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Overview 
 

Ohio is consistently one of the top five states in annual opioid-related overdose deaths. This is a trend 

the state and our local communities have tried very hard break, but the opioid crisis remains a major 

issue here. 

At stake are the lives of thousands of Ohioans. The consequences of opioid use disorder can be stark for 

those who don’t lose lives too though. The rate of HIV  is higher for those use drugs by injection. Opioid 

use disorder can also make it difficult to maintain relationships and your daily routine. 

Neonatal abstinence syndrome has also ticked up alongside Ohio’s opioid crisis. Opioid use disorder can 

have profound impacts on those who are around individuals struggling with the condition. 

In order to protect patients suffering from opioid use disorder, their families, friends, and neighbors, it is 

imperative that we give physicians every tool possible to address this disorder. The evidence suggests 

cannabis can be an effective treatment for opioid use disorders and physicians should be able to make a 

case by case determination of what an appropriate treatment is for a patient suffering from opioid use 

disorder. 

The attached document provides background on the opioid crisis here in Ohio. 
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Opioid-Related Overdose Deaths 

Ohio is among the top five states 

with the highest rates of opioid-

related overdose deaths. In 2016, 

there were 3,613 opioid-related 

overdose deaths in Ohio—a rate of 

32.9 deaths per 100,000 persons and 

more than double the national rate of 

13.3 deaths per 100,000. Since 

2010, the rate has tripled from 10 

deaths per 100,000. In the same 

period, the number of heroin-related 

deaths increased from 355 to 1,478 

deaths, and deaths related to 

synthetic opioids rose from 175 to 

2,296 deaths.  

 

Opioid Pain Reliever 
Prescriptions 

In 2015, Ohio providers wrote 85.8 

opioid prescriptions per 100 persons 

(9.96 million prescriptions). In the 

same year, the average U.S. rate 

was 70 opioid prescriptions per 100 

persons (IMS Health, 2016).   

 

Neonatal Abstinence 
Syndrome (NAS) 

The incidence of NAS increased from 

20 cases per 10,000 live births in 

2006 to 155 cases per 10,000 live 

births in 2015—an almost eightfold increase (Ohio DOH). The national average across 28 states included 

in a separate 2013 analysis was 6.0 cases per 1,000 births (CDC, MMWR, 2014).  

 

HIV Prevalence and HIV Diagnoses Attributed to Injection Drug Use (IDU) 

U.S. Incidence: In 2015, 9.1 percent (3,5941) of the 39,513 new diagnoses of HIV in the United States 

were attributed to IDU. Among new cases, 8.2 percent (2,6141) of cases among men and 13.2 percent 

(980) of cases among women were transmitted via IDU (CDC). 

                                                      
1 Includes transmission to individuals with injection drug use as a risk factor. 

https://www.unmc.edu/cce/handouts/opioid/OpioidMasterList-CompleteDoc.pdf
https://www.odh.ohio.gov/-/media/ODH/ASSETS/Files/health/injury-prevention/NAS-Summary-Report.pdf?la=en
https://www.cdc.gov/mmwr/volumes/65/wr/mm6531a2.htm
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
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U.S. Prevalence: In 2014, 955,081 Americans were living with a diagnosed HIV infection—a rate of 299.5 

per 100,000 persons. Of these, 18.1 percent (131,0561) of males and 22.6 percent (52,013) of females 

were living with HIV attributed to IDU (CDC). 

State Incidence: Of the new HIV cases in 2015, 927 occurred in Ohio, with 5.9 percent1 of new cases in 

males and 14.8 percent of new cases in females attributed to IDU (AIDSVu). 

State Prevalence: In 2014, an estimated 19,911 persons were living with a diagnosed HIV infection in 

Ohio—a rate of 205 infections per 100,000 persons. Of these, 11.4 percent1 of males and 16.7 percent of 

females were living with HIV attributed to IDU (AIDSVu).   

 

Hepatitis C (HCV) Prevalence and HCV Diagnoses Attributed to Injection Drug Use 

U.S. Incidence: In 2015, there were 181,871 reported cases of chronic HCV and 33,900 estimated cases 

of acute HCV2 (CDC). Where data were available, 64.2 percent of acute cases reported IDU (CDC). 

U.S. Prevalence: An estimated 3.5 million Americans are living with HCV, including approximately 2.7 

million living with chronic infections (CDC).  

State Incidence: In 2015, there were 122 acute HCV cases and 19,165 chronic HCV cases (with rates of 

1.1 cases per 100,000 persons and 165.1 cases per 100,000 persons, respectively) (CDC). 

State Prevalence: As of 2010, an estimated 119,000 persons were living with HCV in Ohio (HepVu). 

 

National Institutes of Health-Funded Research  

The National Institute on Drug Abuse (NIDA), in partnership with the Appalachian Regional Commission 

(ARC) are supporting services planning research grants to address a dramatic increase in adverse 

outcomes associated with increased opioid injection drug use in Appalachia. The grants will help develop 

an epidemiologic understanding of opioid injection drug use, HIV and hepatitis C virus (HCV) infection risk, 

and other adverse health consequences of drug use in any of the 420 Appalachian counties 

(http://www.arc.gov/counties). 

 

Additional Resources 

• Ohio Department of Health, Drug Overdose in Ohio 

• Centers for Disease Control and Prevention, Opioid Overdose 

• Centers for Disease Control and Prevention, Annual Surveillance Report of Drug-Related Risks and 

Outcomes (2017) 

• Substance Abuse and Mental Health Services Administration, Behavioral Health Barometer Ohio, 

Volume 4 (2017) 

                                                      
2 2015 estimate after adjusting for under-ascertainment and under-reporting. Data for 2015 were unavailable 
for Alaska, Arizona, Connecticut, the District of Columbia, Hawaii, Iowa, Mississippi, New Hampshire, Rhode 
Island, and Wyoming. 

https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2015-vol-27.pdf
https://aidsvu.org/state/ohio/
https://aidsvu.org/state/ohio/
https://www.cdc.gov/hepatitis/statistics/2015surveillance/commentary.htm
https://www.cdc.gov/hepatitis/statistics/2015surveillance/pdfs/2015HepSurveillanceRpt.pdf
https://www.cdc.gov/hepatitis/statistics/2015surveillance/commentary.htm
https://www.cdc.gov/hepatitis/statistics/2015surveillance/index.htm
https://hepvu.org/state/ohio/
http://www.arc.gov/counties
https://www.odh.ohio.gov/health/vipp/drug/dpoison.aspx
https://www.cdc.gov/drugoverdose/index.html
https://www.cdc.gov/drugoverdose/pdf/pubs/2017-cdc-drug-surveillance-report.pdf
https://www.cdc.gov/drugoverdose/pdf/pubs/2017-cdc-drug-surveillance-report.pdf
https://www.samhsa.gov/data/sites/default/files/Ohio_BHBarometer_Volume_4.pdf
https://www.samhsa.gov/data/sites/default/files/Ohio_BHBarometer_Volume_4.pdf
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Overview 
 

Opioid use disorder is characterized by taking opioids in larger amounts or longer periods of time than 

prescribed. Opioid use disorder and the opioid crisis are the biggest health crisis facing our nation today. 

There is no silver bullet to solving the opioid crisis. It will take a combination of policy, investment, and 

expanded treatment to solve. In the attached document, Ron Jackson looks to define opioid use 

disorder, as well as offer up possible treatment options. He also brings up the question of when we can 

consider a patient no longer addicted. 

Cannabis has shown that it could be an effective treatment for addiction and opioid use disorder, and 

we have a responsibility to give physicians every tool possible to fight the opioid crisis. 



What Is Opioid Use Disorder?

Implications for Its Treatment and Management

Ron Jackson, M.S.W., L.I.C.S.W.

Affiliate Professor

School of Social Work

University of Washington



Opioid Use Disorder: DSM-5

1. Opioids are often taken in larger amounts or over a 
longer period of time than intended. 

2. There is a persistent desire or unsuccessful efforts to cut 
down or control opioid use. 

3. A great deal of time is spent in activities necessary to 
obtain the opioid, use the opioid, or recover from its 
effects. 

4. Craving, or a strong desire to use opioids. 

5. Recurrent opioid use resulting in failure to fulfill major 
role obligations at work, school or home. 



Opioid Use Disorder: DSM-5

6. Continued opioid use despite having persistent or 

recurrent social or interpersonal problems caused or 

exacerbated by the effects of opioids.

7. Important social, occupational or recreational activities 

are given up or reduced because of opioid use.

8. Recurrent opioid use in situations in which it is 

physically hazardous. 

9. Continued use despite knowledge of having a persistent 

or recurrent physical or psychological problem that is 

likely to have been caused or exacerbated by opioids.



Opioid Use Disorder: DSM-5

10. Tolerance, as defined by either:

(a) a need for markedly increased amounts of opioids 
to achieve intoxication or desired effect

(b) markedly diminished effect with continued use of 
the same amount of an opioid 

11. Withdrawal, as manifested by either:

(a) the characteristic opioid withdrawal syndrome

(b) the same (or a closely related) substance are taken 
to relieve or avoid withdrawal symptoms



Tolerance and Withdrawal

These criterion are not considered in OUD 
diagnosis for patients who are taking opioids 

solely under appropriate medical supervision for 
either addiction or pain treatment.



What do you think of when I say

Addict?



Personal Views about Addiction

We all have some (maybe a lot) of direct experience with 
people who are addicted.

We may feel sympathy, anger, and other emotions.

How do my experiences:

• shade how I see addiction?

• influence what I believe as a professional about  
addiction and what is known to work to improve 
health and safety?



Drug Dependence: A Chronic Medical Illness

Genetic Heritability – twin studies

◦ Hypertension 25-50%

◦ Diabetes Type 1: 30-55%; Type 2: 80%

◦ Asthma 36-70%

◦ Nicotine 61% (both sexes)

◦ Alcohol 55% (males)

◦ Marijuana 52% (females)

◦ Heroin 34% (males)

McLellan, A.T., et.al., Drug Dependence, a Chronic Medical Illness Journal of the American 

Medical Association 284:1689-1695, 2000.



Drug Dependence: A Chronic Medical Illness

Voluntary Choice – shaped by personality and environment

Pathophysiology – neurochemical adaptations

Treatment Response

◦ Medications – effectiveness and compliance

◦ Behavioral interventions

McLellan, A.T., et.al., Drug Dependence, a Chronic Medical Illness Journal of the American 

Medical Association 284:1689-1695, 2000.



Goals of Addiction Treatment

• Provide tools (behavioral change, environmental change,  
medications) to help patients manage their addiction.

• Teach patients how to use those tools.

• Facilitate a continuing care model (addiction is chronic).

• Collaborate with patients to adapt treatment as their 
needs and circumstances change.



Addiction

Brain changes and Dependence

Psychological and Social Problems

Opiate addiction 
treatment medicines

Counseling & 
social supports

X
X



Research clearly and consistently 
shows that medication assisted 

treatment for opioid use disorders
saves lives and money

“…mortality rates were 75 percent higher among those 
receiving drug-free treatment compared to those 

receiving buprenorphine…”    (or methadone)

Health Aff August 2011 vol. 30 no. 8 1425-1433 



Medications in Opioid Use Disorder Treatment

Methadone

◦ Long lasting, orally effective

◦ Delivered through approved clinics which have many 
regulations stipulating counseling services and drug 
screen urinalyses

Buprenorphine (Suboxone®, Subutex®, Zubsolv®)
◦ Delivered through physicians in office-based practice



• 8-10 fold reduction in death rate

• Reduced:

• drug use

• criminal activity

• spread of HIV

• Improved:
• family and social function

• physical and mental health

• Increased employment

• Engagement in socially productive roles

• Excellent retention

Methadone Treatment Outcomes



Treatment, not Just Medication

“The problem was one of rehabilitating people with a very 
complicated mixture of social problems on top of a specific 
medical problem, and that (practitioners) ought to tailor their 
programs to the kind of problem they were dealing with.  The 
strength of the early programs as designed by Marie 
Nyswander was in their sensitivity to individual human 
problems.  The stupidity of thinking that just giving methadone 
will solve a complicated problem seems to me beyond 
comprehension.”

Vincent P. Dole, M.D., 1989
Source: Courtwright, et. al. Addiction: Who Survived



Treatment Requirements

1. Attendance for observed dosing 6 days/week for the 
first 90 days. 

2. Take-home doses permitted after 90 days but only to 
those patients meeting a number of criteria.

3. At least once per month urinalysis
◦ Some clinics observe collection; some don’t

◦ Some clinics have contingencies (+ & -); some don’t

◦ Some agencies administer alcohol breath tests; some don’t

4. Assessment and counseling

5. Additional education (e.g., HIV/HCV, family planning)



But aren’t they still addicted?

• What is the definition of addiction?
◦ Is it simply physical dependence?

• How does the change of lifestyle and 

psychosocial stability associated with long-term 

methadone treatment fit with that definition?
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Consideration of whether conventional medical therapies are 

insufficient to treat or alleviate the disease or condition  
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Overview 
 

The opioid crisis is ravaging Ohio despite our best efforts to address it. A key part of the states effort to 

fight the opioid crisis is expanding access to treatment. 

Evidence suggests that current treatments, both pharmaceutical and program based, are ineffective for 

a portion of opioid use disorder patients. The result of ineffective treatment for this condition can be as 

severe as death. 

It is vital that we give physicians every tool possible to treat patients dealing with opioid use disorder. 

The evidence suggests that cannabis can be an effective treatment for opioid use disorder and allowing 

physicians to decide if its right for a patient on a case by case basis is the next step in expanding access 

to opioid use disorder treatments in Ohio. 

 

High Mortality among Patients with Opioid Use Disorder in a Large Healthcare System – This study 

observed an elevated mortality for individuals receiving treatment for opioid use disorder in addiction 

specialty clinics and programs. 

 

Medications to Treat Opioid Use Disorder, NIDA – Only 17.5% of those with an opioid use disorder 

received specialty treatment in 2016. This study also covers the effectiveness of various medications in 

treating opioid use disorder. Most had a positive impact but some patients continued to abuse opioids 

despite these medications. 

 



High Mortality among Patients with Opioid Use Disorder in a 
Large Healthcare System

Yih-Ing Hser, PhD1, Larissa J. Mooney, MD1, Andrew J. Saxon, MD2, Karen Miotto, MD1, 
Douglas S. Bell, MD, PhD1, Yuhui Zhu, MS1, Di Liang, BM1, and David Huang, DrPh1

1University of California, Los Angeles, CA

2Veterans Affairs Puget Sound Health Care System, Seattle, WA

Abstract

Objectives—Elevated mortality has been observed among individuals with opioid use disorder 

(OUD) treated in addiction specialty clinics or programs. Information about OUD patients in 

general healthcare settings is needed in light of the current effort to integrate addiction services 

into primary healthcare systems. This study examined mortality rates, causes of death, and 

associated risk factors among patients with OUD in a large general healthcare system.

Methods—Mortality data were linked with electronic health records of 2,576 OUD patients 

cared for in a large university health system from 2006–2014.

Results—There were 465 deaths confirmed (18.1% of the study participants), corresponding to a 

crude mortality rate of 48.6 per 1000 person-years and standardized mortality ratio of 10.3 (95% 

CI, 9.4–11.3). Drug overdose and disorder (19.8%), cardiovascular diseases (17.4%), cancer 

(16.8%), and infectious diseases (13.5%, including 12% hepatitis C virus [HCV]) were the leading 

causes of death. HCV (HR: 1.99; 95% CI, 1.62– 2.46) and alcohol use disorder (HR: 1.27; 95% 

CI, 1.05–1.55) were two clinically important indicators of overall mortality risk. Tobacco use 

disorder (AHR: 2.58; 95% CI, 1.60–4.17) was associated with increased risk of cardiovascular 

death, HCV infection (AHR: 2.55; 95% CI, 1.52–4.26) with cancer mortality risk, and HCV 

(AHR: 1.92; 95%CI, 1.03–3.60) and alcohol use disorder (AHR: 5.44; 95% CI, 2.95–10.05) with 

liver-related mortality risk.

Conclusions—Patients with OUD in a general healthcare system demonstrated alarmingly high 

morbidity and mortality, which challenges health care systems to find innovative ways to identify 

and treat patients with substance use disorder.

Keywords

mortality; opioid use disorder; general healthcare system
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Introduction

Opioid use disorder (OUD) has been identified by the U.S. Department of Health & Human 

Services as a national public health crisis (Macrae & Hyde, 2015; National Heroin Task 

Force, 2015). In the United States, prescription opioid and heroin overdose deaths reached a 

record high of more than 28,000 in 2014 (CDC, 2016a). This public health crisis has 

attracted renewed interest in and attention to better identifying risk factors and implementing 

strategies that address the recurring opioid epidemic in the United States.

Numerous studies have shown that OUD is associated with elevated morbidity, mortality, 

and other adverse health and social conditions (Hser et al., 2015). A systematic review and 

meta-analysis of 58 cohort studies of opioid-dependent individuals found a pooled all-cause 

crude mortality rate (CMR) of 20.9 per 1000 person-years and a pooled standard mortality 

ratio (SMR) of 14.7, with overdose being the most common cause of death (Degenhardt et 

al., 2011). A recent study (Evans et al., 2015) based on 32,322 OUD patients receiving 

opioid detoxification and maintenance treatment in publicly funded treatment facilities in 

California from 2006 to 2010 found a fourfold increase in mortality risk compared with the 

general population; this risk increased to 6.1 when individuals were out of methadone 

maintenance treatment versus 1.8 when they were in methadone maintenance treatment. 

Further, the single leading cause of death identified by the study was drug- or alcohol-related 

(43.6%).

Traditionally, treatment for OUD in the United States has been provided in specialty 

addiction treatment clinics such as methadone treatment programs, isolated from the primary 

healthcare system or general medical settings. Recent healthcare reforms related to the 

passage of the Federal Mental Health Parity and Addiction Equity Act and Affordable Care 

Act have offered the opportunity to expand services for substance use disorders (SUDs) in 

primary care. However, studies have shown that most primary care physicians feel they do 

not have the education, training, resources, or time to diagnose and treat patients with SUDs 

(Wakeman et al., 2016). Recognition of the role of opioid prescribers and the healthcare 

system in the opioid overdose epidemic has resulted in increased education and training on 

opioid prescribing practice, but many physicians do not fully appreciate the mortality risks 

to their patients. Most clinicians are aware of the elevated mortality among OUD patients, 

particularly heroin users treated in publicly funded substance use disorder treatment 

systems; however, information on the rates and causes of mortality among OUD patients in 

the general healthcare system is lacking. The present study is based on hospital and clinic 

medical records of patients diagnosed with OUD in a large healthcare system. We calculated 

the mortality rates among these OUD patients by cause and in relation to the general 

population in order to investigate risk factors predicting mortality—both by all causes and 

cause-specific.

Methods

Sample

We identified 2,576 eligible patients age 18 to 64 at their first OUD diagnosis (abuse or 

dependence using International Classifications of Diseases [ICD]-9th Edition-CM codes 
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304.0×, 304.7×, or 305.5×) during an inpatient or outpatient visit from 2006 to 2014 from a 

university health system electronic health record (EHR) system utilizing Epic software. 

These medical records contain data on patient demographics and clinical diagnoses.

Mortality data, available through the end of 2014 were obtained from the Centers for 

Disease Control and Prevention (CDC) National Death Index (NDI). NDI data linkage was 

performed by CDC staff using probabilistic record linkage methods that utilized patients’ 

Social Security number (SSN), full name, birth date, and sex. Among the 2,576 patients, 

1,683 patients did not have further encounter data beyond the end of 2014 and their death 

status was determined by the NDI search; the remaining 893 patients were considered alive 

as their encounter data went beyond the end of 2014. In May 2016, NDI shared date and 

cause of death (International Classification of Diseases [ICD-10th revision]) for deaths that 

occurred as of December 31, 2014. Protocols were approved by the Institutional Review 

Boards at UCLA and the State of California.

Measures

Causes of death were coded according to the 10th edition of the ICD. Deaths were grouped 

into the following categories (https://simba.isr.umich.edu/restricted/docs/Mortality/

icd_10_recodes.pdf): drug related (overdose—both unintentional and intentional, alcohol/

drug disorder), cardiovascular disease, cancer, infectious diseases (HIV/AIDS, hepatitis, 

other infectious disease), liver disease, external causes (suicide, homicide, motor vehicle 

accident, etc.), respiratory disease, and all other causes (see Appendix I for details).

Covariates are based on medical records. Sociodemographic variables included: sex, race, 

age, and health insurance. Clinical variables were defined from diagnoses (ICD-9 codes) for 

physical health or diseases (e.g., cardiovascular disease, cancer, diabetes), SUDs (e.g., 

tobacco, alcohol, cannabis), and psychiatric or mental health condition (e.g., bipolar 

disorder, depressive disorder, anxiety disorder). The lists of ICD-9-CM codes utilized in this 

study may be obtained upon request from the first author.

Data analysis

Crude mortality rates (CMRs) were calculated by summing person years and numbers of 

deaths by age and sex and calculating a rate per 1000 person-years. Indirect standardized 

mortality ratios (SMR) were calculated by dividing observed deaths in the cohort by 

expected deaths based on U.S. population mortality rates (as provided by the CDC, National 

Vital Statistics System) by year, sex, and age group. Follow-up duration was determined 

using first OUD diagnosis to death, or December 31, 2014, for those not dead.

Chi-square or t-tests were used to compare characteristics between living and deceased 

patients. Cox regression and competing risks regression models were fitted to identify risk 

factors for all causes of death and to compare the hazard of death from drug-related, 

cardiovascular, cancer, liver-related, and all other causes of death, respectively. All 

hypotheses were tested using a significance level of α=0.05. Analyses were conducted using 

SAS 9.4.
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Results

There were 465 confirmed deaths (18.1% of the total sample of 2,576) over a mean of 3.7 

person years during the follow-up period. Compared to individuals who remained alive, 

those who died were older at the first OUD diagnosis (48.4 vs. 39.8), fewer were female 

(31.6% vs. 41.7%), more were black (11.2% vs. 6.8%), and more had no health insurance 

and therefore self-paid for their care (87.1% vs. 51.3%; see Table 1). Deceased patients were 

also more likely to have been diagnosed with other co-occurring SUDs (particularly 

involving tobacco, alcohol, cannabis, cocaine) and physical health problems (heart, 

respiratory, HCV, liver disease, cancer, diabetes). However, the deceased patients did not 

have higher rates of any psychiatric disorder. The mean age of these patients at death was 

51.0 (SD=11.0).

Mortality rates for all causes of mortality and selected specific mortality causes are provided 

in Table 2. The total of 465 deaths over a mean of 3.7 person-years yielded the all-cause 

CMR of 48.6 per 1,000 person-years (Table 2). The most common cause of death was drug 

related (92 cases, or 19.8%) including accidental poisoning (78 cases, or 16.8%) or drug 

overdose, intentional poisoning (1.1%), and alcohol or drug disorder (1.9%; Appendix 1). 

The next two most common causes were cardiovascular disease (17.4%) and cancer 

(16.8%), followed by infectious diseases (13.5%, with 12.0% HCV and 0.8% HIV), diseases 

of the digestive system (12.2%, with 4.9% alcohol-related liver disease), and external causes 

(6.7%). Cause-specific CMRs are provided in Table 2, with a drug- or substance-related 

CMR of 9.6 per 1,000 person years.

The overall SMR was 10.3 (95% CI, 9.4–11.3), representing a more than 10-fold higher 

mortality risk compared to the general population adjusted for sex and age (Table 3). We 

also provide CMRs and SMRs by key strata. Males had a higher CMR and lower SMR than 

females. Black and Hispanic OUD patients showed high mortality rates, but they counted for 

a very small group.

Table 4 presents results on hazard ratios of factors associated with all-cause deaths, and 

adjusted hazard ratios for selected causes of death. For these OUD patients, HCV (HR: 1.99; 

95% CI, 1.62–2.46) and alcohol use disorder (HR: 1.27; 95% CI, 1.05–1.55) are two 

clinically important indicators of overall mortality risk that were statistically significant. 

None of the diagnoses examined were predictors of drug-related deaths. Tobacco use 

disorder (AHR: 2.58; 95% CI, 1.60–4.17) were associated with increased risk of 

cardiovascular death. HCV infection (AHR: 2.55; 95% CI, 1.52–4.26) was associated with 

elevated cancer mortality risk. HCV (AHR: 1.92; 95%CI, 1.03–3.60) and alcohol use 

disorder (AHR: 5.44; 95% CI, 2.95–10.05) both increased the liver-related mortality risk.

Discussion

The present study found extremely high rates of mortality among OUD patients treated in a 

general medical setting, much higher than those reported among patients treated in a 

publicly funded substance use disorder treatment system. These study patients had a greater 

disease burden than those reported in prior literature—they were older when first diagnosed 
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with OUD, and they showed high rates of comorbid physical and mental health disorders. 

Still, the mortality indicators of CMR of 48.6 and SMR of 10.3 are alarming and may reflect 

several past and current issues with current health care delivery systems in identifying and 

addressing OUD problems. First, SUDs are not routinely screened for in primary care, and 

most primary care physicians have not received adequate training to diagnose and treat 

OUD. It is likely that patients seen in this health system became progressively sicker, as 

their OUD problem was not identified until very late in its course and after physical health 

complications had already ensued. Second, even after their OUD was recognized, these 

patients may or may not have received a referral for OUD treatment, increasing the 

likelihood that their addiction was untreated. Particularly if patients had a serious medical 

condition such as cancer or end-stage liver disease, their OUD might be viewed as a less 

pressing problem than their medical condition. Third, oral prescription opioid addiction may 

be more difficult to identify than heroin addiction if the patient is not spontaneously 

forthcoming, as there are no physical stigmata like needle tracks or abscesses that readily 

reveal an injection history.

Based on mortality data provided by the CDC NDI, the present study used ICD-10 codes to 

identify drug-related deaths. While we cannot specify the type of opioids, it should be noted 

that some of these overdose deaths may involve fentanyl or carfentanyl mixed with heroin 

(DEA, 2016). Fentanyl is a synthetic opioid that is much more potent than heroin and 

carfentanyl is a fentanyl-related compound. The strength of these powerful synthetic opioids, 

often added to heroin heightens the likelihood of overdose and overdose-related deaths, even 

among opioid-tolerant users.

No clinically meaningful predictors were identified for drug-related deaths. Nevertheless, 

HCV and alcohol use disorder were predictors of all-cause deaths. Although treatment 

regimens for HCV have vastly improved in recent years, considerable barriers to treatment 

access remain including expensive cost of the medications and restrictions imposed by most 

health insurance plans. Given the natural course of HCV infection, 20–30% of infected 

patients will develop cirrhosis within 20–30 years after infection. Of patients with HCV-

induced liver cirrhosis, approximately 67–91% will die due to liver disease and 1–8% per 

year will develop hepatocellular carcinoma (Wirth & Mann, 2016). OUD patients infected 

with HCV who drink heavily are likely to develop more severe liver injury, progress to 

cirrhosis, and have increasing risk for liver cancer and mortality.

The study found significant associations between alcohol and liver-related death, tobacco 

and cardiovascular related death, and cannabis and other causes of death. It is well known 

that both tobacco and alcohol account for high rates of deaths in the general population (1 in 

5 for tobacco [USDHHS, 2014]; 1 in 10 for alcohol [CDC, 2016b]). There is also a growing 

literature supporting cannabis use is responsible for an increase in morbidity and mortality 

due to accidents and injury (The National Academies of Science Engineering Medicine, 

2017). However, the rates of these disorders in our sample likely represent substantial 

underdiagnoses, as assessment for substance use disorder is not routine or standardized in 

primary care clinics. For example, individuals with SUD typically have tobacco use rates 

above 60% (Lawrence et al., 2009) while it was only 19.6% in our sample. On the other 

hand, cannabis use disorder rarely comes to clinical attention unless it causes an 
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exacerbation of psychiatric symptoms. Thus, individuals with more severe cannabis use 

disorder are likely to be overrepresented in this study and may have greater mortality risk 

than the broader general population estimates have previously captured. The 10.8% rate in 

this study suggests that a subset of this sample had a very severe problem with cannabis use 

that could relate to mortality in ways cannabis use usually does not or that the reports of 

cannabis use disorder are surrogate markers for some undiagnosed conditions that are 

associated with mortality. In any event, these findings indicate that the possible relationship 

between these substance use disorders and mortality warrants further research.

Consistent with existing literature (Evans et al., 2015; Nandi et al., 2014; Wilper et al., 

2009), this study revealed that a higher proportion of the deceased OUD patients were black 

and uninsured. This finding highlights the need for additional focus on disparities in 

addiction care and treatment outcomes.

The present study is based on patients seen in a single health system serving predominantly 

white patients living in the Los Angeles area of the United States, which may limit the 

study’s generalizability. Our findings are dependent on the extent, accuracy, and validity of 

the data available in the EHR dataset. For example, because OUD diagnosis information was 

obtained from diagnoses assigned in an EHR, we were not able to distinguish if prescription 

or nonprescription opioids were used or the route of administration. Both mislabeling of 

people who don’t actually have OUD and under-recognition of true OUD could dilute the 

true OUD patients in the sample. Possibly some of the ICD-9 diagnoses of opioid 

dependence signifying physiologic dependence that would be expected from prescribed 

opioid has resulted an increase in the proportion of patients who used opiates for pain and 

who were therefore medically sicker. On the other hand, routine screening for SUDs is not 

standardized or mandatory in the health system, leaving room for underdiagnoses and 

inconsistent documentation of these conditions, particularly in cases of less severe disorders.

Conclusions

The alarmingly high morbidity and mortality among OUD patients revealed in the present 

study challenge health care systems to find new and innovative ways to expand evidence-

based strategies for OUD in a variety of settings. Given the chronic, relapsing nature of 

OUD and high medical and psychiatric comorbidity, continued care encompassing 

screening, early intervention, support, and monitoring is essential. In the United States, 

health care providers outside specialty substance use disorders treatment settings have not 

traditionally been adequately equipped to identify and address patients’ drug addictions. 

Providing medications, such as buprenorphine, buprenorphine-naloxone,, methadone, and 

naltrexone, in combination with counseling, behavioral therapies, and monitoring are 

evidence-based strategies to treat OUD, however the optimal care pathways or 

implementation of these pharmacotherapies into healthcare setting is currently being studied 

(Jones et al., 2015; Lasser et al., 2016; Simpatico, 2015). Indeed, expanding access to 

medication for addiction treatment and training for medical professionals on opioid 

medication prescribing practices are among initiatives recently issued by former President 

Obama to address the prescription opioid and heroin epidemic (The White House, 2016). It 

seems likely that earlier intervention could prevent some of the excess morbidity and 

Hser et al. Page 6

J Addict Med. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



mortality noted in this report and possibly ultimately conserve scarce health care resources. 

Future research is much needed to better engage the entire spectrum of health care services, 

with the goal of developing and delivering efficient and effective chronic care management 

approaches and services for OUD.

Acknowledgments

Andrew J. Saxon: receives royalties as a section editor for UpToDate.

The corresponding author, Yih-Ing Hser, has full access to all of the data in the study and takes responsibility for 
the integrity of the data and the accuracy of the data analysis.

Sincere appreciation to UCLA CareConnect, UCLA Clinical and Institutional Science Institute (CTSI), EMMES 
Corporation NIDA Data and Statistics Center (DSC), Center for Clinical Trials Network (CCTN), and National 
Institute on Drug Abuse.

Funding source:

This project has been funded in part with federal funds from the National Institute on Drug Abuse (NIDA), National 
Institutes of Health, Department of Health and Human Services, under contract HHSN271201400028C. Additional 
funding was provided by NIDA through grant P30DA016383, and by the National Center for Advancing 
Translational Science (NCATS) through grant number UL1TR001881 to the UCLA CTSI.

References

Centers for Disease Control and Prevention, National Center for Health Statistics, National Vital 
Statistics System, Mortality File. Number and age-adjusted rates of drug-poisoning deaths involving 
opioid analgesics and heroin: United States, 2000–2014. 2016a. Available at: http://www.cdc.gov/
nchs/data/health_policy/AADR_drug_poisoning_involving_OA_Heroin_US_2000-2014.pdf. 
Published June 30, 2016

Centers for Disease Control and Prevention. [Accessed October 10, 2016] Alcohol deaths. 2016b. 
Available at http://www.cdc.gov/features/alcohol-deaths/index.html

Degenhardt L, Bucello C, Mathers B, Briegleb C, Ali H, Hickman M. Mortality among regular or 
dependent users of heroin and other opioids: a systematic review and meta-analysis of cohort 
studies. Addiction. 2011; 106(1):32–51. [PubMed: 21054613] 

Drug Enforcement Administration. 2016 National Drug Threat Assessment Summary, DEA-DCT-
DIR-001-17. DEA Strategic Intelligence Section, U.S. Department of Justice; 2016. 

Evans E, Li L, Min J, et al. Mortality among individuals accessing pharmacological treatment for 
opioid dependence in California, 2006–10. Addiction. 2015; 110(6):996–1005. [PubMed: 
25644938] 

Hser Y, Evans E, Grella C, Ling W, Anglin D. Long-term course of opioid addiction. Harv Rev 
Psychiatry. 2015; 23(2):78–89.

Jones CM, Campopiano M, Baldwin G, McCance-Katz E. National and state treatment need and 
capacity for opioid agonist medication-assisted treatment. Am J Public Health. 2015; 105(8):e55–
63.

Lasser KE, Shanahan C, Parker V, Beers D, Xuan Z, Heymann O, Lange A, Liebschutz JM. A 
Multicomponent intervention to improve primary care provider adherence to chronic opioid therapy 
guidelines and reduce opioid misuse: A cluster randomized controlled trial protocol. J Subst Abuse 
Treat. 2016 Jan.60:101–9. doi:10.1016. [PubMed: 26256769] 

Lawrence D, Mitrou F, Zubrick SR. Smoking and mental illness: results from population surveys in 
Australia and the United States. BMC Public Health. 2009; doi: 10.1186/1471-2458-9-285

Macrae, J., Hyde, P. HHS launches multi-pronged effort to combat opioid abuse. Available at: http://
www.hhs.gov/blog/2015/07/27/hhs-launches-multipronged-effort-combat-opioid-abuse.html. 
Published July 27, 2015

Hser et al. Page 7

J Addict Med. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/nchs/data/health_policy/AADR_drug_poisoning_involving_OA_Heroin_US_2000-2014.pdf
http://www.cdc.gov/nchs/data/health_policy/AADR_drug_poisoning_involving_OA_Heroin_US_2000-2014.pdf
http://www.cdc.gov/features/alcohol-deaths/index.html
http://www.hhs.gov/blog/2015/07/27/hhs-launches-multipronged-effort-combat-opioid-abuse.html
http://www.hhs.gov/blog/2015/07/27/hhs-launches-multipronged-effort-combat-opioid-abuse.html


Nandi A, Glymour MM, Subramanian SV. Association among socioeconomic status, health behaviors, 
and all-cause mortality in the United States. Epidemiology. 2014; 25(2):170–177. [PubMed: 
24487200] 

National Heroin Task Force final report and recommendations. Available at: https://www.justice.gov/
file/822231/download. Published December 31, 2015

Simpatico TA. Vermont responds to its opioid crisis. Prev Med. 2015 Nov.80:10–1. DOI: 10.1016/
j.ypmed.2015.04.002 [PubMed: 25869219] 

The National Academies of Science Engineering Medicine. [Accessed February 5, 2017] The Health 
Effects of Cannabis and Cannabinoids: The Current State of Evidence and Recommendations for 
Research. 2017. https://www.nap.edu/catalog/24625/the-health-effects-of-cannabis-and-
cannabinoids-the-current-state

The White House. [Accessed January 15, 2017] Fact Sheet: President Obama proposes $1.1 billion in 
new funding to address the prescription opioid abuse and heroin use epidemic. 2016. Retrieved 
from https://www.whitehouse.gov/the-press-office/2016/02/02/president-obama-proposes-11-
billion-new-funding-address-prescription

U.S. Department of Health and Human Services. The health consequences of smoking—50 years of 
progress. A report of the Surgeon General. Atlanta: U.S. Department of Health and Human 
Services, Centers for Disease Control and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion, Office on Smoking and Health; 2014. 

Wakeman SE, Pham-Kanter G, Donelan K. Attitudes, practices, and preparedness to care for patients 
with substance use disorder; Results from a survey of general internists. Substance Abuse. 2016; 
37:635–641. [PubMed: 27164025] 

Wilper AP, Woolhandler S, Lasser KE, McCormick D, Bor DH, Himmelstein DU. Health insurance 
and mortality in US adults. American Journal of Public Health. 2009; 99(12):2289–2295. 
[PubMed: 19762659] 

Wirth TC, Manns MP. The impact of the revolution in hepatitis C treatment on hepatocellular 
carcinoma. Ann Oncol. 2016; 27:1467–1474. [PubMed: 27226385] 

Appendix I

Causes of Death by ICD-10 Codes

Raw category Subcategory ICD-10 Codes N % of total

Drug or substance 
related

92 19.8

Poisoning by drugs 
or substance

Accidental and intent not 
determined

X40, X41, X42, X44, X45, Y14 78 16.8

Intentional X62, X64 5 1.1

Mental and 
behavioral disease

Drug-related F10.2, F11.9, F19.1, F19.2 9 1.9

Diseases of 
circulatory system

Cardiovascular I05.9, I10, I11.0, I11.9, I12.9, I13.1, 
I21.9, I24.9, I25.0, I25.1, I25.8, I25.9, 
I27.9, I33.0, I35.9, I38, I42.0, I42.6, 
I42.9, I46.9, I51.7, I60.9, I61.9, I62.9, 
I64, I67.1, I69.8, I71.0, I73.9

81 17.4

Neoplasms 78 16.8

Malignant neoplasms/cancer C02.9, C15.9, C18.9, C19, C20, C22.0, 
C22.9, C25.9, C32.9, C34.9, C41.9, 
C44.2, C50.9, C51.9, C53.9, C54.1, 
C55, C62.9, C64, C67.9, C74.9, C78.6, 
C78.7, C79.8, C80, C85.9, C91.0, C97

77 16.6

Other D48.1 1 0.2

Certain infectious 
and parasitic 
diseases

63 13.5
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Raw category Subcategory ICD-10 Codes N % of total

HCV B18.2 56 12.0

HBV B16.9 1 0.2

HIV-related B20.3, B23.8 4 0.8

Other Infections B25.9, B33.2 2 0.4

Diseases of the 
digestive system

57 12.2

Alcohol-related liver disease K70.0, K70.3, K70.9 23 4.9

Other liver-related K72.1, K72.9, K74.6, K76.0, K76.7, 
K76.9

28 6.0

Other digestive organ K27.5, K42.0, K44.9, K55.9, K63.1, 
K81.0

6 1.3

External causes of 
mortality

31 6.7

Unintentional injury V03.1, V09.2, V43.5, V49.4, V89.2, 
W13, W18, W19, Y20, Y85.0, Y86

14 3.0

Suicide X70, X72, X73, X74, X76, X78, X80 16 3.4

Undetermined Y87.2 1 0.2

Disease of the 
respiratory system

Respiratory J18.9, J32.2, J43.9, J44.0, J44.8, J44.9, 
J45.9, J69.0, J84.1, J98.4

20 4.3

Endocrine, 
nutritional and 
metabolic diseases

16 3.4

Diabetes E10.9, E11.2, E11.9, E14.1, E14.5, 
E14.7, E14.9

10 2.2

Obesity E66.8, E66.9 4 0.8

Cystic Fibrosis E84.0, E84.8 2 0.4

Other D57.1, D69.3, F50.0, G35, G40.9, 
G41.9, G80.9, G93.5, M321, M359, 
M726, N18.5, N18.9, N39.0, Q60.5, 
Q87.4, R99

27 5.8

Total 465 100
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Table 1

Demographic Characteristics and Diagnoses (%)

Characteristic Died
n= 465

Did not die
n=2,111

TOTAL
n=2,576

Sociodemographics

Female (%)*** 31.6 41.7 39.9

Ethnicity/race (%)***

  White 75.1 79.2 78.4

  Black 11.2 6.8 7.6

  Hispanic 2.8 2.9 2.9

  Asian 1.1 2.1 1.9

  Other/unknown 9.9 9.1 9.2

Age at first OUD diagnosis, Mean (SD)*** 48.4 (11.0) 39.8 (13.3) 41.4 (13.3)

Financial sources (%)***

  Medicare 4.7 14.3 12.5

  MediCal 4.3 11.3 10.1

  Commercial health plans 3.9 20.1 17.2

  Self-pay/other 87.1 51.3 57.7

Physical health and disease (%)

Heart disease*** 74.6 48.6 53.3

Respiratory disease*** 66.7 45.9 49.7

Sleep disorder** 12.3 17.5 16.5

Liver disease*** 45.6 14.3 20.0

Cancer*** 28.4 10.9 14.1

Diabetes*** 22.6 11.0 13.1

Sexually Transmitted Disease 0.4 1.2 1.1

HIV 2.4 2.3 2.3

HCV*** 47.5 16.6 22.2

Chronic pain 51.4 53.4 53.1

Other substance use disorders (%)

Tobacco use disorder* 23.9 18.7 19.6

Alcohol use disorder*** 39.8 22.6 25.7

Cannabis use disorder*** 16.3 9.6 10.8

Amphetamine use disorder 9.7 11.5 11.2

Cocaine use disorder** 17.4 12.3 13.2

Hallucinogen use disorder* 4.3 2.5 2.8

Mental disorders (%)* 60.7 66.3 65.3

Psychotic disorder 11.8 9.9 10.2

Bipolar disorder 9.7 12.9 12.3
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Characteristic Died
n= 465

Did not die
n=2,111

TOTAL
n=2,576

Depression disorder* 40.0 45.7 44.7

Anxiety disorder*** 24.3 34.1 32.3

Other mental disorder 30.1 34.7 33.9

*
p<.05,

**
p<.01,

***
p<.001
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Table 2

All-Cause and Selected Cause-Specific Mortality Rates

Cause of death N (%) deaths CMR per 1000
PY (95% CI)

All cause 465 (100) 48.6 (44.2, 53.1)

Drug or substance related 92 (19.8) 9.6 (7.7, 11.6)

  Poisoning by drugs or substance 78 (16.8) 8.2 (6.3, 10.0)

Cardiovascular diseases 81 (17.4) 8.5 (6.6, 10.3)

Malignant Neoplasms/Cancer 78 (16.8) 8.2 (6.3, 10.0)

Certain infectious and parasitic diseases 63 (13.5) 6.6 (5.0, 8.2)

  HCV 56 (12.0) 5.9 (4.3, 7.4)

Diseases of the digestive system 57 (12.2) 6.0 (4.4, 7.5)

  Liver-related 51 (11.0) 5.3 (3.9, 6.8)
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Overview

An	estimated	2.1	million	people	in	the	United	States	had	a	substance	use
disorder	related	to	prescription	opioid	pain	medicines	in	2016. 	However,	only	a
fraction	of	people	with	prescription	opioid	use	disorders	receive	specialty
treatment	(17.5	percent	in	2016). 	Overdose	deaths	linked	to	these	medicines
were	five	times	higher	in	2016	than	1999. 	There	is	now	also	a	rise	in	heroin
use	and	heroin	use	disorder	as	some	people	shift	from	prescription	opioids	to
their	cheaper	street	relative;	626,000	people	had	a	heroin	use	disorder	in	2016,
and	more	than	15,000	Americans	died	of	a	heroin	overdose	in	2016. 	Besides
overdose,	consequences	of	the	opioid	crisis	include	a	rising	incidence	of	infants
born	dependent	on	opioids	because	their	mothers	used	these	substances
during	pregnancy 	and	increased	spread	of	infectious	diseases,	including	HIV
and	hepatitis	C	(HCV),	as	was	seen	in	2015	in	southern	Indiana.

Effective	prevention	and	treatment	strategies	exist	for	opioid	misuse	and	use
disorder	but	are	highly	underutilized	across	the	United	States.	An	initiative	of
the	Secretary	of	Health	and	Human	Services	(HHS) 	began	in	2015	to	address
the	complex	problem	of	prescription	opioid	and	heroin	use.	In	2017,	HHS
announced	five	priorities	for	addressing	the	opioid	crisis:

1.	 improving	access	to	treatment	and	recovery	services

2.	 promoting	use	of	overdose-reversing	drugs

3.	 strengthening	our	understanding	of	the	epidemic	through	better	public
health	surveillance

4.	 providing	support	for	cutting-edge	research	on	pain	and	addiction

5.	 advancing	better	practices	for	pain	management

Effective	medications	exist	to	treat	opioid	use	disorder:	methadone,
buprenorphine,	and	naltrexone.	These	medications	could	help	many	people
recover	from	opioid	use	disorder,	but	they	remain	highly	underutilized.	Fewer
than	half	of	private-sector	treatment	programs	offer	medications	for	opioid	use
disorders,	and	of	patients	in	those	programs	who	might	benefit,	only	a	third
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actually	receive	it. 	Overcoming	the	misunderstandings	and	other	barriers	that
prevent	wider	adoption	of	these	treatments	is	crucial	for	tackling	the	problem	of
opioid	use	disorder	and	the	epidemic	of	opioid	overdose	in	the	United	States.
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How	do	medications	to	treat	opioid
use	disorder	work?

Opioid	Agonists	and	Partial	Agonists	(Maintenance
Medications)

Studies	show	that	people	with	opioid	use	disorder	who	follow	detoxification	with
complete	abstinence	are	very	likely	to	relapse,	or	return	to	using	the
drug. 	While	relapse	is	a	normal	step	on	the	path	to	recovery,	it	can	also	be	life
threatening,	raising	the	risk	for	a	fatal	overdose.11	Thus,	an	important	way	to
support	recovery	from	heroin	or	prescription	opioid	use	disorder	is	to	maintain
abstinence	from	those	drugs.	Someone	in	recovery	can	also	use	medications
that	reduce	the	negative	effects	of	withdrawal	and	cravings	without	producing
the	euphoria	that	the	original	drug	of	abuse	caused.	For	example,	the	FDA
recently	approved	lofexidine,	a	non-opioid	medicine	designed	to	reduce	opioid
withdrawal	symptoms.	Methadone	and	buprenorphine	are	other	medications
approved	for	this	purpose.

Methadone	is	a	synthetic	opioid	agonist	that	eliminates	withdrawal	symptoms
and	relieves	drug	cravings	by	acting	on	opioid	receptors	in	the	brain—the	same
receptors	that	other	opioids	such	as	heroin,	morphine,	and	opioid	pain
medications	activate.	Although	it	occupies	and	activates	these	opioid	receptors,
it	does	so	more	slowly	than	other	opioids	and,	in	an	opioid-dependent	person,
treatment	doses	do	not	produce	euphoria.	It	has	been	used	successfully	for
more	than	40	years	to	treat	opioid	use	disorder	and	must	be	dispensed	through
specialized	opioid	treatment	programs.

Buprenorphine	is	a	partial	opioid	agonist,	meaning	that	it	binds	to	those	same
opioid	receptors	but	activates	them	less	strongly	than	full	agonists	do.	Like
methadone,	it	can	reduce	cravings	and	withdrawal	symptoms	in	a	person	with
an	opioid	use	disorder	without	producing	euphoria,	and	patients	tend	to	tolerate
it	well.	Research	has	found	buprenorphine	to	be	similarly	effective	as
methadone	for	treating	opioid	use	disorders,	as	long	as	it	is	given	at	a	sufficient
dose	and	for	sufficient	duration. 	The	U.S.	Food	and	Drug	Administration	(FDA)
approved	buprenorphine	in	2002,	making	it	the	first	medication	eligible	to	be
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prescribed	by	certified	physicians	through	the	Drug	Addiction	Treatment	Act.
This	approval	eliminates	the	need	to	visit	specialized	treatment	clinics,	thereby
expanding	access	to	treatment	for	many	who	need	it.	Additionally,	the
Comprehensive	Addiction	and	Recovery	Act	(CARA),	which	was	signed	into
law	in	July	2016,	temporarily	expands	eligibility	to	prescribe	buprenorphine-
based	drugs	for	medication-assisted	treatment	(MAT)	to	qualifying	nurse
practitioners	and	physician	assistants	through	October	1,	2021.	Buprenorphine
has	been	available	for	opioid	use	disorders	since	2002	as	a	tablet	and	since
2010	as	a	sublingual	film. 	The	FDA	approved	a	6-month	subdermal
buprenorphine	implant	in	May	2016	and	a	once-monthly	buprenorphine
injection	in	November	2017.	These	formulations	are	available	to	patients
stabilized	on	buprenorphine	and	will	eliminate	the	treatment	barrier	of	daily
dosing	for	these	patients.	(Also	see	"What	are	misconceptions	about
maintenance	treatment?")

Opioid	Antagonists

Naltrexone	is	an	opioid	antagonist,	which	means	that	it	works	by	blocking	the
activation	of	opioid	receptors.	Instead	of	controlling	withdrawal	and	cravings,	it
treats	opioid	use	disorder	by	preventing	any	opioid	drug	from	producing
rewarding	effects	such	as	euphoria.	Its	use	for	ongoing	opioid	use	disorder
treatment	has	been	somewhat	limited	because	of	poor	adherence	and
tolerability	by	patients.	However,	in	2010,	an	injectable,	long-acting	form	of
naltrexone	(Vivitrol ),	originally	approved	for	treating	alcohol	use	disorder,	was
FDA-approved	for	treating	opioid	use	disorder.	Because	its	effects	last	for
weeks,	Vivitrol 	is	a	good	option	for	patients	who	do	not	have	ready	access	to
health	care	or	who	struggle	with	taking	their	medications	regularly.

Because	each	medication	works	differently,	a	treatment	provider	should	decide
on	the	optimal	medication	in	consultation	with	the	individual	patient	and	should
consider	the	patient’s	unique	history	and	circumstances.
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How	effective	are	medications	to	treat
opioid	use	disorder?

Abundant	evidence	shows	that	methadone,	buprenorphine,	and	naltrexone	all
reduce	opioid	use	and	opioid	use	disorder-related	symptoms,	and	they	reduce
the	risk	of	infectious	disease	transmission	as	well	as	criminal	behavior
associated	with	drug	use. 	These	medications	also	increase	the	likelihood	that
a	person	will	remain	in	treatment,	which	itself	is	associated	with	lower	risk	of
overdose	mortality,	reduced	risk	of	HIV	and	HCV	transmission,	reduced	criminal
justice	involvement,	and	greater	likelihood	of	employment.

Methadone

Methadone	is	the	medication	with	the	longest	history	of	use	for	opioid	use
disorder	treatment,	having	been	used	since	1947.	A	large	number	of	studies
(some	of	which	are	summarized	in	the	graph	below)	support	methadone's
effectiveness	at	reducing	opioid	use.	A	comprehensive	Cochrane	review	in
2009	compared	methadone-based	treatment	(methadone	plus	psychosocial
treatment)	to	placebo	with	psychosocial	treatment	and	found	that	methadone
treatment	was	effective	in	reducing	opioid	use,	opioid	use-associated
transmission	of	infectious	disease,	and	crime. 	Patients	on	methadone
had	33	percent	fewer	opioid-positive	drug	tests	and	were	4.44	times	more	likely
to	stay	in	treatment	compared	to	controls. 	Methadone	treatment	significantly
improves	outcomes,	even	when	provided	in	the	absence	of	regular	counseling
services; 	long-term	(beyond	6	months)	outcomes	are	better	in	groups
receiving	methadone,	regardless	of	the	frequency	of	counseling	received.
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Buprenorphine

Buprenorphine,	which	was	first	approved	in	2002,	is	currently	available	in	two
forms:	alone	(Probuphine ,	Sublocade™,	Bunavail )	and	in	combination	with
the	opioid	receptor	antagonist	naloxone	(Suboxone ,	Zubsolv ).	Both
formulations	of	buprenorphine	are	effective	for	the	treatment	of	opioid	use
disorders,	though	some	studies	have	shown	high	relapse	rates	among	patients
tapered	off	of	buprenorphine	compared	to	patients	maintained	on	the	drug	for	a
longer	period	of	time.

® ®

® ®
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A	Swedish	study	compared		patients	maintained	on	16	mg	of	buprenorphine
daily	to	a	control	group	that	received	buprenorphine	for	detoxification	(6	days)
followed	by	placebo. 	All	patients	received	psychosocial	supports.	In	this	study,
the	treatment	failure	rate	for	placebo	was	100	percent	vs.	25	percent	for
buprenorphine.	More	than	two	opioid-positive	urine	tests	within	3	months
resulted	in	cessation	of	treatment,	so	treatment	retention	was	closely	related	to
relapse.	Of	patients	not	retained	in	treatment,	there	was	a	20	percent	mortality
rate.

Meta-analysis	determined	that	patients	on	doses	of	buprenorphine	of	16	mg	per
day	or	more	were	1.82	times	more	likely	to	stay	in	treatment	than	placebo-
treated	patients,	and	buprenorphine	decreased	the	number	of	opioid-positive
drug	tests	by	14.2	percent	(the	standardized	mean	difference	was	-1.17).

To	be	effective,	buprenorphine	must	be	given	at	a	sufficiently	high	dose
(generally,	16	mg	per	day	or	more).	Some	treatment	providers	wary	of	using
opioids	have	prescribed	lower	doses	for	short	treatment	durations,	leading	to
failure	of	buprenorphine	treatment	and	the	mistaken	conclusion	that	the
medication	is	ineffective.
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Methadone	and	Buprenorphine	Compared

Methadone	and	buprenorphine	are	equally	effective	at	reducing	opioid	use.	A
comprehensive	Cochrane	review	comparing	buprenorphine,	methadone,	and
placebo	found	no	differences	in	opioid-positive	drug	tests	or	self-reported
heroin	use	when	treating	with	methadone	or	buprenorphine	at	medium-to-high
doses.

Notably,	flexible	dose	regimens	of	buprenorphine	and	doses	of	buprenorphine
of	6	mg	or	below	are	less	effective	than	methadone	at	keeping	patients
in	treatment,	highlighting	the	need	for	delivery	of	evidence-based	dosing
regimens	of	these	medications.

Naltrexone

Naltrexone	was	initially	approved	for	the	treatment	of	opioid	use	disorder	in	a
daily	pill	form.	It	does	not	produce	tolerance	or	withdrawal.	Poor	treatment
adherence	has	primarily	limited	the	real-world	effectiveness	of	this
formulation. 	As	a	result,	there	is	insufficient	evidence	that	oral	naltrexone	is	an
effective	treatment	for	opioid	use	disorder. 	Extended-release	injectable
naltrexone	(XR-NTX)	is	administered	once	monthly,	which	removes	the	need	for
daily	dosing.	While	this	formulation	is	the	newest	form	of	medication	for	opioid
use	disorder,	evidence	to	date	suggests	that	it	is	effective.

The	double-blind,	placebo-controlled	trial	that	was	most	influential	in	getting
XR-NTX	approved	by	the	FDA	in	2010	for	opioid	use	disorder	treatment	showed
that	XR-NTX	significantly	increased	opioid	abstinence.	The	XR-NTX	group	had
90	percent	confirmed	abstinent	weeks	compared	to	35	percent	in	the	placebo
group.	Treatment	retention	was	also	higher	in	the	XR-NTX	group	(58	percent	vs.
42	percent),	while	subjective	drug	craving	and	relapse	were	both	decreased
(0.8	percent	vs.	13.7	percent). 	Improvement	in	the	XR-NTX	group	was
sustained	throughout	an	open	label	period	out	to	76	weeks. 	These	data	were
collected	in	Russia,	and	additional	studies	are	required	to	determine	if
effectiveness	will	be	similar	in	the	United	States.

Buprenorphine	and	Naltrexone	Compared
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A	NIDA	study	showed	that	once	treatment	is	initiated,	a
buprenorphine/naloxone	combination	and	an	extended	release	naltrexone
formulation	are	similarly	effective	in	treating	opioid	use	disorder.	Because
naltrexone	requires	full	detoxification,	initiating	treatment	among	active	opioid
users	was	more	difficult	with	this	medication.	However,	once	detoxification	was
complete,	the	naltrexone	formulation	had	a	similar	effectiveness	as	the
buprenorphine/naloxone	combination.
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What	are	misconceptions	about
maintenance	treatment?

Because	maintenance	medications	(methadone	and	buprenorphine)	are
themselves	opioids	and	are	able	to	produce	euphoria	in	people	who	are	not
dependent	on	opioids,	many	people	have	assumed	that	this	form	of	treatment
just	substitutes	a	new	substance	use	disorder	for	an	old	one.	This	belief	has
unfortunately	hindered	the	adoption	of	these	effective	treatments.	In	the	past,
even	some	inpatient	treatment	programs	that	were	otherwise	evidence-based
did	not	allow	patients	to	use	these	medications,	in	favor	of	an	"abstinence	only"
philosophy.

Although	it	is	possible	for	individuals	who	do	not	have	an	opioid	use	disorder	to
get	high	on	buprenorphine		or	methadone	(see	"What	is	the	treatment	need
versus	the	diversion	risk	for	opioid	use	disorder	treatment?"),	these	medications
affect	people	who	have	developed	a	high	tolerance	(see	"Opioid	Tolerance")	to
opioids	differently.	At	the	doses	prescribed,	and	as	a	result	of	their
pharmacodynamic	and	pharmacokinetic	properties	(the	way	they	act	at	opioid
receptor	sites	and	their	slower	metabolism	in	the	body),	these	medications	do
not	produce	a	euphoric	high	but	instead	minimize	withdrawal	symptoms	and
cravings	(see	"Mechanisms	of	Opioid	Dependence").	This	makes	it	possible	for
the	patient	to	function	normally,	attend	school	or	work,	and	participate	in	other
forms	of	treatment	or	recovery	support	services	to	help	them	become	free	of
their	substance	use	disorder	over	time.

The	ultimate	aim	can	be	to	wean	off	the	maintenance	medication,	but	the
treatment	provider	should	make	this	decision	jointly	with	the	patient	and
tapering	the	medication	must	be	done	gradually.	It	may	take	months	or	years	in
some	cases.	Just	as	body	tissues	require	prolonged	periods	to	heal	after	injury
and	may	require	external	supports	(e.g.,	a	cast	and	crutches	or	a	wheelchair	for
a	broken	leg),	brain	circuits	that	have	been	altered	by	prolonged	drug	use	and
substance	use	disorder	take	time	to	recover	and	benefit	from	external	supports
in	the	form	of	medication.	In	cases	of	serious	and	long-term	opioid	use	disorder,
a	patient	may	need	these	supports	indefinitely.

https://www.drugabuse.gov/publications/medications-to-treat-opioid-addiction/what-treatment-need-versus-diversion-risk-opioid-use-disorder-treatment
file:////disk2/www/nida7/sites/default/files/node_pdf/21349-medications-to-treat-opioid-use-disorder.html#opioid%20tolerance
file:////disk2/www/nida7/sites/default/files/node_pdf/21349-medications-to-treat-opioid-use-disorder.html#opioid%20dependence
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In	2005,	methadone	and	buprenorphine	were	added	to	the	World	Health
Organization's	list	of	essential	medicines,	defined	as	medicines	that	are
"intended	to	be	available	within	the	context	of	functioning	health	care	systems	at
all	times	in	adequate	amounts,	in	the	appropriate	dosage	forms,	with	assured
quality,	and	at	a	price	the	individual	and	the	community	can	afford."

Opioid	Tolerance

People	who	take	opioids	for	long	periods	of	time	typically	develop
tolerance,	a	state	in	which	more	of	the	drug	is	needed	to	produce	the	same
effect.	Receptor	desensitization	and	downregulation	are	molecular
processes	that	cause	tolerance.	In	people	with	opioid	use	disorder,	the
brain	is	continually	exposed	to	high	levels	of	opioids	as	well	as	dopamine,
which	is	released	in	the	reward	circuit	following	opioid	receptor	activation.
Brain	cells	respond	to	this	by	reducing	their	response	to	receptor	activation
and	by	removing	opioid	and	dopamine	receptors	from	the	cell	membrane,
resulting	in	fewer	receptors	that	can	be	activated	by	the	drug. 	These
mechanisms	result	in	a	lessened	response	to	the	drug,	so	higher	doses
are	required	to	elicit	the	same	effect.	This	opioid	tolerance	is	the	reason
that	people	with	opioid	use	disorder	do	not	experience	euphoric	effects
from	therapeutic	doses	of	buprenorphine	or	methadone,	while	people
without	opioid	use	disorder	do. 	It	is	also	the	reason	why	people	are	at
increased	risk	of	overdose	when	relapsing	to	opioid	use	after	a	period	of
abstinence:	They	lose	their	tolerance	to	the	drug	without	realizing	it,	so
they	no	longer	know	what	dose	of	the	drug	they	can	safely	tolerate.
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Mechanisms	of	Opioid	Dependence

The	sustained	activation	of	opioid	receptors	that	results	from	opioid	use
disorder	and	causes	tolerance	also	causes	withdrawal	symptoms	when	the
opioid	drugs	leave	the	body.	Drug	withdrawal	symptoms	are	opposite	to
the	symptoms	caused	by	drug	taking.	In	the	case	of	opioids,	they	include
anxiety,	jitters,	and	diarrhea. 	Avoidance	of	these	negative	symptoms	is
one	reason	that	people	keep	taking	opioids,	and	in	the	early	stages	of
treatment,	medications	such	as	methadone	and	buprenorphine	reduce
withdrawal	symptoms.

40

Opioid	receptor	activity.	Heroin	(red	line)	activates	opioid	receptors	fully	and
quickly.	Methadone	(blue)	is	also	a	full	agonist,	but	the	activation	is	much	slower
and	longer	lasting.	Buprenorphine	(green)	activates	the	receptors	partially,	with
a	similar	time	course	to	methadone.	Naltrexone	(purple)	is	an	opioid	receptor
antagonist	and	therefore	prevents	receptor	activation.
Sources:	Cruciani	&	Knotkova,	2013;	Goodman	et	al.,	2006
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What	is	the	treatment	need	versus
the	diversion	risk	for	opioid	use
disorder	treatment?

Like	other	opioid	medications,	buprenorphine	and	methadone	are	sometimes
diverted	and	misused.	However,	most	data	suggest	that	the	majority	of
buprenorphine	and	methadone	misuse	(use	without	a	prescription)	is	for	the
purpose	of	controlling	withdrawal	and	cravings	for	other	opioids	and	not	to	get
high.	Among	all	opioid	agonist	medications,	methadone	and	buprenorphine
together	make	up	15	percent	of	diversion	reports,	while	oxycodone	and
hydrocodone	are	responsible	for	67	percent. 	Naltrexone,	an	opioid	antagonist
used	to	treat	opioid	addiction,	does	not	cause	euphoric	effects	and	is	not	a
diversion	risk.

Diversion	Risk	of	Buprenorphine

Both	buprenorphine	and	buprenorphine/naloxone	formulations	can	interfere
with	the	effects	of	full	opioid	agonists,	such	as	heroin,	and	can	precipitate
withdrawal	in	individuals	with	opioid	dependence.	Two	U.S.	surveys	of	people
with	opioid	use	disorder	found	that	a	majority	of	those	who	used	illicit
buprenorphine	reported	that	they	used	it	for	therapeutic	purposes	(i.e.,	to
reduce	withdrawal	symptoms,	reduce	heroin	use,	etc.). 	Ninety-seven
percent	reported	using	it	to	prevent	cravings,	90	percent	to	prevent	withdrawal,
and	29	percent	to	save	money. 	Illicit	use	of	buprenorphine	decreased	as
individuals	had	access	to	treatment. 	The	minority	proportion	of	people	who
use	buprenorphine	illicitly	to	get	high	(ranging	from	8	to	25	percent) 	has
been	shown	to	decrease	over	time,	which	could	suggest	that	people	abandon
this	goal	after	they	experience	the	drug’s	blunted	rewarding	effects. 	Indeed,
patients	in	treatment	for	opioid	use	disorder	rarely	endorse	buprenorphine	as
the	primary	drug	of	misuse.

While	there	is	some	risk	associated	with	misuse	of	buprenorphine,	the	risk	of
harms,	such	as	fatal	overdose,	are	significantly	lower	than	those	of	full	agonist
opioids	(oxycodone,	hydrocodone,	heroin). 		Overdoses	and	related	deaths

43

44,45

45

45

45,46

46

47

39,51

https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references
https://www.drugabuse.gov/publications/research-reports/medications-to-treat-opioid-addiction/references


16

do	occur	but	are	usually	the	result	of	combination	with	other	respiratory
depressant	drugs	such	as	benzodiazepines	or	alcohol.	Emergency	department
(ED)	visits	involving	buprenorphine	increased	from	3,161	in	2005	to	30,135
visits	in	2010	as	availability	of	the	drug	increased	(buprenorphine	was	first
approved	in	2002);	but	ED	visits	for	buprenorphine	remain	significantly	less
common	than	those	for	other	opioids. 	Fifty-two	percent,	or	15,778	visits	(see
left	bar	chart	below),	were	related	to	nonmedical	use	in	2010;	59	percent	of
these	visits	involved	additional	drugs	(see	right	bar	chart	below). 		
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Emergency	department	(ED)	visits	involving	buprenorphine	increased	as	drug
availability	increased,	but	ED	visits	for	buprenorphine	are	far	less	common	than	those
for	other	opioids.
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Diversion	Risk	of	Methadone

Methadone	diversion	is	primarily	associated	with	methadone	prescribed	for	the
treatment	of	pain	and	not	for	the	treatment	of	opioid	use	disorders.	Opioid
treatment	programs	are	required	to	maintain	and	implement	a	diversion	control
plan;	they	typically	require	patients	to	come	in	daily	to	receive	their	medication
and	strictly	monitor	take-home	doses.	In	addition,	evidence	suggests	that	the
diversion	that	does	occur	is	associated	with	a	lack	of	access	to	medication. 	In
one	survey,	giving	methadone	away	was	identified	as	the	most	common	form	of
methadone	diversion, 	which	aligns	with	other	findings	that	80	percent	of
people	who	report	diverting	methadone	did	so	to	help	others	who	misused
substances. 	Among	those	using	illicit	methadone,	the	most	common	reason
was	a	missed	medication	pick-up.

Methadone,	as	a	full	opioid	agonist	that	is	metabolized	slowly,	poses	a	greater
risk	of	overdose	than	buprenorphine.	In	2010,	65,945	ED	visits	involved
nonmedical	use	of	methadone. 	However,	methadone	that	is	dispensed	for
use	as	a	pain	reliever,	not	as	an	substance	use	disorder	medication,	is	the	main

Source:	CBHSQ,	2011
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source	of	the	methadone	involved	in	overdose	deaths.55
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What	is	the	impact	of	medication	for
opioid	use	disorder	treatment	on
HIV/HCV	outcomes?

Injection	drug	use	is	still	a	primary	driver	of	the	HIV/AIDS	epidemic	across	the
world. 	A	recent	example	is	the	small	community	of	Austin,	Indiana,	where	170
new	HIV	infections	occurred	in	the	8	months	between	November	2014	and
June	2015	among	people	misusing	the	prescription	opioid	pain	reliever
oxymorphone	(Opana )	via	injection. 	People	who	inject	drugs	frequently	share
their	needles	and	other	injection	equipment,	enabling	viruses	such	as	HIV	and
hepatitis	C	(HCV)	to	spread	between	people.

Medications	for	opioid	use	disorder	treatment	can	reduce	transmission	of	HIV
and	HCV	by	reducing	risk	behaviors	in	people	who	inject	drugs	and	can
improve	HIV-	and	HCV-related	outcomes	by	treating	those	not	engaged	in
injection	opioid	use	who	might	otherwise	transition	to	injection,	linking	those
with	HIV/HCV	infection	to	appropriate	treatment, 	and	improving	adherence
to	HIV/HCV	treatment. 	These	improvements	depend	on	accessibility	of
medications	for	opioid	use	disorder	to	people	who	need	it	and	coordinating
medication	delivery	with	HCV/HIV	screening	and	treatment.

Treatment	with	methadone	or	buprenorphine	is	associated	with	reduced
injection	drug	use	risk	behaviors.	Meta-analyses	have	shown	a	reduction	in	risk
behaviors	including	a	32	to	69	percent	reduction	in	illicit	opioid	use,	a	20	to	60
percent	reduction	in	injection	drug	use,	and	a	25	to	86	percent	reduction	in
sharing	of	injection	equipment. 	Treatment	with	extended-release
naltrexone	also	reduced	HIV	risk	behaviors	compared	to	placebo.

Methadone	and	buprenorphine	treatment	are	also	associated	with	lower	HCV
infection	rates	in	young	adults	who	inject	drugs,	while	other	treatments	and
detoxification	alone	are	not. 	Methadone	treatment	is	associated	with	low	rates
of	contracting	HCV	overall, 	with	mathematical	modeling	suggesting	that	it	can
prevent	22.6	new	HCV	infections	per	100	treated	people	who	engaged	in
injection	drug	use,	per	year. 	Methadone	treatment	also	reduces	both	HIV
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risk	behaviors	and	HIV	infection,	with	better	outcomes	for	people	who	inject
drugs	who	are	in	treatment	(3.5	percent	contracting	HIV	vs.	22	percent),	and
better	outcomes	for	longer	treatment	duration	and	for	continuous	(versus
interrupted)	treatment.

A	study	comparing	the	effects	of	methadone	and	buprenorphine	treatment	on
HIV	risk	from	injection	behaviors	and	HIV	risk	from	sexual	behaviors	showed
equal	and	significant	reductions	in	risky	injection	behaviors.	Risky	sexual
behaviors	were	reduced	in	both	male	and	female	methadone	patients	but	were
higher	in	male	patients	on	buprenorphine.

Mitigating	Factors

There	are	several	known	interactions	between	medications	used	to	treat	HIV	or
HCV	and	both	methadone	and	buprenorphine. 	These	could	require	an
adjustment	of	dosage	or	revision	of	the	treatment	plan,	and	highlight	the	need
for	integrated	care.	For	example,	some	patients	are	reluctant	to	begin	highly
active	antiretroviral	therapy	(HAART)	because	of	worries	that	it	will	interfere	with
their	methadone	treatment,	so	treatment	providers	should	consider	revised
methadone	doses	for	these	patients.

Contracting	HCV	while	on	methadone	is	associated	with	continued	injection
drug	use. 	Some	studies	have	shown	methadone	detoxification	alone	to	be
associated	with	increased	rates	of	contracting	HIV,	so	ongoing	treatment	with
this	medication	is	key	to	reducing	transmission	of	viral	infection.

Possibility	of	Dual	Therapeutic	Potential

One	recent	report	demonstrates	the	potential	of	buprenorphine	to	counteract	a
neuroinflammatory	process	that	is	involved	in	HIV-associated	neurocognitive
disorders,	suggesting	that	buprenorphine	could	potentially	be	simultaneously
therapeutic	for	opioid	use	disorder	and	HIV. 	Opioid	use	disorder
medications	are	also	associated	with	increased	adherence	to	HAART	for	the
treatment	of	HIV. 		Some	providers	hesitate	to	treat	HCV	in	people	who	inject
drugs,	but	a	naltrexone	implantation	clinic	showed	rates	of	sustained	virologic
response	in	their	patients	that	were	comparable	to	clinics	treating	non-injection-
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drug-using	patients.
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How	is	opioid	use	disorder	treated	in
the	criminal	justice	system?

Opioid	use	disorders	are	highly	prevalent	among	criminal	justice	populations.
According	to	data	from	the	U.S.	Department	of	Justice,	approximately	half	of
state	and	federal	prisoners	meet	criteria	for	substance	use	disorder. 	Even	so,
there	has	been	reticence	in	criminal	justice	settings	to	using	methadone,
buprenorphine,	and	naltrexone	to	treat	opioid	use	disorder.	In	national	surveys,
utilization	of	these	medications	is	very	low	in	criminal	justice	settings,	including
drug	courts, 	jails, 	and	prisons. 	Thus,	opioid	use	disorder	goes	largely
untreated	during	periods	of	incarceration,	and	opioid	use	often	resumes	after
release.	

A	former	inmate’s	risk	of	death	within	the	first	2	weeks	of	release	is	more	than
12	times	that	of	other	individuals,	with	the	leading	cause	of	death	being	a	fatal
overdose. 	Overdoses	are	more	common	when	a	person	relapses	to	drug	use
after	a	period	of	abstinence	due	to	loss	of	tolerance	to	the	drug.	One	study
found	a	reduction	in	post-incarceration	deaths	from	overdose	among
individuals	who	had	received	medication	for	opioid	use	disorder	in	correctional
facilities. 	Untreated	opioid	use	disorders	also	contribute	to	a	return	to	criminal
activity,	reincarceration,	and	risky	behavior	contributing	to	the	spread	of	HIV	and
hepatitis	B	and	C	infections	(see	"What	is	the	impact	of	medication	for	opioid
use	disorder	treatment	on	HIV/HCV	outcomes?").

The	World	Health	Organization’s	Guidelines	for	the	Psychosocially	Assisted
Pharmacological	Treatment	of	Opioid	Dependence	recommends	that
incarcerated	individuals	should	receive	adequate	healthcare	and	that	opioid
withdrawal,	agonist	maintenance	and	naltrexone	treatment	should	all	be
available	in	prison	settings,	and	prisoners	should	not	be	forced	to	accept	any
particular	treatment."

Many	states	currently	do	not	offer	appropriate	access	to	or	utilize	medications	to
treat	opioid	use	disorder	among	arrestees	or	inmates	even	though	research	has
shown	many	benefits	of	incorporating	medication-assisted	treatment	into
criminal	justice	treatment	programs.	Inmates	who	receive	buprenorphine
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treatment	prior	to	release	are	more	likely	to	engage	in	treatment	after	their
release	than	inmates	who	only	participate	in	counseling. 	Participants	who
engage	in	methadone	treatment	and	counseling	in	prison	are	more	likely	to
enter	community-based	methadone	treatment	centers	after	their	release	(68.6
percent)	than	those	receiving	only	counseling	(7.8	percent)	or	those	in
counseling	and	referred	to	a	treatment	center	(50	percent).

In	one	study,	inmates	who	began	buprenorphine	treatment	while	incarcerated
engaged	in	post-release	treatment	sooner,	averaging	3.9	days	after	release,
compared	to	9.2	days	for	participants	referred	to	treatment	post-release. 	They
were	also	likely	to	stay	in	treatment	longer	if	they	were	initiated	in	treatment
prior	to	release	(20.3	weeks	on	average)	than	if	they	began	treatment	after	their
release	(13.2	weeks).

Inmates	who	participate	in	methadone	treatment	and	counseling	while	in	prison
are	less	likely	to	test	positive	for	illicit	opioids	at	one	month	following	their
release	(27.6	percent)	compared	to	those	who	only	receive	counseling	(62.9
percent)	and	those	who	receive	counseling	and	a	referral	to	a	treatment	center
(41	percent).

A	randomized	controlled	trial	was	published	in	2016,	comparing	prison-initiated
extended-release	naltrexone	(XR-NTX)	treatment	to	standard	counseling
protocols	for	prevention	of	opioid	relapse.	During	the	treatment	phase,	relapse
was	significantly	lower	in	the	group	receiving	XR-NTX	(43	percent	vs.	64
percent).	The	XR-NTX	group	also	experienced	no	overdose	events,	while	there
were	seven	overdose	events	in	the	control	group.

A	survey	of	community	correction	agents’	views	on	using	medications	to	treat
opioid	use	disorder	showed	that	more	favorable	attitudes	toward	medication
use	are	associated	with	greater	knowledge	about	the	evidence	base	for	these
medications	and	greater	understanding	of	opioid	use	disorder	as	a	medical
disorder. 	Organizational	linkage	between	correctional	stakeholders	and
community	treatment	providers,	along	with	training	sessions,	can	be	an	effective
way	to	change	perceptions	and	increase	knowledge	about	the	efficacy	of	these
medications,	and	can	increase	the	intent	within	correctional	facilities	to	refer
individuals	with	opioid	use	disorder	to	treatment	that	incorporates
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medications.

A	mechanism	to	reduce	recidivism	and	divert	nonviolent	offenders	from
traditional	jail	and	prison	settings	is	the	drug	treatment	court	model,	which
provides	treatment	services	in	combination	with	judicial	supervision. 	Still,
resistance	to	medications	persists	even	in	this	area	of	the	criminal	justice
system;	a	survey	published	in	2013	reported	that	50	percent	of	drug	courts	did
not	allow	agonist	treatment	for	opioid	use	disorder	under	any	circumstances.
In	2015,	the	Office	of	National	Drug	Control	Policy	announced	that	state	drug
courts	receiving	federal	grants	must	not:	1)	deny	any	appropriate	and	eligible
client	for	the	treatment	drug	court	access	to	the	program	because	of	their	use	of
FDA-approved	medications	that	is	in	accordance	with	an	appropriately
authorized	prescription;	or	2)	mandate	that	a	drug	court	client	no	longer	use
medications	as	part	of	the	conditions	of	the	drug	court	if	such	a	mandate	is
inconsistent	with	a	medical	practitioner’s		recommendation	or	prescription.
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Is	medication	to	treat	opioid	use
disorder	available	in	the	military?

Rates	of	prescription	opioid	misuse	are	higher	among	service	members	than
among	civilians. 	Survey	results	suggest	drug	use	among	returning	soldiers	is
often	a	coping	strategy	to	treat	arousal	symptoms	of	post-traumatic	stress
disorder. 	Returning	military	personnel	also	experience	higher	rates	of	chronic
pain	and	related	medical	use	of	opioid	pain	relievers	compared	to	the	civilian
population.	These	data	collectively	suggest	an	unmet	need	for	the	assessment,
management,	and	treatment	of	both	chronic	pain	and	opioid	use	disorder	in	this
population.

The	Veterans	Health	Administration	(VHA)	acknowledges	that	treatment	with
opioid	agonists	(methadone	or	buprenorphine)	is	the	first-line	treatment	for
opioid	use	disorder	and	recommends	it	for	all	opioid-dependent	patients.
Notably,	a	2015	revision	of	treatment	guidelines	for	the	U.S.	Department	of
Veteran	Affairs	and	U.S.	Department	of	Defense	shifted	toward	allowing	these
medications	as	a	treatment	option	for	active	duty	military	members. 	Still,	only
about	a	quarter	of	patients	with	an	opioid	use	disorder	treated	at	VHA	facilities
receive	medication. 	Barriers	to	opioid	agonist	medication	among	VHA
providers	include	lack	of	perceived	patient	interest,	stigma	toward	the	patient
population,	and	lack	of	education	about	opioid	agonist	treatment.

In	the	past,	lack	of	insurance	coverage	for	opioid	agonist	medications	was	a
barrier	for	use	among	active	duty	military;	however,	as	of	2013,	TRICARE
included	coverage	for	these	medications,	and	a	2016	modification	of	TRICARE
regulation	included	provisions	for	expanded	coverage	of	opioid	use	disorder
treatment. 	This	expanded	coverage	removed	annual	and	lifetime	limitations
on	substance	use	disorder	treatment	allowed	for	office-based	opioid	treatment,
and	established	opioid	treatment	programs	as	a	newly	recognized	category	of
institutional	provider	under	TRICARE.
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What	treatment	is	available	for
pregnant	mothers	and	their	babies?

Paralleling	the	large	recent	increases	in	opioid	use,	use	disorder,	and
overdose,	the	incidence	of	babies	born	dependent	on	opioids	(neonatal
abstinence	syndrome,	or	NAS)	as	a	result	of	the	mother’s	opioid	use	during
pregnancy	has	also	greatly	increased. 	Incidence	of	NAS	rose	nearly	fivefold
between	2000	and	2012; 	this	increase	was	associated	with	increases	in	the
prescription	of	opioids	to	pregnant	women	for	pain,	which	doubled	between
1995	and	2009.

Untreated	opioid	use	disorder	during	pregnancy	can	have	devastating	effects
on	the	fetus.	The	fluctuating	levels	of	opioids	in	the	blood	of	mothers	misusing
opioids	expose	the	fetus	to	repeated	periods	of	withdrawal, 	which	can	also
harm	the	function	of	the	placenta	and	increase	the	risk	of:

fetal	growth	restriction

placental	abruption

preterm	labor

fetal	convulsions

intrauterine	passage	of	meconium

Source:	Tolia	et	al.,	2015
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fetal	death

In	addition	to	these	direct	physical	effects,	other	risks	to	the	fetus	include:

untreated	maternal	infections	such	as	HIV

malnutrition	and	poor	prenatal	care

dangers	conferred	by	drug-seeking	lifestyle,	including	violence	and
incarceration

Methadone	and	Buprenorphine	as	the	Standard	of	Care	for
Opioid	Use	Disorder	in	Pregnancy

To	lessen	the	negative	effects	of	opioid	dependence	on	the	fetus,	treatment	with
methadone	has	been	used	for	pregnant	women	with	opioid	use	disorder	since
the	1970s	and	has	been	recognized	as	the	standard	of	care	since	1998.
Recent	evidence,	however,	suggests	that	buprenorphine	may	be	an	even	better
treatment	option.

Both	methadone	and	buprenorphine	treatment	during	pregnancy:

stabilize	fetal	levels	of	opioids,	reducing	repeated	prenatal	withdrawal

improve	neonatal	outcomes

increase	maternal	HIV	treatment	to	reduce	the	likelihood	of	transmitting	the
virus	to	the	fetus

link	mothers	to	better	prenatal	care

A	meta-analysis	showed	that,	compared	to	single-dose	methadone	treatment,
buprenorphine	resulted	in:

10	percent	lower	incidence	of	NAS

shorter	neonatal	treatment	time	(an	average	of	8.4	days	shorter)
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lower	amount	of	morphine	used	for	NAS	treatment	(an	average	of	3.6	mg
lower)

higher	gestational	age,	weight,	and	head	circumference	at	birth

Data	from	the	NIDA-funded	Maternal	Opioid	Treatment:	Human	Experimental
Research	study	show	similar	benefits	of	buprenorphine. 	Still,	methadone	is
associated	with	higher	treatment	retention	than	buprenorphine. 	Divided
dosing	with	methadone	has	been	explored	as	a	way	to	reduce	fetal	exposure	to
withdrawal	periods,	and	recent	data	show	low	levels	of	NAS	in	babies	born	to
mothers	treated	with	divided	doses	of	methadone. 	Larger	comparison
studies	are	needed	to	determine	if	split	methadone	dosing	for	opioid	use
disorders	in	pregnancy	is	associated	with	better	outcomes.

NAS	still	occurs	in	babies	whose	mothers	have	received	buprenorphine	or
methadone,	but	it	is	less	severe	than	it	would	be	in	the	absence	of	treatment.
Research	does	not	support	reducing	maternal	methadone	dose	to	avoid	NAS,
as	this	may	promote	increased	illicit	drug	use,	resulting	in	increased	risk	to	the
fetus.
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How	Much	Does	Opioid	Treatment
Cost?

Although	the	price	for	opioid	treatment	may	vary	based	on	a	number	of	factors,
recent	preliminary	cost	estimates	from	the	U.S.	Department	of	Defense	for
treatment	in	a	certified	opioid	treatment	program	(OTP)	provide	a	reasonable
basis	for	comparison:

methadone	treatment,	including	medication	and	integrated	psychosocial
and	medical	support	services	(assumes	daily	visits):		$126.00	per	week	or
$6,552.00	per	year

buprenorphine	for	a	stable	patient	provided	in	a	certified	OTP,	including
medication	and	twice-weekly	visits:	$115.00	per	week	or	$5,980.00	per	year

naltrexone	provided	in	an	OTP,	including	drug,	drug	administration,	and
related	services:	$1,176.50	per	month	or	$14,112.00	per	year

To	put	these	costs	into	context,	it	is	useful	to	compare	them	with	the	costs	of
other	conditions.	According	to	the	Agency	for	Healthcare	Research	and	Quality,
annual	expenditures	for	individuals	who	received	health	care	are	$3,560.00	for
those	with	diabetes	mellitus	and	$5,624.00	for	kidney	disease. 	

It	is	also	important	to	remember	the	costs	associated	with	untreated	opioid	use
disorders,	including	costs	associated	with:

criminal	justice

treating	babies	born	dependent	on	opioids

greater	transmission	of	infectious	diseases

treating	overdoses

injuries	associated	with	intoxication	(e.g.,	drugged	driving)

lost	productivity
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The	amount	paid	for	treatment	of	substance	use	disorders	is	only	a	small
portion	of	the	costs	these	disorders	impose	on	society.	An	analysis	suggested
that	the	total	costs	of	prescription	opioid	use	disorders	and	overdoses	in	the
United	States	was	$78	billion	in	2013.	Of	that,	only	3.6	percent,	or	about	$2.8
billion,	was	for	treatment.111
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Is	naloxone	accessible?

Naloxone	is	an	opioid	antagonist	that	can	reverse	an	opioid	overdose.
Naloxone	access	increased	between	2010	and	2014,	with:

more	than	three	times	the	number	of	local	sites	providing	naloxone	(from
188	to	644)

nearly	three	times	the	number	of	laypersons	provided	naloxone	kits	(from
53,032	to	152,283)

a	94	percent	increase	in	states	(from	16	to	30),	including	Washington,	DC,
with	at	least	one	organization	providing	naloxone

more	than	2.5	times	the	number	of	overdose	reversals	reported	(from
10,171	to	26,463)

Naloxone	prescriptions	dispensed	from	retail	pharmacies	increased	nearly
twelvefold	between	the	fourth	quarter	of	2013	and	the	second	quarter	of
2015.

Most	states	have	passed	laws	to	widen	the	availability	to	naloxone	for	family,
friends,	and	other	potential	bystanders	of	overdose.
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Naloxone	has	become	widely	used	by	emergency	medical	providers,	with	all	50
states	and	the	District	of	Columbia,	Guam,	and	Puerto	Rico	certifying	and
approving	emergency	medical	service	personnel	at	the	paramedic	level	to
administer	naloxone.	One	step	further,	emergency	medical	technicians	(EMTs)
were	explicitly	permitted	to	administer	naloxone	in	12	of	these	53	jurisdictions
(23	percent—California,	Colorado,	District	of	Columbia,	Massachusetts,
Maryland,	New	Mexico,	North	Carolina,	Ohio,	Oklahoma,	Rhode	Island,
Virginia,	and	Vermont)	as	of	November	2013.	Because	non-paramedic	EMTs
are	typically	the	first	and	sometimes	only	source	of	emergency	care,	providing
authorization	and	training	for	them	to	administer	naloxone	is	a	promising
strategy	to	reduce	overdose	deaths. 	

After	a	naloxone	training	session,	a	majority	of	police	officers	reported	that	it
would	not	be	difficult	to	use	naloxone	at	the	scene	of	an	overdose	(89.7
percent)	and	that	it	was	important	that	other	officers	be	trained	to	use	naloxone
(82.9	percent).

Effects	of	Naloxone	Distribution
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Overdose	education	and	naloxone	distribution	(OEND)	has	been	shown	to
increase	the	reversal	of	potentially	fatal	overdoses;	one	study	showed	opioid
overdose	death	rates	to	be	27	to	46	percent	lower	in	communities	where	OEND
was	implemented. 	Among	4,926	people	who	used	substances	and
participated	in	OEND	in	Massachusetts,	373	(7.6	percent)	reported
administering	naloxone	during	an	overdose	rescue,	with	few	differences	in
behavior	between	trained	and	untrained	overdose	rescuers. 	A	naloxone
distribution	study	in	San	Francisco	reported	that	11	percent	of	participants	used
naloxone	during	an	overdose;	of	399	overdose	events	where	naloxone	was
used,	89	percent	were	reversed. 	Brief	education	is	sufficient	to	improve
comfort	and	competence	in	recognizing	and	managing	overdose.
Prospective	studies	are	needed	to	determine	the	optimal	level	of	training	and
whether	naloxone	rescue	kits	can	meet	the	standard	for	becoming	available
over	the	counter.

In	a	probabilistic	analysis,	naloxone	distribution	programs	were	shown	to
prevent	overdose	deaths,	increase	quality-adjusted	life	years	(QALYs)	and	be
highly	cost-effective.	Naloxone	distribution	was	predicted	to	prevent	6	percent	of
overdose	deaths,	1	for	every	227	naloxone	kits	distributed.	Cost	effectiveness,
under	markedly	conservative	predictions,	was	measured	to	be	$14,000.00	per
QALY,	well	within	the	standard	favorable	range	of	cost-benefit	ratios	(under
$50,000.00	per	QALY).

Critics	of	naloxone	distribution	have	claimed	that	it	could	lead	to	an	increase	in
risky	opioid	use,	but	a	study	in	Massachusetts	showed	rates	of	opioid-related
emergency	department	visits	and	hospital	admissions	were	not	significantly
different	in	communities	with	low	or	high	implementation	of	OEND	programs.
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Question 4 
 

Evidence supporting the use of medical marijuana to treat or 

alleviate the disease or condition, including journal articles, 

peer-reviewed studies, and other types of medical or scientific 

documentation  

 

 

 

 

 

 

 

 

 

 

 

 

 



Contents 

 

Key Findings – 3 

New Evidence –  

Cannabidiol for the Reduction of Cue-Induced Craving and Anxiety in Drug-Abstinent Individuals 

With Heroin Use Disorder: A Double-Blind Randomized Placebo-Controlled Trial – 6 

Is Marijuana Mitigating Opioid Abuse: A Meta-analysis – 18 

Previously Submitted Evidence –  

The Analgesic Potential of Cannabinoids – 20 

Cannabinoid and opioid interactions: implications for opiate and withdrawal – 46 

Medical Cannabis in Arizona: Patient Characteristics, Perceptions, and Impressions of Medical 

Cannabis Legalization – 79 

Emerging Evidence for Cannabis’ Role in Opioid Use Disorder – 89 

Early Phase in the Development of Cannabidiol as a Treatment for Addiction: Opioid Relapse 

Takes Initial Center Stage – 101 

The effects of dronabinol during detoxification and the initiation of treatment with extended 

release – 111 

Intermittent Marijuana Use Is Associated with Improved  -Retention in Naltrexone Treatment for 

Opiate-Dependence – 120 

Cannabinoid–Opioid Interaction in Chronic Pain – 130 

Cannabidiol, a Nonpsychotropic Component of Cannabis, Inhibits Cue-Induced Heroin Seeking 

and Normalizes Discrete Mesolimbic Neuronal Disturbances – 139 

Medical Cannabis Use Is Associated With Decreased Opiate Medication Use in a Retrospective 

Cross-Sectional Survey of Patients With Chronic Pain – 146 

 

 

 

 

 

 



Key Findings 
 

Marijuana’s schedule I status makes studies on its medical use difficult to conduct. Because of this, 

evidence that medical marijuana is effective in treating opioid use disorder is more limited than that of 

an FDA approved pharmaceutical, but significant evidence of medical marijuana’s effectiveness can still 

be seen. 

 

New Evidence 

Cannabidiol for the Reduction of Cue-Induced Craving and Anxiety in Drug-Abstinent 

Individuals With Heroin Use Disorder: A Double-Blind Randomized Placebo-Controlled 

Trial 

Acute CBD administration, in contrast to placebo, significantly reduced both craving and anxiety induced 

by the presentation of salient drug cues compared with neutral cues. CBD also showed significant 

protracted effects on these measures 7 days after the final short-term (3-day) CBD exposure. In 

addition, CBD reduced the drug cue–induced physiological measures of heart rate and salivary cortisol 

levels. There were no significant effects on cognition, and there were no serious adverse effects. 

 

Is Marijuana Mitigating Opioid Abuse: A Meta -analysis 

The results presented support the hypothesis that marijuana seems to have some mitigating effect on 

opioid use and abuse. 

 

Previously Submitted Evidence 

The Analgesic Potential of Cannabinoids  

Moreover, cannabinoids act synergistically with opioids and act as opioid sparing agents, allowing lower 

doses and fewer side effects from chronic opioid therapy. 

 

Cannabinoid and opioid interactions: implications for opiate and withdrawal  

Research over the past decade has shed light on the influence of endocannabinoids on the opioid 

system. Evidence from both animal and clinical studies point towards an interaction between these two 

systems, and suggest that targeting the endocannabinoid system may provide novel interventions for 

managing opiate dependence and withdrawal. 

 



Medical Cannabis in Arizona: Patient Characteristics, Perceptions, and Impressions of 

Medical Cannabis Legalization  

75% of patients using medical marijuana to treat opioid dependency reported symptom relief. 

 

Emerging Evidence for Cannabis’ Role in Opioid Use Disorder  

The compelling nature of these data [reviewed in this document] and the relative safety profile of 

cannabis warrant further exploration of cannabis as an adjunct or alternative treatment for OUD. 

 

Early Phase in the Development of Cannabidiol as a Treatment for Ad diction: Opioid 

Relapse Takes Initial Center Stage  

To date, the evidence appears to at least support a potential beneficial treatment for opioid abuse [with 

CBD]. 

 

The effects of dronabinol during detoxification and the initiation of treatment with 

extended release naltrexone 

Dronabinol reduced the severity of opiate withdrawal during acute detoxification but had no effect on 

rates of XR-naltrexone treatment induction and retention. Participants who elected to smoke marijuana 

during the trial were more likely to complete treatment regardless of treatment group assignment. 

 

Intermittent Marijuana Use Is Associated with Improved  -Retention in Naltrexone 

Treatment for Opiate-Dependence 

Intermittent cannabis use is associated with improved retention in naltrexone treatment among opioid 

dependent patients, while both abstinence from cannabis and regular cannabis use during naltrexone 

treatment are associated with high dropout. 

 

Cannabinoid–Opioid Interaction in Chronic Pain  

We therefore concluded that vaporized cannabis augments the analgesic effects of opioids without 

significantly altering plasma opioid levels. The combination may allow for opioid treatment at lower 

doses with fewer side effects. 

 

Cannabidiol, a Nonpsychotropic Component of Cannabis, Inhibits Cu e-Induced Heroin 

Seeking and Normalizes Discrete Mesolimbic Neuronal Disturbances  

The findings highlight the unique contributions of distinct cannabis constituents to addiction 

vulnerability and suggest that CBD may be a potential treatment for heroin craving and relapse. 



 

Medical Cannabis Use Is Associated With Decreased Opiate  Medication Use in a 

Retrospective Cross-Sectional Survey of Patients With Chronic Pain  

Among study participants, medical cannabis use was associated with a 64% decrease in opioid use (n = 

118), decreased number and side effects of medications, and an improved quality of life (45%). This 

study suggests that many CP patients are essentially substituting medical cannabis for opioids and other 

medications for CP treatment, and finding the benefit and side effect profile of cannabis to be greater 

than these other classes of medications. 



Cannabidiol for the Reduction of Cue-Induced
Craving and Anxiety in Drug-Abstinent Individuals With
Heroin Use Disorder: A Double-Blind Randomized
Placebo-Controlled Trial
Yasmin L. Hurd, Ph.D., Sharron Spriggs, M.A., Julia Alishayev, R.P.A., Gary Winkel, Ph.D., Kristina Gurgov, R.P.A.,
Chris Kudrich, D.H.Sc., Anna M. Oprescu, M.P.H., Edwin Salsitz, M.D.

Objective: Despite the staggering consequences of the
opioid epidemic, limited nonopioid medication options have
been developed to treat this medical and public health crisis.
This study investigated the potential of cannabidiol (CBD), a
nonintoxicating phytocannabinoid, to reduce cue-induced
craving and anxiety, two critical features of addiction that
often contribute to relapse and continued drug use, in drug-
abstinent individuals with heroin use disorder.

Methods: This exploratory double-blind randomized placebo-
controlled trial assessed the acute (1 hour, 2 hours, and 24
hours), short-term (3 consecutive days), and protracted
(7 days after the last of three consecutive daily administra-
tions) effects of CBD administration (400 or 800 mg, once
daily for 3 consecutive days) on drug cue–induced craving
and anxiety in drug-abstinent individuals with heroin use
disorder. Secondarymeasures assessed participants’ positive
and negative affect, cognition, and physiological status.

Results: Acute CBD administration, in contrast to placebo,
significantly reduced both craving and anxiety induced by
the presentation of salient drug cues compared with neu-
tral cues. CBD also showed significant protracted effects on
these measures 7 days after the final short-term (3-day) CBD
exposure. In addition, CBD reduced the drug cue–induced
physiological measures of heart rate and salivary cortisol levels.
There were no significant effects on cognition, and there were
no serious adverse effects.

Conclusions: CBD’s potential to reduce cue-induced craving
and anxiety provides a strong basis for further investiga-
tion of this phytocannabinoid as a treatment option for opi-
oid use disorder.

AJP in Advance (doi: 10.1176/appi.ajp.2019.18101191)

The wide availability and use of heroin and prescription
opioid analgesics in the United States during the past decade
have resulted in an unprecedented epidemic, with other
countries at risk of following this trend as opioid use grows
worldwide. The crisis has led to more than 300,000 opioid-
related deaths in the United States during the past decade (1),
has contributed to more than 4 million years of life lost
globally (2), and since 2007 has contributed to an increase in
excess of 3,000% in medical services needed for patients with
opioid use ormisuse,which has led to a substantial economic
burden (3). The opioid crisis has also increased awareness
about the challenges that exist in treating opioid use disorder
because current medications are predominantly mu opioid
agonist substitution pharmacotherapies, such as methadone
and buprenorphine (4, 5). Such pharmacotherapies are as-
sociated with marked stigma and tight governmental reg-
ulation because of their potential addictive liability and

diversion to the blackmarket, further burdening clinical care
and access. Thus, these medications are underutilized in the
treatment of millions of people diagnosed with opioid use
disorder (6, 7).

This treatment gap for the vast number of patients with
opioid use disorder highlights the urgent need to develop
novel therapeutic strategies that do not target the mu opioid
receptor. To address this critical need, we initiated studies
(8, 9) of cannabidiol (CBD), a nonintoxicating cannabinoid
(10, 11), as a potential treatment of opioid use disorder. Our
preclinical studies (10) demonstrated that CBD reduces re-
instatement of heroin-seeking behavior specifically triggered
by a prior drug-associated cue in animals with a history of
heroin self-administration. The specific effects of CBD on
cue-induced drug-seeking behavior are particularly impor-
tant in the development of addiction therapeutics because
environmental cues are one of the strongest triggers for
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craving, which is a core component of opioid use disorder as
defined in DSM-5 (12) and which contributes to relapse (13,
14). Another aspect of our preclinical findings that is im-
portant for a potential medication for opioid use disorder is
that the reduced heroin-seeking behavior is maintained for
weeks following CBD administration (15). Other animal
studies have reported consistent findings that CBD reduces
contextual drug-related memories associated with drug-
seeking behavior for different substances of abuse (11, 16).

To determine whether this preclinical evidence could be
translated to humans, we conducted a series of clinical studies
and demonstrated that CBD was safe in humans and did not
result in adverse consequences when coexposed with a po-
tent opioid agonist (8), in line with its safety and tolerability
even at high doses (17). The aim of the present study was to
use adouble-blind, randomized, placebo-controlleddesign to
explore the effects of acute and short-term CBD adminis-
tration on craving and anxiety in heroin-addicted individuals.
This was examined with the presentation of drug-associated
environmental cues to induce craving and stress responsivity
in these individuals because such stimuli are strong triggers
for opioid use (13, 18, 19). In addition, CBD has been shown to
reduce anxiety (20, 21), which we expected to be enhanced by
the presentation of drug cues (22). The recent finding that CBD
reduces the attentional bias to cigarette cues in tobacco
smokers (23) also suggests that a potential strength of CBD for
addiction treatment could be through the attenuation of the
salience of drug cues. The secondary outcomes investigated in
this study were general affect, cognition, and physiological
factors, all of which are important in the development of
medications for use in the treatment of substance use dis-
orders.We assessed the effects of CBD administered at doses
of 400 mg and 800 mg. These doses were selected on the basis
of our previoushumansafety studywithCBD(8) andour cue-
induced heroin-seeking animal model assessing CBD (15).
Moreover, this dose range overlapped known effects of
CBD on biological systems relevant to craving and stress
responsivity (for example, cortisol levels) (24) and altered
cerebral blood flow in limbic brain regions, such as the
amygdala (25). We hypothesized that CBD would reduce cue-
induced craving and anxiety in heroin-abstinent individuals
with heroin use disorder and have minimal adverse effects.

METHODS

Study Design
This double-blind placebo-controlled randomized clinical
trialwas conducted at theMount SinaiBeth IsraelHospital in
New York. The study was approved by the institutional re-
view board of the Icahn School of Medicine at Mount Sinai
and Mount Sinai Beth Israel and conducted according to the
Declaration of Helsinki and the International Conference
on Harmonization’s Tripartite Guideline on Good Clinical
Practice. Enrolled participants were randomly assigned to
one of three treatment groups and completed four test ses-
sions over the course of 2 weeks (see Figure S1 in the online

supplement). Three sessions occurred on consecutive days
in which the test drug was administered daily, and the final
session occurred 1 week after the last CBD or placebo
administration.

Participant Recruitment and Treatment Assignment
Abstinent men and women with heroin use disorder who
were between 21 and 65 years of age were recruited through
institutional review board–approved advertisements posted
in local newspapers and at social service organizations,
halfway houses, and college campuses in New York City.
Participants were also directly recruited from Mount Sinai
Health System clinical addiction treatment sites. Potential
participants were assigned a unique identification number
and screened in a brief telephone interview. Those who met
preliminary criteria were scheduled for a prescreening visit
at Mount Sinai Beth Israel, where written informed consent
was obtained after participants received a complete de-
scription of the study, and a comprehensive screening was
performed to assess individuals’ general medical and mental
health. A basic physical examination, urine toxicology test
(Medimpex United, Bensalem, Pa.), breathalyzer, clinical
laboratory blood testing (complete blood count, liver func-
tion, and chemistry panel), and electrocardiography were
conducted to evaluate medical eligibility for participation.
The Structured Clinical Interview for DSM-IV was used to
diagnose drug use and dependence. The Mini International
Neuropsychiatric Interview was used to detect axis I psy-
chiatric conditions as defined in DSM-IV, and the Clinical
OpiateWithdrawal Scalewas administered to evaluate opiate
withdrawal. Healthy participants who met DSM-IV criteria
for opioid dependence were enrolled in the study. Partici-
pants were excluded if they tested positive for any psycho-
active drug other than nicotine; met DSM-IV criteria for any
axis I diagnosis other than heroin or nicotine dependence
within the previous 3 months; were being maintained on
methadone, buprenorphine, or an opioid antagonist; had a
significant medical history or condition; had hypersensitivity
to cannabinoids; or showed signs of acute heroin withdrawal.

Patients were randomly assigned to receive 400 mg of
CBD,800mgofCBD,ormatchingplacebo(excipients alone).The
randomization schedule was produced by an investigator in-
dependent from the study, held centrally, and not divulged
to anyone involved in the trial. A stratified block randomi-
zation schedule was used for equal assignment to treatment
groups, with a set of permuted blocks generated for each sex
to reduce imbalances among groups. A unique treatment
number was used to identify each carton of investigational
medicinal product and its contents; CBD and placebo con-
tainers were identical in appearance. After randomization,
patients were allocated an investigational medicinal product
pack in sequential treatment number order.

Test Drug
The CBD oral solution (100 mg/mL; Epidiolex) and the
matched placebo solution were obtained from GW
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Pharmaceuticals (Salisbury, Wiltshire, United Kingdom).
The oral CBD solution was administered at either 400 mg
or 800 mg. Investigational CBD was also made up of ethanol
(79.0 mg/mL), sucralose (0.5 mg/mL), strawberry flavor
(0.2mg/mL), andrefinedsesameoil (toavolumeof 1mL).The
placebo oral solution was identical in appearance, taste, and
composition except for the active ingredient of pureCBD.Oral
solutions of 400 mg and 800 mg of CBDwere approximately
5 mg/kg and 10 mg/kg of participant weight, respectively
(Table 1). CBD rapidly appears in plasma, reaches peak
plasma concentration in 3–4 hours (8), and has a half-life
of 18–32 hours (17). CBD or placebo was administered once
daily for 3 consecutive days starting on the first test session
day, session 1.

Test Sessions
The experimental design conducted in each test session is
presented in Figure 1. All participantswere screened for drug
use and alcohol intoxication before each test session, and
women were additionally screened for pregnancy. The
Heroin Craving Questionnaire and visual analogue scale for
anxiety (VAS-A) were administered prior to the start of all
test sessions. The Clinical Opiate Withdrawal Scale was
administered at screening and during session 4 (which was
conducted 7 days after participants had been monitored in
the laboratory) to identify any signs of opioid withdrawal. To
avoid any potential coexposure confounding effect, partici-
pantswho tested positive for drugs (except for cannabinoids)
or showed clinical signs of intoxication were withdrawn
from the study prior to the start of any session in which the
test drug was being administered.

Measures of opioid craving (assessed using the visual
analogue scale for craving [VAS-C]), anxiety (assessed using
the VAS-A), positive and negative affect (assessed using the
Positive and Negative Affect Schedule [PANAS]), vital signs
(skin temperature, blood pressure, heart rate, respiratory
rate, and oxygen saturation; automated measures obtained
by machine), and salivary cortisol levels were obtained at
different times during the sessions. Detailed information on
each of the measures is provided in Table S1 in the online
supplement.

Cue sessions. Participants were exposed to neutral and drug-
related cues at two points during the course of test sessions
1 (acuteCBDorplaceboadministration),2(24hoursafterCBDor
placebo administration), and 4 (7 days after the third and final
daily CBD or placebo administration). Cues were given at the
same time of day in each test session. The 3-minute neutral cue
condition consisted of a video showing relaxing scenarios, such
as scenes innature.Thedrugcueconditionwasa3-minute video
that showed intravenous or intranasal drug use, depending on the
participant’s reportedpreferred routeof druguse. Immediately
after the presentation of the cue stimuli during test session 2,
participants were also exposed to neutral objects or to heroin-
related paraphernalia (e.g., syringe, rubber tie, and packets of
powder resembling heroin) for 2 minutes. The order in which

the neutral and drug cues were presented was counterbalanced
and randomized across participants.

Cognitive test session 3. The aim of session 3 was to assess the
protracted effects of the prior short-term CBD exposure on
general cognition, forwhichbaselinemeasureshadbeenobtained
in the prescreening session. Approximately 10minutes after CBD
or placebo administration, when no immediate effects of the
drug would be expected, participants completed computerized
versions of theDigit Symbol SubstitutionTask, theDigit Span
Test–Backward, and the Continuous Performance Test; vital
signs were obtained; and the VAS-C and VAS-A were ad-
ministered. No cues were presented in session 3.

CBD or placebo sessions. Session 1 assessed the acute effects
of CBD or placebo. Either CBD or placebo was administered
60minutes before thefirst cue test, when significant plasma
CBD concentrations were detectable (60 mg/L and 80 mg/L
for 400 mg and 800 mg, respectively) (8) and when effects on
cue-induced craving and anxietywere observed in a pilot study
(9). Session 2 assessed the protracted effects 24 hours after the
first CBD or placebo administration; the second dose of CBD
or placebo was administered at the end of the test session,
after the cue tests had been finished. Session 3 assessed the ef-
fects of the prior short-term accumulated CBD exposure on
cognition; the third (final) dose of CBD or placebowas admini-
stered just prior to starting the cognitive tasks.

The study data were managed using the Electronic Re-
search Application Portal data capture tool housed on a se-
cure institutional server.

Discharge. Before participants were discharged from each
session, they were debriefed, and their vital signs and well-
being were assessed by the clinical staff. A standardized safety
and adverse events questionnaire (Systematic Assessment for
Treatment Emergent Events) was used to assess any adverse
events or off-target effects. To attenuate any craving or anxiety
thatmay have arisen during test visits, participantswere guided
through a series of muscle-tension relaxation exercise tech-
niques via an audio recording. After the relaxation exercises, the
VAS-C and VAS-A were readministered to assess craving and
anxiety levels prior to discharge. If there was a $3-point dif-
ferencebetween these scores and theprecueVAS-CandVAS-A
scores, participants would be referred for further clinical
evaluation and assistance; however, no participant required
that service during this study. Participants were reimbursed
for their participation after each visit and given the Heroin
CravingQuestionnaire to take athomeafter sessions 1, 2, and3.
At the end of the final session, participants took part in an exit
interview that assessed general experience in the study and
ensured that participants were offered appropriate resources
to seek treatment.

Data Analysis
Given that this study used a repeated design across sessions for
someof theoutcomes, a linearmixed-model repeated-measures
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analysis using the SAS procedure MIXED (SAS Institute,
Cary, N.C.) was employed to assess the changes in cue-induced
in-clinic VAS-C, VAS-A, and PANAS scores. Changes in
the Heroin Craving Questionnaire out-of-clinic craving scale
score were assessed using a repeated-measures analysis
conducted with the MIXED procedure. At the first stage of
all analyses, the distributional characteristics of all con-
tinuous explanatory and outcome variables were assessed
using skewness and kurtosis indicators. If necessary,
transformations were used to normalize a variable. To de-
termine the effectiveness of the randomization procedure
for assignment to the drug group, one-way analyses of
variance were conducted on the session 1 baseline values of
each of the outcome variables as a function of drug group.
Nonsignificant drug group baseline differences were taken
as indicators of effective randomization. Because a cross-
over design assumes that there are no carryover effects from
one assessment period to thenext, this possibilitywas tested

using procedures in the Number Cruncher Statistical Sys-
tem User’s Guide II. Once the analyses indicated that carry-
over effects were absent, the main analyses of the crossover
design variables were undertaken.

Difference scores between the precue baseline scores and
postcue scores within each session were calculated and used
as outcomes in the analytic models. The models themselves
were developed sequentially in which time was entered first
(because there weremultiple sessions and two events within
each session for the crossover outcomes; that is, neutral and
drug cues). This procedure was followed by entering the
variable describing the sequence in which the drug and
neutral cues were given, the drug group variable, and the
cue indicator (neutral or drug cue). A single first-order in-
teraction term (drug group by cue) was entered last because
it was hypothesized that the cues would be responded to
differentially depending on the drug group to which the
research participant was assigned. Any significant mean

TABLE 1. Demographic characteristics of participants in a study of cannabidiol (CBD) for the reduction of craving and anxiety in
drug-abstinent individuals with heroin use disordera

Treatment Group

Characteristic Placebo (N=15) 400 mg of CBD (N=14) 800 mg of CBD (N=13) Total (N=42)

Mean SD Mean SD Mean SD Mean SD

Age (years) 47.3 8.0 51.9 7.9 50.5 11.6 49.8 9.2
Weight (kg) 88.7 13.1 84.2 18.5 86.2 10.3 86.4 14.2
Body mass index 30.4 5.6 27.9 7.4 30.4 5.6 29.6 6.2

N % N % N % N %

Sex
Male 12 80.0 12 85.7 11 84.6 35 83.3
Female 3 20.0 2 14.3 2 15.4 7 16.7

Race/ethnicity
White 3 20.0 1 7.1 1 7.7 5 11.9
Black 9 60.0 12 85.7 8 61.5 29 69.0
Hispanic 2 13.3 1 7.1 4 30.8 7 16.7
Other 1 6.7 — — 1 2.4

Marital status (single) 11 73.3 13 92.9 12 92.3 36 85.7
Employment status (unemployed) 11 73.3 12 85.7 7 53.9 30 71.4
Education
High school 7 46.7 8 57.1 3 23.1 18 42.3
More than high school 2 13.3 1 7.1 2 15.4 5 11.9

Past psychiatric history 1 6.7 1 7.1 2 15.4 4 9.5
Patterns of heroin use
Daily use 14 93.3 14 100.0 13 100.0 41 97.6
Amount ($10 bags/day) 12 80.0 11 78.6 12 92.3 35 83.3
Route

Intranasal 10 66.7 11 78.6 12 92.3 33 78.6
Intravenous 2 13.3 1 7.1 1 7.7 4 9.6
Intranasal and intravenous 3 20.0 2 14.3 0 0.0 5 11.9

Last use of heroin or other opioid
#1 month 11 73.3 8 57.1 8 61.5 27 64.3
#2 months 3 20.0 1 7.14 2 15.4 6 14.3
#3 months 1 6.7 5 35.7 3 23.1 9 21.4

Mean SD Mean SD Mean SD Mean SD

Duration of heroin use (years) 13.9 7.5 13.6 9.2 12.2 9.1 13.2 8.4

a No significant group difference was detected for any variable.
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differences for the main effect analyses or interaction terms
were followed up by Tukey-adjusted post hoc mean
comparisons.

RESULTS

Of 50 participants who began the study, eight were excluded
(Figure 2) because of voluntary withdrawal, positive toxi-
cology results prior to session 4, health issues unrelated to the
study drug or placebo, weather preventing daily test drug
administration, or loss to follow-up. The data presented here
are from the remaining 42 participants (Table 1). Most par-
ticipants (78.6%) indicated preference for intranasal heroin

use, 83.3% reported currently using more than 10 bags of
heroin (one bag=1 g) daily, and on average, participants had
been using heroin for approximately 13.2 years. Themajority
of participants (64.3%) had been abstinent from heroin use
for less than 1 month, 14.3% for 1–2 months, and 21.4% for
2–3 months. In addition to heroin use disorder, most par-
ticipants had a history of alcohol use disorder or cannabis use
disorder but were not currently diagnosed with those dis-
orders. The majority were also tobacco smokers. A small
percentage (11%) of participants reported a history of major
depressive disorder or bipolar disorder. Seventy-one percent
of participants had hypertension, 25.3% were HIV positive,
and 17.8% had hepatitis C. Drug history, psychiatric history,

FIGURE 1. Schematic overview of the experimental design in a study of cannabidiol (CBD) for the reduction of craving and anxiety in
heroin use disordera
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a The design indicates when CBD or placebo was administered, when psychological assessments (visual analogue scale for craving, visual analogue
scale for anxiety, and Positive and Negative Affect Schedule) were conducted, and when vital signs (arrows) and salivary cortisol levels were obtained.
Laboratory prescreening prior to test sessions consisted of a toxicology test, substance use history, medical history, the Mini International Neuro-
psychiatric Interview, the Structured Clinical Interview for DSM-IV, the Clinical Opiate Withdrawal Scale, and cognitive baseline testing (the Digit Symbol
Substitution Task, the Continuous Performance Test, and the Digit Span Test–Backward). Session 1 examined effects up to 160 minutes after the first
CBD or placebo administration. Session 2 began approximately 24 hours after the first CBD or placebo administration, and the second CBDor placebo
administration occurred at the end of session 2. Session 3 examined cognitive measures immediately after the third CBD or placebo administration,
which was given on the third of 3 consecutive days. Session 4 examined the protracted effects of CBD or placebo administration 7 days after the third
dose had been given. HCQ=Heroin Craving Questionnaire; SAFTEE=Systematic Assessment for Treatment Emergent Events.

ajp in Advance ajp.psychiatryonline.org 5

HURD ET AL.

http://ajp.psychiatryonline.org


and medical history did not differ significantly among the
three groups.

Initial analyses indicated that, with the exception of two
cognitive test variables (described below), all the continuous
variables were normally distributed and did not require
transformation. There were no baseline differences on any of
the outcomes of session 1 as a function of drug group as-
signment, indicating that the randomization was effective.
The results of all t tests examining potential carryover effects
between sessions were nonsignificant, indicating that car-
ryover effects were unlikely. Although our sample included
few women (N=7), sex was either significant or approached
significance in many of the tests and thus was considered a
covariate in all analyses.

Craving
Cue-induced craving (VAS-C). There was no significant dif-
ference between the groups in their baseline craving scores.
There was a significant contribution of sex (F=4.05, df=1, 78,
p=0.0476), with women reporting nearly twofold greater
craving than men. The overall analysis across all sessions
showed a significant difference in the cue condition (F=34.55,

df=1, 82, p,0.0001). Craving scores for all participants after
experiencing the drug cues (adjusted for their baseline
craving score) were significantly higher (mean difference
score=1.09) than when they were exposed to the neutral cues
(mean difference score=20.02). There was also a significant
main effect of drug group (F=5.74, df=2, 78, p=0.0047). Across
all sessions, individuals receiving placebo reported signifi-
cantly greater craving after the drug cues (mean difference
score=0.93) compared with participants in either of the CBD
groups (mean difference score for 800 mg of CBD=0.23; mean
difference score for 400 mg of CBD=0.44). There was no
significant difference in craving scores between the groups
of participants administered the two CBD doses, indicating
that both doses equally reduced craving.

The VAS-C scores for each session are summarized in
Figure 3. The effects of CBD on cravingweremost prominent
during session 1, whichwas conducted from 1 to 2 hours after
CBD administration. There was a significant interaction
between the cue condition and drug group (F=5.15, df=2, 38,
p=0.0105). Consistent with the literature (19, 26) and clinical
expectation, when participants were exposed to the drug cue,
craving scores were significantly increased (mean difference
score=1.47). By contrast, craving scores remained unchanged
when the participants were exposed to the neutral cue (mean
difference score=20.51). The highest level of craving was
evident for participants receiving placebo under the drug cue
condition, followed by those who received 400 mg of CBD
and then those who received 800 mg of CBD. Lower craving
scores 24 hours after administration of the first CBD dose did
not reach a level of significance. There was an apparent
habituation of the cue-induced craving in participants re-
ceiving placebo in session 2, with a marked drop (approxi-
mately 40%) in craving scores. By contrast, the craving scores
in session 2 for participants in both CBD groups remained the
same as those observed in session 1. In addition, although the
apparent habituation to the drug cues (a twofold reduction
in cue-induced craving) for participants receiving placebo
continued into session 4, participants in the CBD groups
remained relatively stable in their low cue response across
sessions.Nevertheless, in session4,which occurred 1week after
the last CBD administration, a significant main effect of group
was evident (F=4.58, df=2, 37, p=0.0167). Participants who had
received placebo in the previous week reported significantly
greater craving (mean difference score=0.94) compared with
those who had received 800 mg of CBD (mean difference
score=0.39). There was no significant difference in craving
scores between participants in either CBD group, and crav-
ing scores in the group who received 400 mg of CBD did
not significantly differ from those in the placebo group.

Out-of-clinic Heroin Craving Questionnaire. General crav-
ing was also assessed outside of the laboratory cue session
using the abbreviated Heroin Craving Questionnaire that
participants took home to complete (results are available in
Table S2 in the online supplement). There were no signifi-
cant group differences in craving reported at baseline and

FIGURE 2. CONSORT diagram for a study to evaluate cannabidiol
for the reduction of craving and anxiety in heroin use disorder
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no significant sex difference in craving as measured with
this scale. The only statistically significant factor was time
(F=2.80, df=6, 44, p=0.0213), with craving strongest at
baseline (mean=59.42) and decreasing significantly at each
subsequent time point examined.

Anxiety
Cue-induced anxiety (VAS-A). Sex was not significantly as-
sociated with anxiety in any session (F=3.27, df=1, 78,
p=0.0745), but female participants tended to report greater
anxiety (mean difference score=0.82) than male participants
(mean difference score=0.31). The main effect of cue con-
dition was significant (F=53.30, df=1, 80, p,0.0001). Similar
to the VAS-C condition, the drug cues were significantly
associated with greater baseline-adjusted anxiety (mean
difference score=1.28) than that experiencedwith theneutral
cues (mean difference score=0.16). The main effect of drug
groupwas also significant (F=5.15, df=2, 78, p=0.0079). Across
all sessions, participants in the placebo group reported sig-
nificantly greater baseline-adjusted anxiety after the cues
(mean difference=0.97) compared with those in both the
400 mg (mean difference=0.48) and 800 mg (mean differ-
ence=0.24) CBD groups. However, there was no significant
difference in anxiety between the two CBD groups. The
interaction between cue condition and drug group was also
significant (F=3.94, df=2, 80, p=0.0233). For all groups, the
level of anxiety was greater when participants were exposed
to the drug cues than when they were exposed to the neutral
cues. However, this difference was most pronounced for
those receiving placebo, followed by those who received
400mg of CBD and then those who received 800mg of CBD.

In session 1, women reported a significantly greater
(F=4.82, df=1, 37, p=0.0344) baseline-adjusted increase
(mean=0.89) in anxiety compared with men (mean=20.18). The
cue condition was also significant (F=29.22, df=1, 38, p,0.0001).
Participants exposed to the drug cue had significantly higher
anxiety scores (meandifference score=1.37) thanwhen theywere
exposed to the neutral cue (mean difference score=20.65)
(Figure 4). The interaction between the cue condition and drug
group was also significant (F=3.98, df=2, 38, p=0.0270). After
experiencing the drug cue, there was a significant increase in
anxiety (mean difference score=2.78) for participants in the
placebo group, followed by participants who received 400mg of
CBD (mean difference score=0.99) and then those who received
800mgofCBD(meandifference score=0.33). For theneutral cue,
the mean difference score for all three drug groups indicated
decreased anxiety after viewing the cue. A similar pattern was
evident in session 2, where anxiety scores were significantly
higher after experiencing the drug cues (mean difference
score=1.16) than after exposure to the neutral cue (mean dif-
ference score=20.07), although there was not an overall signif-
icant drug group difference. In session 4, the main effect of drug
group was significant (F=3.64, df=2, 36, p=0.0363), with partici-
pants receiving placebo reporting significantly greater anxiety
(meandifferencescore=0.53)thanthosereceiving400mgofCBD
(mean difference score=20.14) or 800 mg of CBD (mean dif-
ference score=20.03). There was no significant difference in
anxiety between participants in the two CBD groups.

Secondary Outcomes
Positive affect scores (PANAS). An overview of the PANAS
scores isprovided inTableS3 in theonlinesupplement.There

FIGURE 3. Change from baseline scores on the visual analogue
scale for craving in a study of cannabidiol (CBD) for the reduction
of craving and anxiety in heroin use disordera
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a The change in scores was recorded after the presentation of neutral or
heroin-associated cues 1–2 hours (session 1) and 24 hours (session 2)
after the first CBD or placebo administration, as well as 7 days after the
third daily CBD or placebo administration (session 4). Error bars indi-
cate standard deviation.
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was a significant main effect of drug group in session
1 (F=4.60, df=2, 37, p=0.0165) for the positive affect scores. In
this session, participants receiving 400 mg of CBD reported
significantly greater baseline-adjusted positive affect driven
by the drug cue response (mean difference score=2.70)
compared with those receiving 800 mg of CBD (mean dif-
ference score=22.10). The baseline-adjusted positive affect
in participants in the placebo group did not differ from that in
the CBD groups. No significant effect in positive affect was
detected in sessions 2 or 4.

Negative affect scores (PANAS).Cuewas the onlymain effect
that was statistically significant (F=24.54, df=1, 80, p,0.0001)
in the overall analysis of the negative affect scale across all
sessions. The overall level of baseline-adjusted negative affect
scores was significantly higher (mean difference score=1.57)
for the drug cue than for the neutral cue (mean difference
score=21.48). In session 1, the cue condition was significant
(F=8.49, df=1, 38, p=0.006). When participants were exposed
to the drug cue, negative affect scores were significantly
higher (mean difference score=2.42) than when they were
exposed to the neutral cue (mean difference score=20.89).
The main effect of drug group was also significant (F=3.42,
df=2, 37, p=0.0433). Participants receiving placebo expressed
the greatest increase in negative affect (mean=5.31), whereas
those receiving 800 mg of CBD expressed the lowest increase
in negative affect (mean=0.79) (see Table S3 in the online
supplement). However, the difference in negative affect
between those receiving 800 mg of CBD and those receiving
placebo did not reach statistical significance (p=0.06). There
were no significant differences between the treatment
groups in sessions 2 or 4, although the drug cue continued to
increase negative affect scores.

Cognitive Performance
Cognition was assessed at prescreening and in session 3.
There were no overall group differences at the prescreening
for any of the cognitive tasks (Digit Symbol SubstitutionTask,
Digit Span Test–Backward, and Continuous Performance
Task) in regard to the correct responses, suggesting that the
groups were similar at baseline. There were also no signifi-
cant differences in the change from baseline in the cognitive
performances measured in session 3.

Physiological Measures
Heart rate.There was no overall group difference in baseline
heart rate for each session, indicating that heart rate in the
groups did not change across sessions owing to the repeated
administration of CBD or placebo. In session 1, there was a
steep decrease in heart rate across the session, with a sig-
nificant interactionbetween time andcue (F=2.199, df=9, 324,
p=0.0218). The first cue contributed to the strongest effect,
which was prolonged and thus affected the later cue.
Assessing only the first cue presentation indicated that
participants receiving placebo had elevated heart rate as-
sociated with the drug cue but not with the neutral cue, for

FIGURE 4. Change from baseline scores on the visual analogue
scale for anxiety in a study of cannabidiol (CBD) for the reduction
of craving and anxiety in heroin use disordera
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after the first CBD or placebo administration, as well as 7 days after the
third daily CBD or placebo administration (session 4). Error bars indi-
cate standard deviation.
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which heart rate continued to decrease over time (see Figure
S2 in the online supplement). The drug cue–related increase
in heart rate was absent in both groups receiving CBD.When
exposed to the neutral cue, participants receiving CBD had a
continuous decrease in heart rate similar to that observed in
the placebo group. Similarly, in session 2, heart rate tended to
be increased in participants receiving placebo who were
shown the drug cues, but this effect was not evident in the
individuals administered CBD 24 hours before the test. By
session 4, the drug cue no longer increased heart rate in any
group.

Temperature. In session 1, there was a strong tendency for
an interaction of cue and group (F=1.629, df=2, 35, p=0.052),
such that participants receiving placebo had elevated tem-
perature with exposure to the drug cue but not to the neutral
cue. No increase in temperature was apparent in the CBD
groups. A similar effect was apparent in session 2, whereas
no differences were apparent in session 4.

Blood pressure, respiration rate, and oxygen saturation. No
significant group effects were apparent for these measures
in any session.

Salivary cortisol levels. There were no significant group
differences in baseline salivary cortisol levels. There was,
however, a significant group difference in association with
the cues, with an interaction between drug group and cue
across time in session 1 (F=6.156, df=2, 70, p=0.003). There
was no significant group difference for the neutral cues,
whereas drug cues increased cortisol levels from the precue
baseline in participants receiving placebo 15 and 35 minutes
after the cue presentation (see Figure S2 in the online sup-
plement). By contrast, thedrug cues failed to increase cortisol
levels in participants administered CBD at 400 mg or at
800 mg, leading to a significant difference between the
placebo group and the group receiving 400 mg of CBD
(p=0.049); the difference between those receiving placebo
and those receiving 800 mg of CBD fell short of significance
(p=0.09). There remained a modest tendency in session 4 for
the drug cue, but not the neutral cue, to increase salivary
cortisol levels in participants who had received placebo the
previous week but not in those who had been administered
either dose of CBD. This was, however, not statistically
significant with sex as a covariate.

Toxicology Test
Urine toxicology tests detected positive cannabinoid or tet-
rahydrocannabinol (THC) levels in some participants. In the
placebo group, one participant had positive THC levels in
session 2 (participant acknowledged out-of-clinic cannabis
use), and thus these data were excluded from analyses. Most
of the participants with positive cannabinoid toxicology test
results had received CBD (all of these participants denied
cannabis use). For the 400 mg CBD group, five participants
tested positive (three in session 2, and five in session 3), of

whom three were the same individuals in both sessions. For
the 800 mg group, five participants tested positive (three in
session 2, and five in session 3), of whom three were the same
individuals in both sessions. However, no participants had
positive THC toxicology test results 1 week after the final
CBD administration, in session 4. Regarding other drugs, two
participants (one in the placebo group and one in the 400mg
CBD group) tested positive for opioids in session 4. One
participant had positive opioid toxicology test results prior
to session 4 but had received placebo; thus, this participant
did not complete the study, and all data from this participant
were excluded from analyses.

Adverse events. Consistent with previous reports (27, 28), no
serious adverse events were noted in association with CBD
administration throughout the duration of the trial. Mild
diarrhea was reported in three participants, headache in
three (two of whom had received placebo), and tiredness or
fatigue was reported by two participants (one had received
placebo; the other, 800 mg of CBD) (see Table S4 in the online
supplement).

DISCUSSION

The results of this double-blind randomized placebo-
controlled trial indicated that administration of 400 mg or
800 mg of CBD reduced cue-induced craving and anxiety in
heroin-abstinent individuals, suggesting a potential role for
CBD to alleviate clinical signs and symptoms critical to the
continued cycle of addiction. The effects of CBD on drug
cue–induced craving and anxiety were evident soon after
acute exposure to the drug (session 1). In addition, there was a
protracted effect on these measures 1 week after short-term
repeated administration of CBD (session 4). CBD also tended
to reduce physiological measures of stress reactivity, such as
increased heart rate and cortisol levels that were induced
by salient drug cues. Importantly, CBD administration (at
400 mg or 800 mg) was associated with only mild adverse
events.

This clinical trial was designed to assess the acute, short-
term, and protracted consequences of CBD administration.
The strongest effects were apparent during the first (acute)
session. However, this was the session in which the cues and
laboratory setting were novel. Indeed, there was a decrease in
cue-induced craving across sessions in individuals receiving
placebo, whereas the low craving levels observed in CBD-
treated participants remained stable throughout the study.
This observation is perhaps not unexpected, as habituation of
cue- and stress-induced responses (including craving and
physiological measures) can occur over time in laboratory
settings. Such habituation notwithstanding, the capacity of
CBD to reduce craving and anxiety 1 week after the final
administration (andwithout daily exposure to the laboratory
setting) mirrors the results of the original preclinical animal
study (15), suggesting that the effects of CBD are long lasting,
even when the cannabinoid would not be expected to be
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present in the body. We did not conduct toxicological mea-
sures of CBD concentrations in this study, but our previous
pharmacokinetic analysis (8) did not detect CBD in plasma
1 week after a single administration of 400 mg or 800 mg;
however, unpublished data indicated that low levels of CBD
metabolites in urinewere evident in someparticipants in that
study. Irrespective of potential trace metabolite levels, the
results of the present study highlight the fact that the effects
of CBD on neural systems relevant to craving and anxiety
persist in the absence of high pharmacological concentra-
tions. A recent animal study also confirmed the prolonged
effects of CBD on drug (alcohol and cocaine) seeking and
anxiety-like behaviors 5 months after its short-term ad-
ministration (29). This protracted property of CBD would
have significant clinical implications, especially for patient
populations in which daily medication adherence may be
challenging.

The effect of CBD on cue-induced craving was not
reflected in the at-home, general craving self-reported Heroin
Craving Questionnaire scores, in which no significant effects
were evident. Several explanations could account for this
difference, especially considering that the craving methods
reflect different environmental factors and types of craving;
that is, general craving experienced at home compared with
craving triggered by drug-associated stimuli in the study
sessions. CBD has been shown in clinical (23, 30) and pre-
clinical (15, 29) studies to be most sensitive to cue stimuli,
which, together with the results from the present study,
suggests that CBDmay be relevant to the attentional saliency
of drug cues that are associated with craving contributing
to relapse (31).

The potential anxiolytic properties of CBD have been
documented in previous clinical studies (20, 21). Moreover,
in vivo neuroimaging has indicated that CBD blunts activity
in limbic neural circuits engaged during negative emotional
processing (32) and modulates networks linked with atten-
tional salience processing (33). The results of numerous
animal models have also reinforced the anxiolytic role of
CBD (34, 35). The observation that CBD decreased cue-
induced cortisol levels in the present study is consistent
with its reducing negative stress or anxiety states, which is
highly related to amygdala reactivity (36). No clinical study
has yet reported an effect of CBD on a depressed emotional
state, andCBDdidnot reducePANASnegative affective scores
increased by drug cues in the present study. Although
a significant body of research remains to be conducted on
CBD, its potential significance for ameliorating features
central to substance use disorders may be related more to
craving and anxiety.

Regarding our secondary outcome measures, cognition
was not improved under the acute or short-term conditions
of CBD administration examined, consistent with a recent
investigation in which a single CBD administration also failed
to improve verbal or spatial working memory during to-
bacco abstinence (37). Disparate results exist regarding the
effects of CBD on cognition, likely because of the varied

neuropsychiatric disorders (e.g., schizophrenia or substance
use disorder) and treatment conditions under which it has
been explored. Additional studies with long duration of
treatment are necessary to evaluate the potential effects of
CBD on cognition.

Several aspects of this study should be considered for the
interpretation and generalizability of the results. Our two
primary outcomes, craving and anxiety, were subjective, self-
reported measures, which may have introduced unreliabil-
ity or bias. Nevertheless, the subjective effects reported by
participants receiving placebo—particularly in session 1, in
which the strongest cravingwas induced by the drug cue (but
not the neutral cue, emphasizing the specificity of the sub-
jective measures)—paralleled the objectively measured phy-
siological responsivity of heart rate and cortisol levels. In
session 1, CBD blunted the cue-induced increases in these
physiological measures, substantiating the participant self-
reports. The small sample size did not allow for a thorough
evaluation of sex effects, an important evaluation given that
women typically have higher craving and anxiety than men.
Moreover, interparticipant variability was likely in this study
owing to the high lipophilicity and complex metabolism of
CBD. Because no CBD toxicology tests were conducted, we
cannot address interparticipant metabolic variability, but a
dose-dependent pattern was observed for many of the var-
iables studied,with thehighest dose (800mg)often leading to
the strongest outcomes. Another limitation of the study was
the potential use of cannabis outside the laboratory setting.
Indeed, one participant in the placebo group had positive
THC or cannabinoid toxicology test results and admitted to
cannabis use. Urine THC or cannabinoid was also detected
among the participants in the CBD groups, but only in ses-
sions immediately after CBD administration, supporting
those participants’ denials of recent cannabis use. Other
factors to consider for the toxicology findings include the
potential cross-reactivity of the assay, the fact that the CBD
used in the study (Epidiolex) has trace amounts of THC (17),
and the possibility that oral CBD converts to THC with highly
acidic gastric conditions in vitro (38), although this conver-
sion is not supported by published in vivo evidence (17, 39).
During the course of the study, no one in the 800 mg group
used opioids, one participant in the 400 mg group used
heroin, and two participants in the placebo group relapsed to
heroin use. Long-duration treatment studies are needed to
fully address the effects of CBD on relapse prevention.

In summary, the potential of CBD to reduce cue-
induced craving and anxiety, along with its safe pharma-
cological profile, low mortality risk, and lack of hedonic
properties, indicates that this phytocannabinoid holds
significant promise for treating individualswith heroin use
disorder. A successful nonopioid medication would add sig-
nificantly to the existing addiction medication toolbox
to help reduce the growing death toll, enormous health
care costs, and treatment limitations imposed by strin-
gent government regulations amid this persistent opioid
epidemic.
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Introduction

The opioid epidemic has caused a large increase in those addicted to opioids across the united states with
the associated morbidity and mortality. A greater awareness of this issue may be stemming some of the
increase but the problems and consequences persist. With states looking toward harm reduction and
alternative pain management therapies, one possible factor that should be examined is the use of medicinal
marijuana. Now with medical marijuana legal in many states we can more easily examine opioid abuse
rates between jurisdictions with and without medical marijuana laws (such as using the “difference-in-
differences” statistical methodology), including some indexes of adoption such as active use of marijuana
dispensaries.

Methods

A literature review and meta-analysis was performed with the search terms of “Opioid”, and “Cannabis”,
“Cannabinoid” or “Marijuana” from articles publish from 2010 to 2018. We computed effect sizes linking
legalization or use of marijuana or active use of dispensaries with metrics of opioid misuse. We computed
mean effect sizes (Cohen’s d) from each of the models or relationships found in each article. Individual
relationships within study were aggregated using meta-regression techniques with random effects
modeling. A final overall aggregate score was based on modeling the aggregate study effect size using a
similar random effect model with 95% confidence intervals.

Results

The search revealed 30 relevant studies, with seven of those providing the required information (1-7). The
relationship of marijuana use, legalization, and dispensary utilization with metrics on the opioid epidemic
had an overall mean effect size of Cohen’s d =.59 (see Figure). The overall effect size and confidence
interval is weak to moderately and does not cover zero, indicating a significantly effect (p=0.0039).

Discussion

The results presented support the hypothesis that marijuana seems to have some mitigating effect on
opioid use and abuse. Unfortunately, the relationship is far from clear. Several studies show no or little
effect and some paradoxical effects surfaced, with studies showing that morbidity and mortality associate
with opioid abuse declining in marijuana legal states but at the same time showing an increased pain in
those patients using marijuana as opposed to those not using marijuana. Before we can make concrete
statement on the relationship of marijuana on opioid abuse we should identify and evaluate possible
mechanisms through which marijuana use is having on opioid abuse metrics.
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The Analgesic Potential of Cannabinoids

Jaseena Elikottil, MBBS2, Pankaj Gupta, MD2, and Kalpna Gupta, PhD1

1Division of Hematology, Oncology and Transplantation and the Vascular Biology Center,
University of Minnesota
2Department of Medicine, Minneapolis VA Medical Center

Abstract
Historically and anecdotally cannabinoids have been used as analgesic agents. In recent years,
there has been an escalating interest in developing cannabis-derived medications to treat severe
pain. This review provides an overview of the history of cannabis use in medicine, cannabinoid
signaling pathways, and current data from preclinical as well as clinical studies on using
cannabinoids as potential analgesic agents. Clinical and experimental studies show that cannabis-
derived compounds act as anti-emetic, appetite modulating and analgesic agents. However, the
efficacy of individual products is variable and dependent upon the route of administration. Since
opioids are the only therapy for severe pain, analgesic ability of cannabinoids may provide a
much-needed alternative to opioids. Moreover, cannabinoids act synergistically with opioids and
act as opioid sparing agents, allowing lower doses and fewer side effects from chronic opioid
therapy. Thus, rational use of cannabis based medications deserves serious consideration to
alleviate the suffering of patients due to severe pain.
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Introduction
Cannabinoids are derivatives of Cannabis sativa, the hemp plant, which evolved in the
temperate regions of Central Asia. The female plants produce a fragrant amber-colored resin
that contains cannabinoids. Crushed cannabis seeds were used as food in Asia in the past,
especially during famines, and continue to be used as baby food in sub-Saharan Africa.
Cannabis continues to be incorporated into a variety of recipes, ranging from bhang (a
recreational drink) in India, chocolates and dates in the Middle-East, and curries in Thailand.
The distinguishing feature of cannabis is the psychoactivity of its derivatives. There are at
least 60 active compounds than can be extracted from cannabis [1]: Δ9-
tetrahydrocannabinol (Δ9-THC) being the main one; others include cannabidiol (CBD),
cannabinol (CBN), tetrahydrocannabivarin (THCV), cannabichromene (CBC), etc. These
compounds are responsible for the psycho-activity of cannabis products such as hashish,
marijuana and hashish oil. The THC content of these varies from 5% in marijuana to 80 %
in hashish oil [2].

Cannabis was used as a medicine in ancient China (2700 BC) and India (1000 BC)[1, 3]. It
was brought to Europe by Scythian invaders from Central Asia, entered Western medicine in
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early and middle 19th century and was widely used for its medicinal properties [3].
Cannabis extract and medications were marketed by pharmaceutical companies over-the-
counter in the United States in late 19th to early 20th century. The accompanying increase in
recreational marijuana smoking led to formation of the Marijuana Tax Act in 1937.
Eventually, cannabis was omitted from the National Formulary and Pharmacopoeia. In the
1960s, the recreational use of cannabis peaked, followed by a renewal of scientific interest
in the plant for its medicinal properties [4]. Since then cannabinoids have been studied or
used in a multitude of applications, many of which relate to their potential use as analgesic
agents.

Currently, opioids are the only analgesics for treating severe pain. However, in some
patients, they are associated with rather unpleasant side effects, including sedation, loss of
appetite, initial nausea, persistent constipation [5] and respiratory depression [6]. Moreover,
issues such as tolerance, dependence and opioid induced hyperalgesia remain a major
deterrent in opioid use [7]. In view of these side- effects and the decrease in analgesic
efficacy over time [8], there is a need to explore alternative or adjunct medications to
opioids in management of severe pain; and cannabinoids are being currently explored as one
possible alternative. This review discusses the current and potential medicinal use of
cannabinoids, especially for pain management, and considers whether they should be
explored as a feasible adjunct or alternative to opioids, based on current data from
experimental and clinical studies.

Classification of cannabinoids
Based on their origin, cannabinoids are classified into 3 categories: phytocannabinoids
(plant origin), endocannabinoids (present endogenously in human or animal tissues) and
synthetic cannabinoids. Tables 1, 2 and 3 list the common cannabinoids and their receptors
with which they interact on the cell surface.

Cannabinoid receptors and signaling pathways
Cannabinoids mainly act via 2 different receptors: (i) the cannabinoid-1 (CB-1) receptor,
predominantly expressed on the neurons; and (ii) the cannabinoid-2 (CB-2) receptor,
predominantly expressed on cells of the immune system [9]. However CB-2 receptor
expression is seen on glial as well as neuronal cells in several areas of the brain [10]. In the
neurons, CB-1 receptors are preferentially located in the presynaptic areas and are seen more
often on the inhibitory neurons than the excitatory ones [11]. The pattern of distribution
suggests that the psychotropic effects are mediated mainly via the CB-1 receptors. CB-1
receptors are present in high levels in hippocampus (particularly in the dentate molecular
layer and the CA3 region), lateral part of the striatum, globus pallidus, entopeduncular
nucleus, substantia nigra pars reticulata, and cerebellar molecular layer. The thalamus and
the brainstem are characterized by low levels of CB-1 receptor expression, which is
consistent with the non-lethality of cannabinoids. In the spinal cord, moderate expression in
seen in the dorsal horn [10].

Cannabinoid receptors are 7-transmembrane G-protein coupled receptors (GPCR) [12].
Ligand binding to CB-1 receptors results in inhibition of adenylyl cyclase and the voltage
activated calcium (Ca2+) channels. Activation of CB-1 receptors thus decreases cAMP
production and Ca2+ conductance, while increasing potassium conductance and the activity
of mitogen-activated protein kinases (MAPK). Binding of cannabinoids to CB-1 receptors is
critical to their antinociceptive activity. CB-1 receptor activation suppresses the nociceptive
sensitization by influencing the release of neurotransmitters including acetylcholine,
norepinephrine, gamma-amino butyric acid (GABA), glycine, dopamine, serotonin and
cholecystokinin (CCK) from the presynaptic terminal, possibly through blunting of
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membrane depolarization and exocytosis via modification of the calcium and potassium
channels [11], [13]. The modulation of intracellular calcium levels by CBD in neuronal cells
appears to occur by using the mitochondria as a reservoir [14]. CB-2 receptor activation also
inhibits adenylyl cyclase, but does not influence ion conductance [15]. Cannabinoids are
suggested to bind some other types of receptors as well [16]. The transient receptor potential
vanillloid 1 (TRPV1) receptor is present on sensory neurons and responds to nociceptive
stimuli, however it is also present in the brain where it binds anandamide [17]. GPR 55 is an
orphan G protein coupled receptor that is currently being explored as a cannabinoid
receptor. It binds Δ9-THC, CP-55940, and endocannabinoids including anandamide [11]
The 5HT-3 and NMDA receptors have also been implicated in cannabinoid signaling [11].

Cannabinoids modulate both the cell proliferation as well as cell survival pathways, albeit
sometimes effects may be opposite depending on the cell type (Figure 1). Cannabinoids
regulate the cell cycle via their effects on different members of the MAPK family, and PI3k/
Akt pathways [18], [19] in neurons. On the contrary, cannabinoids also promote apoptosis
through activation of JNK [20] and inhibition of ERK and PI3k/Akt [21], [22] pathways in
cancer cells. Other studies also show a selective inhibitory effect of cannabinoids on cancer
cells, while sparing normal cells [23],[24]. Cannabinoids influence sphingolipid-
metabolizing pathways to induce sphingomyelin breakdown and generate ceramide [13].
The increased ceramide [25] via inhibition of PI3k inhibits PKB/Akt and ERK pathways,
resulting in apoptosis [22]. THC also causes p8 upregulation via ceramide; p8 is a
transcription factor with a regulatory role in the apoptotic cascade [26]. However, CB-2
antagonist rimonabant induces G1/S arrest and inhibits cell proliferation in breast cancer
cells, though apoptosis or necrosis is not observed [27]. CB-2 agonist JWH-015 inhibits
cisplatin-induced apoptosis in auditory cell lines [28]. Hence cannabinoids appear to have
complex effects on the cell-cycle, which have not yet been completely defined. However, it
appears that the cannabinoid signaling is cell-specific and may also be dependent upon
specific agonists used. Importantly, this variability in cell signaling induced by cannabinoids
in neuronal and non-neuronal cells suggests that the effect of cannabinoids will need to be
examined for both their anti-nociceptive activity and the peripheral effect for individual
pathological condition.

Routes of cannabinoid use
Smoking and oral ingestion are the common routes of cannabinoid use. Smoking results in
rapid absorption and onset of psychoactive effects, and is the preferred mode of recreational
use. Marijuana use is followed by a disruption of short-term memory, cognitive impairment,
a sense of slowing of time, mood alterations, enhanced body awareness, reduced ability to
focus, incoordination, and sleepiness [9]. Ingestion of hashish leads to delayed onset and
longer duration of actions. THC can also be inhaled in a vaporized form without smoking,
that avoids the inhalation of combustion by-products, while providing higher bioavailability.
[2] When Δ9-THC enters the bloodstream, it is metabolized to 11-hydroxy Δ9-THC, which
is absorbed into the adipose tissue, where it stays for 30 minutes before being released back
into circulation and reaching the brain. [2]. In animal studies, both intraperitoneal and
localized administration of cannabinoids have been used [29][30][31][32], [33]

Cannabinoids for analgesia – animal studies
a) Neuropathic pain

Cannabinoids have been studied in various types of neuropathic pain including nerve injury,
chemotherapy-induced, diabetic neuropathy, etc. CB-1 receptors have been found to be
upregulated in the thalamus [34] and the spinal cord [35] after nerve injury in rat models of
neuropathic pain. Another study showed CB-2 receptors were induced in a localized area of
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spinal cord consistent with the location of nerve injury [36]. Systemic administration of both
WIN-55,212-2 and HU-210 suppressed mechanical allodynia and thermal hyperalgesia in a
rat model of trigeminal neuralgia [37]. WIN-55,212-2 also provided antinociception in a
model of sciatic nerve injury, with enhanced action if administered pre-emptively [38].
Intrathecal JWH-133, a CB-2 agonist, also significantly improved mechanical allodynia
after sciatic nerve injury [39]. Mechanical allodynia developing in diabetic rats also
responds to WIN-55212-2 administration [40], as does thermal hyperalgesia and tactile
allodynia induced in rats by the chemotherapeutic agent paclitaxel [41]. Mechanical
allodynia induced by vincristine [42] and cisplatin [43] administration in rats is suppressed
through both CB-1 and CB-2 receptor agonism. Pure CB-2 agonists also decrease
chemotherapy induced neuropathic pain [44]. Furthermore, synergistic anti-nociceptive
action between Δ9-THC, CBD and other extracts from cannabis in neuropathic pain has
been suggested [45]. These studies demonstrate that cannabinoids can be potentially used as
analgesics in treating neuropathic pain accompanying diverse pathologies.

b) Inflammatory pain
Both CB1 and CB2 receptors are involved in the mediation of inflammatory pain [46].
WIN-55,212-2 has been shown to attenuate the delayed phase of oro-facial pain induced by
formalin injection in rats [47]. The action of WIN-55,212-2 in inflammatory pain appears to
be mediated via both CB-1 and CB-2 receptors [48]. Systemic HU-308, a novel CB-2
agonist also attenuated inflammatory pain during hot plate test in mice [49]. Inflammatory
pain and swelling in mouse hindpaw were relieved by systemic administration of both non-
selective HU-210 and CB-2 selective JWH-133 [31], and also by local injection of CB-2
agonist AM1241 [32], [33]. Since, inflammatory pain is a hallmark of several chronic
diseases including sickle cell disease and cancer, cannabinoids appear to be a promising
therapy to treat severe pain in these diseases.

c) Cancer pain
Both endogenous and exogenous cannabinoids are being investigated for a role in cancer
pain management. Cannabinoids have been found effective in increasing the threshold at
which pain is perceived in tumor-afflicted mice [50]. Mechanical hyperalgesia in a murine
model of bone cancer pain is associated with decreased anandamide levels in the affected
area and was alleviated by local injection of anandamide. Hyperalgesia in this model was
tested by measuring the paw withdrawal frequency in mice injected with fibrosarcoma cells
into the calcaneum [29]. The cannabinoid agonist WIN-55,212-2 has also been shown to
attenuate tumor induced hyeralgesia in mice, through peripheral action on CB-1 and CB-2
receptors, rather than by central action [51], [50]. Another study suggested that the
antinociceptive action of WIN-55,212-2 in a mouse tumor model is solely via CB-1
receptors [48]. Systemic administration of CP-55,940 also attenuates tumor-induced
hyperalgesia [30]. These studies suggest that different cannabinoids may offer pain relief in
cancer by both systemic and peripheral routes, primarily via CB-1 receptors, and the route of
administration may be tailored to the specific need.

The preclinical studies described above provide a rationale for further evaluation of
cannabinoid receptor agonists in different types of pain. Both CB-1 and CB-2 receptors
appear to be involved in pain modulation, and selective agonists may be useful when the
specific role of each receptor is fully characterized in each type of pain. Especially in cases
of pain attributable wholly or partly to inflammation, it may be worthwhile to explore a local
route of administering the cannabinoid and thus avoid systemic side effects.
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Synergism with opioids
a) Experimental studies

Opioids and cannabinoids both provide antinociception through G-protein coupled
mechanisms, and many studies have explored synergistic interactions between them. A
study using subcutaneous morphine and intraperitoneal THC in rats showed equivalent
antinociception using high dose morphine or high dose THC or a low dose combination of
both. In addition, the combination was shown to circumvent the development of tolerance
when compared to either drug alone [52]. Pretreatment with HU-210 also increased the
antinociceptive effect of morphine injected into the periaqueductal gray and prevented the
development of tolerance [53]. Synergistic effect with an opioid-cannabinoid combination
has been shown in other studies as well, using systemic [54, 55, 52, 56, 57] or topical
agonists [58]. THC also enhances the analgesic action of fentanyl and buprenorphine
patches [59]. However, ultra-low dose naltrexone has also been shown to enhance the anti-
nociceptive action of WIN 55,212-2, while high dose naltrexone does not [60]. This is
similar to enhancement of the antinociceptive action of morphine by ultra-low
concentrations of naloxone or naltrexone [61], [62]. Δ9-THC (both by itself and in
combination with morphine) has been shown to provide better anti-nociception in diabetic
mice than in non-diabetic arthritic mice, and this has been correlated to the lower
endogenous opioid levels in diabetic mice [63]. CB-2 receptor activation by AM1241 causes
the release of β-endorphin from keratinocytes, and the antinociceptive effect of AM1241 in
rats is blocked by antagonism of the μ opiod receptor and by antiserum to β-endorphin [64].
Also, CB1 receptor knockout mice appear to have lesser opioid addiction and withdrawal
[65], suggesting a role for cannabinoid receptors in opioid signaling pathways. Conversely,
cannabinoid withdrawal symptoms were decreased in double μ and κ opioid receptor
knockout mice [66], suggesting a relationship between opioid and cannabinoid receptor
activities. These data support the harmonious and even supportive use of cannabinoids in
conjunction with opioids. Clinical studies below support the experimental data on combined
and/or simultaneous use of opioids and cannabinoids to treat pain.

b) Clinical studies
Most studies evaluating synergism between opioids and cannabinoids have been in healthy
subjects, and the subject needs to be studied further in specific disease models. A double-
blind randomized controlled trial evaluating 30 mg morphine or 20 mg Δ9-THC or a
combination of both in experimental pain conditions in healthy human volunteers suggested
a hyperalgesic effect of Δ9-THC when used alone, that disappeared when used with
morphine [67]. A slightly additive analgesic action was observed with the THC-morphine
combination when testing sensitivity to electric stimulation [67]. However, no synergism
was noted in a randomized double blind study using adjuvant Δ9-THC in the acute post-
operative pain in post prostatectomy patients on patient-controlled analgesia with opioid
agonist piritramide [68].

Thus, adjunct use of cannabinoids may permit the use of lower doses of opioids than
otherwise required, thus acting as an opioid sparing agent in similar situations. However, in
other conditions, the addition of a cannabinoid may confer no additional benefit, so the
optimal therapy for pain management in specific conditions remains an area for future
research. Table 4 compares certain features of cannabinoids and opioids relevant to their use
as antinociceptive agents.

Cannabinoid as an Anti-emetic and Appetite stimulant
Currently dronabinol (synthetic Δ9-THC) and nabilone are approved for treatment of
chemotherapy induced nausea and vomiting (CINV) [87]. From the patients’ perspective,
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nausea and vomiting is perhaps the most distressing effect of chemotherapy. While 5HT-3
receptor antagonists are effective for acute onset nausea and vomiting, they are not so
beneficial in delayed nausea and vomiting. A recent systematic review concluded that
nabilone is superior to placebo, domperidone and prochlorperazine in the management of
CINV, but not superior to metoclopramide and chlorpromazine [88]. Oral dronabinol
combined with prochlorperazine has been shown to be more effective than either agent alone
in controlling CINV [89]. While many studies have shown dronabinol to improve mood,
appetite and to decrease nausea in patients with AIDS or advanced cancer [90], a recent
study comparing cannabis extracts (CE), Δ9-THC and placebo in patients with cancer
related anorexia cachexia syndrome found no significant advantage of CE or Δ9-THC over
placebo with regard to appetite, quality of life or toxicity [91].

Cannabinoids in HIV/AIDS
Many HIV infected patients smoke marijuana for a variety of reasons, including symptom
relief and reducing symptom frequency; the users report improvement in appetite (97%),
muscle pain (94%), nausea (93%), anxiety (93%), nerve pain (90%), depression (86%), and
paraesthesia (85%). However, many cannabis users (47%) also reported associated memory
deterioration. [92]. Smoked marijuana appears to have a beneficial role in reducing
neuropathic pain in HIV, and the studies discussing this are detailed below. In a subanalysis
of data from a multicountry randomized clinical trial studying self-care symptom
management in HIV patients, anxiety was found to be lower in marijuana users than
nonusers. Marijuana offered slightly better overall relief then the prescription/OTC
medications for a number of symptoms (including anxiety, depression, nausea, vomiting,
diarrhea, neuropathy). Marijuana users reported better overall medication effectiveness than
non-users, however it is unclear whether it is attributable to the euphoric effect of marijuana
or a real synergism with the medications [93]. Thus, cannabinoids may have multiple
therapeutic functions in both, the central nervous system and peripheral organ disease.

Cannabinoids In Multiple sclerosis
Many randomized clinical trials with cannabinoid medications have been conducted in
multiple sclerosis (MS). Patients with multiple sclerosis have diverse types of pain:
dysesthesias, back pain, muscle pain, etc; and each type of pain needs to be managed
differently [94]. Cannabinoids have a role in relieving pain, spasticity, tremor, nocturia and
improving general well being in MS (Table 5). The non-psychotropic cannabinnoid HU-211
has been shown to decrease clinical signs and improve survival in rats with MS [90].
Cannabinoids, especially endocannabinoids and CB-2 agonists are postulated to protect
against neuro-inflammation, and may thus be beneficial for management of MS [90]. A
randomized controlled trial with 667 MS patients using oral Δ9-THC or a cannabis extract
Cannador®; found subjective improvement in subjects’ self-reported sense of spasticity and
pain, but no objective improvement in spasticity [95] by the Ashworth scale, [96]. No
difference was noted between Δ9-THC and Cannador®[95]. Sativex® is an oromucosal
spray containing Δ9-THC (27 mg/mL) and cannabidiol (CBD)(25 mg/mL), with a dosage of
100 μL/spray [97]. It was found to decrease mean pain intensity and reduce sleep
disturbance in MS [98]. A 2 yr open label study as a follow up of this trial using Sativex® in
63 MS patients showed it to be effective in decreasing pain, however less than half of the
subjects completed the trial [99]. Oral dronabinol achieved a modest reduction in pain
intensity in MS and related conditions [100]. However, another study found no benefit from
either Δ9 THC or a cannabis extract containing both THC and CBD [101]. Yet, a
metanalysis of cannabis based medications in MS and other types of neuropathic pain
concluded that cannabinoids were superior to placebo [102]. All these studies found
dizziness to be the most common adverse effect, and that the incidence was higher in the
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treatment groups. Overall, cannabinoids appear to be effective in treating pain in MS, and
would need to be further evaluated for their optimum use in MS.

Clinical studies with cannabinoids in pain
The trials focusing on MS and related etiologies have already been discussed above. The
text below focuses on clinical studies using cannabinoids in other conditions associated with
pain. Further details of these studies and other clinical trials using cannabinoids are
discussed in Tables 6 & 7. Studies using smoked cannabis in HIV associated sensory
neuropathy and other types of neuropathic pain have found that it offers clinically significant
analgesia to a large number of subjects [112], [114, 115] but often with associated
neurocognitive and psychoactive effects, especially at higher doses [115]. Improvement was
noted in pain, mood and daily functioning [112], but not in evoked pain [115]. Sativex® was
found to offer significant pain relief, as well as improvement in sleep and allodynia in
neuropathic pain of various etiologies [116]. A randomized, double-blind, placebo-
controlled crossover trial of different cannabis based medicinal extracts (THC only, CBD
only, THC + CBD) was undertaken on a set of 34 patients with chronic pain (mainly
neuropathic) uncontrolled by their usual medications. It showed improvement in control of
pain and an improved quality of sleep in all, while the psychoactive effects were noted to be
manageable [118]. Sativex® and a THC predominant cannabis extract GW-2000-02 both
offered significant analgesia in subjects with neuropathic pain from brachial plexus avulsion
[113]. However, a study comparing escalating daily doses of nabilone (maximum 2 mg) and
dihydrocodeine (maximum 240mg) in patients with severe neuropathic pain found
dihydrocodeine to offer clinically significant pain relief to more patients than nabilone;
interestingly, no subject responded to both agents [117]. In cancer patients, nabilone
provided multi-symptom relief, including pain relief, as compared to patients who did not
receive nabilone [106]. As an adjuvant drug added to opioids, it also improved pain control
and the quality of sleep in patients with chronic non-cancer pain [107]. A systematic review
in 2001 of all randomized controlled trials done with cannabinoids in various types of pain
concluded that in cancer pain, cannabinoids were of the same efficacy of codeine, while
being associated with dose limiting CNS depressant effects [119]. A recent review of the
clinical trials conducted with Sativex® and other cannabis extracts in various types of pain
observed a benefit in a range of conditions, including MS, cancer, irritative urinary
symptoms, neuropathy, peripheral nerve injury and spinal cord injury. The only condition
where benefit was not noted was post-herpetic neuralgia [97]. Δ9-THC has analgesic and
other beneficial effects in fibromyalgia and rheumatoid arthritis as well [110], [111].
Interestingly, studies in healthy human volunteers using oral cannabis extracts in acute pain
models do not show any analgesic effect, but rather suggest a hyperalgesic action [85].
Studies regarding the use of cannabinoids for post-operative analgesia suggest that while
cannabis extract Cannador® might potentially be beneficial [108], Δ9-THC offers no
benefit and may actually provoke hyperalgesia [84], [109]. Therefore, different cannabis-
derived drugs appear to have differences in effectiveness in treating pain and/other
symptoms in a variety of diseases. The effort needs to be targeted to identify disease and
symptom-specific therapeutic potential of specific cannabis-derived drugs.

Can Cannabinoids be useful in Sickle cell disease?
We did not find any studies evaluating cannabinoids as analgesic agents in sickle cell
disease (SCD). However, a questionnaire-based study evaluating the prevalence and reasons
for marijuana use in SCD patients found that 31 of the 84 respondents reported cannabis use.
While cannabis use was not found to vary with the severity of the disease, 52% of the users
said they used it to reduce or prevent acute or chronic pain; other reasons were to improve
sleep, mood or to aid relaxation [120]. Pain in SCD is a result of vascular occlusion, tissue
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infarction and inflammation [121], and is widely prevalent and often undertreated [122].
Currently used analgesics in SCD include acetaminophen, non-steroidal anti-inflammatory
drugs (NSAIDs), opioids, ketorolac, corticosteroids, tramadol and adjuvant agents. SCD
patients with chronic pain are generally treated with a long acting opioid with addition of
short acting opioids for breakthrough pain [121] Patients being treated with opiods for acute
pain often suffer from nausea and vomiting [123]. Cannabinoids are commonly used to
control nausea and vomiting in other settings, and could be potentially beneficial in this
scenario as well. Cannabinoids, endocannabinoids and non-cannabinoid derivatives of the
cannabis plant have also been found to have anti-inflammatory properties [124], which may
be helpful in SCD. Transgenic sickle mice have been found to be markedly sensitive to
ischemia-reperfusion injury [125]. CB-2 receptor activation by JWH-133 has been found to
protect from cardiac ischemia reperfusion injury [126], [127] and may help in SCD as well.
CB-2 receptor activation and CB-1 receptor inhibition has beneficial effects in cerebral
ischemia [128], [129]. Vasocclusion being the pathology behind the pain in SCD, these
factors should be considered when evaluating the role of cannabinoids as analgesics in this
condition. Since SCD is a condition where the patient suffers severe acute episodes
superimposed on a background of chronic lifelong pain, newer modalities need to be
investigated to help achieve a better quality of life. Cannabinoids could possibly be used as
adjunct agents along with opioids to decrease opioid dose and achieve better pain control.
They also possess the potential to favorably modify the disease process via various
mechanisms of central and peripheral activity discussed above.

Side effects of cannabinoids
Epidemiological studies have reached diverse conclusions regarding the association of
cannabis with various cancers. A case-control study showed no increase in risk of head and
neck cancer with cannabis use [130]. Some studies show higher lung cancer rates in
marijuana smokers [131], [132], while some do not find any such association [133].
Maternal marijuana use, especially in the first trimester, is associated with an increased risk
of neuroblastoma in the child [134]. Marijuana smoke has been shown to be mutagenic [135,
136], while THC by itself is not mutagenic [137, 138]. Equivocal proof of carcinogenicity of
THC in B6C3F1 mice was found by one study [139]. These mice when treated with THC for
2 years showed an increased incidence of thyroid follicular cell adenoma [139, 140]. In
contrast, THC was found to increase apoptosis and improve survival in murine cancer
models and in human lymphoma and leukemia [141]. Moreover, the cannabinoid HU-331 is
anti-angiogenic in vivo and vitro, suggestive of an inhibitory effect on cancer progression
[142]. It appears that cannabinoids may have two opposite effects on cancer: tumor
regression via promotion of apoptosis, and tumor promotion via suppression of
immunogenicity [13]. Δ9-THC has been shown to inhibit angiogenesis and cell cycle
progression in tumor cell lines, especially in glioma cells [143, 83]. WIN-55,212-2 and other
cannabinoid agonists have been suggested as potential therapeutic options in prostate cancer
[144]. It appears that past conflicting epidemiological data regarding association of
marijuana smoking and cancer may not necessarily apply to Δ9–THC and other cannabis
derivatives during therapeutic use via a non-inhalational route; however, caution may still be
exercised while awaiting conclusive data.

Cannabinoids obviously have a potential to be misused and carry the risk of addiction. Prior
psychiatric evaluation before prescribing cannabinoids has been suggested as one way to
decrease this risk. Cannabis use in adolescence and young adulthood may have lasting
effects on the brain and behavior [145]. Marijuana smoking has been postulated to
contribute to the development of schizophreniform disorders [146], besides the risk of brief
psychotic features with acute use [147], especially in the adolescent population. Diminished
cognitive function in adolescent cannabis users [148] is also an area of concern. Chronic
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cannabis users are also at risk of developing the amotivational syndrome, characterized by
apathy, lack of activity, incoherence, blunting of cognition and affect [90]. However, all this
data is from marijuana users, and not from a controlled therapeutic use of cannabinoids. It
cannot be said for certain that long-term therapeutic use of cannabinoids will show the same
risks. An 8 week study of cognition in patients with multiple sclerosis on Sativex® did not
show any worsening of cognition, however it did suggest that at higher doses,
psychopathological problems may occur [149]. Some preclinical studies also show
development of tolerance to various actions of cannabinoids [150], including antinociception
[151]. Recreational cannabis use is associated with a withdrawal syndrome consisting of
tiredness, yawning, depression, anxiety, psychomotor retardation, reported at a prevalence of
57.7 % among frequent cannabis users [152]. Cannabinoids have been reported to cause
motor impairment in the form of cerebellar incoordination [153], and the pathway appears
similar to that of ethanol induced incoordination [154]. These concerns may need to be
addressed while exploring the therapeutic use of cannabinoids.

Conclusion
Management of severe chronic pain is best done by a multi-pronged approach,
individualizing it not just according to the disease but also according to patient preferences
and their side effect profiles. Currently there is intriguing evidence from animal studies
showing efficacy of cannabinoids as antinociceptive agents, however data from human
studies is still emerging. Cannabinoids may form a useful adjunct to current analgesic drugs
in many conditions, especially in low doses incapable of inducing hyperalgesia or other side
effects. They can also be used as rescue drugs when opioid analgesia is ineffective or
inadequate, or as opioid sparing agent. They also appear to antagonize several side effects of
opioids, and the opioid-cannabinoid combination may become a very useful agent in the
long-term management of severe pain. Preclinical data also suggest a beneficial effect of
cannabinoids on the disease process in HIV, cancer, and MS. While smoked marijuana tends
to be a controversial territory, evidence points to significant multi-symptom relief from it
especially in HIV patients. Cannabis derived medications deserve to be investigated in
rigorously designed studies so that their role in managing severe and chronic pain in various
conditions can be more clearly defined. The legalization of medical marijuana would also
enable more clinical trials in humans, and development of cannabis-derived drugs for
multiple disease processes, in addition to treating severe pain. Moreover, examination of
cannabinoids and their receptors may potentially lead to a new understanding of disease
processes as well. Thus, the medical, as well as the general community, need to move
beyond preconceived notions about cannabis, and focus on its potential advantages in
treating a host of conditions, including severe pain.
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Figure 1.
Cannabinoid receptor signaling leads to cell cycle regulation and potassium and calcium
conductance. CB-1 receptor activation modifies the activity of calcium and potassium
channels and the activity of intracellular protein kinases. Cannabinoids also induce
generation of ceramide, which affects the cell cycle via protein kinases and other
mechanisms. C=Cannabinoid receptor agonist; G= G protein; AdC=Adenylyl cyclase;
PKA= Protein kinase A; PKC= Protein kinase C; PKB= Protein kinase B= Akt;
MAPK=Mitogen-activated protein kinase; ERK= extracellular signal-regulated kinase;
JNK= c-Jun N-terminal kinase.
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Table 1

Phytocannabinoids*

Substance Receptors

Δ9-tetrahydrocannabinol(Δ9-THC) CB-1,CB-2

Cannabinol CB-1,CB-2

Cannabinol CB-2>CB-1

Tetrahydrocannabivarin CB-1 & CB-2 antagonist

*
All substances are agonists at the mentioned receptors unless specified otherwise.

CB-1: Cannabinoid-1 receptor

CB-2: Cannabinoid-2 receptor
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Table 2

Endocannabinoids*

Substance Receptors

Anandamide (AEA) CB-1, CB-2, TRPV-1

2-Arachidonyl glycerol (2-AG) CB-1

2-Arachidonyl glyceryl ether CB-1, CB-2

N-Arachidonyl dopamine (NADA) CB-1

*
All substances are agonists at the mentioned receptors unless specified otherwise.

CB-1: Cannabinoid-1 receptor

CB-2: Cannabinoid-2 receptor
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Table 3

Synthetic Cannabinoids*

Substance Receptors

Dronabinol (synthetic Δ9-THC) CB-1, CB-2

Nabilone (Δ9-THC analogue) CB-1,CB-2

CP-55940 CB-1, CB-2

WIN-55,212-2 CB-1

HU-210 CB-1,CB-2

HU-211 None

JWH-133 CB-2

*
All substances are agonists at the mentioned receptors unless specified otherwise.

CB-1: Cannabinoid-1 receptor

CB-2: Cannabinoid-2 receptor
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Table 4

A comparision of opioids and cannabinoids in pain management

Opioid Cannabinoid

High dose opioids promote myoclonus and seizure activity through
μ and κ receptors [69]

Endocannabinoids and CB1 agonists appear to have anticonvulsant
activity [70], [71], [72]

Nausea, vomiting and constipation are common during opioid
therapy [73]

Cannabinoids are used as anti-emetic, especially in chemotherapy
induced nausea and vomiting [74]; In cases of chronic cannabis abuse,
hyperemesis has been reported [75]; Constipation seen as a mild-
moderate AE in some clinical trials

Chance of respiratory depression with opioid overdose, generally
along with ethanol or sedative ingestion, postoperative scenario or
opioid abuse; not commonly reported with the doses used in pain
management [76]

No such risk

Risk of opioid induced hyperalgesia with sustained opioid
administration [77], [78]

No reports of cannabinoid induced hyperalgesia in animal studies, but
some human studies suggest a hyperalgesic effect [67], especially with
higher doses of cannabinoids

Opioids induce renal abnormalities in mice [79],[80] Cannabidiol attenuated chemotherapy induced renal abnormalities in
mice [81]

Opioids have been shown to stimulate angiogenesis, which could be
harmful in angiogenesis-dependent pathologies including cancer and
metastases [82]

Endocannabinoids inhibit angiogenesis [83]

Opioids inhibit apoptosis and promote cell cycle progression via
cyclin D1 [82]

Cannabinoids promote apoptosis via ceramide accumulation in
transformed cells (especially glioma cells), and may possess anti-tumor
activity [22]

Commonly used in cases of acute and severe pain, e.g. post-
operative pain, sickle cell crisis, etc.

Shown to be not useful in acute nociceptive pain in humans [84], [85],
[86]

J Opioid Manag. Author manuscript; available in PMC 2013 July 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Elikottil et al. Page 23

Ta
bl

e 
5

C
lin

ic
al

 S
tu

di
es

 w
ith

 C
an

na
bi

no
id

s 
in

 M
ul

tip
le

 S
cl

er
os

is

A
ge

nt
; 

ro
ut

e;
 d

ai
ly

 d
os

e
C

lin
ic

al
 C

on
di

ti
on

St
ud

y 
de

si
gn

N
um

be
r.

 o
f 

su
bj

ec
ts

D
ur

at
io

n 
of

 s
tu

dy
O

ut
co

m
e

A
dv

er
se

 e
ff

ec
ts

; 
re

fe
re

nc
e

Δ
9-

T
H

C
 o

r 
C

an
na

do
r®

* ;
or

al
; s

el
f 

tit
ra

te
d 

w
ith

m
ax

im
um

 2
5m

g 
Δ

9-
T

H
C

eq
ui

va
le

nt
/d

M
ul

tip
le

 s
cl

er
os

is
R

an
do

m
iz

ed
, p

la
ce

bo
-

co
nt

ro
lle

d 
m

ul
ti-

ce
nt

er
tr

ia
l

66
7

15
 w

ee
ks

N
o 

ob
je

ct
iv

e
im

pr
ov

em
en

t i
n 

sp
as

tic
ity

;
im

pr
ov

em
en

t i
n 

m
ob

ili
ty

an
d 

su
bj

ec
tiv

e 
se

ns
e 

of
sp

as
tic

ity

D
iz

zi
ne

ss
, c

on
st

ip
at

io
n,

 d
ia

rr
he

a,
in

cr
ea

se
d 

ap
pe

tit
e 

[9
5]

Sa
tiv

ex
®

**
; o

ro
m

uc
os

al
sp

ra
y;

 s
el

f-
tit

ra
te

d 
w

ith
m

ax
im

um
 4

8 
sp

ra
ys

/d

M
ul

tip
le

 s
cl

er
os

is
 a

nd
ot

he
r 

ce
nt

ra
l p

ai
n 

st
at

es
R

an
do

m
iz

ed
, p

la
ce

bo
-

co
nt

ro
lle

d,
 d

ou
bl

e-
bl

in
d,

 s
in

gl
e-

ce
nt

er
tr

ia
l

66
5 

w
ee

ks
Si

gn
if

ic
an

t t
re

at
m

en
t

ef
fe

ct
 o

f 
−

1.
25

 b
y 

N
R

S

−
11

 *
**

 p
ai

n 
sc

al
e

D
iz

zi
ne

ss
, s

om
no

le
nc

e,
 d

ry
 m

ou
th

 [
98

]

Δ
9-

T
H

C
; o

ra
l;1

0m
g/

d 
of

T
H

C
 o

r 
pl

ac
eb

o 
fo

r 
3 

w
ks

ea

M
ul

tip
le

 s
cl

er
os

is
R

an
do

m
iz

ed
 d

ou
bl

e
bl

in
d 

pl
ac

eb
o

co
nt

ro
lle

d,
 s

in
gl

e-
ce

nt
er

 c
ro

ss
ov

er
 tr

ia
l

w
ith

 w
as

ho
ut

24
9 

w
ee

ks
20

.5
%

 g
re

at
er

 r
ed

uc
tio

n 
in

pa
in

 f
ro

m
 b

as
el

in
e 

in
tr

ea
tm

en
t g

ro
up

D
iz

zi
ne

ss
, l

ig
ht

he
ad

ed
ne

ss
 [

10
0]

Δ
9-

T
H

C
 o

r 
ca

nn
ab

is
 p

la
nt

ex
tr

ac
t; 

or
al

; 5
–1

0 
m

g 
of

T
H

C
 e

qu
iv

al
en

t o
r 

pl
ac

eb
o/

d 
fo

r 
4 

w
ks

 e
a

M
ul

tip
le

 s
cl

er
os

is
 w

ith
se

ve
re

 s
pa

st
ic

ity
R

an
do

m
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d,

 tw
of

ol
d

cr
os

so
ve

r 
st

ud
y

16
12

 w
ee

ks
N

o 
im

pr
ov

em
en

t i
n

sp
as

tic
ity

 o
r 

di
sa

bi
lit

y 
by

E
D

SS
**

**
; w

or
se

ni
ng

 o
f

fu
nc

tio
na

l s
co

re
s 

&
 g

lo
ba

l
pe

rc
ep

tio
n 

sc
or

e

O
ne

 e
pi

so
de

 o
f 

ac
ut

e 
ps

yc
ho

si
s;

 n
o

ot
he

r 
se

ri
ou

s 
ad

ve
rs

e 
ef

fe
ct

s 
[1

01
]

Sa
tiv

ex
 ®

; o
ro

m
uc

os
al

sp
ra

y;
 s

el
f-

tit
ra

te
d 

to
m

ai
nt

ai
n 

ex
is

tin
g 

an
al

ge
si

a

M
ul

tip
le

 s
cl

er
os

is
as

so
ci

at
ed

 c
en

tr
al

ne
ur

op
at

hi
c 

pa
in

U
nc

on
tr

ol
le

d,
 o

pe
n-

la
be

l, 
2-

ye
ar

 e
xt

en
si

on
tr

ia
l (

ex
te

ns
io

n 
of

st
ud

y 
no

 2
)

64
2 

ye
ar

44
 %

 c
om

pl
et

ed
 2

 y
r 

tr
ia

l;
M

ea
n 

N
R

S-
11

 p
ai

n 
sc

or
e

dr
op

pe
d 

by
 0

.9
 a

t 2
 y

rs

1 
ea

ch
 v

en
tr

ic
ul

ar
 b

ig
em

in
y 

an
d

ci
rc

ul
at

or
y 

co
lla

ps
e;

 d
iz

zi
ne

ss
, n

au
se

a,
in

to
xi

ca
tio

n 
w

er
e 

co
m

m
on

 [
99

]

* C
an

na
do

r®
: O

ra
l c

ap
su

le
s 

co
nt

ai
ni

ng
 2

_5
 m

g 
of

 Δ
9-

T
H

C
 e

qu
iv

al
en

t, 
1_

25
 m

g 
of

 c
an

na
bi

di
ol

, a
nd

 le
ss

 th
an

 5
%

 o
th

er
 c

an
na

bi
no

id
s 

pe
r 

ca
ps

ul
e.

 [
95

]

**
Sa

tiv
ex

®
: O

ro
bu

cc
om

uc
os

al
 s

pr
ay

 c
on

ta
in

in
g 
Δ

9-
T

H
C

 (
27

 m
g/

m
L

),
 a

nd
 c

an
na

bi
di

ol
 (

C
B

D
)(

25
 m

g/
m

L
),

 w
ith

 a
 d

os
ag

e 
of

 1
00

 μ
L

/s
pr

ay
 [

97
]

**
* N

R
S-

11
:N

um
er

ic
al

 r
at

in
g 

sc
al

e 
fo

r 
pa

in
 [

10
3]

**
**

E
D

SS
: E

xp
an

de
d 

D
is

ab
ili

ty
 S

ta
tu

s 
Sc

al
e 

[1
04

]

J Opioid Manag. Author manuscript; available in PMC 2013 July 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Elikottil et al. Page 24

Ta
bl

e 
6

C
lin

ic
al

 S
tu

di
es

 w
ith

 C
an

na
bi

no
id

s 
in

 N
on

-N
eu

ro
pa

th
ic

 P
ai

n

A
ge

nt
; 

ro
ut

e;
da

ily
 d

os
e

C
lin

ic
al

 C
on

di
ti

on
St

ud
y 

de
si

gn
N

um
be

r.
 o

f 
su

bj
ec

ts
D

ur
at

io
n 

of
 s

tu
dy

O
ut

co
m

e
A

dv
er

se
 e

ff
ec

ts
; 

re
fe

re
nc

e

N
ab

ilo
ne

; o
ra

l;
1.

79
 m

g/
d;

A
dv

an
ce

d 
ca

nc
er

 p
ai

n
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l s

tu
dy

11
2

30
 d

ay
s

Si
gn

if
ic

an
t r

ed
uc

tio
n 

in
ad

ju
st

ed
 p

ai
n 

sc
or

es
 a

nd
ot

he
r 

sy
m

pt
om

s 
by

E
SA

S*
 s

co
re

; d
ec

re
as

e 
in

us
e 

of
 m

or
ph

in
e-

eq
ui

va
le

nt
s

D
iz

zi
ne

ss
, c

on
fu

si
on

,
dr

ow
si

ne
ss

, d
ry

 m
ou

th
;

tr
ea

tm
en

t s
to

pp
ed

 in
 6

.4
%

 in
 2

4
hr

s 
[1

06
]

D
ro

na
bi

no
l; 

or
al

;
10

 o
r 

20
 m

g/
vi

si
t

C
hr

on
ic

 n
on

-c
an

ce
r 

pa
in

pe
rs

is
tin

g 
on

 o
pi

oi
ds

R
an

do
m

iz
ed

, s
in

gl
e-

do
se

, d
ou

bl
e-

bl
in

de
d,

 p
la

ce
bo

-c
on

tr
ol

le
d,

 c
ro

ss
ov

er
tr

ia
l

30
3 

8-
ho

ur
 v

is
its

Si
gn

if
ic

an
tly

 b
et

te
r 

to
ta

l
pa

in
 r

el
ie

f 
at

 8
 h

rs
 a

nd
re

lie
f 

of
 e

vo
ke

d 
pa

in
 in

tr
ea

tm
en

t g
ro

up
s.

 N
o

di
ff

er
en

ce
 b

et
w

ee
n 

10
 &

20
 m

g

D
ro

w
si

ne
ss

, s
le

ep
in

es
s,

di
zz

in
es

s,
 d

ry
 m

ou
th

 [
10

7]

D
ro

na
bi

no
l; 

or
al

;
st

ep
w

is
e 

se
lf

-
tit

ra
te

d 
do

se
 5

–6
0

m
g/

d

C
hr

on
ic

 n
on

-c
an

ce
r 

pa
in

pe
rs

is
tin

g 
on

 o
pi

oi
ds

O
pe

n 
la

be
l e

xt
en

si
on

 tr
ia

l a
s 

a
co

nt
in

ua
tio

n 
of

 n
o 

11
28

4 
w

ks
St

at
is

tic
al

ly
 s

ig
ni

fi
ca

nt
de

cr
ea

se
 in

 a
ve

ra
ge

 p
ai

n
sc

or
es

 f
ro

m
 b

as
el

in
e.

D
ry

 m
ou

th
, t

ir
ed

ne
ss

, s
le

ep
in

es
s,

dr
ow

si
ne

ss
 [

10
7]

N
ab

ilo
ne

; o
ra

l; 
1

or
 2

 m
g 

at
 8

 h
r

in
te

rv
al

s

Po
st

-o
pe

ra
tiv

e 
pa

in
 w

hi
le

on
 P

C
A

**
 m

or
ph

in
e

D
ou

bl
e-

bl
in

d,
 r

an
do

m
iz

ed
, p

la
ce

bo
-

co
nt

ro
lle

d,
 p

ar
al

le
l-

gr
ou

p 
pi

lo
t t

ri
al

41
24

 h
rs

N
o 

de
cr

ea
se

 in
 m

or
ph

in
e

co
ns

um
pt

io
n;

 2
 m

g
na

bi
lo

ne
 in

cr
ea

se
d 

pa
in

Se
da

tio
n,

 e
up

ho
ri

a 
[8

4]

C
an

na
do

r®
; o

ra
l;

5,
 1

0 
or

 1
5 

m
g

Po
st

-o
pe

ra
tiv

e 
pa

in
 a

ft
er

PC
A

**
 m

or
ph

in
e

M
ul

tic
en

te
r 

do
se

-e
sc

al
at

io
n 

st
ud

y
20

6 
hr

s
Si

gn
if

ic
an

t d
ec

re
as

e 
in

re
sc

ue
 a

na
lg

es
ia

 in
 1

0
an

d 
15

 m
g 

gr
ou

ps
, n

ot
 in

5 
m

g 
gr

ou
p

O
ne

 s
er

io
us

 v
as

ov
ag

al
 e

pi
so

de
w

ith
 1

5 
m

g 
do

se
, l

ed
 to

 s
tu

dy
te

rm
in

at
io

n 
[1

08
]

Δ
9-

T
H

C
; o

ra
l; 

5
m

g
Po

st
-o

pe
ra

tiv
e 

pa
in

 a
ft

er
el

ec
tiv

e 
ab

do
m

in
al

hy
st

er
ec

to
m

y

R
an

do
m

iz
ed

 d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d,
 s

in
gl

e-
do

se
 tr

ia
l

40
6 

hr
s

N
o 

im
pr

ov
em

en
t i

n

SP
ID

**
*  

at
 6

 h
 a

nd
 ti

m
e

to
 r

es
cu

e 
an

al
ge

si
a

In
cr

ea
se

d 
aw

ar
en

es
s 

of
su

rr
ou

nd
in

gs
 [

10
9]

N
ab

ilo
ne

; o
ra

l;
es

ca
la

tin
g 

do
se

fr
om

 0
.5

 m
g/

d 
to

 2
m

g/
d 

fo
r 

2 
w

ks

Fi
br

om
ya

lg
ia

D
ou

bl
e-

bl
in

d,
 r

an
do

m
iz

ed
, p

la
ce

bo
-

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

40
4 

w
ks

Si
gn

if
ic

an
t

im
pr

ov
em

en
ts

 in
 p

ai
n 

by

V
A

S*
**

* ,
 F

ib
ro

m
ya

lg
ia

Im
pa

ct
 Q

ue
st

io
nn

ai
re

sc
or

e 
an

d 
in

 a
nx

ie
ty

; a
ll

be
ne

fi
ts

 lo
st

 a
ft

er
 4

 w
k

w
as

ho
ut

.

D
ro

w
si

ne
ss

, d
ry

 m
ou

th
, v

er
tig

o,
at

ax
ia

 [
11

0]

Sa
tiv

ex
®

;
or

om
uc

os
al

 s
pr

ay
;

1–
6 

sp
ra

ys
/d

R
he

um
at

oi
d 

ar
th

ri
tis

R
an

do
m

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

ar
al

le
l

gr
ou

p 
st

ud
y

58
5 

w
ks

Si
gn

if
ic

an
t

im
pr

ov
em

en
ts

 in
 p

ai
n

an
d 

qu
al

ity
 o

f 
sl

ee
p;

 b
ut

no
t i

n 
m

or
ni

ng
 s

tif
fn

es
s

D
iz

zi
ne

ss
, l

ig
ht

he
ad

ed
ne

ss
, d

ry
m

ou
th

, n
au

se
a 

[1
11

]

* E
SA

S:
 T

he
 E

dm
on

to
n 

Sy
m

pt
om

 A
ss

es
sm

en
t S

ys
te

m
 [

11
1]

**
PC

A
: P

at
ie

nt
 c

on
tr

ol
le

d 
an

al
ge

si
a

J Opioid Manag. Author manuscript; available in PMC 2013 July 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Elikottil et al. Page 25
**

* SP
ID

: S
um

m
ed

 p
ai

n 
in

te
ns

ity
 d

if
fe

re
nc

e

**
**

V
A

S:
 V

is
ua

l a
na

lo
gu

e 
sc

al
e

J Opioid Manag. Author manuscript; available in PMC 2013 July 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Elikottil et al. Page 26

Ta
bl

e 
7

C
lin

ic
al

 S
tu

di
es

 w
ith

 C
an

na
bi

no
id

s 
in

 N
eu

ro
pa

th
ic

 P
ai

n

A
ge

nt
; 

ro
ut

e;
 d

ai
ly

 d
os

e
C

lin
ic

al
 c

on
di

ti
on

St
ud

y 
de

si
gn

N
um

be
r 

of
 s

ub
je

ct
s

D
ur

at
io

n 
of

 s
tu

dy
O

ut
co

m
e

A
dv

er
se

 e
ff

ec
ts

; 
re

fe
re

nc
e

Sm
ok

ed
 c

an
na

bi
s;

 w
ith

 1
–8

%
 Δ

9-
T

H
C

 4
 ti

m
es

/d
ay

, 5
 d

ay
s/

w
ee

k 
fo

r
2 

w
ks

H
IV

 a
ss

oc
ia

te
d 

di
st

al
se

ns
or

y 
pr

ed
om

in
an

t
po

ly
ne

ur
op

at
hy

D
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-c

on
tr

ol
le

d,
cr

os
so

ve
r 

tr
ia

l w
ith

 w
as

ho
ut

34
6 

w
ks

D
if

fe
re

nc
e 

in
de

cr
ea

se
 in

 p
ai

n
in

te
ns

ity
 b

y

D
D

S*
 s

ca
le

be
tw

ee
n

tr
ea

tm
en

t a
nd

co
nt

ro
l =

3.
3;

 4
6

%
 o

bt
ai

ne
d 

≥
30

%
 p

ai
n 

re
lie

f
w

ith
 c

an
na

bi
s

T
re

at
m

en
t-

lim
iti

ng
 to

xi
ci

ty
in

 2
 p

at
ie

nt
s 

[1
12

]

Sm
ok

ed
 c

an
na

bi
s;

 3
.5

6%
 T

H
C

 3
tim

es
/d

ay
H

IV
 a

ss
oc

ia
te

d 
se

ns
or

y
ne

ur
op

at
hy

R
an

do
m

iz
ed

 p
la

ce
bo

-c
on

tr
ol

le
d 

tr
ia

l
55

5 
da

ys
34

%
 h

ad
 p

ai
n

re
du

ct
io

n 
vs

 1
7%

w
ith

 p
la

ce
bo

.
52

%
 h

ad
 ≥

30
%

re
du

ct
io

n 
in

 p
ai

n
w

ith
 tr

ea
tm

en
t,

vs
 2

5%
 w

ith
pl

ac
eb

o

L
ow

 in
ci

de
nc

e 
of

 s
id

e
ef

fe
ct

s;
 f

ew
 h

ad
 a

nx
ie

ty
,

se
da

tio
n,

 d
is

or
ie

nt
at

io
n

[1
14

]

Sm
ok

ed
 c

an
na

bi
s 

(w
ith

 7
%

 o
r 

3.
5%

T
H

C
)

C
en

tr
al

 a
nd

 p
er

ip
he

ra
l

ne
ur

op
at

hi
c 

pa
in

R
an

do
m

iz
ed

, p
la

ce
bo

-c
on

tr
ol

le
d,

cr
os

so
ve

r 
tr

ia
l

38
3 

se
ss

io
ns

 o
f 

6 
hr

s
ea

ch
Si

gn
if

ic
an

t
an

al
ge

si
a 

by

V
A

S*
* ;

 N
o

di
ff

er
en

ce
be

tw
ee

n 
3.

5%
an

d 
7%

 g
ro

up
s.

Ps
yc

ho
ac

tiv
e 

ef
fe

ct
s,

ne
ur

oc
og

ni
tiv

e 
im

pa
ir

m
en

t
[1

15
]

Sa
tiv

ex
®

; o
ro

m
uc

os
al

; s
el

f-
tit

ra
tio

n
Pe

ri
ph

er
al

 n
eu

ro
pa

th
ic

 p
ai

n
R

an
do

m
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

-
co

nt
ro

lle
d 

tr
ia

l
12

5
5 

w
ks

M
ea

n 
re

du
ct

io
n

of
 1

.4
8 

on

N
R

S-
10

**
*  

sc
al

e
in

 tr
ea

tm
en

t
gr

ou
p 

vs
 0

.5
2 

in
pl

ac
eb

o;
im

pr
ov

em
en

t i
n

al
lo

dy
ni

a

D
iz

zi
ne

ss
, n

au
se

a,
 f

at
ig

ue
,

dr
y 

m
ou

th
 [

11
6]

E
sc

al
at

in
g 

or
al

 d
os

es
 u

p 
to

 2
 m

g
na

bi
lo

ne
 o

r 
24

0 
m

g
di

hy
dr

oc
od

ei
ne

/d
 f

or
 6

 w
ks

 e
ac

h

C
hr

on
ic

 n
eu

ro
pa

th
ic

 p
ai

n
R

an
do

m
iz

ed
, d

ou
bl

e 
bl

in
d,

cr
os

so
ve

r 
tr

ia
l w

ith
 w

as
ho

ut
96

14
M

ea
n 

pa
in

 s
co

re

by
 V

A
S*

*  
sc

al
e

fo
r

di
hy

dr
oc

od
ei

ne
6.

0 
le

ss
 th

an
 f

or
na

bi
lo

ne

T
ir

ed
ne

ss
, s

le
ep

le
ss

ne
ss

,
si

ck
ne

ss
 [

11
7]

Δ
9-

T
H

C
 o

r 
C

B
D

 o
r 

1:
1 

m
ix

tu
re

 o
f

bo
th

; s
ub

lin
gu

al
 s

pr
ay

C
hr

on
ic

, m
ai

nl
y

ne
ur

op
at

hi
c,

 p
ai

n 
an

d
as

so
ci

at
ed

 s
ym

pt
om

s.

In
iti

al
 o

pe
n-

la
be

l “
n 

of
 1

” 
st

ud
y,

fo
llo

w
ed

 b
y 

ra
nd

om
iz

ed
, d

ou
bl

e-
bl

in
d,

 p
la

ce
bo

 c
on

tr
ol

le
d,

 c
ro

ss
ov

er
tr

ia
l

34
4 

w
ks

 o
pe

n 
la

be
l,

th
en

 8
 w

ks
 R

C
T

(2
 w

ks
 f

or
 e

ac
h

tr
ea

tm
en

t a
nd

pl
ac

eb
o)

28
 p

at
ie

nt
s

be
ne

fi
te

d;
 1

1
pr

ef
er

re
d

co
m

bi
na

tio
n;

 1
4

fo
un

d 
T

H
C

 a
nd

co
m

bi
na

tio
n

In
iti

al
 d

ro
w

si
ne

ss
,

di
zz

in
es

s,
 d

ys
ph

or
ia

; 1
ep

is
od

e 
ea

ch
 o

f 
va

so
va

ga
l

sy
nc

op
e 

an
d 

ha
llu

ci
na

tio
n

[1
18

]

J Opioid Manag. Author manuscript; available in PMC 2013 July 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Elikottil et al. Page 27

A
ge

nt
; 

ro
ut

e;
 d

ai
ly

 d
os

e
C

lin
ic

al
 c

on
di

ti
on

St
ud

y 
de

si
gn

N
um

be
r 

of
 s

ub
je

ct
s

D
ur

at
io

n 
of

 s
tu

dy
O

ut
co

m
e

A
dv

er
se

 e
ff

ec
ts

; 
re

fe
re

nc
e

eq
ua

lly
sa

tis
fa

ct
or

y

Sa
tiv

ex
®

 o
r 

G
W

-2
00

0-
02

**
**

su
bl

in
gu

al
 s

pr
ay

; s
el

f 
tit

ra
te

d 
w

ith
m

ax
im

um
 4

8 
sp

ra
ys

/d

B
ra

ch
ia

l p
le

xu
s 

av
ul

si
on

R
an

do
m

iz
ed

, d
ou

bl
e-

bl
in

d,
 p

la
ce

bo
-

co
nt

ro
lle

d,
 th

re
e 

pe
ri

od
 c

ro
ss

ov
er

st
ud

y

48
3 

tr
ea

tm
en

ts
 o

f 
2

w
ks

 e
ac

h
R

ed
uc

tio
n 

of
0.

58
 b

ox
es

 in
m

ea
n 

B
S-

11
**

**
*  

sc
or

es
w

ith
 S

at
iv

ex
®

an
d 

0.
64

 b
ox

es
w

ith
G

W
-2

00
0-

02

D
iz

zi
ne

ss
, s

om
no

le
nc

e,
dy

sg
ue

si
a,

 n
au

se
a,

 f
ee

lin
g

dr
un

k 
[1

13
]

* D
D

S:
 D

es
cr

ip
to

r 
di

ff
er

en
tia

l s
ca

le
 f

or
 p

ai
n

**
V

A
S:

 V
is

ua
l a

na
lg

ue
 s

ca
le

 f
or

 p
ai

n

**
* N

R
S-

10
: 1

0-
po

in
t N

um
er

ic
al

 r
at

in
g 

sc
al

e 
fo

r 
pa

in

**
**

B
S-

11
: 1

1-
po

in
t B

ox
 s

ca
le

 f
or

 p
ai

n

**
**

* G
W

-2
00

0-
02

:A
 T

H
C

 p
re

do
m

in
an

t c
an

na
bi

s 
ex

tr
ac

t [
11

8]

J Opioid Manag. Author manuscript; available in PMC 2013 July 30.



Cannabinoid and opioid interactions: implications for opiate
dependence and withdrawal

J.L. Scavone1, R.C. Sterling2, and E.J. Van Bockstaele1

1Department of Neuroscience, Farber Institute for Neurosciences, Thomas Jefferson University,
Philadelphia, Pennsylvania
2Department of Psychiatry and Human Behavior, Thomas Jefferson University, Philadelphia,
Pennsylvania

Abstract
Withdrawal from opiates, such as heroin or oral narcotics, is characterized by a host of aversive
physical and emotional symptoms. High rates of relapse and limited treatment success rates for
opiate addiction have prompted a search for new approaches. For many opiate addicts, achieving
abstinence may be further complicated by poly-drug use and co-morbid mental disorders.
Research over the past decade has shed light on the influence of endocannabinoids on the opioid
system. Evidence from both animal and clinical studies point towards an interaction between these
two systems, and suggest that targeting the endocannabinoid system may provide novel
interventions for managing opiate dependence and withdrawal. This review will summarize the
literature surrounding the molecular effects of cannabinoids and opioids system on the locus
coeruleus-norepinephrine system, a key circuit implicated in the negative sequelae of opiate
addiction. A consideration of the trends and effects of marijuana use in those seeking treatment to
abstain from opiates in the clinical setting will also be presented. In summary, the present review
details how cannabinoid-opioid interactions may inform novel interventions in management of
opiate dependence and withdrawal.

1) Opioid Addiction: A Persistent Societal Problem
a. Background

Overall, illicit drug abuse in the United States exceeded $180 billion in 2008 according to
National Institutes of Health. Abuse of heroin and prescription opioids have long constituted
a significant economic burden to society both through the direct and indirect consequences
of illicit opioid use. These costs include not only direct medical expenses, but also the costs
of criminal activities associated with drug acquisition, social welfare, secondary medical
issues associated with high-risk needle sharing, and productivity losses. In 1996, the
cumulative economic burden of heroin addiction in the United States was estimated to be
$21.9 billion(Mark et al., 2001). In 2001, illicit use of prescription opioids cost the United
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States approximately $8.6 billion, and this number continues to rise (Birnbaum et al., 2006,
Gilson and Kreis, 2009, Strassels, 2009).

Intravenous heroin use experienced a steady climb through the early 1980's in the United
States, until rates began to decline concurrent with the implementation of programs designed
to increase awareness of the risks associated with intravenous drug use and needle sharing.
However, since the mid-1990's heroin use has experienced a resurgence, particularly among
younger populations. In 2004, an estimated 3.7 million people in the United States had
reported using heroin at some point in their lifetime according to data collected by the
National Institute on Drug Abuse. The 2008 National Survey on Drug Use and Health
determined that the number of heroin users over the age of 12 in the United States had
increased dramatically from 153,000 in 2007 to 213,000 in 2008. Unlike prior surges in
heroin use that were primarily characterized by injection drug use, recent climbs in heroin
use rates are due to significant increases in inhaled or snorted heroin. Heroin purity
increased dramatically during the 1990's and has remained stable(OAS, 2005). Meanwhile,
the cost of heroin has decreased and is now less expensive relative to other opioid
alternatives, potentially underlying the trends in increased inhalation drug use(OAS, 1998).
The high abuse liability of heroin was demonstrated in a 2004 study of drug use, which
found that 67% of those that used heroin also met the criteria for abuse or dependence, a
statistic markedly higher than that for other drugs of abuse such as cocaine, marijuana, or
sedatives(OAS). In 2008, 341,000 individuals received treatment for heroin
dependence(OAS, 2009) and with recent increases in use, this number is likely to continue
to climb.

b. Non-Medical Use of Prescription Opioids
Heroin use, while extremely problematic, is restricted to a very small percentage of the
population. However, non-medical use of prescription opioids is now becoming more
prevalent with rates of use rapidly increasing. The misuse or abuse of prescription drugs
occurs when a person takes a prescription drug that was not prescribed or taken in one dose
or for reasons other than those prescribed. Abuse of prescription drugs can produce serious
health effects, including addiction. The classes of prescription drugs that are commonly
abused include oral narcotics such as hydrocodone (Vicodin ®), oxycodone (OxyContin ®),
propoxyphene (Darvon ®), hydromorphone (Dilaudid ®), meperidine (Demerol ®) and
diphenoxylate (Lomotil ®) and their non-medical use has increased dramatically in recent
years. For example, in 1990, the number of individuals initiating abuse of prescription
opioids was 573,000. By the year 2000, the number had risen to over 2.5 million according
to the National Institutes of Health. A 2009 nationwide study reported that 6.2 million
individuals were recent non-medical users of prescription opioids(OAS, 2009). Among high
school seniors, as many as 1 in 10 used prescription opioids for non-medical purposes in
2009. For the first time, the number of individuals initiating prescription opioid use nearly
equaled that of marijuana; a previously unprecedented and alarming finding. Concurrently,
emergency department visits due to complications from non-medical use of hydrocodone
and oxycodone rose 170% and 450% respectively from 1994–2002. Furthermore, opioid-
related deaths rose by more than 300% between 1999–2006 (OAS, 2009).

II. The Clinical Opioid Withdrawal Syndrome & Underlying Brain Circuitry
a. Clinical presentation and management

Abstinence following chronic exposure to opiates is accompanied by a pronounced
syndrome of aversive physical and emotional symptoms. Characteristic signs of opiate
withdrawal include yawning, rhinorrhea, perspiration, dilated pupils, anxiety and
restlessness, nausea and vomiting, diarrhea, increased heart rate or blood pressure, as well as

Scavone et al. Page 2

Neuroscience. Author manuscript; available in PMC 2014 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



a host of flu-like symptoms such as chills, joint and muscle aches, and increased body
temperature(Jasinski, 1981, Gossop, 1988, Farrell, 1994, Wesson and Ling, 2003). In opiate-
dependent individuals, the experience of a pronounced and prolonged withdrawal syndrome
often contributes to renewed illicit drug use and less-than-favorable treatment prognoses.

Pharmacotherapeutics designed to attenuate the severity of these opiate withdrawal signs can
be used to promote improved outcome in the critical early phases of treatment. Currently,
the pharmacotherapeutic options for opioid dependence and withdrawal are primarily
designed around the principles of maintenance therapy and/or detoxification. Agonist
replacement or maintenance therapy involves substitution of illicit opioid use with long-
acting opioid-receptor agonists in a carefully controlled manner. Ideal agonist replacement
drugs often bind to opioid receptors with greater affinity and are metabolized more slowly
than commonly abused illicit opioids. Alternatively, opioid detoxification employs opioid
receptor antagonists that provide potent and high-affinity blockade of mu-opioid receptor
(MOR). These compounds work by inducing withdrawal, often through the displacement of
illicit opioids from receptor binding sites in the nervous system.

To assist with opioid detoxification and the associated withdrawal syndrome, alpha-2
adrenergic receptor agonists are also used to address the noradrenergic hyperactivity that is a
hallmark of opioid withdrawal. Clonidine and lofexidine are centrally-acting α-2 adrenergic
receptor agonists used during rapid opioid detoxification to regulate noradrenergic
hyperactivity associated with opioid withdrawal. These agents are often co-administered
with opioid receptor antagonists during detoxification. Clonidine rapidly and effectively
reduces withdrawal symptoms, but can cause postural hypotension through its actions on
noradrenergic control of cardiovascular function(Gossop, 1988). Lofexidine, which works
similarly to clonidine but involves lessened risk of hypotension, has shown greater efficacy
than clonidine in recent studies(Strang et al., 1999, Gerra et al., 2001, Meader, 2010). The
activity of these agents is heavily reliant on their activity within a key noradrenergic nucleus
within the brain- the locus coeruleus (LC).

b. Noradrenergic circuitry
The LC is located in the anterior pons of the brainstem, near the fourth ventricle. This
nucleus provides the majority of noradrenergic input to the central nervous system, and is
highly interconnected with many different brain regions, allowing for the regulation of
cognition, pain, emotional state, anxiety, arousal, and stress(Aston-Jones and Bloom, 1981,
Aston-Jones et al., 1986, Nestler et al., 1999, Carrasco and Van de Kar, 2003, Dunn et al.,
2004). The widespread downstream effects of LC neurotransmission occur as a result of the
diverse network of projections sent to and from this nucleus to the entire neuraxis. The LC is
a key anatomical locus where opioid and stress signaling intersect. Many of the neurons
projecting from the nucleus paragigantocellularis (PGi) and nucleus prepositus hypoglossi
(PrH) provide enkephalin to the LC(Aston-Jones et al., 1986, Aston-Jones et al., 1991),
while corticotropin releasing factor (CRF) innervation arises predominantly from the PGi,
paraventricular nucleus of the hypothalamus (PVN), and peri-coerulear region(Valentino et
al., 1993, Valentino et al., 1998a). The LC is extremely sensitive to opioid and stress
peptides delivered by afferent fibers due to the high density of opioid and CRF receptors
(Pert et al., 1976, Valentino et al., 1983, Aston-Jones et al., 1986, Tempel and Zukin, 1987,
Ding et al., 1996, Van Bockstaele et al., 1996a, Reyes et al., 2007). The kappa-opioid
receptor (KOR) and delta-opioid receptor (DOR) have a prominent pre-synaptic distribution
in the LC and are poised to auto-regulate neurotransmitter release from LC afferents(Van
Bockstaele et al., 1997, Kreibich et al., 2008, Reyes et al., 2009a) (Kreibich et al., 2008).
The mu-opioid receptor (MOR) has a dense post-synaptic distribution along the
plasmalemma of somata and dendrites of LC neurons(Van Bockstaele et al., 1996a, Van

Scavone et al. Page 3

Neuroscience. Author manuscript; available in PMC 2014 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Bockstaele et al., 1996b). The MOR-mediated sensitivity and response of this region to
opioid exposure has been extensively studied and characterized.

c. Molecular Expression of Opioid Dependence and Withdrawal in LC Circuitry
MOR is a G-protein coupled receptor that typically signals through Gi/o alpha-subunit
proteins to inhibit the activity of adenylyl cyclase (AC) I and VIII, thereby reducing cyclic
adenosine monophosphate (cAMP) production, impacting Na+ current and neuronal
excitability(Childers et al., 1992, Dhawan et al., 1996). Additionally, opioids also inhibit the
LC by coupling opioid receptor activation to G-protein-gated inwardly rectifying K+ (GIRK)
ion channels(Christie et al., 1987, North et al., 1987, Nestler, 1992, 2001). Direct effects of
opioid exposure can include receptor desensitization and internalization via a clathrin-
mediated mechanism(Van Bockstaele and Commons, 2001, Van Bockstaele et al., 2001,
Alvarez et al., 2002, Dang and Williams, 2005, Johnson et al., 2005, Arttamangkul et al.,
2006, Gintzler and Chakrabarti, 2006). In this manner, MOR activation by opioids has an
acutely inhibitory effect in the LC, resulting in sedation, hypolocomotion, analgesia, and
respiratory depression.

Following repeated exposure to opioids, a number of cellular adaptations occur within this
region that significantly impact the development of opioid dependence and manifestation of
opioid withdrawal. Suppression of AC-I and AC-VIII by opioid exposure leads to decreased
cAMP levels and protein kinase-A (PKA) activity, and decreased phosphorylation of cAMP
response element binding protein (CREB), a downstream effector of PKA. By binding to
regulatory DNA sequences called cAMP response elements (CREs), CREB is able to alter
the expression of key proteins in the cAMP pathway. Opioid exposure alters the
phosphorylation level of CREB, thereby regulating the transcriptional activation of CREB
target genes. These transcriptional changes may include increased expression of AC-VIII,
PKA catalytic and regulatory subunits, CREB, and tyrosine hydroxylase (the rate-limiting
enzyme in norepinephrine synthesis). As an end result of these adaptations, the cAMP
pathway is upregulated and the electrical excitability in the LC increases (Widnell et al.,
1994, Lane-Ladd et al., 1997, Nestler and Aghajanian, 1997, Boundy et al., 1998, Coven et
al., 1998, Nestler, 2001).

Through its wide array of projections throughout the brain, hyperactivity in the LC during
opiate withdrawal has the potential to impact signaling in a number of brain regions,
primarily in the frontal cortex to which it provides the sole noradrenergic input [reviewed
(Valentino and Aston-Jones, 2000, Berridge and Waterhouse, 2003, Van Bockstaele et al.,
2010)]. Alterations in LC activity have been implicated in the somatic expression of
withdrawal (Taylor et al., 1988, Rasmussen et al., 1990, Koob et al., 1992, Maldonado and
Koob, 1993, Funada et al., 1994, Maldonado, 1997), and it has been shown that these effects
are mediated by the excitatory input from the nucleus paragigantocellularis (PGi)
(Rasmussen and Aghajanian, 1989, Maldonado, 1997, Van Bockstaele et al., 2000, Van
Bockstaele et al., 2001, Johnson et al., 2002).

Upon the removal of opioids from the system, a surge in noradrenergic activity from the
locus coeruleus contributes significantly to the somatic expression of opioid withdrawal
(Crawley et al., 1979, Swann et al., 1982, Van Bockstaele et al., 2008). Within
noradrenergic targets of the LC, opiate withdrawal-mediated LC disturbances can be
appreciated in terms of increased tyrosine hydroxylase, c-Fos and FosB expression, along
with enhanced activation (phosphorylation) of cyclic adenosine monophosphate (c-AMP)
pathway members (Stornetta et al., 1993, Nestler et al., 1994, Maldonado et al., 1995,
Nestler and Aghajanian, 1997, Nestler, 2001, Van Bockstaele et al., 2001, Maldonado,
2003). Both intrinsic and extrinsic factors to the LC contribute to the withdrawal
phenomenon. The cAMP-related cellular adaptations that occur in response to chronic
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opioid exposure cause enhanced excitability in LC neurons. When coupled with the removal
of inhibitory opioid input upon withdrawal or detoxification, this combination results in the
dysregulation of the LC-noradrenergic circuit (Nestler et al., 1994, Nestler, 2001). In
addition to upregulated cAMP pathway activity in the LC, excitatory amino acid influx to
the LC from its afferents also contributes to the molecular expression of opioid withdrawal
(Akaoka and Aston-Jones, 1991, Aghajanian et al., 1994, Maldonado, 1997, Van Bockstaele
et al., 2001). Common therapeutic approaches employed in the management of opioid
withdrawal are targeted to adrenergic receptors with the intent of counteracting cellular
hyperactivity and restoring LC homeostasis.

Therapeutic agents targeting the brain's noradrenergic circuitry have demonstrated clinical
efficacy in attenuating the noradrenergic hyperactivity that is observed during opiate
withdrawal (Gold et al., 1979, Gossop, 1988, Gold, 1993, Gowing et al., 2004). However, in
some individuals, the use of alpha-2 adrenergic receptor agonists is limited by the presence
of side effects such as hypotension, sedation, and cognitive impairment, or by incomplete
abolition of withdrawal symptoms (Gossop, 1988, Gerra et al., 2001, Lobmaier et al., 2010).
It remains important to investigate other receptor systems that interact with the opioid
system in noradrenergic brain regions and may serve as potential therapeutic targets.

III. Cannabinoid Modulation of Noradrenergic Circuitry
a. The endocannabinoid (EC) system

Through significant advances in our understanding of the cannabinoid system in recent
years, we now understand that the endogenous cannabinoid system—or endocannabinoid
system—is the primary regulator of cannabinoid functions in the brain. The
endocannabinoid (EC) system has been implicated in a variety of physiological functions
due to abundant expression of its receptors and endogenous ligands in the central nervous
system(Herkenham et al., 1991, Mackie, 2005b, 2008). The EC consists of receptors, ligands
and enzymes responsible for their biosynthesis and degradation. Endocannabinoids are
lipophilic arachidonic acid derivatives that are released in an activity dependent fashion
from the postsynaptic cell(Piomelli et al., 1998, Piomelli, 2003, Di Marzo et al., 2005,
Piomelli, 2005, Basavarajappa, 2007). Two major endocannabinoids have been identified:
anandamide(Devane et al., 1992, Di Marzo et al., 1994) and 2-arachidonoylglycerol (2-AG)
(Mechoulam et al., 1995, Sugiura et al., 1995, Stella et al., 1997, Mechoulam et al., 1998,
Martin et al., 1999). Endocannabinoids control emotional reactivity, motivated behaviors
and energy homeostasis primarily by targeting brain CB1 type 1 receptors (CB1r)
(Mechoulam et al., 1998, Giuffrida et al., 2001, Fride, 2002, Kreitzer and Regehr, 2002,
Wilson and Nicoll, 2002, Piomelli, 2005, Witkin et al., 2005, Mackie, 2008, Steiner et al.,
2008, Steiner and Wotjak, 2008). The CB1r is one of the most plentiful G-protein coupled
receptors within the brain, and cannabinoid signaling through this receptor mediates a wide
variety of peripheral and central processes (Howlett et al., 1990, Howlett et al., 2002, Freund
et al., 2003, Szabo and Schlicker, 2005, Demuth and Molleman, 2006).

b. The EC, noradrenergic circuitry and stress
The EC and noradrenergic systems are significantly and dynamically impacted by stress
(Hill and McEwen, Cassens et al., 1980, Flugge et al., 2004, Gorzalka et al., 2008, Shinba et
al., 2010) and noradrenergic transmission is responsible for cannabinoid-induced activation
of the HPA axis(McLaughlin et al., 2009). Under conditions of acute stress, NE is increased
centrally and peripherally(Cassens et al., 1980, Abercrombie and Jacobs, 1987, Page and
Valentino, 1994, Valentino et al., 1998b, Ferry et al., 1999, Nestler et al., 1999, Sands et al.,
2000) while the EC system tonically constrains activation of neural circuits, including the
hypothalamic-pituitary-adrenal (HPA) axis(Gorzalka et al., 2008, Steiner and Wotjak,
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2008). However, disrupted noradrenergic and EC signaling is associated with an inability to
adapt to chronic stress(Nestler et al., 1999, Wong et al., 2000, Flugge et al., 2004, Hill and
Gorzalka, 2004, Gorzalka et al., 2008, Hill et al., 2008). We recently demonstrated that pre-
treatment with a cannabinoid receptor agonist diminishes acute stress-induced noradrenergic
transmission in the mPFC(Reyes et al., 2012). Cannabinoid pre-treatment also resulted in a
decrease in climbing during a single exposure to swim, an arousal-related behavior that has
been attributed to availability of NE(Detke et al., 1995). Furthermore, we tested the effect of
acute stress on 2-AR-cannabinoid interactions in rats(Reyes et al., 2012). Chronic CB1r
stimulation with WIN 55,212-2 in slices from unstressed animals desensitized the cortical 2-
AR response, similar to the desensitization produced by acute WIN 55,212-2 pretreatment.
However, when animals were exposed to chronic WIN 55,212-2 and then given a forced
swim stress before brain slices were prepared for electrophysiology, the cortical 2-AR
response did not desensitize and is similar in magnitude to subjects that are neither stressed
nor exposed to CB1r stimulation. These findings indicate that stress sensitizes the cortical 2-
AR response, making it resistant to desensitization by chronic activation of CB1rs. These
data reveal the stress-dependent nature of cannabinoid interactions and implicate pre- and
postsynaptic ARs. However, although information regarding interactions between the two
systems is emerging, there remain gaps in our knowledge regarding how cannabinoids
modulate noradrenergic circuitry under different physiological conditions.

Anatomical and electrophysiological studies within the coeruleo-cortical pathway
demonstrate cannabinoid sensitivity within noradrenergic cells (Mendiguren and Pineda,
2004, Oropeza et al., 2005, Mendiguren and Pineda, 2006b, a, Muntoni et al., 2006,
Mendiguren and Pineda, 2007, Oropeza et al., 2007, Page et al., 2007, Scavone et al., 2010).
Convergent lines of evidence (Muntoni, 2001, Mendiguren and Pineda, 2006a, Muntoni et
al., 2006) have demonstrated an interaction between the cannabinoid and noradrenergic
systems in areas such as the mPFC(Oropeza et al., 2005, Oropeza et al., 2007, Page et al.,
2007, Page et al., 2008), nucleus accumbens (Acb)(Carvalho and Van Bockstaele, Carvalho
et al., 2010a, Carvalho et al., 2010b), locus coeruleus (LC)(Oropeza et al., 2005, Scavone et
al., 2010) and the nucleus of the solitary tract (NTS)(Jelsing et al., 2009, Carvalho et al.,
2010a, Carvalho et al., 2010b). Recent anatomical evidence demonstrates the presence of
cannabinoid receptors in noradrenergic cells within the NAc and NTS (Carvalho et al.,
2010a), frontal cortex (Oropeza et al., 2007, Page et al., 2008, Reyes et al., 2009b), and LC
(Scavone et al., 2010).

While the interactions between the noradrenergic and opioid systems have been well
characterized in addiction [reviewed in (Van Bockstaele et al., 2001, Berridge and
Waterhouse, 2003, Weinshenker and Schroeder, 2007, Aston-Jones and Kalivas, 2008, Sara,
2009, Van Bockstaele et al., 2010)], the field of cannabinoid-opioid interactions in
noradrenergic cells is relatively in its infancy. However, increasing numbers of groups have
begun to uncover and probe the close interaction between the cannabinoid and opioid
systems in the brain and periphery [reviewed in(Manzanares et al., 1999, Corchero et al.,
2004a, Fattore et al., 2004, Fattore et al., 2005a, Vigano et al., 2005a, Welch, 2009, Parolaro
et al., 2010)].

IV. Cannabinoid-Opioid Interactions
Opioid and cannabinoid receptors are major targets for many drugs of abuse and widely-
used analgesics. These receptor systems are known to mediate common signaling pathways
central to clinical issues of tolerance, dependence and addiction (Manzanares et al., 1999,
Pasternak, 2005, Demuth and Molleman, 2006). Drugs that target both the CB1r and MOR
systems possess shared pharmacological profiles. Agonists of both receptor types have been
shown to cause antinociception, sedation, hypotension, motor depression, and drug reward/
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reinforcement (Manzanares et al., 1999, Massi et al., 2001, Maldonado and Valverde, 2003,
Corchero et al., 2004a). Cannabinoids may be able to modulate opioid function at a number
of different levels within the cell, ranging from direct receptor associations, to alterations in
endogenous peptide release, or to post-receptor interactions via shared signal transduction
pathways. Evidence of these interactions can be observed through the various studies
demonstrating cross-tolerance, mutual potentiation, and receptor cross-talk (Manzanares et
al., 1999, Cichewicz and McCarthy, 2003, Maldonado and Valverde, 2003, Corchero et al.,
2004a, Vigano et al., 2005a, Roberts et al., 2006, Cox et al., 2007, Barta et al., 2009, Welch,
2009, Parolaro et al., 2010). Importantly, drugs that target the cannabinoid system often
seem to affect the opioid system in tandem. Individual modulation of CB1r or MOR has
been shown to alter indices of noradrenergic activity (Nestler, 1993, Nestler et al., 1999,
Oropeza et al., 2005, Szabo and Schlicker, 2005). Since the LC and associated noradrenergic
circuitry are critical sites of dysfunction during opioid addiction and withdrawal, it is
particularly important to develop a comprehensive understanding of both the anatomical
substrates and biochemical mechanisms through which cannabinoids may be used to
specifically and effectively target the opioid system in this region.

a. Anatomical Considerations
Techniques used to discern the distribution of cannabinoid and opioid receptors and their
endogenous ligands have provided valuable information pertaining to the interactions
between these systems. Using immunohistochemical and immuno-electron microscopic
techniques, anatomical data have revealed potential sites and systems where cannabinoids
may be used to target the opioid system. Morphological substrates for cannabinoid-opioid
interactions have been demonstrated through CB1r and MOR co-localization in multiple
brain regions. These receptors co-localize within the dorsal horn of the spinal cord (Salio et
al., 2001). In the nucleus accumbens (NAc), a region critical to the reward circuitry, CB1r
and MOR are both localized within neurons and in synaptically-linked pairs of cells (Pickel
et al., 2004). Additionally, an ultrastructural study of the caudate-putamen revealed CB1r
and MOR labeling targeted to specific patches of post-synaptic neurons with approximately
50% of all CB1r-positive dendrites containing the MOR (Rodriguez et al., 2001). However,
only recently has the field begun to generate evidence for cannabinoid-opioid interactions
within noradrenergic loci within the brain.

The MOR is abundant within many of the noradrenergic brain regions responsible for
mediating the adaptations that occur in response to opiate exposure and in the precipitation
of opiate withdrawal (Tempel and Zukin, 1987, Maldonado et al., 1992, Mansour et al.,
1995, Cheng et al., 1996, Ding et al., 1996, Moyse et al., 1997, Pickel and Colago, 1999
{Maldonado, 1992 #664). Recent anatomical and functional evidence demonstrates the
presence of cannabinoid receptors in noradrenergic cells within the NAc and NTS (Carvalho
et al., 2010a, Carvalho et al., 2010b), frontal cortex (Oropeza et al., 2007, Page et al., 2008,
Reyes et al., 2009b), and LC (Scavone et al., 2010). Data from electrophysiological
recordings in the locus coeruleus also support these anatomical findings, providing evidence
of cannabinoid sensitivity in this opioid-sensitive nucleus (Mendiguren and Pineda, 2006b,
a). Physiological data following local infusions of cannabinoids on to the opioidergic LC
provide additional evidence of local cannabinoid effects (Muntoni et al., 2006). CB1r is
expressed in the terminals of noradrenergic projections from the opioid-sensitive LC to the
frontal cortex (Oropeza et al., 2007), suggesting that CB1r may be poised to modulate the
norepinephrine release that occurs as a result of opioid dependence or withdrawal.
Alternatively, indirect mechanisms involving GABA interneurons cannot be ruled out
(Reyes et al, 2012). There is also evidence of CB1r and MOR co-localization in shared post-
synaptic cellular compartments of the neurons that give rise to these projections (Scavone et
al., 2010).
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Co-localization of CB1r and MOR within noradrenergic brain regions is particularly
noteworthy given the growing body of evidence that is strongly suggestive of
heterodimerization and/or closely-associated CB1r-MOR signaling complexes in vitro and
in vivo (Rios et al., 2001, Mackie, 2005a, Rios et al., 2006, Schoffelmeer et al., 2006, Hojo
et al., 2008). Additionally, recent studies report increased abundance of CB1r-heterodimers
and opioid receptor-heterodimers in response to chronic drug exposure or repeated receptor
stimulation (Kearn et al., 2005, Gupta et al., 2010). Potential implications of GPCR
heterodimerization include altered subcellular localization or ligand binding properties, in
addition to changes in signal transduction (Rios et al., 2001, Terrillon and Bouvier, 2004).

b. Cannabinoid-opioid system cross-talk
Downstream evidence of cannabinoid modulation of the opioid system can be observed
through the many accounts in the literature of cannabinoid-opioid synergy, cross-agonism,
cross-antagonism, and cross-tolerance (Manzanares et al., 1999, Lichtman et al., 2001,
Navarro et al., 2001, Valverde et al., 2001, De Vries et al., 2003, Cichewicz, 2004, Fattore et
al., 2005b, Fattore et al., 2007b). Numerous studies have revealed synergistic effects of
cannabinoid-opioid pairings such as CP55,940 & morphine (Welch and Stevens, 1992,
Tham et al., 2005), delta-9-tetrahydrocannabinol (Δ9-THC, psychoactive component of
marijuana) & morphine in an arthritis model (Cox et al., 2007), and Δ9-THC & morphine in
humans (Roberts et al., 2006). Moreover, combined sub-analgesic doses of Δ9-THC and
morphine possessed synergistic antinociceptive properties while circumventing the
development of tolerance inherent to chronic morphine exposure (Cichewicz et al., 1999,
Cichewicz and McCarthy, 2003, Cichewicz, 2004, Smith et al., 2007). Cannabinoids have
also been shown to exert cross-antagonism within the opioid system (Vigano et al., 2005a).
Similar studies have implicated the endogenous cannabinoid system in opioid dependence,
as inhibition of cannabinoid receptor signaling with the cannabinoid receptor antagonist
SR141716A during chronic opioid exposure reduced opioid withdrawal signs (Rubino et al.,
2000, Mas-Nieto et al., 2001). Additionally, cross-sensitization to the behavioral effects of
cannabinoids and opioids have also been demonstrated (Cadoni et al., 2001).

The mechanisms through which cannabinoids are able to modulate the opioid system may be
through alterations in the level of endogenous opioids or their receptors, or via changes in
G-protein mediated signaling through the opioid receptors or MOR-CB1r complexes (Figure
1). Numerous studies have reported changes in the levels of endogenous opioids following
cannabinoid administration, suggesting a regulatory role for CB1r in endogenous opioid
release (Corchero et al., 1997a, Manzanares et al., 1998, Corchero et al., 1999, Valverde et
al., 2001). For instance, repeated Δ9-THC treatments increased the expression of
endogenous opioid peptides in the rat spinal cord (Corchero et al., 1997a). Alternatively, the
direct interaction of CB1r and MOR has also been postulated as the mechanism for
cannabinoid modulation of the MOR system. Resonance energy transfer studies reveal close
associations between CB1r and MOR, while anatomical studies display the co-localization
of these receptors in shared cellular compartments (Rodriguez et al., 2001, Salio et al., 2001,
Pickel et al., 2004). Devi's group has proposed that cannabinoid and opioid receptors exist as
heterodimeric systems that physically interact to integrate independent signal pathways
(Rios et al., 2006). These receptor systems may also interact at the level of their intracellular
signaling molecules. In addition to baseline receptor similarities, several studies have
revealed cannabinoid-induced changes in MOR-dependent G-protein activation through
GTPγS binding assays (Corchero et al., 1999, Vigano et al., 2005b, Ellgren et al., 2006,
Rios et al., 2006). Cannabinoid-opioid crosstalk can also be observed through receptor
expression levels, as repeated administration of Δ9-THC regulates MOR density in a time
and region-dependent manner (Corchero et al., 2004b). Although the functional relationship
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between opioid and cannabinoid systems is becoming better established, the specific
mechanisms of their interaction in the LC and associated circuits remain to be elucidated.

Shifts in the subcellular distribution of MOR during opioid withdrawal may bring this
receptor into close proximity with the cannabinoid receptor, promoting direct receptor
associations. Unlike most cell-membrane bound GPCRs, the cannabinoid receptor has a
predominantly intracellular distribution in the brain (Rozenfeld, 2010). The distribution of
CB1r within somatodendritic structures in the LC agreed with this distribution pattern
(Scavone et al., 2010). Interestingly, in the LC somatodendritic MOR was observed to shift
from its typical plasmalemmal localization to an intracellular distribution in response to
naltrexone precipitated opioid withdrawal (Scavone and Van Bockstaele, 2009). If CB1r and
MOR have similar subcellular distribution patterns during opioid withdrawal situations,
hetero-dimerization may be a distinct possibility. Using cannabinoids to target this
heterodimer during opioid withdrawal may then influence not only cannabinoid signaling,
but perhaps also restore normalcy to dysregulated opioid pathways.

In addition to the possibility of direct CB1r-MOR associations, cannabinoid-opioid
interactions may also occur at the signal transduction level since both receptors signal
through the Gi/o alpha subunit, targeting the cAMP pathway. During opioid withdrawal,
studies have demonstrated increased abundance of Gi/o alpha in the coeruleo-cortical
pathway during opioid withdrawal (Nestler et al., 1989, Nestler, 1992). If compensatory
changes in CB1r signaling transduction occur during opioid withdrawal, this may also
account in part for the efficacy of cannabinoids in reducing opioid withdrawal signs
observed both in preclinical and clinical studies.

Cannabinoid modulation of endogenous opioid synthesis and release is yet another candidate
mechanism that may contribute to WIN-mediated attenuation of opioid withdrawal signs
(Figure 2). Cannabinoid agonists have been shown to facilitate endogenous opioid signaling.
Acute exposure to cannabinoid agonists increased extracellular levels of endogenous opioids
(Pugh et al., 1995, Pugh et al., 1996, Pugh et al., 1997, Houser et al., 2000), and chronic
cannabinoid exposure increased the abundance of endogenous opioid precursors such as
prodynorphin, proenkephalin and pro-opiomelanocortin (Corchero et al., 1997a, Corchero et
al., 1997b, Manzanares et al., 1998). Cannabinoid stimulation of endogenous opioid release
has been linked to the attenuation of opioid withdrawal in an animal model. Exposure to Δ9-
THC enhanced enkephalin release in the NAc attenuated the signs of naloxone-precipitated
withdrawal (Valverde et al., 2001). Similar approaches could be taken within the coeruleo-
cortical pathway to determine whether the WIN interventions used to attenuate withdrawal
in morphine-dependent rats also facilitate endogenous opioid release within the LC.
Anatomical studies in the LC demonstrated that pre-synaptic CB1r-positive terminals
contacted mu-opioid receptor-containing dendrites (Scavone et al., 2010). Presynaptic CB1r
may be poised to regulate or facilitate neurotransmitter and neuropeptide release on to LC
neuron; enkephalin release may help to stabilize the LC during opioid withdrawal.

c. Implications of cannabinoid-induced alterations in opioid function in the LC
We previously identified important opposing CRF and opioid influences on LC activity and
that changes in the sensitivity to one neuromodulator altered sensitivity to the other.
Specifically, we showed that chronic opiate administration selectively increased the
sensitivity of LC neurons to CRF (Xu et al., 2004). This was apparent as an increased
magnitude of activation produced by microinfused CRF, as well as by stress. More
importantly, sensitization of LC neurons to CRF in chronic morphine rats translated to a
change in the behavioral repertoire in response to a challenge (Xu et al., 2004) Thus,
exposure of morphine-dependent rats to swim stress resulted in excessive climbing at times
when control rats would adopt a passive coping strategy of immobility. Climbing behavior
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in this model has been linked to activation of the brain norepinephrine system (Detke et al.,
1995). This represents an example of how the level and mode of LC activity is the result of a
balance of neuromodulators that are engaged and active at a particular time. The mechanism
by which chronic opioids induce postsynaptic sensitization to CRF in LC neurons is
currently unknown, although many changes in intracellular signaling systems within LC
neurons have been documented to occur as a result of chronic opiate administration and
these could contribute to altered postsynaptic sensitivity to CRF (Nestler et al., 1999).

Along these lines, it is critical to determine how repeated cannabinoid use affects MOR
function in the LC. As cannabinoids significantly affect behavioral regulatory processes
known to be LC-specific, such as the modulation of attention, arousal, anxiety and stress
(Muntoni et al., 2006, Nestler, 1999), cannabinoid-induced alterations in MOR activity
within the LC may likely sensitize this region to input from stress-related pathways, and
may underlie the behavioral abnormalities and cognitive deficits seen with repeated
cannabinoid use. Long-term cannabinoid use is associated with a syndrome of cognitive
impairment that notably includes significant attentional dysfunction, and anxiety and stress
disorders (Chaperon and Thiebot, 1999, Lundqvist, 2005, Demuth and Molleman, 2006).

V. Potential Therapeutic Targets of Cannabinoid-Opioid Interactions
a. Cannabinoid-induced decreases in opiate withdrawal expression

In the area of therapeutic utility, cannabis can be recommended as a palliative medical
alternative for patients with multiple sclerosis and spinal cord problems where it has been
shown to alleviate pain, muscle spasms and convulsions. In addition, it can be recommended
to cancer and AIDS patients in order to prevent vomiting and nausea, which result as side
effects of chemotherapy, radiation therapy and antiretroviral medications. It also stimulates
appetite in people who suffer from this medical condition. Similarly, the therapeutic use of
marijuana slows chronic pain and helps attenuate the tics in patients with Gilles Tourette's
syndrome. It also may be useful both in the reduction of physical and stress-related
symptoms, which occur following the cessation of drug abuse. However, cannabis plays no
role in curing these conditions, but only acts to ease their symptoms. Even in the
abovementioned cases, there exist contraindications, and cannabis use is not recommended
for use in patients with psychotic disorders and psychological or heart problems, cardiac
arrhythmias, heart failure or patients who have had angina or a heart attack. Currently
Dronabinol and Nabilone as cannabinoids are available for clinical use, but there are few
studies reporting on their real effectiveness.

Because the cannabinoid system interacts so closely with the opioid system, the cannabinoid
receptors are attractive potential therapeutic targets. Despite this, assessment of cannabis for
the reduction of opioid withdrawal has been limited to qualitative survey data rating the
efficacy of illicit substances for withdrawal symptoms (Hermann et al., 2005). At present,
strict regulation of cannabinoid compounds and political controversy prevent rigorous
clinical assessment of cannabinoid testing in the clinical setting. However in the absence of
controlled clinical studies, data from experimental animal models provide an excellent
source of information regarding potential therapeutic cannabinoid regimens. A number of
preclinical studies investigating cannabinoid modulation of opioid dependence and
withdrawal may have therapeutic implications for the treatment of the opioid withdrawal
syndrome in the clinical population. Clinically, withdrawal from heroin or prescription
opioids is characterized by a host of quantifiable physical and emotional symptoms that may
include muscle aches and pain, agitation and anxiety, nausea, gastrointestinal upset,
tachycardia, rhinorrhea, and chills (Wesson and Ling, 2003). Similarly, in animal models of
opioid dependence, withdrawal behaviors can be quantitatively assessed to determine
whether cannabinoids can mediate the opioid withdrawal syndrome (Gellert and Holtzman,
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1978, Fernandez Espejo et al., 1995). The use of various cannabinoid agents designed to
augment or block cannabinoid signaling has been tested to determine their effects on the
development of opioid dependence and the expression of opioid withdrawal.

By targeting the cannabinoid system and in turn modulating opioid signaling in
noradrenergic cells, it may be possible to reduce the severity of opiate withdrawal signs
(Figure 3). Numerous studies have demonstrated that endocannabinoid or delta-9-
tetrahydrocannabinol (Δ9-THC) exposure during morphine withdrawal in both mice and rats
reduces the severity of morphine withdrawal symptoms (Frederickson et al., 1976, Vela et
al., 1995, Lichtman et al., 2001, Valverde et al., 2001, Yamaguchi et al., 2001, Del Arco et
al., 2002, Cichewicz and Welch, 2003). Several studies have displayed the potential of
endocannabinoid interventions for normalizing opioid system dysfunction. Attenuation of
morphine-withdrawal has also been achieved via administration of the endogenous
cannabinoids 2-arachidonoylglycerol and anandamide (Vela et al., 1995, Yamaguchi et al.,
2001). Common withdrawal behaviors diminished due to Δ9-THC administration were
jumping, weight loss, head shakes and paw tremor, although findings varied considerably
depending upon dosing paradigm (Vela et al., 1995, Lichtman et al., 2001, Yamaguchi et al.,
2001). Peripheral effects of naloxone-precipitated withdrawal were also attenuated by Δ9-
THC in guinea pig ileum (Frederickson et al., 1976). Only one study to date has tested the
efficacy of a synthetic cannabinoid agonist, and found that HU210 was similarly efficacious
to Δ9-THC and the endocannabinoid 2-arichidonoylglycerol (2-AG) in reducing instances of
paw tremor and jumping behavior. Interestingly, administration of Δ9-THC was shown to
attenuate signs of morphine withdrawal through facilitation of endogenous enkephalin
release (Valverde et al., 2001), an endogenous opioid that targets the opioid receptors in the
LC (Johnson et al., 2002, Barr and Van Bockstaele, 2005). This finding is especially
important given that endogenous peptide levels are decreased in response to chronic opioid
exposure in LC pathways (Van Bockstaele et al., 2000).

Cannabinoid antagonists may also have therapeutic utility if administered prior to the
development of opioid withdrawal. Modulation of opiate withdrawal behavior, associated
protein expression, and morphine-sensitivity has also been achieved by administration of
cannabinoid receptor antagonist SR141716A in chronic opiate-exposed rodents (Rubino et
al., 2000, Lichtman et al., 2001, Navarro et al., 2001, Singh et al., 2004, Vigano et al.,
2004). Along similar lines, cannabinoids also appear to modulate heroin seeking behaviors,
though there is debate in the literature as to the nature of these effects. Several groups have
shown that SR141716A can negate the reinforcing and motivational properties of heroin in
animals trained to self administer the drug (Navarro et al., 2001, De Vries et al., 2003,
Fattore et al., 2005b). Others provide evidence for Δ9-THC-mediated enhancement of
opioid self-administration (Solinas et al., 2004, Ellgren et al., 2007), which may also support
a role for cannabinoid antagonists in the prevention of heroin-seeking. Collectively, these
findings support the presence of functional crosstalk between cannabinoid and opioid
systems and the ability to demonstrate this phenomenon using a variety of models and
addiction paradigms.

b. Insights into Potential Cannabinoid-Opioid Therapeutic Targets from the Clinic
The debate surrounding medicinal cannabinoids has received added attention recently as
regulatory concerns may prevent full consideration of studies that report multiple clinical
applications for cannabinoids (Cohen, 2009a, b, 2010). Applications for medicinal
cannabinoids that are already under investigation include the treatment of nausea, anorexia,
neurodegeneration, inflammation, excito-toxicity and pain. The appetitive and anti-emetic
properties of cannabinoids have led to the approval of their use in chemotherapy and AIDS
patients. There is growing evidence for therapeutic cannabinoid effects on inflammatory and
excito-toxic cellular processes that are linked to epilepsy, Parkinson's disease, amyotrophic
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lateral sclerosis, spasticity, and CNS injury (Robson, 2001, Ramirez et al., 2005, Steffens et
al., 2005, Machado Rocha et al., 2008, Garcia-Arencibia et al., 2009, Onaivi, 2009, Bosier et
al., 2010, Fernandez-Ruiz et al., 2010, Gowran et al., 2010). Increasing numbers of
publications have reported on the critical role of the cannabinoid system in addiction and
substance abuse (Fattore et al., 2007a, 2008, Bosier et al., 2010), as well as the potential for
potent modulation of the opioid system by cannabinoids (Fattore et al., 2005a, Lopez-
Moreno et al., 2010, Robledo, 2010, Tucci, 2010).

Despite increasing accumulations of preclinical data suggesting that cannabinoid benefits
may outweigh the risks in certain serious medical conditions, political conflict over the
legalization of medicinal marijuana continues to preclude a smooth transition of these
preclinical studies into clinical trial testing. This may persist in the near future as state and
federal government debates over cannabis regulations continue. However, there are many
therapeutic alternatives to smoking or ingested cannabis. The development of compounds
designed to modulate endocannabinoid levels or the use of synthetic cannabinoids with well-
defined pharmacological properties may address many of the concerns associated with
legalization of medical marijuana. In the meanwhile, indirect approaches can be taken to
assess cannabinoid modulation of the opioid system among individuals in treatment for
substance abuse. Co-abuse of cannabis and opioids is quite common in substance abusers,
and investigation of this polydrug use may provide clues as to how cannabinoid-opioid
interactions play out in the substance abuse treatment setting.

c. Concurrent Cannabis and Opioid Use
Cannabis use is particularly widespread among opioid-dependent individuals (Nurco et al.,
1988, Nirenberg, 1996), and numerous studies have examined the concurrent use of
cannabis and opioids. Within those seeking treatment for opioid dependence, cannabis is
consistently reported to be among the most frequently co-abused substances, along with
benzodiazepines and cocaine. Estimates of cannabis use in clients have ranged anywhere
from 20% to 95% of the population (Saxon et al., 1990, Nirenberg, 1996, Budney et al.,
1998, Church et al., 2001, Epstein and Preston, 2003, Nixon, 2003, Aharonovich et al.,
2005). The prevalence of cannabis use varies by geographical location, likely due to the
associated changes in drug availability, cost, and potency. Nonetheless, despite this
variability, cannabis use remains a prominent characteristic of the drug use profile of many
opioid users. Among those prescribed chronic opioid therapy for pain, cannabis use was
significantly more common than in the general population in every age group (Reisfield et
al., 2009). Based on these observations, co-abuse of cannabis and opioids has become the
focus of many clinical research initiatives.

The prevalence of cannabis use has been established within a number of methadone
maintenance programs by urinary drug screen (UDS). For example, Marammani observed
within a cohort of 1090 heroin-dependent individuals presenting for methadone maintenance
between 1994 and 2005, that 64.6% of men and 57.1% of females reported concurrent
opioid and cannabis use when entering treatment (Maremmani et al., 2010). One study of 98
males on MMT found that 55.1% used cannabis during treatment (Saxon, 1993), while
another study reported an even higher 79% rate of use (Nirenberg, 1996). Cannabis use was
evaluated prior to and during treatment in a sample of 196 persons in an Israeli methadone
maintenance program. At treatment intake, 25% reported current cannabis use, and 52% had
at least one cannabis-positive UDS during the first year of treatment. Approximately one-
third of the sample met the cannabis abuse criteria, and used cannabis for at least three
consecutive months during treatment (Weizman et al., 2004). In a study designed to
determine predictors of relapse in 74 heroin-dependent individuals, 47.3% of the
methadone-maintained sample reported using cannabis during the 8-week study period
(Wasserman et al., 1998). Finally, in a retrospective analysis of cannabis use from three
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clinical trial cohorts on methadone maintenance (n=408), 30.6% of the individuals in care
were categorized as occasional users (≤1/6 UDS cannabis positive), while 23.3%
demonstrated frequent use (>1/6 UDS positive) (Epstein and Preston, 2003).

Cannabis use has also been examined among individuals participating in other opioid-
dependence treatment modalities. As part of a buprenorphine and behavioral therapy
treatment trial, Budney, et al. reported that 66% of their sample of opioid dependent patients
tested positive for cannabis use at least once during the 26–32 week study period; users of
cannabis had an average of 45% of UDS result in cannabis-positive findings (Budney et al.,
1998). Among 47 individuals on a 6-month outpatient naltrexone therapy program, cannabis
use was also prevalent, observed in at least once in 68% of the sample with an average of
47% of all UDS's being cannabis-positive (Church et al., 2001). Raby (2009) observed only
38.1% of 63 opiate dependent individuals were cannabis abstinent during outpatient
naltrexone treatment, while 28.6% were intermittent cannabis users, and 33.3% were
classified as consistent cannabis users (Raby et al., 2009).

Longitudinal studies over the course of treatment have also revealed interesting trends.
While some have observed levels of cannabis use to remain stable or increase early in
treatment (Raby et al., 2009), other have failed to demonstrate this effect (Gottheil et al.,
1993, Weinstein et al., 1993). In a study comparing the rates of cannabis use at months one,
six, and twelve of maintenance treatment, there were differences between methadone and
heroin maintenance. Among those on methadone maintenance, rates of cannabis-positive
UDS fall from 63% at the start of treatment to 57.1% six months later, finally dropping to
48.5% at the one-year mark. Meanwhile those on heroin maintenance increase over the
study period from 54.5% to 69.5% (Musshoff et al., 2009).

d. Cannabis Use During Treatment for Opioid Dependence
Investigations of the effects of cannabis in opioid-dependent individuals have often focused
upon the impact of cannabis use on treatment for opioid dependence. Among the outcomes
assessed were treatment retention, illicit drug use, medication compliance, relapse, risk
behaviors and opioid withdrawal signs. However, to date the findings remain equivocal as
the as to the impact of cannabis use on outcomes of medication assisted treatment.
Additionally, numerous studies provide neutral evidence that cannabis use does not appear
to significantly alter the course of treatment for opioid addiction.

Other illicit drug use rates do not appear to increase during treatment for opioid dependence
among those using cannabis. There were no significant correlations between cannabis use
and the likelihood of testing positive for opioid, benzodiazepine or cocaine use in a group of
buprenorphine-treated persons (Budney et al., 1998), or in methadone-maintained
individuals (Saxon, 1993, Epstein and Preston, 2003, Scavone et al., 2013). Findings from a
meta-analysis on predictors of substance use in treatment-seeking opioid dependent
individuals found evidence for concurrent cannabis and opioid use during treatment, but no
prospective effects of cannabis on increased opioid use following completion of treatment
(Brewer et al., 1998). Several studies have demonstrated that retention in treatment for
opioid dependence was unaffected by the use of cannabis either prior to or during treatment
(Saxon, 1993, Budney et al., 1998, Epstein and Preston, 2003, Weizman et al., 2004).
However the long-term nature of MMT often renders retention a poor indicator of overall
treatment outcome. Among MMT patients, chronic cannabis use also did not alter control of
heroin craving and withdrawal signs (Nava et al., 2007). Additionally, no increases in
psychological distress, infectious disease, and risk-taking behavior were observed within a
cohort of methadone-maintained individuals testing positive for cannabis use (Weizman et
al., 2004). Cognitive function and employment were not found to be significantly different
between cannabis-users and cannabis-abstinent individuals undergoing MMT (Saxon, 1993).
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Moreover, regardless of cannabis use, disruptions in normal hypothalamic-pituitary-adrenal
(HPA) axis function due to opioid abuse were restored to normal following methadone
maintenance treatment (Nava et al., 2007).

We recently examined the question of cannabis use in a longitudinal fashion ina sample of
individuals seeking outpatient medication assisted treatment. Retrospective chart analysis
was used and examined past and present cannabis use and its association with opiate
abstinence, dose stabilization, and indices of treatment compliance. Consistent with the
literature, objective rates of cannabis use were high during methadone induction, dropping
significantly following dose stabilization. History of cannabis use correlated with cannabis
use during MMT, but did not appear to negatively impact the methadone induction process.
Pilot data also suggested that objective ratings of opiate withdrawal decreased in MMT
patients using cannabis during stabilization. The present findings may point to novel
interventions to be employed during treatment for opiate dependence that specifically target
cannabinoid-opioid system interactions (Scavone et al., 2013).

While much of the existing research finds a lack of evidence for harmful cannabis effects on
treatment for opioid-dependence, several studies have revealed detrimental associations
across diverse populations. Cannabis use was associated with more rapid lapse to heroin use
within a cohort enrolled in MMT (Wasserman et al., 1998). While no impact of cannabis use
on treatment outcome was noted within an outpatient buprenorphine treatment trial coupled
with behavioral therapy, cannabis use was associated with drug dealing and needle sharing
factors (Budney et al., 1998). Interestingly, following inpatient treatment for substance
abuse, post-discharge cannabis use was associated with faster relapse to alcohol and cocaine
use, but was unrelated to heroin use (Aharonovich et al., 2005). However, among
individuals receiving chronic opioid therapy for pain, the presence of cannabis use was a
positive predictor of future opioid misuse (Reisfield et al., 2009). Within the general
population, cannabis use was also strongly associated with increased risk for other substance
use and dependence (Degenhardt et al., 2001).

Interestingly, several studies have demonstrated that under certain circumstances, cannabis
use can be associated with positive treatment prognosis among opioid-dependent cohorts.
For example, Epstein and Preston (2003) found that cannabis abuse and dependence were
predictive of decreased heroin and cocaine use during treatment. Intermittent use of cannabis
(defined as ≥1 but ≤ 99% positive drug screens) was associated with a lower percentage of
positive opioid UDS and improved medication compliance on naltrexone therapy (Church et
al., 2001). Similarly, associations of intermittent or occasional cannabis use with improved
retention in treatment for opioid dependence have also been reported (Ellner, 1977, Raby et
al., 2009). Among opioid-dependent individuals undergoing naltrexone therapy, intermittent
cannabis users (with 1–80% of UDS positive for cannabis) fared better than cannabis
abstinent or consistent cannabis users in terms of treatment retention and medication
compliance (Raby et al., 2009 010 #715, Lopez-Moreno et al., 2010, Robledo, 2010).

An important consideration is the response to cannabinoid therapies in the substance-
dependent population, which may differ significantly from drug naïve or recreational
substance users. Within adolescents, frequent cannabis use doubles the risk for depression
and anxiety, and significantly decreases multiple indices of psychosocial functioning (Brook
et al., 1999, Brook et al., 2002, Patton et al., 2002). Indisputably, chronic cannabis exposure
in large doses has negative psychological and health consequences (Hollister, 1986, Kendler
and Prescott, 1998, Budney and Moore, 2002, Patton et al., 2002, Lundqvist, 2005, Rubino
and Parolaro, 2008). However, obvious differences would be expected in the responses to
cannabinoid exposure in the opioid dependent population given the many physiological
adaptations that occur with long-term drug exposure and typical psychiatric co-morbidity.
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The risks associated with cannabis use in the opioid-dependent population must be weighed
against the prospective benefit of successful substance abuse treatment outcomes and the
prevention of the much greater risk and harm association with opioid addiction.

VI. Conclusions
Opioid dependence and withdrawal are complex biological processes that appear to be
subject to the influence of cannabinoids. The findings from basic and pre-clinical studies in
rodent models highlight several potential mechanisms through which cannabinoids may
modulate the phenomenon of opioid withdrawal, and call attention to the importance of
cannabinoid-opioid interactions within noradrenergic brain circuits such as the coeruleo-
cortical pathway. Preclinical studies that continue to explore the safest and most effective
means of using cannabinoids to target disrupted noradrenergic circuits will be central to the
progress within this field of research. Like many pharmacological therapeutics, the use of
cannabinoids does not come without risk and will continue to require assessment of the
impact of its use to treat conditions such as opioid withdrawal in humans. Determining
whether cannabinoids have therapeutic efficacy in clinical populations similar to that
reported in animal models will be extremely important. Ultimately, the knowledge gained
from the preclinical and clinical research studies described within this review highlights
important and exciting new avenues for future research that continue to investigate
cannabinoid effects on noradrenergic circuit dysfunction during opioid dependence and
withdrawal. Future studies may contribute to the development of novel cannabinoid-based
therapeutics that provide clinicians an additional tool to support the recovery of opioid-
dependent persons undergoing treatment.
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Figure 1.
Schematic illustration depicting putative interactions between the cannabinoid and opioid
systems in LC neurons (see text for details). Using a combination of behavioral, biochemical
and neurochemical approaches, chronic cannabinoid administration has been shown to
increase multiple indices of noradrenergic activity, including increases in tyrosine
hydroxylase (TH) expression in the LC (Western blot, bottom right). In contrast, chronic
administration of a CB1r agonist decreases MOR expression in the LC (Western blot, top
left). Opioid and cannabinoid receptors mediate common signaling pathways central to
clinical issues of tolerance, dependence and addiction. The interaction of these receptor
systems is supported by findings of cross-tolerance, mutual potentiation, and receptor cross-
talk. Downstream effectors of CB1r modulation could lead to altered neuronal excitability
and to alterations in opioid receptor signaling that are central to the etiology of anxiety,
stress–related dysfunction and the management of pain.
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Figure 2.
Sites of action for CB1r modulation of noradrenergic circuitry include noradrenergic and
GABAergic axon terminals in the frontal cortex, noradrenergic cell bodies in the LC as well
as CB1r modulation of afferent input to the LC. Modulation of CB1r localized to
presynaptic axon terminals in the LC, many of which are of the excitatory-type, may
contribute to an attenuation of glutamatergic drive, a well-characterized hallmark of opiate
withdrawal.
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Figure 3.
Emerging knowledge of how the LC-norepinephrine system is regulated by stressors and
determinants of sensitivity of LC neurons to prolonged opioid exposure is an important step
in understanding and alleviating stress-induced relapse to drug abuse. Engagement of the
endocannabinoid system in modulation of noradrenergic neurons could lead to altered
neuronal excitability that improve behavioral dysfunction observed in anxiety, stress–related
dysfunction and opiate dependence and withdrawal.
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Medical Cannabis in Arizona: Patient
Characteristics, Perceptions, and
Impressions of Medical Cannabis

Legalization
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Abstract — Many advances have been made toward understanding the benefits of medical cannabis.
However, less is known about medical cannabis patients themselves. Prior research has uncovered
many important patient characteristics, but most of that work has been conducted with partici-
pants in California, who may not represent medical cannabis patients throughout the United States.
Furthermore, it is unknown if medical cannabis legalization, which typically imposes strict regula-
tions on cannabis cultivation and sale, impacts patients’ experiences acquiring and using cannabis. The
goal of this study was to address these limitations by (1) examining the characteristics, perceptions,
and behaviors of medical cannabis patients in Arizona; and (2) questioning participants with a history
of cannabis use regarding their experiences with cannabis before and after legalization. Patients in
Arizona share many characteristics with those in California, but also key differences, such as average
age and degree of cannabis consumption. Participants also had positive perceptions of the effect of
medical cannabis legalization, reporting that feelings of safety and awareness were higher after legal-
ization compared to before. The results are discussed in relation to evidence from patients in other
states and in terms of their potential policy implications.

Keywords — Arizona, medical cannabis, medical cannabis legalization, patient characteristics,
perceptions

Support for the use of cannabis for medical purposes
is growing throughout the United States. To date, 23 states
and the District of Columbia have enacted laws legaliz-
ing medical cannabis, and 16 states have similar legislation
under consideration. Recent polls also show that the major-
ity of Americans believe that cannabis should be legal-
ized for medical purposes (Anderson Robbins Research
& Shaw & Company Research 2013; Associated Press-
CNBC 2010), and the popularity of this sentiment has
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increased over time (Anderson Robbins Research & Shaw
& Company Research 2013).

Support may be on the rise, in part, due to research that
shows the potential therapeutic effects of medical cannabis.
Animal studies, for example, show that cannabis-derived
extracts mitigate cancer cell proliferation and tumor growth
(Aviello et al. 2012) and have antidepressant-like effects
(Jiang et al. 2005). Studies also show that cannabis may
be beneficial for humans. Bar-Sela and colleagues (2013)
found that nausea, vomiting, weight loss, sleep disorders,
and pain were reduced in cancer patients after 6–8 weeks of
cannabis use. Studies also show that cannabis significantly
reduces chronic pain (see Lynch and Campbell 2011),
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inflammatory bowel disease (Allegretti et al. 2013), post-
traumatic stress disorder (Greer, Grob, and Halberstadt
2014), and seizure disorders (Lorenz 2004).

Although many advances have been made in under-
standing the benefits of medical cannabis, less is
known about US medical cannabis patients themselves.
Demographically, most patients are White, male, and
approximately 35 to 45 years of age (Bonn-Miller et al.
2014; Grella, Rodriguez, and Kim 2014; Ryan-Ibarra,
Induni, and Ewing 2015; Aggarwal et al. 2013; Ilgen
et al. 2013; Nunberg et al. 2011; Reinarman et al. 2011;
Aggarwal et al. 2009; Reiman 2009; O’Connell and Bou-
Matar 2007; Harris et al. 2000). Most patients report
medicating with cannabis daily (Bonn-Miller et al. 2014;
Ilgen et al. 2013; Reinarman et al. 2011; O’Connell and
Bou-Matar 2007), consuming six to nine grams of cannabis
per week (Bonn-Miller et al. 2014; Reinarman et al. 2011;
O’Connell and Bou-Matar 2007), and prefer inhalation as
the method of consumption (O’Connell and Bou-Matar
2007).

Studies also show that the majority of patients use
medical cannabis to relieve pain. However, patients also
report using cannabis to treat a variety of other conditions,
including anxiety, sleep apnea, hypertension, incontinence,
and depression (Aggarwal et al. 2013; Nunberg et al. 2011;
Reinarman et al. 2011). Generally, patients report that med-
ical cannabis is effective for helping them manage their
condition(s) (Bonn-Miller et al. 2014; Ryan-Ibarra, Induni,
and Ewing 2015; Aggarwal et al. 2013; Harris et al. 2000).
For example, Aggarwal and colleagues (2013) found that,
on a scale from 1 to 10, where 10 indicated absolute
symptom control, patients reported that cannabis provided
symptom control in the range of 7 to 10 across a vari-
ety of conditions. Patients also often reduce their use of
other medications (i.e., prescription and over-the-counter
drugs) when using medical cannabis (Nunberg et al. 2011;
Aggarwal et al. 2009; Reiman 2009, 2007).

Though these studies are informative, one limitation is
that most were conducted with samples of patients living
in California. California patients may not represent those
living in other areas of the country because the regula-
tions that govern patients in California are different from
those in other states. For example, residents of California
may legally obtain medical cannabis to treat a number
of ailments, including any chronic or persistent condition
that considerably limits major life activities or that, if not
alleviated, may compromise the patient’s safety or health
(California Senate Bill 420 2003). Because the list of con-
ditions for which the legal medical use of cannabis is
granted in other states is often less inclusive, patients from
these states may differ from those in California.

Considering that medical cannabis has been legalized
in many states, there is an opportunity to paint a more com-
prehensive picture of American medical cannabis patients
by conducting similar studies in other geographic locations.

Scientists have begun to conduct such research through
the examination of patients living in Washington State
(Aggarwal et al. 2013, 2009) and Michigan (Ilgen et al.
2013). Our first goal was to continue this line of research
by studying medical cannabis patients in Arizona. To aid
comparisons with previous research, we assessed patient
characteristics, behaviors, and perceptions that have been
examined in prior studies. These included patterns of use
(e.g., frequency of consumption, amount of consumption,
preferred method of consumption), degree of relief expe-
rienced when using medical cannabis, and use of other
medications.

In addition to the limited research on medical cannabis
patients outside of California, to our knowledge there has
been no systematic examination of patients’ perceptions of
the outcomes of medical cannabis legalization. One objec-
tive of legalizing cannabis for medical use is to safeguard
its acquisition and production, which often involves strict
regulation of its cultivation and sale. For instance, the
rules and regulations of the Arizona Medical Marijuana
Program require that those authorized to operate medical
cannabis dispensaries and cultivation facilities enact strict
security policies and procedures (Arizona Department of
Health Services Medical Marijuana Rules 2012). In addi-
tion, many dispensaries and facilities employ third-party
laboratories to test cannabis products for possible contami-
nants. However, it is unknown if such regulations translate
to changes in patient safety or product quality.

Because individuals who use cannabis medicinally are
those most affected by these regulations, surveying patients
regarding their experiences purchasing and using medi-
cal cannabis may uncover the changes legalization has
had on patient safety and product quality. In particular,
patients with a history of using cannabis medicinally prior
to legalization can provide their perspective on the changes
that legalization has generated. The second goal of the
present study was to determine the effectiveness of mea-
sures invoked to regulate and secure the cultivation and
sale of medical cannabis by examining the perceptions
of patients that used cannabis medicinally prior to legal-
ization. Patients were asked to compare their perceptions
of safety, product knowledge, and the effectiveness of
cannabis for treating their condition(s) before and after
legalization. Because of the regulations imposed with the
legalization of medical cannabis, we hypothesized that
patients would feel greater safety, have better knowledge,
and that cannabis effectiveness would be greater after
legalization.

METHOD

Participants and Procedures
Participants were 367 patients recruited from four

medical cannabis dispensaries located throughout Arizona.
The majority of the patients were male (63.8%), and
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ranged from 18 to 83 years of age (M = 45.78 years;
SD = 13.76 years). Most of the patients were White
(86.4%), whereas the rest were Hispanic (6.3%), Black
(2.5%), Native American (1.9%), Asian (0.8%), or Other
(2.1%). These figures are similar to those reported by the
Arizona Department of Health Services (2014) for this
patient population.

To protect patient confidentiality, the authors did not
directly contact patients, but approached dispensary owners
to request assistance in recruiting participants. Dispensary
owners informed their patients of the study, and interested
patients were directed to a website that provided infor-
mation about the research, including a description of the
study, an explanation of patients’ rights as participants,
and information regarding the collection and storage of
participant responses (i.e., responses were anonymous and
would be stored on a password-protected server and/or
computer only accessible to the researchers). If the patient
agreed to participate, he or she checked a box indi-
cating his or her agreement and the survey questions
appeared.

Measures
Patient conditions. Participants were asked to select

from an extensive list of conditions for which they use
medical cannabis to control or treat. For each condition
selected, participants completed subsequent questions and
rated them on five-point Likert-type scales regarding the
degree of relief experienced overall (1 = No relief at all;
5 = Almost complete relief), the degree of relief compared
to other medications (1 = Much less relief; 5 = Much
more relief), and the use of other medications since using
medical cannabis (1 = I use other medications much less
frequently; 5 = I use other medications much more fre-
quently). Higher scores indicated greater relief or more
frequent use of other medications.

Patterns and methods of cannabis use. Patients
reported on the frequency (“On average, how frequently
do you medicate with medical cannabis?”: “Less than
once per month” to “Several times per day”) and amount
(“On average, how much medical cannabis do you con-
sume in a month?”: “Less than one gram” to “More than
one ounce”) of consumption. Patients also completed a
single-item measure regarding their preferred method of
consumption (smoking, edibles, tinctures, vaporizing, raw
consumption, or oils).

Perceptions of prior medical cannabis users.
Participants were asked if they had used cannabis to
treat their condition(s) before its legalization in Arizona.
Those who replied “yes” were asked to complete four
additional items. These items included the perceived
safety of acquiring cannabis (“Compared to when you did
not have a medical marijuana card, acquiring cannabis
as a medical marijuana card holder feels”: 1 = Much
more dangerous; 5 = Much safer), knowledge of strain

characteristics (“Compared to when you did not have a
medical marijuana card, your knowledge of what strain
you are acquiring and its characteristics is”: 1 = Much
worse; 5 = Much better), confidence in a safe product
(“Compared to when you did not have a medical marijuana
card, your confidence that you are receiving a safe, uncon-
taminated product is”: 1 = Much lower; 5 = Much higher),
and product effectiveness for treating their condition(s)
(“Compared to when you did not have a medical marijuana
card, the effectiveness of the cannabis you receive to
treat your condition is”: 1 = Much worse; 5 = Much
better).

RESULTS

The conditions for which patients reported using med-
ical cannabis are displayed in Table 1. Consistent with pre-
vious research, the majority of patients reported suffering
from chronic pain. Other commonly reported conditions
included anxiety, depression, headaches, insomnia, muscle
spasms, nausea, and stress.

Figure 1 shows the distributions of patients for fre-
quency of cannabis use (Figure 1A), amount of cannabis
consumed per month (Figure 1B), and preferred method of
cannabis consumption (Figure 1C). The large majority of
patients (83.7%) reported using medical cannabis several
times per week or more, with most using medical cannabis
daily (61%). Most patients consumed one-half of an ounce
of cannabis or less per month (78.1%), and the most popu-
lar method of consumption was inhalation (i.e., smoking or
vaporizing; 67.2%).

Perceived Effectiveness of Medical Cannabis
Patients’ perceptions of the effectiveness of medical

cannabis for treating their condition(s) are presented in
Table 1. The values reflect the percent of patients who
reported experiencing, overall, a lot of relief or almost
complete relief from their symptoms and conditions when
using medical cannabis (second column), a little more relief
or much more relief from medical cannabis compared to
other medications (third column), and using other medica-
tions a little less frequently or much less frequently when
medicating with cannabis (fourth column).

For many of the conditions, patients reported that
cannabis was effective for helping them manage their ail-
ments. For example, at least 70% of patients reported
experiencing a lot of relief or almost complete relief for
24 of the 42 conditions. Similarly, for 27 of the 42 con-
ditions, at least 70% of patients reported experiencing
a little more relief or much more relief from medical
cannabis compared to other medications. Finally, at least
70% of patients reported using other medications a little
less frequently or much less frequently for 24 of the 42
conditions.
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TABLE 1
Percent of Patients Who Experience Relief and Less Frequently Use other Medications Due

to Medical Cannabis Use, by Condition

Condition
Number of

patients (%)
General
reliefa

Relief compared to
other medicationsb

Less frequent use of
other medicationsc

Alcohol Dependency 23 (6.3%) 91.30% 100% 100%
Anxiety 181 (49.3%) 82.90% 79.30% 85.90%
Arthritis 90 (24.5%) 63.30% 68.30% 81.20%
Asthma 13 (3.5%) 61.50% 50% 80.00%
ADHD 32 (8.7%) 81.20% 65% 84.60%
Bipolar Disorder 23 (6.3%) 60.90% 90.00% 56.30%
Bowel Distress 38 (10.4%) 78.90% 88.40% 95.40%
Cancer 17 (4.6%) 88.30% 54.60% 78.60%
Carpal Tunnel 15 (4.1%) 40.00% 80.00% 100%
Chronic Pain 318 (86.6%) 76.70% 73.50% 90.20%
Diabetes 26 (7.1%) 38.40% 37.50% 54.10%
Crohn’s Disease 14 (3.8%) 85.70% 75% 81.80%
Depression 106 (28.9%) 82.10% 86.90% 65.10%
Fibromyalgia 26 (7.1%) 76.90% 76.20% 93.80%
Glaucoma 9 (2.5%) 55.50% 50.00% 60%
Headaches 106 (28.9%) 68.90% 73.70% 93.80%
Hepatitis C 11 (3.0%) 45.50% 85.80% 28.60%
HIV 1 (0.3%) 100% 100% —
Huntington’s Disease 1 (0.3%) 100% — —
Hypertension 26 (7.1%) 65.40% 60.00% 46.60%
Insomnia 145 (39.5%) 82.70% 77.40% 81.90%
Loss of Appetite 67 (18.3%) 79.10% 92.30% 88.90%
Multiple Sclerosis 5 (1.4%) 100% 75.00% 33.30%
Muscle Spasms 130 (35.4%) 76.20% 82.10% 91.40%
Muscular Dystrophy 1 (0.3%) 100% 100% —
Nausea 105 (28.6%) 85.70% 87.30% 94.80%
Neuropathy 45 (12.3%) 51.10% 69.70% 60.70%
OCD 17 (4.6%) 64.70% 62.50% 33.40%
Opioid Dependency 8 (2.2%) 75% 60.00% 50.00%
Osteoarthritis 39 (10.6%) 61.50% 66.60% 84%
PTSD 28 (7.6%) 67.90% 92.90% 44.40%
Schizophrenia 2 (0.5%) 100% 100% —
Seizures 15 (4.1%) 80.00% 61.60% 84.70%
Skin Conditions 5 (1.4%) 60.00% 50.00% 50.00%
Sleep Apnea 31 (8.5%) 58.10% 85.00% 66.60%
Stress 164 (44.7%) 87.20% 91.60% 79.10%
Tourette’s Syndrome 4 (1.1%) 100% 100% —
Tremors 6 (1.6%) 50.00% 100% 100%
Vomiting 31 (8.4%) 71.00% 87.50% 82.40%
Wasting 6 (1.6%) 50.00% 66.70% 100%
Weight Loss 24 (6.5%) 62.50% 80.00% 70.00%

aThe percent of patients with this condition who reported that they experienced a lot or almost complete overall relief.
bThe percent of patients with this condition who reported that they experienced a lot or almost complete overall relief.
cThe percent of patients with this condition who reported that they use other medications a little or much less frequently.

Perceived Effects of Medical Cannabis Legalization
Nearly two-thirds of participants (n = 239) reported

using cannabis medicinally prior to legalization. These
patients were asked to compare their current experiences

acquiring, their knowledge of, and their experiences using
medical cannabis to their experiences and knowledge
before legalization. Distributions of the patient’s responses
are shown in Figure 2. Compared to their experiences
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FIGURE 1
Distributions of patient responses, by percentage,
for cannabis-related behaviors and perceptions:

(A) the frequency of patient’s cannabis use; (B) the
amount of cannabis consumed by patients per

month; (C) patient’s preferred mode of cannabis
consumption.
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before legalization, 89.1% of patients reported that acquir-
ing cannabis after legalization felt somewhat safer or much
safer, 80.3% reported that their knowledge of the cannabis
strains they acquired was somewhat better or much better,
85.4% reported that they had somewhat more confidence or
much more confidence that they were purchasing a safe and
uncontaminated product, and 79.5% reported that the med-
ical cannabis was somewhat more effective or much more
effective for treating their condition(s).

DISCUSSION

The goals of this study were to (1) examine the char-
acteristics, perceptions, and behaviors of medical cannabis
patients in Arizona; and (2) question participants with a his-
tory of cannabis use regarding their perceptions of safety
acquiring cannabis, the quality of the cannabis they have
obtained, their knowledge of the cannabis, and its perceived
effectiveness, before and after legalization.

Patient Characteristics, Perceptions, and Behaviors
Consistent with research in other states (Bonn-Miller

et al. 2014; Aggarwal et al. 2013; Ilgen et al. 2013;
Nunberg et al. 2011; Reinarman et al. 2011; Aggarwal
et al. 2009; Reiman 2009; O’Connell and Bou-Matar 2007;
Harris et al. 2000), participants in the present study were
mostly White men. Average patient age, approximately
46 years, differed from that in other states. For exam-
ple, average ages reported in studies of patients from
California range from 28 to 41 years (Bonn-Miller et al.
2014; Grella, Rodriguez, and Kim 2014; Reiman 2009,
2007; Harris et al. 2000). Average patient age is somewhat
higher in Colorado (42 years of age; Colorado Department
of Public Health and Environment 2014) and Washington
State (41 to 47 years of age; Aggarwal et al. 2013, 2009).
In Michigan (46 years of age; Murphy 2013) and Montana
(47 years of age; Montana Department of Public Health and
Human Services 2014), average patient age more closely
approximates that of Arizona.

State-level variation in the average age of medical
cannabis patients may in part be explained by the condi-
tions that qualify a person to use medical cannabis in each
state. For example, the qualifying conditions in Arizona,
Colorado, Montana, Michigan, and Washington State are
less inclusive than those in California, and are generally
limited to more debilitating diseases. Individuals who suf-
fer from more serious conditions may also be older, which
may account for higher average patient ages in states other
than California. The variability in these statistics under-
scores the risk of generalizing findings from patients living
in California to those residing in other states and highlights
the importance of studying patients throughout the United
States. State-level differences in regulations also present an
opportunity to explore how such regulations shape patient
characteristics. A potential avenue for future work may be
to study and compare patients in all states that have legal-
ized the medical use of cannabis, ideally using a national
sample to aid state-level comparisons.

Participants in the present study reported that, on
average, they consumed cannabis on a daily basis and
that inhalation was the preferred method of consump-
tion, patterns of use that reflect those found in prior work
(Bonn-Miller et al. 2014; Ilgen et al. 2013; Reinarman
et al. 2011; O’Connell and Bou-Matar 2007). However,
previous research shows that patients consume between

Journal of Psychoactive Drugs 263 Volume 47 (4), September – October 2015



Troutt & DiDonato Medical Cannabis in Arizona

FIGURE 2
Distributions of patient responses, by percentage, of their current experiences acquiring and knowledge of
medical cannabis compared to their experiences before legalization: (A) the perceived safety of acquiring

cannabis; (B) knowledge of medical cannabis characteristics; (C) perceived confidence in a safe product; and (D)
perceived effectiveness of cannabis for treating their condition(s).
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six and nine grams of cannabis per week or, equivalently,
0.85 to 1.25 ounces per month (Bonn-Miller et al. 2014;
Reinarman et al. 2011; O’Connell and Bou-Matar 2007).
This is in contrast to the findings of the present study, which
show that 78% of patients consumed 0.5 ounces of cannabis
per month or less.

State-level differences in average patient age, in par-
ticular, may affect variation in consumption. Patients in
Arizona are, on average, older than those in California, and
older patients may consume less cannabis than younger
patients. Evidence from the present study supports this
hypothesis, as there is a small, but significant, nega-
tive correlation between age and the amount of cannabis
consumed per month (r = −.11, p < .05). Relatedly,
Grella and colleagues (2014) found that younger patients
visited dispensaries more frequently than older patients.
Although there are likely other factors that contribute to
consumption disparities, these findings also highlight the
importance of studying medical cannabis patients across
the US.

Patients reported using medical cannabis to treat a
variety of conditions. The most commonly reported con-
ditions included chronic pain, muscle spasms, nausea, anx-
iety, arthritis, depression, headaches, insomnia, and stress.
Patients also reported that cannabis was effective for treat-
ing the symptoms of many of these conditions, findings that
are consistent with previous research (Bonn-Miller et al.
2014; Ryan-Ibarra, Induni, and Ewing 2015; Aggarwal
et al. 2013; Harris et al. 2000). This effectiveness included
feelings of general relief and relief compared to other medi-
cations. The conditions for which the highest proportions of
patients reported relief included alcohol dependency, anx-
iety, bowel distress, depression, insomnia, muscle spasms,
and stress. Furthermore, patients reported using other medi-
cations less frequently when using cannabis. This is consis-
tent with findings from other studies of patient perceptions
(Reiman 2007, 2009; Nunberg et al. 2011; Reinarman et al.
2011), as well as a study of opiate overdose mortality,
which showed that states with legalized medical cannabis
had significantly lower opiate overdose mortality compared
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to those without legalized medical cannabis (Bachhuber
et al. 2014).

Medical cannabis may benefit Arizona patients suf-
fering from a variety of conditions. This conclusion has
potential policy implications, as patients report deriv-
ing benefit not only for conditions that fall under the
list of conditions that qualify a person to use medical
cannabis (e.g., cancer, chronic pain, muscle spasms), but
also for conditions that are not listed (e.g., anxiety, depres-
sion, insomnia). Officials in Arizona previously considered
research on post-traumatic stress disorder (PTSD; Greer,
Grob, and Halberstadt 2014) in their decision to include
PTSD among Arizona’s qualifying conditions. Thus, offi-
cials may consider the findings from the present study,
in conjunction with other research, to determine the suit-
ability of expanding the list of qualifying conditions in
Arizona.

Legalization and Patient Experiences
The present study was, to our knowledge, the first

to examine the effect of legalization on patient’s experi-
ences with medical cannabis. Regarding safety, the major-
ity of patients reported feeling safer acquiring medi-
cal cannabis after legalization, and their confidence that
they were acquiring a safe, uncontaminated product was
higher. Patients also reported that their knowledge of the
strains they acquired was better and that the cannabis they
acquired after legalization was more effective for treating
their condition(s) than the cannabis they acquired before
legalization.

These findings show that the Arizona medical cannabis
program has had some success, as regulations have pro-
vided a safe environment for patients to acquire a safe
and high-quality product. However, the potential negative
effects of medical cannabis legalization were not assessed
in the present study. For example, participants in other
studies have reported difficulties affording legal medi-
cal cannabis (Aggarwal et al. 2009), a factor which may
preclude some individuals from taking advantage of the
program, leaving them seeking other, potentially illegal
means of cannabis acquisition. Other factors, such as limits
on the amount of cannabis that can be purchased or legal

issues related to medical cannabis use, may also have
negative consequences for some segments of the patient
population.

The results of this study should be considered in light
of some limitations. First, participant recruitment was con-
ducted through medical cannabis dispensaries. Although
this is a common method of recruitment (e.g., Bonn-Miller
et al. 2014; Grella, Rodriguez, and Kim 2014; Aggarwal
et al. 2013; Reiman 2009, 2007; Harris et al. 2000), such
samples may have a positive bias for medical cannabis, as
individuals who medicate with cannabis but for whom it
was not effective are unlikely to be available to participate.
However, at least one study using a large, representative
sample of current and former medical cannabis users
reported similar findings (Ryan-Ibarra, Induni, and Ewing
2015), lending validity to the results of the present study
and those of previous research. Second, relatively few
patients reported using medical cannabis for some of the
conditions. Although this is not surprising, given the low
incidence of some conditions, conclusions should be tem-
pered for these conditions with respect to the effectiveness
of medical cannabis for providing relief and/or for use as
a substitute for other medications. Finally, patients’ expe-
riences acquiring and their knowledge of medical cannabis
before and after legalization were assessed retrospectively,
using a single measurement time-point.

Despite these limitations, this study has signifi-
cance for understanding the characteristics, behaviors,
and perceptions of Arizona medical cannabis patients.
Additionally, it highlights the importance of studying
patients throughout the US and understanding the poten-
tial effects of state-level regulatory differences on patient
populations. The findings regarding the effectiveness of
cannabis for treating various conditions have potential
policy implications for the state of Arizona, as patients
reported that cannabis was effective for treating condi-
tions that currently do not qualify individuals for med-
ical cannabis use. Furthermore, the results showed that
the majority of patients report positive experiences as a
result of legalization, although more work is needed to
fully understand the consequences of Arizona’s medical
cannabis program.
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Emerging Evidence for Cannabis’ Role
in Opioid Use Disorder
Beth Wiese1,2 and Adrianne R. Wilson-Poe2,*

Abstract
Introduction: The opioid epidemic has become an immense problem in North America, and despite decades of
research on the most effective means to treat opioid use disorder (OUD), overdose deaths are at an all-time high,
and relapse remains pervasive.
Discussion: Although there are a number of FDA-approved opioid replacement therapies and maintenance
medications to help ease the severity of opioid withdrawal symptoms and aid in relapse prevention, these med-
ications are not risk free nor are they successful for all patients. Furthermore, there are legal and logistical bot-
tlenecks to obtaining traditional opioid replacement therapies such as methadone or buprenorphine, and the
demand for these services far outweighs the supply and access. To fill the gap between efficacious OUD treat-
ments and the widespread prevalence of misuse, relapse, and overdose, the development of novel, alternative, or
adjunct OUD treatment therapies is highly warranted. In this article, we review emerging evidence that suggests
that cannabis may play a role in ameliorating the impact of OUD. Herein, we highlight knowledge gaps and dis-
cuss cannabis’ potential to prevent opioid misuse (as an analgesic alternative), alleviate opioid withdrawal symp-
toms, and decrease the likelihood of relapse.
Conclusion: The compelling nature of these data and the relative safety profile of cannabis warrant further ex-
ploration of cannabis as an adjunct or alternative treatment for OUD.

Keywords: cannabis; opioid addiction; opioid treatment; relapse prevention

Introduction
The opioid epidemic has become an increasingly press-
ing problem with an estimated 26–36 million people
abusing opioids around the world.1 At the time of this
publication, the Centers for Disease Control reports
that 115 people die every day of an opioid related
cause in the United States, and more than 33,000 people
lost their lives to an accidental opioid overdose in the
United States in 2015 alone.1–4 The United States con-
sumes 80% of the world’s supply of prescription opioid
analgesics (POAs), and opioid prescriptions have
climbed by 300% since 1991.5 The rise in opioid pre-
scriptions has also widened the demographic of individ-

uals dying from opioid overdose; historically, overdose
was most prevalent in urban, minority adolescent
males; however, today these lethal effects are similar
across race, gender, socioeconomic status, and geogra-
phy.7–11 The spike in prescriptions has also directly con-
tributed to an increase in the number of first-time
consumers of illicit opioids (heroin, which is commonly
laced with fentanyl or its analogs), which has continued
to climb since the mid 1990’s.6 Patients who become
physically dependent upon POAs frequently switch to il-
licit opioids because POAs are more costly and/or diffi-
cult to obtain.3,8,12,13 However, ease of access is a
dangerous tradeoff for the lethal risk that is associated

1Department of Psychology, University of Missouri–St. Louis, St. Louis, Missouri.
2Department of Anesthesiology, Pain Center, Washington University School of Medicine, St. Louis, Missouri.

*Address correspondence to: Adrianne R. Wilson-Poe, MA, Department of Anesthesiology, Pain Center, Washington University School of Medicine, 660 South Euclid
Avenue, Campus Box 8054, St. Louis, MO 63110, E-mail: poea@anest.wustl.edu

ª Beth Wiese and Adrianne R. Wilson-Poe 2018; Published by Mary Ann Liebert, Inc. This Open Access article is distributed under the terms of the Creative
Commons License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided
the original work is properly cited.

Cannabis and Cannabinoid Research
Volume 3.1, 2018
DOI: 10.1089/can.2018.0022

Cannabis and

Cannabinoid Research

179

http://creativecommons.org/licenses/by/4.0


with synthetic opioids. Fentanyl, for instance, is 100
times more potent than morphine, which partially ex-
plains why there was a 250% increase in synthetic opioid
mortality between 2012 and 2015.14,15

This unprecedented public health crisis warrants the
investigation of novel sustainable interventions which
would directly address the current opioid misuse crisis,
complement current treatment strategies, and prevent
future misuse through alternative first line analgesics.

Mechanistic Interactions between
Cannabis and Opioids
The endocannabinoid and opioidergic systems are known
to interact in many different ways, from the distribution
of their receptors to cross-sensitization of their behav-
ioral pharmacology. Cannabinoid-1 (CB1) receptors
and mu opioid receptors (MORs) are distributed in
many of the same areas in the brain, including but not
limited to the periaqueductal gray,16,17 locus coeru-
leus,18,19 ventral tegmental area (VTA), nucleus accum-
bens, prefrontal cortex (PFC),20 central amygdala (CeA),
bed nucleus of stria terminalis (BNST),21 caudate puta-
men (CP), substantia nigra, dorsal hippocampus, raphe
nuclei, and medial basal hypothalamus.22 The extent of
this overlapping expression and frequent colocalization
of the CB1 and MOR provide clear morphological un-
derpinnings for interactions between the opioid and
cannabinoid systems in reward and withdrawal.19,23

There is a bidirectional relationship between MORs
and CB1 receptors in the rewarding properties of drugs
of misuse.20,24–28 That is, modulation of the CB1 recep-
tor has profound effects on the rewarding properties of
opioids, and vice versa. For example, MOR and CB1 re-
ceptors are reciprocally involved in the development of
drug-induced conditioned place preference (CPP).
Coadministration of a cannabinoid antagonist and
morphine attenuates the development of morphine
CPP,26 and coadministration of an opioid antagonist
blocks tetrahydrocannabinol (THC)-induced CPP.25

Interestingly, microinjections of CB1 agonists into the
medial PFC creates an aversion to doses of morphine
that are normally rewarding (CPP), while CB1 antago-
nism in this brain region creates a rewarding effect of
subthreshold morphine doses.24 In addition, adminis-
tration of cannabinoids to MOR knockout (KO) mice
produces a weaker CPP compared to wild-type ani-
mals,22 reviewed in Wills and Parker.27 This mutual in-
volvement in reward is at least partially mediated by
presynaptic cannabinoid and opioid disinhibition of
dopamine neurons in the VTA, a well-characterized

mechanism in the rewarding properties of drugs of
misuse.20 Although these mechanisms have not been
well studied in humans, one study has found CB1 upre-
gulation in the reward pathway of individuals who use
opioids, which supports a role for the endocannabinoid
system in the development of opioid misuse.29

There is abundant support for the role of CB1 receptors
in the rewarding effects of opioids and the amelioration of
tolerance. However, the effects of endogenous and exoge-
nous cannabinoids in opioid withdrawal are somewhat
paradoxical: endogenous cannabinoids seem to have no
role in somatic withdrawal,27,30–32 yet exogenous CB1 ag-
onists readily alleviate somatic symptoms such as escape
jumps, diarrhea, weight loss, and paw tremors.28,33,34

Endogenous cannabinoid tone within the amygdala is
also involved in the affective component of opioid with-
drawal, as blockade of CB1 receptors in the CeA or BNST
ameliorates opioid withdrawal.21 The kappa opioid re-
ceptor (KOR) system may also play a role in cannabis’
impact on the affective opioid withdrawal, given its piv-
otal contributions to dysphoria and negative effect.35

However, both KOR agonism (with U50, 488H30) and
KOR antagonism (naloxone31,32) have both been shown
to attenuate conditioned place aversion in CB1 KO
mice.30 These contradicting data highlight the need for
additional mechanistic insights into the involvement of
the CB1 receptor in opioid reward and withdrawal.

Cannabis as a First Line Analgesic
The primary use for both prescription opioids and can-
nabis is for analgesia. Currently, up to 90% of patients in
state-level medical cannabis registries list chronic pain
as their qualifying condition for the medical program.36

In an exhaustive review, the National Academies of Sci-
ence and Medicine recently confirmed the efficacy of
cannabis for chronic pain in adults.36 Interestingly,
when given access to cannabis, individuals currently
using opioids for chronic pain decrease their use of opi-
oids by 40–60% and report that they prefer cannabis
to opioids.37–42 Patients in these studies reported
fewer side effects with cannabis than with their opioid
medications (including a paradoxical improvement in
cognitive function) and a better quality of life with can-
nabis use, compared to opioids. Despite the vast array
of cannabis products and administration routes used
by patients in states with medical cannabis laws, canna-
bis has been consistently shown to reduce the opioid
dose needed to achieve desirable pain relief.41,43

One of the mechanisms that may explain the opioid
sparing effects of cannabis is its ability to produce
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synergistic analgesia.44–46 In humans, subanalgesic doses
of THC and morphine are equally unsuccessful at reduc-
ing the sensory or affective components of pain; however,
when the same doses of THC and morphine are coadmi-
nistered, they produce a significant reduction in the af-
fective component of pain.47 These synergistic effects
are also observed when patients using opioids for pain
vaporize whole-plant cannabis, as opposed to experi-
mentally administered isolated THC.48 Adjunct whole
plant cannabis has no effect on the pharmacokinetics
of opioids, which further supports a synergistic mecha-
nism behind the opioid sparing and enhanced analgesia
produced by cannabis.48 Furthermore, in pre-clinical
models, coadministration of opioids and cannabinoids
attenuates the development of opioid tolerance.49,50

Combined, these clinical and pre-clinical data sug-
gest that analgesic synergy produced by coadministered
cannabis and opioids could be harnessed to achieve
clinically relevant pain relief at doses that would nor-
mally be subanalgesic. This strategy could have signif-
icant impacts on the opioid epidemic, given that it
could entirely prevent two of the hallmarks of opioid
misuse: dose escalation and physical dependence.

Because patients report substituting cannabis for
several types of pharmaceutical drugs, including opi-
oids, benzodiazepines, and antidepressants,51 analgesic
synergy may not entirely explain the opioid-sparing ef-
fects of cannabis in pain patients. Economic and life-
style considerations may also play a pivotal role in
opioid sparing and substitution. Patients report that
their reasons for substituting cannabis for other medi-
cations include less severe side effects, less withdrawal
potential, ease of access, and better symptom manage-
ment for their conditions.52

Although there is insufficient clinical literature to sup-
port the use of cannabis as a treatment for acute pain,
there is a long-standing body of pre-clinical evidence
that demonstrates the antinociceptive effects of cannabi-
noids in pain-free, drug-naive animals.17,49,53–57 The
mechanisms of cannabinoid antinociception are re-
markably similar to those of opioid analgesics. Both
the CB1 and MOR are G-protein coupled receptors,
and agonist-initiated disinhibition of GABA release in
the descending pain pathway is just one example of
overlapping antinociceptive mechanisms between these
drugs.17,23,58–62 Evidence supporting the role of cannabis
in acute, nonsevere pain management could lead to a
substantial reduction in opioid prescription rates,
thereby eliminating patient exposure to the risks of opi-
oid dose escalation and physical dependence. This criti-

cal gap in the clinical literature and potential clinical
impacts of this therapy warrants further exploration of
the efficacy of cannabis for acute pain relief.

Current Opioid Use Disorder Therapies
and Their Shortcomings
The most prominent and pervasive problem in opioid
use disorder (OUD) treatment is the prevention of
drug relapse, which is extremely common during
acute withdrawal (detoxification), as well as during
protracted recovery after physical withdrawal symp-
toms have subsided.63–66 Abstinence-based protocols
are particularly ineffective, as 85% of individuals re-
lapse within 12 months of the initiation of treatment.65

In-patient residential treatment facilities do not appear
to improve abstinence-based therapy, as relapse rates in
this paradigm are as high as 80%, when measured 2
years after treatment initiation.67 Compared to absti-
nence, opioid replacement and medication-assisted
therapies, which began in the 1960s, are more effica-
cious for relapse prevention; however, there are cur-
rently only four FDA-approved medications for the
treatment of OUD.68–71 Off-label prescription medica-
tions such as benzodiazepines and antiemetics are also
common, but these therapies are largely directed at
symptom management during acute detoxification
rather than relapse prevention.72 In this review, we
focus on the most widely used OUD therapies, their
shortcomings, and the bottlenecks to accessing them.11

Methadone, a full MOR agonist, was approved by the
FDA in 1974 to aid in opioid cessation.9,73 Individuals
enrolled in consistent dose methadone maintenance
programs are more likely to stop using nonprescribed
opioids than individuals not enrolled in the mainte-
nance program.74 Although methadone has an encour-
aging safety profile,75 it carries some risk for misuse
and mortality when the dose exceeds the patient’s
level of tolerance.76,77 Withdrawal symptoms from
methadone mimic those of other opioids when stopped
abruptly or tapered too quickly, and these symptoms
last up to 3 weeks longer than withdrawal from other
opioids.9,78,79 There are only 1590 methadone distrib-
uters in the United States, which are highly regulated
clinics that are concentrated in urban areas, creating
geographical disparities in OUD treatment.10,11,79 In
addition to geographical barriers, these clinics fre-
quently have stringent and stigmatizing compliance
requirements, such as daily visits and frequent urine
screenings for illicit drugs.11,80 Although these barri-
ers to treatment could potentially be addressed
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through concerted efforts to expand access, 40% of
patients still relapse within 1 year of initiating metha-
done therapy.67

Buprenorphine (Subutex) is a partial MOR agonist and
KOR antagonist that can reduce withdrawal symptoms,
cravings, and additional opioid use.76,81,82 The inclusion
of naloxone in some buprenorphine formulations (Sub-
oxone, Zubsolv) is intended to reduce misuse by precip-
itating withdrawal when it is used intravenously,82,83 and
despite the presence of naloxone, there is still some risk
for misuse and overdose.77,83,84 The inclusion of nalox-
one can also induce withdrawal when administered too
soon after the most recent dose of other opioids.63,67,85

Unlike methadone, Suboxone offers a primary care
approach to medication-assisted therapy, as it can be dis-
pensed by a pharmacy rather than a specialized clinic.86,87

However, only 3% of physicians possess the additional
Drug Enforcement Agency credentials required to pre-
scribe buprenorphine,76,88 and there are strict limits on
the number of patients they are permitted to serve.89

Buprenorphine-licensed physicians also tend to be con-
centrated in larger cities, leaving 46.8% of counties in
the United States, especially rural areas and the Midwest,
with a shortage in convenient access to these treatment
options.88,90,91 While long-term treatment retention
with buprenorphine or Suboxone is not as well character-
ized as methadone, a Swedish study has shown retention
rates of up to 75% following a year of buprenorphine/
Suboxone treatment.92 However, a 24-week clinical trial
in the United States reveals that buprenorphine retention
is only 46%.93

Evidence suggests that the most effective tool for re-
lapse prevention is medication-assisted pharmacother-
apy, combined with social support.76,78,94,95 Because of
the overwhelming evidence that supports this concur-
rent treatment model, there is little rationale to deviate
from this approach. However, expanded access to these
therapies is highly warranted, as are novel and alterna-
tive therapies which improve efficacy, diminish geo-
graphical disparities, and eliminate the need for
specialty physicians.96

Cannabis During Acute Opioid Withdrawal
The first barrier to overcoming OUD is getting patients
through the acute withdrawal period, or detoxification.
Although pharmacotherapies such as methadone and
buprenorphine are largely successful and widely utilized
for this purpose, there are shortcomings to this approach,
which are highlighted above.9,76,78,80,82,83,87,89–91,97 In
May of 2018, the FDA approved the use of lofexidine,

an alpha-2 adrenergic receptor agonist for acute
(14 day) opioid withdrawal. Lofexidine provides sub-
stantially more symptom relief than placebo; however,
the comparative efficacy of lofexidine in combination
with long-acting opioid agonists or opioid antagonists
is still being characterized.71,98–100

There is also nascent evidence that suggests that can-
nabis may be an efficacious tool during the acute opioid
withdrawal period. Numerous pre-clinical studies have
shown that cannabis and cannabinoids decrease opioid
withdrawal symptoms.6,33,34,97,101–103 Although this evi-
dence supports the use of cannabinoids as a possible
treatment in OUD treatment,28 conflicting evidence
demonstrates that CB1 agonism increases the rewarding
properties of opioids22,102 and may actually increase the
severity of opioid withdrawal symptoms.18,104 These
conflicting data highlight the need for a mechanistic
characterization of CB1 agonism as a therapeutic target
for opioid withdrawal, a need that is further substanti-
ated by the pharmacology of CB1 antagonism. For in-
stance, some studies show that acute administration of
SR-141716A, a CB1 antagonist, can reduce opioid with-
drawal; however, this effect is profoundly affected by the
experimental conditions.22,105 Because this effect can be
recapitulated in CB1 KO mice, CB1 antagonism only
partially mediates these effects.102 To complicate the
story further, the administration of cannabidiol (CBD),
a very promiscuous phytocannabinoid with at least a
dozen mechanisms of action, also alleviates naloxone-
precipitated withdrawal in morphine tolerant rats.106–112

Although the mechanisms by which cannabinoids al-
leviate opioid withdrawal are complex and unclear, some
reports suggest that cannabis may alleviate opioid with-
drawal in humans.18,113 For instance, patients engaging
in medication-assisted detoxification from opioids
reported using cannabis when opioid maintenance
doses were not high enough to prevent withdrawal
and cravings.114 However, some individuals reported
that cannabis was often ineffective and sometimes wors-
ened overall severity of the withdrawal symptoms.
Because the phytochemical makeup and cannabinoid
content of cannabis have a significant effect on subjective
human experiences,115 it is plausible that these variable
experiences are the result of variable phytochemistry
in cannabis products that are self-selected by study par-
ticipants. Unfortunately, blinded, placebo-controlled
clinical trials evaluating the efficacy of cannabis, either
alone or as an adjunct therapy for acute opioid with-
drawal, are lacking. This is not entirely surprising,
given cannabis’ status as a Schedule I substance in the
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United States, which precludes federal funding to in-
vestigate cannabis as a medication-assisted therapy.

Unlike whole-plant cannabis, dronabinol, an FDA-
approved analog of THC, has been evaluated for opioid
withdrawal relief in a placebo-controlled study in pa-
tients receiving the opioid antagonist naltrexone. Low-
dose adjunct dronabinol improved the tolerability of
symptoms such as insomnia, reduced appetite, and re-
duced energy levels during opioid detoxification, whereas
adverse events such as tachycardia were reported
at higher dronabinol doses.113,116,117 In many studies,
cannabinoids were safe and tolerable when coadmini-
stered with an opioid or opioid replacement medica-
tion.47,113,118–120 However, the comparative efficacy of
dronabinol or other cannabinoids versus traditional re-
placement therapies such as methadone or buprenor-
phine remains to be elucidated. Given the efficacy and
tolerability of Sativex (a whole-plant cannabis deriva-
tive) for pain and spasticity, investigation of adjunct Sat-
ivex for opioid withdrawal is warranted.121–123

Like opioids, chronic cannabis exposure induces the
development of tolerance, physical dependence, and
withdrawal symptoms during abstinence. Patients
commonly report that cannabis withdrawal symptoms,
most commonly anger, aggression, irritability, anxiety,
decreased appetite, weight loss, restlessness, and sleep-
ing difficulties,124–129 are similar to those produced by
nicotine withdrawal.129 Comparatively, the magnitude
and severity of cannabis withdrawal are significantly
and substantially more benign than opioid withdraw-
al.20,126 In addition, and unlike opioids, cannabinoid
withdrawal and subsequent relapse are nonlethal after
periods of abstinence. The reduced intensity of canna-
binoid withdrawal symptoms compared to opioids
could at least partially be explained by the prolonged
period of metabolization of cannabinoids in the
body,102 contributing to the mounting support for can-
nabis as a harm-reduction tool to combat OUD.

Cannabis as a Harm Reduction Tool in OUD
Pre-clinical evidence suggests that the CB1 receptor
plays a critical role in opioid reward. Cannabinoid an-
tagonism reduces the rewarding properties of opioids
and prevents reinstatement of drug seeking.105,130,131

However, these effects were not reproducible in
human clinical trials.132–134 Unlike CB1 antagonism,
CB1 agonism may play a role in OUD treatment. Several
studies have shown that adjunct cannabis decreases
opioid consumption or prevents opioid dose escala-
tion.37–42,121,135 Although these findings are promising,

several other studies have shown that cannabis use ei-
ther has no impact on opioid consumption or may in-
crease nonmedical opioid use.136–138

The mechanisms underlying cannabis alteration of opi-
oid consumption are yet to be determined; however, there is
significant pre-clinical evidence which suggests that CBD,
one of the most prevalent cannabinoid molecules in canna-
bis, plays a critical role. CBD does not have reinforcing ef-
fects in rodents, which supports its low potential for
misuse.16,139 CBD has been shown to reduce the rewarding
aspects of multiple drugs of abuse, such as cocaine, am-
phetamine,16 and nicotine.140 Administration of CBD
also attenuates morphine CPP and cue-induced reinstate-
ment of heroin self-administration in rats, without creating
any aversive or rewarding effects on its own.106,141–143

These findings provide promising rationale for the
use of CBD in opioid relapse prevention in humans.
In fact, pilot clinical studies have shown that in individ-
uals recently abstinent from heroin, CBD reduces her-
oin craving.142 This effect occurs as soon as 1 h after
administration and lasts for up to 7 days. Adjunct
CBD appears to be safe and tolerable, as 400 and
800 mg oral CBD administration does not intensify
the effects of intravenous fentanyl or create any adverse
effects.118 Because CBD is neither intoxicating nor re-
warding and has an extremely large therapeutic win-
dow and impressive safety profile, the use of CBD to
inhibit opioid craving has great therapeutic potential.

Adjunct cannabis use alongside current treatment
strategies could help to improve the number of individu-
als engaging in OUD treatment, as well as increase treat-
ment retention rates. Both dronabinol and intermittent
whole-plant cannabis appear to increase the length of
time patients remain in treatment for OUD.6,113 How-
ever, chronic cannabis consumption during naltrexone
treatment was ineffective at improving treatment reten-
tion, highlighting the need for further research into the
dose and frequency of cannabis use in OUD treatment
retention and relapse prevention.144 Although the ubiq-
uitous and ever-growing regulated cannabis markets
across North America could potentially address the
aforementioned shortcomings in OUD treatment acces-
sibility and retention, there are currently very few addic-
tion and recovery centers that have embraced concurrent
social support and cannabis-assisted OUD treatment.51

This is unsurprising given the lack of empirical evidence
to support this approach, and the lack of federal research
funding that would support this work.

In addition to the clinical and experimental observa-
tions outlined above, epidemiological investigations in
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U.S. states with legal cannabis have provided insight into
the promising role for cannabis in the opioid crisis. The
implementation of both medical and adult-use cannabis
laws appears to have a significant impact on opioid con-
sumption and overdose. These states experience a 23%
reduction in nonfatal opioid overdoses, as measured at
hospital emergency departments.145 By analyzing
death certificates, Bachhuber et al. found a 24% reduc-
tion in the annual rate of fatal opioid overdoses in the
first year following medical cannabis legalization,146 an
effect that gets larger the longer a state has had legal can-
nabis (33% in California, which has had medical use
since 1996 and the lowest rate of opioid overdose fatal-
ities in the country).146,147 This finding was also seen in
data from the FARS, which demonstrates a similar drop
in mortalities of opioid positive automobile accidents
in states with implemented cannabis legalization for in-
dividuals aged 21–40.148 The mechanisms underlying
cannabis’ ability to reduce opioid hospitalization and
mortality are unclear; however, analysis of the Medicare
Part D prescription drug program has unveiled the pos-
sibility that cannabis may be serving as an analgesic al-
ternative to opioids for individuals living in these
states.149 The number of filled POAs is substantially
lower in states with the most liberal cannabis laws,
where there are 3.742 million fewer daily doses than in
states with the most prohibitive laws.150

These epidemiological impacts are not exclusive to
opioid prescriptions, hospitalizations, and mortality;
the U.S. economy could also benefit from expanded can-
nabis legalization. Opioids cost patients and insurance
companies upwards of 2.6 billion dollars in healthcare
costs annually.151 While cannabis is still federally illegal,
and in most cases dispensary purchases are not eligible
to be covered under any healthcare insurance plan,
states with legalized cannabis have seen significant de-
creases in Medicare Part D prescription drug spending,
including, but not limited to, prescription opi-
oids.149,152–155 Reductions in spending from Medicare
Part D were over $165 million dollars.149 If cannabis
were removed from Schedule I of the Controlled Sub-
stance Act and more patients had access to cannabis,
savings from pharmaceutical costs incurred by the
Medicare Part D prescription plan are projected to con-
tinue to climb.149

Shortcomings of Cannabis
in Medication-Assisted Therapy
Although the literature thoroughly supports the safety
and tolerability of cannabis,38,118,142,156 there is con-

flicting evidence for its efficacy as a treatment for opi-
oid misuse. Throughout the history of methadone
administration, patients have reported that cannabis
provides relief from opioid withdrawal symptoms, as
well as breakthrough pain and anxiety.119 However,
other evidence demonstrates that cannabis does not
relieve withdrawal symptoms for individuals under-
going methadone tapering, and some participants
even reported increased severity of their withdrawal
symptoms.104 All the participants in the latter study
procured their own cannabis and reported smoking
as the route of administration. Because the dose of
cannabinoids and phytochemical makeup of whole-
plant cannabis have significant impacts on physiolog-
ical responses (such as tachycardia) and subjective
experiences (such as anxiety), additional research is
needed to characterize maximally efficacious treat-
ment protocols.116,157 When used to treat opioid with-
drawal symptoms, undesirable side effects also occur
in a dose-dependent manner for the FDA-approved
cannabinoid dronabinol.113 The homogenous and
consistent formulation of this pharmaceutical com-
bined with the logistical ease of prescribing the drug
may make it more feasible than whole-plant cannabis
for clinical trials on cannabinoid alleviation of opioid
withdrawal symptoms and relapse prevention.

Despite the promising results of reducing or main-
taining a consistent opioid dose, it is plausible that the
substitution of one rewarding substance (opioids) for
another (THC) could be problematic, leading to canna-
bis use disorder (CUD). In 2016, *1.4–2.9% of adults
over the age of 18 in the United States met criteria for
CUD.79 With revisions to the criteria of substance
use disorders in 2013, *19% of individuals who use
cannabis throughout their lifetime would eventually
meet the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5) criteria for CUD.153

The interpersonal or employment hardships experi-
enced by these individuals that resulted in the meeting
of DSM criteria may have simply been due to the legal-
ity of cannabis use; that is, a false CUD diagnosis is less
likely to occur in the postprohibition era, when patients
are no longer breaking the law.

Risks of CUD seem to be correlated with higher THC
concentrations,153 which is a valid concern in legal mar-
kets where average THC potency is upward of 20%.158

Recreational users of cannabis have historically con-
sumed cultivars higher in THC and lower in CBD,
due to the desired intoxicating effects of THC.38 Medi-
cal users, however, have turned to cultivars higher in
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CBD and lower in THC in an attempt to optimize the
medicinal benefits of cannabis.38,153 Although misuse
potential is a valid concern, it is notable that the misuse
liability of cannabis is very low.159 One possible ap-
proach to alleviate the concern of misuse is the con-
current administration of opioid antagonists. This
approach seems to reduce the rewarding properties,
but not the hyperphagia or withdrawal-relieving prop-
erties of THC.160–164 These data suggest that combined
cannabis and opioid-antagonist therapy could be an ef-
fective tool against OUD, while also minimizing the
risk for CUD. Because cannabis does not carry the
risk of fatal overdose, the use of cannabis as a harm-
reduction treatment in the opioid epidemic warrants
further investigation.

Summary and Future Directions
The opioid overdose epidemic is arguably the worst
public health crisis in U.S. history. At the time of this
publication, more people are dying than at the peak
of the AIDS epidemic, and for the first time, drug over-
doses outnumber automobile and handgun deaths.165

A continental crisis of this magnitude warrants the im-
mediate implementation of novel strategies that pre-
vent opioid misuse, overdose, and death.

Growing pre-clinical and clinical evidence appears to
support the use of cannabis for these purposes. The evi-
dence summarized in this article demonstrates the poten-
tial cannabis has to ease opioid withdrawal symptoms,
reduce opioid consumption, ameliorate opioid cravings,
prevent opioid relapse, improve OUD treatment reten-
tion, and reduce overdose deaths. Cannabis’ greatest po-
tential to positively impact the opioid epidemic may be
due to its promising role as a first line analgesic in lieu
of or in addition to opioids. The comparative efficacy
of cannabis alone or in conjunction with current
medication-assisted OUD therapies is not well character-
ized. However, no other intervention, policy, pharmaco-
therapy, or treatment paradigm has been as impactful as
cannabis legislation has been on the rates of opioid con-
sumption, overdose, and death.

Many of the barriers that prevent people from
accessing traditional OUD treatment do not apply to
cannabis therapy, and access to cannabis medicine is
rapidly growing as more U.S. states roll back prohi-
bition. However, a major barrier in universal patient
access and improvement in the opioid epidemic is can-
nabis’ status as a Schedule I controlled substance.166

Undoubtedly, more high-quality clinical evidence is
needed to further support the use of cannabis to combat

OUD; however, federal grant funding that would sup-
port these types of clinical trials is currently outside
the scope of interest of the National Institutes of Health
(because of Schedule I, cannabis is federally considered
to have no medical benefit). Patients, healthcare provid-
ers, and regulating bodies would all greatly benefit from
additional evidence that fills in massive gaps in the
knowledge base about the utility of cannabis for OUD
treatment: dosing, cannabinoid content and ratios, bio-
availability, contraindications, misuse liability, route of
administration, and many other questions remain. Even
the clinical work that has been conducted thus far may
have little validity in the modern landscape of legalized
cannabis; all federally-funded cannabis research in the
United States is conducted using a single source of can-
nabis (NIDA drug supply), which is notoriously low in
potency and quality, and does not resemble the stagger-
ing phytochemical variability in whole-plant cannabis
products in regulated state markets.36 These barriers
to research funding and access to ‘‘real world’’ cannabis
for clinical research directly contribute to our inability
to address the opioid epidemic with what appears to be
a safe and efficacious tool.

In light of the evidence presented in this article, and de-
spite a lack of FDA approval, some U.S. states and private
treatment centers have already begun to include cannabis
as a part of OUD treatment protocols. The state of New
Jersey recently added OUD to their list of qualifying con-
ditions for participation in the state’s medical cannabis
program.167,168 Some private treatment centers are also
citing the benefits of harm reduction, which greatly out-
weigh the risks of cannabis use during the first 28 days of
recovery, a critical time period for patient survival.76

Many clinicians remain skeptical of cannabis as a via-
ble treatment option, either due to the stigma surround-
ing cannabis use or the belief that there is not enough
clinical evidence for them to feel confident providing
patients with cannabis recommendations.169 This is
unsurprising, given that 85% of recent medical school
graduates still receive no education whatsoever about
cannabis throughout their training, residencies, or fel-
lowships.170 As the evidence in this field accumulates,
it will be critically important to widen opportunities
for clinicians to participate in Continuing Medical Edu-
cation programs, which include the harm reduction and
medical benefits that cannabis could provide. Evidence-
based opioid prescription and cannabis recommenda-
tion practices are a critical component of continuing
education, so that clinicians can continue to uphold
their Hippocratic oaths to ‘‘do no harm.’’
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Abstract Multiple cannabinoids derived from the marijuana
plant have potential therapeutic benefits but most have not
been well investigated, despite the widespread legalization
of medical marijuana in the USA and other countries. Thera-
peutic indications will depend on determinations as to which
of the multiple cannabinoids, and other biologically active
chemicals that are present in the marijuana plant, can be de-
veloped to treat specific symptoms and/or diseases. Such in-
sights are particularly critical for addiction disorders, where
different phytocannabinoids appear to induce opposing ac-
tions that can confound the development of treatment inter-
ventions. Whereas Δ9-tetracannabinol has been well docu-
mented to be rewarding and to enhance sensitivity to other
drugs, cannabidiol (CBD), in contrast, appears to have low
reinforcing properties with limited abuse potential and to in-
hibit drug-seeking behavior. Other considerations such as
CBD’s anxiolytic properties and minimal adverse side effects
also support its potential viability as a treatment option for a
variety of symptoms associated with drug addiction. Howev-
er, significant research is still needed as CBD investigations
published to date primarily relate to its effects on opioid drugs,

and CBD’s efficacy at different phases of the abuse cycle for
different classes of addictive substances remain largely
understudied. Our paper provides an overview of preclinical
animal and human clinical investigations, and presents prelimi-
nary clinical data that collectively sets a strong foundation in
support of the further exploration of CBD as a therapeutic inter-
vention against opioid relapse. As the legal landscape formedical
marijuana unfolds, it is important to distinguish it from Bmedical
CBD^ and other specific cannabinoids, that can more appropri-
ately be used to maximize the medicinal potential of the
marijuana plant.

Keywords THC .Cannabis .Heroin .Human .Rat .Craving

Introduction

With debates about so-called medical marijuana and the
widespread media coverage on the subject, the call for the
legalization of marijuana (Cannabis sativa) both for recrea-
tional and medical purposes has gained considerable momen-
tum in recent years. While much attention has been given to
the medicinal promises that the marijuana plant might possess,
the spotlight on marijuana has also raised awareness about the
remarkable dearth of scientific studies that have been conduct-
ed on this plant’s therapeutic potential. As shown in Fig. 1, the
number of research studies published on cannabis has coin-
cided temporally with major changes in the social and political
climates of the time such as in the early 2000s after states such
as California legalized marijuana. Unfortunately, many scien-
tific and medical questions remain with respect to the potential
or actual benefits and risks of medicinal and recreational
marijuana use. Although the public and the media use the term
Bmedical marijuana^ liberally, few acknowledge or are
even aware of the complex nature of the plant, which consists
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of >400 chemicals, with approximately 70 cannabinoids [1, 2].
The truth is, there is growing evidence that not all components
of marijuana are medically beneficial and it is still unclear as
to what specific medical disorders are best treated by this
plant. Which cannabinoids mediate what specific beneficial
or adverse effects remains an important question when one
considers the complexity of the marijuana plant, and there is
now growing research interest in answering such questions in
the hopes of identifying and developing medicinal cannabi-
noids targeted for specific medical symptoms and diseases.

Most scientific studies to date have focused onΔ9-tetrahydro-
cannabinol (THC), the most prominent psychoactive constituent
of the plant and the cannabinoid that leads to the rewarding
effects of cannabis. Another prominent phytocannabinoid is

cannabidiol (CBD) [2], which has extremely low concentrations
in the marijuana strains commonly used recreationally in which
the THC potency has dramatically increased [3]. Plants more
recently cultivated with a high CBD content (and low THC
levels) are thought to have potential benefit in treating various
diseases; in particular, CBD as an antiepileptic agent in children
has received much public interest, even though the evidence to
date has been mostly anecdotal, with active clinical trials now
underway [4, 5]. In this article, we focus on CBD’s potential
therapeutic potential in addiction disorders based on evidence
from preclinical studies that suggest a Byin/yang^ relationship
between 2 components of the cannabis plant where one enhances
substance abuse risk (THC) and the other inhibits drug relapse
(CBD) (Fig. 2). The information below provides a foundation for
the development of CBD as a potential treatment for addiction to
specific drug classes.

Overview of Addiction and Current Treatment
Challenges

Individuals who suffer from addictive disorders go through
various stages in their illnesses (Fig. 3), each of which is
characterized by specific neurobiological states. Substance
use and intoxication produce psychoactive and addictive ef-
fects by acting on the brain’s reward system—a set of inter-
connected regions that control pleasure and motivation [6].
During the intoxication phase, drugs modulate a number of
neurotransmission systems such as dopamine, opioid, seroto-
nin, and norepinephrine. These biochemical events are re-
sponsible for the physiological and behavioral effects ob-
served in abusers (e.g., euphoria, restlessness, and tachycar-
dia). Early abstinence in dependent patients results in pharma-
cological and clinical effects that are opposite to those found
during the intoxication phase. Acute withdrawal may include
symptoms that vary according to the type of drug, including
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sleep disturbances, anxiety, dysphoria, and fatigue [7]. Most
importantly, this phase is associated with low stress tolerance
and recurrent episodes of craving (an intense desire to use),
which persist for months, often resulting in relapse [8, 9]. In
the long term, addiction becomes characterized by compulsive
substance use and, most strikingly, repetitive urges to con-
sume the drug can persist even after sustained periods of
abstinence.

While substance use remains the most obvious direct out-
come of addiction, there is now growing interest among sci-
entists to focus on other core symptoms of this disorder. In the
recently published Diagnostic and Statistical Manual of Men-
tal Disorders, 5th Edition, craving—the most prominent
symptom and long-lasting sequel of drug dependence—has
been added to the criteria of substance use disorders, a direct
reflection of its clinical relevance in addictive disorders. Crav-
ing has become a subject of great interest as it is a reliable
intermediate phenotype of relapse and the most distressing
and long-lasting symptom experienced by dependent individ-
uals between uses. Indeed, even after a period of abstinence,
dependent individuals remain vulnerable to stress and other
craving-inducing stimuli [10], which, in turn, leads to intense
physiological responses and various negative feelings such as
anger and sadness [11]. Real-time daily monitoring of craving
and drug use has shown that craving reliably predicts relapse
among dependent individuals [9, 12–15]. The data suggest
that improving the treatment of craving could not only help
prevent relapse, but could also reduce patient distress on the
emotional, cognitive, and physiological levels.

While significant scientific efforts have been deployed over
the last few decades in the development of interventions that
target craving and different phases of the addiction cycle
(Fig. 3), their success rates have been limited. Psychosocial
approaches have been widely used to help patients achieve
improved outcomes after drug cessation; however, the

literature indicates that these strategies alone are at times in-
sufficient to induce significant behavioral changes or a reduc-
tion in rates of drug consumption [16]. In addition, most of the
available medication for treating addiction (e.g., alcohol and
nicotine dependence) have had low-to-moderate effects on
relapse outcomes. Even more concerning is the fact that no
pharmacological treatment for substance abuse have yet been
proven completely effective in preventing relapse for a num-
ber of substances including cocaine, amphetamine, and can-
nabis. The treatment options that have been explored, which
include trials of medications known to regulate monoamine
neurotransmission such as antidepressants, anticonvulsants,
and antipsychotics, have been the subject of several systemat-
ic reviews but they have not demonstrated their efficacy in
improving outcomes [17–19]. Although an immunotherapeu-
tic vaccine strategy to hinder the passage of drugs through the
blood–brain barrier is currently underway, its efficacy and
realistic implementation appear unclear thus far [20, 21]. With
these developments and challenges in mind, a rightful sense of
urgency persists within the scientific community for the iden-
tification of new compounds that will help patients initiate
abstinence and avoid relapse.

The Endocannabinoid System as a Treatment Target
for Addiction

Among potential emerging neurobiological targets for treating
craving and addiction, the endogenous cannabinoid receptors
and ligands that constitute the endocannabinoid (eCB) system
have been the subject of growing interest. The eCB has tight
neurobiological interaction with other neurotransmission sys-
tems that have important implications for the neural adapta-
tions induced by drug use. For example, type 1 cannabinoid
receptors (CB1R) are co-localized with opioid μ opioid
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Fig. 3 Cycle of addiction and
currently available medications
for substance use disorders at
each stage of the cycle

Cannabidiol as Drug Abuse Treatment 809



receptors (which mediate the actions of opioid drugs) in
striatal output projection neurons of the nucleus accumbens
and dorsal striatum that modulate reward, goal-directed be-
havior, and habit formation relevant to addiction [22]. Type
2 cannabinoid receptors (CB2R) have very low expression in
the brain generally, but recently they have been shown to be
expressed in dopamine neurons of the midbrain ventral teg-
mental area and modulate the functional excitability of dopa-
mine neurons central to addiction related behaviors such as
drug reinforcement [23]. Stimulation of CB2R in mice models
has an inhibitory influence on cocaine and alcohol self-
administration and related conditioned place preference, as
well as nicotine place preference behavior [23, 24].

CBD and Neurobiological Targets/Effects

Interestingly, different cannabinoids that target the eCB sys-
tem exhibit distinct properties on addictive behavior. It is gen-
erally well known that THC, the predominant psychoactive
cannabinoid in the cannabis plant, has high affinity at the
CB1R, where it acts as a partial agonist to elicit potent reward-
ing effects.We focus this review on CBD as it is a cannabinoid
that has not been extensively studied to date and is currently
being explored for its potential antiaddiction properties. CBD
has long been recognized as a nonpsychotropic constituent of
cannabis and is generally the second most abundant cannabi-
noid present in the plant [2, 3]. Contrary to previous beliefs
that CBD did not bind directly to cannabinoid receptors, re-
cent findings indicate that CBD acts as an inverse agonist at
CB1R and CB2R [25, 26]. CBD stimulates the transient recep-
tor potential vanilloid 1/2 proteins [27], which serve as so-
called ionotropic cannabinoid receptors. In addition, CBD in-
hibits fatty acid amide hydrolase, a catabolic enzyme that al-
ters the hydrolysis of the endogenous cannabinoid neurotrans-
mitter anandamide [28]. Perhaps the largest body of evidence
per ta ins to the modulat ion and act ivat ion of 5-
hydroxytryptamine 1A serotoninergic receptors [29–35].
CBD also has low potency for inhibiting the uptake of striatal
dopamine [36]; it modulates allosterically μ and δ opioid re-
ceptors [37] and enhances adenosine signaling through uptake
inhibition [36, 38]. Although more studies are needed to fur-
ther understand the impact of CBD on glutamatergic neuro-
transmission, its protective effects on glutamate toxicity and
its pharmacologic interaction with ketamine [39, 40], an N-
methyl-D-aspartate receptor (NMDA) antagonist, are also well
documented.

By virtue of its 5-hydroxytryptamine 1A receptor-modulat-
ing properties, CBD consistently decreases stress vulnerability
and exhibits anxiolytic-like effects [29, 32–34, 41–44]. In-
deed, CBD’s antianxiety properties have been substantiated
by elevated plus-maze and rat Vogel conflict tests [41–43].
The reduction of fear-related behaviors evoked by the prey/

predator paradigm also suggests some panicolytic properties
[45]. CBD improves performance in numerous animal models
of cognitive impairments [30, 46–48]. It acts as an antidepres-
sant in animal models of depression and decreases compulsive
behaviors in rodents [35, 49]. These actions are hypothesized
to be linked to CB1-related mechanisms [50, 51]. CBD has
also been proven to be protective against a number of drug-
induced adverse outcomes in animals. For example, CBDwas
shown to prevent cocaine-induced hepatotoxicity [52], reverse
binge ethanol-induced neurotoxicity [53], and even mitigate
the cardiac effects of THC [54, 55]. In addition, CBD admin-
istration is known to attenuate amphetamine-induced
hyperlocomotion [56].

Human studies on CBD corroborate preclinical findings on
its therapeutic effects on nausea, inflammation, and cerebral
ischemia. CBD also possesses antipsychotic properties [2,
57–61]. Not surprisingly, and as witnessed in the aforemen-
tioned preclinical data, CBD has been shown to reduce anxi-
ety in patients with social phobia and generalized social anx-
iety disorders [62–64]. CBD decreases autonomic arousal and
subjective anxiety [65]; these anxiolytic effects were found to
be linked to the modulation of limbic and paralimbic struc-
tures [57, 62]. It remains to be determined if these properties
translate in the attenuation of symptoms for other anxiety dis-
orders than social phobia (e.g., post-traumatic stress disorder,
panic disorder) [66]. There are contradictory results as to
CBD’s effect on sleep (similar to results from animal studies)
as it has been associated with both wake-inducing and hyp-
notic properties in humans [11, 67, 68]. Altogether, many
pharmacological, preclinical, and clinical properties (e.g., an-
tipsychotic, anxiolytic) of CBD that had been demonstrated
over roughly the last decade all point towards a potential role
for CBD in alleviating behaviors relevant to addiction disor-
der. As described below, recent animal and human studies
have provided supporting evidence that these properties do,
indeed, translate into the modulation of addiction-related
outcomes.

CBD in Preclinical Addiction Models

An important consideration in the development of any new
antiaddiction medication is its relative abuse liability, which,
ideally, should be low. Different animal models have con-
firmed the low psychotropic nature of CBD [69–71], suggest-
ing that in contrast to what is normally observed for THC,
CBD does not have hedonic property on its own, that is, it is
not rewarding and does not induce drug-seeking behavior.
Such studies have demonstrated that CBD does not promote
conditioned place preference [69, 70] or increase the reinforc-
ing efficacy of brain stimulation [71], which are both defini-
tive characteristics of addictive substances.
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Our own research efforts have emphasized CBD’s low ca-
pacity to potentiate the rewarding effects of other addictive
drugs. We specifically focused on evaluating CBD’s effects
in relation to opioids as multiple lines of our research had
already established that THC potentiates heroin self-
administration in rats controlling their own drug intake,
whereas the question as to whether other cannabinoids in the
cannabis plant also exhibited similar properties remained un-
answered. Our results showed that repeated CBD administra-
tion (5–20 mg/kg) did not alter heroin self-administration, but
clearly inhibited cue-induced heroin-seeking behavior [72];
Fig. 4). Intriguingly, CBD’s effects were prolonged, lasting
two or more weeks after administration in its efficacy to re-
duce heroin reinstatement behavior triggered by drug-specific
environmental cues. Moreover, even when administered dur-
ing active heroin intake, the ability of CBD to inhibit relapse
behavior was still apparent weeks after the last exposure, sug-
gesting that CBD could impact the course of heroin depen-
dence even following a potential lapse condition after a period
of abstinence. This highlights a property unique to CBD, one
that is not found in the medications currently used for the
treatment of heroin abuse. Importantly, no physical side ef-
fects were noted in the animals with respect to gross effects on
motor function.

Research is currently ongoing to delineate the neurobiolog-
ical mechanisms by which CBDmediates its long-term effects
on heroin-seeking behavior, but initial data suggest that CBD
normalizes heroin-induced impairment on the α-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid glutamate receptor
(AMPA) GluR1, as well as the CB1R expression within the
nucleus accumbens [72]. The glutamatergic system and par-
ticularly GluR1 receptors are known to contribute to

neuroplasticity underlying drug-seeking behavior [67, 73],
and treatments targeting glutamates are being developed for
addiction intervention.

Corroborating our own investigations, other animal studies
have also suggested beneficial effects of CBD in relation to
clinical symptoms associated with opioid exposure. One line
of evidence particularly relevant to opioid abuse is the consis-
tent findings that 1) CBD reduces morphinewithdrawal symp-
toms (e.g., wet shakes, diarrhea, abnormal posture, ptosis,
chewing, or teeth chattering) [74–77], and 2) even in combi-
nation with THC, CBD is capable of reducing abstinence
scores to a greater extent than THC alone [74, 75].

Although significant preclinical animal data are accumulat-
ing with regard to CBD and opioid drugs, information regard-
ing CBD and its effects on other substances of abuse are cur-
rently still very limited. Findings to date suggest minimal
CBD impact on apparent positive subjective effects induced
by psychostimulants or THC [70, 71, 78]. Moreover, no ani-
mal studies have been published to date regarding CBD’s
effects on nicotine or alcohol. Clearly, more research is need-
ed. Importantly, most studies have predominantly evaluated
CBD in models designed to only assess its immediate actions
on other drugs, and have yet to fully evaluate its potential
protracted effects on drug-seeking behavior and withdrawal
symptoms. Of note, Parker et al. [69] found that CBD poten-
tiated the extinction of cocaine and amphetamine-induced
conditioned place preference learning, but had no impact on
the establishment of conditioned place preference. The imple-
mentation of studies using animal models of relapse will be
critical to inform human investigations considering the possi-
bility of CBD as a long-lasting therapeutic agent for addiction.

CBD and Human Translational Studies

Human studies regarding CBD’s potential impact on the abuse
of other drugs are even more limited than preclinical animal
investigations. Thus far, there has only been 1 report with
cigarette-dependent participants, and CBD was observed to
reduce the number of cigarettes consumed by active users[79].
The same investigative team has also evaluated CBD in rela-
tion to cannabis abuse. In naturalistic studies conducted with
cannabis users, the concentration of CBD in smoked cannabis
did not attenuate psychomimetic symptoms in participants
when they were acutely intoxicated [80]; however, CBD re-
duced Bwanting^ and Bliking^ of cannabis-related stimuli
[81]. Additionally, a case report in 1 patient indicated that
CBD might reduce withdrawal symptoms and the amount of
cannabis smoked upon resumption of cannabis use, but no
systematic study has been conducted in relation to CBD and
cannabis relapse behavior.

Based on the animal data supporting the effect of CBD on
opioid-seeking behavior, we initiated pilot human clinical
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laboratory studies to begin to explore the potential of this
cannabinoid as a medication for opioid craving. A critical first
step was to document that CBD, if combined with a potent
opioid, would be safe as there was always the chance for a
lapse in abstinent heroin abusers. Our double-blind, placebo-
controlled cross-over phase I study in healthy subjects dem-
onstrated that CBD (400 mg and 800 mg; approximately 10–
15 mg/kg) co-administered with intravenous fentanyl is well
tolerated and does not exacerbate adverse effects associated
with intravenous fentanyl administration such as respiratory
depression or cardiovascular complications [82]. Measure-
ments of CBD plasma levels showed the time to peak CBD
concentration occurred at 3 h (Cmax 181.2±39.8 μg/l and
221.1±35.6 μg/l, respectively, for the 400-and 800-mg doses;
Fig. 5). Exploratory analysis of subjective measures scales
[Positive and Negative Affect Schedule and Opioid Visual
Analog Scale], as well as anxiety visual analog scale (VAS)
scores suggested that CBD at the doses examined did not
significantly alter their affective states, which was consistent
with other reports [83].

The next pilot phase was to evaluate CBD as a potential
treatment for heroin craving by assessing its effects in heroin
abusers. A small double-blind design was conducted in
opioid-dependent individuals (no dependence on any other
drug than heroin according to the Diagnostic and Statistical
Manual ofMental Disorders, 4th Edition) who, based on urine
toxicology screening and the Clinical Opioid Withdrawal
Scale, had been abstinent for at least 7 days. As the preclinical
animal study had evaluated CBD effects following the adminis-
tration of a single dose of CBD for 3 consecutive days [72], the
human study design for the pilot experiment also had a similar
design. As such, individuals were randomized to 3 consecutive
days of CBD or placebo treatment before participating in
laboratory sessions. The craving paradigm consisted of cue-
induced craving test sessions where opioid-related and neutral
video cues were presented at 1 h after a single CBD/placebo
administration, 24 h after a single CBD/placebo administration,
and 7 days following the final CBD/placebo administration. The
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results showed that a single administration of CBD, in com-
parison to placebo, attenuated subjective cue-induced craving
measured after 1 h using the VAS craving scale (Fig. 6a). The
single administration of CBD even maintained a decrease of
general craving 24 h later, assessed using a heroin-craving
questionnaire (Fig. 6b). Furthermore, the effect of CBD in
reducing craving persisted even 7 days after the last treatment.
Interestingly, the effects of CBD were also evident on anxiety in
which there was an effective reduction in VAS anxiety measures
(Fig. 6c). These preliminary pilot human study findings support
the preclinical evidence and clinical studies that have evaluated
anxiety, suggesting a potential therapeutic efficacy of CBD to
reduce negative states in opioid-dependent individuals, which
may, in turn, predict reduced craving and hence reduce the
likelihood of relapse behavior.

An investigation with a larger number of participants is
currently being conducted, but it is clear more studies are
necessary to confirm these preliminary findings, as well as
to evaluate different treatment schedules in order to fully eval-
uate the spectrum of CBD’s effects. Nevertheless, the current
human data are consistent with results from the rat models,
suggesting that CBD attenuates cue-induced and general crav-
ing in opioid-dependent individuals and that the effects are
protracted even after the acute exposure to the cannabinoid
[62–64]. Overall, the pilot human and preclinical animal lab-
oratory studies provide a foundation for continued exploration
of CBD in treating opioid dependence.

Conclusion

Despite its long history of pervasive recreational use in soci-
ety, the understanding of medicinal aspects of cannabinoids is
only in its infancy. Significant research efforts are still neces-
sary to evaluate fully the development of CBD as a potential
therapy for addiction disorders. To date, the evidence appears
to at least support a potential beneficial treatment for opioid
abuse. The fact that patients with substance use disorders often
present with various psychiatric and medical symptoms that
are reduced by CBD—symptoms such as anxiety, mood
symptoms, insomnia, and pain—also suggests that CBD
might be beneficial for treating opioid-dependent individuals.
Currently most medications for opioid abuse directly target
the endogenous opioid system. CBD could thus offer a novel
line of research medication that indirectly regulate neural sys-
tems modulating opioid-related behavior, thus helping to re-
duce side effects normally associated with current opioid sub-
stitution treatment strategies.

The fact that CBD and THC have divergent effects on
behaviors linked to addiction vulnerability emphasizes the
important need to educate the general public. Medical mari-
juana represents a complex chemical mixture, all of which
may not be an appropriate treatment for substance use

disorders; while one cannabinoid constituent in the plant can
alleviate negative symptoms, another may exacerbate them.
As such, it is important to make a distinction in the nomen-
clature and emphasize that it is specific cannabinoids, such as
BCBD^, that may hold the psychiatric therapeutic promise,
not the general marijuana plant. As more research efforts are
directed towards cannabinoids, we will soon be able to under-
stand how best to leverage the potentially beneficial properties
of cannabinoids to develop more targeted treatment
interventions.
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Background:  Evidence  suggests  that  the  cannabinoid  system  is  involved  in  the maintenance  of  opi-
oid  dependence.  We  examined  whether  dronabinol,  a cannabinoid  receptor  type  1 partial  agonist,
reduces  opioid  withdrawal  and  increases  retention  in treatment  with  extended  release  naltrexone  (XR-
naltrexone).
Methods:  Opioid  dependent  participants  were  randomized  to  receive  dronabinol  30  mg/d  (n =  40)  or
placebo  (n  = 20), under  double-blind  conditions,  while  they  underwent  inpatient  detoxification  and  nal-
trexone  induction.  Before  discharge  all participants  received  an  injection  of  XR-naltrexone,  with  an
additional  dose  given  four weeks  later.  Dronabinol  or  placebo  was  given  while  inpatient  and  for  5  weeks
afterwards.  The  primary  outcomes  were  the severity  of opioid  withdrawal,  measured  with  the  Subjective
Opioid  Withdrawal  Scale,  and  retention  in  treatment  at  the  end  of  the  inpatient  phase  and  at  the  end  of
the  8-week  trial.
Results: The  severity  of opioid  withdrawal  during  inpatient  phase  was  lower  in  the  dronabinol  group
relative  to placebo  group  (p  = 0.006).  Rates  of successful  induction  onto  XR-naltrexone  (dronabinol  66%,
placebo  55%)  and  completion  of treatment  (dronabinol  35%, placebo  35%)  were  not  significantly  different.
Post  hoc  analysis  showed  that  the 32%  of participants  who  smoked  marijuana  regularly  during  the  out-
patient  phase  had  significantly  lower  ratings  of  insomnia  and  anxiety  and  were  more  likely  to  complete
the  8-week  trial.
Conclusion: Dronabinol  reduced  the  severity  of opiate  withdrawal  during  acute  detoxification  but  had
no effect  on  rates  of XR-naltrexone  treatment  induction  and retention.  Participants  who  elected  to
smoke  marijuana  during  the trial  were  more  likely  to complete  treatment  regardless  of  treatment  group
assignment.

©  2015 Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

Rates of prescription opioid and heroin use and related morbid-
ity and mortality continue to grow at an alarming rate (SAMHSA,
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2013) with a parallel increase in unintentional overdose deaths
(CDC, 2012). Treatment with opioid agonists, methadone and
buprenorphine is a time-honored and effective approach to man-
age opioid dependence, however, agonists are not effective for all
patients. Approximately 50% of individuals continue using opioids
or other drugs, or drop out during the first 6 months of treatment
(Mattick et al., 2008; Soyka et al., 2008). Treatment with the opi-
oid receptor antagonist is an alternative treatment approach that
has the potential to address some of the limitations of agonists
and attract and retain more patients in stable long-term recovery
(SAMHSA, 2012). In patients who  are able to initiate treatment with
extended-release naltrexone, the overall effectiveness of treatment
is comparable with agonists with regard to treatment retention
(50–70%) with lower rates of ongoing opioid use (Bisaga et al., 2014;
Brooks et al., 2010; Comer et al., 2006; Krupitsky et al., 2011).

http://dx.doi.org/10.1016/j.drugalcdep.2015.05.013
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Initiation of naltrexone treatment is best accomplished while
the patient is completing residential treatment. For patients who
are opioid dependent, initiation of naltrexone during detoxification
is associated with significant withdrawal symptoms. An alternative
approach, to wait for 7–10 days post-detoxification before admin-
istering naltrexone, results in high rates of relapse. Strategies for
easing the rapid transition from agonist to antagonist generally
involve a brief course of buprenorphine, followed by use of non-
opioid medications to attenuate withdrawal symptoms (Sigmon
et al., 2012). Nonetheless withdrawal symptoms can still be sub-
stantial, reducing success rates of naltrexone induction. Further,
patients who start naltrexone frequently experience protracted
withdrawal symptoms that persist for 2–3 weeks and may  fur-
ther limit naltrexone’s acceptability and adherence. Approximately
30–40% of individuals who start detoxification leave treatment
prior to receiving the first injection of XR-naltrexone and another
30–40% will drop out during the first 2 months of outpatient treat-
ment (Bisaga et al., 2014; Comer et al., 2006; Nunes et al., 2006).

Ascertaining an adjunctive medication to alleviate acute and
protracted withdrawal symptoms could have a significant impact
on improving effectiveness of naltrexone and help with its
widespread implementation. Observational data from several inde-
pendent studies, and clinical experience, suggest that patients who
use marijuana following induction onto naltrexone have better
retention in treatment as compared to individuals who  do not use
marijuana (Church et al., 2001; Raby et al., 2009). This finding sug-
gests marijuana may  help alleviate withdrawal symptoms early in
the course of naltrexone treatment and points to the role of the
endocannabinoid system in preventing opioid dependence relapse.

The endocannabinoid system is involved in the maintenance
of drug addiction, and targeting this system has been proposed
as an approach to treatment (Panlilio et al., 2013; Scavone
et al., 2013a; Serrano and Parsons, 2011). The cross-regulation
between cannabinoid and opioidergic pathways has been well
documented in preclinical studies (Robledo et al., 2008). Chronic
exposure to opioids produces profound changes in the endo-
cannabinoid system (Lopez-Moreno et al., 2008; Parolaro et al.,
2010), possibly contributing to behavioral abnormalities emerging
during early abstinence. Preclinical studies show that cannabi-
noid agonists reduce the severity of precipitated opioid withdrawal
(Frederickson et al., 1976; Lichtman et al., 2001; Vela et al., 1995;
Yamaguchi et al., 2001) possibly by modulating opioid signaling in
noradrenergic cells of coeruleo-cortical pathways (Scavone et al.,
2013a). Therefore, targeting cannabinoid systems may  be a viable
therapeutic strategy in opioid dependence.

We conducted a double blind, placebo-controlled trial
of dronabinol in combination with XR-naltrexone among
opioid-dependent patients. Dronabinol is oral synthetic
�9tetrahydrocannabinol, the primary psychoactive cannabi-
noid in marijuana and a cannabinoid receptor type 1 partial
agonist (Pertwee, 2009). We  hypothesized that administering
dronabinol during detoxification and the first weeks of treatment
with XR-naltrexone would diminish the severity of opioid with-
drawal and, as a result, improve treatment retention and reduce
rates of opioid use as compared to treatment with placebo.

2. Methods

2.1. Participants

Opioid-dependent individuals seeking treatment were evaluated at an outpa-
tient research clinic using the Structured Clinical Interview for DSM-IV (First et al.,
1995) and a clinical interview assessing substance abuse severity. Medical evalua-
tion included history, laboratory tests, electrocardiogram together with physical and
psychiatric exam. The Institutional Review Board of the New York State Psychiatric
Institute approved the study.

Eligible individuals were between 18 and 60 years old who  met  criteria for cur-
rent opioid dependence and were able to give an informed consent to participate.

Assessed for eligibility:  517 
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Refused to participate (n=170) 
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Fig. 1. CONSORT diagram of participants in a controlled study of dronabinol in com-
bination with extended-release naltrexone as a relapse prevention strategy in opioid
dependent individuals.

Individuals with unstable medical or psychiatric disorders were excluded. Other
exclusion criteria included: (1) physiological dependence on alcohol or sedative-
hypnotics; (2) history of recent opioid overdose; (3) treatment with opioids for
chronic pain or regular use of methadone; and (4) treatment with psychotropic
medications.

We  only enrolled participants who had experience smoking marijuana, to avoid
exposing participants naïve to THC effects. We excluded participants who were
at  risk for marijuana withdrawal during inpatient treatment (i.e., those smoking
multiple times every day), and excluded participants with cannabis dependence in
remission to minimize the risk of relapse.

We  evaluated 517 individuals; of whom 170 declined to participate and 190
were not eligible to participate (84 had significant medical problems, 46 had signifi-
cant psychiatric co-morbidities, 14 were taking other psychotropic medications, and
46  were not eligible for other reasons; see Fig. 1). In addition, 97 participants entered
other naltrexone-based treatment studies conducted concurrently at the clinic. A
total of 60 individuals provided informed consent and entered the study. Partic-
ipants were stratified on baseline opioid use (high/low) and age (younger/older).
Low use group included participants using five or fewer bags/d (200 mg  of mor-
phine equivalent or less) versus six or more bags/d for high use group. Younger
group included participants 39 years old and younger versus 40 years and older in
older group. There were 22 participants in older/high use stratum, 6 in older/low
use stratum, 21 in younger/high use stratum and 11 in younger/low use stratum.
Within each stratum participants were randomized to dronabinol 30 mg (n = 40) or
placebo (n = 20) with uneven randomization to obtain additional clinical experience
(dosing, safety) with dronabinol.

2.2. Study procedures

Enrolled participants were admitted to an inpatient research unit for an eight-
day detoxification and XR-naltrexone induction (Study Day 1). Participants were
stabilized on buprenorphine (4 mg bid, Day 2), followed by an opioid washout (Days
3  and 4), and then increasing daily doses of naltrexone (Day 5: 3.125 mg,  Day 6:
6.25 mg,  Day 7: 25 mg)  followed by an injection of XR-naltrexone (Day 8: Vivitrol
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380 mg  i.m.) and discharge on Day 9. Naltrexone was  given once daily at 10 AM.  On
Day  2, participants began taking study medication (dronabinol or placebo) titrated
to  30 mg/day by Day 4. Precipitated withdrawal symptoms were treated with fixed
doses (as tolerated) of clonidine (0.8 mg/d), clonazepam (Day 1–6: 3.5 mg/d, Day
7:  2 mg/d, Day 8: 0.5 mg/d), zolpidem 10 mg/d, and other adjuvant medications.
Participants were offered zolpidem 5 mg  as needed in the first two  weeks following
discharge from the inpatient unit.

Study medication, dronabinol or placebo, were given under double-blind con-
ditions and dronabinol was administered twice daily at 10 AM and 9 PM with the
following schedule of titration: Study Day 2: 10 mg  in AM,  Study Day 3: 10 mg in AM
and PM,  Study Day 4 onward: 15 mg  in AM and PM.  Dose selection was  guided by
the  prior clinical trial’s experience with dronabinol, the need to test the sufficiently
high dose of dronabinol to test study’s primary hypothesis, and tolerability that will
permit its use on an outpatient basis in individuals who are intolerant to marijuana
(Budney et al., 2007; Haney et al., 2008; Levin et al., 2011).

Following discharge, participants received outpatient treatment for 8 weeks,
attending the clinic three times per week. Participants continued with dronabinol
or  placebo for 5 outpatient weeks. Medication and matching placebo tablets were
encapsulated with riboflavin 25 mg  to assess compliance. The distribution of daily
dose was  adjusted, with most patients preferring 20 mg  or 30 mg to be taken all
at  night. The medication was  continued at the maximum tolerated dose for the
first three weeks, with a gradual dose reduction during weeks 4 (20 mg/day) and 5
(10  mg/day). Participants received an additional injection of XR-naltrexone at week
4. Medication was tapered off after the second naltrexone injection as the most of
the withdrawal symptoms were expected to be resolved by then and to limit the
possibility that participants will become physically dependent on dronabinol.

During each visit, participants gave an observed urine specimen and completed
self-report measures of drug use, craving, and mood. All urine specimens were tested
on-site for opioids (morphine, oxycodone, methadone, buprenorphine), psychos-
timulants, and benzodiazepines, and one sample per week was sent to the laboratory
for confirmation testing. All urine samples were tested at the laboratory for THC to
preserve blinding to study medication. A research nurse obtained vital signs and
assessed side-effects. Medication compliance was assessed at each visit using a
structured calendar-based interview and confirmed using a visual inspection of the
sample under UV light for riboflavin fluorescence. Participants met  with a research
psychiatrist once per week to monitor treatment progress and review medication
tolerability and adherence. Participants were compensated $15 each visit. Those
who  stopped dronabinol/placebo for at least two  weeks, were classified as study
drop-outs.

Participants were asked to attend one weekly individual therapy session that
included elements of Motivational Interviewing, Relapse Prevention, and Cogni-
tive Behavioral Therapy. Sessions were audio-taped for supervisory and adherence
purposes, and we conducted weekly supervision sessions to prevent therapeutic
drift. After completion of study procedures participants were referred to continue
treatment in community programs either with naltrexone or buprenorphine, where
appropriate.

2.3. Assessments and data analysis

The primary aim was to compare the severity of opioid withdrawal across the
two treatment arms during the eight-day inpatient phase, and during the eight-
week outpatient phase. We used the Subjective Opiate Withdrawal Scale (SOWS;
Handelsman et al., 1987) collected midday daily during the inpatient phase (approxi-
mately 3 h after the morning dose of study medications and naltrexone) and weekly
afterwards. The SOWS includes 16 common symptoms of withdrawal rated on a
severity scale from 0 = not at all to 4 = extremely. In addition, we  used the Hamil-
ton Rating Scale for Depression (HAM-D 21; Williams, 1988), an observer rating
scale that assesses severity of symptoms emerging during protracted withdrawal
(depression, anxiety, vegetative symptoms). HAM-D was  collected at baseline and
weekly during the trial. Retention in treatment (time to drop out) was assessed for
the inpatient phase and the 8-week outpatient phase. Secondary outcomes included
weekly proportion of participants who  used opiates (dichotomous) and weekly pro-
portion of participants who  had cravings (defined as any craving score >0 during
the  week; dichotomous). As a covariate we included a marijuana-use status dur-
ing  the outpatient phase (regular use at least once every week throughout trial,
dichotomous).

The  severity of opioid withdrawal during the inpatient phase was  analyzed lon-
gitudinally using a generalized linear model with AR(1) structure. The two-way
interaction between time (i.e., day) and treatment was  assessed first and retained in
the  final model if found significant. If no significant interaction was  found, a model
with only main effects of time and treatment was fit. An AR(1) covariance struc-
ture  was  used to account for the correlation of the repeated observations within
subjects. Retention rates were compared using Kaplan–Meier Curves and log-rank
statistics. To examine the covariate (marijuana use during the outpatient phase), a
Cox  Proportional Hazards Model was used with treatment and regular marijuana
use as covariates. If either was found to be significant, hazard ratio estimates and
corresponding confidence intervals were obtained. PROC PHREG in SAS was used to
conduct the analysis.

Longitudinal secondary outcomes were analyzed during the outpatient phase
using longitudinal generalized, mixed effects models with either identity or logit

link functions, depending whether the outcome was continuous or dichotomous.
Each HAM-D item was  modeled as a dichotomous (=0 or not) outcome modeling the
probability of the presence of the individual item. Random intercept and/or autore-
gressive AR(1) covariance structure were used. The two-way interaction between
time and treatment was  assessed first and retained in the final model if found signif-
icant. If no significant interaction between time and treatment was found, a model
with only main effects was fit. Analysis of HAM-D was also adjusted by baseline.
PROC GLIMMIX in SAS® was used to conduct all secondary analyses. All analyses
were intent-to-treat and with two-tailed alpha and significance level of 5%, unless
otherwise stated.

3. Results

3.1. Sample characteristic

Participants were on average 38 years of age (SD 11.3), mostly
male (85%), and primarily White (58%) or Hispanic (30%). Partici-
pants reported using an average of 10 bags of heroin per day (SD
7.6), 50% were injecting heroin and 16% were using prescription
opioids (Table 1). Eleven participants (18%) were regular smokers
of marijuana (smoked at least once weekly by self-report confirmed
with THC positive urine toxicology) prior to study enrollment.
Those who smoked marijuana prior to study enrollment were doing
it on average 15 (SD 9.4) out of the previous 30 days with an average
of 1.5 (SD 0.56) joints per using day. These participants were signifi-
cantly younger 29.7 years (SD 7.7) as compared to the non-smokers
40.9 (SD 12.7) but there were no other demographic differences
between these groups.

During the outpatient phase of the trial, 32% of participants
(N = 12) (26% in dronabinol and 36% in placebo) smoked marijuana
regularly. Marijuana smoking was more frequent among patients
who were regular (at least weekly) marijuana users prior to the
study, compared to those who  were not using before study entry
(89% vs. 15%). During outpatient treatment phase participants who
smoked marijuana were doing so on average 18.1 days/month
(SD = 10.9, range 1–30). There was  no significant increase in the fre-
quency of smoking for participants who continued to smoke after
discharge from the inpatient unit.

3.2. Opioid withdrawal

Fig. 2 shows the observed means of the SOWS scores, reflecting
opioid withdrawal severity, at baseline (Day 1), and daily across
the inpatient treatment period (days 2 through 8) during which
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Fig. 2. Observed severity scores of self-reported opioid withdrawal during the
inpatient detoxification phase of treatment (means with standard error bars). Sig-
nificantly different between groups (p = 0.005).
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Table  1
Demographic characteristics of the participants randomized to placebo or dronabinol (N = 60).*

Characteristic Placebo (n = 20) Dronabinol (n = 40) p-value

Mean (SD) or n (%)

Age (years) 37.3 (11.1) 38.5 (11.6) 0.70
Male  16 (80.0) 34 (87.2) 0.47
Race/ethnicity 0.89
White 12 (60.0) 23 (57.5)
Black  2 (10.0) 3 (7.5)
Hispanic 5 (25.0) 13 (32.5)
Other  1 (3.7) 1 (2.5)
SOWS  at baseline 20.3 (16.5) 20.9 (17.7) 0.90
STAI  at baseline 26.3 (14.7) 24.7 (11.4) 0.66
HAMD at baseline 7.5 (4.8) 7.5 (5.1) 0.99
Pattern of opioid use at baseline
Route 0.96

IV  (heroin) 10 (50.0) 20 (50.0)
IN  (heroin) 7 (35.0) 13 (32.5)

Average daily use (bags heroin) 9.5 (5.0) 10.3 (8.7) 0.65
PO  (prescription opioids) 3 (15.0) 7 (17.5)

Average daily use (mg  oxycodone) 110.3 (61.0) 152.7 (190.7) 0.72
Duration of opioid use (years) 10.0 (6.2) 12.2 (11.4) 0.45
Baseline drug and alcohol use
Any marijuana use at baseline 5 (25.0) 10 (25.0) 1.00
Cocaine
Any  use in last 30 days 2 (10.0) 14(35) 0.039
Alcohol
Any  use in last 30 days 10(50.0) 18(45.0) 0.71

* Frequencies may  not sum to N = 60 due to missing values. Three patients did not report their STAI at baseline. One subject was transgender. Percentages may not add up
to  100 due to rounding.

study medication (dronabinol vs. placebo) was administered. All
patients were receiving a standard rapid detoxification consisting
of low dose buprenorphine on Day 2 only and non-opioid ancillary
medications thereafter with oral naltrexone titration beginning on
Day 5.

As can be seen in Fig. 2, participants presented for treatment on
Day 1 with generally low to moderate levels of baseline withdrawal
severity and no significant group difference was observed at Day 1
– placebo: 20.3 (SD 16.5); dronabinol 20.9 (SD 17.7) (SOWS: out
of 64 maximum score, see Fig. 2). During days 2 trough 4 (before
oral naltrexone was introduced), the observed withdrawal scores
are higher in the placebo group than the dronabinol group. Dur-
ing days 5–8 (after the introduction of naltrexone), the withdrawal
scores for the groups appear to converge. The observed data in Fig. 2
suggest possibly a meaningful effect of dronabinol on SOWS dur-
ing days 2–4 (before naltrexone was introduced) that washes out
during days 5–8. The average difference between placebo and dron-
abinol during days 2–4 was 11.34 and during days 5–8 was 6.69.
Even though the difference in SOWS when only modeled for days
2–4 is significant (T28 = 3.26, p = 0.003) and not significant when
only modeled for days 5–8 (T28 = 1.54, p = 0.13), the overall analyses
didn’t find the differences between days 2–4 and 5–8 significant.
Notice the wide overlapping confidence intervals for days 2–4 (95%
CI: 4.51–18.17) and 5–8 (95% CI: −1.81–15.19) suggesting that the
observed differences in SOWS severity rating before and after nal-
trexone introduction could be potentially Type I Error. This is also
supported by two additional analyses.

First, when treatment (naltrexone vs. placebo), study day (2–8),
and the interaction between treatment and study day were entered
into the generalized linear model, the interaction between study
day and treatment was  not significant (F6,124 = 0.93, p = 0.48) sug-
gesting that there are no significant differences between effect
of naltrexone and placebo over time. After the interaction was
removed from the model there was a significant main effect of treat-
ment (F1,55 = 8.80, p = 0.005), with an estimated severity in placebo
group at 26.5 and in dronabinol group at 16.7 across days 2–8 (aver-
age estimated difference was 9.8), with no significant effect of day
in a main-effects model.

A second analysis was  run to statistically quantify the observed
differences between dronabinol and placebo over days 2–4 com-
pared to the effect during days 5–8. First, the study days were
categorized as part of 2 time phases (Phase 1 included days 2–4;
Phase 2 included Days 5–8). Then a mixed effect longitudinal model
was fit with treatment, interval (Phase 1: before naltrexone vs.
Phase 2: after naltrexone), and the treatment by phase interac-
tion. The interaction between the treatment and phase, similarly
to previous model, did not reach significance (F1,28 = 1.19, p = 0.28)
suggesting that the differences between phase 1 and phase 2 are
not statistically significant even though appearing clinically mean-
ingful. With the interaction removed from the model, the overall
(days 2–9) estimated difference between placebo and dronabinol
is 9.9 points (T = 3.04, p = 0.004) that is significant. Thus, although
the observed data suggest that the observed and clinically mean-
ingful effect of dronabinol occurs mainly during days 2–4 (before
naltrexone in introduced) and that the effect of dronabinol washes
out during days 5–8, the statistical models indicate a statistical
inability to detect a significant treatment by time, or treatment
by phase interaction. This indicates that the observed data do not
provide strong enough evidence to say that the only significant
effect of dronabinol can be found only during days 2–4. The 95%
confidence intervals suggests that potentially the true difference
between placebo and dronabinol can be as small as 4.51 points
during days 2–4 and as high as 15.19 points during days 5–8. It is
a clear that the clinically meaningful difference between days 2–4
and days 5–8 needs stronger statistical support (larger number of
subjects in future studies) to be found significantly different.

We conducted a moderator analysis to assess whether the treat-
ment effect on opioid withdrawal while inpatient was  different for
participants who  smoked marijuana vs. non-smokers (by adding an
interaction term between treatment and smoking status into the
model). There was no effect of pre-enrollment marijuana smoking
on the severity of SOWS-rated opioid withdrawal during inpatient
phase (F1,48 < 0.01, p = 0.96).

For the outpatient phase, there was  a significant effect of week
with withdrawal severity decreasing (F7,163 = 36.72, p < 0.0001) in
the main-effects model. Week by treatment interaction was  not
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Fig. 3. Kaplan–Meier Curve for the outpatient phase, stratified by treatment and marijuana (MJ) use during that phase.

significant and there were no significant effects of treatment groups
or post-detoxification marijuana use.

3.3. Retention in treatment

Of the 60 participants who entered the study, 38 (63%) com-
pleted the inpatient phase, received the injection of XR-naltrexone
and continued in the outpatient phase. There was no significant
difference in the rate of successful induction onto XR-naltrexone
between dronabinol (66%) and placebo (55%) groups (X2 = 1.46,
p = 0.23). Pre-enrollment marijuana use was not a significant pre-
dictor of inpatient treatment retention (X2 = 1.45, p = 0.23). Of the
38 participants who entered the outpatient phase, 82% completed
at least 4 weeks of treatment, and 55% completed all 8 weeks of
the trial. No significant difference was found in retention between
the placebo and the dronabinol groups, with 35% retained in both
groups.

When post-detoxification marijuana use was  entered as a
covariate in the model, there was a significant effect of mari-
juana use on outpatient treatment retention (X2 = 4.31, p = 0.038)
with marijuana smokers more likely to remain in treatment as
compared to non-smokers (Hazard rate = 4.83, 95% CI: 1.09, 21.36
while controlling for treatment arm; Fig. 3). All of those who
were using marijuana remained in treatment and received the
second XR-naltrexone injection as compared to only 46% of partic-
ipants who were not using marijuana. Because marijuana smokers
were significantly younger we entered age into the treatment
retention model but the effect of marijuana use on treatment
retention remained relatively unchanged suggesting that younger
age did not explain the relationship between marijuana use and
retention.

3.4. Secondary outcomes

For the HAM-D outcome, interaction between treatment and
week was not significant and was omitted. The main effect of
week was significant, with HAM-D severity decreasing over time
(F7,151 = 9.71, p < 0.0001). Positive indicator of marijuana use was
significantly associated with lower total HAM-D scores while con-
trolling for baseline severity, week, and treatment (F1,151 = 4.43,
p = 0.037). The main effect of marijuana smoking during the study
was significant for dichotomized outcomes: insomnia (early, mid-
dle, and late) and anxiety (psychological). Marijuana smokers had
lower odds of having these symptoms compared to non-smokers.

While outpatient, 63% of participants used opioids at least on
one occasion. The interaction between treatment and study week

was not significant and was  omitted. Only main effect of week
(F7,193 = 7.22, p < 0.01) was  significant; with 10% of participants
using opioids during the last week of trial. There were no significant
main effects of treatment or post-detoxification marijuana use. For
the craving outcome, there was  no significant interaction between
treatment and study week, but there was a significant effect of
week (F7,167 = 2.59, p = 0.015), with craving decreasing over time.
There were no main effects of treatment and post-detoxification
marijuana use.

3.5. Medication compliance and safety

Medication compliance was quantified as the proportion of days
in which 80% or more of capsules were taken. No significant differ-
ence in rates of compliance between the placebo and dronabinol
groups (80% and 84%) was found. The mean maximum tolerated
dose of study medication (of the maximum three dronabinol 10 mg
capsules or placebo per day) was  2.9 ± 0.3 capsules/day in the
placebo group, 2.7 ± 0.6 capsules/day in the dronabinol arm. Most
participants took all doses of adjunctive medications during the
inpatient and early outpatient phase, and there was  no difference
between treatment groups in the amount of adjunctive medications
used.

We  have measured urine concentration of THC during the outpa-
tient phase of the study. There was a significant effect of treatment
with participants assigned to dronabinol had over 900% higher
levels of THC compared to subjects assigned to placebo, while con-
trolling for marijuana use status and time (F1,99 = 33.4, p < 0.0001).
There was  also a significant effect of marijuana use on urine THC
concentration with participants smoking marijuana having 130%
higher THC values compared to non-smokers while controlling for
treatment and time (F1,99 = 5.65, p < 0.02). These results suggest that
dronabinol had greater impact than marijuana smoking on average
urine THC concentration.

Adverse effects (AEs) were reported by 91% of the placebo group
and 96% of the dronabinol group (Table 2). The most commonly
reported side effects were insomnia (placebo 64%, dronabinol 63%),
nausea/vomiting (placebo 18%, dronabinol 18%), diarrhea (placebo
18%, dronabinol 26%) consistent with symptoms of naltrexone-
related protracted withdrawal. Other frequent AEs were mood
changes (placebo 36%, dronabinol 18%) and fatigue/drowsiness
(placebo 9%, dronabinol 26%). There were no significant differences
between treatment groups in frequency of AE reporting. Most side
effects were consistent with symptoms of naltrexone-related pro-
tracted withdrawal and occurred primarily during the first three
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Table  2
Summary of Adverse Events (AE) reported as moderate or severe in greater than 5%
of  participants who completed detox.

AEs % (n)

Placebo
(N = 11)

Dronabinol
(N = 27)

Number of participants who were removed
from trial because of SAEs*

0 4% (1)

Number of participants with at least 1 AE* 91% (10) 96% (26)
Number of participants requiring dose

reduction
9% (1) 22% (6)

Number of participants requiring
discontinuation of medication

0 4% (1)

Adverse effects*

Insomnia 64% (7) 63%(17)
Mood changes 36% (4) 18% (5)
Increase/decreased appetite 18% (2) 7% (2)
Fatigue/drowsiness 9% (1) 26% (7)
Nausea/vomiting 18% (2) 18% (5)
Diarrhea 18% (2) 26% (7)
Headache 18% (2) 11% (3)
Body aches 9% (1) 11% (3)
GI distress 27% (3) 15% (4)
Sweating/chills 0 15% (4)

* AEs were not assessed in 2 participants who did not return for the first outpatient
visit.

weeks of the outpatient treatment and none of them were sus-
tained. None of the participants reported discontinuing the study
because of AEs. There were no significant differences between
treatment groups at the end of treatment in: weight, blood pres-
sure, heart rate, respiration, and oral temperature. We  have also
assessed the frequency of AEs between marijuana smokers and
non-smokers and there were no significant differences between
groups.

Three serious adverse events occurred in this study. A partic-
ipant developed symptoms of pruritus and facial swelling 2 days
after receiving an injection of naltrexone. A dermatologist deter-
mined that the rash was most likely not related to the study
medication, but the participant stayed off the naltrexone for the
reminder of the trial. One participant in the placebo arm was hos-
pitalized for symptoms of dehydration during the first week of the
outpatient phase and another was hospitalized for treatment of a
kidney infection and dislocated shoulder, which occurred 3 weeks
after discontinuation of study participation.

4. Discussion

In this double-blind and placebo controlled clinical trial of
a cannabinoid agonist for opioid-dependent patients undergoing
treatment with XR-naltrexone, dronabinol (30 mg  per day) reduced
opioid withdrawal symptoms during the acute inpatient phase
of withdrawal and naltrexone initiation. This beneficial effect of
dronabinol appeared (based on inspection of the observed data,
Fig. 2) to occur mainly during the first few days of opioid detox-
ification, before oral naltrexone began to be introduced, although
the treatment by time interaction is not significant. It is also possi-
ble that the relatively short duration of opioid-withdrawal limited
the detectable effect of dronabinol to the first few days of treat-
ment. There were no significant differences between dronabinol
and placebo in rates of adherence with the first or second naltrex-
one injections or the rates of completing 8 weeks of treatment.
Approximately one third of participants in the study smoked mar-
ijuana regularly during the outpatient treatment, a behavior that
was voluntary and independent of treatment assignment. Those
participants had less insomnia and anxiety symptoms and were
more likely to remain in treatment, as compared with participants
who were smoking marijuana rarely or not at all. The frequency

of opioid use and the severity of opioid withdrawal and craving
decreased over time but no effect of dronabinol or marijuana use
was observed.

The finding of diminished opioid withdrawal with dronabi-
nol is consistent with preclinical studies (Frederickson et al.,
1976; Lichtman et al., 2001; Vela et al., 1995; Yamaguchi et al.,
2001) and smoked marijuana also appeared to diminish opioid
withdrawal in patients undergoing stabilization on methadone
(Scavone et al., 2013b). In the present trial, participants were also
receiving other medications during the detoxification, so it is not
clear if dronabinol by itself would be sufficient to produce clini-
cally significant reduction of opioid withdrawal. Opioid withdrawal
affects multiple organs and systems and its management may  best
accomplished using a combination of medications, targeting differ-
ent components of the syndrome. We  hypothesized that reduction
of withdrawal severity would result in higher rates of successful
initiation of treatment with injectable naltrexone, but this was not
observed.

Most participants continued to experience some insomnia, low
appetite, and low energy during the first few weeks of outpatient
treatment, a set of symptoms consistent with protracted with-
drawal or low-grade withdrawal symptoms related to naltrexone.
Unlike the positive effects on acute opioid withdrawal, treatment
with dronabinol did not affect these symptoms, as measured by the
Hamilton Depression Scale. This suggests either that there might
be a threshold of symptom severity necessary for dronabinol to be
effective, or that dronabinol is effective at relieving mainly acute
opioid withdrawal, rather than subacute or protracted withdrawal
or withdrawal related to initial naltrexone treatment. Alternatively,
participants developed a tolerance to the effects of dronabinol over
the five weeks of its administration. Pharmacokinetic factors might
also play a role. Dronabinol has a variable metabolism and low
bioavailability (Ben Amar, 2006; McGilveray, 2005) and it does not
produce dose-dependent effects (Bedi et al., 2013; Haney et al.,
1999), suggesting that blood levels of dronabinol might have been
low and inconsistent which might have contributed to the reduced
clinical effect. In the present trial many participants elected to take
medication once a day at night, however with the dronabinol’s
elimination half-life of 19–36 h, once daily dosing might not be
sufficient to provide consistent blood level and medication effect
throughout the day. On the other hand, decreasing the frequency
of daily dosing increases rates of compliance with medication and
evening dosing minimizes the risk of sedation which was experi-
enced by some patients further improving medication compliance.
It is also possible that after release from the inpatient unit, partic-
ipants become less compliant with the medication. Thus lowering
the dronabinol blood level might explain its efficacy during the
inpatient but not the outpatient treatment phase.

One of the interesting study findings was  the observed beneficial
effect of marijuana smoking on treatment retention. Approximately
one third of participants smoked marijuana regularly during the
outpatient treatment phase. Participants who  smoked marijuana
had less difficulty with sleep and anxiety and were more likely
to remain in treatment as compared to those who were not using
marijuana, regardless of whether they were taking dronabinol or
placebo. This finding is consistent with our earlier reports show-
ing the beneficial effects of moderate and intermittent marijuana
use on compliance with naltrexone and opioid abstinence (Church
et al., 2001; Raby et al., 2009). Although none of these studies used a
controlled design to assess the effect of marijuana smoking a priori,
the fact that we were able to replicate the finding in three separate
studies strengthens its validity. Moreover, this finding is consistent
with our initial hypothesis that cannabinoid agonists may  alleviate
some of the discomfort present during the initiation of naltrexone
treatment and allow patients to remain in treatment and abstinent
from opioids. In fact, all of the participants who  used marijuana
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in our study received the second injection of XR-naltrexone, com-
pared with average of 70–80% observed in previous trials using
XR-naltrexone (Comer et al., 2006; Krupitsky et al., 2011). Although
this is an uncontrolled observation based on a small sample of
patients, it further supports the hypothesis that cannabinoid ago-
nists might be a useful adjunct to antagonist-based treatment of
opioid dependence. It has to be noted however that THC is only
one among many biologically active alkaloids in marijuana and
other compounds might be more critical to the anti-withdrawal
effect of smoked marijuana. Interestingly, in the present trial dron-
abinol was more likely than marijuana to increase average level
of urinary THC, which suggests that perhaps non-THC constituents
of marijuana might have helped with treatment retention. On the
other hand self-administration of smoked marijuana at specific
time points and in response to distress, resulted in pulsatile high
doses of THC that helped with emerging symptoms.

As smoked marijuana is not currently approved as a medical
treatment, alternative compounds such as pharmaceutical extract
from a marijuana plant or an alternative cannabinoid medication
with better pharmacokinetics might be better suited to decrease
the severity of acute opioid withdrawal and reduce early relapse to
opioid use. However, the attempt at maximizing the potency and
effectiveness of medication delivery has to be weighed against the
adverse effects profile and potential for abuse. In the present trial
participants who smoked marijuana included mostly individuals
who were smoking prior to study entry, and there is no indication
that exposure to dronabinol increased the risk of marijuana smok-
ing initiation. Even though earlier studies did not show a negative
impact of marijuana use on treatment retention in agonist-based
treatment of opioid dependence (Epstein and Preston, 2003), a large
clinical trial of opioid agonist maintenance conducted recently
showed a negative effect of marijuana use on treatment outcome
(Hser et al., 2013). This apparent differential effect of smoked mari-
juana on treatment outcome suggested that marijuana use might be
more destabilizing for patients in agonist vs. the antagonist-based
treatment.

Overall, dronabinol appeared to be well tolerated in this popula-
tion; frequency of adverse effects and requests to lower medication
were comparable between dronabinol and placebo groups. The
majority of participants complained of adverse effects during the
first 1–3 weeks following discharge from the inpatient unit but
it is difficult to distinguish withdrawal symptoms from the side
effects of dronabinol (e.g., sedation). Requests for dose reduction of
medication occurred with equal frequency in the medication and
the placebo groups, suggesting that it was primarily withdrawal
that was responsible for these adverse effects. Compliance with
study medication appears to be good by self-report confirmed by
UV fluorescence and significantly higher average levels of THC in
participants assigned to active medication condition.

Study limitations include a relatively small sample size. It seems
unlikely that limited power prevented us from detecting an effect of
dronabinol on study retention, and power was sufficient to detect
the effect of marijuana smoking status. The failure to detect an
interaction between treatment and time on withdrawal symptoms
during the inpatient phase might reflect limited power. A single
dose of dronabinol was a limitation as higher dose might have been
effective during the outpatient phase of the trial. Blood rather than
urinary THC levels might have been a better measure of medication
compliance. Uncontrolled smoking of marijuana by some partic-
ipants introduced a confounding variable as marijuana contains
THC, a compound under study in this trial. Finally, a large number of
interested participants were excluded due to medical or psychiatric
instability, limiting the generalizability of study findings.

In conclusion, this double-blind controlled trial demonstrated
that dronabinol reduced the severity of opiate withdrawal dur-
ing opioid detoxification and rapid induction onto XR-naltrexone.

This effect of dronabinol appeared to occur mainly during the
first few days of opioid detoxification, before oral naltrexone was
introduced, although the treatment by time interaction is not sig-
nificant. Dronabinol did not significantly improve either low-grade
withdrawal symptoms during subsequent outpatient treatment
with naltrexone, nor the proportion of patients inducted onto
and maintained on injection naltrexone. Naturalistic marijuana
smoking was  associated with improved retention on injection
naltrexone. Although the finding on naturalistic marijuana smok-
ing suggests cannabinoid agonists may  be useful for improving
retention on treatment with injection naltrexone, the findings do
not support the effectiveness of dronabinol on retention. Further
research is warranted on other cannabinoids for facilitating treat-
ment with naltrexone.
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Intermittent Marijuana Use Is Associated with Improved
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Naltrexone is a theoretically promising alternative to
agonist substitution treatment for opioid dependence, but its
effectiveness has been severely limited by poor adherence.
This study examined, in an independent sample, a previously
observed association between moderate cannabis use and
improved retention in naltrexone treatment. Opioid dependent
patients (N = 63), admitted for inpatient detoxification
and induction onto oral naltrexone, and randomized into a
six-month trial of intensive behavioral therapy (Behavioral
Naltrexone Therapy) versus a control behavioral therapy
(Compliance Enhancement), were classified into three levels
of cannabis use during treatment based on biweekly urine
toxicology: abstinent (0% cannabis positive urine samples);
intermittent use (1% to 79% cannabis positive samples); and
consistent use (80% or greater cannabis positive samples).
Intermittent cannabis users showed superior retention in
naltrexone treatment (median days retained = 133; mean =
112.8, SE = 17.5), compared to abstinent (median = 35;
mean = 47.3, SE = 9.2) or consistent users (median = 35;
mean = 68.3, SE = 14.1 ) (log rank = 12.2, df = 2, p = .002).
The effect remained significant in a Cox model after adjustment
for baseline level of heroin use and during treatment level of
cocaine use. Intermittent cannabis use was also associated
with greater adherence to naltrexone pill-taking. Treatment
interacted with cannabis use level, such that intensive behav-
ioral therapy appeared to moderate the adverse prognosis in
the consistent cannabis use group. The association between
moderate cannabis use and improved retention on naltrexone
treatment was replicated. Experimental studies are needed to
directly test the hypothesis that cannabinoid agonists exert a
beneficial pharmacological effect on naltrexone maintenance
and to understand the mechanism. (Am J Addict 2009;18:301–
308)

Received August 9, 2008; revised October 26, 2008; accepted
December 19, 2008.

Dr. Brooks is now at the Treatment Research Institute in
Philadelphia, Pennsylvania. Address correspondence to Dr. Raby,
Division on Substance Abuse, Unit 66, New York State Psychiatric
Institute, 1051 Riverside Dr, New York, NY 10032. E-mail: rabywil@
pi.cpmc.columbia.edu.

INTRODUCTION

Opioid dependence is a serious public health problem,
with endemic opioid dependence having been joined over
the past decade by a growing epidemic of prescription opioid
dependence.1 Fortunately, effective treatments are available,
but the majority of opioid dependent patients are not engaged
in any treatment, while rates of dropout from treatment
and relapse are high. Opioid substitution treatments, with
methadone or buprenorphine, have consistent evidence of
efficacy from multiple clinical trials, but even there rates
of dropout and relapse are substantial.2 Dropout is usually
associated with relapse. Treatment failure and ongoing opioid
use have serious consequences, including morbidity and
mortality from overdose and infectious diseases.3,4 Thus,
factors that may improve retention deserve close scrutiny.

Factors associated with better retention in methadone
maintenance include demographic characteristics of patients,
such as older age, being employed, being married, having
effective social supports and good health.5,6 Importantly,
features of methadone treatment programs are also associated
with better outcome, including adequate methadone dosage,
adequate counseling, presence of ancillary psychosocial ser-
vices, emphasis on abstinence, and patient satisfaction.7–15

Naltrexone is a theoretically promising treatment for
opioid dependence with a different mechanism of action,
opioid antagonism, and potential advantages including lack
of agonist effects or abuse potential. However, in practice
the effectiveness of naltrexone has been severely limited by
poor adherence. The ease with which naltrexone pills can
be discontinued, the need for patients to be fully detoxified
before starting naltrexone, and potential for precipitated
withdrawal symptoms are likely contributing factors. Severity
of opioid dependence and recent use of methadone have been
associated with greater likelihood of dropout from naltrexone
treatment.16 Coupling of naltrexone with enhanced behavioral
interventions has been shown to improve retention, but dropout
rates are still high.17–22
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We previously reported a surprising finding that opioid
dependent patients with intermittent cannabis use during
naltrexone treatment showed better retention than patients with
either heavy cannabis use, or no cannabis use,23 suggesting an
inverted U-shaped function. This analysis was prompted by
clinical observations that some opioid dependent patients on
naltrexone reported benefit from cannabis use. However, this
finding goes against conventional wisdom that other substance
use during treatment would be associated with poor outcome,
perhaps reflecting greater overall severity of addiction, or
by functioning as a conditioned cue prompting return to
opioid use. Other substance use is common among patients
during treatment for opioid dependence,24,25 but studies of its
impact on treatment outcome have been mixed. Interestingly,
a number of studies have found the impact of concurrent
cannabis use on outcome of treatment for opioid dependence
to be neutral.26–28 One study found concurrent cannabis use
associated with poorer psychosocial functioning, but not with
dropout among naltrexone treated opioid dependent patients.29

Another study found concurrent cannabis use associated with
poorer outcome for alcohol and cocaine dependence, but not
for opioid dependence.30

In this report, we sought to replicate the association between
intermittent cannabis use and treatment retention in a different
sample of opioid dependent patients undergoing naltrexone
treatment, and to examine its impact on other outcomes. Since
this was a randomized trial comparing intensive behavioral
treatment (Behavioral Naltrexone Therapy24,31 to a control
treatment (Compliance Enhancement32), we also examined
whether the level of behavioral treatment influences the
relationship between cannabis use and outcome. We also
searched for demographic and clinical differences between
patients that might confound an observed relationship between
cannabis use and outcome.

METHOD

Participants, Screening, and Procedure
The sample of patients presented in this report par-

ticipated in a controlled trial of Behavioral Naltrexone
Therapy (BNT) reported previously.31 One hundred and five
treatment-seeking, opiate dependent, potential participants
were evaluated, of which 80 were eligible and 69 completed
inpatient detoxification and were randomized. Of these, 63
patients attended at least one outpatient visit and constitute the
sample under study in this report. As part of the screening
procedure, potential participants were evaluated with the
Structured Clinical Interview for DSM-III-R Substance Abuse
Comorbidity version (SCID-SAC33), and by a psychiatric,
medical and laboratory examination. Patients were eligible
if they met DSM-IV criteria for current opiate dependence,
were seeking treatment voluntarily, and had an abstinent
significant other who could commit to participate in the
treatment. Exclusion criteria included any unstable medical or
psychiatric disorder that could make participation hazardous.
After giving consent, patients were detoxified in hospital

for up to 10 days, and then entered outpatient naltrexone
maintenance lasting six months. Following the detoxification,
patients were randomly assigned to one of two therapies: BNT
or compliance enhancement (CE). All patients received oral
naltrexone, titrated up to a dose of 50 mg a day, encapsulated
with riboflavin to estimate compliance by urine fluorescence.

Psychosocial Therapy
Behavioral Naltrexone Therapy, described in detail

elsewhere,24,31 is a manual-guided intervention that com-
bines evidence-based approaches, including Motivational
Interviewing,34 Cognitive Behavioral Relapse Prevention,35,36

Voucher Incentives,37–42 and Network Therapy with a sig-
nificant other monitoring medication-taking,43 in an effort
to optimize outcome of naltrexone treatment for opioid
dependence. Its goals are to encourage continuous naltrexone
adherence and abstinence from opiates. Individual treatment
sessions occur three times per week for the first two weeks
post-detoxification, and two times per week thereafter.

Compliance Enhancement is also a manual-guided inter-
vention intended to control for professional attention, and
to simulate standard medical management. It consists of two
appointments per week, one with a psychiatrist for counseling
and another for clinical monitoring. The counseling consists
of psychoeducation, emphasis on compliance with daily
naltrexone intake, problem-solving, and 12-step principles.32

Urine Collection and Analysis
During the six months of the BNT trial urine samples

were collected under supervision at each twice-weekly visit.
All collected urine samples were tested for illicit opiates,
cocaine, benzodiazepines, and cannabis using Abbott//MDTX
and scored as positive or negative using standard NIDA cutoffs,
and viewed under ultraviolet light for riboflavin fluorescence,
a marker of compliance with naltrexone treatment.

Data Analyses
Participants in the study were divided into three groups,

based on how the proportion of cannabis positive urines
collected during the trial was distributed. The abstinent
cluster demonstrated no cannabis positive urines during their
treatment (0% cannabis positive). For the intermittent use
cluster between 1% and 79% of their urine samples were
positive for cannabis. The consistent use cluster showed
greater than 80% cannabis positive urines. Differences among
the Cannabis Use groups on baseline demographics, baseline
drug use, and continuous treatment outcomes were tested with
chi-square or ANOVAs.

Treatment retention was the primary outcome measure.
Retention was defined as the numbers of days to dropout.
Patients who relapsed (reverted back to opiate dependence)
or did not attend the clinic at least once within a 14-day
period were rated as treatment dropouts. The day on which
the patient relapsed and was removed from the trial, or the
14th day of treatment absence was designated as the time of
dropout. For those completing the trial, the 182nd day was the
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point of censor. The effect of cannabis use on time to drop out
was tested using a Cox proportional hazard model. Variables
were entered into the model in three blocks. Block 1 consisted
of treatment group assignment, baseline heroin use (average
bags per day), and cocaine use (proportion of cocaine-positive
urines during the treatment). Cocaine use (based on urine
toxicology data) during the treatment differed across the three
cannabis use groups thus it was entered as a control variable.
Benzodiazepine and alcohol use was rare during the trial
and did not significantly differ across the three cannabis use
groups. In Block 2 the main effects of cannabis use were tested
by the simultaneous entry of two comparisons: abstinent vs.
intermittent cannabis use, and abstinent vs. consistent cannabis
use. In Block 3, the moderating effect of treatment group on
the relationship between cannabis use and treatment retention
was tested by entering two interaction terms: a treatment by
intermittent cannabis use term and treatment by consistent
cannabis use term, respectively. Changes in –2 Log Likelihood
statistics tested the significance of each block entry. An alpha
of 0.10 was used to test the entry of the treatment by cannabis
use group interaction terms in block 3.

Compliance with naltrexone treatment was calculated from
the proportion of collected urine samples in the abstinent,
intermittent, and consistent MJ groups that fluoresced for ri-
boflavin under ultraviolet light. Means and standard deviations
were compared by Chi-Square analysis.

To evaluate if patients changed their cannabis use during
the trial, we compared baseline self-reports of the proportion
of days during which cannabis was used to the proportion
of cannabis positive urine toxicology collected during the
trial, trichotomized into abstinent, intermittent, and consistent
cannabis use categories as described above.

RESULTS

Sample
Among the 63 opiate-dependent patients who attended at

least one post-detoxification clinic appointment, 52 (83%)
were men, 11 (17%) were women, and most were Caucasian
(Caucasian 54%; African-American 16%; Hispanic 30%). The
average age was 35.5 years (SD = 9.2) and 81% were not in
a relationship during the treatment period. The average level
of heroin use was 6.5 bags per day (SD = 3.6). The majority
of patients reported intranasal use of heroin. Thirty-one were
randomized to CE and 32 to BNT.

No significant differences among the cannabis use groups
were found concerning demographic variables, although there
was a trend toward more Caucasians among the intermittent
users. However, differences in baseline drug use were noted
(Table 1). In the 30 days preceding entry in the trial, baseline
number of heroin bags per day used increased as consumption
of MJ increased across cannabis use groups. Consistent
cannabis users reported a greatest proportion of cannabis use
days (0.24), while intermittent users differed only slightly from
abstinent users (0.06 vs. 0.01) in the proportion of cannabis
use days.

Changes in Pattern of Cannabis Use Before vs.
After Treatment Entry

The pattern of cannabis use before treatment entry was
classified into abstinent, intermittent, or consistent use based
on self-reported use frequency at baseline and was compared
to the during-treatment pattern based on urine toxicology.
Sixty percent of abstinent cannabis users at baseline remained
abstinent, 31% became intermittent users, and 9% became
consistent users during the trial. Thirty three percent of
intermittent users at baseline remained intermittent, 11%
became abstinent, and 56% became consistent cannabis users.
All consistent users at baseline remained so during the trial.
These data are imprecise since serial urine toxicology data
were not available pre-treatment, necessitating reliance on self-
report to classify pre-treatment levels. Bearing that caveat in
mind, the overall pattern was for patients to either remain at
the same use level, or advance to a higher level of use.

Effect of Cannabis Use on Treatment Outcome
Treatment outcome for the three cannabis use groups is

summarized in Table 2, and the survival curves describing
treatment retention across the groups are displayed in Figure
1. Intermittent cannabis users demonstrated longer treatment
retention (median = 133 days) relative to those who were
either abstinent (median = 35 days), or consistent (median
= 35 days) users in either BNT or CE groups (log rank =
12.2, df = 2, p = .002). Cocaine use increased in proportion
to the level of cannabis use, while the cannabis use groups
did not differ on measures of opiate or benzodiazepine use
during the treatment program. The Cox proportional hazards
regression model, summarized in Table 3, yields a significant
main effect of intermittent cannabis use on treatment retention,
consistent with the descriptive data and the unadjusted log-
rank test. Results modeling cannabis use (% THC positive
urine toxicology) as a continuous variable yielded similar
findings, supporting an inverted U shaped association between
cannabis use and retention. There were no significant effects
of baseline opioid use or during-treatment cocaine use. The
model also yields a significant interaction of cannabis use level
with randomized treatment condition. The interaction is driven
by the heavy cannabis use group where treatment retention
was better in the BNT treatment condition compared to the CE
condition (see Figure 2), such that intensive behavioral therapy
(BNT) appears to mitigate the adverse prognostic effect in the
heavy cannabis use group, but not in the cannabis abstinent
group. Compliance with naltrexone, assessed by the proportion
of urine samples with riboflavin fluorescence differed by level
of cannabis use (F(2,60) = 3.4; p < 0.03): intermittent users
(mean = 0.86, SD = 0.22), abstinent users (mean = 0.56,
SD = 0.41), consistent users (mean = 0.69, SD = 0.39).

DISCUSSION

The present study replicates a previous surprising finding23

that intermittent cannabis use is associated with improved
retention in naltrexone treatment among opioid dependent
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TABLE 1. Baseline demographic, drug use, treatment condition by cannabis use

Cannabis use

Abstinent Intermittent Consistent
Variable (n = 24) (n = 18) (n = 21) Test statistic

Age 37.9 (9.23) 35.9 (13.4) 34.8 (9.4) F(2,60) = 1.0; p < .36
Female (%) 3 (12.5%) 6 (33.3%) 2 (9.5%)
Relationship (%) 7 (29.2%) 1 (5.6%) 4 (19.0%) X2

(2) = 3.7; p < .16
Race

African- American 4 (16.7%) 1 (5.6%) 5 (23.8%)
Hispanic 7 (29.2%) 4 (22.2%) 8 (38.1%)
White 13 (54.2%) 13 (72.2%) 8 (38.1%) X2

(2) = 4.5; p < .10a

Baseline Depression (HAM-D) 15.0 (7.3) 17.7 (6.8) 15.3 (9.8) F(2,60) = 0.4; p < .65
% with anxiety or depressive disorder Dx 54% (n = 13) 44% (n = 8) 43% (n = 9) X2

(2) = 0.68; p = .71
% with antisocial PD Dx 88% (n = 21) 94% (n = 17) 86% (n = 18) X2

(2) = 0.82; p = .66
Baseline Drug Use

Bags per day (heroin) 5.4 (3.3) 6.0 (1.9) 6.7 (4.7) F(2,60) = 3.7; p < .032
Proportion of days of cannabis use 0.01 (0.03) 0.06 (0.10) 0.24 (0.33) F(2,51) = 17.2; p < .001
Proportion of days of opiate use 1.00 (0.00) 0.88 (0.28) 0.97 (0.10) F(2,51) = 2.7; p < .08
Proportion of days of cocaine use 0.02 (0.05) 0.14 (0.28 0.06 (0.10) F(2,51) = 2.5; p < .10
% methadone use 92% (n = 22) 94% (n = 17) 95% (n = 20) X2

(2) = .27; p = .88
Administration Route

IN 15(62.5%) 9 (50.0%) 15 (71.4%) X2
(2) = 1.1; p < .59a

IV 9 (37.5%) 8 (44.4%) 6 (28.6%)
Smoke 0 (0.0%) 1 (5.6%) 0 (0.0%)

Tx Group
BNT 11(45.8%) 8 (44.4%) 13 (61.9%) X2

(2) = 1.6; p < .46
CE 13(54.2%) 10 (55.6%) 8 (38.1%)

Note: Administration route was tested as IV versus other routes; Racial differences as Caucasian versus other.

patients, while both abstinence from cannabis and regular
cannabis use during naltrexone treatment are associated with
high dropout. Inspection of the retention curves (Figure 1)
shows that most of this effect occurs during the first 30
days after completion of inpatient detoxification and induction
onto naltrexone, when dropout is steepest, and when patients
may continue to experience protracted withdrawal that may
be promoted by antagonist or inverse agonist effects of

naltrexone.44–46 Intermittent cannabis use was also associated
with improved adherence to naltrexone pill-taking. The data
comparing cannabis use levels before versus after treatment
entry suggest patients either stay at the same level, or advance
to a higher level of cannabis use after starting naltrexone,
consistent with a process of self-medication. These findings are
of interest, because they suggest the hypothesis that moderate
cannabis use may be exerting a beneficial pharmacological

TABLE 2. Clinical outcome measures by cannabis use group

Cannabis use

Abstinent Intermittent Consistent
Variable (n = 24) (n = 18) (n = 21) Test statistic

Proportion of cocaine positive urines .07 (.23) .25 (.28) .39 (.43) F(2,60) = 5.2; p < .009
Proportion of benzodia-zepine positive

urines
.07 (.21) .06 (.15) .10 (.21) F(2,60) = 0.2; p < .85

Proportion of treatment weeks opiates
were used

0.37 (0.39) 0.25 (0.31) 0.39 (0.42) F(2,60) = 0.8; p < .46

Median Days in treatment 35 133 35 Diff log rank = 12.2, df = 2, p = .002
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FIGURE 1. Treatment retention by marijuana use pattern (Abstinent (-�-), Consistent Use (-•-), and Intermittent Use (-�-)).

effect improving the tolerability of naltrexone in the early
weeks after induction, and that cannabinoid agonists might
have promise for improving the effectiveness of naltrexone
treatment for opioid dependence.

A beneficial effect of cannabinoid agonism early in the
course of naltrexone treatment is biologically plausible. Rapid
naltrexone induction during a 7 to 10 day hospitalization
involves substantial withdrawal discomfort, which can be par-
tially relieved by attenuating adrenergic activity with the alpha-
2 autoreceptor agonist clonidine.47,48 During the early weeks
after naltrexone induction, protracted withdrawal symptoms
may persist, again likely driven in part by sympathetic nervous
system activation.47,48 Data from a variety of preclinical
models suggest that exogenous cannabinoids can attenuate
sympathetic nervous activation, especially with intermittent
rather than sustained administration.49–63 Thus, intermittent
cannabis use might improve tolerability of naltrexone in the
early weeks after induction by attenuating sympathetically
driven withdrawal symptoms such as insomnia and agitation.

Cannabis also stimulates appetite and has antiemetic, anti-
spasmodic and analgesic effects that have been clinically use-
ful during cancer chemotherapy and wasting syndromes.64,65

This might be useful in helping relieve the gastrointestinal
distress and other physical discomfort associated with opioid
withdrawal.

Finally, cannabis might improve the tolerability of naltrex-
one maintenance by furnishing an indirect dopaminergic ago-

nist effect at the brain reward system, countering the lethargy
and anhedonia that are typical of opioid withdrawal and that
might be worsened or prolonged by antagonist or inverse
agonist effects of naltrexone. Naltrexone has not generally
been associated with anhedonia among normal controls or
alcohol dependent patients.66,67 However, preclinical evidence
suggests naltrexone functions as an inverse agonist in the
setting of prior exposure to mu agonists,44–46 as in opioid
dependence. Cannabinoid (CB1) and mu opiate receptors
are both G protein coupled receptors with overlapping
neuroanatomical localization,68 and both CB1 and mu agonists
stimulate dopamine release from the meso-limbic dopamine
neurons and function as positive reinforcers. Thus, cannabis
might compensate for a deficit in dopaminergic tone related to
naltrexone.

The hypothesis of a beneficial pharmacological effect of
cannabis for naltrexone maintenance would need to account for
the inverted U-shaped function, namely that heavier cannabis
use was associated with worse treatment retention than
intermittent use. It may be that heavy cannabis use identifies a
subgroup with greater overall addiction severity and worse
prognosis that overwhelms any beneficial pharmacological
effect of cannabis. This would be consistent with the significant
association between cannabis use level and baseline level of
opioid use (bags per day) (see Table 1), which has been
shown to be a predictor of poor outcome for naltrexone
maintenance.69 In prior analyses, the intensive behavioral

TABLE 3. Final Cox Regression Model testing the effect of marijuana use by treatment interaction on treatment retention

Variables B (SE) Wald Chi-Square Sig HR (95% CI)

Treatment −0.390 (.36) 1.17 0.761 0.68 (.33; 1.37)
Baseline opioid use (Bags per day) 0.045 (.05) .83 0.30 1.05 (.95; 1.15)
Cocaine Use during treatment 0.030 (.50) 0.00 0.95 1.03 (.39; 2.72)
Intermittent cannabis use during-treatment −1.46 (.46) 10.24 0.001 .23 (.09; .57)
Consistent cannabis use during treatment 0.351 (.54) 0.65 0.516 1.42 (.49; 4.1)
Treatment × Consistent Use −1.32 (.65) 4.1 0.044 —

Raby et al. July–August 2009 305



FIGURE 2. Treatment retention for consistent marijuana users by treatment condition (CE (-�-), BNT (-�-).

therapy (BNT) was shown to have its greatest beneficial effect
among patients with the higher levels of opioid dependence
(more bags per day) at baseline.24,70 Similarly here, the
interaction of treatment assignment with level of cannabis use
suggests that BNT partially counteracts the adverse prognosis
in the heavy cannabis use group (Table 3, and Figure 2).

It is possible that regular or heavy cannabis use induces tol-
erance, perhaps through down regulation of CB1 receptors,71

diminishing any beneficial effects. The inverted U pattern
might also reflect individual differences in sensitivity to the
putative beneficial effect of cannabis. Since patients would be
self-medicating, in effect adjusting their own dosages, those
who are most responsive to the beneficial effects might select
a modest dosage level sufficient to provide substantial relief,
whereas those who are less responsive may advance to more
regular or heavy use without sufficient response to impact
retention.

The present findings are observational, and it is also
possible that the association between intermittent cannabis
use and improved retention on naltrexone is accounted for
by unmeasured confounds or other mechanisms, rather than
a causal pharmacological effect. Baseline level of heroin use
(bags per day), the most consistent predictor of naltrexone
treatment in our hands,24,69,70 was controlled for in the Cox
model, suggesting severity of opioid dependence at baseline
is not a confound. Another approach is to consider why
patients without any concurrent cannabis use would have poor
outcome. For example, it has been theorized that complete
abstinence early in treatment may be stressful for patients who
have long relied on substance use as a coping mechanism.72 It
is also possible that the cannabis abstinent group differs in their
response to cannabis, experiencing it as either not reinforcing
or aversive, based on constitutional or neurobiological factors
that also might be associated with poor response to naltrexone.

Experimental studies are needed to determine whether
cannabinoid agonists may exert a beneficial effect on opioid
withdrawal or naltrexone maintenance. Haney and colleagues
examined the impact of naltrexone (versus placebo) on

cannabis effects,73 finding that naltrexone at 50 mg, but
not 12 mg, increased the intoxicating effects of cannabis in
established smokers, while in participants without a history
of cannabis use, 12 mg of naltrexone enhanced the effect of
cannabis.74 Such a mechanism might explain the inverted-U
pattern if naltrexone caused excessive and aversive cannabis
effects among the heavy users. In any case, it suggests there
may be meaningful pharmacological interactions between
cannabinoid and opioid systems, and that these may be
conditioned by the prior history of use.

Experimental, placebo-controlled studies are needed to
directly examine whether cannabinoid agonists are effective
as adjuncts to opioid detoxification or naltrexone main-
tenance treatment and to delineate the mechanism. Oral
THC (Dronabinol) is FDA approved to counteract appetite
suppression and wasting syndromes and would be available
in the U.S. for study. Sativex, which includes both THC
and cannabidiol, is available in Canada. Other cannabinoid
agonists or partial agonists might be considered as they
become available for study in the future. Small, within-subjects
crossover studies in the human laboratory could examine
effects of cannabinoid agonists on acute opioid withdrawal, or
naloxone precipitated withdrawal. Larger placebo-controlled
clinical trials should examine cannabinoid effects as adjuncts
to opioid detoxification or naltrexone maintenance treatment.
Success in these efforts could advance the field by improving
the viability of naltrexone in the treatment armamentarium for
opioid dependence. Issues regarding exposing patients to a
medication with its own addictive potential would also need
to be carefully addressed.
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Selecting an appropriate treatment for chronic pain remains 
problematic. Although opioids are effective analgesics, dose-
limiting side effects such as sedation, nausea and vomiting, and 
fear of dependence often limit their use at higher—and possibly 
more effective—doses. Of particular interest is the potential for 
enhanced analgesic effect with the use of cannabinoids and opio-
ids in combination. Such a combination would allow for opioid 
analgesic effects to be achieved at lower dosages than are neces-
sary when the opioids are used alone.1–4 As increasing numbers 
of patients turn to medicinal cannabis to augment the effects of 
opioid analgesics, the data on the potential pharmacokinetic 
interactions and clinical safety of the combination need to be 
evaluated.

Cannabinoids and opioids share several pharmacologic prop-
erties, including antinociception; a tendency to induce hypo-
thermia, sedation, and hypotension; and inhibition of intestinal 
motility and locomotor activity.1,5,6 Initially, investigators postu-
lated that cannabinoids and opioids act on the same pathways to 
produce their pharmacological actions.7,8 Subsequent preclinical 
research conducted over the past decade has clarified the nature 
of the interaction; these data suggest the existence of independ-
ent but related mechanisms of antinociception for cannabinoids 
and opioids.5

Synergy in analgesic effects between opioids and cannabinoids 
has been demonstrated in animal models. The antinociceptive 
effects of morphine are mediated predominantly by mu opioid 

receptors but may be enhanced by delta-9-tetrahydrocannab-
inol (THC) activation of kappa and delta opiate receptors.8 
It has further been suggested that the cannabinoid–opioid 
interaction may occur at the level of their signal transduction 
mechanisms.9,10 Receptors for both classes of drugs are cou-
pled to similar intracellular signaling mechanisms that lead to 
a decrease in cyclic adenosine monophosphate production via 
G protein activation.10–12 There is also some evidence that can-
nabinoids increase the synthesis and/or release of endogenous 
opioids.2,3,12,13

In addition to these potential pharmacodynamic interactions, 
there is the potential for pharmacokinetic interaction between 
cannabinoids and other drugs. Cannabinoids have been shown 
to affect the kinetics of other drugs in several ways. They inhibit 
the CYP450-mediated metabolism of some drugs, slow the 
absorption of others, and may also enhance penetration of some 
drugs into the brain.14–16 Our prior study of oral delta-9-THC 
and smoked cannabis in patients with HIV on protease inhibitor 
therapies showed that oral THC had no effect on the pharma-
cokinetics of the antiviral agents.17 However, smoked cannabis 
decreased the 8-h area under the plasma concentration–time 
curve (AUC) of both nelfinavir (−17.4%, P = 0.46) and indi-
navir (−14.5%, P = 0.07). In a study involving 24 patients with 
cancer, cannabis administered as a medicinal tea did not alter 
the pharmacokinetics of the chemotherapy agents irinotecan 
and docetaxel.18
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Cannabinoids and opioids share several pharmacologic properties and may act synergistically. The potential 
pharmacokinetics and the safety of the combination in humans are unknown. We therefore undertook a study to 
answer these questions. Twenty-one individuals with chronic pain, on a regimen of twice-daily doses of sustained-
release morphine or oxycodone were enrolled in the study and admitted for a 5-day inpatient stay. Participants were 
asked to inhale vaporized cannabis in the evening of day 1, three times a day on days 2–4, and in the morning of day 
5. Blood sampling was performed at 12-h intervals on days 1 and 5. The extent of chronic pain was also assessed daily. 
Pharmacokinetic investigations revealed no significant change in the area under the plasma concentration–time curves 
for either morphine or oxycodone after exposure to cannabis. Pain was significantly decreased (average 27%, 95% 
confidence interval (CI) 9, 46) after the addition of vaporized cannabis. We therefore concluded that vaporized cannabis 
augments the analgesic effects of opioids without significantly altering plasma opioid levels. The combination may allow 
for opioid treatment at lower doses with fewer side effects.
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Inhalation of vaporized cannabis delivers levels of THC and 
other cannabinoids similar to those from smoked marijuana but 
without exposure to combustion products.19 Here we describe 
the disposition kinetics of sustained-release morphine and oxy-
codone, as well as pain ratings and other subjective responses, 
before and after 4 days of treatment with vaporized cannabis.

reSultS
Study participants
A total of 315 potential participants were assessed for eligibility 
between January 2007 and February 2009; most of them were 
deemed ineligible because they either did not have pain, were 
not taking the appropriate opioids, or were receiving opioids 
three times a day. A total of 24 participants were enrolled, 13 of 
whom were on morphine treatment and 11 on oxycodone. Of 
those on morphine, 3 participants did not complete the study, 
leaving 21 evaluable participants (10 on morphine, and 11 on 
oxycodone) (see Table 1). Most of the participants (11 men and 
10 women) were white. The average age was 42.9 (range = 33–55) 
years in the morphine cohort and 47.1 (range = 28–61) years 
in the oxycodone cohort. The mean morphine dose was 62 mg 
twice a day (range = 10–200 mg) and the mean oxycodone dose 
was 53 mg twice a day (range = 10–120 mg). The origin of the 
participants’ pain was musculoskeletal (not otherwise specified) 
(seven); posttraumatic (four); arthritic (two); peripheral neu-
ropathy (two); cancer, fibromyalgia, migraine, multiple sclerosis, 
sickle cell disease, and thoracic outlet syndrome (one each).

Pain
Pain ratings on day 1 (before exposure to vaporized canna-
bis) and on day 5 (after exposure to vaporized cannabis) are 
shown in Table 2. Participants on oxycodone had higher mean 
pain scores at baseline (mean = 43.8; 95% confidence interval 

(CI) = 38.6, 49.1) compared with those on morphine (mean = 
34.8; 95% CI = 29.4, 40.1). Participants in both groups reported 
statistically significant reductions in pain ratings on day 5 as 
compared with day 1. The mean percentage change in pain was 
statistically significant overall as well as for the patients on mor-
phine, but not for those on oxycodone.

opioid disposition kinetics
Mean plasma concentration–time curves for morphine and 
oxycodone with and without cannabis treatment are shown in 
Figure 1. There was no statistically significant change in the 
AUC12 for either of these opiates (see Table 3). There was a sta-
tistically significant decrease in maximum concentration (Cmax) 
of morphine sulfate during cannabis exposure. The time to Cmax 
of morphine tended to be delayed during cannabis treatment, 
although this effect was not statistically significant. Cannabis 
had no significant effect on oxycodone kinetics. During cannabis 
treatment, there were no significant changes in the AUCs of the 
metabolites of either morphine or oxycodone or in the ratios of 
individual metabolites to the parent drug.

Plasma tHc levels
Mean plasma THC levels were 1.8 ng/ml (SD = 1.5) at base-
line, 126.1 ng/ml (SD = 86.2) at 3 min, 33.7 ng/ml (SD = 28.9) at 
10 min, 10.9 ng/ml (SD = 9.3) at 30 min, and 6.4 ng/ml (SD = 5.6) 
at 60 min. The peak THC concentration occurred at 3 min in all 
the participants. THC plasma levels did not vary significantly 
by opioid group.

monitoring of effects
Cannabis inhalation produced a subjective “high” that was not 
present with the use of opioids alone (see Figure 2). In addition, 
the participants in the morphine cohort felt significantly more 
stimulated and less hungry on day 5 than on day 1 (see Table 4), 
whereas those in the oxycodone group were less anxious on day 
5 as compared with day 1. Other than these, there were no sig-
nificant changes in the subjective effects measured. No clinically 
significant adverse events were reported. Pulse oximetry moni-
toring did not reveal any episodes of lowered oxygen saturation 
after cannabinoids were added to the participants’ stable opioid 
regimens.

DiScuSSion
Our study findings support preclinical observations that cannabis 
augments the analgesic effects of opioids. We studied individuals 
with chronic pain who were taking stable doses of sustained-

table 1 Participant characteristics

morphine group oxycodone group

n 10 11

Women 4 6

caucasian 8 9

Mean age (range) 42.9 (33–55) 47.1 (28–61)

Mean opioid dose 
(mg) (range)

62 Twice daily (10–200) 53 Twice daily (10–120)

Mean pain score day 
1 (95% cI)

34.8 (29.4, 40.1) 43.8 (38.6, 49.1)

cI, confidence interval.

table 2 Pain by study day

n

Day 1 Day 5 Difference Percentage change

mean (95% CI) mean (95% CI) mean (95% CI) mean (95% CI)

Overall 21 39.6 (35.8, 43.3) 29.1 (25.4, 32.8) −10.7 (−14.4, −7.3) −27.2 (−45.5, −8.9)

Morphine 11 34.8 (29.4, 40.1) 24.1 (18.8, 29.4) −11.2 (−16.5, −6.0) −33.7 (−63.8, −3.5)

Oxycodone 10 43.8 (38.6, 49.1) 33.6 (28.5, 38.6) −10.3 (−14.8, −5.8) −21.3 (−47.0, 5.3)

cI, confidence interval.
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release morphine or oxycodone. The participants experienced 
less pain after 5 days of inhaling vaporized  cannabis; when the 
morphine and oxycodone groups were combined, this reduction 
in pain was significant. This is the first human study to demon-
strate that inhaled cannabis safely augments the analgesic effects 
of opioids. Several other studies have examined the analgesic 
interaction between oral THC and opioids. Two of those studies 
involved healthy volunteers exposed to experimental pain condi-
tions.14,20 THC had little effect in either of the studies, whereas 
the combination of THC and morphine had synergistic effects 
on affective responses to pain in one study and on response to 
electrical stimulation in the other. A placebo-controlled trial in 
patients taking opioids for chronic pain found that oral dronabi-
nol (delta-9-THC) decreased pain significantly.15

The mechanism by which cannabis augments the analgesic 
effects of opioids could be pharmacokinetic and/or pharmaco-
dynamic. Cannabinoids have been shown to inhibit the metab-
olism of certain other drugs, both in vitro and in vivo.16,21,22 
THC has been shown to slow gastrointestinal motility, result-
ing in the slowing of absorption of orally administered drugs 
such as pentobarbital and ethanol. THC has also been shown 
to slow the intranasal absorption of cocaine.23–25 In animals, 
cannabinoids have been shown to enhance the uptake of drugs, 
including cocaine and phencyclidine, into the brain; however, 
the mechanisms involved are not fully understood.26

In the present study, we examined the effects of vaporized can-
nabis administered three times a day on the steady-state phar-
macokinetics of sustained-release morphine and oxycodone 
administered at 12-h intervals. In the case of morphine, we 
found that cannabis treatment was associated with a significant 
decrease in the maximal concentration. On average, the time to 

maximal morphine concentration was longer during cannabis 
administration, although this effect was not significant. There 
were no significant effects of cannabis treatment on the AUCs of 
morphine’s metabolites or on the ratios of metabolites to parent 
morphine, indicating that cannabis had no effects on metabolic 
pathways. Vaporized cannabis had no significant effect on oxyco-
done kinetics or metabolite levels. The finding of a lower maximal 
concentration of morphine without any accompanying changes 
in metabolite levels during cannabis treatment is probably due to 
delayed absorption of morphine, presumably because of slowed 
gastrointestinal motility. Why such an effect was not seen for oxy-
codone is not clear. From the pharmacokinetic findings, it is clear 
that the observed augmentation of analgesia by cannabis cannot 
be explained on the basis of inhibition of morphine or oxycodone 
metabolism leading to higher plasma levels of these drugs.

Our findings suggest that cannabis augments opioid anal-
gesia through a pharmacodynamic mechanism. However, 
prior research in rodents has shown that THC and cannabid-
iol enhance the penetration of certain other drugs, including 
cocaine and phencyclidine, into the brain.26 If cannabinoids 
also enhance opioid penetration into the brain in humans, this 
might constitute a pharmacokinetic mechanism for enhancing 
the analgesic effects of opioids.

The participants reported a subjective high after inhaling can-
nabis, with little or no high after taking the oral opioids alone. 
Although we do not have data on the high in these participants 
in the absence of opioids (that is, with cannabis alone), the mag-
nitude and time course of the high in the participants in the 
morphine group were similar to our observations in a previous 
study of inhaled cannabis in healthy subjects.19 The high in the 
oxycodone group after cannabis treatment appeared to be more 
sustained than that in the morphine group, and also as compared 
with that of our previously studied healthy subjects.

100

a Day 1 Day 5

80

M
or

ph
in

e 
pl

as
m

a 
le

ve
l

(m
g/

m
l) 60

40

20

0
0 1 2 4

Hour
6 8 10 12

100

b Day 1 Day 5

80

O
xy

co
do

ne
 p

la
sm

a 
le

ve
l

(m
g/

m
l) 60

40

20

0
0 1 2 4

Hour

6 8 10 12

Figure 1 Plasma concentration–time curves for sustained-release (a) morphine 
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Our study has some limitations. The number of participants 
was relatively small, although we were powered to detect a 25% 
change in the 12-hour AUC (AUC12). With respect to pain assess-
ment, our study was not placebo-controlled, and therefore we 
cannot rule out the possibility that cannabis-enhanced analgesia 
was a placebo effect or a time effect of changes in activity levels 
associated with confinement in the inpatient research ward setting 
throughout the duration of the study. The intervention we used 
was vaporized cannabis, which delivers levels of THC and other 
cannabinoids similar to those of smoked cannabis without expos-
ing the user to the combustion products of cannabis cigarettes, 
which could affect the metabolism and pulmonary uptake of other 
drugs. Oral cannabis is commonly used to deliver medicinal THC 
and results in high first-pass levels of cannabinoids in the liver, 
which could have effects on opioid metabolism different from 

those caused by vaporized cannabis. Therefore, further research 
is needed to determine how different cannabis delivery systems 
affect the metabolism of opioids and other drugs.

In conclusion, we found that vaporized cannabis augments 
analgesia in individuals with chronic pain on a treatment regi-
men of stable doses of sustained-release morphine or oxyco-
done, and that the mechanism of augmentation is not explained 
by elevation of plasma opioid concentrations or inhibition of 
opioid metabolism. Cannabis appears to slow morphine absorp-
tion such that maximal concentrations for a dosing interval 
are lower. The effect of inhaled cannabis in enhancing opiate 
analgesia is most likely achieved through a pharmacodynamic 
mechanism. These results suggest that further controlled studies 
of the synergistic interaction between cannabinoids and opioids 
are warranted.

table 3 morphine, oxycodone, and their metabolites: mean auc and cV by study day

Day 1 Day 5 Day 5/day 1

n
geometric 

mean CV n
geometric 

mean CV ratio 95% CI P value

Par n-par

Morphine and its metabolites

 Morphine

  Tmax
a 10 3.1 10 4.74 1.64 −1.01, 4.30 0.19 0.2

  Cmax 10 43.68 15.95 10 29.66 15.74 0.9 0.85, 0.95 0.003 0.002

  AUc 10 42.01 18.7 10 32.23 15.23 0.95 0.84, 1.05 0.17 0.23

 M3g

  Cmax 10 1,123.94 6.89 10 887.14 4.56 0.97 0.93, 1.00 0.06 0.08

  AUc 10 821.39 9.54 10 756.73 7.41 1 0.92, 1.07 0.74 1

 M6g

  Cmax 10 188.67 16.28 10 153.22 6.53 0.97 0.92, 1.01 0.11 0.16

  AUc 10 128.25 10.41 10 130.45 10.94 1.02 0.90, 1.15 0.95 0.85

 M3g/morphine 10 6.32 17.66 10 6.92 6.92 1.06 0.98, 1.15 0.23 0.19

 M6g/morphine 10 3.79 22.69 10 4.13 4.13 1.09 0.98, 1.21 0.25 0.08

Oxycodone and its metabolites

 Oxycodone

  Tmax
a 11 3.63 11 2.52 −1.11 −3.66, 1.43 0.35 0.9

  Cmax 11 64.91 12.87 11 62.74 16.67 0.99 0.89, 1.10 0.84 1

  AUc 11 76.86 13.38 11 58.67 19.18 0.94 0.84, 1.04 0.18 0.32

 Noroxycodone

  Cmax 11 52.72 14.69 11 65.17 11.78 1.07 0.96, 1.17 0.22 0.46

  AUc 11 38.67 15.1 11 36.97 17.11 1.01 0.85, 1.16 0.86 0.7

 Oxymorphone

  Cmax 11 1.42 203.31 11 1.39 175.91 0.15 −1.67, 1.96 0.9 0.82

  AUc 10 1.32 334.96 10 1.25 302.37 0.63 0.00, 1.26 0.78 0.77

Noroxycodone/oxycodone 11 2.34 18.33 11 2.49 21.91 1.09 0.93, 1.25 0.31 0.37

Oxymorphone/oxycodone 10 1.07 328.32 10 1.05 354.88 0.7 −0.01, 1.41 0.63 0.63

Statistically significant values are in bold face. AUc, area under the plasma concentration–time curve; cI, confidence interval; Cmax, maximum concentration; cV, coefficient of 
variation; M3g, morphine-3-glucuronide; M6g, morphine-6-glucuronide; N-par, nonparametric; Par, parametric; Tmax, time to maximum concentration.
aTmax values are expressed as arithmetic means on each study day with standard deviation as the measure of variance. comparisons of Tmax values on day 1 and day 5 are 
expressed as the paired difference in these values (day 5 − day 1).
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table 4 Subjective effects: morphine vs. morphine/cannabis and oxycodone vs. oxycodone/cannabis

Day 1 Day 5 Day 5 – day 1

n mean sD n mean sD Difference 95% CI P value

Morphine vs. morphine/cannabis

 Like effect

  Cmax 9 54.56 24.38 10 63.5 29 6.89 −8.49, 22.26 0.33

  AUc 10 2.99 2.99 10 2.01 1.2 −0.98 −3.00, 1.04 0.3

 High

  Cmax 10 13.6 24.57 10 54.7 30.76 41.1 20.85, 61.35 0.001

  AUc 10 0.74 1.44 10 1.96 1.25 1.22 0.24, 2.20 0.02

 Stimulated

  Cmax 10 11.7 23.24 10 37.6 31.91 25.9 9.03, 42.77 0.007

  AUc 10 0.55 1.08 10 1.5 1.6 0.96 −0.10, 2.01 0.07

 Anxious

  Cmax 10 31.8 27.84 10 27.4 29.33 −4.4 −25.12, 16.32 0.64

  AUc 10 1.73 1.84 10 1.29 2.01 −0.44 −2.02, 1.14 0.54

 Sedated

  Cmax 10 36.9 32.42 10 36.5 24.67 −0.4 −21.64, 20.84 0.97

  AUc 10 2.75 2.89 10 1.74 1.47 −1.01 −3.03, 1.00 0.29

 Hungry

  Cmax 10 64.8 34.57 10 42 29.44 −22.8 −44.71, −0.89 0.04

  AUc 10 2.89 2.3 10 1.34 1.28 −1.55 −3.09, −0.02 0.05

 dry mouth

  Cmax 10 32 22.97 25.8 30.75 −6.2 −31.82, 19.42 0.6

  AUc 10 2.29 2.34 10 1.28 2.13 −1.01 −3.16, 1.15 0.32

Oxycodone vs. oxycodone/cannabis

 Like effect

  Cmax 11 62.91 30.03 11 78.27 17.84 15.36 −3.14, 33.86 0.09

  AUc 11 2.92 1.74 11 3.21 1.49 0.29 −0.69, 1.28 0.52

 High

  Cmax 11 23.73 29.35 11 72.73 23.22 49 27.82, 70.18 0.001

  AUc 11 0.96 0.91 11 3.47 1.58 2.5 1.65, 3.36 0.001

 Stimulated

  Cmax 11 32.64 32.09 11 30 28.42 −2.63 −23.05, 17.77 0.78

  AUc 11 1.21 1.12 11 1.76 2.27 0.55 −0.76, 1.87 0.37

 Anxious

  Cmax 11 49.73 34.04 11 33.39 33.39 −16.45 32.02, 0.89 0.04

  AUc 11 2.22 1.87 11 1.88 1.88 −0.55 −1.55, 0.46 0.26

 Sedated

  Cmax 11 37.18 32.46 11 30.74 30.74 14.73 −10.06, 39.51 0.22

  AUc 11 1.67 1.51 11 1.38 1.38 0.57 −0.96, 2.10 0.42

 Hungry

  Cmax 11 61.18 24.12 11 28.56 28.56 4.1 0.92

  AUc 11 3.27 2.33 11 2.15 2.15 −0.5 −2.46, 1.45 0.58

 dry mouth

  Cmax 11 22.18 19.6 11 33.65 33.65 23.45 −7.38, 54.29 0.12

  AUc 11 1 1.07 11 1.32 1.32 0.6 −0.77, 7.97 0.35

Statistically significant values are in bold face. AUc, area under the plasma concentration–time curve; cI, confidence interval; Cmax, maximum concentration.
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Study participants. The participants were adults >18 years of age 
who were experiencing chronic pain and receiving ongoing anal-
gesic therapy with sustained-release morphine sulfate (MS Contin) 
or oxycodone hydrochloride (OxyContin) every 12 h. The partici-
pants were required to have been on a stable medication regimen for 
at least 2 weeks prior to the commencement of the study. Hepatic 
transaminase levels were required to be within 5 times the upper 
limit of normal and serum creatinine to be <2.0 mg/dl (177 µmol/l). 
A negative pregnancy test was required for female participants. 
Exclusion criteria included severe coronary artery disease, uncon-
trolled hypertension, cardiac ventricular conduction abnormalities, 
orthostatic mean blood pressure drop of >24 mm Hg, severe chronic 
obstructive pulmonary disease, history of renal or hepatic failure, 
active substance abuse, neurologic dysfunction or psychiatric dis-
order severe enough to interfere with assessment of pain, current 
use of smoked tobacco products or a confirmed cotinine level, and, 
in women, pregnancy, breastfeeding, or not using adequate birth 
control.

All the participants were required to have prior experience of smoking 
cannabis (six or more times in their lifetime) so that they would know 
how to inhale and what neuropsychologic effects to expect. Current users 
were asked to discontinue cannabis use for 30 days prior to commence-
ment of the study, and such abstention was confirmed by a negative urine 
THC assay prior to study enrollment.

The study was approved by the institutional review board at the Uni-
versity of California, San Francisco; the Research Advisory Panel of Cali-
fornia; the Drug Enforcement Administration; the US Food and Drug 
Administration, and the National Institute on Drug Abuse. Written 
informed consent was obtained from all the participants. The Clinical-
Trials.gov registration number was NCT00308555.

Study medication. The National Institute on Drug Abuse provided can-
nabis in the form of cigarettes weighing 0.9 g on average and containing 
3.56% delta-9-THC. The cigarettes were kept in a locked freezer with 
an alarm device attached until they were dispensed to a locked freezer 
in the San Francisco General Hospital Clinical Research Center where 
the inpatient study was conducted. The frozen cigarettes were thawed 
and rehydrated overnight in a humidifier. The cannabis was removed 
from the prerolled cigarettes and administered in a Volcano vaporizer 
(Model #0100 CS; Tuttlingen, Germany), heated to 190 °C.27 The study 
participants were housed in a room with a fan ventilating to the outside. 
To maximize standardization of the vaporized doses, the subjects fol-
lowed a uniform puffing procedure: the cannabis was inhaled for 5 s and 
then held for 10 s, with a 45-s pause before a repeat inhalation.28 The 
participants were encouraged to inhale the entire vaporized dose of 0.9 g 
of 3.56% delta-9-THC or as much as they could tolerate.

In a previous study we had demonstrated that this vaporization pro-
cedure results in plasma THC levels similar to those induced by smoked 
marijuana but without significant exposure to carbon monoxide and 
other combustion products.19

opioid disposition kinetics. Opioid pharmacokinetics were determined 
on days 1 and 5 from blood samples drawn at baseline and again at 1, 
2, 4, 6, 8, 10, and 12 h after oral opioid administration. Given that the 
opioids were administered every 12 h, these measurements represent 
plasma concentration levels at steady state. On day 5, in addition to the 
opioid pharmacokinetics samples, THC plasma levels were measured 
at baseline and at 3, 10, 30, and 60 min to determine THC exposure for 
purposes of comparison with findings of prior and future studies. Our 
previous studies had demonstrated that this time course encompasses 
most of the THC AUC.19

The main outcome measure was the AUC12 for morphine and its 
glucuronide metabolites, or for oxycodone and its major metabolites, 
oxymorphone and noroxycodone.

Samples were shipped in a frozen state to the Center for Human 
 Toxicology at the University of Utah, where they were analyzed for 

 cannabinoids, morphine, and oxycodone using published procedures. 
Briefly, morphine, morphine-3-glucuronide, and morphine-6-glucuro-
nide were measured using liquid chromatography with electrospray 
ionization–tandem mass spectrometry, with lower limits of quantifica-
tion of 0.50 and 0.25 ng/ml for morphine and the glucuronides, respec-
tively.29 Oxycodone, oxymorphone, and noroxycodone were measured 
using liquid chromatography with electrospray ionization–tandem mass 
spectrometry, with lower limits of quantification of 0.2 ng/ml for all ana-
lytes.30

Cannabinoid measurements were obtained using a combination of 
modifications of previously published methods. The samples under-
went liquid–liquid extraction,31 and both extracts were combined 
and then derivatized and analyzed as previously described,32 except 
that the method was modified to suit a different instrument (i.e., a 
Hewlett Packard 5890 GC (Palo Alto, CA) equipped with a DB-5 MS, 
30 m × 0.25 mm, 0.25-mm column and interfaced with a Finnigan 
MAT SSQ 7000 MS (San Jose, CA) in negative chemical ionization 
mode).

effects monitoring. Objective and subjective effects were meas-
ured to assess whether vaporized cannabis increases or attenuates 
the side effects associated with opioid analgesics. Subjective effects 
were assessed via participants’ self-reports using the Drug Effects 
Questionnaire administered before the morning opioid dose and 
again at 30 min and 1, 2, 4, 6, 8, 10, and 12 h after drug administration 
on days 1 and 5. This questionnaire records subjective findings using 
standard visual analog scales where 0 is “no effect” and 100 is “maxi-
mal effect.”33 Assessment of drug effects included pain, stimulation, 
anxiety, sedation, feeling “down,” hunger, mellowness, confusion, irri-
tation, depression, feeling withdrawn, dizziness, nausea, and dryness 
of the mouth. In addition, the subjects were evaluated by the nursing 
staff for side effects every 4 h, recording scores for anxiety, sedation, 
disorientation, paranoia, confusion, dizziness, nausea, urinary reten-
tion, constipation, emesis, headache, swollen extremities, twitching, 
excitement, and level of consciousness on a scale from 0 to 4. The 
participants were monitored daily for nausea and vomiting using the 
Rhodes Index of Nausea, Vomiting, and Retching Questionnaire.34 
Because there was a concern that enhanced opioid effects could lead 
to respiratory depression, continuous pulse oximetry was performed 
every night, with the results documented every 2 h on the nursing 
flowsheet.

Statistical analysis.
Sample size: In a published study of individuals who took morphine on 
an empty stomach, the standard deviation of the within-person change 
in log (AUC10) for a morphine solution was 20% over the course of 12 
months.35 Using this information, we estimated that, with a sample of 
10 subjects, the study would have 80% power to detect a 25% percent 
change in the AUC12 between days 1 and 5. This estimate was based on 
a standardized effect size (E/S) of 1.25, using an alpha of 0.05, where E 
is the within-subject effect size (25%) and S is the standard deviation 
of the mean of the paired differences (20%) using a paired t-test.36,37 
In prior pharmacokinetics studies, a 30% change in AUC was thought 
to be clinically significant.38 Therefore, we set the target size at 25% to 
ensure that we would be able to capture a clinically significant change in 
AUC12. We enrolled at least 10 participants in each of the two (morphine 
and oxycodone) groups.

Data analysis: We described the characteristics of the participants at 
study entry overall and within each opioid group. We presented the mean 
(with 95% CI) plasma levels for each opioid over the 12-h observation 
period on days 1 and 5.

The primary outcome was the change in the AUC12 for morphine 
or oxycodone before and after cannabis exposure. We standardized 
plasma levels for each opioid to doses of 60 mg b.i.d. (observed opioid 
plasma level × (60 mg/administered opioid dose)). The standardized 
AUC12 was derived using the trapezoidal method over the dosing inter-
val. We  estimated the geometric mean and coefficient of variation in 
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the  standardized AUC on days 1 and 5. We then computed the ratio 
of the geometric means (with 95% CI) for day 5/day 1. We tested the 
hypothesis of a statistically significant change in standardized AUC12 of 
at least 25%, using paired t-tests and nonparametric Wilcoxon signed-
rank tests. We also assessed the percentage change in the geometric 
mean for Cmax and the arithmetic mean for time to maximum concen-
tration from the plasma concentration-vs.-time data for each subject. 
We used similar methods to describe results and assess changes for 
plasma concentrations of the metabolites of morphine (morphine-3-
glucuronide and morphine-6-glucuronide) and oxycodone (oxymor-
phone and noroxycodone). We assessed the mean THC plasma levels 
(with 95% CIs) for a duration of 1 h, for the participants overall as well 
as by opioid group.

We described the mean pain ratings on days 1 and 5, both overall and 
within each opioid group, using mean values and 95% CIs. We assessed 
the mean values (with 95% CI) of individual differences and percent-
age changes in pain between days 1 and 5, both overall and within each 
opioid group, using paired t-tests.

Next, we assessed the subjective effects of vaporized marijuana among 
these participants. We represented the mean perceived high over the 
dosing period on days 1 and 5 for each opioid group. In addition, we 
estimated the mean value (with 95% CI) of each subjective effect on days 
1 and 5 and determined statistically significant changes in the mean val-
ues (with 95% CI) of individual differences, using paired t-tests for each 
opioid group.
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Cannabidiol, a Nonpsychotropic Component of Cannabis,
Inhibits Cue-Induced Heroin Seeking and Normalizes
Discrete Mesolimbic Neuronal Disturbances

Yanhua Ren,1 John Whittard,1 Alejandro Higuera-Matas,2 Claudia V. Morris,1 and Yasmin L. Hurd1

1Departments of Psychiatry and Pharmacology and Systems Therapeutics, Mount Sinai School of Medicine, New York, New York 10029-6574,
and 2Psychobiology Department, School of Psychology, Universidad Nacional de Educación a Distancia, 28040 Madrid, Spain

There remains debate regarding the impact of cannabis on neuropsychiatric disorders. Here, we examined the effects of cannabidiol
(CBD), a nonpsychoactive constituent of cannabis, on heroin self-administration and drug-seeking behavior using an experimental rat
model. CBD (5–20 mg/kg) did not alter stable intake of heroin self-administration, extinction behavior, or drug seeking induced by a
heroin prime injection. Instead, it specifically attenuated heroin-seeking behavior reinstated by exposure to a conditioned stimulus cue.
CBD had a protracted effect with significance evident after 24 h and even 2 weeks after administration. The behavioral effects were
paralleled by neurobiological alterations in the glutamatergic and endocannabinoid systems. Discrete disturbances of AMPA GluR1 and
cannabinoid type-1 receptor expression observed in the nucleus accumbens associated with stimulus cue-induced heroin seeking were
normalized by CBD treatment. The findings highlight the unique contributions of distinct cannabis constituents to addiction vulnera-
bility and suggest that CBD may be a potential treatment for heroin craving and relapse.

Introduction
There continues to be major controversy as to whether canna-
bis should be legalized given some of its medicinal benefits,
which are countered by the negative impact of cannabis on
physical and mental health. Early cannabis use is associated
with the development of psychotic disorders (Andreasson et
al., 1987; Arseneault et al., 2002; Hall and Degenhardt, 2008) and
we and others have used experimental animal models to show
that �9-tetrahydrocannabinol (THC), the psychoactive compo-
nent of cannabis, can serve as a gateway to the subsequent poten-
tiated use of heroin (Solinas et al., 2004; Ellgren et al., 2007). Most
studies regarding cannabis have focused on THC with limited
attention given to other constituent compounds of the cannabis
plant. Cannabidiol (CBD) is also enriched in cannabis (Mechoulam,
1970), but in contrast to THC, it is nonpsychotomimetic and has
antipsychotic and anxiolytic properties (Crippa et al., 2004;
Zuardi et al., 2006).

In this study, we evaluated CBD effects in relation to addiction
vulnerability using a drug self-administration model such that
rats could directly control their drug intake and drug-seeking
behavior, which characterizes the chronic, relapsing disorder
of drug dependence. We focused on the potential influence of

CBD on heroin-related behaviors given the strong neurobio-
logical interactions between the cannabinoid and opioid sys-
tems (Rodriguez et al., 2001; Schoffelmeer et al., 2006). CBD was
studied during different behavioral phases—maintenance, ex-
tinction, and relapse. Various factors can induce drug relapse and
we specifically examined the impact of drug-associated environ-
mental cue and heroin prime that are well documented to promote
drug-seeking behavior and reinstate drug intake in experimental
animal models (See, 2002; Shaham et al., 2003) and to induce
drug craving in humans (Childress et al., 1993; Sinha et al., 2000).
Neurobiological correlates to the behavioral effects were also
evaluated in the striatum, a region critical for reward, goal-
directed behavior, and habit formation (Everitt and Robbins,
2005).

Materials and Methods
Animals. Male Long–Evans rats, weighing 230 –250 g at the beginning of
the experiment, were obtained from Taconic. They were housed in a
humidity- and temperature-controlled environment on a reversed 12 h
light/dark cycle (lights off at 9:00 A.M.) with ad libitum access to food and
water. Rats were allowed to acclimate in their new environment and were
handled daily for 1 week before the start of the experiment. All proce-
dures were conducted in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals and approved
by the local Animal Care and Use Committee.

Intravenous heroin self-administration. The self-administration proce-
dure was performed as described previously (Ellgren et al., 2007; Spano et
al., 2007). Briefly, catheters (CamCath) were implanted into the right
jugular vein under isoflurane anesthesia (2.4 –2.7%; Baxter). Following 1
week of recovery from surgery, self-administration training began during
the dark phase of the light/dark cycle in operant equipment which was
fitted with infrared beams to measure locomotor behavior (MED Asso-
ciates). Animals were allowed 3 h daily access to heroin (30 �g/kg/infu-

Received Aug. 31, 2009; revised Oct. 1, 2009; accepted Oct. 3, 2009.
This work was supported by National Institutes of Health Grant DA19350 and funds from Mount Sinai School of

Medicine. We thank Drs. Michelle Jacobs and Didier Jutras Aswad as well as other members of the Hurd lab for their
input and support.

Correspondence should be addressed to Yasmin Hurd, Departments of Psychiatry, Pharmacology and Systems
Therapeutics, and Neuroscience, Mount Sinai School of Medicine, One Gustave Levy Place, Box 1603, New York, NY
10029-6574. E-mail: Yasmin.Hurd@mssm.edu.

DOI:10.1523/JNEUROSCI.4291-09.2009
Copyright © 2009 Society for Neuroscience 0270-6474/09/2914764-06$15.00/0

14764 • The Journal of Neuroscience, November 25, 2009 • 29(47):14764 –14769



sion, diacetylmorphine-HCl; obtained from NIDA Drug Supply) under a
fixed ratio-1 reinforcement schedule in which one active lever press re-
sulted in a single drug infusion (85 �l over 5 s) and activation of a white
conditioned stimulus light situated above the active lever. During train-
ing, animals were food restricted (20 g/d) and subsequently given ad
libitum access to food after stable heroin intake behavior was achieved.
Stable self-administration behavior was defined as at least 10 responses
on the active lever and at least a 2:1 ratio in active:inactive lever presses for
three consecutive sessions, with �15% variation. After stable heroin in-
take behavior was achieved, the animals were divided into different
groups balanced for the number of active lever presses to subsequently
evaluate the effects of CBD (5, 20 mg/kg, i.p. dissolved in 3% Tween 80;
NIDA Drug Supply) or vehicle (3% Tween 80) on heroin self-
administration behavior.

In addition to the effects of CBD on heroin intake, the impact on
drug-seeking behavior was also evaluated. After the drug maintenance
phase, animals were kept drug-free in their home cage for 2 weeks. At the
end of the drug abstinence period, drug-seeking behavior was studied
during reinstatement sessions initiated by exposure to the conditioned
stimulus light cue or a heroin prime injection (0.25 mg/kg, i.p.). Heroin
was not delivered during the drug-seeking sessions, which lasted 1 h,
but the number of responses on both the active and inactive lever were
recorded.

CBD effects were also evaluated in regard to extinction of heroin self-
administration behavior. The extinction sessions were conducted at the
end of the maintenance phase of heroin self-administration, which lasted
�2 weeks. The testing conditions were the same as during training, ex-
cept that presses on the previously active lever was replaced by saline
infusion and there was no activation of the cue light.

Overall, 155 rats were trained to self-administer heroin in this study
and 18 were excluded because of loss of catheter patency, poor health, or
failure to acquire heroin self-administration.

Postmortem brain studies. To test neurobiological systems associated
with CBD’s effects on cue-induced heroin-seeking behavior, we studied
the striatum in postmortem brain samples 1 h after the drug-seeking
session in which rats were given vehicle or CBD. A group of saline ani-
mals were also included that were processed through the same behavioral
paradigm; the rats did not show active saline self-administration behav-
ior. At the end of drug-seeking sessions, rats were quickly killed by brief
CO2 exposure and decapitation. Brains were rapidly removed, frozen in
isopentane (approximately �50°C) for 10 s, and stored at �80°C until
processed. Coronal sections (20 �m thick) of the striatum were cut using
a refrigerated cryostat (�15°C; Frigocut 2800E, Leica Instruments) ac-
cording to the atlas of Paxinos and Watson (2005) and mounted onto
Superfrost Plus slides (Brain Research Laboratories). The sections were
stored at �30°C until processed.

In situ hybridization histochemistry. cDNA fragments of cannabinoid
CB1 receptor (CB1R) (NM_012784) and mGluR5 (NM_017012.1) were
obtained from rat brain total RNA by reverse transcription-PCR using
the following primer pairs: CB1, sense: 5�-GGGTTACAGCCTCCTTC-
ACA-3�, antisense: 5�-TGTCTCAGGTCCTTGCTCCT-3�; mGluR5,
sense: 5�-CTGTAATACGACTCACTATAGCCCAAGCATTCGAGAAGT-
CTA-3�, antisense: 5�-GGGATTTAGGTGACACTATAGCCAGGATG-
ATGTACACC TT-3�. The RNA probe was transcribed in the presence of

[ 35S]-uridine 5�-[�-thio]triphosphate (spe-
cific activity 1000 –1500 Ci/mmol; New En-
gland Nuclear). The in situ hybridization
procedure was similar to previously published
protocols (Hurd, 2003; Ellgren et al., 2007).
Briefly, the labeled probe was applied to the
brain sections at a concentration of 2 � 10 3

cpm/mm 2 of the coverslip area. Two adjacent
sections from each subject were studied. Hy-
bridization was performed overnight at 55°C in
a humidified chamber. After in situ hybridiza-
tion, the slides were apposed to Imaging Plates
(Fujifilm) along with 14C-standards (Ameri-
can Radiolabeled Chemicals). The films were
developed with FLA-7000 phosphoimaging
analyzer (Fujifilm) and the images were ana-

lyzed by MultiGauge software (Fujifilm).
Immunohistochemistry. Brain sections were rinsed twice in PBS for 10

min each and then blocked using 5% (v/v) heat-inactivated horse serum
(Invitrogen) diluted in PBS at room temperature for 2 h. Sections were
incubated overnight at 4°C with antibodies directed against CB1R (1
�g/ml polyclonal, Millipore) or GluR1 (1 �g/ml polyclonal, Millipore)
diluted in 2.5% (v/v) heat-inactivated horse serum in PBS. Following
four washes in PBS containing 0.05% (v/v) Tween 20 (MP Biomedicals),
sections were incubated with anti-rabbit or anti-mouse IRDye800CW
(1:1000; Jackson ImmunoResearch Laboratories) for 2 h at room tem-
perature. Following four washes, slides were allowed to dry for at least 1 h
in the dark before imaging using the Odyssey infrared imaging system
(LI-COR) at a 21 �m resolution and an offset of 1.0 mm. The level of
nonspecific binding of the secondary antibodies, as assessed with brain
sections incubated without primary antibody, was negligible (data not
shown). An excess of blocking peptide (Millipore) was incubated with
the GluR1 antibody before staining to determine the specificity of the
antibody. The staining pattern with the blocking peptide was similar to
that seen with brain sections incubated with secondary antibody alone
(data not shown).

Data analysis. For in situ hybridization studies, the mRNA expression
level was estimated within the nucleus accumbens (NAc) (bregma �2.28
to �1.60 mm) and caudate–putamen (bregma �2.28 to �1.60 mm) in
accordance with the Paxinos and Watson rat brain atlas (Paxinos and
Watson, 2005). Results were expressed as disintegrations per minute per
milligram of tissue with reference to the coexposed standard, and values
obtained from duplicate brain sections for each subject were averaged.
For immunohistochemistry studies, the images were quantified using
average integrated intensity values derived from regions of interest using
the Odyssey application software (version 2.0; LI-COR).

Statistical analysis. For the acquisition, maintenance, and extinction of
heroin self-administration studies, data were analyzed using a two-way
ANOVA for repeated measures followed, when appropriate, by planned
comparison tests with Bonferroni correction. For the drug-seeking stud-
ies, one-way ANOVA was used. The significance level was set at p � 0.05.
For molecular and protein studies, statistical comparison was performed
by one-way ANOVA.

Results
CBD specifically affects heroin-seeking behavior induced by
conditioned cue
Experiment 1
Rats quickly learned to self-administer heroin such that a signif-
icantly higher number of responses were observed on the active
lever at the fourth training session (Fig. 1a) ( p � 0.001) with
stable heroin self-administered behavior acquired after the sixth
session (lever presses � training session interaction; F(15,315) �
15.57, p � 0.001). After acquisition of stable self-administration
behavior, animals were divided into subgroups with equal heroin
intake behavior to evaluate the effects of CBD or vehicle treat-
ment. Initial CBD pilot studies indicated a greater protracted
effect of the drug (data not shown), and thus the effects of CBD

Figure 1. CBD effects on heroin self-administration. a, Rats readily maintained stable self-administered heroin from approxi-
mately the sixth training session. b, c, CBD (5–20 mg/kg, i.p.) did not affect the number of lever presses (b) or locomotor activity
(c) during maintenance of heroin self-administration. Data represent mean 	 SEM; n � 7–9/group.
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administration were examined after 30 min and 24 h time peri-
ods. The maintenance of heroin intake behavior was not affected
following CBD administration (5 and 20 mg/kg, i.p.) at either
time point (Fig. 1b). CBD also failed to alter locomotor activity
(Fig. 1c), which was simultaneously monitored during the self-
administration session.

To assess the potential impact of CBD on heroin-seeking be-
havior, rats were re-exposed to the heroin self-administration
chamber and stimulus light cue 14 d following drug abstinence.
During the drug-seeking session, no drug reinforcement was ob-
tained upon lever pressing. Vehicle-treated animals showed ro-
bust lever pressing during the drug-seeking session, however, this
response was inhibited by a single CBD injection administered
24 h (Fig. 2a) (5 mg/kg, p � 0.05), but not
30 min (data not shown), before the ses-
sion. The impact of CBD on drug-seeking
behavior was very specific, affecting only
active lever presses following the light cue
exposure (Fig. 2a) ( p � 0.01). Various
time periods were evaluated in another set
of animals after CBD injections (5 mg/kg
daily over 3 d) in the reinstatement ses-
sions. Intriguingly, there remained a sig-
nificant decrease in active, but not
inactive, lever presses for heroin seeking
monitored even 2 weeks after the last CBD
treatment (Fig. 2b) ( p � 0.001).

To determine the effects of CBD on
other conditions known to induce relapse,
additional sets of animals were tested dur-
ing a drug-seeking session that was initi-
ated by a heroin prime injection (0.25 mg/
kg, i.p.). CBD, both acute and 24 h after injection, had no effect
on either active or inactive lever presses following the heroin
prime (data not shown).

Experiment 2
The impact of CBD on extinction of heroin self-administration
was also examined in which the context of the self-administration
chamber, but not the cue light, was extinguished. CBD injections
given 24 h before the initial extinction session and daily through-
out the extinction training did not alter the rate of decline in the
active lever-pressing or alter the inactive lever press responses
compared with vehicle control animals (Fig. 3a). After a 2 week
abstinence period, re-exposure to the cue light reinstated lever
pressing in vehicle animals, but this was attenuated in animals
administered CBD 24 h before the relapse session (Fig. 3b) ( p �
0.01). Animals carried through the extinction paradigm were also
exposed to a drug-seeking session that was initiated by a heroin
prime injection (0.25 mg/kg, i.p.). CBD, both acute (data not
shown) and 24 h after injection, had no effect on either active or
inactive lever presses (Fig. 3c) induced by the heroin prime.

Altogether, these results suggest that CBD has a protracted
neurobiological effect to counter long-lasting neuroadaptations
that specifically govern conditioned cue-induced drug-seeking
behavior and relapse.

CBD effects on mesolimbic CB1
and GluR1 receptors
CBD has been reported to be an inverse agonist at CB1Rs
(Thomas et al., 2007) and an agonist at the transient receptor
potential V1 (TRPV1) and TRPV2 (Qin et al., 2008). We exam-
ined the striatum, a region critical for reward, goal-directed be-

havior, and habit formation (Everitt and Robbins, 2005), in
animals following the drug-seeking session. TRP proteins and
mRNA levels were extremely low in the forebrain, though they
were detected in the dorsal root ganglion (data not shown). CB1R
mRNA expression was significantly increased in the ventral stri-
atum (NAc), the core subdivision in heroin rats that received
vehicle treatment before drug seeking (Fig. 4a) ( p � 0.05). The
heroin–CBD group showed decreased CB1R mRNA expression
in the NAc core and shell subdivisions compared with heroin–
vehicle animals even 2 weeks after the last CBD injection (Fig. 4a)
( p � 0.05 and p � 0.01). Moreover, this CBD effect was also
evident in the most medial division of the dorsal striatum ( p �
0.05), which is innervated by limbic cortices, but no CBD effects
were evident in the dorsolateral division that receives primarily
sensorimotor cortical input (supplemental Table 1, available at
www.jneurosci.org as supplemental material). Similar to alter-
ations of the CB1R transcript, CB1R protein levels tended to be
increased in the NAc of heroin–vehicle animals (Fig. 4b,c) (sig-
nificant in the lateral NAc shell; p � 0.05), which were decreased
both 24 h and 2 weeks after CBD treatment [medial ( p � 0.05)
and lateral ( p � 0.01) NAc shell]. These findings suggest that
CBD’s effects on CB1R expression have a mesolimbic specificity
in the striatum. Interestingly, CBD administered in heroin-naive
animals acutely reduced CB1R expression in the NAc but not in
the dorsal striatum; no significant alterations were observed with
repeated CBD exposure (supplemental Table 2, available at www.
jneurosci.org as supplemental material).

Drug-seeking behavior and relapse have been strongly linked
to dysregulation of glutamate (Kalivas and Volkow, 2005;
LaLumiere and Kalivas, 2008). We studied mRNA and protein
levels of several markers relevant to glutamatergic function;

Figure 2. CBD inhibits cue-induced heroin-seeking behavior. a, b, CBD reduced the number
of active lever presses induced by exposure to a stimulus light cue 24 h before testing (a) and 2
weeks following last repeated CBD injection (b; 5 mg/kg, daily during the final 3 d of heroin
self-administration maintenance; 3�). Data represent mean 	 SEM; n � 7–9/group. *p �
0.05, **p � 0.01, ***p � 0.001 versus vehicle.

Figure 3. CBD effects on extinction behavior. a, b, CBD (10 and 20 mg/kg, i.p.) did not affect lever pressing during extinction
training (a; arrow represents the first day of extinction), but it inhibited lever pressing induced by exposure to a conditioned
stimulus light cue after extinction of the environmental context (b; self-administration chamber). c, CBD did not alter lever pressing
induced by heroin prime (0.25 mg/kg, i.p.) after extinction. Data represent mean 	 SEM; n � 9 –11/group. **p � 0.01, ***p �
0.001 versus vehicle.
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markers related to opioid transmission were also evaluated given
the relevance to heroin. Most showed only heroin-associated ef-
fects with no alterations induced by CBD. For example, mRNA
levels of mGluR5, abundantly expressed in medium spiny striatal
efferent neurons and intricately linked to endocannabinoid-
mediated synaptic plasticity (Katona and Freund, 2008), were
strongly downregulated to the same extent in the heroin–vehicle
and heroin–CBD groups (Fig. 4d) ( p � 0.001). In contrast,
AMPA GluR1 receptors, which are highly implicated in drug-
seeking behavior (Conrad et al., 2008), were significantly altered
only in the heroin–CBD animals; GluR2/3 were not robustly ex-
pressed in the striatum and CDB administration on its own did
not alter expression levels of any of the glutamatergic markers
studied (data not shown). As shown in Figure 4, e and f, heroin–
vehicle animals, with strong cue-induced relapse behavior, had
marked reduction of AMPA GluR1 protein expression in the NAc
core ( p � 0.001), medial shell ( p � 0.01), and lateral shell ( p �
0.05), with no significant effect in the dorsal striatum (supple-
mental Table 1, available at www.jneurosci.org as supplemental
material). However, 24 h after CBD, GluR1 protein expression
was significantly normalized in the NAc core ( p � 0.001) and
medial shell ( p � 0.05). A similar pattern was observed even 2
weeks following the last repeated CBD treatment, but the effect
was most evident in the NAc core (Fig. 4e) ( p � 0.01).

Discussion
The current study has revealed unique properties of the phyto-
cannabinoid CBD and underscores the contrasting characteris-
tics of the main constituents of cannabis in relation to addiction
vulnerability. Compared with the documented effects of THC to
enhance heroin self-administration (Solinas et al., 2004; Ellgren
et al., 2007), the present data demonstrated that CBD specifically
inhibited reinstatement of cue-induced heroin seeking. The spec-
ificity of CBD to cue-induced reinstatement was also emphasized

by the observation that the compound still inhibited drug relapse
behavior in animals extinguished to the environmental context
(self-administration chamber) previously associated with heroin.
The results are striking given the very selective and protracted
effects of CBD. Although CBD significantly altered drug-seeking
behavior promoted by conditioned cue, it failed to influence drug
seeking initiated by a heroin prime. Whether CBD induces some
perceptual alterations that compromise cue- but not priming-
induced reinstatement of drug seeking remains to be determined.
The apparent diminished impact of CBD in the presence of
heroin was also evident during the drug maintenance phase, in
which CBD did not modify stable heroin intake behavior.
Thus CBD does not appear to interfere with the reinforcing
effects of heroin at least on a FR-1 schedule. Interestingly, the
ability of CBD to reduce heroin-seeking behavior at least 2 weeks
after exposure was nevertheless still observed when CBD had
been administered during the active phase of heroin self-
administration. These findings emphasize that CBD retains its
effects to modulate neural mechanisms relevant to cue-induced
drug relapse vulnerability even in the presence of heroin.

The observation that CBD’s effects on cue-induced drug-
seeking behavior was apparent 24 h and 2 weeks, but not after 30
min, following administration may suggest delayed pharmaco-
logical actions of the drug. However, it is important to note that
behavioral effects have been observed immediately after admin-
istration of CBD at the dose range currently studied on, for ex-
ample, its anxiolytic properties (Guimarães et al., 1994; Moreira
et al., 2006). Moreover, acute administration of CBD has been
shown to enhance the extinction of cocaine- and amphetamine-
induced conditioned place preference without affecting learning
or retrieval (Parker et al., 2004). There was also no evidence in our
study that CBD affected extinction learning. CBD did not alter
the extinction of heroin seeking. The potential influence of CBD

Figure 4. CBD effects on CB1R and glutamate receptor expression in relation to cue-induced heroin-seeking behavior. a– c, CB1R RNA (a) and protein (b and c) levels in the NAc following either
vehicle or CBD administration 24 h (1�) before the cue-induced drug-seeking session. d–f, mGluR5 RNA levels (d) and GluR1 protein levels (e and f ). Data represent mean 	 SEM; n � 4 – 8/group.
NAc-c, NAc core; M/L-NAc-s, medial/lateral NAc shell; CP, caudate–putamen (dorsal striatum); SA, self-administration. *p � 0.05, **p � 0.01, ***p � 0.001 versus vehicle; #p � 0.01 versus
heroin–vehicle.
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on psychostimulant-seeking behavior needs to be examined with
an operant self-administration procedure to determine the spec-
ificity of CBD to different classes of drugs and different relapse
models.

The protracted behavioral effects of CBD, in addition to its
specific influence on heroin-seeking behavior, strongly implied a
long-term impact on synaptic plasticity, the pathology of which is
hypothesized to underlie compulsive disorders such as drug ad-
diction. The endocannabinoid and glutamatergic systems have
been tightly linked to synaptic plasticity (Kauer and Malenka,
2007). In addition to its high potency at the CB1R (Thomas et al.,
2007), CBD has also been reported to alter the hydrolysis of the
endocannabinoid anandamide (Bisogno et al., 2001). The reduc-
tion of CB1R expression in the NAc when CBD was administered
alone was short-term though its impact was enduring in heroin-
seeking animals. Attenuation of the elevated expression CB1R
mRNA and protein levels in the NAc by CBD in heroin rats,
which paralleled the behavioral alterations, is consistent with the
observation that inhibition of the CB1R inhibits cue-induced
drug-seeking behavior (De Vries et al., 2003).

Various lines of evidence have clearly documented the critical
role of AMPA GluR1 in drug-seeking behavior though most
studies have focused on psychostimulant drugs (Anderson et al.,
2008; Conrad et al., 2008). Of the few investigations that have
evaluated opiates, the expression of AMPA receptors in prefron-
tal cortical synaptic membranes was reported to be reduced in
heroin-abstinent animals after re-exposure to heroin cues (Van
den Oever et al., 2008) and glutamate arising from the prefrontal
cortex was increased in the NAc core (LaLumiere and Kalivas,
2008). The specific cellular localization of the GluR1 was not
examined in the current study, which limits interpretations as to
the dynamic cellular distribution of AMPA receptors relevant to
drug-seeking behavior. Moreover, it is important to note that a
similar alteration of glutamate levels was reported in the NAc
core with both cue and heroin prime (LaLumiere and Kalivas,
2008). Thus, other mechanisms than NAc core glutamatergic dis-
turbances most likely underlie CBD’s apparent ability to alter
cue- but not priming-induced reinstatement of drug seeking.
Nevertheless, the observation that GluR1 disturbances in the NAc
associated with heroin seeking were absent in those administered
CBD is intriguing. Most studies have focused on the NAc core in
relation to glutamatergic involvement in drug-seeking behavior,
but CBD’s effects on GluR1 were also apparent in the NAc shell,
though to a weaker extent than the core. Further studies are re-
quired to determine the specific contribution of the NAc subre-
gions as well as other brain regions implicated in cue-induced
reinstatement to the actions of CBD. Although additional studies
are needed to fully elucidate the molecular mechanisms of CBD
in regard to its direct and indirect effects on heroin-seeking be-
havior, the mesolimbic specificity and protracted effects of CBD
on CB1R and GluR1 is interesting given the role of the limbic
system in goal-directed behavior.

Of the over 1 million opiate-dependent subjects today, only
less than a quarter of such individuals receive treatment, which
have traditionally targeted �-opioid receptors. Although such
treatment strategies including methadone have improved sub-
stance abuse outcome, they do not effectively block opiate crav-
ing in all patients (Walter et al., 2008) and thus are still associated
with high rates of relapse and ultimately the continued cycle of
opioid abuse. The fact that drug craving is generally triggered by
exposure to conditioned cues makes the current results particu-
larly fascinating. Moreover, the observation that CBD did not
cause gross motor impairment as evident by a lack of effect on

inactive lever presses or on locomotor behavior is consistent with
the weak side effects that have been reported with this compound
in humans (Consroe et al., 1991; Tomida et al., 2006). In addi-
tion, CBD lacks hedonic properties on its own (Parker et al.,
2004). Overall, the observations of this study suggest the potential
for CBD as a treatment strategy given its specificity to attenuate
cue-induced drug-seeking behavior, preferential impact on me-
solimbic neuronal populations, and enduring neural actions.
Clearly, greater attention needs be given to the potential role of
CBD in the treatment of addiction and other mental health
disorders.
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Abstract: Opioids are commonly used to treat patients with chronic pain (CP), though there is little

evidence that they are effective for long term CP treatment. Previous studies reported strong associ-

ations between passage of medical cannabis laws and decrease in opioid overdose statewide. Our

aim was to examine whether using medical cannabis for CP changed individual patterns of opioid

use. Using an online questionnaire, we conducted a cross-sectional retrospective survey of 244 med-

ical cannabis patients with CP who patronized a medical cannabis dispensary in Michigan between

November 2013 and February 2015. Data collected included demographic information, changes in

opioid use, quality of life, medication classes used, and medication side effects before and after initi-

ation of cannabis usage. Among study participants, medical cannabis use was associated with a 64%

decrease in opioid use (n = 118), decreased number and side effects of medications, and an improved

quality of life (45%). This study suggests that many CP patients are essentially substituting medical

cannabis for opioids and other medications for CP treatment, and finding the benefit and side effect

profile of cannabis to be greater than these other classes of medications. More research is needed to

validate this finding.

Perspective: This article suggests that using medical cannabis for CP treatment may benefit some

CP patients. The reported improvement in quality of life, better side effect profile, and decreased

opioid use should be confirmed by rigorous, longitudinal studies that also assess how CP patients

use medical cannabis for pain management.

ª 2016 by the American Pain Society

Key words: Medical cannabis, opioids, chronic pain, side effects.

C
hronic pain (CP) is among the most common and
expensive medical conditions, affecting >100
million Americans, and with total direct and indi-

rect costs of up to $635 billion per year.8 Despite their
high prevalence, treatment of CP conditions is difficult.
Treatments for CP conditions often require incremental
lifestyle changes (exercise, sleep hygiene, stress reduc-
tion) and repeated doctor visits to monitor changes,
which is increasingly challenging in the current economic
and medical climate.14 Furthermore, other potentially
efficacious therapies (eg, cognitive behavioral therapy
and complementary approaches) are not often covered
by insurance. Finally, opioids—one of the most common
medication used to treat CP—are ineffective for many
types of CP, as well as being addictive and associated
with significant morbidity and mortality.1 Indeed, opi-
oids are the most common prescription drug implicated
in overdose deaths, involved in up to 75% of overdoses,
and estimated to be responsible for at least 17,000
deaths annually.10
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Because of problems with the current treatment of
pain, many patients and some providers have begun to
re-examine the potential role for cannabis or cannabi-
noids for treating CP. Because there are no synthetic can-
nabinoids approved for treatment of CP in the United
States, the most available form of cannabinoids for
most patients is cannabis purchased from dispensaries
or illegally. Cannabis has been legal in parts of the United
States since 1996 for treatment of multiple conditions,
including CP.12 Randomized controlled trials have exam-
ined whether cannabis, cannabis extracts, or synthetic
cannabinoids are efficacious in CP states, with a recent
meta-analysis suggesting that there is moderate evi-
dence that some types of CP states may be improved by
use of cannabinoids.15 In contrast, there have been rela-
tively few studies of the effectiveness of cannabinoids in
real-life settings. A study out of the Netherlands sug-
gested that 53% of registered cannabis users consumed
cannabis for enhanced pain control7 although other
studies have described uncertain efficacy for CP treat-
ment.6 Interestingly, legalization of medical cannabis
was associated with a mean 24.8% decrease in opioid
overdose deaths in multiple states across the United
States.2 Although suggestive that cannabis could act as
a replacement or alternative for opioids, this finding
was on an ecological level, so changes at an individual
level could not be gauged.
In our current study, we surveyed medical cannabis

cardholders in Michigan, who must receive a certifica-
tion from a licensed physician that they have a condi-
tion deemed by the statute to justify cannabis use (eg,
CP) to obtain their permit. We hypothesized that
many cannabis users were using cannabis for CP
reduction and as a substitute for opioids. We further
hypothesized that we may find some evidence that
cannabis was reported to be more effective for CP
that is ‘‘centralized’’ in nature. By centralized in na-
ture, we mean individuals in whom the central ner-
vous system is playing a greater role in pain, which
we have previously shown is associated with
decreased responsiveness to opioids.3,4,9 This is
plausible because meta-analyses that have examined
the efficacy of cannabinoids in neuropathic and
centralized pain states have suggested that these
compounds are generally efficacious,13,15 whereas
there is far less evidence for efficacy in nociceptive
pain states.16 Thus, we hypothesized that individuals
with higher scores on the 2011 Survey Criteria for
fibromyalgia—a continuous measure that can be
used to diagnose fibromyalgia as well as to determine
the degree of pain centralization in CP states13—
would show better overall pain relief with cannabis
compared with those using cannabis for CP with lower
scores on this measure. If this were to be true, then
this would provide very preliminary evidence that
cannabis might be a more effective treatment of
centralized or neuropathic pain states than opioids,
a finding in line with recent meta-analyses of the ef-
fects of cannabis in randomized controlled trials in
various pain conditions.13,15

Methods
Survey distribution was carried out in collaboration

with owners of a local medical cannabis dispensary in
Ann Arbor, Michigan, who helped recruit registered
medical cannabis patients (18 years of age and older)
to take the survey through the Qualtrics (Provo, UT) on-
line survey platform. Study participants were enrolled
between November 2013 and February 2015. Participant
anonymity was maintained.
The survey contained 46 questions, detailing the med-

ical condition(s) for which cannabis was used, method/
frequency of cannabis use, changes in noncannabismedi-
cation use, changes in medication side effects, quality of
life changes since starting cannabis use, and demo-
graphic information.Aspart of the survey, all participants
completed the 2011 Fibromyalgia Survey Criteria (FM
score),whichgives a score from0 to31,with 31 indicating
the most severe FM pain.16 This value indicates a partici-
pant’s FM score at the timeof the survey, rather than their
FM score before initiation of cannabis use. Survey ques-
tions of interest are shown in Table 1.

Statistics
Thestudypopulationwasexaminedusingdescriptive sta-

tistics. To ensure that no important informationwasmissed
by limiting analyses to fully completed questionnaires,
sensitivity analyses were performed on the entire set of
questionnaires, questionnaires that were$60% complete,
$80% complete, and those that were fully completed
(Table 2). There were very little differences between the
outcomes, so analysis was limited to questionnaires that
were fully completed. FM scores of participants were strat-
ified into quartiles to examine whether degree of pain
centralizationwasassociatedwithoutcomesof interest.Re-
lationships between FM score quartile, opioid use change,
qualityof life change,when the studyparticipantbeganus-
ing cannabis, and medication side effects were examined
using Pearson correlation test. Student t-tests were used
to examine whether cannabis use affected the number of
medication classes (eg, opioids, nonsteroidal anti-
inflammatory drugs, selective serotonin uptake inhibitor,
diseasemodifying antirheumatic drugs, etc) taken,medica-
tion side effects, and paired t-tests were used to evaluate
changes in these variables before and after initiation of
cannabis use. Analysis of variance tests were used to
examine whether changes in quality of life or opioid use
were associated with FM score.
All analyses were carried out in R Studio version

0.98.1103 (R-Tools Technology Inc, Richmond Hill,
Ontario, Canada).

Ethics Statement
This study was exempted from institutional review

board oversight under protocol HUM00079724 at the Uni-
versity ofMichigan. Participants freely consented topartic-
ipate in the study, and were able to drop out at any time.
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Results
Of the 374 participants in the study, 244 of the partic-

ipants used cannabis to treat CP. Sensitivity analyses

showed that exclusion of incomplete questionnaires
did not have a significant effect on outcomes (Table 2),
so only the complete questionnaires of participants
with CP were used (n = 185).

Table 2. Sensitivity Analysis of Outcomes of Interest

OUTCOME of INTEREST

ENTIRE SET OF

QUESTIONNAIRES

(N = 244)

QUESTIONNAIRES

THAT WERE $60%
COMPLETED (N = 192)

QUESTIONNAIRES

THAT WERE $80%
COMPLETED (N = 186)

QUESTIONNAIRES

THAT WERE FULLY
COMPLETED (N = 185)*

FM score 9.23 (5.52) 9.28 (5.54) 9.15 (5.40) 9.16 (5.42)

Opioid use change �63% (46%) �63% (47%) �64% (44%) �64% (45%)

Degree to which side effects of

medication affect daily function

(before using medical cannabis);

scale from 1 to 10

6.44 (2.91) 6.42 (2.91) 6.46 (2.89) 6.51 (2.88)

Degree to which side effects of

medication affect daily function

(after using medical cannabis);

scale from 1 to 10

2.77 (2.35) 2.78 (2.36) 2.78 (2.38) 2.79 (2.39)

Number of medication classes used

(before cannabis use)

2.35 (1.43) 2.34 (1.44) 2.36 (1.44) 2.38 (1.44)

Number of medication classes used

(after cannabis use)

1.82 (.94) 1.84 (.95) 1.83 (.95) 1.81 (.95)

Quality of life change 45% (28%) 45% (28%) 45% (29%) 45% (29%)

NOTE. All quantities reported as mean (SD).

*Only fully completed questionnaires were used for final analyses.

Table 1. Survey Questions Regarding Outcomes and Exposures of Interest

SURVEY QUESTION ANSWER OPTIONS

In a typical week, how often do you use cannabis? � Less than once per week
� One time
� 2 to 3 times
� 4 to 6 times
� Daily

On a day that you do use cannabis, how often do you use it? � Less than once
� 1 to 2 times
� 3 to 4 times
� More than 5 times

When did you start using cannabis for medical purposes? Please give your answer in years. Descriptive, ranges from 0 to 50 y

What classes of drugs were you using (check all that apply) before you started using

cannabis? (Choose all that apply)

� Opioids (such as Vicodin*)
� NSAIDs (such as aspirin)
� Disease-modifying antirheumatic drugs
� Antidepressants
� Serotonin–norepinephrine reuptake inhibitors
� Selective serotonin reuptake inhibitors
� Other

On a scale of 1 to 10 (with 1 being not at all and 10 being significantly) how much did the

side effects of the medications you took before using cannabis affect your ability to do

the things you needed to accomplish each day?

1 through 10

On a scale of 1 to 10 (with 1 being not at all and 10 being significantly) how much do the

side effects of the medications you take in combination with cannabis affect your ability

to do the things you needed to accomplish each day?

1 through 10

How has your opioid prescription drug use changed since you started using cannabis?

Increase or decrease (%). If your opioid use has increased by 30%, pleasewrite130%. If

your opioid use has decreased by 30%, please write in �30%.

�100% through 1100%

Are you taking any of the following drugs or drug classes in combination with cannabis?

(Choose all that apply)

� Opioids (such as Vicodin*)
� NSAIDs (such as aspirin)
� Disease-modifying antirheumatic drugs
� Antidepressants
� Serotonin–norepinephrine reuptake inhibitors
� Selective serotonin reuptake inhibitors
� Other

Abbreviation: NSAID, nonsteroidal anti-inflammatory drug.

*Vicodin manufactured by AbbVie Inc (North Chicago, IL).
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Demographic information is summarized in Table 3. Of
note, most participants (78.9%) smoked cannabis daily.
Outcomes (opioid use change, quality of life change,
number of medications, and medication side effects) in
the total CP population and in FM score quartiles are
summarized in Table 4.

Effects of Cannabis on Opioid Use
The mean change in self-reported opioid use among

all respondents answering this question was �64%.
Interestingly, in contrast to our hypothesis, the reduction
of opioid usewas the least drastic in the highest FM score
quartile (�48%), which was significantly different from
the lowest FM score quartile (�79%, P = .03) but not
the second and third (�74% and �63%, P = .14 and
.59, respectively).

Effects of Cannabis on Number of
Medication Classes Used and Side Effects
of Medications
The number of medication classes used after initia-

tion of cannabis use was (1 1 reported number) to ac-
count for cannabis use. Medications used before and
after initiation of cannabis use are reported in Table 5.
Although we focus in this article on opioid dosage re-

ductions because this has become a major public health
problem in the United States, there were comparable
reductions in self-reported usage of many other classes
of analgesic drugs. The mean number of medications
classes used decreased significantly in all respondents
before and after cannabis use (2.38 vs 1.81, respectively,
P < .001).
Although we did not find our hypothesized findings

that individuals with more centralized pain (eg, with a
more fibromyalgia-like phenotype) reported increased
effectiveness of cannabis, we did find that the degree
of pain centralization predicted differential medica-
tion usage before and after cannabis usage. Partici-
pants in the fourth FM score quartile used a
significantly greater number of medication classes
than those in the first, second, and third quartiles
before initiation of cannabis use (P < .001, P < .001,
P = .004, respectively). After initiation of cannabis
use, participants in the fourth FM score quartile
continued to use a significantly greater number of
medication classes compared with those in the other
quartiles (P < .001, P < .001, P = .068 in the first, sec-
ond, and third quartiles, respectively). Side effects of
medication on everyday functioning decreased sub-
stantially after cannabis use (6.51 vs 2.79, P < .001).
There were no differences in the change in medication
side effects among FM score quartiles (P = .86).

Discussion
Our primary study hypothesis that patients would

self-report that they derived more pain relief from
cannabis if they had more centralized pain was not sup-
ported. In fact, patients with lower pain centralization
levels noted the best improvements in quality of life,
as well as the largest reductions in opioid usage. How-
ever, this study did yield several significant findings.
Overall, since the initiation of medical cannabis use,
CP patients reported significant decreases in medication
side effects that affected their daily functioning
(including opioids), decreases in total number of medi-
cations being taken, and improvements in quality of
life. Reported reduction in opioid use and decreased
medication side effects were significantly correlated
(r = .37, P = .0002), indicating a potential health benefit
of replacing opioids with cannabis. This ‘‘opioid-
sparing’’ effect is consistent with the ecological study
by Bachhuber et al,2 and hints to potential synergistic
effects between cannabis and opioids for reduction of
severe CP. Indeed, a recent study in Australia reported
that people with CP had better pain reduction when
they combined opioids and cannabis.5

Limitations
Although suggestive, the cross-sectional study

design limits inference from our data, because our
outcomes of interest (changes in quality of life, opioid
use, side effects of medication, and number of medica-
tions) were measured with potentially unreliable
recall data. Indeed, some study participants had been

Table 3. Demographic Characteristics of the
Study Population (n = 185)

VARIABLE VALUE

Sex

Male 118 (64)

Female 65 (35)

Refuse to answer 2 (1)

Age

18 to 25 32 (17)

26 to 35 40 (22)

36 to 45 32 (17)

46 to 55 25 (14)

56 to 65 46 (25)

66 to 75 9 (5)

Refuse to answer 1 (.5)

Weekly cannabis use

<1 Time 1 (.5)

2 to 3 times 16 (9)

4 to 6 times 22 (12)

Daily 146 (79)

Daily cannabis use

1 Time 22 (12)

2 Times 47 (25)

3 to 4 times 77 (42)

$5 Times 38 (20)

Refuse to answer 1 (.5)

Opioid use before cannabis use

Yes 119 (64)*

No 66 (36)

CP status

Yes 185 (100)

NOTE. Data are presented as n (%).

*One participant chose not to respond to the question about change in opioid

use.
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using cannabis for medical purposes for quite some
time (median of 4 years). FM scores were measured
at the time of the survey, so we were unable to
know participant’s baseline FM score before they
started using cannabis, potentially biasing the data.
Furthermore, our results may not be representative
of the general population, because we only surveyed
patrons of a medical cannabis dispensary. Finally,
with the recent attention to opioid overuse and over-
dose, we considered the possibility that physicians
would reduce the number of opioid prescriptions,
which could have happened concurrently with our
study. This could provide an explanation for the
drastic decrease in the use of opioids that we report.
However, the Michigan Department of Community
Health and the Michigan Automated Prescription Sys-
tem showed consistent increases in the number opioid
prescriptions written from 2007 to 2014 (7.7 million in
2007 to 9.7 million in 2014) and in the number of
opioid units prescribed from 2011 to 2014 (over 620
million units total in 2011 to almost 677 million in
2014).11,17 Although we do not know if the
statewide trends apply to our study, our observed
decreased opioid use is not consistent with these
trends, suggesting that it may be due to other
factors (including the use of cannabis).

Future Directions and Conclusions
Future studies can address these issues by using lon-

gitudinal study designs that recruit participants naive
to cannabis and measure their pain levels before and
after using cannabis. This would make the results
more robust by taking into account temporality, and
resolve issues of selection bias in our current study.
We plan to continue recruiting participants for this
study to validate the robustness of our results in a
larger population. Because cannabis is a schedule I
drug, much of the literature surrounding its efficacy
as medication is anecdotal and/or not peer-reviewed.

Table 5. Medication Classes Used Before and
After Initiation of Cannabis Among the Study
Population

MEDICATION TYPE

USE BEFORE

INITIATION OF

CANNABIS,
N/N (%)

USE AFTER

INITIATION OF

CANNABIS,
N/N (%)

Opioids 119/184 (65) 33/184 (18)

Nonsteroidal anti-inflammatory

drugs

115/184 (62) 38/184 (21)

Disease-modifying antirheumatic

drugs

15/184 (8) 3/184 (2)

Antidepressants 72/184 (39) 25/184 (14)

Serotonin–norepinephrine

reuptake inhibitors

13/184 (7) 3/184 (2)

Selective serotonin reuptake

inhibitors

34/184 (18) 8/184 (4)

Other 69/184 (38) 40/184 (22)

NOTE. Study participants reported using fewer medication classes of all cate-

gories after initiation of cannabis use.
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Although we caution against using this study to
change clinical practice toward cannabis, this study
provides intriguing hints of the value of cannabis, as
an effective pain medication and as an effective agent
against opioid overuse and overdose.
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Question 5 
 

Letters of support provided by physicians with knowledge of the 

disease or condition.  



To Whom It May Concern, 

We, the undersigned physicians, support adding opioid-use disorder to the qualifying conditions list 

under Ohio’s Medical Marijuana Control Program. 

The opioid crisis is the biggest public health crisis our country faces today. Ohio consistently ranks in the 

top 5 states in opioid overdose deaths adjusted for population. In 2018 the death toll in Ohio from 

opioid overdoses totaled 3,150. Tens of thousands more Ohioans continue to struggle with opioid-use 

disorder on a daily basis. 

If we are to turn the tide on this epidemic, we need every possible treatment at our disposal. The 

evidence suggests medical marijuana can effectively treat opioid-use disorder, and it can do so safely. 

There is no silver bullet to the opioid crisis. Solving it will take a combination of sound healthcare policy, 

education, and access to treatment. The evidence is clear that medical marijuana can be key part of 

treating opioid-use disorder, and we would not be fulfilling our duty to patients if we didn’t utilize every 

resource available to fight this epidemic. 

For these reasons, we urge the State Medical Board of Ohio to add opioid-use disorder to the list of 

qualifying conditions under the Medical Marijuana Control Program and provide physicians another tool 

to help stem the loss of life in Ohio. 

Sincerely, 
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To Whom It May Concern, 

We, the undersigned physicians, support adding opioid-use disorder to the qualifying conditions list 

under Ohio’s Medical Marijuana Control Program. 

The opioid crisis is the biggest public health crisis our country faces today. Ohio consistently ranks in the 

top 5 states in opioid overdose deaths adjusted for population. In 2018 the death toll in Ohio from 

opioid overdoses totaled 3,150. Tens of thousands more Ohioans continue to struggle with opioid-use 

disorder on a daily basis. 

If we are to turn the tide on this epidemic, we need every possible treatment at our disposal. The 

evidence suggests medical marijuana can effectively treat opioid-use disorder, and it can do so safely. 

There is no silver bullet to the opioid crisis. Solving it will take a combination of sound healthcare policy, 

education, and access to treatment. The evidence is clear that medical marijuana can be key part of 

treating opioid-use disorder, and we would not be fulfilling our duty to patients if we didn’t utilize every 

resource available to fight this epidemic. 

For these reasons, we urge the State Medical Board of Ohio to add opioid-use disorder to the list of 

qualifying conditions under the Medical Marijuana Control Program and provide physicians another tool 

to help stem the loss of life in Ohio. 

Sincerely, 
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