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Background & Significance

• U.S. has experienced substantial variation in state 
cannabis laws over the past 25 years, while the federatl 
government has (thus far) maintained prohibition

• As of June 30, 20211

– 25 states and D.C. decriminalized cannabis
– 33 states and D.C. legalized comprehensive medical cannabis
– 16 states and D.C. legalized recreational cannabis

• General interest in understanding the impact of these laws 
on social and public health impacts, including cannabis 
use and cannabis-related harm

• Many have hypothesized that the most significant impact 
of cannabis policy changes are likely to happen to alcohol

• Research remains inconclusive of the effects of 
legalization on alcohol misuse and harm

1 Our own review of legal state statutes.



Goal of our Project

1. Identify the variation in important elements of state 
cannabis laws that determine how restrictive the 
states are with respect to access and use

2. Develop a comprehensively policy scale that reflects 
variation across states in these policies with respect 
to access and use. 

3. Assess how well this Cannabis Policy Scale (CPS) 
correlates with adult cannabis use, youth cannabis 
use and impaired driving

4. Evaluate the correlation between a state’s CPS and 
the state’s Alcohol Policy Scale (APS)

5. Determine the impact of cannabis policy changes on 
alcohol related outcomes, controlling for the alcohol 
policy environment

√

√

√



What we’ll be sharing with you today
1. Findings from our literature review on the impact of

 cannabis policies on alcohol and cannabis use.
2. Develop a comprehensively policy scale that reflects 

variation across states in these policies with respect 
to access and use.  

3. Evaluate the correlation between a state’s CPS and 
the state’s Alcohol Policy Scale (APS).

4. Assess impact of cannabis policy changes on 
alcohol-related outcomes controlling for the alcohol 
policy environment in (a) FARS ; (b) National Violent 
Death Reporting System (NVDRP).
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Relationship between 
cannabis use and alcohol use

•Cannabis use is a risk factor for underage drinking, 
excessive drinking, and crash fatalities involving alcohol

•Concurrent use of cannabis among past month/past year 
alcohol users is around 15%

•Concurrent use of alcohol among cannabis users is 75%
•2/3 of those who both drink alcohol and use cannabis 
consume simultaneously

•Compared with alcohol use alone, 2-3 times increased odds 
of adverse social consequences associated with co-use

•Simultaneous use known to lead to greater cognitive, 
perceptual and motor functioning impairment than alcohol or 
cannabis alone



The need for an updated 
review of the literature

•Guttmannova et al (2016) summarized findings regarding 
substitution and complementary use of alcohol and cannabis 
from published literature through 2015

•We update and extend this review by:
•Applying specific methodological standards in screening 
the studies 

•Focusing on studies that evaluate the impact of cannabis 
policy on alcohol use and co-use with cannabis

•Describing differences in effects across age groups, 
measures of cannabis policy and polydrug use 

•Considering the extent to which studies have 
appropriately considered the true availability of alcohol



Relationship between 
cannabis and alcohol policy, and 

cannabis and alcohol use



Methods

•Articles published between Jan 1, 2015 – Dec 31, 2020
•Articles published in English only
•Study setting:  U.S. and Canada only
•Nonhuman studies, conference abstracts, dissertations 
excluded

•Search terms closely followed Guttmannova et al. (2016), 
with 2 differences:

•We added “cannabis” “beer” “wine” “spirit” to more 
inclusively capture cannabis and alcohol use behaviors

•We excluded the requirement that the paper explicitly 
include one of the terms “spillover/complement*/substit*”



Potentially relevant studies 
identified via keyword search, 
duplicates removed (N = 3446)

• Academic Search (N=295)
• Criminal Justice Abstracts 

(N=16)
• Econlit (N=9)
• Index of Legal Periodicals (N=9)
• National Criminal Justice 

Reference Service (N=2)
• PsycARTICLES (N=0)
• PsycINFO (N=57)
• PubMed (N=1213)
• SCOPUS (N=597)
• Social Science Abstracts (N=2)
• Sociological Abstracts (N=26)
• Web of Science (N=1220)

Full-text articles assessed for eligibility (N=158)

Excluded (N= 3,288)
• Review articles, metanalysis or 

commentaries
• Non-US data
• Descriptive or no policy included
• No alcohol outcome 

Studies included 
N= (23)

Full-text articles 
excluded N=(135)
• No alcohol 

outcome 
• No cannabis 

policy variable 
included 

• No control group
• No pre-post 

analytic design

Studies 
examining SAM 

or concurrent use
N= (5)

Search algorithm results and 
inclusion/exclusion criteria to generate 

final studies included in this review



Results



Study Features of the 23 
Included Studies

Study feature Number of Studies
Cannabis Policies

Medical marijuana laws (MML) 16
Recreational marijuana laws (RML) 11
Decriminalization 4

Alcohol-related Outcomes
Self-reported prevalence or frequency of 
use

10

Heavy or binge drinking behavior 8

Driving or traffic fatality outcomes (MVCs) 5

Health services utilization 2
Age Group

Youth 7
Young adults 6



Cannabis Policies and Alcohol Use
 by Youth (7 studies)

•2 studies showed MML/RML policies reduced alcohol use 
by youth significantly, but policy was not significantly 
associated with cannabis use

•1 study examining RML found evidence of statistically 
significant increase in both past year cannabis use and 
alcohol use suggesting economic complements, but it did 
not control for alcohol policy

•Findings specific to RML were inconsistent likely due to 
differences in time periods examined, controls, and states 
sampled



Cannabis Policies and Alcohol Use by Youth



Cannabis Policies and Alcohol Use by Youth



Cannabis Policies and Alcohol Use
 by Young Adults (6 studies)

•All studies showed a negative association between 
MML/RML and past month drinking and/or binge drinking or 
alcohol-involved motor vehicle crashes

•3 studies examined MML, and 2 showed statistically 
significant impact on drinking, 1 showed negative 
association between MML and alcohol-involved motor 
vehicle crashes

•2 studies showed negative association between RML and 
heavy binge drinking



Cannabis Policies and Alcohol Use 
by Young Adults



Cannabis Liberalization Policy and 
Adult Alcohol Use (14 studies)

• 6 studies using self-reported use measures inconclusive across 
measures of use (any drinking, binge drinking), across surveys (NSDUH 
vs BRFSS) and within NSDUH 

• 3 studies using health system data suggest changes in cannabis policy 
associated with increases in both cannabis-involved and 
alcohol-involved health care utilization

• 2 studies suggest that alcohol sales were lower in states that adopted 
MMLs: 1 showed association was statistically insignificant and states 
that adopted RMLs subsequently had an increase in alcohol sales

• 1 study showed MML associated with statistically significant decline in 
alcohol-involved MVCs. 2 studies on MML/RML showed no statistically 
significant association



Cannabis Liberalization Policy and 
Adult Alcohol Use: Findings from 

self-reported use in population surveys



Cannabis Liberalization Policy and 
Adult Alcohol Use: Findings from 

populations seeking health care services



Cannabis Liberalization Policy and 
Adult Alcohol Use: Findings from 

sales data and fatal crash statistics



Cannabis Policies and 
Simultaneous/Concurrent Use Outcomes 

(5 studies)
•2 studies focused on youth, and showed concurrent use of 
cannabis and alcohol use/binge drinking declined with 
adoption of MMLs, but only 1 study had a statistically 
significant result

•1 study focused on young adults, and found concurrent use 
of cannabis and heavy alcohol use increased with adoption 
of RMLs

•3 studies focused on adults also supported complementary 
findings



Cannabis Policies and 
Simultaneous/Concurrent Use Outcomes



Summary of Findings
•There remain too few high quality studies on which to determine 
the relationship between changing cannabis policy and adult, 
young adult or youth alcohol use. 

•  Studies tend to omit direct assessment of cannabis policy on cannabis 
use, and those that do often include different measures of alcohol use 
and different measures of alcohol policy environment.

• Ongoing changes in cannabis policy make these studies even more 
important (unclear if results that hold for MML will hold for RML)

•Researchers need to pay closer attention to details before drawing 
conclusions, specifically:

• Years analyzed
• Measure of cannabis and alcohol use during same time period by the 

same population
• Population considered in the data (drivers, those needing ED visit, college 

students, or household population)
• Appropriate consideration of the relevant alcohol policy environment



Limitations

• Current review focuses on studies that examine an association 
between cannabis policy and alcohol use, with cannabis use as 
a mediator. 
• Changes in public perception, norms, and cannabis use may have led 

to changes in cannabis policy.
• Studies that focus on this mechanism and any others would have 

been excluded even if they showed an impact on alcohol use

• Inclusion criteria required a study to show link between 
cannabis policy and both cannabis and alcohol use in the same 
paper.
• While Alley et al. did not examine the impact of RML on cannabis use, a 

companion paper by Bae and Kerr found a positive association between 
RML and cannabis use using the same data set and time period.



Thank you!
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Objectives

1. Develop a comprehensive policy scale that reflects 
variation across states in these policies with respect 
to access and use

2. Using comprehensive policy scales, relate cannabis 
policies to alcohol policies



Prior Research on Alcohol Policy 
Environments

• Developed the Alcohol Policy Scale (APS)
• Aggregate measure of 29 policies based on efficacy 

and implementation
• Protective for binge drinking, youth drinking, impaired 

driving, alcohol involvement in motor vehicle crash 
fatalities, cancer, homicide, suicide, remission from 
alcohol dependence



The APS and Outcomes



Development of the Alcohol Policy 
Scale (APS) – U.S. States

• Task 1: Identified effective state-level 
alcohol control policies (29 included)

• Task 2: Rated relative efficacy of policies

• Task 3: Developed implementation ratings

• Task 4: Aggregated policy data by state-year 
to calculate APS scores



Protect Against:
•Adult binge drinking
•Youth drinking, youth binge drinking
•Alcohol-impaired driving 
•Alcohol-related MV crash deaths, youth and adults
•Alcohol-related homicides, firearm suicides
•Alcoholic cirrhosis deaths
•Alcohol-attributable cancer deaths
Promote:
•Recovery from prior lifetime alcohol dependence 
among adults
Naimi et al AJPM 2013
Xuan et al AJPH 2015
Xuan et al Pediatrics 2015
Blanchette et al  IJADR 2015
Hadland et al PCD 2015
Naimi, JAMA internal medicine 178.7 (2018): 894-901.
Lira,  American journal of preventive medicine (2020).
Alattas, Maha, et al. Chemico-Biological Interactions, 2020

Stronger Policy Environments …

Naimi, et al. Journal of studies on alcohol and drugs 78.5 (2017): 781-788.
Lira, Marlene C., et al. American journal of preventive medicine 57.2 (2019): 
172-179.
Xuan, et al. Research Society on Alcoholism conference, 2015.
Xuan et al. American Public Health Association conference, 2013. 
Hadland, Scott E., et al. Preventing chronic disease, 2015



I.  Development of the 
Cannabis Policy Scale



Four steps involved in development 
process of Cannabis Policy Scale (CPS)

• Step 1: Identify effective state-level cannabis 
policies (18 identified, 17 included)

• Step 2: Rate relative policy efficacy – expert policy 
panelists

• Step 3: Develop implementation rating for each 
policy

• Step 4: Aggregate policy data for CPS scores



Cannabis Policies

• Definition: laws, regulations, and practices used to 
influence cannabis consumption which might include the 
presence or absence of supporting legislation, and/or 
operational aspects that reflect their implementation, 
enforcement, or resource allocation at the state level 



Policies Identified for Cannabis Policy 
Scale

1. Advertising Restrictions
2. Cannabis Possession Limits
3. Clean Air and Smoke Free Laws
4. Cultivation and Manufacturing Operations Restrictions and Requirements
5. Delivery Restrictions of Recreational Cannabis to Consumers
6. Home Cultivation Restrictions
7. Impaired Driving Laws
8. Medical Cannabis Restrictions and Requirements
9. Packaging and Labeling Restrictions and Requirements

10. Penalties for Adults who Possess Cannabis for Personal Use
11. Physical Retail Availability Restrictions
12. Product Design Restrictions and Requirements
13. Retail Price Restrictions
14. Retail Operations
15. State Monopoly
16. Taxes
17. Track-and-trace Requirements
18. Youth Policies

Blanchette et al., J Stud Alcohol Drugs, in press.



Median Efficacy Ratings, Cannabis Policies

Blanchette et al., Int J Drug Pol, 2022



Example Implementation Rating: 
Impaired Driving

Blanchette et al., JSAD, 2022

Proposed provisions Proposed score

THC limit Zero Tolerance: +0.2

Other limit: +0.1

Illegal per se +0.2

Implied Consent law applies to drugs +0.15

 

Sobriety checkpoints permitted +0.1

Administrative license revocation for refusing implied 

consent chemical test and for failing the test (e.g., 

blood test results show impermissible amount of THC 

in blood) or DUID arrest

ALR for refusing chemical test + 0.1

ALR for failing test (per se violation) 

or DUID arrest

+ 0.1

Open container prohibited +0.05

Anti-plea bargaining statute and/or mandatory 

adjudication

+0.05

Test refusal is admissible as evidence +0.05



• Cannabis Policy Scale (APS) scores (state-year): sum present 
policies, after weighting each one by its efficacy rating and 
implementation rating

• Median CPS Scores, 2018: 76.5 
• Lowest (least restrictive): Nevada, 29.6
• Highest (most restrictive): Indiana, 96.2

Calculating Cannabis Policy Scale (CPS) 
Scores



Ranking Cannabis Policies and Changes 
over Time, 2009 to 2019

Rankings of states based on the 
restrictiveness of cannabis policy 
environment characterized by 
Cannabis Policy Scale scores

Blanchette JG, et al. J Stud Alcohol Drugs. 2022.



Distribution of CPS Scores, 2019



2.  Evaluate relationships between 
cannabis policies and alcohol policies



Mean APS and CPS Scores Over Time



Alcohol Policy Scale scores and Cannabis Policy 
Scale by state, 1999-2018



Distribution of APS and CPS Scores, 1999-2018



Distribution of APS and CPS Scores, 2018



Mean APS and CPS scores and their correlations, 
overall and among subgroups, 1999-2018 

 Mean APS Score 
(SD)

Mean CPS 
Score (SD)

Pearson Correlation 
Coefficient (p-value)

Overall 42.35 (8.45) 88.46 (10.47) 0.02 (0.52)
By Time Period    

1999-2004 40.59 (8.80) 91.48 (4.35) 0.10 (0.07)
2005-2009 42.64 (8.35) 91.02 (5.94) 0.18 (0.00)
2010-2014 43.31 (8.25) 87.82 (10.44) 0.05 (0.45)
2015-2019 43.45 (7.88) 81.50 (16.42) 0.02 (0.80)

By Census Region    
Northeast 45.61 (5.64) 86.89 (8.33) 0.01 (0.85)
Midwest 38.46 (7.92) 92.04 (5.62) -0.25 (0.00)
South 43.67 (7.40) 92.00 (4.08) -0.04 (0.43)
West 41.96 (10.26) 81.60 (15.96) 0.16 (0.01)



Mean APS and CPS scores and correlations, overall 
and among subgroups, 1999-2018 

 Mean APS Score 
(SD)

Mean CPS 
Score (SD)

Pearson Correlation 
Coefficient (p-value)

By Cannabis Policy 
“Phenotype”

   

Prohibition 42.66 (9.37) 93.26 (1.47) -0.07 (0.08)
Decriminalization 39.83 (4.31) 91.37 (0.86) 0.31 (0.00)
Medical Cannabis 
Permitted

42.36 (7.23) 80.75 (9.77) 0.11 (0.08)

Recreational Cannabis 
Permitted

42.75 (5.32) 51.08 (16.39) 0.19 (0.30)

By Political Party    
Democratic 42.58 (6.78) 84.83 (13.07) 0.00 (1.00)
Republican 42.14 (9.71) 91.73 (5.64) 0.09 (0.04)

Phenotype defined as the most liberal policy present in a state-year (mutually exclusive categories)
Political party defined as the party that won the most electoral college votes in the most recent presidential election



Within-State APS-CPS Relationships

1. State fixed effects regression model: 1 point increase in 
CPS associated with a -0.04 change in APS (p <0.00)

2. Within states from 1999-2018, APS-CPS correlations 
ranged from -0.84 to +0.94 (8 states significant negative 
correlation, 33 states no significant correlation, 9 states 
significant positive correlation)



Alcohol Policy Scale scores and Cannabis Policy 
Scale scores above and below the median, 2018

High and low APS and CPS scores were based on the median value for each of the scales in 2018 



Findings
1. CPS scores decreased (liberalized) over time, whereas 

APS scores stayed the same or slightly increased

2. Across states for all years, there was no correlation 
between the restrictiveness of alcohol and cannabis 
policies

3. Some modest correlations among subgroups by 
region, cannabis policy “phenotype”, year, and political 
party 

4. Within states a very modest negative correlation with a 
high degree of variability state-to-state



Implications

1. States do not generally have similar regulatory 
environments for alcohol and cannabis

2. To the extent that alcohol and cannabis policies 
may be related to the use of either substance, it 
makes sense to account for these or similar 
measures when assessing policy-use 
relationships for cannabis, alcohol, or co-use



Thank you!
Questions? 

Email: tnaimi@uvic.ca
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Background

Source: Lira, M. C., et al (2021). Trends in cannabis involvement and risk of alcohol involvement 
in motor vehicle crash fatalities in the United States, 2000‒2018. AJPH, 111(11), 1976-1985.

Trends in cannabis involvement in MVCs and alcohol involvement in MVCs 
move differently



Background (continued)
Cannabis involvement in alcohol-involved MVC, however, all trend in the 
same fashion

Source: Lira, M. C., et al (2021). Trends in cannabis involvement and risk of alcohol involvement 
in motor vehicle crash fatalities in the United States, 2000‒2018. AJPH, 111(11), 1976-1985.



Prior literature examining role of cannabis 
policies on impaired driving is mixed

• Early evidence of the impact of cannabis liberalization on cannabis impaired 
driving has been mixed (Teft & Arnold, 2021 (+) ; Sevigny, 2018 (NS)) 

• Evidence of the impact of cannabis liberalization on alcohol impaired 
driving is REALLY mixed (Hansen et al., 2020 (NS);  Andersen et al., 2013 (-)). 

• Evidence of the impact of cannabis liberalization on ANY impaired driving is 
also mixed (Santaella-Tenorio et al., 2020 (+/-);  Kramer et al., 2020 (+); 
Calvert & Erickson (-/+), 2020; Cook et al., 2020 (-))

• There are many reasons for this:
• All states that legalized cannabis previously medicalized it, with varying degree of 

access.  Hard to isolate impact of legalization with heterogeneous medical markets, 
unless control group consists of only of those without medical MJ.

• Inconsistency in evaluating laws – some focus on when laws passed, others on when 
stores opened.

• Inconsistency in how analysts treat states that have poor testing levels for cannabis



Objective of Our Study
Analyze relationships between cannabis and alcohol policy 
environments and cannabis and/or alcohol involvement in U.S. MVC 
fatalities 

Our contribution to the literature:  

1) We consider measurement of the full cannabis policy environment

2) We consider potential mediating or moderating role of full alcohol 
policy environment

3) We assess robustness of findings based on alternative approaches 
to handling poor testing states for cannabis involvement



Data:  FARS (2000 – 2018)
• Census of all fatalities that occur on US roadways

• FARS has about a 60-70% testing rate for BAC among drivers in 
fatalities

• Validated imputation method is used to get to 100% for BAC estimates for 
crashes where is on testing.

• We are looking at individual decedents in our models (not all are 
drivers)

• We assign all decedents the BAC based on crash level BAC (which is calculated 
using one or more drivers). 

• Definition of an alcohol related crash:
• Decedent who died in a MV traffic crash in which one or more of drivers had a 

BAC at a given level. 
• Two definitions in the paper:  BAC  > 0 , or BAC >= 0.08.  

• Sensitivity analysis – drivers only. 

• Dependent variable(s)
• Alcohol-involved motor vehicle crash fatalities in state s at time t.
• Cannabis-involved motor vehicle crash fatalities in state s at time t. 
• Alcohol- and cannabis-involved MVC fatality in state s at time t.



Model:
• Mixed effects logistic regression model is estimated:

Log [P(Y
ist

) / (1 – P(Y
ist

 )] = α + βCPS
ist-1

+ βAPS
ist-1

 + λ X
it
 + δZ

st
+  τT

t
 + μ

s
 + ε

ist

• Dependent variables: P(Y
it
)/(1-P(Y

it
) is the (a) odds that a crash 

fatality was cannabis-involved, (b) odds that a crash fatality was 
alcohol-involved, and (c) odds that a crash was cannabis and alcohol 
involved

• 1-year lag introduced to CPS and APS to account for delay between 
policy enactment and implementation

•X
it 

and Z
st

 are vectors of crash specific and state driving specific 
factors, respectively.

•T
t
 and μ

s 
are year FE and state RE variables.

• Standard errors are adjusted for clustering of deaths within states



Results: Descriptive Findings

•From 2010-2019, there were 347,345 adult motor vehicle 
fatalities in the U.S. in which drivers were identified

•178,079 (51%) fatalities occurred in crashes in which at least 
one driver drug-tested (e.g. for alcohol or cannabis)

•Of these, 122,363 (69%) occurred in state-years with drug 
testing rates of at least 50% (our main analytic sample)

• 22,461 (18%) died in crashes involving cannabis 
• 47,899 (39%) estimated to have died in crashes involving alcohol



Table 1: Characteristics of Decedents 
for Alcohol Outcome, 2010-2019

 Years: 2010-2019 Year: 2010 Year: 2019
n=347,345 n=32,911 n=36,023

Individual-level Characteristics
Age Category
   <21 years 12.7% 14.8% 10.8% 
   21-34 years 27.4% 26.9% 26.3% 
   35-54 years 28.3% 29.2% 27.9% 
   55 years and above 31.4% 28.9% 34.8% 
   Missing 0.2% 0.1% 0.2% 
Sex
   Male 70.8% 69.7% 71.0% 
   Female 29.2% 30.3% 28.9% 
   Missing 0.1% 0.0% 0.1% 
Race/Ethnicity
   Non-Hispanic white 61.7% 63.1% 58.4% 
   Non-Hispanic Black 12.8% 11.2% 14.4% 
   Hispanic 13.0% 11.4% 13.8% 
   Other 4.2% 3.5% 4.0% 
   Unknown 8.3% 10.8% 9.4% 



Table 1:  Characteristics of Decedents 
for Alcohol Outcome, 2010-2019 

(continued)
 Years: 2010-2019 Year: 2010 Year: 2019

n=347,345 n=32,911 n=36,023

State-level Characteristics, Mean (SD)

CPS Score (0-100) 82.0 (12.6) 85.1 (8.7) 76.1 (19.0)

APS Score (0-100) 51.2 (7.7) 50.6 (7.8) 51.7 (7.5)

Percent male 49.2 (0.5) 49.2 (0.5) 49.2 (0.6)

Percent white 77.4 (8.6) 78.5 (8.7) 76.4 (8.5)

Percent Hispanic 16.8 (13.4) 15.1 (12.8) 18.0 (13.6)

Percent age 21+ 72.7 (2.0) 71.6 (1.9) 73.7 (1.9)

Percent bachelor's degree or higher 29.4 (4.7) 27.0 (4.3) 31.8 (4.6)

Percent urban 78.9 (12.9) 77.8 (12.6) 80.0 (12.8)

Percent Catholic 17.4 (10.1) 16.6 (9.8) 17.2 (9.9)

Median household income 55,576.2 (9,890.3) 47,986.8 (6,447.8) 67,079.8 (10,109.0)

Law enforcement officers per 100,000 339.2 (59.4) 346.8 (62.5) 345.5 (59.0)

Vehicle miles travelled per capita 10,106.7 (1,639.7) 10,021.1 (1,567.9) 10,425.1 (1,738.0)



Table 2:  Characteristics of Decedents 
for Cannabis Outcomes, 2010-2019

 Years: 2010-2019 Year: 2010 Year: 2019
n=122,363 n=12,572 n=9,683

Individual-level Characteristics
Age Category
   <21 years 12.4% 13.5% 10.9% 
   21-34 years 30.1% 30.1% 28.0% 
   35-54 years 29.5% 30.3% 29.7% 
   55 years and above 27.9% 26.0% 31.4% 
   Missing 0.1% 0.1% 0.0% 
Sex
   Male 72.5% 72.4% 72.2% 
   Female 27.5% 27.5% 27.5% 
   Missing 0.0% 0.0% 0.2% 
Race/Ethnicity
   Non-Hispanic white 67.4% 66.0% 70.7% 
   Non-Hispanic Black 11.0% 8.6% 13.1% 
   Hispanic 10.7% 11.6% 6.5% 
   Other 4.4% 4.0% 4.0% 
   Unknown 6.4% 9.8% 5.7% 



Table 2: Characteristics of Decedents 
for Cannabis Outcomes, 2010-2019 

(Continued)
 Years: 2010-2019 Year: 2010 Year: 2019

n=122,363 n=12,572 n=9,683

State-level Characteristics

CPS Score (0-100) 80.7 (13.5) 83.9 (9.7) 77.1 (16.3)

APS Score (0-100) 52.3 (8.1) 50.9 (6.7) 53.0 (9.5)

State-year drug testing rate 63.3 (8.5) 65.6 (10.1) 64.0 (8.4)

Percent male 49.3 (0.6) 49.2 (0.6) 49.3 (0.6)

Percent white 78.4 (8.9) 79.7 (8.5) 78.4 (9.2)

Percent Hispanic 13.9 (12.0) 15.1 (12.6) 9.2 (5.4)

Percent age 21+ 73.0 (1.5) 72.3 (1.4) 73.9 (1.4)

% Bachelor's degree or higher 29.5 (5.3) 28.1 (4.7) 32.1 (6.0)

% Urban 78.1 (13.7) 80.5 (12.4) 75.0 (12.4)

% Catholic 17.9 (10.6) 19.5 (10.1) 16.2 (10.2)

Median household income 56,126.9 (10,536.7) 49,986.8 (7,092.7) 68,344.4 (11,933.1)
Law enforcement officers per 100,000 332.7 (63.0) 341.6 (62.3) 343.2 (75.1)

Vehicle miles travelled per capita 10,047.8 (1,679.7) 9,623.5 (1,505.1) 10,503.9 (1,734.5)



Results from Mixed Effects Logistic Models:
Cannabis Policies and Alcohol/Cannabis Involvement

 

Odds Ratio for 
Alcohol 

Involvementa

(95% CI)

Odds Ratio for  
Cannabis 

Involvement 
Onlyb (95% CI)

Odds Ratio for 
Alcohol and 

Cannabis 
Involvementa,b 

(95% CI)
10% Increase in CPS
Adjusted for year, state- 
and individual- level 
covariates, and state 
alcohol policies

0.998 (0.983-1.014) 0.940 (0.908, 0.974) 0.950 (0.910, 0.992)

a BAC > 0.00%
b also adjusted for drug testing rate and restricted to state-years with testing rates of at least 50%



Alcohol Policies and Alcohol/Cannabis 
Involvement

 

OR for Alcohol 
Involvementa

(95% CI)

OR for Cannabis 
Involvement 

Onlyb (95% CI)

OR for Alcohol 
and Cannabis 
Involvementa,b 

(95% CI)
10% Increase in APS 
Adjusted for year, state- 
and individual- level 
covariates, opioid 
involvement, other drug 
involvement, and state 
cannabis policies

0.904 (0.856, 0.955) 1.045 (0.894, 1.222) 0.924 (0.787, 1.085)

a BAC > 0.00%
b also adjusted for drug testing rate and restricted to state-years with testing rates of at least 50%



Sensitivity Analysis Removing Restriction of 
≥50% Testing Rate

 

OR for Cannabis 
Involvement Onlyb 

(95% CI)

OR for Alcohol and 
Cannabis 

Involvementa,b 
(95% CI)

10% Increase in CPS
Adjusted for year, state- and 
individual- level covariates, and 
state alcohol policies

0.960 (0.935, 0.984) 0.972 (0.940, 1.004)

10% Increase in APS 
Adjusted for year, state- and 
individual- level covariates, and 
state cannabis policies

0.959 (0.840, 1.096) 0.882 (0.761, 1.022)

a BAC > 0.00%
b also adjusted for drug testing rate



Summary and Implications

• Among U.S. motor vehicle crash (MVC) fatalities from 
2010-2019:
• More restrictive cannabis policies are associated with 

reduced cannabis involved MVC’s fatalities, but not 
alcohol MVC fatalities not involving cannabis.

• More restrictive alcohol policies are associated with 
reduced alcohol involved MVC’s fatalities, but not 
cannabis MVC fatalities

• We find spillover effects of cannabis policies on alcohol 
and cannabis co-involved MVCs fatalities, which have 
been rising in recent years.

• States should consider downstream public health effects of 
cannabis liberalization policies on impaired driving when 
instituting changes to cannabis policy and not rely on 
alcohol policies for protective benefits



Limitations

• Drug testing data limited and subject to bias, however we 
tried to account for this by controlling for testing rates and 
limiting to state-years with high testing rates

• When we restrict to state-years with high testing rates, we 
are fundamentally changing the variance in the policy 
scales used to predict variation in outcomes.  It would be 
ideal to have a fixed panel.  Fortunately, our results hold.



Thank you!
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Background
• Suicide accounts for ~45,000 deaths in United States annually 
and, after unintentional injury, is the 2nd leading cause of death for 
those <45 years of age

• Homicide accounts for ~25,000 deaths in United States annually, 
and, in 2020, was the 3rd leading cause of death for those <45 
years of age

• An additional ~11,000 lives are lost annually to deaths of 
undetermined intent, some of which may be unintentional overdose 
or suicide

https://www.cdc.gov/injury/wisqars/animated-leading-causes.html
https://wisqars.cdc.gov/data/explore-data/home

https://www.cdc.gov/injury/wisqars/animated-leading-causes.html
https://wisqars.cdc.gov/data/explore-data/home


Background, cont.
• These deaths frequently involve alcohol 
• More restrictive alcohol control policies have been associated with 
less alcohol involvement 

• Given the changes in cannabis policies in the United states in the 
last 20 years, it is important to understand if cannabis policies are 
related to alcohol involvement in violent deaths

Lira MC, et al. Am J Prev Med. 2019. 
Naimi TS, et al. J Stud Alcohol Drugs. 2017. 
Coleman SM, et al. BMC public health. 2021.
Xuan Z,  et al. Alcohol Clin Exp Res. 2016.



Study Aims
Using the Alcohol Policy Scale (APS) and the Cannabis 
Policy Scale (CPS, among deaths from suicide, homicide, 
and undetermined intent in the US, assess:

1. Relationships between alcohol policy environments 
and alcohol involvement

2. Relationships between cannabis policy environments 
and alcohol involvement

3. Relationships between alcohol policy environments 
and alcohol and cannabis co-involvement



Data Source
•Individual-level data on suicides, homicides, and deaths 
of undetermined intent 

•Restricted Access Database at the National Violent 
Death Reporting System from 2003-2018

•Determined to be not human subjects research



Inclusion Criteria
Primary analytic sample for analyses regarding alcohol 
involvement

1. Manner of death: suicide, homicide, or undetermined intent
2. Age >=12
3. Tested for alcohol
4. Valid test result for alcohol
5. State-year alcohol testing rate >=50%
Secondary analytic sample for analysis regarding alcohol and 
cannabis co-involvement 

1. Criteria as above, and
2. Tested for cannabis 
3. Valid result for cannabis
4. State-year cannabis testing rate >=50%



Testing Rates and Positivity Rates

Suicide
Undetermined 

Intent Homicide

Alcohol Test Rate

1 point increase in Alcohol Test Rate and mean 
change in Alcohol Positivity Rate (p-value)

-0.36 (<0.00) -0.40 (<0.00) -0.41 (<0.00)

1 point increase in Alcohol Test Rate and mean 
change in Cannabis Positivity Rate (p-value)

-0.33 (<0.00) -0.26 (<0.00) -0.40 (<0.00)

Cannabis Test Rate

1 point increase in Cannabis Test Rate and mean 
change in Alcohol Positivity Rate (p-value)

-0.16 (<0.00) -0.17 (<0.00) -0.07 (0.01)

1 point increase in Cannabis Test Rate and mean 
change in Cannabis Positivity Rate (p-value)

-0.31 (<0.00) -0.36 (<0.00) -0.03 (0.45)



Analysis
•Exposures

• 10 point increase in Alcohol Policy Scale 
• 10 point increase in Cannabis Policy Scale 

•Outcomes
• Alcohol involvement (yes/no)
• Alcohol and cannabis co-involvement (yes/no)

•Mixed effects logistic regression
• Random effects for state
• Fixed effects for year, and individual-level age, sex, 
race/ethnicity, partnered status

• State-level covariates assessed but not included due to lack of 
significant relationships to outcome (% male, % white, % 
age>=21, % college degree or above, % unemployed, % 
urban, % Catholic, median household income, testing rate)

Naimi TS, et al. Am J Prev Med. 2014.
Blanchette JG, et al. J Stud Alcohol Drugs. 2020.
Blanchette JG, et al. Int J Drug Pol. 2022.



Suicide Decedents
• From 2003-2018, there were 233,816 suicides of victims aged >=12 recorded in 

NVDRS

• 137,246 (58.7%) were tested for alcohol; of these, 114,527 (83.4%) died in 
state-years with alcohol testing rates >=50%, comprising the primary suicide 
sample (48.9% of total)

• 63,821 (55.7%) were also tested for cannabis, of which 59,953 (94.9%) died in 
state-years with cannabis testing rates >=50% (25.6% of total), comprising 
secondary suicide sample



Suicide Decedents 
State-year Testing and Positivity Rates



Homicide Decedents
• From 2003-2018, there were 89,278 homicides of victims aged >=12 

recorded in NVDRS

• 62,062 (69.5%) were tested for alcohol; of these, 56,591 (91.2%) died in 
state-years with alcohol testing rates >=50%, comprising the primary 
homicide sample (63.3% of total)

• Of these, 28,997 (51.2%) were also tested for cannabis, of which 26,355 
(90.9%) died in state-years with cannabis testing rates >=50% (29.5% of 
total), comprising secondary homicide sample



Homicide Decedents
State-year Testing and Positivity Rates



Undetermined Intent Decedents
• From 2003-2018, there were 40,466 UI victims aged >=12 recorded in 

NVDRS

• 31,768 (78.5%) were tested for alcohol; of these, 29,924 (94.1%) died 
in state-years with alcohol testing rates >=50%, comprising the primary 
UI sample (73.9% of sample)

• Of these, 11,510 (38.5%) were also tested for cannabis, of which 
10,504 (91.2%) died in state-years with cannabis testing rates >=50% 
(26.0%), comprising secondary sample



Undetermined Intent Decedents
State-year Testing and Positivity Rates



Table 1: Characteristics of Decedents 
Tested for Alcohol, 2003-2018

Suicide Undetermined Intent Homicide
n=114527 n=29924 n=56591

Age Category
12-20 years 8434 (7.4%) 1109 (3.7%) 8152 (14.4%)
21-39 years 36638 (32.0%) 11305 (37.8%) 30507 (53.9%)
40-59 years 45667 (39.9%) 14681 (49.1%) 13643 (24.1%)
60+ years 23773 (20.8%) 2788 (9.3%) 4264 (7.5%)
Unknown 15 (<1%) 41 (0.1%) 25 (<1%)
Sex
Female 26621 (23.2%) 10291 (34.4%) 11398 (20.1%)
Male 87905 (76.8%) 19631 (65.6%) 45193 (79.9%)
Unknown 1 (<1%) 2 (<1%) --
Race/Ethnicity
White 94618 (82.6%) 21902 (73.2%) 15685 (27.7%)
Black 6861 (6.0%) 5365 (17.9%) 29833 (52.7%)
Hispanic 7385 (6.4%) 1493 (5.0%) 7914 (14.0%)
Asian/Pacific Islander 2374 (2.1%) 267 (0.9%) 833 (1.5%)
American Indian/Alaska 
Native 1499 (1.3%) 435 (1.5%) 1244 (2.2%)
Other 1790 (1.6%) 462 (1.5%) 1082 (1.9%)



Table 1: Characteristics of Decedents, 
2003-2018, cont.

Suicide Undetermined Intent Homicide
n=114527 n=29924 n=56591

Partnered Status
Unpartnered 76277 (66.6%) 23032 (77.0%) 46058 (81.4%)
Partnered 38250 (33.4%) 6892 (23.0%) 10533 (18.6%)
Alcohol Result
Negative 75980 (66.3%) 19918 (66.6%) 36611 (64.7%)
Positive 38547 (33.7%) 10006 (33.4%) 19980 (35.3%)
Cannabis Result
Negative 55512 (48.5%) 9626 (32.2%) 18419 (32.5%)
Positive 8309 (7.3%) 1884 (6.3%) 10578 (18.7%)
Untested 50706 (44.3%) 18414 (61.5%) 27594 (48.8%)



Analysis 1: 10% Increase in APS and 
Odds of Alcohol Involvement

 Suicide Undetermined Intent Homicide

OR (95% CI) OR (95% CI) OR (95% CI)

Model 1: Unadjusted 0.93 (0.88, 0.99) 0.93 (0.83, 1.06) 0.84 (0.76, 0.93)

Model 2: Adjusted for 
year (fixed effect)

0.94 (0.89, 0.99) 0.87 (0.77, 0.996) 0.94 (0.85, 1.04)

Model 3: Further 
adjusted for individual 
characteristics

0.94 (0.89, 0.99) 0.86 (0.76, 0.96) 0.93 (0.85, 1.02)

Model 4: Further 
adjusted for Cannabis 
Policy Scale

0.93 (0.88, 0.99) 0.85 (0.76, 0.96) 0.92 (0.84, 1.01)

State-level clustering accounted for by state being treated as a random effect



Sensitivity Analyses: 10% Increase in 
APS and Odds of Alcohol Involvement

 Suicide Undetermined Intent Homicide

OR (95% CI) OR (95% CI) OR (95% CI)

Main models 0.92 (0.84, 1.01) 0.85 (0.76, 0.96) 0.93 (0.88, 0.99)

Main models, further 
controlling for 
state-covariates

0.93 (0.87, 0.99) 0.93 (0.83, 1.03) 0.95 (0.87. 1.04)

Main models, further 
controlling for 
state-covariates and testing 
rates

0.94 (0.88, 1.00) 0.92 (0.83, 1.03) 0.96 (0.88, 1.05)

Main models, 2015 onward 0.94 (0.89, 0.99) 0.87 (0.77, 0.99) 0.91 (0.82, 1.01)

Main models, constant 
panel of states

0.93 (0.87, 0.99) 0.83 (0.74, 0.94) 0.95 (0.85, 1.05)

Two-way fixed effects 0.92 (0.82, 1.03) 0.81 (0.63, 1.04) 0.94 (0.80, 1.11)



Analysis 2: 10% Increase in CPS and 
Odds of Alcohol Involvement

 Suicide Undetermined Intent Homicide

OR (95% CI) OR (95% CI) OR (95% CI)

Model 1: Unadjusted 1.01 (0.997, 1.03) 0.98 (0.94, 1.03) 1.06 (1.03, 1.09)

Model 2: Adjusted for 
year (fixed effect)

1.01 (0.99, 1.03) 0.99 (0.95, 1.04) 1.01 (0.98, 1.04)

Model 3: Further 
adjusted for individual 
characteristics

1.01 (0.99, 1.03) 0.99 (0.95, 1.04) 1.01 (0.98, 1.04)

Model 4: Further 
adjusted for Alcohol 
Policy Scale

1.01 (0.99, 1.03) 1.00 (1.00, 1.01) 1.01 (0.98, 1.04)



Sensitivity Analyses: 10% Increase in CPS 
and Odds of Alcohol Involvement

 Suicide Undetermined Intent Homicide

OR (95% CI) OR (95% CI) OR (95% CI)
Main models 1.01 (0.98, 1.04) 1.00 (1.00, 1.01) 1.01 (0.99, 1.03)
Main models, further 
controlling for 
state-covariates

1.01 (0.99, 1.03) 1.04 (0.99, 1.09) 1.01 (0.98, 1.04)

Main models, further 
controlling for 
state-covariates and testing 
rates

1.01 (0.99, 1.03) 1.04 (0.83, 1.03) 1.01 (0.98, 1.04)

Main models, 2015 onward 0.99 (0.96, 1.03) 0.96 (0.90, 1.02) 0.95 (0.91, 0.99)

Main models, constant panel 
of states

1.00 (0.98, 1.02) 0.98 (0.92, 1.04) 1.02 (0.85, 1.05)

Two-way fixed effects 1.02 (0.99, 1.03) 1.02 (0.97, 1.07) 1.03 (0.995, 1.06)



Analysis 3: 10% Increase in APS and 
Odds of Cannabis and Alcohol 

Co-Involvement
 Homicide Undetermined Intent Suicide

OR (95% CI) OR (95% CI) OR (95% CI)

Model 1: Unadjusted 0.97 (0.81, 1.15) 0.86 (0.63, 1.17) 1.37 (1.06, 1.77)

Model 2: Adjusted for 
year (fixed effect)

0.90 (0.76, 1.05) 0.78 (0.59, 1.04) 0.96 (0.81, 1.14)

Model 3: Further 
adjusted for individual 
characteristics

0.90 (0.75, 1.07) 0.81 (0.63, 1.04) 0.95 (0.81, 1.12)

Model 4: Further 
adjusted for Cannabis 
Policy Scale

0.90 (0.76, 1.07) 0.81 (0.64, 1.05) 0.96 (0.82, 1.12)



Limitations

• Alcohol and cannabis testing vary widely across 
state-years and manner of death, and many state-year 
testing rates were very low

• To account for this, we restricted analyses to 
state-years with better testing rates, but even higher 
testing rates might reduce potential bias

• Although the number of states participating in NVDRS 
has increased over time, findings not nationally 
representative



Summary

• More restrictive alcohol policy environments were 
associated with less alcohol involvement in suicides and 
deaths of undetermined intent, and non-significantly 
associated with less alcohol in homicides

• Cannabis policy environments not associated with 
alcohol involvement in suicides, homicides, or deaths of 
undetermined intent

• More restrictive alcohol policy environments possibly 
protective for alcohol and cannabis co-involvement, but 
findings not significant in limited subsample



Implications

• Findings support strengthening alcohol policy 
environment to reduce alcohol-involved violent deaths

• No evidence to suggest that liberalized cannabis policy 
environments are protective for alcohol-involved violent 
deaths



Next Steps

• Assess relationships between CPS and cannabis 
involvement among violent death decedents

• Investigate relationships between alcohol policies and 
cannabis policies and unintentional overdose deaths



Thank you!


