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Review Article

ABSTRACT
Background: Medicinal marijuana has already been 
legalized in over 23 states with more considering 
legalization. Despite the trend toward legalization, 
to date, there has been no systematic review of 
the existing literature for the efficacy of medicinal 
marijuana for many of the conditions for which it is 
proposed to treat. This study seeks to understand 
the current literature regarding the use of medicinal 
marijuana in the treatment of posttraumatic stress 
disorder (PTSD).

Data Sources: PubMed and PsycINFO databases 
were searched until April 2014 for articles 
outlining outcomes of case files, control studies, 
and observational studies regarding the efficacy 
of medicinal marijuana in treating PTSD. Various 
combinations of the following search terms were 
used: marijuana, medicinal marijuana, cannabis, 
cannabinoid, PTSD, efficacy, trial, and neurobiology. 

Study Selection: Full text of each article was 
reviewed, and those directly addressing the 
question of efficacy of medicinal marijuana on 
PTSD symptomatology were included. Data were 
extracted from a total of 46 articles.

Results: Analysis revealed that most reports are 
correlational and observational in basis with a 
notable lack of randomized, controlled studies. 
Many of the published studies suggest a decrease 
in PTSD symptoms with marijuana use. Though the 
directionality of cannabis use and PTSD could not 
be fully differentiated at this time, there appears to 
also be a correlation between PTSD and problematic 
cannabis use. Despite this finding, there is a growing 
amount of neurobiological evidence and animal 
studies suggesting potential neurologically based 
reasons for the reported efficacy.

Conclusions: Posttraumatic stress disorder is 
1 of the approved conditions for medicinal 
marijuana in some states. While the literature 
to date is suggestive of a potential decrease in 
PTSD symptomatology with the use of medicinal 
marijuana, there is a notable lack of large-scale trials, 
making any final conclusions difficult to confirm at 
this time.
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Cannabis is currently the most widely used illicit substance, with 
approximately 18.1 million people reporting use within a 1-month 

period in 2011 within the United States alone.1 The rapidly changing legal 
environment surrounding cannabis, both for medicinal and recreational 
use, is becoming increasingly relevant to patient care. While still illegal 
under federal law, at least 23 states have approved marijuana for medical 
use, and recreational use is now legal in Colorado and Washington. The 
approval of marijuana as a purported medication is unique, as it is done 
under state authority, either by ballot or by state legislature approval, 
without approval of the US Food and Drug Administration (FDA). 
Whereas the FDA requires multiple rigorous clinical trials evaluating safety 
and efficacy prior to the approval of a drug for a specific indication, there 
are no standard requirements for state approval of indications for medical 
marijuana. In at least 8 states, 1 of the indications for medical marijuana is 
posttraumatic stress disorder (PTSD).2 The current circumstances create 
an awkward situation in which researchers must evaluate the safety and 
efficacy of medical marijuana after its approval for various indications, 
including PTSD.

NEED FOR RESEARCH
Despite claims of medical use, marijuana remains illegal. Currently, in 

the United States marijuana remains listed as a Schedule I drug, meaning 
that there is a high abuse potential and no accepted medical use. Despite 
this, there are a growing number of claims that marijuana, particularly in 
the smoked form, has medical benefits. Indeed, early National Institutes 
of Health (NIH)–sponsored studies supported the claim that marijuana 
decreased nausea and vomiting in chemotherapy patients, resulting in 
FDA approval of a synthetic form of oral cannabis. Later, FDA approval 
for synthetic cannabis was extended to AIDS wasting syndrome.3 This 
approval resulted in a multitude of claims of the benefits of marijuana 
for other potential conditions, leading to 2 large government-sponsored 
studies into the use of medical marijuana.4,5 While both of these studies 
set out to finalize views on the matter, both ultimately found that there 
were simply too few scientific studies to determine the utility of medical 
marijuana; however, both concluded further research on the matter 
was justified.3 This article seeks to review the existent literature to help 
determine the current state of such studies in regard to the use of medicinal 
marijuana in the treatment of PTSD.

METHOD
Potential studies for inclusion were identified by querying PubMed and 

PsycINFO for various combinations of the terms marijuana, medicinal 
marijuana, cannabis, cannabinoid, PTSD, efficacy, trial, and neurobiology 
up to April 2014. Duplicate studies were removed from inclusion. Articles 
adopting descriptive, observational, analytic, and experimental studies of 
both human and animal trials were considered for establishing proposed 
neurobiological basis. As such, animal studies, case studies, qualitative 
articles, reviews, and commentaries were reviewed. Given the limited 
number of studies on this topic, all were considered for inclusion. Full text 
of each article was reviewed, and those directly addressing the question of 
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efficacy of medicinal marijuana on PTSD symptomatology 
were included. Data were extracted from a total of 46 articles.

RESULTS
Who Uses Medicinal Marijuana?

Despite the lack of established medical use, marijuana is 
currently used for a number of conditions. Most commonly, 
medical marijuana users were found to be male, white, 
between 25 and 44 years of age, and employed.6 Reportedly, 
the most commonly cited primary uses for medical 
marijuana were pain, ranging between 82.6% and 92.2% 
of subjects, followed by muscle spasm (21%–41.3%).6,7 
Other reported primary uses included headaches, anxiety, 
insomnia, relaxation, poor appetite, nausea, and vomiting.6 
Interestingly, in states that allow for use of medical marijuana 
for traumatic intrusions and PTSD, this was listed as the 
primary indication in 38.5% of registered users.7

Studies Evaluating Use in PTSD
To date, there has been little research investigating the 

relationship between marijuana use and PTSD. Existing 
studies have mostly focused on the tendency of individuals 
who suffer PTSD symptoms to self-medicate with marijuana. 
Undoubtedly, marijuana has long been reported as a 
coping mechanism for individuals with heightened PTSD 
symptoms.8–10 It has been suggested that individuals with less 
perceived ability to withstand emotional distress were more 
likely to attempt to self-soothe with marijuana in response 
to distressing emotions related to trauma. Additionally, 
those with more symptomatology associated with PTSD 
were suggested to be more likely to use marijuana with the 
explicit purpose of coping.11 Bonn-Miller et al8 suggested 
that patients with more severe PTSD symptoms may be more 
motivated to use cannabis. In their study, marijuana use 
positively correlated with PTSD symptoms and, according to 
self-reports, cannabis was used with intent to cope with these 
PTSD symptoms.8 Indeed, the mere fact that an individual 
carries a diagnosis of PTSD significantly increases his or 
her chance of using marijuana at some point in life,12 a 
relationship that also holds true even among teenagers.13,14

Cannabis use has been associated with a decrease in 
symptomatology, but may also be associated with higher 
risk of cannabis use disorder. Greer et al15 reported a 

75% reduction in Clinician Administered Posttraumatic 
Scale for DSM-IV (CAPS) scores through use of medical 
marijuana, and cannabis has been reported to be particularly 
helpful among persons with severe traumatic intrusions,16 
commonly referred to as flashbacks, as well as for managing 
hyperarousal symptoms.17 Many people suffering from 
PTSD often have interrupted sleep, with many seeking 
medical marijuana as a means of helping them treat their 
sleep issues; however, while marijuana may help with sleep 
in the short term, it may also interfere with long-term 
sleep structure.18,19 Cannabis has also been shown to have 
anxiolytic and anxiogenic properties depending on the 
primary cannabinoid.20 The perceived sense of anxiolytic 
relief from cannabis may drive the high prevalence rates 
and co-occurrence between PTSD and cannabis use,17,21,22 
though arguments do exist that anxiety (including PTSD) 
and depression are associated with problematic cannabis use 
patterns and dependence.12,23–27 Several studies have shown 
an increased chance of cannabis use disorders among adults 
suffering from, in particular, PTSD.12,23,28,29 Boden et al30 
explained this phenomenon by suggesting “(a) the experience 
of PTSD predisposes affected individuals to use cannabis 
to cope with negative internal states, (b) discontinuation 
of cannabis use (even temporarily) paradoxically leads to 
greater PTSD symptomatology, via withdrawal, resulting 
in (c) heightened craving for cannabis, and (d) greater 
cannabis use problems as well as relapse to cannabis use to 
cope with increased negative internal states.”(p282) Further, 
increasing rates of cannabis use disorder diagnoses have been 
documented among military veterans,22,23 especially those 
who endorse high rates of trauma exposure and PTSD.31–35 
With the large number of young men and women returning 
from war with traumatic experiences, veterans appear to be 
at particular risk for potential cannabis use disorders as a 
result. Therefore, determining the true causal relationship 
has never been more important.

Proposed Neurobiological Mechanisms
Marijuana is not just a single drug; it is a mixture of leaves 

from the Cannabis sativa plant and contains more than 400 
chemicals with over 60 of these referenced as cannabinoids. 
Perhaps the most well-known and well-studied, delta-9-
tetrahydrocannabinol (THC), is the main psychoactive 
cannabinoid. While ingested in a number of forms, once 
in the body, THC interacts with the cannabinoid receptors. 
There are 2 main cannabinoid receptors. Cannabinoid 
receptor 2 (CB2) is thought to exist primarily external to 
the central nervous system (CNS). CB2 is thought to exert its 
main effects on the immune and reproductive systems3,36,37 
and is thought responsible for the reported alleviating effects 
of cannabis on autoimmune dysfunction and potentiation 
of inflammatory reactions.37 Given the limited neurologic 
interaction of CB2, this article will focus on cannabinoid 
receptor 1 (CB1), which is believed to be responsible for 
most, if not all, of the psychoactive effects of THC.3,37

Purportedly the most abundant receptor in the brain, the 
actual density of CB1 receptors varies. Brain regions with 
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■■ Posttraumatic stress disorder (PTSD) is one of the approved 
conditions for medical marijuana in some states.

■■ Current literature is suggestive of a potential decrease in 
PTSD symptomatology with medical marijuana, but also 
suggests a correlation with problematic cannabis use, though 
directionality is not established at this time. 

■■ Neurobiological studies in both humans and animal models 
are providing further insights into the reported efficacy of 
medical marijuana for PTSD. 

■■ Lack of large-scale randomized controlled trials makes any 
final conclusions difficult. 
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the highest concentrations of CB1 receptors are in areas 
primarily involved in memory formation (hippocampus), 
motor coordination (the cerebellum), and emotionality 
(prefrontal cortex).37 This distribution correlates well with 
reported effects of THC on human behavior: modulation of 
pain, regulation of appetite, regulation of pleasure, memory 
formation, concentration, sensory and time perception, 
and coordination of movement and motor function, as well 
as abuse and addictive potential.3,37,38 An example of such 
an effect on human behaviors is the reported correlation 
between cannabis and decreased hyperarousal states. The 
modulation of the “fight or flight” response occurs largely 
in the amygdala; animal studies have demonstrated that 
electrical stimulation of various regions of the amygdala 
can send the animal into states of terror or surreal calm. 
There is a heavy concentration of CB1 receptors and 
endocannabinoids in the amygdala, which may help explain 
why low-dose cannabinoid stimulation is generally felt as 
calming.39 Indeed, transgenic mouse models have shown 
that CB1 overexpression decreases excessive excitatory 
neurotransmission in these brain areas, which may explain 
the decreased arousal symptoms, as well as reduction 
of anxiety associated with cannabis use.40 Given that 
hypervigilance and hyperarousal are symptoms of PTSD, this 
correlation may help explain, at least in part, the proposed 
benefit of cannabis for patients with PTSD.17,23

One commonly reported side effect of chronic cannabis 
abuse is impairment in short-term memory. At first this may 
sound unwanted, but at times, it may be desirable to forget 
negative traumatic events and so may be potentially useful in 
treatment of PTSD.3 Animal experiments have demonstrated 
that it took cannabinoid-deficient CB1 knock-out mice 
significantly longer to forget an association with painful foot 
shocks and bell ringing than wild-type controls, but both 
groups continued to make positive associations, suggesting 
THC may facilitate the extinction of negative memory without 
affecting positive memory formation.41–43 Reciprocally, 
when the endocannabinoid system was activated through 
slowing of breakdown of endogenous cannabinoids, animal 
models demonstrated the ability to dissociate negative 
associations faster than in their normal state, leading to 
proposed involvement of the endocannabinoid system in the 
extinction of aversive memory.43 Indeed, it may be this trait 
of cannabis that drives persons with PTSD to seek out and, at 
times, abuse cannabis.16 However, this correlation has not yet 
been investigated in a well-structured clinical setting.16,37,43

External stimulation of CB1 may not fully explain 
extinction of aversive memories. While CB1 knockout mice 
may require more time to forget adverse memories, so do 
mice with blockade of the endocannabinoid system.41,42 
Indeed administering THC on a chronic basis reduces the 
number of available cannabinoid receptors by 20%–60%, 
which effectively leaves the body’s natural endocannabinoids 
with fewer sites to activate, which may reduce their 
overall impact.44 Some have attempted to reconcile this 
incongruity by suggesting the extinction response is due 
to fatty acid amide hydrolase, the enzyme that degrades 

endocannabinoids.45 Clearly, more studies are needed on 
this matter. Another argument against mere stimulation of 
CB1 focused on the exclusive use of classical conditioning 
in the extinction studies, as this is seen as far removed from 
the experiences that result in PTSD in which the stressor is 
often seen as being of “human design.”44 Indeed, as critics of 
medical marijuana have observed, no amount of numbing 
of PTSD is likely to help veterans process the deep grief and 
pain of having participated in the human tragedy of war.44,46

CONCLUSION
In summary, cannabis is the most widely used illicit 

substance in the United States. With a growing number of 
states seeking to legalize marijuana for medicinal purposes, 
there is a need for a better understanding regarding the 
mechanism of action and efficacy of cannabis for the 
conditions for which it is prescribed. This article sought to 
review the existing literature regarding the use of cannabis 
for PTSD. To date, there is no large-scale, randomized, 
controlled study investigating efficacy of marijuana and 
PTSD symptomatology; however, the literature that exists 
suggests that it may have an effect on decreasing PTSD 
symptoms, and the neurobiological and animal studies 
seem to suggest potential underlying mechanisms consistent 
with these findings. However, PTSD may also be related to 
problematic, pathological use of cannabis. Additionally, the 
overall literature may be limited by publication bias, and 
the lack of standardized, large-scale controlled trials at this 
time makes any final conclusions on the efficacy uncertain. 
As the number of people seeking medical marijuana as well 
as those self-medicating for PTSD continues to rise, there 
is a clear need for more research trials and monitoring of 
the long-term effects of using cannabis for the treatment of 
PTSD and other medical conditions. Until then, given the 
limited evidence, physicians need to use their own clinical 
judgment when weighing the potential risks and benefits for 
a particular patient.
Author affiliation: Department of Psychiatry, Yale University, New Haven, 
Connecticut.
Potential conflicts of interest: The author has no connection with tobacco, 
alcohol, pharmaceutical, or gaming industries or any entity funded by one of 
these organizations. 
Funding/support: None reported.

REFERENCES

  1.	 Substance Abuse Mental Health Services Administration (SAMHSA). Results 
from the 2011 National Survey on Drug Use and Health: Summary of 
National Findings. Rockville, MD: US Department of Health and Human 
Services. http://www.samhsa.gov/data/sites/default/files/
Revised2k11NSDUHSummNatFindings/
Revised2k11NSDUHSummNatFindings/NSDUHresults2011.htm. Updated 
September 2012. Accessed March 23, 2015.

  2.	 Medical Marijuana Pros and Cons. 23 legal medical marijuana states and DC: 
laws, fees, and possession limits; 2014. ProCon.org Web site. http://
medicalmarijuana.procon.org/view.resource.php?resourceID=000881. 
Updated January 8, 2015. Accessed August 25, 2014.

  3.	 Volkow N. Marijuana and medicine: the need for a science-based approach. 
In: Stanford M, Avoy D, eds. Professional Perspectives on Addiction Medicine, 
Volume 2: Beyond Medical Marijuana: Toward Cannabinoid-Based Medicines. 
San Jose, CA: Santa Clara Valley Health & Hospital System, Department of 
Alcohol & Drug Services, Addiction Medicine and Therapy Program; 
2009:24-28.

http://www.samhsa.gov/data/sites/default/files/Revised2k11NSDUHSummNatFindings/Revised2k11NSDUHSummNatFindings/NSDUHresults2011.htm
http://www.samhsa.gov/data/sites/default/files/Revised2k11NSDUHSummNatFindings/Revised2k11NSDUHSummNatFindings/NSDUHresults2011.htm
http://www.samhsa.gov/data/sites/default/files/Revised2k11NSDUHSummNatFindings/Revised2k11NSDUHSummNatFindings/NSDUHresults2011.htm
http://medicalmarijuana.procon.org/view.resource.php?resourceID=000881
http://medicalmarijuana.procon.org/view.resource.php?resourceID=000881


© 2015 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. © 2015 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES. e4    Prim Care Companion CNS Disord 
2015;17(3):doi:10.4088/PCC.15r01786

Stephanie Yarnell

  4.	 National Institutes of Health, Ad Hoc Group of Experts. Workshop on the 
medical utility of marijuana: report to the director. Paper presented at the 
National Institute of Health Conference; February 19–20, 1997; Bethesda, 
MD.

  5.	 Watson SJ, Benson JA Jr, Joy JE. Marijuana and medicine: assessing the 
science base: a summary of the 1999 Institute of Medicine report. Arch Gen 
Psychiatry. 2000;57(6):547–552. doi:10.1001/archpsyc.57.6.547 PubMed

  6.	 Nunberg H, Kilmer B, Pacula RL, et al. An analysis of applicants presenting to 
a medical marijuana specialty practice in California. J Drug Policy Anal. 
2011;4(1);pii:1. PubMed

  7.	 Bowles DW. Persons registered for medical marijuana in the United States. 
	 J Palliat Med. 2012;15(1):9–11. doi:10.1089/jpm.2011.0356 PubMed
  8.	 Bonn-Miller MO, Vujanovic AA, Feldner MT, et al. Posttraumatic stress 

symptom severity predicts marijuana use coping motives among traumatic 
event–exposed marijuana users. J Trauma Stress. 2007;20(4):577–586. doi:10.1002/jts.20243 PubMed

  9.	 Zvolensky MJ, Vujanovic AA, Bernstein A, et al. Marijuana use motives: a 
confirmatory test and evaluation among young adult marijuana users. Addict 
Behav. 2007;32(12):3122–3130. doi:10.1016/j.addbeh.2007.06.010 PubMed

10.	 Johnson K, Mullin JL, Marshall EC, et al. Exploring the mediational role of 
coping motives for marijuana use in terms of the relation between anxiety 
sensitivity and marijuana dependence. Am J Addict. 2010;19(3):277–282. doi:10.1111/j.1521-0391.2010.00041.x PubMed

11.	 Potter CM, Vujanovic AA, Marshall-Berenz EC, et al. Posttraumatic stress 
and marijuana use coping motives: the mediating role of distress tolerance. 
J Anxiety Disord. 2011;25(3):437–443. doi:10.1016/j.janxdis.2010.11.007 PubMed

12.	 Cougle JR, Bonn-Miller MO, Vujanovic AA, et al. Posttraumatic stress 
disorder and cannabis use in a nationally representative sample. Psychol 
Addict Behav. 2011;25(3):554–558. doi:10.1037/a0023076 PubMed

13.	 Cornelius JR, Kirisci L, Reynolds M, et al. PTSD contributes to teen and 
young adult cannabis use disorders. Addict Behav. 2010;35(2):91–94. doi:10.1016/j.addbeh.2009.09.007 PubMed

14.	 Bujarski SJ, Feldner MT, Lewis SF, et al. Marijuana use among traumatic 
event–exposed adolescents: posttraumatic stress symptom frequency predicts 
coping motivations for use. Addict Behav. 2012;37(1):53–59. doi:10.1016/j.addbeh.2011.08.009 PubMed

15.	 Greer GR, Grob CS, Halberstadt AL. PTSD symptom reports of patients 
evaluated for the New Mexico Medical Cannabis Program. J Psychoactive 
Drugs. 2014;46(1):73–77. doi:10.1080/02791072.2013.873843 PubMed

16.	 Bonn-Miller MO, Boden MT, Bucossi MM, et al. Self-reported cannabis use 
characteristics, patterns and helpfulness among medical cannabis users. Am J 
Drug Alcohol Abuse. 2014;40(1):23–30. doi:10.3109/00952990.2013.821477 PubMed

17.	 Bremner JD, Southwick SM, Darnell A, et al. Chronic PTSD in Vietnam 
combat veterans: course of illness and substance abuse. Am J Psychiatry. 
1996;153(3):369–375. doi:10.1176/ajp.153.3.369 PubMed

18.	 Babson KA, Bonn-Miller M. Sleep disturbances: implications for cannabis 
use, cannabis use cessation, and cannabis use treatment. Current Addiction 
Reports. 2014;1(2):109–114. doi:10.1007/s40429-014-0016-9

19.	 Bonn-Miller MO, Babson KA, Vandrey R. Using cannabis to help you sleep: 
heightened frequency of medical cannabis use among those with PTSD. Drug 
Alcohol Depend. 2014;136:162–165. doi:10.1016/j.drugalcdep.2013.12.008 PubMed

20.	 Crippa JA, Zuardi AW, Martín-Santos R, et al. Cannabis and anxiety: a critical 
review of the evidence. Hum Psychopharmacol. 2009;24(7):515–523. doi:10.1002/hup.1048 PubMed

21.	 Calhoun PS, Sampson WS, Bosworth HB, et al. Drug use and validity of 
substance use self-reports in veterans seeking help for posttraumatic stress 
disorder. J Consult Clin Psychol. 2000;68(5):923–927. doi:10.1037/0022-006X.68.5.923 PubMed

22.	 Bonn-Miller MO, Harris AH, Trafton JA. Prevalence of cannabis use disorder 
diagnoses among veterans in 2002, 2008, and 2009. Psychol Serv. 
2012;9(4):404–416. doi:10.1037/a0027622 PubMed

23.	 Bonn-Miller MO, Vujanovic AA, Drescher KD. Cannabis use among military 
veterans after residential treatment for posttraumatic stress disorder. Psychol 
Addict Behav. 2011;25(3):485–491. doi:10.1037/a0021945 PubMed

24.	 Buckner JD, Heimberg RG, Schneier FR, et al. The relationship between 
cannabis use disorders and social anxiety disorder in the National 
Epidemiological Study of Alcohol and Related Conditions (NESARC). Drug 
Alcohol Depend. 2012;124(1–2):128–134. doi:10.1016/j.drugalcdep.2011.12.023 PubMed

25.	 Degenhardt L, Hall W, Lynskey M. Exploring the association between 
cannabis use and depression. Addiction. 2003;98(11):1493–1504. doi:10.1046/j.1360-0443.2003.00437.x PubMed

26.	 Zvolensky MJ, Bernstein A, Sachs-Ericsson N, et al. Lifetime associations 
between cannabis, use, abuse, and dependence and panic attacks in a 
representative sample. J Psychiatr Res. 2006;40(6):477–486. doi:10.1016/j.jpsychires.2005.09.005 PubMed

27.	 Zvolensky MJ, Lewinsohn P, Bernstein A, et al. Prospective associations 
between cannabis use, abuse, and dependence and panic attacks and disorder. 
J Psychiatr Res. 2008;42(12):1017–1023. doi:10.1016/j.jpsychires.2007.10.012 PubMed

28.	 Kessler RC, Sonnega A, Bromet E, et al. Posttraumatic stress disorder in the 
National Comorbidity Survey. Arch Gen Psychiatry. 1995;52(12):1048–1060. doi:10.1001/archpsyc.1995.03950240066012 PubMed

29.	 Stewart SH, Pihl RO, Conrod PJ, et al. Functional associations among trauma, 
PTSD, and substance-related disorders. Addict Behav. 1998;23(6):797–812. doi:10.1016/S0306-4603(98)00070-7 PubMed

30.	 Boden MT, Babson KA, Vujanovic AA, et al. Posttraumatic stress disorder 
and cannabis use characteristics among military veterans with cannabis 
dependence. Am J Addict. 2013;22(3):277–284. doi:10.1111/j.1521-0391.2012.12018.x PubMed

31.	 Hoge CW, Castro CA, Messer SC, et al. Combat duty in Iraq and Afghanistan, 
mental health problems, and barriers to care. N Engl J Med. 
2004;351(1):13–22. doi:10.1056/NEJMoa040603 PubMed

32.	 Institute of Medicine Committee on the Initial Assessment of Readjustment 
Needs of Military Personnel V. Returning Home from Iraq and Afghanistan: 
Preliminary Assessment of Readjustment Needs of Veterans, Service Members, 
and Their Families. Washington, DC: National Academies Press; 2010.

33.	 McFall ME, Mackay PW, Donovan DM. Combat-related posttraumatic stress 
disorder and severity of substance abuse in Vietnam veterans. J Stud Alcohol. 
1992;53(4):357–363. doi:10.15288/jsa.1992.53.357 PubMed

34.	 Reifman A, Windle M. Vietnam combat exposure and recent drug use: a 
national study. J Trauma Stress. 1996;9(3):557–568. doi:10.1002/jts.2490090311 PubMed

35.	 Rosen C, Greenbaum M, Fitt J. Demand for and utilization of VA outpatient 
mental health care for PTSD: 2001–2007. Poster presented at the Annual VA 
Health Services Research & Development Conference. February 13, 2008; 
Baltimore, MD.

36.	 Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of a 
peripheral receptor for cannabinoids. Nature. 1993;365(6441):61–65. doi:10.1038/365061a0 PubMed

37.	 Maximillian P. The endocannabinoid system. In: Stanford M, Avoy D, eds. 
Professional Perspectives on Addiction Medicine, Volume 2: Beyond Medical 
Marijuana: Toward Cannabinoid-Based Medicines. San Jose, CA: Santa Clara 
Valley Health & Hospital System Department of Alcohol & Drug Services 
Addiction Medicine and Therapy Program; 2009: 32–41.

38.	 Matsuda LA, Lolait SJ, Brownstein MJ, et al. Structure of a cannabinoid 
receptor and functional expression of the cloned cDNA. Nature. 
1990;346(6284):561–564. doi:10.1038/346561a0 PubMed

39.	 Schwartz CE, Wright CI, Shin LM, et al. Differential amygdalar response  
to novel versus newly familiar neutral faces: a functional MRI probe 
developed for studying inhibited temperament. Biol Psychiatry. 2003;53(10): 
854–862. doi:10.1016/S0006-3223(02)01906-6 PubMed

40.	 Guggenhuber S, Monory K, Lutz B, et al. AAV vector-mediated 
overexpression of CB1 cannabinoid receptor in pyramidal neurons of the 
hippocampus protects against seizure-induced excitoxicity. PLoS ONE. 
2010;5(12):e15707. doi:10.1371/journal.pone.0015707 PubMed

41.	 Marsicano G, Wotjak CT, Azad SC, et al. The endogenous cannabinoid 
system controls extinction of aversive memories. Nature. 
2002;418(6897):530–534. doi:10.1038/nature00839 PubMed

42.	 Chhatwal JP, Davis M, Maguschak KA, et al. Enhancing cannabinoid 
neurotransmission augments the extinction of conditioned fear. 
Neuropsychopharmacology. 2005;30(3):516–524. doi:10.1038/sj.npp.1300655 PubMed

43.	 Lutz B. The endocannabinoid system and extinction learning. Mol Neurobiol. 
2007;36(1):92–101. doi:10.1007/s12035-007-8004-x PubMed

44.	 Cermack T. Medical marijuana. In: Stanford M, Avoy D, eds. Professional 
Perspectives on Addiction Medicine, Volume 2: Beyond Medical Marijuana: 
Toward Cannabinoid-Based Medicines. San Jose, CA: Santa Clara Valley 
Health & Hospital System Department of Alcohol & Drug Services Addiction 
Medicine and Therapy Program; 2009:71.

45.	 Varvel SA, Wise LE, Niyuhire F, et al. Inhibition of fatty-acid amide hydrolase 
accelerates acquisition and extinction rates in a spatial memory task. 
Neuropsychopharmacology. 2007;32(5):1032–1041. doi:10.1038/sj.npp.1301224 PubMed

46.	 Rosin H. The return of pot. The New Republic.  1997;216(7):18–24.

http://dx.doi.org/10.1001/archpsyc.57.6.547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10839332&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23750291&dopt=Abstract
http://dx.doi.org/10.1089/jpm.2011.0356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22268404&dopt=Abstract
http://dx.doi.org/10.1002/jts.20243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17721963&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2007.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17602842&dopt=Abstract
http://dx.doi.org/10.1111/j.1521-0391.2010.00041.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20525036&dopt=Abstract
http://dx.doi.org/10.1016/j.janxdis.2010.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21146357&dopt=Abstract
http://dx.doi.org/10.1037/a0023076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21480682&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2009.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19773127&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2011.08.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21958588&dopt=Abstract
http://dx.doi.org/10.1080/02791072.2013.873843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24830188&dopt=Abstract
http://dx.doi.org/10.3109/00952990.2013.821477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24205805&dopt=Abstract
http://dx.doi.org/10.1176/ajp.153.3.369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8610824&dopt=Abstract
http://dx.doi.org/10.1007/s40429-014-0016-9
http://dx.doi.org/10.1016/j.drugalcdep.2013.12.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24412475&dopt=Abstract
http://dx.doi.org/10.1002/hup.1048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19693792&dopt=Abstract
http://dx.doi.org/10.1037/0022-006X.68.5.923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11068979&dopt=Abstract
http://dx.doi.org/10.1037/a0027622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22564034&dopt=Abstract
http://dx.doi.org/10.1037/a0021945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21261407&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2011.12.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22266089&dopt=Abstract
http://dx.doi.org/10.1046/j.1360-0443.2003.00437.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14616175&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2005.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16271364&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2007.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18076905&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.1995.03950240066012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7492257&dopt=Abstract
http://dx.doi.org/10.1016/S0306-4603(98)00070-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9801717&dopt=Abstract
http://dx.doi.org/10.1111/j.1521-0391.2012.12018.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23617872&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa040603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15229303&dopt=Abstract
http://dx.doi.org/10.15288/jsa.1992.53.357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1619930&dopt=Abstract
http://dx.doi.org/10.1002/jts.2490090311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8827655&dopt=Abstract
http://dx.doi.org/10.1038/365061a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7689702&dopt=Abstract
http://dx.doi.org/10.1038/346561a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2165569&dopt=Abstract
http://dx.doi.org/10.1016/S0006-3223(02)01906-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12742672&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0015707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21203567&dopt=Abstract
http://dx.doi.org/10.1038/nature00839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12152079&dopt=Abstract
http://dx.doi.org/10.1038/sj.npp.1300655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15637635&dopt=Abstract
http://dx.doi.org/10.1007/s12035-007-8004-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17952654&dopt=Abstract
http://dx.doi.org/10.1038/sj.npp.1301224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17047668&dopt=Abstract

