jamanetwork. COM /journals/jamainternalmedicine/fullarticle/1898878

Medical Cannabis Laws and Opioid Analgesic Overdose Mortality in

the United States, 1999-2010

:9/30/2014

8-

Age-Adjusted Opioid Analgesic
Overdose Mortality, per 100000 Population
P

States with a medical cannabis law
— States without a medical cannabis Law

Year

Figure 1. Mean Age-Adjusted Opioid Analgesic Overdose Death Rate

View LargeDownload

1999 2000 2001 2002 2005 2004 2005 2006 2007 2008 2009 2010

1/20


https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/1898878
https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081f1.png?Expires=1693496503&Signature=Y0TWRGkpAJPZdO5pthp7oAP6ukAFVUsXotLgtvtHMD0YnfAPq87GOUN1~52IkPZQF0Cc2wCYgf~y6aHvb5PVAR6PfEZfEl1peNUO-p5NWlUrX3oiTuLf7K-BQ~Lp~yM~eRzOtPi6B1VTFcw6I3a87nzTctFvYD9koUKKam-xXH0RpHLeCo9ztTA4Bu~UhK-jfVMIB2yNMk8f59ouP0wWusF3YSpPh1iojAvQsHa0mMJx2~K5U23-wMMVkgm3Ihmv0nM2~lLGuQbsZdeG5Ior4J6RRZCHUZ9q75iEph9pg4CVgaHWYQ-xXsMv2Y~Wy3s0JwhWtjkG7fnIdvMIBk4oTA__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://undefined/downloadimage.aspx?image=https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081f1.png?Expires=1693496503&Signature=Y0TWRGkpAJPZdO5pthp7oAP6ukAFVUsXotLgtvtHMD0YnfAPq87GOUN1~52IkPZQF0Cc2wCYgf~y6aHvb5PVAR6PfEZfEl1peNUO-p5NWlUrX3oiTuLf7K-BQ~Lp~yM~eRzOtPi6B1VTFcw6I3a87nzTctFvYD9koUKKam-xXH0RpHLeCo9ztTA4Bu~UhK-jfVMIB2yNMk8f59ouP0wWusF3YSpPh1iojAvQsHa0mMJx2~K5U23-wMMVkgm3Ihmv0nM2~lLGuQbsZdeG5Ior4J6RRZCHUZ9q75iEph9pg4CVgaHWYQ-xXsMv2Y~Wy3s0JwhWtjkG7fnIdvMIBk4oTA__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA&sec=60287497&ar=1898878&imagename=&siteId=15

States with a medical cannabis law
— States without a medical cannabis law

Age-Adjusted Opioid Analgesic
Overdose Mortality, per 100000 Population
-

1900 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

States with medical cannabis laws compared with states without such laws in the United States, 1999-2010.

Figure 2. Association Between Medical Cannabis Laws and Opioid Analgesic Overdose Mortality in Each Year After
Implementation of Laws in the United States, 1999-2010

View LargeDownload
0-

1

]

o
1

1
=
=]

Difference in Age-Adjusted
Mortality Rate, %

1

o

o
1

1 2 3 4 5 6
Years After Law Implementation, No.

Point estimate of the mean difference in the opioid analgesic overdose mortality rate in states with medical cannabis
laws compared with states without such laws; whiskers indicate 95% Cls.

Table. Association Between Medical Cannabis Laws and State-Level Opioid Analgesic Overdose Mortality Rates in
the United States, 1999-2010

View LargeDownload

2/20


https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081f1.png?Expires=1693496503&Signature=Y0TWRGkpAJPZdO5pthp7oAP6ukAFVUsXotLgtvtHMD0YnfAPq87GOUN1~52IkPZQF0Cc2wCYgf~y6aHvb5PVAR6PfEZfEl1peNUO-p5NWlUrX3oiTuLf7K-BQ~Lp~yM~eRzOtPi6B1VTFcw6I3a87nzTctFvYD9koUKKam-xXH0RpHLeCo9ztTA4Bu~UhK-jfVMIB2yNMk8f59ouP0wWusF3YSpPh1iojAvQsHa0mMJx2~K5U23-wMMVkgm3Ihmv0nM2~lLGuQbsZdeG5Ior4J6RRZCHUZ9q75iEph9pg4CVgaHWYQ-xXsMv2Y~Wy3s0JwhWtjkG7fnIdvMIBk4oTA__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081f2.png?Expires=1693496503&Signature=sELY2e~a5ocYNd6fX~u6pz5bkYYYAO-1pSFatbv~MoSNiGSCZWLHOGk7mbhEaiWF6jkXN55bTcrd01QuTlvw~a-WvhrQ-DK~Qkpge0GhstMxu2LlntVj3mo5RXppB~Chn3F73G~KJ08yi6mp5oGim3d~9jY9sOq~AwFJHHOEJyOoAJMVdWHWzGKy5kL93a90hDDP2HTG-QTGFlCrv33duMHhGJcgg8OaKMNUbqUKxJEor8LKX2aXoGCWvCTzSwTumHW6eJKYvHJchOTF5NWTEUtEJ-bKd9lmX43tuEzyGOUeJdklKPZKym6XqAt1lDifA3k1MWWIB~3adU~LVd1Ckg__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://undefined/downloadimage.aspx?image=https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081f2.png?Expires=1693496503&Signature=sELY2e~a5ocYNd6fX~u6pz5bkYYYAO-1pSFatbv~MoSNiGSCZWLHOGk7mbhEaiWF6jkXN55bTcrd01QuTlvw~a-WvhrQ-DK~Qkpge0GhstMxu2LlntVj3mo5RXppB~Chn3F73G~KJ08yi6mp5oGim3d~9jY9sOq~AwFJHHOEJyOoAJMVdWHWzGKy5kL93a90hDDP2HTG-QTGFlCrv33duMHhGJcgg8OaKMNUbqUKxJEor8LKX2aXoGCWvCTzSwTumHW6eJKYvHJchOTF5NWTEUtEJ-bKd9lmX43tuEzyGOUeJdklKPZKym6XqAt1lDifA3k1MWWIB~3adU~LVd1Ckg__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA&sec=60287500&ar=1898878&imagename=&siteId=15
https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081f2.png?Expires=1693496503&Signature=sELY2e~a5ocYNd6fX~u6pz5bkYYYAO-1pSFatbv~MoSNiGSCZWLHOGk7mbhEaiWF6jkXN55bTcrd01QuTlvw~a-WvhrQ-DK~Qkpge0GhstMxu2LlntVj3mo5RXppB~Chn3F73G~KJ08yi6mp5oGim3d~9jY9sOq~AwFJHHOEJyOoAJMVdWHWzGKy5kL93a90hDDP2HTG-QTGFlCrv33duMHhGJcgg8OaKMNUbqUKxJEor8LKX2aXoGCWvCTzSwTumHW6eJKYvHJchOTF5NWTEUtEJ-bKd9lmX43tuEzyGOUeJdklKPZKym6XqAt1lDifA3k1MWWIB~3adU~LVd1Ckg__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081t1.png?Expires=1693496503&Signature=ReLQo2Am4w9Nx97M5kEXBa~kFfUcLhfyTXPNktdx2CaeQx-E3Pyp084KI5S88sLYb5bAjvEGAE3m~NP0hhhsIqyJ6KpV~~E9MSmGnr2YEE9ThMUqAnuiCzf8y~-F3X47bRGoSZGcEXz6YSiMmfA7ZyOwFkp~9o9KHYlrYOLoFhpBDnrLtyaMYbU22lOmqiEAi1vTltR0~QNFHuddJ1BSsLZqG~~OkPVGpoR5cP~sVjmi58-9ZbbSOs9MyieM8nMVtoxDtVurI-y-t24mGSjlku~0VnOrZSqbAlZr-MiWPt0YpgU-n7IzZYecUczZYtLBGzuSQ1iO--ubGoXVprOwVw__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://undefined/downloadimage.aspx?image=https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081t1.png?Expires=1693496503&Signature=ReLQo2Am4w9Nx97M5kEXBa~kFfUcLhfyTXPNktdx2CaeQx-E3Pyp084KI5S88sLYb5bAjvEGAE3m~NP0hhhsIqyJ6KpV~~E9MSmGnr2YEE9ThMUqAnuiCzf8y~-F3X47bRGoSZGcEXz6YSiMmfA7ZyOwFkp~9o9KHYlrYOLoFhpBDnrLtyaMYbU22lOmqiEAi1vTltR0~QNFHuddJ1BSsLZqG~~OkPVGpoR5cP~sVjmi58-9ZbbSOs9MyieM8nMVtoxDtVurI-y-t24mGSjlku~0VnOrZSqbAlZr-MiWPt0YpgU-n7IzZYecUczZYtLBGzuSQ1iO--ubGoXVprOwVw__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA&sec=60287499&ar=1898878&imagename=&siteId=15

Table Assocition Between Medical Cannabis Lyws and State-Level Opioid Anplgesic Overdose Mortality Rates inthe United States, 1999-2000

Ped el age DiFleresoe in Age-Adpetted Opioid Asalgesic Qveddose Mestality
im Sates With va Without a Law

Primary Analysis Secondary Analyses
Indipendent Variable® Estimate (955 C1)® Estimate (955 CI)* Estisnate (955 C1)*
Wedecd cannabis Liw =24.8 {=37.5 to =9.5)° JL0(=42.2 ta =17.6) =23.1(=37.1 to =5.97
Presoription drug menitaring program 3.7(=12.T1w 233) 35(=1341237) 7.7 (=11.010 30.3)
Law requining or allowing pharmacists E0(-1041013.1) 4111412 22.5) d30(-154t0d30)
1o reguest patient identification
Ineresed sEate snerdight of pain mand gement clims 1.6{=19.1 ta 5.6) 1.7 ({=20.7 t& =1.7)" 39 (-20.7 ta 12.0)
Annusal state unemployment rake? A4{-03k09T) £.2(0.1¢0 106 2E8(-2 3o 15)
* Al modets adjusted for state and year (fooed effects). inrvobved. Allcovanates were the same as inthe primany analysis, B = (B4
PR QLETE "= 05
= Al mtentional (dscde) overdose deaths were sccluded from the dependent 'ps DOL
varkible: apioed anakgeic everdote momality o thenefone deatbe that are F Ay arss et was Calculat e Tof 3 |-eicentage- poent cieass o the state

urnintertional of of undetermaned antent. All covanates wede (e sams a5 mihe unempheymsent rate
pramasy anahris; BY = OET3.

* Fanings inchade all harvin averdote deatks_ even il no opiosd analges was

1.

Gaskin DJ, Richard P. The economic costs of pain in the United States. J Pain. 2012;13(8):715-

724 PubMedGoogle ScholarCrossref

2.

Daubresse M, Chang HY, Yu Y, et al. Ambulatory diagnosis and treatment of nonmalignant pain in the United
States, 2000-2010. Med Care. 2013;51(10):870-878.PubMedGoogle ScholarCrossref

3.

Centers for Disease Control and Prevention. Vital signs: overdoses of prescription opioid pain relievers—United
States, 1999-2008. MMWR Morb Mortal Wkly Rep. 2011;60(43):1487-1492.PubMedGoogle Scholar

4,

Jones CM, Mack KA, Paulozzi LJ. Pharmaceutical overdose deaths, United States, 2010. JAMA.
2013;309(7):657-659.

ArticlePubMedGoogle ScholarCrossref

5.

National Center for Injury Prevention and Control Division of Unintentional Injury Prevention. Policy impact:

prescription painkiller overdoses. http://www.cdc.gov/homeandrecreationalsafety/pdf/policyimpact-
prescriptionpainkillerod.pdf. Published November 2011. Accessed January 27, 2014.

6.

National Conference of State Legislatures. State medical marijuana laws. http://www.ncsl.org/research/health/state-
medical-marijuana-laws.aspx. Published July 7, 2014. Accessed July 14, 2014.

7.

Nevada Division of Public and Behavioral Health. Medical Marijuana Program Monthly Report.
http://health.nv.gov/MedicalMarijuana_Reports.htm. January 2, 2014. Accessed January 27, 2014.

8.

Licensing and Regulatory Affairs Bureau of Health Care Services. Michigan Medical Marihuana Act Statistical Report
for Fiscal Year 2013.

http://www.michigan.gov/documents/lara/BHCS _MMMP_MCL_333.26426i12345 Report FINAL_12-4-

13 441658 7.pdf. Published December 4, 2013. Accessed January 31, 2014.

9.

Oregon Public Health Authority. Oregon Medical Marijuana Program
statistics.https://public.health.oregon.gov/diseasesconditions/chronicdisease/medicalmarijuanaprogram/pages/data.aspx
Published January 1, 2014. Accessed January 31, 2014.

10.

Montana Department of Public Health and Human Services. Montana Marijuana Program Registry information.
http://www.dphhs.mt.gov/marijuanaprogram/mmpregistryinformation.pdf. Published January 1, 2014. Accessed

3/20


https://cdn.jamanetwork.com/ama/content_public/journal/intemed/930927/ioi140081t1.png?Expires=1693496503&Signature=ReLQo2Am4w9Nx97M5kEXBa~kFfUcLhfyTXPNktdx2CaeQx-E3Pyp084KI5S88sLYb5bAjvEGAE3m~NP0hhhsIqyJ6KpV~~E9MSmGnr2YEE9ThMUqAnuiCzf8y~-F3X47bRGoSZGcEXz6YSiMmfA7ZyOwFkp~9o9KHYlrYOLoFhpBDnrLtyaMYbU22lOmqiEAi1vTltR0~QNFHuddJ1BSsLZqG~~OkPVGpoR5cP~sVjmi58-9ZbbSOs9MyieM8nMVtoxDtVurI-y-t24mGSjlku~0VnOrZSqbAlZr-MiWPt0YpgU-n7IzZYecUczZYtLBGzuSQ1iO--ubGoXVprOwVw__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
https://www.ncbi.nlm.nih.gov/pubmed/22607834
https://scholar.google.com/scholar_lookup?title=The%20economic%20costs%20of%20pain%20in%20the%20United%20States.&author=DJ%20Gaskin&author=P%20Richard&publication_year=2012&journal=J%20Pain&volume=13&pages=715-724
https://doi.org/10.1016/j.jpain.2012.03.009
https://www.ncbi.nlm.nih.gov/pubmed/24025657
https://scholar.google.com/scholar_lookup?title=Ambulatory%20diagnosis%20and%20treatment%20of%20nonmalignant%20pain%20in%20the%20United%20States%2C%202000-2010.&author=M%20Daubresse&author=HY%20Chang&author=Y%20Yu&publication_year=2013&journal=Med%20Care&volume=51&pages=870-878
https://doi.org/10.1097/MLR.0b013e3182a95d86
https://www.ncbi.nlm.nih.gov/pubmed/22048730
https://scholar.google.com/scholar_lookup?title=Vital%20signs%3A%20overdoses%20of%20prescription%20opioid%20pain%20relievers%E2%80%94United%20States%2C%201999-2008.&publication_year=2011&journal=MMWR%20Morb%20Mortal%20Wkly%20Rep&volume=60&pages=1487-1492
https://jamanetwork.com/journals/jama/fullarticle/1653518
https://www.ncbi.nlm.nih.gov/pubmed/23423407
https://scholar.google.com/scholar_lookup?title=Pharmaceutical%20overdose%20deaths%2C%20United%20States%2C%202010.&author=CM%20Jones&author=KA%20Mack&author=LJ%20Paulozzi&publication_year=2013&journal=JAMA&volume=309&pages=657-659
https://doi.org/10.1001/jama.2013.272
http://www.cdc.gov/homeandrecreationalsafety/pdf/policyimpact-prescriptionpainkillerod.pdf
http://www.ncsl.org/research/health/state-medical-marijuana-laws.aspx
http://health.nv.gov/MedicalMarijuana_Reports.htm
http://www.michigan.gov/documents/lara/BHCS_MMMP_MCL_333.26426i12345_Report_FINAL_12-4-13_441658_7.pdf
https://public.health.oregon.gov/diseasesconditions/chronicdisease/medicalmarijuanaprogram/pages/data.aspx
http://www.dphhs.mt.gov/marijuanaprogram/mmpregistryinformation.pdf

January 31, 2014.

11.

Cerda M, Wall M, Keyes KM, Galea S, Hasin D. Medical marijuana laws in 50 states: investigating the relationship
between state legalization of medical marijuana and marijuana use, abuse and dependence. Drug Alcohol Depend.
2012;120(1-3):22-27.PubMedGoogle ScholarCrossref

12.

Fiellin LE, Tetrault JM, Becker WC, Fiellin DA, Hoff RA. Previous use of alcohol, cigarettes, and marijuana and
subsequent abuse of prescription opioids in young adults. J Adolesc Health. 2013;52(2):158-163.PubMedGoogle
ScholarCrossref

13.

Marijuana and Medicine: Assessing the Science Base. Washington, DC: National Academies Press; 1999.

14.

Volkow ND, Baler RD, Compton WM, Weiss SR. Adverse health effects of marijuana use. N Engl J Med.
2014;370(23):2219-2227. PubMedGoogle ScholarCrossref

15.

Centers for Disease Control and Prevention. CDC WONDER. National Vital Statistics System: 2010: Multiple Cause
of Death Data. http://wonder.cdc.gov/med.html. Accessed May 30, 2014.

16.

National Alliance for Model State Drug Laws. Prescription Drug Monitoring Program dates of operation. March
2014.http://www.namsdl.org/library/1E4C142E-1372-636C-DD7711E627D4B892/. Accessed April 2, 2014.

17.

Office for State Tribal Local and Territorial Support Centers for Disease Control and Prevention. Menu of state
prescription drug identification laws. http://www.cdc.gov/phlp/docs/menu-pdil.pdf. Published June 30, 2013. Accessed
January 27, 2014.

18.

Office for State Tribal Local and Territorial Support Centers for Disease Control and Prevention. Menu of pain
management clinic regulation. http://www.cdc.gov/phlp/docs/menu-pmcr.pdf. Published September 28, 2012.
Accessed January 27, 2014.

19.

US Bureau of Labor Statistics. Annual state unemployment. http://www.bls.gov/lau/home.htm. Accessed February 5,
2014.

20.

Unick GJ, Rosenblum D, Mars S, Ciccarone D. Intertwined epidemics: national demographic trends in
hospitalizations for heroin- and opioid-related overdoses, 1993-2009. PLoS One. 2013;8(2):€54496.
doi:10.1371/journal.pone.0054496. PubMedGoogle ScholarCrossref

21.

Khosla N, Juon HS, Kirk GD, Astemborski J, Mehta SH. Correlates of non-medical prescription drug use among a
cohort of injection drug users in Baltimore City. Addict Behav. 2011;36(12):1282-1287. PubMedGoogle
ScholarCrossref

22.

Cicero TJ, Ellis MS, Surratt HL. Effect of abuse-deterrent formulation of OxyContin. N Engl J Med.
2012;367(2):187-189. PubMedGoogle ScholarCrossref

23.

4/20


https://www.ncbi.nlm.nih.gov/pubmed/22099393
https://scholar.google.com/scholar_lookup?title=Medical%20marijuana%20laws%20in%2050%20states%3A%20investigating%20the%20relationship%20between%20state%20legalization%20of%20medical%20marijuana%20and%20marijuana%20use%2C%20abuse%20and%20dependence.&author=M%20Cerd%C3%A1&author=M%20Wall&author=KM%20Keyes&author=S%20Galea&author=D%20Hasin&publication_year=2012&journal=Drug%20Alcohol%20Depend&volume=120&pages=22-27
https://doi.org/10.1016/j.drugalcdep.2011.06.011
https://www.ncbi.nlm.nih.gov/pubmed/23332479
https://scholar.google.com/scholar_lookup?title=Previous%20use%20of%20alcohol%2C%20cigarettes%2C%20and%20marijuana%20and%20subsequent%20abuse%20of%20prescription%20opioids%20in%20young%20adults.&author=LE%20Fiellin&author=JM%20Tetrault&author=WC%20Becker&author=DA%20Fiellin&author=RA%20Hoff&publication_year=2013&journal=J%20Adolesc%20Health&volume=52&pages=158-163
https://doi.org/10.1016/j.jadohealth.2012.06.010
https://www.ncbi.nlm.nih.gov/pubmed/24897085
https://scholar.google.com/scholar_lookup?title=Adverse%20health%20effects%20of%20marijuana%20use.&author=ND%20Volkow&author=RD%20Baler&author=WM%20Compton&author=SR%20Weiss&publication_year=2014&journal=N%20Engl%20J%20Med&volume=370&pages=2219-2227
https://doi.org/10.1056/NEJMra1402309
http://wonder.cdc.gov/mcd.html
http://www.namsdl.org/library/1E4C142E-1372-636C-DD7711E627D4B892/
http://www.cdc.gov/phlp/docs/menu-pdil.pdf
http://www.cdc.gov/phlp/docs/menu-pmcr.pdf
http://www.bls.gov/lau/home.htm
https://www.ncbi.nlm.nih.gov/pubmed/23405084
https://scholar.google.com/scholar_lookup?title=Intertwined%20epidemics%3A%20national%20demographic%20trends%20in%20hospitalizations%20for%20heroin-%20and%20opioid-related%20overdoses%2C%201993-2009.&author=GJ%20Unick&author=D%20Rosenblum&author=S%20Mars&author=D%20Ciccarone&publication_year=2013&journal=PLoS%20One&volume=8&pages=e54496
https://doi.org/10.1371/journal.pone.0054496
https://www.ncbi.nlm.nih.gov/pubmed/21868170
https://scholar.google.com/scholar_lookup?title=Correlates%20of%20non-medical%20prescription%20drug%20use%20among%20a%20cohort%20of%20injection%20drug%20users%20in%20Baltimore%20City.&author=N%20Khosla&author=HS%20Juon&author=GD%20Kirk&author=J%20Astemborski&author=SH%20Mehta&publication_year=2011&journal=Addict%20Behav&volume=36&pages=1282-1287
https://doi.org/10.1016/j.addbeh.2011.07.046
https://www.ncbi.nlm.nih.gov/pubmed/22784140
https://scholar.google.com/scholar_lookup?title=Effect%20of%20abuse-deterrent%20formulation%20of%20OxyContin.&author=TJ%20Cicero&author=MS%20Ellis&author=HL%20Surratt&publication_year=2012&journal=N%20Engl%20J%20Med&volume=367&pages=187-189
https://doi.org/10.1056/NEJMc1204141

Peavy KM, Banta-Green CJ, Kingston S, Hanrahan M, Merrill JO, Coffin PO. "Hooked on" prescription-type
opiates prior to using heroin: results from a survey of syringe exchange clients. J Psychoactive Drugs.
2012;44(3):259-265. PubMedGoogle ScholarCrossref

24,

Angrist J, Pischke J. Mostly Harmless Econometrics: An Empiricist’'s Companion. Princeton, NJ: Princeton
University Press; 2009.

25.

Sidney S, Beck JE, Tekawa IS, Quesenberry CP, Friedman GD. Marijuana use and mortality. Am J Public Health.
1997;87(4):585-590.PubMedGoogle ScholarCrossref

26.

Centers for Disease Control and Prevention. CDC grand rounds: prescription drug overdoses—a US

epidemic. MMWR Morb Mortal Wkly Rep. 2012;61(1):10-13.PubMedGoogle Scholar

27.

Lynch ME, Campbell F. Cannabinoids for treatment of chronic non-cancer pain; a systematic review of randomized
trials. Br J Clin Pharmacol. 2011;72(5):735-744.PubMedGoogle ScholarCrossref

28.

Kumar RN, Chambers WA, Pertwee RG. Pharmacological actions and therapeutic uses of cannabis and
cannabinoids. Anaesthesia. 2001;56(11):1059-1068.PubMedGoogle ScholarCrossref

29.

Abrams DI, Couey P, Shade SB, Kelly ME, Benowitz NL. Cannabinoid-opioid interaction in chronic pain. Clin
Pharmacol Ther. 2011;90(6):844-851.PubMedGoogle ScholarCrossref

30.

Lynch ME, Clark AJ. Cannabis reduces opioid dose in the treatment of chronic non-cancer pain. J Pain Symptom
Manage. 2003;25(6):496-498.PubMedGoogle ScholarCrossref

31.

Dunn KM, Saunders KW, Rutter CM, et al. Opioid prescriptions for chronic pain and overdose: a cohort study. Ann
Intern Med. 2010;152(2):85-92.PubMedGoogle ScholarCrossref

32.

Bohnert AS, Valenstein M, Bair MJ, et al. Association between opioid prescribing patterns and opioid overdose-
related deaths. JAMA. 2011;305(13):1315-1321.

ArticlePubMedGoogle ScholarCrossref

33.

Tanda G, Pontieri FE, Di Chiara G. Cannabinoid and heroin activation of mesolimbic dopamine transmission by a
common 4 opioid receptor mechanism. Science. 1997;276(5321):2048-2050.PubMedGoogle ScholarCrossref

34.

Scavone JL, Sterling RC, Van Bockstaele EJ. Cannabinoid and opioid interactions: implications for opiate
dependence and withdrawal. Neuroscience. 2013;248:637-654.PubMedGoogle ScholarCrossref

35.

Ashton CH. Pharmacology and effects of cannabis: a brief review. Br J Psychiatry. 2001;178:101-
106.PubMedGoogle ScholarCrossref

36.

Hermann D, Klages E, Welzel H, Mann K, Croissant B. Low efficacy of non-opioid drugs in opioid withdrawal
symptoms. Addict Biol. 2005;10(2):165-169.PubMedGoogle ScholarCrossref

37.

5/20


https://www.ncbi.nlm.nih.gov/pubmed/23061326
https://scholar.google.com/scholar_lookup?title=%22Hooked%20on%22%20prescription-type%20opiates%20prior%20to%20using%20heroin%3A%20results%20from%20a%20survey%20of%20syringe%20exchange%20clients.&author=KM%20Peavy&author=CJ%20Banta-Green&author=S%20Kingston&author=M%20Hanrahan&author=JO%20Merrill&author=PO%20Coffin&publication_year=2012&journal=J%20Psychoactive%20Drugs&volume=44&pages=259-265
https://doi.org/10.1080/02791072.2012.704591
https://www.ncbi.nlm.nih.gov/pubmed/9146436
https://scholar.google.com/scholar_lookup?title=Marijuana%20use%20and%20mortality.&author=S%20Sidney&author=JE%20Beck&author=IS%20Tekawa&author=CP%20Quesenberry&author=GD%20Friedman&publication_year=1997&journal=Am%20J%20Public%20Health&volume=87&pages=585-590
https://doi.org/10.2105/AJPH.87.4.585
https://www.ncbi.nlm.nih.gov/pubmed/22237030
https://scholar.google.com/scholar_lookup?title=CDC%20grand%20rounds%3A%20prescription%20drug%20overdoses%E2%80%94a%20US%20epidemic.&publication_year=2012&journal=MMWR%20Morb%20Mortal%20Wkly%20Rep&volume=61&pages=10-13
https://www.ncbi.nlm.nih.gov/pubmed/21426373
https://scholar.google.com/scholar_lookup?title=Cannabinoids%20for%20treatment%20of%20chronic%20non-cancer%20pain%3B%20a%20systematic%20review%20of%20randomized%20trials.&author=ME%20Lynch&author=F%20Campbell&publication_year=2011&journal=Br%20J%20Clin%20Pharmacol&volume=72&pages=735-744
https://doi.org/10.1111/j.1365-2125.2011.03970.x
https://www.ncbi.nlm.nih.gov/pubmed/11703238
https://scholar.google.com/scholar_lookup?title=Pharmacological%20actions%20and%20therapeutic%20uses%20of%20cannabis%20and%20cannabinoids.&author=RN%20Kumar&author=WA%20Chambers&author=RG%20Pertwee&publication_year=2001&journal=Anaesthesia&volume=56&pages=1059-1068
https://doi.org/10.1046/j.1365-2044.2001.02269.x
https://www.ncbi.nlm.nih.gov/pubmed/22048225
https://scholar.google.com/scholar_lookup?title=Cannabinoid-opioid%20interaction%20in%20chronic%20pain.&author=DI%20Abrams&author=P%20Couey&author=SB%20Shade&author=ME%20Kelly&author=NL%20Benowitz&publication_year=2011&journal=Clin%20Pharmacol%20Ther&volume=90&pages=844-851
https://doi.org/10.1038/clpt.2011.188
https://www.ncbi.nlm.nih.gov/pubmed/12782429
https://scholar.google.com/scholar_lookup?title=Cannabis%20reduces%20opioid%20dose%20in%20the%20treatment%20of%20chronic%20non-cancer%20pain.&author=ME%20Lynch&author=AJ%20Clark&publication_year=2003&journal=J%20Pain%20Symptom%20Manage&volume=25&pages=496-498
https://doi.org/10.1016/S0885-3924(03)00142-8
https://www.ncbi.nlm.nih.gov/pubmed/20083827
https://scholar.google.com/scholar_lookup?title=Opioid%20prescriptions%20for%20chronic%20pain%20and%20overdose%3A%20a%20cohort%20study.&author=KM%20Dunn&author=KW%20Saunders&author=CM%20Rutter&publication_year=2010&journal=Ann%20Intern%20Med&volume=152&pages=85-92
https://doi.org/10.7326/0003-4819-152-2-201001190-00006
https://jamanetwork.com/journals/jama/fullarticle/896182
https://www.ncbi.nlm.nih.gov/pubmed/21467284
https://scholar.google.com/scholar_lookup?title=Association%20between%20opioid%20prescribing%20patterns%20and%20opioid%20overdose-related%20deaths.&author=AS%20Bohnert&author=M%20Valenstein&author=MJ%20Bair&publication_year=2011&journal=JAMA&volume=305&pages=1315-1321
https://doi.org/10.1001/jama.2011.370
https://www.ncbi.nlm.nih.gov/pubmed/9197269
https://scholar.google.com/scholar_lookup?title=Cannabinoid%20and%20heroin%20activation%20of%20mesolimbic%20dopamine%20transmission%20by%20a%20common%20%CE%BC1%20opioid%20receptor%20mechanism.&author=G%20Tanda&author=FE%20Pontieri&author=G%20Di%20Chiara&publication_year=1997&journal=Science&volume=276&pages=2048-2050
https://doi.org/10.1126/science.276.5321.2048
https://www.ncbi.nlm.nih.gov/pubmed/23624062
https://scholar.google.com/scholar_lookup?title=Cannabinoid%20and%20opioid%20interactions%3A%20implications%20for%20opiate%20dependence%20and%20withdrawal.&author=JL%20Scavone&author=RC%20Sterling&author=EJ%20Van%20Bockstaele&publication_year=2013&journal=Neuroscience&volume=248&pages=637-654
https://doi.org/10.1016/j.neuroscience.2013.04.034
https://www.ncbi.nlm.nih.gov/pubmed/11157422
https://scholar.google.com/scholar_lookup?title=Pharmacology%20and%20effects%20of%20cannabis%3A%20a%20brief%20review.&author=CH%20Ashton&publication_year=2001&journal=Br%20J%20Psychiatry&volume=178&pages=101-106
https://doi.org/10.1192/bjp.178.2.101
https://www.ncbi.nlm.nih.gov/pubmed/16191669
https://scholar.google.com/scholar_lookup?title=Low%20efficacy%20of%20non-opioid%20drugs%20in%20opioid%20withdrawal%20symptoms.&author=D%20Hermann&author=E%20Klages&author=H%20Welzel&author=K%20Mann&author=B%20Croissant&publication_year=2005&journal=Addict%20Biol&volume=10&pages=165-169
https://doi.org/10.1080/13556210500123514

Scavone JL, Sterling RC, Weinstein SP, Van Bockstaele EJ. Impact of cannabis use during stabilization on
methadone maintenance treatment. Am J Addict. 2013;22(4):344-351.PubMedGoogle ScholarCrossref

38.

Lynskey MT, Heath AC, Bucholz KK, et al. Escalation of drug use in early-onset cannabis users vs co-twin
controls. JAMA. 2003;289(4):427-433.

ArticlePubMedGoogle ScholarCrossref

39.

Yamaguchi K, Kandel DB. Patterns of drug use from adolescence to young adulthood, Ill: predictors of
progression. Am J Public Health. 1984;74(7):673-681.PubMedGoogle ScholarCrossref

40.

Fergusson DM, Horwood LJ. Early onset cannabis use and psychosocial adjustment in young adults. Addiction.

1997;92(3):279-296.PubMedGoogle ScholarCrossref

41.

Kandel DB. Does marijuana use cause the use of other drugs? JAMA. 2003;289(4):482-483.
ArticlePubMedGoogle ScholarCrossref

42.

Pacula RL, Sevigny EL. Marijuana liberalization policies: why we can’t learn much from policy still in motion. J
Policy Anal Manage. 2014;33(1):212-221. PubMedGoogle ScholarCrossref

Select Your Interests

Select Your Interests

Customize your JAMA Network experience by selecting one or more topics from the list below.

¢ Academic Medicine

¢ Acid Base, Electrolytes, Fluids

¢ Allergy and Clinical Immunology

¢ Anesthesiology

¢ Anticoagulation

¢ Art and Images in Psychiatry

¢ Assisted Reproduction

¢ Bleeding and Transfusion

e Cardiology

¢ Caring for the Critically Ill Patient

¢ Challenges in Clinical Electrocardiography
¢ Climate and Health

¢ Clinical Challenge

¢ Clinical Decision Support

¢ Clinical Implications of Basic Neuroscience
¢ Clinical Pharmacy and Pharmacology

e Complementary and Alternative Medicine
¢ Consensus Statements

e Coronavirus (COVID-19)

¢ Critical Care Medicine

¢ Cultural Competency

6/20


https://www.ncbi.nlm.nih.gov/pubmed/23795873
https://scholar.google.com/scholar_lookup?title=Impact%20of%20cannabis%20use%20during%20stabilization%20on%20methadone%20maintenance%20treatment.&author=JL%20Scavone&author=RC%20Sterling&author=SP%20Weinstein&author=EJ%20Van%20Bockstaele&publication_year=2013&journal=Am%20J%20Addict&volume=22&pages=344-351
https://doi.org/10.1111/ajad.v22.4
https://jamanetwork.com/journals/jama/fullarticle/195839
https://www.ncbi.nlm.nih.gov/pubmed/12533121
https://scholar.google.com/scholar_lookup?title=Escalation%20of%20drug%20use%20in%20early-onset%20cannabis%20users%20vs%20co-twin%20controls.&author=MT%20Lynskey&author=AC%20Heath&author=KK%20Bucholz&publication_year=2003&journal=JAMA&volume=289&pages=427-433
https://doi.org/10.1001/jama.289.4.427
https://www.ncbi.nlm.nih.gov/pubmed/6742253
https://scholar.google.com/scholar_lookup?title=Patterns%20of%20drug%20use%20from%20adolescence%20to%20young%20adulthood%2C%20III%3A%20predictors%20of%20progression.&author=K%20Yamaguchi&author=DB%20Kandel&publication_year=1984&journal=Am%20J%20Public%20Health&volume=74&pages=673-681
https://doi.org/10.2105/AJPH.74.7.673
https://www.ncbi.nlm.nih.gov/pubmed/9219390
https://scholar.google.com/scholar_lookup?title=Early%20onset%20cannabis%20use%20and%20psychosocial%20adjustment%20in%20young%20adults.&author=DM%20Fergusson&author=LJ%20Horwood&publication_year=1997&journal=Addiction&volume=92&pages=279-296
https://doi.org/10.1111/add.1997.92.issue-3
https://jamanetwork.com/journals/jama/fullarticle/195817
https://www.ncbi.nlm.nih.gov/pubmed/12533129
https://scholar.google.com/scholar_lookup?title=Does%20marijuana%20use%20cause%20the%20use%20of%20other%20drugs%3F&author=DB%20Kandel&publication_year=2003&journal=JAMA&volume=289&pages=482-483
https://doi.org/10.1001/jama.289.4.482
https://www.ncbi.nlm.nih.gov/pubmed/24358530
https://scholar.google.com/scholar_lookup?title=Marijuana%20liberalization%20policies%3A%20why%20we%20can%E2%80%99t%20learn%20much%20from%20policy%20still%20in%20motion.&author=RL%20Pacula&author=EL%20Sevigny&publication_year=2014&journal=J%20Policy%20Anal%20Manage&volume=33&pages=212-221
https://doi.org/10.1002/pam.21726

Dental Medicine

Dermatology

Diabetes and Endocrinology
Diagnostic Test Interpretation
Drug Development

Electronic Health Records
Emergency Medicine

End of Life

Environmental Health

Equity, Diversity, and Inclusion
Ethics

Facial Plastic Surgery
Gastroenterology and Hepatology
Genetics and Genomics
Genomics and Precision Health
Geriatrics

Global Health

Guide to Statistics and Methods
Guidelines

Hair Disorders

Health Care Delivery Models
Health Care Economics, Insurance, Payment
Health Care Quality

Health Care Reform

Health Care Safety

Health Care Workforce

Health Disparities

Health Inequities

Health Informatics

Health Policy

Hematology

History of Medicine

Humanities

Hypertension

Images in Neurology
Implementation Science
Infectious Diseases
Innovations in Health Care Delivery
JAMA Infographic

Law and Medicine

Leading Change

Less is More

LGBTQIA Medicine

Lifestyle Behaviors

Medical Coding

7/20



Medical Devices and Equipment
Medical Education

Medical Education and Training
Medical Journals and Publishing
Melanoma

Mobile Health and Telemedicine
Narrative Medicine

Nephrology

Neurology

Neuroscience and Psychiatry
Notable Notes

Nursing

Nutrition

Nutrition, Obesity, Exercise
Obesity

Obstetrics and Gynecology
Occupational Health

Oncology

Ophthalmology

Orthopedics

Otolaryngology

Pain Medicine

Pathology and Laboratory Medicine
Patient Care

Patient Information

Pediatrics

Performance Improvement
Performance Measures
Perioperative Care and Consultation
Pharmacoeconomics
Pharmacoepidemiology
Pharmacogenetics

Pharmacy and Clinical Pharmacology
Physical Medicine and Rehabilitation
Physical Therapy

Physician Leadership

Poetry

Population Health

Professional Well-being
Professionalism

Psychiatry and Behavioral Health
Public Health

Pulmonary Medicine

Radiology

Regulatory Agencies

8/20



e Research, Methods, Statistics

¢ Resuscitation

¢ Rheumatology

¢ Risk Management

¢ Scientific Discovery and the Future of Medicine
¢ Shared Decision Making and Communication
e Sleep Medicine

e Sports Medicine

o Stem Cell Transplantation

e Substance Use and Addiction Medicine
e Surgery

e Surgical Innovation

e Surgical Pearls

e Teachable Moment

¢ Technology and Finance

e The Art of JAMA

¢ The Arts and Medicine

¢ The Rational Clinical Examination

e Tobacco and e-Cigarettes

¢ Toxicology

¢ Translational Medicine

e Trauma and Injury

¢ Treatment Adherence

¢ Ultrasonography

e Urology

e Users' Guide to the Medical Literature
¢ Vaccination

¢ Venous Thromboembolism

¢ Veterans Health

¢ Violence

e Women's Health

¢ Workflow and Process

¢ Wound Care, Infection, Healing

Save Preferences
Others Also Liked

View Correction
This Issue
View Metrics

¢ Download PDF
e Cite This

Citation

9/20


https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/1919740
https://jamanetwork.com/journals/jamainternalmedicine/issue/174/10

Bachhuber MA, Saloner B, Cunningham CO, Barry CL. Medical Cannabis Laws and Opioid Analgesic
Overdose Mortality in the United States, 1999-2010. JAMA Intern Med. 2014;174(10):1668—1673.
doi:10.1001/jamainternmed.2014.4005

Download citation file:

Ris (Zotero) EndNote BibTex Medlars ProCite RefWorks Reference Manager Mendeley
© 2023
¢ Permissions
Original Investigation

October 2014

Marcus A. Bachhuber, MD'23; Brendan Saloner, PhD3*#; Chinazo O. Cunningham, MD, MS?; et al Colleen

L. Barry, PhD, MPP3.6
Author Affiliations Article Information

« 'Center for Health Equity Research and Promotion, Philadelphia Veterans Affairs Medical Center, Philadelphia,
Pennsylvania

« 2Robert Wood Johnson Foundation Clinical Scholars Program, University of Pennsylvania, Philadelphia
« 3Leonard Davis Institute of Health Economics, University of Pennsylvania, Philadelphia
« “*Robert Wood Johnson Health and Society Scholars Program, University of Pennsylvania, Philadelphia

« SDivision of General Internal Medicine, Montefiore Medical Center/Albert Einstein College of Medicine, Bronx,
New York

o 6Department of Health Policy and Management, the Johns Hopkins Bloomberg School of Public Health,
Baltimore, Maryland

JAMA Intern Med. 2014;174(10):1668-1673. doi:10.1001/jamainternmed.2014.4005

visual abstract icon
Visual

Abstract

editorial comment icon
Editorial

Comment

related articles icon
Related

10/20


https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=0
https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=1
https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=2
https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=3
https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=0
https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=3
https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=0
https://undefined/Citation/Download?resourceId=1898878&resourceType=3&citationFormat=0
http://s100.copyright.com/AppDispatchServlet?publisherName=AMA&publication=2168-6106&title=Medical+Cannabis+Laws+and+Opioid+Analgesic+Overdose+Mortality+in+the+United+States%2c+1999-2010&publicationDate=2014-10-01&volumeNum=174&issueNum=10&author=Bachhuber%2c+Marcus+A.%3b+Saloner%2c+Brendan&startPage=1668&endPage=1673&contentId=10.1001%2fjamainternmed.2014.4005&oa=&orderBeanReset=True
https://undefined/searchresults?author=Marcus+A.+Bachhuber&q=Marcus+A.+Bachhuber
https://undefined/searchresults?author=Brendan+Saloner&q=Brendan+Saloner
https://undefined/searchresults?author=Chinazo+O.+Cunningham&q=Chinazo+O.+Cunningham
https://undefined/searchresults?author=Colleen+L.+Barry&q=Colleen+L.+Barry

Articles

author interview icon
Interviews
multimedia icon
Multimedia

audio icon
Listen to

this article
¢ Invited Commentary
Legalization of Medical Marijuana
Marie J. Hayes, PhD; Mark S. Brown, MD
Abstract

Importance Opioid analgesic overdose mortality continues to rise in the United States, driven by increases in
prescribing for chronic pain. Because chronic pain is a major indication for medical cannabis, laws that establish
access to medical cannabis may change overdose mortality related to opioid analgesics in states that have enacted
them.

Objective To determine the association between the presence of state medical cannabis laws and opioid analgesic
overdose mortality.

Design, Setting, and Participants A time-series analysis was conducted of medical cannabis laws and state-level
death certificate data in the United States from 1999 to 2010; all 50 states were included.

Exposures Presence of a law establishing a medical cannabis program in the state.

Main Outcomes and Measures Age-adjusted opioid analgesic overdose death rate per 100 000 population in each
state. Regression models were developed including state and year fixed effects, the presence of 3 different policies
regarding opioid analgesics, and the state-specific unemployment rate.

Results Three states (California, Oregon, and Washington) had medical cannabis laws effective prior to 1999. Ten
states (Alaska, Colorado, Hawaii, Maine, Michigan, Montana, Nevada, New Mexico, Rhode Island, and Vermont)
enacted medical cannabis laws between 1999 and 2010. States with medical cannabis laws had a 24.8% lower mean
annual opioid overdose mortality rate (95% CI, —37.5% to —9.5%; P =.003) compared with states without medical
cannabis laws. Examination of the association between medical cannabis laws and opioid analgesic overdose
mortality in each year after implementation of the law showed that such laws were associated with a lower rate of
overdose mortality that generally strengthened over time: year 1 (-19.9%; 95% CI, -30.6% to -7.7%; P=.002), year
2 (-25.2%; 95% Cl, -40.6% to -5.9%; P =.01), year 3 (-23.6%; 95% CI, -41.1% to -1.0%; P=.04), year 4 (-20.2%;
95% Cl, -33.6% to -4.0%; P=.02), year 5 (-33.7%; 95% ClI, -50.9% to —10.4%; P =.008), and year 6 (-33.3%; 95%
Cl, —44.7% to -19.6%; P <.001). In secondary analyses, the findings remained similar.
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Conclusions and Relevance Medical cannabis laws are associated with significantly lower state-level opioid
overdose mortality rates. Further investigation is required to determine how medical cannabis laws may interact with
policies aimed at preventing opioid analgesic overdose.

Introduction

Chronic noncancer pain is common in the United States,' and the proportion of patients with noncancer pain who
receive prescriptions for opioids has almost doubled over the past decade.? In parallel to this increase in

prescriptions, rates of opioid use disorders and overdose deaths have risen dramatica1||y.3'4 Policies such as
prescription drug monitoring programs, increased scrutiny of patients and providers, and enhanced access to

substance abuse treatment have been advocated to reduce the risk of opioid analgesics5; however, relatively less
attention has focused on how the availability of alternative nonopioid treatments may affect overdose rates.

As of July 2014, a total of 23 states have enacted laws establishing medical cannabis programs6 and chronic or
severe pain is the primary indication in most states.”"'Y Medical cannabis laws are associated with increased

cannabis use among adults.”! This increased access to medical cannabis may reduce opioid analgesic use by

patients with chronic pain, and therefore reduce opioid analgesic overdoses. Alternatively, if cannabis adversely alters

the pharmacokinetics of opioids or serves as a “gateway” or “stepping stone” leading to further substance use, %14

medical cannabis laws may increase opioid analgesic overdoses. Given these potential effects, we examined the
relationship between implementation of state medical cannabis laws and opioid analgesic overdose deaths in the
United States between 1999 and 2010.

Methods

The opioid analgesic overdose mortality rate in each state from 1999 to 2010 was abstracted using the Wide-ranging
Online Data for Epidemiologic Research interface to multiple cause-of-death data from the Centers for Disease

Control and Prevention.'® We defined opioid analgesic overdose deaths as fatal drug overdoses of any intent
(International Statistical Classification of Diseases, 10th revision [ICD-10], codes X40-X44, X60-X64, and Y10-Y14)
where an opioid analgesic was also coded (T40.2-T40.4). This captures all overdose deaths where an opioid
analgesic was involved including those involving polypharmacy or illicit drug use (eg, heroin). Analysis of publicly
available secondary data is considered exempt by the University of Pennsylvania Institutional Review Board.

Three states (California, Oregon, and Washington) had medical cannabis laws effective prior to 1999.° Ten states
(Alaska, Colorado, Hawaii, Maine, Michigan, Montana, Nevada, New Mexico, Rhode Island, and Vermont)
implemented medical cannabis laws between 1999 and 2010. Nine states (Arizona, Connecticut, Delaware, lllinois,
Maryland, Massachusetts, Minnesota, New Hampshire, and New York) had medical cannabis laws effective after
2010, which is beyond the study period. New Jersey’s medical cannabis law went into effect in the last quarter of
2010 and was counted as effective after the study period. In each year, we first plotted the mean age-adjusted opioid
analgesic overdose mortality rate in states that had a medical cannabis law vs states that did not.

Next, we determined the association between medical cannabis laws and opioid analgesic—related deaths using
linear time-series regression models. For the dependent variable, we used the logarithm of the year- and state-
specific age-adjusted opioid analgesic overdose mortality rate. Our main independent variable of interest was the
presence of medical cannabis laws, which we modeled in 2 ways.
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In our first regression model, we included an indicator for the presence of a medical cannabis law in the state and
year. All years prior to a medical cannabis law were coded as 0 and all years after the year of passage were coded as
1. Because laws could be implemented at various points in the year, we coded the law as a fraction for years of
implementation (eg, 0.5 for a law that was implemented on July 1). The coefficient on this variable therefore
represents the mean difference, expressed as a percentage, in the annual opioid analgesic overdose mortality rate
associated with the implementation of medical cannabis laws. To estimate the absolute difference in mortality
associated with medical cannabis laws in 2010, we calculated the expected number of opioid analgesic overdose
deaths in medical cannabis states had laws not been present and subtracted the actual number of overdose deaths
recorded.

In our second model, we allowed the effect of medical cannabis laws to vary depending on the time elapsed since
enactment, because states may have experienced delays in patient registration, distribution of identification cards,
and establishment of dispensaries, if applicable. Accordingly, we coded years with no law present as 0, but included
separate coefficients to measure each year since implementation of the medical cannabis law for states that adopted
such laws. States that implemented medical cannabis laws before the study period were coded similarly (eg, in 1999,
California was coded as 3 because the law was implemented in 1996). This model provides separate estimates for 1
year after implementation, 2 years after implementation, and so forth.

Each model adjusted for state and year (fixed effects). We also included 4 time-varying state-level factors: (1) the
presence of a state-level prescription drug monitoring program (a state-level registry containing information on

controlled substances prescribed in a state),16 (2) the presence of a law requiring or allowing a pharmacist to request
patient identification before dispensing medications, '’ (3) the presence of regulations establishing increased state
oversight of pain management clinics,'® and (4) state- and year-specific unemployment rates to adjust for the

economic climate.’? Colinearity among independent variables was assessed by examining variance inflation factors;
no evidence of colinearity was found. For all models, robust standard errors were calculated using procedures to
account for correlation within states over time.

To assess the robustness of our results, we performed several further analyses. First, we excluded intentional opioid

analgesic overdose deaths from the age-adjusted overdose mortality rate to focus exclusively on nonsuicide deaths.

20-23 \ve included overdose

Second, because heroin and prescription opioid use are interrelated for some individuals,
deaths related to heroin, even if no opioid analgesic was coded. Third, we assessed the robustness of our findings to
the inclusion of state-specific linear time trends that can be used to adjust for differential factors that changed linearly
over the study period (eg, hard-to-measure attitudes or cultural changes). Fourth, we tested whether trends in opioid

analgesic overdose mortality predated the implementation of medical cannabis laws by including indicator variables in

a separate regression model for the 2 years before the passage of the law.2* Finally, to test the specificity of any
association found between medical cannabis laws and opioid analgesic overdose mortality, we examined the
association between state medical cannabis laws and age-adjusted death rates of other medical conditions without

strong links to cannabis use: heart disease (/ICD-10 codes 100-109, 111, [13, and I2O-I51)25 and septicemia (A40-A41).
All analyses were performed using SAS, version 9.3 (SAS Institute Inc).

Results

The mean age-adjusted opioid analgesic overdose mortality rate increased in states with and without medical
cannabis laws during the study period (Figure 1). Throughout the study period, states with medical cannabis laws had
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a higher opioid analgesic overdose mortality rate and the rates rose for both groups; however, between 2009 and
2010 the rate in states with medical cannabis laws appeared to plateau.

In the adjusted model, medical cannabis laws were associated with a mean 24.8% lower annual rate of opioid
analgesic overdose deaths (95% CI, —-37.5% to —9.5%; P =.003) (Table), compared with states without laws. In 2010,
this translated to an estimated 1729 (95% CI, 549 to 3151) fewer deaths than expected. Medical cannabis laws were
associated with lower rates of opioid analgesic overdose mortality, which generally strengthened in the years after
passage (Figure 2): year 1 (-19.9%; 95% ClI, =30.6% to =7.7%; P=.002), year 2 (-25.2%; 95% CI, -40.6% to
-5.9%; P=.01), year 3 (-23.6%; 95% CI, -41.1% to —1.0%; P =.04), year 4 (-20.2%; 95% Cl, —33.6% to -4.0%; P
=.02), year 5 (-33.7%; 95% ClI, -50.9% to —10.4%; P =.008), and year 6 (—33.3%; 95% CI, -44.7% to —19.6%; P
<.001). The other opioid analgesic policies, as well as state unemployment rates, were not significantly associated
with opioid analgesic mortality rates.

In additional analyses, the association between medical cannabis laws and opioid analgesic mortality rates was
similar after excluding intentional deaths (ie, suicide) and when including all heroin overdose deaths, even if an opioid
analgesic was not involved (Table). Including state-specific linear time trends in the model resulted in a borderline
significant association between laws and opioid analgesic overdose mortality (—17.9%; 95% CI, -32.7% to 0.3%; P
=.054). When examining the years prior to law implementation, we did not find an association between medical
cannabis laws and opioid analgesic overdose mortality 2 years prior to law implementation (-13.1%; 95% CI, -45.5%
to 38.6%; P=.56) or 1 year prior (1.2%; 95% Cl, —41.2% to 74.0%; P =.97). Finally, we did not find significant
associations between medical cannabis laws and mortality associated with heart disease (1.4%; 95% Cl, -0.2% to
2.9%; P=.09) or septicemia (—1.8%; 95% CI, -7.6% to 4.3%; P =.55).

Discussion

In an analysis of death certificate data from 1999 to 2010, we found that states with medical cannabis laws had lower
mean opioid analgesic overdose mortality rates compared with states without such laws. This finding persisted when
excluding intentional overdose deaths (ie, suicide), suggesting that medical cannabis laws are associated with lower
opioid analgesic overdose mortality among individuals using opioid analgesics for medical indications. Similarly, the
association between medical cannabis laws and lower opioid analgesic overdose mortality rates persisted when
including all deaths related to heroin, even if no opioid analgesic was present, indicating that lower rates of opioid
analgesic overdose mortality were not offset by higher rates of heroin overdose mortality. Although the exact
mechanism is unclear, our results suggest a link between medical cannabis laws and lower opioid analgesic
overdose mortality.

Approximately 60% of all opioid analgesic overdoses occur among patients who have legitimate prescriptions from a

single provider.?® This group may be sensitive to medical cannabis laws; patients with chronic noncancer pain who
would have otherwise initiated opioid analgesics may choose medical cannabis instead. Although evidence for the

analgesic properties of cannabis is limited, it may provide analgesia for some individuals.?”+8 In addition, patients
already receiving opioid analgesics who start medical cannabis treatment may experience improved analgesia and

decrease their opioid dose, 2?30 thus potentially decreasing their dose-dependent risk of overdose.>!:32 Finally, if
medical cannabis laws lead to decreases in polypharmacy—particularly with benzodiazepines—in people taking
opioid analgesics, overdose risk would be decreased. Further analyses examining the association between medical
cannabis laws and patterns of opioid analgesic use and polypharmacy in the population as a whole and across
different groups are needed.
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A connection between medical cannabis laws and opioid analgesic overdose mortality among individuals who misuse

or abuse opioids is less clear. Previous laboratory work has shown that cannabinoids act at least in part through an

33,34

opioid receptor mechanism and that they increase dopamine concentrations in the nucleus accumbens in a

fashion similar to that of heroin and several other drugs with abuse potential.?’?"35 Clinically, cannabis use is

36,37

associated with modest reductions in opioid withdrawal symptoms for some people, and therefore may reduce

opioid use. In contrast, cannabis use has been linked with increased use of other drugs, including opioids14'38'40;

however, a causal relationship has not been established.'**! Increased access to cannabis through medical
cannabis laws could influence opioid misuse in either direction, and further study is required.

Although the mean annual opioid analgesic overdose mortality rate was lower in states with medical cannabis laws
compared with states without such laws, the findings of our secondary analyses deserve further consideration. State-
specific characteristics, such as trends in attitudes or health behaviors, may explain variation in medical cannabis
laws and opioid analgesic overdose mortality, and we found some evidence that differences in these characteristics
contributed to our findings. When including state-specific linear time trends in regression models, which are used to
adjust for hard-to-measure confounders that change over time, the association between laws and opioid analgesic
overdose mortality weakened. In contrast, we did not find evidence that states that passed medical cannabis laws
had different overdose mortality rates in years prior to law passage, providing a temporal link between laws and
changes in opioid analgesic overdose mortality. In addition, we did not find evidence that laws were associated with
differences in mortality rates for unrelated conditions (heart disease and septicemia), suggesting that differences in
opioid analgesic overdose mortality cannot be explained by broader changes in health. In summary, although we
found a lower mean annual rate of opioid analgesic mortality in states with medical cannabis laws, a direct causal link
cannot be established.

This study has several limitations. First, this analysis is ecologic and cannot adjust for characteristics of individuals
within the states, such as socioeconomic status, race/ethnicity, or medical and psychiatric diagnoses. Although we
found that the association between medical cannabis laws and lower opioid overdose mortality strengthened in the
years after implementation, this could represent heterogeneity between states that passed laws earlier in the study
period vs those that passed the laws later. Second, death certificate data may not correctly classify cases of opioid
analgesic overdose deaths, and reporting of opioid analgesics on death certificates may differ among states;
misclassification could bias our results in either direction. Third, although fixed-effects models can adjust for time-
invariant characteristics of each state and state-invariant time effects, there may be important time- and state-varying
confounders not included in our models. Finally, our findings apply to states that passed medical cannabis laws
during the study period and the association between future laws and opioid analgesic overdose mortality may differ.

Conclusions

Although the present study provides evidence that medical cannabis laws are associated with reductions in opioid
analgesic overdose mortality on a population level, proposed mechanisms for this association are speculative and
rely on indirect evidence. Further rigorous evaluation of medical cannabis policies, including provisions that vary

among states,”'42

is required before their wide adoption can be recommended. If the relationship between medical
cannabis laws and opioid analgesic overdose mortality is substantiated in further work, enactment of laws to allow for
use of medical cannabis may be advocated as part of a comprehensive package of policies to reduce the population

risk of opioid analgesics.

Back to top
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