unclear if 

medicinal users experience some degree of symptom relief or differential impairment in 

depression.

Several studies report that medical marijuana is currently used as a therapeutic intervention 

for depression, even among clinical populations, although its safety and efficacy in 

depression treatment have not been established (Volkow et al., 2014; Belenduik et al., 2015; 

Turna et al., 2017). Depression is also comorbid with several medical conditions in which 

cannabinoid drugs have therapeutic value (e.g., HIV/AIDS, chronic pain, epilepsy, and 

hepatitis C), (Young et al., 2016; Volkow et al., 2014; Belenduik et al., 2015; Turna et al., 

2017), suggesting a high prevalence of medical marijuana use among adults with depression, 

although less remains known about the clinical impact of medicinal use on this population.
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Clearly, marijuana use has the potential to be clinically problematic in depression, and it is 

also possible that both non-medical and medical marijuana use could differentially 

contribute to adverse clinical outcomes and lead to barriers to mental health care in this 

population. We followed 307 participants in a trial for drug/alcohol use treatment for 

depression, delivered in a psychiatry setting 1 year post-enrollment to examine: (1) 

prevalence of non-medical, medical, and non-users of marijuana at baseline; (2) 

characteristics of non-medical, medical, and non-users of marijuana; and (3) the differential 

impact of non-medical and medical marijuana use, relative to non-users, over time and 1 

year post enrollment clinical and psychiatry service utilization outcomes. Building on our 

prior work showing that marijuana use has adverse clinical effects on depression (Bahorik et 

al., 2017), the findings would help to distinguish the impact of non-medical and medical use 

on clinical outcomes and inform prevention and intervention models.

2. Method

2.1. Participants and procedures

Data were from participants in a randomized controlled trial of motivational interviewing 

(MI) for drug/alcohol use treatment in depression, delivered in an outpatient psychiatry 

setting. The details of the parent trial have been reported previously (Satre et al., 2016). 

Briefly, a total of 307 participants were recruited from a large outpatient psychiatry clinic 

from Kaiser Permanente Northern California. Study clinicians determined eligibility based 

on inclusion criteria, which required patients to be at least 18, have a Patient Health 

Questionnaire (PHQ-9: Kroneke et al., 2001) score ≥5 indicating at least mild depression 

severity, and either drink at hazardous levels (≥3/≥4 drinks/day for women/men) or have 

used drugs (illicit/non-prescribed prescription drugs) in the past 30 days. All participants 

provided written informed consent at an in-person appointment in the same clinic where 

they received usual care. Procedures were approved by the University of California, San 

Francisco and Kaiser Permanente Northern California Institutional Review Boards.

Enrolled participants were randomized to one of two study arms after completing screening 

procedures, either MI or a non-treatment control. The MI treatment intervention consisted of 

one 45-minute session followed by two 15-minute telephone “booster” sessions (Satre et al., 

2013), which were about two weeks apart. Participants in the control arm were given a 2-

page brochure, produced by the NIH National Office of Drug Control Policy (U.S. 

Department of Justice, 2003), on use risks specific to the substances reported by participants 

at baseline (Satre et al., 2013; Dunn et al., 2001). Participants also continued to receive usual 

depression care based on current best practices for medication management and empirically 

supported psychological treatment (Kaiser Permanente Care Management Institute, 2006) 

over the 1 year follow-up.

Participants used laptop computers to complete the baseline measures including self-report 

assessments of past 30-day drug/alcohol use, the PHQ-9 (Kroneke et al., 2001), the 

Generalized Anxiety Disorder scale (GAD-7: Spitzer et al., 2006), and the Short Form 

Health Survey (SF-12: Ware et al., 1998). Participants were re-assessed with the same 

substance use, symptom, and functional assessments three times (3, 6, and 12 months) via 

telephone interviews (response rate: 3 months 96%; 6 months 98%; 12 months; 98%) by 
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trained interviewers over the follow-up. Patients were offered $50 gift cards for completing 

the baseline and 6-month interview, and $100 for completing the 12-month interview.

2.2. Measures

2.2.1. Participant characteristics—Participant characteristics were identified via self-

report questions at baseline. Responses were coded for descriptive analyses at baseline for 

age, gender, ethnicity, income, marital and employment status. Age, gender, marital and 

employment status served as covariates in multivariable analyses (baseline, 1 year, and 

change).

2.2.2. Marijuana use status groups—Past 30-day marijuana use was assessed during 

study interviews (baseline, 3, 6, and 12 months) via self-report. Patients were asked: (1) 

“How many days in the past 30 days have use you used marijuana” and (2) “Was the 

marijuana used in the past 30 days always used for medical purposes, prescribed or 

recommended by a provider.” We created a categorical measure to define marijuana use 

status 30 days prior to each period (coded: = 1 if non-medical marijuana use, e.g., patient 

endorsed using marijuana either other than, or in addition to, using medical marijuana ≥ 1 

day in the past 30 days; = 2 if medical marijuana use, e.g., patient endorsed using medical 

marijuana exclusively ≥ 1 day in the past 30 days; or = 0/reference if no marijuana use, e.g., 

patient did not endorse using any marijuana in the past 30 days. Marijuana use status was a 

predictor of interest in multivariable analyses (baseline, 1 year, and change).

2.2.3. Substance use—Past 30 day alcohol/drug use, other than marijuana use (e.g., 

alcohol, cocaine, amphetamine, stimulants other than as prescribed, opioids other than as 

prescribed, heroin, ecstasy, and other drugs) was assessed during study interviews (baseline, 

3, 6, and 12 months). We created a dichotomous measure to define substance use other than 

marijuana use, 30 days prior to each period. Patients were coded as using substances if they 

endorsed ≥ 1 day in the past 30 (1 = if any substance use, else), providing a dichotomous 

indicator of substance use, which served as a covariate in multivariable analyses (baseline, 1 

year, and change).

2.2.4. Treatment assignment—A treatment assignment variable consisting of two 

categories (= 1 if MI, =0 if control) was included as a covariate in multivariable analyses as 

MI was found to be more effective at reducing marijuana use than the control arm in the trial 

(Satre et al., 2016).

2.2.5. Depression and anxiety symptoms—Symptoms were assessed with the 

PHQ-9 and GAD-7. The PHQ-9 is a 9-item self-report questionnaire, in which patients rate 

how often they experience indicators of depressive symptoms on a 4-point Likert type scale 

(0 = “not present” to 3 = “nearly daily/every day”). Items are summed to generate a total 

score, providing a continuous measure of depression severity. Higher total PHQ-9 scores 

indicate greater depression severity (range: 0–27: score ≥ 5, at least mild depression). The 

GAD-7 is a 7-item self-report questionnaire, in which patients rate how often they 

experience indicators of anxiety symptoms on a 4-point Likert type scale (1 = “not present” 

to 3 “nearly daily/every day”). Items are summed to generate a total score, providing a 
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continuous measure of depression severity. Higher total GAD-7 scores indicate greater 

anxiety severity (range: 0–21: score ≥ 5, at least mild anxiety). Symptom measures served as 

outcomes of interest in multivariable analyses (baseline, 1 year, and change).

2.2.6. Suicidal ideation—Suicidal ideation was measured with the PHQ-9 item 9. 

Patients were asked: “How often have you had thoughts that you would be better off dead, or 

of hurting yourself in the past 2 weeks”, rated on a 4-point Likert-type scale (1 = “not 

present” to “3 nearly daily/every day”). Patients were coded as having suicidal thoughts if 

they endorsed having any suicidal ideation (1 = ≥ 1 any suicidal ideation, else), providing a 

dichotomous measure. This measure served as an outcome of interest in multivariable 

analyses (baseline, 1 year, and change).

2.2.7. Functioning.—Functional outcomes were measured with the SF-12. The SF-12 is 

a 24-item self-report questionnaire used to index everyday functioning and consists of 

physical and mental health subscales (P/MCS-12: 12-items, per subscale). On MCS-12 and 

PCS-12 subscale items, patients rate how often they experience impairment related to their 

health status (e.g., MCS-12 items are specific to mental health and PCS-12 items are specific 

to physical health) during the past 4 weeks, from 1 to 100 (1 = “poor functioning” to 100 = 

“superior functioning”). SF-12 total scores are generated by summing the scores from the 

PCS-12 and MCS-12, providing a continuous measure of everyday functioning. These three 

measures (P/MCS-12, and total SF-12 score) served as outcomes of interest in multivariable 

analyses of functional status (baseline, 1 year, and change).

2.2.8. Psychiatry utilization—Participants received usual psychiatry care, as needed, 

over the study from Kaiser providers. Dichotomous measures defined psychiatry service use 

(1 = if any outpatient visits, 0 = otherwise) 30 days prior to each period (baseline, 3, 6, 12 

months). Utilization served as an outcome of interest in multivariable analyses (baseline, 1 

year, and change).

2.3. Data Analysis

Frequencies and means were used to describe the sample at baseline. Next, χ2 or analysis of 

variance (ANOVA) tests were used to describe demographic differences between the 

marijuana use groups, e.g., non-users, medical-users, and non-medical-users. Analyses of 

interest began with using frequencies and means to describe the baseline rates of psychiatric 

symptoms, functioning, and psychiatry service use across marijuana use groups (see 

Supplementary Table S1). To compare these groups on psychiatric symptoms, functional 

status, and psychiatry visits at baseline, we used a series of multivariable regression 

analyses, comparing non-medical users and medical users to non-users (reference = non-

users). Binary dependent variables were fit with multivariable logistic regression models 

(e.g., suicidal ideation and psychiatry visits), and fit continuous dependent variables using 

multivariable linear regression models (e.g., symptom and functioning scores). Next, 1 year 

outcomes were examined using similar analytic procedures as described above. We 

conducted regression models on follow-up psychiatric symptom, functional status, and 

psychiatric visit data, comparing non-medical users and medical users to non-users on these 

outcomes. All regression models at baseline and 1 year adjusted for patient characteristics. 
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Control variables were chosen because research suggests that the variable is related to 

marijuana use or the variable was significant in univariable analyses. All regression models 

were adjusted for age, sex, marital and employment status, treatment assignment, substance 

use, past 30-day psychiatry visits (except the psychiatry visit outcome model), and the 

number of days of marijuana use in the past 30-days.

Differential changes in psychiatric symptoms, functioning, and psychiatry visit trajectories 

were examined between non-medical users and medical users compared to non-users over 

the 1 year follow-up, using mixed-effects growth models. This approach to longitudinal data 

analysis is a form of hierarchical linear/non-linear modeling for repeated measures data, 

where multiple measurement occasions are nested within individuals (Raudenbush and Bryk, 

2009). To determine the average rate of change on the outcomes of interest, we computed 

unconditional growth models, predicting the psychiatric symptom, functional status, and 

psychiatry visit outcomes from time (0 = baseline; 1 = 3-months; 2 = 6-months, etc.). 

Differential changes in these outcomes were then examined between non-medical users and 

medical users compared to non-users, predicting each outcome of interest from time, and a 

time varying marijuana use group variable (reference = non-users). All conditional models 

adjusted for age, sex, marital and employment status, marijuana use, and treatment 

assignment. Additionally, time-varying indicators of psychiatry visits (except for the 

psychiatry visit outcomes model), substance use, and the number of days of marijuana use 

30-days prior to each interview, were included as potentially confounding covariates.

Analyses were carried out in R version 3.3.1 (R Development Core Team, 2017). Overall, 

missing data were modest at <5% over the study. Rather than discard partial study 

completers (~2.8%) and potentially bias the sample analyzed, the expectation maximization 

method was used to handle missing data during maximum likelihood estimation at the time 

of analysis. Statistical significance for all tests was defined at p < .05.

3. Results

3.1. Participant characteristics and prevalence of medical and non-medical marijuana use

As shown in Table 1, the sample was 70.3% women, 38.1% white, 66.4% employed, and 

less than half were married (41.0%). Participants were 37 years old on average and 53.0% 

had an income ≥ $50K. Overall, 40.7% used marijuana at baseline, and considerably fewer 

participants used marijuana for medicinal (28.2%) purposes relative to participants using for 

non-medicinal (71.7%) purposes. In addition, participants who used non-medical marijuana 

tended to be younger (non-medical: M = 31.79; SD = 11.83; medical: M = 37.85; SD = 

14.63; no use: M = 37.82; SD = 12.98, p < .001) and unmarried (non-medical: 30.3%; 

medical: 44.1%; no use: 47.2%; p = .028) compared to their counterparts who either used 

medical or no marijuana (Table 1).

3.2. Cross-sectional differences in psychiatric symptoms, service utilization, and 
functioning by marijuana use

As shown in Table 2, participants using non-medical marijuana presented with higher levels 

of depression severity (B = 1.70; SE = 0.86, p = .048) and poorer mental health functioning 
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(B = −3.79; SE = 1.47, p = .015) than those not using marijuana. Participants using non-

medical marijuana were also significantly more likely to present with suicidal ideation (B = 

1.08; SE = 0.35, p = .002) and had fewer psychiatry visits (B = −0.69; SE = 0.26, p = .009) 

than those not using marijuana. Participants using medical marijuana presented with 

significantly worse mental health functioning (B = −4.61; SE = 2.17, p = .034) and physical 

health functioning (B = −5.03; SE = 2.31, p = .030), and trends were observed indicating 

higher levels of depression (B = 2.26; SE = 1.27, p = .075) and anxiety severity (B = 2.32; 

SE = 1.17, p = .050) as well as poorer everyday functioning (B = −9.40; SE = 4.77, p = .

050).

At 1 year, participants using marijuana continued to exhibit poorer symptom and functional 

outcomes and remained less likely to use psychiatry services. Specifically, participants using 

non-medical marijuana (B = −1.12; SE = 0.55, p = .043) were less likely to have psychiatry 

visits compared to non-users, and a trend was observed showing poorer mental health 

functioning (B = −2.15; SE = 2.39, p = .084). Significant differences in depression severity 

and suicidal ideation that were found at baseline among those using non-medical marijuana 

than non-users; however, did not remain at 1 year. Participants who used medical marijuana 

had higher levels of anxiety severity (B = 1.70; SE = 0.86, p = .048) compared to non-users, 

and a trend was observed indicating poorer physical health functioning (B = −2.46; SE = 

1.39, p = .077). Additionally, significant differences in mental health functioning found at 

baseline between those who used medical marijuana relative to those with no use, however, 

were not observed at 1 year (Table 2).

3.3. Longitudinal impact of marijuana use on psychiatric symptoms, service utilization, 
and functioning

Over the follow-up, non-medical marijuana use decreased whereas medical marijuana use 

slightly increased (Figure 1). Patients using non-medical marijuana over 1 year had 

significantly less improvement in depression symptoms (B = 1.49; SE = 0.67, p = .026) and 

suicidal ideation (B = 1.08; SE = 0.29, p = .003). compared to non-users, and a trend was 

found for less improvement in mental health functioning (B = −2.83; SE = 1.44, p = .050). 

Among non-medical marijuana users, a trend was observed of fewer psychiatry visits (B = 

−0.25; SE = 0.14, p = .085). Change in medical marijuana use over time was not associated 

with significant change in symptom, mental and physical functional status, or psychiatry 

service utilization trajectories; however, there was a trend indicating that those who 

continued to use medical marijuana over 1 year had less improvement in everyday 

functioning, (B = −5.76; SE = 3.19, p = .070), (Table 2).

Given associations between non-medical marijuana use and both fewer psychiatry visits and 

younger age, we conducted post-hoc analyses in the marijuana use subsample by age. We 

used Cox proportional hazard survival models to explore differences in the time without 

psychiatry visits between those aged 18–45 and ≥ 45 who used non-medical marijuana and 

medical marijuana over 1 year. Results showed a trend where older, but not younger, 

participants using non-medical marijuana had more psychiatry visits over time than those 

using medical marijuana (Figure 2).
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4. Discussion

This study examined baseline and longitudinal differences in the characteristics of patients 

in treatment for depression based on their use of marijuana. Results at baseline revealed that 

the overall prevalence of marijuana use was slightly higher (~40% vs. 30%−37%) than prior 

rates documented among psychiatry samples (Bahorik et al., 2013; Trull et al., 2016). This 

may be explained by the observation that marijuana use is more frequent in states that have 

permissive marijuana laws (Hasin et al., 2017), and may reflect more normalized views 

about marijuana use within California. In addition, only ~28% of patients endorsed using 

marijuana use for medical purposes, as recommended by a physician.

Non-medical marijuana users had higher suicidal ideation, greater depressive symptoms, and 

poorer mental health functioning compared to non-users at baseline. Non-medical use was 

also associated with less improvement in each of these domains over 1 year. These findings 

extend prior work indicating associations among non-medical marijuana use and greater 

psychopathology (Degenhardt et al., 2003; Bahorik et al., 2013; Trull et al., 2016; Bahorik et 

al., 2017), including suicidal ideation (Degenhardt et al., 2003), and worse functional 

outcomes (Degenhardt et al., 2003; Bahorik et al., 2013; Bahorik et al., 2017). Future 

research should develop and test strategies to reduce non-medical marijuana use while 

improving symptoms and remediating functional impairment in depression. As the parent 

MI trial found that this intervention was effective in reducing marijuana use (Satre et al., 

2016), MI may help attenuate the adverse impact of non-medical use on psychological 

symptoms and functional impairment and warrants further study.

Non-medical marijuana users had fewer psychiatry visits at baseline and at the 1 year 

follow-up, indicating that providers may have fewer opportunities to educate these patients 

about the adverse clinical effects of marijuana on depression. All participants using non-

medical marijuana underutilized psychiatry services, although post-hoc analyses found this 

to be less true of older patients. It is possible that older adults using non-medical marijuana 

have greater psychiatry service use needs due to combined changes in brain plasticity and 

age-related cognitive decline, which could increase their risk of adverse clinical effects 

(Volkow et al., 2016). Future studies of older adults would be valuable in expanding the 

range of populations examined in marijuana research, which has largely focused on youth 

and young adults (Campbell et al., 2016, Volkow et al., 2016), and is particularly important 

given changing U.S. demographics.

Medicinal marijuana users had worse mental and physical health functioning compared to 

non-users at baseline. These differences were not observed at 1 year. Because the conditions 

for which medical marijuana is often used or recommended to alleviate symptoms (e.g., 

chronic pain, epilepsy, hepatitis C, and HIV) are also associated with deficits in cognitive 

and physical capacity (Belenduik et al., 2015), medicinal users could be expected to show 

less functional improvement. Unfortunately, data on the reason for medicinal use was not 

collected, and further work will be needed to determine associations between use indications 

and expected outcomes.
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Our overall results support our prediction that the degree to which psychiatry patients with 

depression have adverse clinical outcomes would be influenced by whether marijuana was 

used for non-medical or medical purposes. Results showed that non-medical use was 

associated with adverse clinical effects in terms of psychological symptoms and associated 

functional impairment, and these effects persisted for 1 year. This highlights a need for 

education efforts in psychiatry treatment contexts around the elevated risks associated with 

non-medical marijuana use (Satre et al., 2014). Although our baseline results showed that 

medical use had an adverse impact on functional impairment, these effects did not persist 

over the follow up period. Given the changing political landscape around marijuana, further 

studies focused on the potential adverse clinical effects and differences between recreational 

and medical marijuana users in psychiatry treatment samples will be needed to shape 

prevention and treatment strategies.

4.1. Study limitations

Limitations should be noted. Data were collected from an outpatient psychiatry setting of 

insured patients in the San Francisco Bay Area, limiting generalizability. A PHQ-9 score of 

10 indicates a positive screen for major depression, after which diagnostic assessments are 

required before a diagnosis of major depressive disorder can be made based on DSM criteria 

(Manea et al., 2012). Since inclusion was based on a PHQ-9 score ≥ 5, indicating at least 

mild depression, many participants would not have met the DSM criteria for major 

depressive disorder; results should be interpreted accordingly. Our marijuana status measure 

required medical users endorse exclusive medical use, and allowed for non-medical users to 

endorse non-medical use alone or in addition to medical use. As such, the data derived from 

this measure may underestimate medical marijuana use and overestimate non-medical 

marijuana use. Regarding medical marijuana use, data were not available on medical reasons 

for use, and future work would benefit from incorporating objective and subjective measures 

into the assessment. Although adjusted multivariable analyses were used, clinical differences 

could present between the marijuana-use/no-use groups on unobserved factors, such as 

medical comorbidities and marijuana use frequency, and the results should be interpreted 

accordingly. Data were not available on primary marijuana compounds, Δ9-

tetrahydrocannabinol (THC) and cannabidiol (CBD), and given the potential for marijuana 

use to have either anxiolytic (e.g., high-CBD/low-THC) or anxiogenic (e.g., high-THC/low-

CBD) effects based on the primary cannabinoid (Crippa et al., 2009), it will be important for 

future work to examine the contribution of these factors to clinical outcomes in psychiatry 

samples. Given that several statistical tests were computed without adjustment for multiple 

inference testing, and all measures were based on self-report, future work would benefit 

from use of more robust methods and analytic procedures.

5. Conclusions

Results indicate that non-medical marijuana use is more common than use for medicinal 

purposes in psychiatry patients with depression. Patients using non-medical marijuana 

showed less improvement in psychopathology and functional outcome recovery, while using 

less psychiatry services. Patient education around the health risks of marijuana for patients 
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with depression is needed, particularly in terms of non-medical use, to improve patient 

outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

Bahorik AL, Leibowitz AS, Sterling SA, Travis A, Weisner CM, Satre DD, 2017 Patterns of marijuana 
use among psychiatry patients with depression and its impact on recovery. J Affect Disord 213, 
168–171 [PubMed: 28242498] 

Bahorik AL, Newhill CE, Eack SM, 2013 Characterizing the longitudinal patterns of substance use 
among individuals diagnosed with serious mental illness after psychiatric hospitalization. Addiction 
108, 1259–1269. [PubMed: 23432626] 

Bambico FR, Gobbi G, 2008 The cannabinoid CB1 receptor and the endocannabinoid anandamide: 
possible targets. Expert Opinion on Therapeutic Targets 12(11), 1347–1366. [PubMed: 18851692] 

Belendiuk KA, Baldini L, Bonn-Miller MO, 2015 Narrative review of the safety and efficacy of 
marijuana for the treatment of commonly state-approved medical and psychiatric disorders. Addict 
Sci Clin Pract 10,10.

Bonn-Miller M, Vujanovic A, Drescher K, 2011 Cannabis use among military veterans after residential 
treatment for posttraumatic stress disorder. Psychol Addict Behav 25, 485–491. [PubMed: 
21261407] 

Bonn-Miller MO, Boden MT, Bucossi MM, Babson A, 2014 Self-reported cannabis use 
characteristics, patterns and helpfulness among medical cannabis users. Am J Drug Alcohol Abuse 
40(1), 23–30. [PubMed: 24205805] 

Campbell CI, Sterling S, Chi FW, Kline-Simon AH, 2016 Marijuana use and service utilization among 
adolescents 7 years post substance use treatment. Drug Alc Depend 168, 1–7.

Chen CY, Wagner FA, Anthony JC, 2002 Marijuana use and the risk of Major Depressive Episode. 
Epidemiological evidence from the United States National Comorbidity Survey. Soc Psychiatry 
Psychiatr Epidemiol 37, 199–206. [PubMed: 12107710] 

Crippa J, Zuardi A, Martin-Santos R, Bhattacharyya S, Atakan Z, McGuire P, Fusar-Poli P, 2009 
Cannabis and anxiety: a critical review of the evidence. Hum Psychopharmacol 24, 515–523. 
[PubMed: 19693792] 

Degenhardt L, Hall W, Lynskey M, 2003 Exploring the association between cannabis use and 
depression. Addiction 98, 1493–1504. [PubMed: 14616175] 

Dunn C, Deroo L, Rivara FP, 2001 The use of brief interventions adapted from motivational 
interviewing across behavioral domains: a systematic review. Addiction 96, 1725–1742. [PubMed: 
11784466] 

Feingold D, Weiser M, Rehm J, Lev-Ran S 2015 The association between cannabis use and mood 
disorders: a longitudinal study. J Affect Disord 172, 221–218.

Feingold D, Rehm J, Lev-Ran S, 2017 Cannabis use and the course and outcome of major depressive 
disorder: A population based longitudinal study. Psychiatry Res 251, 225–234. [PubMed: 
28214781] 

Hasin DS, Sarvet AL, Cerda M Keyes KM, Stohl M, Galea S, Wall M, 2017 US Adult Illicit Cannabis 
Use, Cannabis Use Disorder, and Medical Marijuana Laws. JAMA Psychiatry 74(6), 579–588. 
[PubMed: 28445557] 

Hasin DS, Saha TD, Kerridge TD, Goldstein RB, Chou PS, Zhang H, Jung J, Pickering RP, Ruan JW, 
Smith SM, Huang B, Grant BF 2015 Prevalence of Marijuana Use Disorders in the United States 
Between 2001–2002 and 2012–2013. JAMA Psychiatry 72(12), 1235–1242. [PubMed: 26502112] 

Hochberg Y, 1988 A sharper Bonferroni procedure for multiple for multiple tests of significance. 
Biometrika 75, 800–803.

Bahorik et al. Page 10

J Affect Disord. Author manuscript; available in PMC 2019 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Kaiser Permanente Care Management Institute. Diagnosis and treatment of depression in adults: 2012 
clinical practice guideline. Oakland, CA: Kaiser Permanente Care Management Institute, 2006 
Available at: http://www.guideline.gov/content.aspx?id=39432 Accessed January 30, 2017.

Kroenke K, Spitzer RL, Williams JB, 2001 The PHQ-9: validity of a brief depression severity measure. 
J Gen Int Med 16, 606–613.

Manea L, Gilbody S, McMillan D, 2012 Optimal cut-off score for diagnosing depression with the 
Patient Health Questionnaire (PHQ-9): a meta-analysis. CMAJ 184(3), 191–196.

National Conference of State Legislatures, 2018 State Medical Marijuana Laws [NCSL.org Web site] 
January 12, 2018. Available at: http://www.ncsl.org/research/health/state-medical-marijuana-
laws.aspx. Accessed January 12, 2018.

Pacek LR, Mauro PM, Martins SS, 2015 Perceived risk of regular cannabis use in the United States 
from 2002 to 2012: differences by sex, age, and race/ethnicity. Drug Alcohol Depend. 149,232–
244. [PubMed: 25735467] 

R Development Core Team, 2017 R: A language and environment for statistical computing. R 
Foundation for Statistical Computing (Version 3.3.1). [Computer Software] Vienna, Austria: R 
Foundation for Statistical Computing.

Raudenbush DSW, and Bryk DAS, 2009 Hierarchical Linear Models Second Edition: Applications and 
data analysis methods. Thousand Oaks, C.A.

Substance Abuse and Mental Health Services Administration, Center for Behavioral Health Statistics 
and Quality, 2015 Results from the 2014 National Survey on Drug Use and Health: Summary of 
National Findings (HHS Publication No. SMA 15–4927, NSDUH Series H-50). Retrieved from 
http://www.samhsa.gov/data/

Satre DD, Delucchi K, Lichtmacher J, Sterling S,A, Weisner C, 2013 Motivational Interviewing to 
reduce hazardous drinking and drug use among depression patients. J Subst Abuse Treat 44, 323–
329. [PubMed: 22999815] 

Satre DD, Leibowitz A, Sterling SA, Lu Y, Travis A, Weisner C, 2016 A Randomized Clinical Trial of 
Motivational Interviewing to Reduce Alcohol and Drug Use among Patients with Depression. J 
Consult Clin Psychol 84, 571–579. [PubMed: 26985728] 

Satre DD, Leibowitz A, Mertens J & Weisner C, 2014 Advising Depression Patients to Reduce 
Alcohol and Drug Use: Factors Associated with Provider Intervention in Outpatient Psychiatry. 
The American Journal on Addictions, 23, 570–575. [PubMed: 25164533] 

Spitzer RL, Kroenke K, Williams JBW, Lowe B, 2006 A brief measure for assessing generalized 
anxiety disorder. Arch. Int. Med 166, 1092–1097. [PubMed: 16717171] 

Tambaro S, Bortolato M, 2012 Cannabinoid-related agents in the treatment of anxiety disorders: 
current knowledge and future perspectives. Recent Pat CNS Drug Discov 7, 25–40. [PubMed: 
22280339] 

Tanda G, Goldgerg S 2003 Cannabinoids: reward, dependence, and underlying neurochemical 
mechanisms-a review of recent preclinical data. Psychopharmacol 169, 115–134.

Trull TJ, Wycoff AM, Lane SP, Carpenter RW, Brown WC, 2016 Cannabis and alcohol use, affect and 
impulsivity I npsychiatric outpatients’ daily lives. Addiction 111, 2052–2059. [PubMed: 
27270874] 

Turna J, Patterson B, VanAmeringen M, 2017 Is cannabis treatment for anxiety, mood, and related 
disorders ready for prime time? Depress Anxiety 34, 1006–1017. [PubMed: 28636769] 

U.S. Department of Justice. Marijuana fast facts. Questions and answers. Washington, DC: National 
Drug Intelligence Center; 2003 Available at: http://www.justice.gov/archive/ndic/
pubs3/3593/3593p.pdf.

Volkow ND, Swanson JM, Evins E, DeLisi LE, Meler MH, Gonzalez R, Bloomfield MAP, Curran VH, 
Baler R, 2016 Effects of cannabis use on human behavior, including cognition, motivation, and 
psychosis: a review. JAMA Psychiatry. 73(3), 292–297. [PubMed: 26842658] 

Volkow ND, Baler RD, Compton WM, Weiss SRB, 2014 Adverse Health Effects of Marijuana Use. 
New Eng J Med 370, 2219–2227. [PubMed: 24897085] 

Ware J, Kosknski M, Keller S, 1998 SF-12: How to score the SF-12 physical and mental health 
summary scales. 2nd ed. The Health Institute, New England Medical Center, Boston MA.

Bahorik et al. Page 11

J Affect Disord. Author manuscript; available in PMC 2019 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.guideline.gov/content.aspx?id=39432
http://www.ncsl.org/research/health/state-medical-marijuana-laws.aspx
http://www.ncsl.org/research/health/state-medical-marijuana-laws.aspx
http://www.samhsa.gov/data/
http://www.justice.gov/archive/ndic/pubs3/3593/3593p.pdf
http://www.justice.gov/archive/ndic/pubs3/3593/3593p.pdf


Young JQ, Kline-Simon AH, Mordecai DJ, Weisner C,2015 Prevalence of behavioral health disorders 
and associated chronic disease burden in a commercially insured health system: findings of a case-
control study. Gen Hosp. Psychiatry 37, 101 [PubMed: 25578791] 

Bahorik et al. Page 12

J Affect Disord. Author manuscript; available in PMC 2019 April 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Past 30-day medical, non-medical, or no marijuana use.
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Figure 2. 
Results from Cox proportional hazard survival analysis showing the proportion of 

participants aged 18–45 and ≥ 45 who used non-medical and medical marijuana as function 

of the length of time that patients remained without psychiatry visits between baseline and 1 

year follow-up.
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