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∆9 – THC, the psychoactive 
component of marijuana

Cannabidiol, a non-psychoactive 
component of marijuana

Anandamide, a human 
endocannabinoid

Structural and functional differences



The two primary receptors: CB1 and CB2
(the lower the number, the more potent is its activity at that receptor)

Adapted from: Husni AS, et al. Evaluation of phytocannabinoids from high-
potency Cannabis sativa using in vitro bioassays to determine structure–
activity relationships for cannabinoid receptor 1 and cannabinoid receptor 
2. Medicinal Chemistry Research. 2014; 23(9):4295-300.

∆9-THC has more activity at CB1; cannabidiol has more activity at CB2
AND

are often functional opposites



Key points from clinical trial in 2015:

• Cannabidiol was in addition to the 
anticonvulsant medication the 
patients were already on

• 2 out of every 5 patients 
experienced a 50% or greater 
reduction in seizure frequency, 
with 2 out of 100 becoming free of 
seizures; the remainder experienced 
either less reduction, no change or a 
seizure increase

• Common adverse events included 
somnolence, loss of appetite, 
diarrhea and fatigue

• The most serious adverse event was 
status epilepticus (continuous 
seizures) in 6 out of 100 who were 
treated

Devinsky O, et al. 
Cannabidiol in patients 
with treatment-resistant 
epilepsy: an open-label 
interventional trial. 
Lancet Neurol. 
2016;15(3):270-8. 

Yes

Cannabidiol: efficacy for intractable seizures?



Critiques (May 2016) written to Lancet Neurology on the 2015 cannabidiol
trial

• The study authors did not highlight that although 1/3rd of the patients exhibited 

significant improvement, roughly 1/3rd of the patients treated with 
cannabidiol experienced an increase in seizures

• The pre-treatment period (4 weeks) was too short to accurately determine the 
baseline seizure frequency which can vary month to month

• 30% experienced serious adverse events, a high rate for anticonvulsant treatment

• The cannabidiol treatment was in addition to other anticonvulsants the patients 

were already on, and the metabolism of these other drugs is inhibited by 
cannabidiol causing an increase in their concentration

Cannabidiol: efficacy for intractable seizures: critical points



Cannabidiol increases levels of other anticonvulsants to values outside the therapeutic range

Gaston TE, et al. 
*Interactions between 
cannabidiol and commonly 
used antiepileptic drugs. 
Epilepsia. 2017;58(9):1586-
1592

*Note the abstract of this 
paper requires clarification: 
the reason the clobazam
level decreased as the 
investigators increased the 
cannabidiol dose is that the 
dose of clobazam was 
proactively lowered as a 
safety precaution

Cannabidiol: efficacy for intractable seizures?

Mechanism of action 
in question



Kaplan JS, et al. Cannabidiol attenuates 
seizures and social deficits in a mouse 
model of Dravet syndrome. Proc Natl 
Acad Sci U S A. 2017 Oct 2. pii: 
201711351. 

"Here we show that cannabidiol (CBD) effectively reduced seizures and autistic-
like social deficits in a well-validated mouse genetic model of Dravet syndrome 
(DS), a severe childhood epilepsy disorder caused by loss-of-function mutations 
in the brain voltage-gated sodium channel Nav 1.1“

Studies of cannabidiol in 3 different  animal models as a stand-alone treatment.

Gobira PH, et al. Cannabidiol, a 
Cannabis sativa constituent, inhibits 
cocaine-induced seizures in mice: 
Possible role of the mTOR pathway and 
reduction in glutamate release. 
Neurotoxicology. 2015 Sep;50:116-21. 

"CBD (cannabidiol; 30 mg/kg) pre-treatment increased the latency and reduced the 
duration of cocaine (75 mg/kg)-induced seizures in mice ......CB1 and CB2 antagonists 
failed to block cannabidiol's effects” Thus, in this type of seizure model, cannabidiol is 
exerting its anticonvulsant effects through a mechanism that does not involve the 
traditional cannabinoid receptors.

Vilela LR, et al. Anticonvulsant effect of 
cannabidiol in the pentylenetetrazole
model: Pharmacological mechanisms, 
electroencephalographic profile, and 
brain cytokine levels. Epilepsy Behav. 
2017 Oct;75:29-35. 

“Pretreatment with CBD (60mg/kg) attenuated seizures induced by intraperitoneal, 
subcutaneous, and intravenous PTZ administration in mice. The effects were reversed by 
CB1, CB2, and TRPV1 (capsaicin receptor) selective antagonists (AM251, AM630, and 
SB366791, respectively). Additionally, CBD delayed seizure sensitization resulting from 
repeated PTZ administration (kindling)……. In conclusion, the robust anticonvulsant effects 
of CBD may result from multiple pharmacological mechanisms, including facilitation of 
endocannabinoid signaling and TRPV1 mechanisms.” Cannabidiol injected i.p.

Yes

Yes

Yes

Cannabidiol: efficacy for intractable seizures?



Cannabidiol: efficacy for intractable seizures?

Devinsky O, et al. Trial of 
Cannabidiol for Drug-
Resistant Seizures in the 
Dravet Syndrome. N Engl J 
Med. 2017;376(21):2011-
2020. 

Key points from this most recent clinical trial:

• Cannabidiol was in addition to the medication the 
patients were already on

• Patients treated with cannabidiol were 
twice as likely to experience a 50% 
reduction in convulsive seizure frequency as 
those on placebo

• Cannabidiol was ineffective for non-convulsive 
seizures (e.g. “absence seizures” or staring 
seizures)

• One out of twenty of the cannabidiol-
treated patients became seizure-free as 
compared to none who were on placebo

• Approximately one out of ten cannabidiol-
treated patients experienced an increase in 
convulsions, about twice the rate of the placebo 
group

• The number of patients who developed status 
epilepticus was the same in the cannabidiol and 
placebo groups

Yes



• Gastric fluid degraded 98% of the 
cannabidiol via acid-catalyzed 
reactions within 2 hours

• One of the major products of the 
degradation was ∆9 –THC, which 
reached levels capable of exerting 
physiological effects 

• Therefore, sublingual administration 
should be considered (though difficult 
for children), because saliva is not 
acidic as compared to gastric fluid

However, this paper (among others) 
illustrated:

Cannabidiol: efficacy for intractable seizures, 
method of administration in question



Current drugs are ineffective, difficult to administer, or have undesirable side effects: baclofen, dantrolene, diazepam, tizanidine, botulinum toxin

van Amerongen G, et al. Effects on Spasticity 
and Neuropathic Pain of an Oral Formulation 
of ∆9-Tetrahydrocannabinol in Patients With 
Progressive Multiple Sclerosis. Clin Ther. 2017 
Feb 9. pii: S0149-2918(17)30054-1. 

Oral administration:"Pain was significantly reduced when measured directly after 
administration...a similar pattern was observed in subjective muscle spasticity….One third 
(n=4) of the patients treated (with oral ∆9-THC ) reported muscular weakness during the 
treatment phase. This muscular weakness may be a part of the causal pathway of reduced 
muscle tension, leading to the intended treatment of spasticity…… The discrepancy between 
the objective and subjective measures of spasticity seen in the study has previously also has 
been observed.…spasticity and pain appear to be influenced by ∆9-THC through higher-level 
central nervous system modulation of perception of spasticity rather than electrophysiologic
muscle spasticity itself.”

Zajicek J, et al. Cannabinoids for treatment of 
spasticity and other symptoms related to 
multiple sclerosis (CAMS study): multicentre
randomised placebo-controlled trial. Lancet. 
2003 Nov 8;362(9395):1517-26.

Oral administration: "611 of 630 patients were followed up for the primary endpoint.  We noted 
no treatment effect of cannabinoids on the primary outcome (as objectively measured by the 
Ashworth scale)" however "There was evidence of a treatment effect on patient-reported
spasticity and pain (p = 0.003)."

Immune system suppression by cannabinoids: a benefit for the spasticity of multiple sclerosis?

Yes, but subjectively measured

Yes, but subjectively measured

Human studies



Wade DT, Makela PM, House H, Bateman C, 
Robson P. Long-term use of a cannabis-
based medicine in the treatment of 
spasticity and other symptoms in multiple 
sclerosis. Mult Scler. 2006;12(5):639-45.

A study of the safety profile (not efficacy) of oral administration: "The object of 
this study was to monitor the safety.. of long-term use of an oromucosal cannabis-
based medicine in patients with multiple sclerosis." The drug delivery was oral.
Most unwanted effects were mild to moderate: oral pain, dizziness, diarrhea, 
nausea and oromucosal disorder, but four patients (out of 137) had first-ever 
seizures, one of whom died from aspiration pneumonia.

Corey-Bloom J, Wolfson T, Gamst A, Jin S, Marcotte
TD, Bentley H, Gouaux B. Smoked cannabis for 
spasticity in multiple sclerosis: a randomized, 
placebo-controlled trial.
CMAJ. 2012 Jul 10;184(10):1143-50. 

Administration via smoking: “Treatment with smoked cannabis resulted in a reduction 
in patient scores on the modified Ashworth scale by an average of 2.74 points more than 
placebo (p<0.0001). In addition, treatment reduced pain scores on a visual analogue 
scale by an average of 5.28 points more than placebo (p=0.008)...Scores on the Paced 
Auditory Serial Addition Test decreased by 8.67 points more with treatment than with 
placebo (p = 0.003).” With smoked marijuana, objective measures of spasticity and pain 
were improved; however, meaningful functional changes were less clear as the timed 
walk was not significantly improved, and cognition as measured in an addition test was 
negatively affected by the end of the 11-day treatment period. The study was placebo-
controlled, with placebo cigarettes provided by NIDA. The placebo cigarette is produced 
from solvent extraction of the dried marijuana plant material, much like the process 
used for decaffeination of coffee by some manufacturers. However, smoked marijuana 
impairs posture and balance in patients with spasticity (Koppel et al., Systematic review: 
Efficacy and safety of medical marijuana in selected neurologic disorders. Neurology. 
2014 Apr 29;82(17):1556-63.) 

Safety study, some side effects

Yes, objectively measured

Immune system suppression by cannabinoids: a benefit for the spasticity of multiple sclerosis? (continued)

Human studies



Romero K, et al. Multiple sclerosis, cannabis, and 
cognition: A structural MRI study. Neuroimage
Clin. 2015 Apr 9;8:140-7. 

“These results suggest that cannabis use in MS results in more widespread 
cognitive deficits, which correlate with tissue volume in subcortical, medial 
temporal, and prefrontal regions. These are the first findings demonstrating an 
association between cannabis use, cognitive impairment and structural brain 
changes in MS patients.” Roughly half the subjects smoked marijuana at least 
weekly, most of those daily. It should be noted the cannabidiol content of the 
marijuana was unknown, but likely quite low.

Aragona M, et al. Psychopathological and 
cognitive effects of therapeutic cannabinoids in 
multiple sclerosis: a double-blind, placebo 
controlled, crossover study. Clin
Neuropharmacol. 2009 Jan-Feb;32(1):41-7. 

“Cannabinoid treatment did not induce psychopathology and did not impair 
cognition in cannabis-naive patients with MS. However, the positive correlation 
between blood levels of ∆9 -tetrahydrocannabinol and psychopathological scores 
suggests that at dosages higher than those used in therapeutic settings, interpersonal 
sensitivity, aggressiveness, and paranoiac features might arise, although greater 
statistical power would be necessary to confirm this finding.” The ∆9 -THC and 
cannabidiol were administered by sublingual spray, in modest doses (2.7 mg ∆9 -THC 
and 2.5 mg cannabidiol), which were allowed ad lib, reaching a mean of 8.2 doses per 
day or a total of 22 mg ∆9 -THC and 20.5 mg cannabidiol.

Immune system suppression by cannabinoids: accelerated cognitive decline as a 
side effect of use for MS?

Yes

No (not with products high in cannabidiol)

Human studies



Animal studies

Baker D, Pryce G, Croxford JL, Brown P, 
Pertwee RG, Huffman JW, Layward L.
Cannabinoids control spasticity and tremor 
in a multiple sclerosis model. Nature. 2000 
Mar 2;404(6773):84-7.

"Chronic relapsing experimental allergic encephalomyelitis is an 
automimune model of multiple sclerosis....Here we show that 
cannabioid (CB) receptor agonism using R(+)-WIN 55,212; 
∆9-tetrahydrocannabinol; methanandamide and JWH-133 

quantitatively ameliorated both tremor and spasticity in 
diseased mice.” The drugs were preferentially active at the CB1 
receptor except for JWH-133, which is preferentially active at CB2.

Hilliard A et al. Evaluation of the Effects of 
Sativex (THC BDS: CBD BDS) on Inhibition of 
Spasticity in a Chronic Relapsing Experimental 
Allergic Autoimmune Encephalomyelitis: A 
Model of Multiple Sclerosis. ISRN Neurol. 2012; 
2012:802649. 

“Sativex (10 mg/kg) was just as effective as baclofen, providing 
supportive evidence for Sativex use in the treatment of spasticity in MS.”

Yes

Yes

Immune system suppression by cannabinoids: a benefit for the spasticity of multiple sclerosis? (continued)



Immune system suppression by cannabinoids: increases risk for some infections?

Cabral GA, Griffin-Thomas L. Emerging role of the 
cannabinoid receptor CB2 in immune regulation: 
therapeutic prospects for neuroinflammation. 
Expert Rev Mol Med. 2009;11:e3.

“The preponderance of studies to date indicates that the cannabinoid receptor that is linked to 
modulation of the majority of immune functional responses is the CB2. A number of reports have 
indicated that cannabinoids suppress the antibody response of humans and animals”

Friedman H, Newton C, Klein TW. Microbial 
infections, immunomodulation, and drugs of 
abuse. Clin Microbiol Rev. 2003;16(2):209-19.

“In our studies, THC pretreatment of mice infected with (Legionella pneumophila) 
affects both innate immunity and the development of the adaptive (cell-
mediated) immune response.”

Infections, animal studies

Yes

Yes



Buchweitz JP, et al. Modulation of airway 
responses to influenza A/PR/8/34 by Delta9-
tetrahydrocannabinol in C57BL/6 mice. J 
Pharmacol Exp Ther. 2007 Nov;323(2):675-83. 

"Collectively, these results suggest that ∆9-THC treatment increased 
viral load...through a decrease in recruitment of macrophages and 
lymphocytes"

Animal studies

Hézode C, et al. Daily cannabis smoking as a risk 
factor for progression of fibrosis in chronic 
hepatitis C. Hepatology. 2005 Jul;42(1):63-71. 

“In conclusion, daily cannabis smoking is significantly associated with fibrosis 
progression during CHC (chronic hepatitis C). Patients with ongoing CHC should be 
advised to refrain from regular cannabis use.” However, a longitudinal study does not 
support this conclusion: Brunet L, Marijuana smoking does not accelerate 
progression of liver disease in HIV-hepatitis C coinfection: a longitudinal cohort 
analysis. Clin Infect Dis. 2013;57(5):663-70. The Brunet et al. study did not find an 
acceleration of cirrhosis in users for recent marijuana use, but when they considered 
current marijuana use, the risk for cirrhosis was 33% higher.

Human studies

Hancox RJ, Shin HH, Gray AR, Poulton R, Sears MR. 
Effects of quitting cannabis on respiratory 
symptoms. European Respiratory Journal. 2015; 
2:ERJ-02289.

“Frequent cannabis use is associated with symptoms of bronchitis in young 
adults. Reducing cannabis use often leads to a resolution of these symptoms.”

Immune system suppression by cannabinoids – risk of infections?

Yes

Yes

Yes



Meng H, Johnston B, Englesakis M, Moulin DE, 
Bhatia A. Selective Cannabinoids for Chronic 
Neuropathic Pain: A Systematic Review and 
Meta-analysis. Anesth Analg. 2017 May 19.

Human studies:“Selective cannabinoids (∆9-THC and/or cannabidiol) provide a 
small analgesic benefit in patients with chronic NP (neuropathic pain)…Similar 
to selective cannabinoids, escalation in strength of THC for cannabis has not 
been clearly demonstrated to provide superior analgesia and resulted in 
worsened neuropsychological performance ”

Nugent SM, Morasco BJ, O'Neil ME, Freeman 
M, Low A, Kondo K, Elven C, Zakher B, 
Motu'apuaka M, Paynter R, Kansagara D. The 
Effects of Cannabis Among Adults With 
Chronic Pain and an Overview of General 
Harms: A Systematic Review. Ann Intern Med. 

2017;167(5):319-331.  

Human studies: “Limited evidence suggests that cannabis may alleviate 
neuropathic pain in  some patients.”

Marijuana for Pain?

Neuropathic pain: the sensory fibers themselves are dysfunctional or irritated, sending incorrect signals to pain centers

Yes, somewhat

Yes, somewhat

King KM, Myers AM, Soroka-Monzo AJ, Tuma
RF, Tallarida RJ, Walker EA, Ward SJ. Single and 
combined effects of ∆9-tetrahydrocannabinol 
and cannabidiol in a mouse model of 
chemotherapy-induced neuropathic pain. Br J 
Pharmacol. 2017;174(17):2832-2841. 

Yes, esp. cannabidiol

Animal study: “CBD (cannabidiol) may be potent and effective at preventing 
the development of chemotherapy-induced peripheral neuropathy, and its 
clinical use may be enhanced by co-administration of low doses of THC.”



Shah et al., Medical cannabis use among 
patients with chronic pain in an 
interdisciplinary pain rehabilitation 
program: Characterization and treatment 
outcomes. J Subst Abuse Treatment 2017; 
77:95-100

Marijuana may not decrease the amount of opiates needed: “Cannabis 

use was not associated with a significantly lower morphine 
equivalence level for participants using prescription opioids (n=14). Both 
groups of participants reported significant improvement in pain severity, 
pain interference, depressive symptoms, and pain catastrophizing. There 
were no group- or treatment-related differences in these outcome 
variables.”

Human studies, mixed types of pain: both neuropathic and non-neuropathic (nociceptive)

Hill KP, Palastro MD, Johnson B, Ditre JW. 
Cannabis and Pain: A Clinical Review. 
Cannabis Cannabinoid Res. 2017;2(1):96-104. 

Evidence for increased pain at high doses for specific types of pain: 
“Wallace et al. tested the effects of smoked cannabis (low, medium, or high 
doses vs. inactive placebo) on intradermal capsaicin-induced pain 
responses using a randomized, double-blind, crossover trial in 15 healthy 
volunteers (mean age of 28.9; 58% male). Results indicated a significant 

decrease in pain with the medium cannabis dose and a significant 
increase in pain with the high dose.” and some evidence for increased
pain at all doses for sunburn: “There was also some evidence of an 
unexpected hyperalgesic state in the cannabis group.”…”Pre-clinical studies 
demonstrate a narrow therapeutic window for cannabis “.

Marijuana for Pain?

No

Yes and No;  medium- but not high-dose



Nociceptive Pain: caused by damage to body tissue and usually described as a sharp, aching, 
or throbbing pain

de Vries M, et al. Tetrahydrocannabinol Does Not 
Reduce Pain in Patients With Chronic Abdominal 
Pain in a Phase 2 Placebo-controlled Study. Clin
Gastroenterol Hepatol. 2017;15(7):1079-1086.

Human studies: “Contrary to our hypothesis, THC did not show a 
beneficial effect on chronic abdominal pain compared with placebo.  
Similar results were observed for minimal and maximal reported VAS pain 
(subjective scoring of pain by patient), indicating that THC does not affect 
background pain or pain peaks.”

Fallon, MT et al. Sativex oromucosal spray as 
adjunctive therapy in advanced cancer patients with 
chronic pain unalleviated by optimized opioid 
therapy: two double-blind, randomized, placebo-
controlled phase 3 studies. Br J Pain. 2017;11(3):119-
133. 

Human studies: “Sativex (THC+CBD) did not demonstrate superiority to 
placebo in reducing self-reported pain scores in advanced cancer 
patients with chronic pain unalleviated by optimized opioid therapy”

Marijuana for Pain?

No

No

Britch SC, Wiley JL, Yu Z, Clowers BH, Craft RM. 
Cannabidiol- ∆9 -tetrahydrocannabinol interactions 
on acute pain and locomotor activity. Drug Alcohol 
Depend. 2017;175:187-197.

Yes for THC, No for CBD alone 

Animal study: “CBD (cannabidiol) alone produced no antinociceptive
effects… may enhance THC's antinociceptive and hypolocomotive
effects, primarily prolonging THC's duration of action.



Animal study: novel (allosteric) drugs enhancing cannabinoid receptor function for pain

Slivicki RA, Xu Z, Kulkarni PM, Pertwee RG, Mackie K, et 
al. Positive Allosteric Modulation of Cannabinoid 
Receptor Type 1 Suppresses Pathological Pain 
Without Producing Tolerance or Dependence. Biol
Psychiatry. 2017 Jul 8. pii: S0006-3223(17)31761-4. 

“Therapeutic efficacy was preserved over 19 days of chronic dosing...shows promise as a safe and 
effective analgesic (pain relief) strategy that lacks tolerance, dependence and abuse liability.” Positive 
allosteric modulators: the length of time for therapeutic efficacy is better than that seen for CB1 
agonists.

Marijuana for Pain?

Yes

https://www.ncbi.nlm.nih.gov/pubmed/?term=Slivicki RA[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu Z[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kulkarni PM[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pertwee RG[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mackie K[Author]&cauthor=true&cauthor_uid=28823711
https://www.ncbi.nlm.nih.gov/pubmed/28823711


Marijuana for Pain: substitution for opiates?

Corroon JM, et al. Cannabis as a substitute for 
prescription drugs - a cross-sectional study. J 
Pain Res. 2017 May 2;10:989-998

Shah A, et al. Medical cannabis use among 
patients with chronic pain in an 
interdisciplinary pain rehabilitation 
program: Characterization and treatment 
outcomes. J Subst Abuse Treat. 2017 
Jun;77:95-100.

"Cannabis use was not associated with a significantly lower morphine 
equivalence level for participants using prescription opioids…. Prescription 
opioid use was established based on a clinical interview with a pharmacist"

Smaga S and Gharib AMR. In adults with 
chronic low back pain, does the use of 
inhaled cannabis reduce overall opioid use? 
Evidence Based Practice 2017; 20(1):e10

A small review, reporting studies show on average higher use of opiates in 
those who use cannabis for pain: “Persons who used cannabis for pain used a 
median oral morphine equivalent dose of 100 mg/d compared with 69 mg/d in 
those who did not use cannabis for pain.....Persons using cannabis for pain were 
more likely to meet criteria for substance abuse disorders (alcohol abuse 
disorder OR 6.3...amphetamine use disorder OR 6.3..... illicit opioid use disorder 
OR 4.3)”

"Individuals (some recreational users) are substituting cannabis for prescription 
drugs, independent of whether they identify themselves as medical users and 
independent of legal access to medical cannabis... the most common classes of 
substitution were narcotics/opioids, anxiolytics/benzodiazepines and 
antidepressants“ Data was obtained from response to questionnaires, not clinical 
interviews; no monitoring of actual prescription fill-rate for the medical patients.

Yes

No

No

Human studies



Marijuana for Pain: substitution for opiates?

“Concurrent use of cannabis 
and opioids by patients with 
chronic pain appears to 
indicate higher risk for 
opioid misuse”

No



Marijuana for Pain: substitution for opiates?

“cannabis use at wave 1 
was associated with 
increased incident 
nonmedical prescription 
opioid use (odds ratio = 
5.78) and opioid use 
disorder (odds ratio = 
7.76).These associations 
remained significant after 
adjustment for background 
characteristics."

No



But is there evidence that medical marijuana states may have lower rates of opiate overdoses? Not really.

Bachhuber MA, et al. Medical cannabis laws and opioid 
analgesic overdose mortality in the United States, 1999-
2010. JAMA Intern Med. 2014 Oct;174(10):1668-73

Figure adapted from Bachhuber et al., 2014:

Overdose deaths have continued to rise across the nation, and states with medical 
marijuana laws have consistently shown higher rates of opioid overdoses, unless 
correction factors are applied.  Bachhuber et al. applied correction factors which they term 
“state-specific” (an approach used by economists, not epidemiologists) without identifying 
what those factors were, and after the correction (data not shown in figure form) found 
that medical marijuana states had lower overdose rates, erasing the difference seen in 
the graph below. An example of inappropriate correction would be correcting for 
measures correlating with how “progressive” a state was (see “collider” variables later on)

Marijuana for Pain: substitution for opiates?

The authors further found that “medical 
cannabis laws were associated with lower rates 
of opioid analgesic overdose mortality, which 
generally strengthened in the years after 
passage.” Yet, the authors did not examine 
actual medical marijuana prescribing rates, or 
patient registration numbers, which often did 
not steadily increase over time.  In Colorado, 
for example, a substantial rise in registered 
medical marijuana patients was delayed, 
undergoing an exponential increase 8 years 
post-enactment of medical marijuana.



Marijuana for Pain: substitution for opiates?

This recent study found:
“Legalization of cannabis in Colorado 
was associated with short-term 
reductions in opioid-related deaths”

But, the Colorado Department of Public 
Health had this to say about the study:

"In addition to the stronger (prescription opioid) monitoring 
program, 2014 also saw increased public education about the 
dangers of opioid prescribing and wider distribution of the 
overdose-reversing drug naloxone. The Colorado Consortium for 
Prescription Drug Abuse Prevention, which brings doctors, 
pharmacists, policy officials and others together, was also just getting 
up to speed....Valuck aslo noted that, even as prescription opioid 
deaths have fallen, deaths from heroin have been rising in Colorado 
- meaning it is possible that what appears to be progress in 
combating prescription drug addiction is actually just a large-scale 
switch to a different opiate."



The special case of the lung: evidence for lung cancer risk is not strong

1. “Currently, the evidence regarding an association of cannabis smoking and lung cancer is inconclusive” 
(Ribeiro LI, Ind PW. Effect of cannabis smoking on lung function and respiratory symptoms: a structured 
literature review. NPJ Prim Care Respir Med. 2016;26:16071).

2. However, marijuana smoking may potentiate risk for COPD in cigarette smokers, but may not increase 
risk by itself (Tan WC, et al. Marijuana and chronic obstructive lung disease: a population-based study. 
CMAJ. 2009;180(8):814-20)

3. What marijuana does appear to do is increase the risk for chronic bronchitis (Tashkin DP. The 
respiratory health benefits of quitting cannabis use. Eur Respir J. 2015;46(1):1-4).

Marijuana and Cancer



Doubles Risk of Testicular Cancer

Lackson et al., 2012, Population-based case-control study of recreational drug use and testis cancer risk 
confirms an association between marijuana use and nonseminoma risk. Cancer 188:5374-83. “Compared to 
never use, ever use of marijuana had a 2-fold increased risk”. The data were adjusted for a history of 
cryptorchidism, which by itself confers a high risk.

Trabert et al., 2011, Marijuana use and testicular germ cell tumors. Cancer 117:848-53. “Overall, 
patients with TGCTs were more likely to be frequent marijuana users (daily or greater) compared with 
controls (odd ratio [OR] 2.2).” The analyses were adjusted for age, time of interview, race, history of 
cryptorchidism, tobacco use and alcohol use. 

Daling JR, et al. 2009, Association of marijuana use and the incidence of testicular germ cell tumors. 
Cancer;115(6):1215-23. “Men with a TGCT were more likely to be current marijuana smokers at the reference 
date compared with controls (odds ratio [OR] 1.7).” The analyses were adjusted for age, reference year, history 
of cryptorchidism, first-degree family history of TGCT (testicular germ cell tumors), race and income.

Marijuana and Cancer



Animal studies: “Phytocannabinoids such as  ∆9-THC and CBD induce breast cancer 

regression and progression in vivo, indicating that a complex interaction between these 

compounds and cancer exists.” The breast cancer progression with THC was observed in 

immunocompetent mice. But for CBD: McCallister et al. (2011) “Using immune competent 

mice, we then show that treatment with CBD (cannabidiol) significantly reduces primary 

(breast) tumor mass as well as the size and number of lung metastatic foci” (Breast Cancer 

Res. Treat. 129(1):27-37).

Ladin DA, Soliman E, Griffin L, Van Dross R. 
Preclinical and Clinical Assessment of 
Cannabinoids as Anti-Cancer Agents. 
Front Pharmacol. 2016;7:361.

Breast cancer:

Glioma (a brain cancer):
Animal and human studies: “Numerous studies indicate that ∆9-THC is a potent inducer of 
glioma death in vivo” However, none of those studies involved immunocompetent mice, and 
none showed eradication of the tumors. Furthermore, there may be a biphasic effect with 
stimulation of glioma growth at low concentrations and inhibition of glioma growth at high 
concentrations of ∆9-THC (see later slide). Furthermore: Efird et al. (2004) found that risk for 
glioma was increased 2.8-fold in those who smoked marijuana at least once per month, after 
correcting for cigarette smoking and other factors (J. Neuro-oncology 68:57-69).

Marijuana: both pro- and anti-cancer



Prostate 
cancer:

Continued….

Animal studies: “Cannabis extracts enriched with CBD (cannabidiol) effectively decreased tumor growth 
in androgen-receptor-positive LNCaP xenografts but potentiated tumor growth of androgen-receptor-
negative DU-145 xenographs” However, none of those studies involved immunocompetent mice

Lung 
cancer:
CB1 and
CB2 are
opposed

Animal and human studies:“Preet et al.  found that the phytocannabinoid, ∆9-THC, downregulated Akt in A549-
drived xenografts, which corresponded with decreased tumor growth and metastasis….In contrast, Zhu et al. 
showed that ∆9-THC increased the tumorigenicity of 3LL lung cancer cells in allografted immunocompetent mice 
and demonstrated that CB2 mediated inhibition of anti-tumor lymphocyte activity was the primary mechanism for 
accelerated tumor growth…….Consequently, several of these studies indicate that anti-tumor immunity is 
suppressed by certain cannabinoids, exacerbating tumor growth in immune-competent animals.” In human 
epidemiological studies, Zhang et al. 2014 found risk for adenocarcinoma of the lung increased by 1.74-fold in daily 
marijuana users after correcting for tobacco use, but risk for other types of lung cancer was decreased (Int. J. 
Cancer 136:894-903), such that overall risk was not increased.  A Swedish study found overall risk for lung cancer 
was more than doubled by 50 or more times of use (Callaghan et al., 2013, Cancer Causes and Control, 24(10):1811-
20), after statistically adjusting for tobacco use, alcohol use, respiratory ailments and socioeconomic status. 
Although this study is large, there are significant flaws in its methodology that limit the conclusions that can be 
drawn. The subjects were only assessed for tobacco and cannabis use at the time of conscription with no 
information on use patterns before conscription and the 40 years after conscription

Ladin DA, Soliman E, Griffin L, Van Dross R. 
Preclinical and Clinical Assessment of 
Cannabinoids as Anti-Cancer Agents. 
Front Pharmacol. 2016;7:361.

Marijuana: both pro- and anti-cancer



Continued….

Liver cancer:

Colorectal cancer:

Animal studies: “Xu et al. found that the expression of both CB1 and CB2 receptors was increased  
in hepatomas and was strongly associated with improved prognosis and disease-free survival 
rates….Conversely, Mukhopadhyay et al. reported that CB1 receptors promote the initiation and 
progression of diethylnitrosamine-induced hepatomas in mice”
∆9-THC partially activates CB1 and CB2 Suk et al. 2016: “Opposite roles of cannabinoid receptors 1 
and 2 in hepatocarcinogenesis”…..”inactivation of CB1..suppressed hepatocarcinogenesis. In 
contrast, inactivation of CB2 increased hepatocarcinogeneisis”

Animal studies: “In chemically-induced…colon carcinogenesis, the phytocannabinoids, CBD and Cannabis 
sativa extract (which contains high CBD…) reduced aberrant crypt foci formation and the number of 
precancerous polyps and tumors.”
These experiments were conducted in immunocompetent animals. However, the CBD effect may be 
biphasic, stimulating colorectal cancer at low concentrations and inhibiting at high concentrations (see 
later slide).

Ladin DA, Soliman E, Griffin L, Van 
Dross R. 
Preclinical and Clinical Assessment of 
Cannabinoids as Anti-Cancer Agents. 
Front Pharmacol. 2016;7:361.

Marijuana: both pro- and anti-cancer



Continued….

Pancreatic cancer:
CB1 and CB2 are 
opposed 

Animal studies: “high levels of CB1 receptor expression…….were associated 
with shorter survival…In vitro studies showed that the anti-proliferative activity 
of the cannabinoids was mediated by the activation of CB2 receptors.”

Melanoma:
CB1 and CB2 
are opposed

Animal studies: “The anti-tumor activity of cannabinoids was mediated by CB2 receptor 
activation” However, all of the work was conducted in vitro or in immunocompromised 
animals. Carpi et al. (2017) “The tumor-promoting effects of cannabinoid receptor type 
1 in human melanoma cells” (Toxicology In Vitro, in press). Their cellular model involved 
physically eliminating CB1, which eliminated tumor progression. “Such an approach may 
offer some advantages over functional studies using selective CB1 receptor agonists and 
antagonists because these compounds may also act through off-target mechanisms, 
which can make data interpretation difficult and ambiguous.”

Ladin DA, Soliman E, Griffin L, Van 
Dross R. 
Preclinical and Clinical Assessment of 
Cannabinoids as Anti-Cancer Agents. 
Front Pharmacol. 2016;7:361.

Marijuana: both pro- and anti-cancer



“low concentrations of ∆9-THC promoted tumor growth.  However, in the presence of high ∆9-THC 
concentrations, ∆9-THC inhibited tumor cell growth.” This biphasic pattern may reflect ∆9-THC binding 
better to CB2 at high concentrations.

Glioblastoma:

Continued….

Colon cancer:

Concentration of CB2 drug

But even for drugs more specific for CB2, biphasic effect seen: 
“The proliferation increased until 1μM, while 10 μM
decreased cell survival, resulting in a biphasic proliferation 
curve” Martinez-Martinez et al., 2016: CB2 receptor activation 
promotes colon cancer progression….. (at) submicromolar
doses of agonists, (which are) more similar to endogenous 
levels of cannabinoids”. 

The problem of the biphasic response to phytocannabinoids:
This biphasic effect may represent evidence of differential receptor binding, where at low doses the drug binds to receptors 

that possess high affinity, and at high doses to other receptors with lower affinity.

Ladin DA, Soliman E, Griffin L, Van Dross R. 
Preclinical and Clinical Assessment of 
Cannabinoids as Anti-Cancer Agents. 
Front Pharmacol. 2016;7:361.

Marijuana: both pro- and anti-cancer



THC activates, cannabidiol inhibits GPR55: a non-traditional receptor for phytocannabinoids

In vitro: GPR55 - activation would be expected to increase cancer 
progression

Hu G, Ren G, Shi Y. The putative 
cannabinoid receptor GPR55 promotes 
cancer cell proliferation. Oncogene. 
2011;30(2):139-41. 

Ryberg E, Larsson N, Sjögren S, Hjorth S, 
Hermansson NO, Leonova J, Elebring T, 
Nilsson K, Drmota T, Greasley PJ. The orphan 
receptor GPR55 is a novel cannabinoid 
receptor. Br J Pharmacol. 2007; 152(7):1092-
101. 

In vitro: “∆9-THC activated (this receptor)…binding with an EC50 of 8 nM”.  
Therefore, THC is a very potent activator of this cancer-promoting 
receptor. “However, cannabidiol was able to antagonize the agonist effect 
… with an IC50 of 445 nM”.  Thus, cannabidiol is a modestly potent 
antagonist of this receptor.

Marijuana and Cancer: GPR55 as a Potential Reason for Variable Effects of THC



New, potentially more specific cannabinoid drugs in the pharmaceutical pipeline

WIN55-212-2, specificity for activation of CB1 and CB2, effective in reducing cancer cell proliferation
CP55,940, specificity for activation of CB1 and CB2, effective in reducing cancer cell proliferation

JWH018, a selective CB1 agonist, component of blends of the street drug “spice”
ACEA, a selective CB1 agonist, potentiates some anticonvulsants but diminishes efficacy of others
ACPA, a selective CB1 agonist, impairs cells involved in memory function in the hippocampus
Chromenopyrazole-13a, a selective CB1 agonist that appears blocked by the blood brain barrier

JWH015, a selective CB2 agonist reduced tumor burden in immunocompetent mice
JWH105, preferential CB2 agonist that is effective in reducing cancer cell proliferation
JWH133, a selective CB2 agonist showing mixed results in reducing cancer cell proliferation, biphasic effect
JWH139, a selective CB2 agonist effective in reducing cancer cell proliferation
HU308, a selective CB2 agonist showing mixed results in reducing cancer cell proliferation
HU433, a selective CB2 agonist
AM1241, a selective CB2 agonist effective in reducing cancer cell proliferation

Marijuana and Cancer: More Specific Cannabinoid Drugs than THC or CBD



Marijuana and the Cardiovascular System: a warning from the American Heart Association



Heart rate   

Blood pressure (if conscious)

Blood flow



Marijuana and the Cardiovascular System

Temporal associations with:
• Heart attack
• Sudden cardiac death
• Cardiomyopathy
• Stroke
• Transient ischemic attack
• Arteritis



Marijuana and the Cardiovascular System
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(14-yr old female)
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Marijuana and the Cardiovascular System

18-yr old male
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Marijuana and the Cardiovascular System

23-yr old male 21-yr old male



Marijuana and the Cardiovascular System

Glasgow coma scale of 4



Marijuana and the Cardiovascular System

BP= 50/30

BP= 80/33

Glasgow coma scale of 15
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Marijuana and the Cardiovascular System: the 
role for non-traditional cannabinoid receptors

Activation of GPR18 with 
cannabidiol causes hypotension 
(low blood pressure)



Marijuana and Fetal Development

LAWRENCE J. HOGAN, JR., Governor Ch. 474 
Chapter 474 

(House Bill 104) 
AN ACT concerning 
Medical Cannabis – Written Certifications – Certifying Providers 
FOR the purpose of authorizing certain dentists, podiatrists, nurse midwives, and nurse practitioners, in addition 
to physicians, to issue written certifications to qualifying patients by substituting the defined term “certifying 
provider” for “certifying physician” as it relates to laws governing medical cannabis; making conforming changes; 
making a stylistic change; providing for a delayed effective date; and generally relating to providers authorized to 
provide written certifications for medical cannabis. 
Approved by the Governor, May 10, 2016. 

The Medical Cannabis Law in Maryland, as it pertains to providers who treat pregnant women



The American College of Obstetricians and Gynecologists have this to say

Recommendations
• The American College of Obstetricians and Gynecologists recommends the following:
• Before pregnancy and in early pregnancy, all women should be asked about their use of tobacco, alcohol, 

and other drugs, including marijuana and other medications used for nonmedical reasons.
• Women reporting marijuana use should be counseled about concerns regarding potential adverse health 

consequences of continued use during pregnancy.
• Women who are pregnant or contemplating pregnancy should be encouraged to discontinue marijuana 

use.
• Pregnant women or women contemplating pregnancy should be encouraged to discontinue use of 

marijuana for medicinal purposes in favor of an alternative therapy for which there are better pregnancy-
specific safety data.

• There are insufficient data to evaluate the effects of marijuana use on infants during lactation and 
breastfeeding, and in the absence of such data, marijuana use is discouraged.



Yet, the NACPM association for nurse midwives has no official 
position on marijuana 

marijuana



And the American College of Nurse-midwives also has yet to issue a formal position on marijuana 
use during pregnancy



Marijuana and Fetal Development

Congenital heart defects, suspected 
association





The Health Effects of Cannabis and Cannabinoids: 
The Current State of Evidence and Recommendations 
for Research. National Academies of Sciences, 
Engineering, and Medicine, Health and Medicine 
Division, Board on Population Health and Public 
Health Practice, Committee on the Health Effects of 
Marijuana: An Evidence Review and Research Agenda. 
Washington (DC): National Academies Press (US); 
2017 Jan 12.

"There is substantial evidence of a statistical association between 
maternal cannabis smoking and lower birth weight of the 
offspring". This conclusion was based on a substantial number of 
well-controlled studies.

Leemaqz SY et al. Maternal marijuana use has 
independent effects on risk for spontaneous 
preterm birth but not other common late 
pregnancy complications. Reprod Toxicol. 
2016;62:77-86.

Spontaneous preterm birth: “When adjusted for maternal age, cigarette 
smoking, alcohol and SEI (socioeconomic index), continued marijuana use 
had a greater effect size, OR (Odds Ratio) of 5.44.” This study was 
relatively small (236 pre-term births out of 5588 total births) and though 
well-controlled, should be repeated.

Human Studies

Marijuana and Fetal Development



Benevenuto SG et al., Recreational use of marijuana 
during pregnancy and negative gestational and 
fetal outcomes: An experimental study in mice.
Toxicology. 2017 Feb 1;376:94-101

“Data from various animal models suggests that in utero exposure to 
cannabinoids results in profound T cell dysfunction and a greatly 
reduced immune response to viral antigens.”  No human data have 
been collected on this topic.

Zumbrun EE et al. Epigenetic Regulation of 
Immunological Alterations Following Prenatal 
Exposure to Marijuana Cannabinoids and its Long 
Term Consequences in Offspring. J Neuroimmune
Pharmacol. 2015; 10(2):245-54. 

"Five minutes of daily (low dose) exposure during pregnancy resulted 
in reduced birthweight.....females from the Cannabis group 
presented reduced maternal net body weight gain, despite a slight 
increase in their daily food intake compared to the control group.“
This animal study confirmed prior human results.

Animal studies

Marijuana and Fetal Development



Grewen K, Salzwedel AP, Gao W.
Functional Connectivity 
Disruption in Neonates with 
Prenatal Marijuana Exposure. 
Front Hum Neurosci. 
2015;9:601. 

“+MJ (marijuana-exposed) neonates had hypo-connectivity in all clusters compared with –MJ 
(marijuana unexposed) and CTR (control) groups. Altered striatal connectivity to areas involved in visual 
spatial and motor learning, attention, and in fine-tuning of motor outputs involved in movement and 
language production may contribute to neurobehavioral deficits reported in this at-risk group. Disrupted 
anterior insula connectivity may contribute to altered integration of interoceptive signals with salience 
estimates, motivation, decision-making, and later drug use.” This study involved MRI scans while the 
infants were asleep at 2-6 weeks after birth and included 20 marijuana-exposed infants (with or without 
co-exposure to alcohol, nicotine, antidepressants, opiates); 23 infants exposed to alcohol, nicotine, 
antidepressants or opiates; and 20 drug-free controls. The methods to separate out the marijuana-
specific effects were complex and the results should be confirmed by future research.

Tortoriello G, et al. Miswiring the 
brain: Δ9-tetrahydrocannabinol 
disrupts cortical development by 
inducing an SCG10/stathmin-2 
degradation pathway. EMBO J. 
2014;33(7):668-85. 

"Here, we show that repeated THC exposure disrupts endocannabinoid signaling, particularly 
the temporal dynamics of CB1 cannabinoid receptor, to rewire the fetal cortical circuitry....these 
data highlight the maintenance of cytoskeletal dynamics as a molecular target for cannabis.....Our 
mRNA and protein profiling of molecular components controlling 2-AG (endocannabinoid) 
metabolism suggest that THC not only can act as a "functional antagonist (i.e. displacement of 
endocannabinoid binding to the CB1R (receptor), but can disrupt 2-AG signaling by reducing both 
CB1R and DAGL-alpha expression during cortical development"

Human study, postnatal MRI of brain 

Animal study, postnatal molecular 
profiling of endocannabinoid system

Marijuana and Fetal Development



Trezza,V. et al. Altering 
endocannabinoid 
neurotransmission at critical 
developmental ages: impact on 
rodent emotionality and cognitive 
performance. Front Behav
Neurosci. 2012; 6: 02.

Review of human studies: “These studies showed that the consequences of prenatal 
exposure to cannabis are rather subtle. Immediately after birth, there is little evidence for 
a prenatal cannabis effect either upon growth or behavior. However, beyond the age of 3, 
there are findings suggesting an association between prenatal cannabis exposure and 
aspects of cognitive behavior that fall in the domain of executive functions. Executive 
functions refer to higher-order cognitive functions such as cognitive flexibility, sustained 
and focused attention, planning and working memory. These functions enable us to 
organize and manage the many tasks in our daily life”

Review of animal studies:  “Prenatal exposure to a moderate dose of the synthetic CB1 
cannabinoid receptor agonist WIN55,212- 2 (0.5 mg/kg from GD 5 to GD 20) has been 
shown to induce a disruption of memory retention in 40- and 80-day-old rat offspring 
tested in the inhibitory avoidance task…Morphological experiments have shown that 
prenatal exposure to WIN55,212-2 also affects neuronal proliferation: a different neurite 
growth pattern was observed in cortical cell cultures obtained from pups born from 
mothers exposed to WIN55,212-2 during pregnancy…abnormal neurite outgrowth, 
characterized by impairments of neurite branching…. . In addition, prenatal exposure to 
WIN55,212-2 has been found to induce long-term changes in the activity of the 
endocannabinoid system: in particular, the functionality of CB1 receptors in the 
hippocampus differed between adult WIN55,212-2- and vehicle-exposed offspring….. the 
dose of WIN55,212-2 used in the studies described above corresponds to a moderate, or 
even to a low, exposure to cannabis in humans……. THC, administered during the perinatal 
period at a dose that is not associated with gross malformations and/or overt signs of 
toxicity, induces cognitive impairments in the adult offspring.”

Marijuana and Fetal Development



Gray KA et al., Prenatal marijuana exposure: 
effect on child depressive symptoms at ten years 
of age. Neurotoxicol Teratol. 2005;27(3):439-48.

“PME (Prenatal Marijuana Exposure) in the first and third trimesters 
predicted significantly increased levels of depressive symptoms. This 
finding remained significant after controlling for all identified 
covariates from both the prenatal period and the current phase at age 
10.

Leech SL et al. Predictors and correlates of high 
levels of depression and anxiety symptoms 
among children at age 10. J Am Acad Child 
Adolesc Psychiatry. 2006;45(2):223-30.

“Marijuana exposure during gestation marginally predicted 
depression/anxiety at age 10.”

Smith AM et al., Prenatal marijuana exposure 
impacts executive functioning into young 
adulthood: An fMRI study. Neurotoxicol Teratol. 
2016;58:53-59. 

“Sixteen participants were prenatally exposed to marijuana while 15 had 
no prenatal marijuana exposure…consistently increased left posterior 
brain activity in the prenatally exposed group compared with the control 
group.”

Marijuana and Fetal Development

Human studies



Marijuana and Fetal Development

More pregnant women are using







Marijuana and Mental Health



Dose-response studies: the more frequent the use and the more concentrated the 
product, the more likely a psychotic outcome?

“Cannabis was associated with an increased risk of developing schizophrenia in a dose 
dependent fashion.....for subjects who had ever used cannabis ...adjusted odds ratio 1.1 to 
1.5......  The adjusted odds ratio for (developing schizophrenia from) using cannabis >50 times 
was 6.7” In common with subsequent studies, adjustment made for many variables, including 
the following specific to this study: psychiatric diagnoses at conscription, IQ score, personality 
variables concerned with interpersonal relationships, place of upbringing, paternal age, and 
cigarette smoking; disturbed behavior in childhood, history of alcohol misuse, family history of 
psychiatric illness, poor social integration, financial situation of the family and father's 
occupation. All variables used for adjustment should be chosen with care to exclude factors 
which are unrelated to outcome based on strong theoretical considerations or research data. 
Factors unrelated to outcome introduce noise into the analysis and reduce analytical power.

Zammit S, Allebeck P, Andreasson S, 
Lundberg I, Lewis G. Self reported 
cannabis use as a risk factor for 
schizophrenia in Swedish conscripts 
of 1969: historical cohort study. BMJ. 
2002 23;325(7374):1199.

van Os J, Bak M, Hanssen M, Bijl RV, 
de Graaf R, Verdoux H. Cannabis 
use and psychosis: a longitudinal 
population-based study. Am J 
Epidemiol. 2002;156(4):319-27.

“Cannabis any use at baseline and cumulative frequency were associated with a high 
risk of psychosis outcome” Table 2: Lowest level (use 3 days per month or less): adjusted 
OR (odds ratio) of 1.23……….Mid level (use 1 to 4 days per week): adjusted OR of 
4.9……Highest level (use from 4 days per week to every day): adjusted OR of 6.81

Yes

Yes



Ruling out self-medication: Does the marijuana use generally come before the 
psychosis?

Arseneault L, Cannon M, Poulton R, Murray R, Caspi A, Moffitt TE, 
2002, Cannabis use in adolescence and risk for adult psychosis: 
longitudinal prospective study. BMJ. 2002;325(7374):1212-3.

"Any cannabis use at baseline increased the risk of psychotic symptoms according to the M-CIDI at follow up four 
years later in a dose-response fashion..... Predisposition for psychosis at baseline did not significantly predict cannabis 
use at follow up four years later....the data did not support the self medication hypothesis".

Henquet C, Krabbendam L, Spauwen J, Kaplan C, Lieb R, Wittchen HU, 
van Os J. Prospective cohort study of cannabis use, predisposition for 
psychosis, and psychotic symptoms in young people. BMJ. 
2005;330(7481):11. 

“cannabis use is associated with an increased risk of experiencing schizophrenia symptoms, even 
after psychotic symptoms preceding the onset of cannabis use are controlled for, indicating that 
cannabis use is not secondary to a preexisting psychosis”

Yes

Yes



Kuepper R, van Os J, Lieb R, Wittchen HU, Höfler M, Henquet C. Continued 
cannabis use and risk of incidence and persistence of psychotic 
symptoms: 10 year follow-up cohort study. BMJ. 2011;342: d738 

“incident cannabis use over the period from baseline to T2 (timepoint-2) increased the risk 
of later incident psychotic symptoms over the period from T2 to T3 (adjusted odds ratio 
1.9)….. There was no evidence for self medication effects, as psychotic experiences at T2 
did not predict incident cannabis use between T2 and T3 (adjusted odds ratio 0.8)”

Griffith-Lendering MF, et al.  Cannabis use and vulnerability for psychosis 
in early adolescence--a TRAILS study. Addiction. 2013; 108(4):733-40. 

cannabis use at age 16 predicted psychosis vulnerability at age 19...Furthermore, psychosis 
vulnerability at ages 13 and 16 predicted cannabis use at, respectively, ages 16 and 19. Conclusions: 
Cannabis use predicts psychosis vulnerability in adolescents and vice versa, which suggests that 
there is a bidirectional causal association between the two.“ Studies that are outliers should be 
checked for methodological differences with the prior work: this study is criticized because the 
subjects graded themselves on psychosis vulnerability on a multiple choice type test, rather than a 
clinician’s rating of them through an interview: Lewis G, Heron J, Zammit S. Commentary on Griffith-
Lendering et al. (2013): cross-lagging cannabis and psychosis vulnerability. Addiction. 2013; 
108(4):741-2. Subjects (particularly adolescents) often overrate their psychotic experiences in 
questionnaires, particularly in regards to paranoia. 

Ruling out self-medication: Does the marijuana use generally come before the 
psychosis?.... (continued)

Yes

Yes and No



Is marijuana use is associated with an earlier age of onset in those who develop 
schizophrenia?

Large M, Sharma S, Compton MT, Slade T, Nielssen O. Cannabis Use and 
Earlier Onset of Psychosis: A Systematic Meta-analysis. Arch Gen 
Psychiatry. 2011 68(6):555-61. 

“The results of meta-analysis provide evidence for a relationship between cannabis use and earlier onset of 
psychotic illness, and they support the hypothesis that cannabis use plays a causal role in the development of 
psychosis in some patients.”

De Hert M, et al. Effects of cannabis use on age at onset in schizophrenia 
and bipolar disorder. Schizophr Res. 2011;126(1-3):270-6.

“Our results suggest that cannabis use is associated with a reduction in age at onset in both schizophrenic and 
bipolar patients.”

Yes

Yes



Are those with a familial risk for schizophrenia more likely to use 
marijuana?

Veling W, Mackenbach JP, van Os J, Hoek HW. Cannabis use and genetic 
predisposition for schizophrenia: a case-control study. Psychol Med. 2008; 
38(9):1251-6. 

“Cannabis use predicted schizophrenia [adjusted odds ratio (OR) cases compared to general 
hospital controls 7.8, 95% confidence interval (CI) 2.7-22.6; adjusted OR cases compared to 
siblings 15.9 (95% CI 1.5-167.1)], but genetic predisposition for schizophrenia did not 
predict cannabis use.”

No



Do studies comparing siblings show greater risk in the sibling using marijuana?

McGrath J, Welham J, Scott J, Varghese D, Degenhardt L, Hayatbakhsh MR, 
Alati R, Williams GM, Bor W, Najman JM. Association between cannabis 
use and psychosis-related outcomes using sibling pair analysis in a cohort 
of young adults. Arch Gen Psychiatry. 2010; 67(5):440-7.

“Compared with those who had never used cannabis, young adults who had 6 or more years since first use of 
cannabis (i.e., who commenced use when around 15 years or younger) were twice as likely to develop a 
nonaffective psychosis......This study provides further support for the hypothesis that early cannabis use is a 
risk-modifying factor for psychosis-related outcomes in young adults.  The use of sibling pairs reduces the 
likelihood that unmeasured confounding explains these findings.”

Giordano GN, Ohlsson H, Sundquist K, Sundquist J, Kendler KS. The 
association between cannabis abuse and subsequent schizophrenia: a 
Swedish national co-relative control study. Psychol Med. 2014; 3:1-8. 

“Allowing 7 years from initial CA (cannabis abuse) registration to later diagnosis, the risk for schizophrenia 
in discordant full sibling pairs remained almost twofold….The results of this study therefore lend support 
to the etiologic hypothesis, that CA (cannabis abuse) is one direct cause of later schizophrenia.”

By comparing siblings, helps to control for a host of genetic and environmental factors

Yes

Yes



If the active ingredient of marijuana is administered in the clinic, can psychotic 
symptoms be measured?

D'Souza DC, Perry E, MacDougall L, Ammerman Y, Cooper T, Wu YT, Braley
G, Gueorguieva R, Krystal JH. The psychotomimetic effects of intravenous 
delta-9-tetrahydrocannabinol in healthy individuals: implications for 
psychosis. Neuropsychopharmacology. 2004;29(8):1558-72

“∆-9-THC (1) produced schizophrenia-like positive and negative symptoms; (2) altered perception;(3) 
increased anxiety; (4) produced euphoria; (5) disrupted immediate and delayed word recall, sparing 
recognition recall; (6) impaired performance on tests of distractibility, verbal fluency, and working 
memory….. These data indicate that D-9-THC produces a broad range of transient symptoms, behaviors, 
and cognitive deficits in healthy individuals that resemble some aspects of endogenous psychoses” The 
subjects were screened to exclude anyone with a history of a major mental illness or substance abuse 
disorder or anyone with a family history of a major mental disorder. 

Freeman D, et al. How cannabis causes paranoia: using the intravenous 
administration of ∆9-tetrahydrocannabinol (THC) to identify key cognitive 
mechanisms leading to paranoia. Schizophr Bull. 2015;41(2):391-9.

“THC significantly increased paranoia, negative affect (anxiety, worry, depression,   negative thoughts 
about the self), and a range of anomalous experiences, and reduced working memory capacity.” Note that 
all subjects were required (by ethical guidelines) to have prior marijuana use experience.

Yes

Yes



Morrison PD, et al. Disruption of frontal θ coherence by Δ9-
tetrahydrocannabinol is associated with positive psychotic symptoms. 
Neuropsychopharmacology.  2011; 36(4):827-36

“Exclusion criteria included: current pregnancy, a history of mental illness, drug or alcohol dependence 
(excluding nicotine), current or past severe medical disorders, or a history of major mental illness in a first-
degree family member…..Compared with placebo, THC evoked positive and negative psychotic symptoms, as 
measured by the positive and negative syndrome scale (p<0.001)” Results: 40% of participants showed 
increases in PANSS positive symptom scores of >4 points. Note that all subjects were required (by ethical 
guidelines) to have prior marijuana use experience.

Bhattacharyya S et al. Induction of psychosis by Δ9-tetrahydrocannabinol 
reflects modulation of prefrontal and striatal function during attentional 
salience processing. Arch Gen Psychiatry. 2012;69(1):27-36. 

“Pairwise comparisons revealed that  9-THC significantly increased the severity of psychotic 
symptoms compared with placebo (P<.001) and CBD (P<.001).” Again, approximately 40% of 
participants showed increases in PANSS positive psychotic symptom scores (Figure 2). Note that all 
subjects were required (by ethical guidelines) to have prior marijuana use experience.

If the active ingredient of marijuana is administered in the clinic, can psychotic 
symptoms be measured?..(continued)

Yes

Yes



One gene identified which could mediate marijuana-induced psychosis (in subjects 
with no family history of schizophrenia)

Morgan CJ, Freeman TP, Powell J, Curran HV. AKT1 
genotype moderates the acute psychotomimetic 
effects of naturalistically smoked cannabis in 
young cannabis smokers. Transl Psychiatry. 
2016;6:e738. 

"Although previous studies have suggested that the acute effects of cannabis are mediated by the AKT1 
polymorphism, they have not assessed acute effects at the time of smoking cannabis and relied instead 
on retrospective reports.  Further, previous studies were all of patients either with psychotic disorders or 
at a familial risk.  The current study, therefore, set out to examine the gene x cannabis use interaction in a 
group of healthy young cannabis users, with no family history of schizophrenia, assessed both at the 
time of smoking cannabis and when non-intoxicated. Variation at the rs2494732 locus of the AKT1 gene 
predicted acute psychotic response to cannabis, along with dependence on the drug and baseline 
schizotypal symptoms“  Note that all subjects were required (by ethical guidelines) to have prior 
marijuana use experience and the presence of schizotypal symptoms in a subset of those subjects, may 
therefore have been associated with their marijuana use.



Is the conversion rate from temporary, drug-induced psychotic breaks to chronic 
psychosis higher for marijuana than for other recreational drugs?

Niemi-Pynttäri JA, Sund R, Putkonen H, Vorma H, Wahlbeck K, Pirkola SP. 
Substance-induced psychoses converting into schizophrenia: a register-
based study of 18,478 Finnish inpatient cases. J Clin Psychiatry. 2013 
74(1):e94-9. 

“Eight-year cumulative risk to receive a schizophrenia spectrum diagnosis was 46% for persons with a 
diagnosis of cannabis-induced psychosis ..... chances for amphetamine-, hallucinogen-, opioid-, sedative-
and alcohol-induced (schizophrenia spectrum diagnoses) were 30%, 24%, 21%, and 5% respectively.”

Nielsen, S. M., Toftdahl, N. G., Nordentoft, M., & Hjorthøj, C. Association 
between alcohol, cannabis, and other illicit substance abuse and risk of 
developing schizophrenia: a nationwide population based register study. 
Psychological Medicine, 2017; 47(9),1668-167.

“the highest risk of developing schizophrenia was found among cannabis users.” They 
compared alcohol, amphetamine, cannabis, cocaine, hallucinogens, opioids, sedatives and 
“other” (polydrug use or unknown). 

Yes

Yes



Course of recovery from a psychotic break takes a while (even in the users who quit)

González-Pinto A, et al. Cannabis and 
first-episode psychosis: different 
long-term outcomes depending on 
continued or discontinued use. 
Schizophr Bull. 2011;37(3):631-9. 

Recovery of global functioning 
at 8-years best in those who 
quit using cannabis (green 
line), but recovery still slow



After a marijuana-induced psychotic break occurs, does it make a difference for recovery if you 
have a family history of schizophrenia?

"a high percentage of patients develop schizophrenia 
spectrum disorder after the cannabis-induced psychosis and 
the timing and rate of this outcome are independent of family 
history of psychiatric disorder"

About 50% of those with, and 50% of those without, a family 
history end up at the same point 9 years out, with a diagnosis of 
schizophrenia

No



Summary of findings supporting a role for marijuana being causal for chronic  psychosis

• Marijuana use increases the risk of a psychotic outcome in dose-responsive manner, based on usage frequency 
and strength of the product; high THC-strength strains increase the risk 5-fold with weekly use

• The evidence for marijuana use preceding psychosis is strong, but is weak for psychosis leading to marijuana use. 
Furthermore, those with a family history of schizophrenia are no more likely to begin marijuana use than those 
without such a history

• Marijuana use is associated with an earlier age of onset in those who develop schizophrenia

• Administration of pure THC under controlled conditions in the clinic causes psychotic symptoms in fully 40% of 
individuals who have no family history of psychotic disorders; the genes controlling this effect have not been fully 
identified but one has been proposed to account for a portion of cases: AKT1

• In studies of siblings, the sibling who uses marijuana is significantly more likely to develop chronic psychosis than 
the sibling who does not use; thereby controlling for genetic factors and many environmental factors

• Marijuana leads the pack for rate of conversion from temporary drug-induced psychosis to chronic psychosis and 
that conversion is independent of family history; about 50% will transition.

• For the 50% who can recover from a marijuana-induced psychotic break, the recovery is not immediate following 
marijuana cessation, taking months to years; recovery doesn’t depend on family history; and if the subjects 
continue to use marijuana, their chances of recovery are very poor.



Acute suicidal urges and suicide



Acute suicidal urges and suicide





Koppel BS, et al. Systematic review: efficacy and 
safety of medical marijuana in selected neurologic 
disorders: report of the Guideline Development 
Subcommittee of the American Academy of 
Neurology. Neurology. 2014 Apr 29;82(17):1556-63. 

Marijuana use and acute suicide risk?

Review: “Among patients treated with cannabinoids, the following symptoms 
appeared in at least 2 studies: nausea, increased weakness, behavioral or mood 
changes (or both), suicidal ideation or hallucinations (or both), dizziness or 
vasovagal symptoms (or both), fatigue, feelings of intoxication"

Raja M, Azzoni A. Suicidal ideation induced 
by episodic cannabis use. Case Rep Med. 
2009;2009:321456. 

Case: “he had smoked cannabis a few hours before. Soon after, he had experienced 
hopelessness and impulse to commit suicide by fall. ....He reported no  stressful life 
event and was astonished by his suicidal thinking.....None of his relatives had suffered 
from psychiatric disorder, substance of alcohol abuse.....The patient reported a similar 
episode of suicidal thought occurred three years before, just after smoking cannabis and 
spontaneously remitted.....Urine toxic screening text revealed the presence of cannabis 
and no trace of amphetamine, cocaine, opioids, barbiturates, or alcohol......The day 
after, the patient was free of symptoms and was discharged without therapy." 

Russo M, et al. Sativex-induced 
neurobehavioral effects: causal or concausal?
A practical advice!Daru. 2015 Apr 17;23:25. 

Case: "we describe a case of a woman affected by MS and treated with baclofen 
and methylprednisolone, who developed important behavior changes, including 
suicidal ideation, after 4 weeks of Sativex administration."

Gorelick DA, et al. Antagonist-elicited 
cannabis withdrawal in humans.
J Clin Psychopharmacol. 2011 Oct;31(5):603-
12.

Small clinical trial: One out of fourteen subjects treated with dronabinol
(prior to the treatment with the THC antagonist) reported suicidal thoughts:
"one subject retrospectively reported 30 minutes of depressed mood, 
suicidal thoughts and paranoia"

Yes

Yes

Yes

Yes



Chronic marijuana use and suicide risk?

Clarke MC, et al. The impact of adolescent 
cannabis use, mood disorder and lack of 
education on attempted suicide in young 
adulthood.
World Psychiatry. 2014;13(3):322-3

"Adolescent mood disorder and adolescent cannabis use both independently 
increased the odds of a suicide attempt 7-fold“

Silins E, et al. Young adult sequelae of adolescent 
cannabis use: an integrative analysis. Lancet 
Psychiatry. 2014;1(4):286-93. 

"After covariate adjustment, compared with individuals who had never used 
cannabis, those who were daily users before age 17 years .. the odds 
of........suicide attempt (6.83-fold)"

Arendt M, et al. Mortality following treatment for 
cannabis use disorders: predictors and causes. J 
Subst Abuse Treat. 2013 Apr;44(4):400-6. 

“The aim of the study was to determine excess mortality associated with 
cannabis use disorders…For different causes of death the SMRs 
(standardized mortality ratios) were....suicide: 5.3"

Borges G, et al. A literature review and meta-
analyses of cannabis use and suicidality. J Affect 
Disord. 2016;195:63-74. 

"6 studies on heavy cannabis use and suicide attempt (OR 3.2)“
although included in this calculation was a study that involved 
more than 11 times of “ever use” which reported no significant 
increase, as compared to the Silins study reporting on daily use 
before age 17 (above).

Yes

Yes

Yes

Yes



Chronic cannabis use and suicide risk?

Price C, et al. Cannabis and suicide: longitudinal 
study. Br J Psychiatry. 2009 ;195(6):492-7. 

"Suicide was more common primarily in those who had used cannabis more than 
50 times (OR 3.45) , although this association was eliminated after adjustment for 
confounders……. The variables with the strongest confounding effects were 
problematic behaviour during childhood, other drug use, psychological 
adjustment, alcohol consumption, tobacco use and psychiatric diagnosis at 
conscription.”  Studies that are outliers should be checked for how the methods 
differed from the others. Here, among the adjustments made, a possibly 
inappropriate ‘collider’ variable with marijuana use was created (see next slide).  
What this study did differently was control for tobacco use, which is very 
frequently an outcome of marijuana use. The Clarke et al. and Arendt et al. studies 
did not control for tobacco use and the Silins study only controlled for tobacco use 
that occurred in the pre-teen or early teenage years (earliest reports ages 10-13). 

No

Agrawal A, et al. Major depressive disorder, 
suicidal thoughts and behaviours, and cannabis 
involvement in discordant twins: a retrospective 
cohort study. Lancet Psychiatry. 2017;4(9):706-714. 

A study that controlled for genetic and 
environmental confounders by analyzing twins

"The monozygotic twin who used cannabis frequently was more likely to 
report....suicidal ideation (OR 2.47) compared with their identical twin who had used 
cannabis less frequently, even after adjustment for covariates." Frequent cannabis use 
was designated as >100 times ever, much less than the daily use of the Silins et al. 
study of the cannabis-use disorder of the Arendt et al. study. As with all studies 
published to date on suicides (and unlike some of the research published on 
psychosis), the strength of the cannabis product was not assessed, though almost all 
of the suicide studies summarized in this talk likely pertained to the lower strength 
marijuana prevalent in the last century.

Yes



Dependent variable

When correction for potentially confounding variables can create “collider variables”

Suicide

Marijuana use
Independent variable Independent variable

Smoking of tobacco

? ?

Psychiatric diagnosis 
at conscription

Independent variable



Dependent variable

When correction for potentially confounding variables can create “collider variables”

Suicide

Marijuana use
Independent variable Independent variable

Smoking of tobacco

? ?
Independent variable

Psychiatric diagnosis 
at conscription

The link is strong for marijuana use 
promoting cigarette use

The link is strong for psychiatric 
diagnoses promoting cigarette use

“Collision” between the independent 
variables converge on smoking of tobacco:
when two independent variables interact 
strongly with another independent 
variable used for correction; can 
potentially double the impact of correction 
in the above scenario 



Dependent variable

Suicide

Marijuana use
Independent variable

Correcting for tobacco AND 
psychiatric diagnosis at 
conscription will inflate their 
impact and unduly weaken the 
calculated impact of marijuana use 
on suicide

When correction for potentially confounding variables can create “collider variables”

For description of collider variables, see: Madigan D, et al. (2014). A systematic 
statistical approach to evaluating evidence from observational studies. Annual 
Review of Statistics and Its Application, 1(1), 11-39. 



Why acute psychosis and acute suicidal urges may be much more likely to occur 
with edible marijuana products

Merrick J, et al. Identification of 
Psychoactive Degradants of 
Cannabidiol in Simulated Gastric 
and Physiological Fluid. Cannabis 
Cannabinoid Res. 2016;1(1):102-112. 

CBD

THC

Cannabidiol is degraded in gastric fluid, whereas THC is not



Why acute psychosis and acute suicidal urges may be much more 
likely to occur with edible marijuana products (continued)

Murphy M, Mills S, Winstone J, Leishman E, 
Wager-Miller J, Bradshaw H, Mackie K. Chronic 
Adolescent Δ9-Tetrahydrocannabinol 
Treatment of Male Mice Leads to Long-Term 
Cognitive and Behavioral Dysfunction, Which 
Are Prevented by Concurrent Cannabidiol
Treatment. Cannabis and Cannabinoid Research 
2017; 2(1): 235-246.

In mice: “Chronic administration of THC during adolescence 
led to immediate and long-term impairments in object 
recognition/working memory.....All THC-induced behavioral 
abnormalities were prevented by the coadministration of 
CBD (cannabidiol).

Cannabidiol functionally antagonizes many effects of THC in animal models and in humans

Englund A, et al. Cannabidiol inhibits THC-elicited 
paranoid symptoms and hippocampal-dependent 
memory impairment. J Psychopharmacol. 
2013;27(1):19-27. 

In humans:  “we tested the hypothesis that pre-
treatment with CBD inhibited THC-elicited psychosis 
and cognitive impairment…. clinically significant 
positive psychotic symptoms (defined a priori as 
increases ≥3 points) were less likely in the CBD group 
(OR 0.22)



Why acute psychosis and acute suicidal urges may be much more likely to 
occur with edible marijuana products: the metabolite 11-OH-THC

Favrat B et al. Two cases of "cannabis 
acute psychosis" following the 
administration of oral cannabis. BMC 
Psychiatry. 2005;5:17.

11-OH-
THC

THC

Oral ingestion of dronabinol (a THC extract) that caused 
psychotic reactions was associated with higher levels of 11-OH-
THC :

11-OH-THC is more potent in its 
psychiatric effects than is
delta-9-THC: Karler R, Turkanis SA. Different 

cannabinoids exhibit different 
pharmacological and toxicological 
properties, in: Structure-Activity 
Relationships of the Cannabinoids. 
1987:96.

minutes



From smoked marijuana, THC is 
more concentrated in plasma than 
11-OH-THC 

From oral marijuana, 11-OH-THC 
is more concentrated in plasma 
than THC

Huestis MA. Pharmacokinetics 
and metabolism of the plant 
cannabinoids, delta-9-
tetrahydrocannabinol, 
cannabidiol and cannabinol.
Handb Exp Pharmacol
2005;(168):657–90.

Why acute psychosis and acute suicidal urges may be much more 
likely to occur with edible marijuana products… (continued)



Is marijuana associated with the development of mania and bipolar disorder?

Henquet C, et al. Cannabis use and 
expression of mania in the general 
population. J Affect Disord. 2006;95(1-
3):103-10. 

"Use of cannabis at baseline increased the risk for manic symptoms during follow-up 
(adjusted OR 2.7), adjusted for age, sex, educational level, ethnicity, single marital status, 
neuroticism, use of other drugs, use of alcohol, depressive symptoms and manic 
symptoms at baseline. The association between cannabis use and mania was 
independent of the prevalence and the incidence of psychotic symptoms. There was no 
evidence for reverse causality, as manic symptoms at baseline did not predict the onset of 
cannabis use during follow-up (OR = 0.35)."

Baethge C, et al. Sequencing of substance 
use and affective morbidity in 166 first-
episode bipolar I disorder patients.
Bipolar Disord. 2008;10(6):738-41. 

"cannabis use selectively and strongly preceded and coincided with mania/hypomania"

Gibbs M, et al. Cannabis use and mania 
symptoms: a systematic review and 
meta-analysis. J Affect Disord. 
2015;171:39-47. 

"cannabis use may worsen the occurrence of manic symptoms in those diagnosed 
with bipolar disorder, and may also act as a causal risk factor in the incidence of 
manic symptoms"

Yes

Yes

Yes



Blanco C, et al. Cannabis Use and Risk of 
Psychiatric Disorders: Prospective 
Evidence From a US National Longitudinal 
Study. JAMA Psychiatry. 2016;73(4):388-
95. 

Cougle JR et al. Quality of life and risk of 
psychiatric disorders among regular 
users of alcohol, nicotine, and cannabis: 
An analysis of the National 
Epidemiological Survey on Alcohol and 
Related Conditions (NESARC). J Psychiatr
Res. 2015;66-67:135-41. 

"Regular cannabis use uniquely predicted the development of bipolar disorder, 
panic disorder with agoraphobia and social phobia.“

versus (from same dataset):

"After adjusting for the covariates, cannabis use .. predicted increased prevalence and 
incidence of all .....substance use disorders, including nicotine dependence, but not of mood 
or anxiety disorders.“  What was different about the methods in this study? Included in the 
controls were individuals who had used marijuana up until one year before study onset, by 
which time the effect on risk for bipolar disorder may already have occurred. This approach 
might have lessened the difference in depression between marijuana using-cases versus 
controls.

Yes

Is marijuana associated with the development of mania and bipolar disorder?..(continued)

No



Panic, anxiety and depression?

Zvolensky MJ et al. Prospective 
associations between cannabis use, 
abuse, and dependence and panic 
attacks and disorder. J Psychiatr Res. 
2008; 42(12):1017-23

"Results indicated that cannabis use and dependence were significantly prospectively 
associated with an increased odds for the development of panic attacks and panic 
disorder. However, cannabis was not incrementally associated with the development of 
panic after controlling for daily cigarette smoking". Because marijuana use so often leads 
to cigarette use (the “reverse gateway” finding), it is often difficult to disentangle the 
two variables.  Smoking of tobacco is also an independent risk factor for panic attacks.

Cougle JR et al. Quality of life and risk of 
psychiatric disorders among regular 
users of alcohol, nicotine, and cannabis: 
An analysis of the National 
Epidemiological Survey on Alcohol and 
Related Conditions (NESARC). J Psychiatr
Res. 2015;66-67:135-41. 

“Regular cannabis use uniquely predicted the development of...panic disorder with 
agoraphobia“.  This study entered tobacco use as a covariate in the regression analysis; 
the association between tobacco use and panic disorder was found to be less robust 
than between cannabis and panic.

Zuardi AW et al. Action of cannabidiol on 
the anxiety and other effects produced 
by delta 9-THC in normal subjects.
Psychopharmacology (Berl). 
1982;76(3):245-50.

"The results also confirm that after ingestion of delta-9-THC the volunteers 
experienced a large increase in the level of  anxiety, which agrees with 
various previous descriptive reports“ Anxiety was measured on self-reported 
scale of Spielberger’s State-Trait anxiety inventory. Co-administration of 
cannabidiol reduced the anxiety score by ½, but the rise in anxiety was still 
significantly greater than placebo. It was notable that cannabidiol did not 
block the increase in pulse rate triggered by THC.

Yes, panic but tobacco confounds

Yes, panic 

Yes, anxiety 



Panic, anxiety and depression?... (continued)

Hayatbakhsh MR, et al. Cannabis and 
anxiety and depression in young 
adults: a large prospective study.J Am 
Acad Child Adolesc Psychiatry. 
2007;46(3):408-17.

“After controlling for confounding factors, those who started using cannabis before 15 
years and used it frequently at 21 years were more likely to report symptoms of AD 
(anxiety and depression) in early adulthood (odds ratio 3.4).....This association was of 
similar magnitude for those who had only used cannabis and those who reported having 
used cannabis and other illicit drugs”. 

Fairman BJ, Anthony JC. Are early-
onset cannabis smokers at an 
increased risk of depression spells? J 
Affect Disord. 2012;138(1-2):54-62. 

"Both early-onset and adult-onset cannabis smokers had a modest excess odds of a 
depression spell compared to never cannabis smokers, even with covariate 
adjustment (OR=1.7, OR=1.8, respectively)."

Lev-Ran S, et al. The association 
between cannabis use and 
depression: a systematic review and 
meta-analysis of longitudinal studies. 
Psychol Med. 2014 Mar;44(4):797-
810.

"The OR for heavy cannabis users developing depression was 1.62" The results of this 
meta-analysis stem from studies employing a variety of correction factors.

Yes, anxiety and depression 

Yes, depression 

Yes, depression 



Panic, anxiety and depression?.... (continued)

Blanco C et al. Cannabis Use and Risk of 
Psychiatric Disorders: Prospective 
Evidence From a US National Longitudinal 
Study. JAMA Psychiatry. 2016;73(4):388-95. 

"After adjusting for the covariates, cannabis use in wave 1 predicted increased 
prevalence and incidence of all wave 2 substance use disorders, including 
nicotine dependence, but not of mood or anxiety disorders“ In other words, 
past-year use of marijuana in adults was not associated with depression.  
What was different about his study? Included in the controls individuals who 
had used marijuana up until one year before study onset, by which time the 
effect on depression risk may already have occurred. This approach might have 
lessened the difference in depression between marijuana using-cases versus 
controls.

No depression or anxiety

Silins E, et al. Young adult sequelae of 
adolescent cannabis use: an integrative 
analysis. Lancet Psychiatry. 2014;1(4):286-
93. 

No depression
"After adjustment, the associations for depression and welfare 
dependence were both non-significant and negligible in size“ Adjusted for 
53 covariates (not listed in paper; referred to another paper); highly 
regarded study, thus effect of marijuana on depression may be small and/or 
confounded by other factors.

Yes, depression

Agrawal A et al. Major depressive 
disorder, suicidal thoughts and 
behaviours, and cannabis involvement 
in discordant twins: a retrospective 
cohort study. Lancet Psychiatry. 
2017;4(9):706-714. 

“The monozygotic twin who used cannabis frequently was more like to 
report MDD (Major Depressive Disorder) odds ratio 1.98...compared with 
their identical twin who had used cannabis less frequently, even after 
adjustment for covariates” Despite controlling for many variables by 
comparing identical twins, adjusted for the following covariates which may 
have preceded or coincided with the onset of cannabis use: early alcohol use, 
early tobacco smoking, conduct disorder, and childhood sexual abuse.



The Concerns for PTSD

• “Veterans who were using marijuana at 
admission (continuing users and 
stoppers) had higher measures of 
violent behavior prior to admission 
than those who never used before or 
after the program” 

• “Starters and continuing users had 
significantly higher measures of violent 
behavior at follow-up than all other 
groups” 

• “After adjusting for covariates, in 
comparison to never-users, starting 
marijuana had an effect size on PTSD 
symptoms at follow-up of +0.34 (Cohen 
d = group difference/SD) and stopping 
marijuana use had an effect size of -
0.18”

• “Significant associations as measured 
by standardized regression coefficients 
between change in days of marijuana 
used and change in PTSD symptoms, 
severity of violent behavior, the ASI 
alcohol index and the ASI drug abuse 
index”

Excluded subjects with 
problematic alcohol use, 
those with any drug use other 
than marijuana in the 30 days 
prior to admission, and those 
who entered treatment on 
transfer from an inpatient or 
residential program that 
would have restricted their 
access to drugs.



The Concerns for PTSD: potential benefit of marijuana for extinction of fearful 
memories? 

Rabinak CA, et al. Cannabinoid facilitation of 
fear extinction memory recall in humans. 
Neuropharmacology. 2013 Jan;64:396-402. 

Yes, THC Human studies: "Compared to subjects that received PBO 
(placebo), subjects that received THC showed low SCR (skin 
conductance response) to a previously extinguished CS 
(conditioned stimuli) when extinction memory recall was tested 
24 hours after extinction learning, suggesting that THC 
prevented the recovery of fear”

No, not THC if used chronically

Pamplona FA et al. The cannabinoid receptor 
agonist WIN 55,212-2 facilitates the 
extinction of contextual fear memory and 
spatial memory in rats. Psychopharmacology 
(Berl). 2006;188(4):641-9. 

Yes, a CB1 agonist (like THC) 
but only at a low dose 

Animal studies: “The administration of...WIN55,212-2.. facilitated the extinction of 24 
h contextual fear memory” WIN mimics the effect of THC at the cannabinoid-1 
receptor. But the facilitation of extinction occurred only at the lowest dose; the 
highest dose inhibited the extinction of contextual fear memory.

Papini S, et al. Chronic cannabis use is 
associated with impaired fear extinction in 
humans. J Abnorm Psychol. 2017;126(1):117-
124. 

Human studies: “In rats, chronic cannabinoid administration impairs fear 
extinction in a drug-free state. Here we examine whether chronic cannabis use 
is associated with impaired fear extinction in humans. Chronic cannabis use 
was associated with reduced within-session extinction of skin conductance 
response on Day 1 (d = 0.78), and between-session extinction on Day 2 (d = 
0.76)”



The Concerns for PTSD: also a negative  impact of marijuana on positive memories and 
the reward circuit? 

Ballard ME, et al. Pre-encoding 
administration of amphetamine or THC 
preferentially modulates emotional 
memory in humans. Psychopharmacology 
(Berl). 2013;226(3):515-29. 

Human studies: “THC significantly impaired memory performance overall.....THC 
significantly impaired memory for positive pictures, and it also tended (to a lesser 
extent) to impair memory for negative pictures, but did not affect memory for 
neutral pictures”

Yes, inhibits positive memory associations 

Hindocha C, et al. Individual and combined 
effects of cannabis and tobacco on drug 
reward processing in non-dependent 
users. Psychopharmacology (Berl). 2017 Jul 
22. 

Human studies: "Relative to placebo cannabis, active cannabis reduced liking of 
cannabis-associated stimuli“ This trend did not hold true for pictures of food.

Yes, inhibits positive memory associations 

Freeman TP, et al. Cannabis dampens the 
effects of music in brain regions sensitive 
to reward and emotion. Intl J 
Neuropsychopharm 2017; pyx 082 Sept.

Yes, inihibits positive reward component 

Human studies: “ Compared with placebo, cannabis without cannabidiol
dampened response to music in bilateral auditory cortex (right: P=.005, left: 
P=.008), right hippocampus/parahippocampal gyrus (P=.025), right amygdala 
(P=.025), and right ventral striatum (P=.033)…. These findings were contrary to 
our prediction that cannabis would increase the rewarding effects of music…It 
should also be noted that our findings of dampened response to music occurred 
in the context of increased wanting to listen to music. These findings are broadly 
consistent with previous findings that THC may have dissociable effects on 
anticipatory (“wanting”) and consummatory (“liking”) components of reward”



The Concerns for PTSD:  is cannabidiol effective in extinction of fearful 
memories? 

Stern CA, et al. On disruption of fear memory 
by reconsolidation blockade: evidence from 
cannabidiol treatment. 
Neuropsychopharmacology. 2012;37(9):2132-
42. 

Animal studies: “These results highlight that recent and older fear 
memories are equally vulnerable to disruption induced by CBD 
(cannabidiol) through reconsolidation blockade, with a consequent 
long-lasting relief in contextual fear-induced freezing….CBD-
induced fear memory disruption does not show reinstatement”

Das RK, et al. Cannabidiol enhances 
consolidation of explicit fear extinction in 
humans. Psychopharmacology (Berl). 2013 
Apr;226(4):781-92. 

Human studies: “These findings provide the first evidence that 
CBD can enhance consolidation of extinction learning in humans 
and suggest that CBD may have potential as an adjunct to 
extinction-based therapies for anxiety disorders”

Animal studies: “in the more translationally-relevant stronger 
conditioning setting, CBD both acutely inhibited fear 
expression and enhanced extinction to produce longer 
lasting reductions in fear” 

Song C, et al. Bidirectional Effects of 
Cannabidiol on Contextual Fear Memory 
Extinction. Front Pharmacol. 2016;7:493.

Yes 

Yes 

Yes, but only when the fear is strong 



CONCLUSIONS

 Marijuana containing ∆9 –THC poses substantial risks for mental, cardiac and neonatal health, and for 
several types of cancer as determined by tissue-specific receptor differences. Any benefit has to be 
weighed against these risks.

 For non-neuropathic pain, there is little evidence for benefit of cannabidiol and/or ∆9 –THC (failed in 
clinical trials); when used as adjunctive therapy, the opiate dose required is not reduced

 For neuropathic pain, a variable degree of relief can occur in some individuals; cannabidiol-rich 
preparations may be most effective and certainly the safest

 For the treatment of spasticity in multiple sclerosis, preparations rich in ∆9 –THC may offer benefit, 
but can accelerate the cognitive decline of the disease and cause dizziness (further impairs mobility)

 For some children with intractable epilepsy, cannabidiol holds promise as an adjunctive 
anticonvulsant; the route of administration requires some optimization; FDA should review

 Pharmaceutical companies are aggressively working on more specific drugs to surpass marijuana in 
the future, because of undesirable activity of ∆9 –THC 



Final Thought

Lessons from Colorado, for prevention counselors in Maryland

During the time when Colorado just had 
medical marijuana, 74% of teens entering 
treatment for marijuana abuse in Denver 
reported they obtained their marijuana 
from someone with a medical marijuana 
card. Selling to youth was not occurring in 
dispensaries, rather they were obtaining 
marijuana the same way teens currently 
get alcohol in our state, from someone 
who could legally purchase it.

For copies of slides or 
questions:
cmiller@millerbio.com


