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ABSTRACT 

Dissertation Title:  The Effects of the 2011 Maryland Alcohol Sales Tax Increase on 

Alcohol-Impaired Drivers Involved in Fatal and Non-Fatal Crashes.  

Marie-Claude Lavoie, Doctor of Philosophy, 2016 

Dissertation Directed By:  

Gordon Smith, M.B., Ch.B., M.P.H 

    Professor  

Department of Epidemiology and Public Health 

Background: Increasing alcohol excise taxes has been shown to reduce alcohol-impaired 

driving. However, no study has examined the effects of increasing alcohol sales tax on 

motor vehicle injuries.  

Objectives: The aims of this study were to evaluate the effects of the 2011 Maryland 

alcohol sales tax increase on the rates of (a) alcohol-related motor vehicle fatalities, (b) 

alcohol-involved drivers in fatal crashes, (c) alcohol-involved drivers in all-injury crashes 

(nonfatal and fatal), and (d) different age groups of alcohol-involved drivers in all-injury 

crashes.  

Methods: We used a time series study to analyze data from the Fatality Analysis 

Reporting System and the Maryland Automated Accident Reporting System from 2001 to 

2013 using a generalized estimating equations model with a negative binomial 

distribution and log link.  



Results: For fatal motor vehicle crashes there was no immediate significant change in the 

rates of alcohol-related motor vehicle fatalities (rate ratio [RR]: 1.13, 95% confidence 

interval (CI): 0.98-1.13) and alcohol-involved drivers (RR: 1.06, 95% CI: 0.96-1.11) with 

BAC>0.08 g/dL after the 2011 alcohol sales tax increase. However, there was a 

significantly larger gradual decline in the rates of alcohol-impaired drivers involved in 

fatal crashes, and alcohol-related fatalities with BAC>0.08 g/dL following the 2011 

alcohol sales tax increase (p-value for trend change=0.03). For all-injury crashes among 

younger drivers ages 15 to 20, and 21 to 34, we observed a significantly larger gradual 

decline in the rate of alcohol-involved drivers after the 2011 alcohol sales tax increase (p-

value for trend change<0.01); however, there was still no significant immediate reduction 

in rates.   

Conclusion: There was no immediate reduction in the rate of alcohol-impaired driving or 

alcohol-related fatalities following the 2011 alcohol sales tax but we did observe a larger 

gradual decline in rates for alcohol-impaired drivers and alcohol-related fatalities with 

BAC>0.08 g/dL. Drivers aged 15 to 34 appear to be more sensitive to a 3% tax increase 

in comparison to drivers aged 35 and over. Increasing the alcohol sales tax can be an 

effective means to save lives and prevent injuries from alcohol-impaired driving.  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

The Effects of the 2011 Maryland Alcohol Sales Tax Increase on Alcohol-Impaired 

Drivers Involved in Fatal and Non-Fatal Crashes. 

 

 

By 

Marie-Claude Lavoie 

 

 

 

 

Dissertation submitted to the Faculty of the Graduate School of the 

University of Maryland, Baltimore in partial fulfillment 

of the requirements for the degree of 

Doctor of Philosophy 

2016 

 



 

©Copyright 2016 by Marie-Claude Lavoie 

All Rights Reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

 

DEDICATION 

To my husband, Loic Pritchett, our daughter, Zoé Lavoie Pritchett, and my parents, 

Micheline St-Louis and Carol Lavoie.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iv 

ACKNOWLEDGEMENTS 

During my doctoral studies, I have received an abundance of support and 

encouragement from a number of individuals. I would like to thank Dr. Gordon Smith, 

the chair of my committee, for encouraging me to pursue my research interests, for 

inspiring me to think differently and creatively, and for being available to guide me 

throughout this process. Dr. Patricia Langenberg has spent countless hours guiding, 

teaching, and advising me, for which I am grateful. Her commitment to her students is 

truly remarkable and inspiring. A great deal of gratitude goes out to my remaining 

committee members: Dr. Patricia Dischinger, for sharing her expertise in the field of 

injury epidemiology and prevention; Mrs. Kathleen Hoke, JD, for her commitment to 

address the causes of public health problems by bringing evidence-based research to the 

attention of policymakers and the general public; Dr. Linda Simoni-Wastila, for her 

methodological expertise and encouragement to improve professionally; and Dr. Andres 

Villaveces, for his contagious passion toward epidemiology and his willingness to 

participate actively in the various phases of the dissertation. I have learned a tremendous 

amount from my committee members and I am extremely thankful for their generosity 

and expertise.  

I would like to express my sincere appreciation to Dr. Sania Amr, my academic 

advisor, for her ongoing support, insight, and guidance. Dr. Amr has been instrumental in 

the completion of my PhD. I wish all students could have an advisor as dedicated as she 

has been. I am thankful for my colleagues at the National Study Center for sharing their 

technical expertise and knowledge over the past several years, and in particular Mr. 

Joseph Kufera for his valuable statistical advice and overall support.  



 v 

Several of my classmates and friends have made this journey more meaningful, 

informative, and interesting. I would specifically like to acknowledge Dr. Kristen 

Stafford, Manisha Pahwa, Elizabeth Leonardi, Dr. Alexo Esperato, Dr. Modupe Coker, 

Christine Franey, Nyaradzo Longinaker, Dr. Jana McAninch, Dr. Kara Stevens, Christina 

Greene, Dr. Illynn Bulatao, Dr. Jennifer Albrecht, and Dr. Max Masnick.   

I am indebted to the faculty and staff of the Department of Epidemiology and 

Public Health for all the learning opportunities they have offered me. A special thanks to 

Dr. Mona Baumgartner, Dr. Laura Hungerford, Dr. John Sorkin, Ms. Danielle Fitzpatrick, 

and Ms. Jessica Kelley, as well as all the dedicated professors who taught me during my 

years at University of Maryland Baltimore. I would also like to thank the Robert Wood 

Johnson Foundation’s Public Health Law Research program for their financial and 

technical contribution towards my dissertation.  

Finally, I am extremely thankful to my family. A special recognition to my 

parents, Micheline St-Louis and Carol Lavoie, who are a source of inspiration on so 

many levels thanks to their generosity, tenacity, and integrity. They instilled in me the 

value of learning and discovery from an early age. My brother, Martin Lavoie, and my 

sister-in law, Alexandra Shano, have shared their friendship and humor. The support of 

my parents-in-law, Claude and Jerry Pritchett, has been inestimable. Most of all, I thank 

Loic, my husband, for taking the time to listen and advise, and most importantly for 

providing unconditional support and keeping me focused on the completion of my PhD, 

and Zoé, our daughter, for the daily laughs and joy.  

 

 



 vi 

Table of Contents 
CHAPTER I: INTRODUCTION AND BACKGROUND ............................................................. 1 

A. Study aims .............................................................................................................................. 3 

B. Importance of the Study .......................................................................................................... 5 

C. Definitions .............................................................................................................................. 6 

D. Conceptual model ................................................................................................................... 7 

E. Alcohol taxation .................................................................................................................... 10 

F. Alcohol taxes and motor vehicle injuries .............................................................................. 13 

CHAPTER II. STUDY DESIGN AND METHODS .................................................................... 17 

A. Study design and population................................................................................................. 17 

B. Data sources .......................................................................................................................... 20 

C. Intervention ........................................................................................................................... 22 

D. Main outcome measures ....................................................................................................... 22 

E. Covariables ........................................................................................................................... 24 

F. Data analysis ......................................................................................................................... 27 

G. Sample size and power ......................................................................................................... 33 

CHAPTER III: THE EFFECTS OF THE 2011 MARYLAND ALCOHOL SALES TAX 

INCREASE ON ALCOHOL-IMPAIRED DRIVERS INVOLVED IN FATAL CRASHES AND 

ALCOHOL-RELATED MOTOR VEHICLE FATALITIES. ...................................................... 34 

A. Abstract................................................................................................................................. 34 

B. Introduction ........................................................................................................................... 36 

C. Methods ................................................................................................................................ 38 

D. Results .................................................................................................................................. 44 

E. Discussion ............................................................................................................................. 56 

CHAPTER IV: ALCOHOL SALES TAX INCREASE IN MARYLAND IN 2011: WAS THERE 

AN EFFECT ON ALCOHOL-IMPAIRED DRIVING? AN INTERRUPTED TIME-SERIES 

ANALYSIS. .................................................................................................................................. 62 

A. Abstract................................................................................................................................. 62 

B. Introduction ........................................................................................................................... 64 

C. Methods ................................................................................................................................ 65 

D. Results .................................................................................................................................. 71 

E. Discussion ............................................................................................................................. 82 

CHAPTER V: SUMMARY AND IMPLICATIONS OF THE RESEARCH ............................... 88 

A. Main findings ........................................................................................................................ 90 



 vii 

B. Strengths and limitations ...................................................................................................... 91 

C. Research and policy implications ......................................................................................... 96 

APPENDIX A: DESCRIPTION OF ALCOHOL-CONTROL AND SAFETY POLICIES ....... 103 

APPENDIX B: SUMMARY OF POLICIES USED AS INDEPENDENT VARIABLES IN 

OTHER STUDIES ...................................................................................................................... 104 

APPENDIX C:  SUMMARY OF THE CHARACTERISTICS AND MAIN FINDINGS OF THE 

STUDIES ON ALCOHOL TAXES AND MOTOR VEHICLE INJURIES ............................... 105 

APPENDIX D: SUPPLEMENTAL TABLES ............................................................................ 108 

REFERENCES ............................................................................................................................ 112 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 viii 

Tables 

Table 1: Description and sources of the covariables ..................................................................... 26 

Table 2: Selected characteristics of drivers involved in fatal crashes, overall, pre-, post-

intervention periods, Maryland, 2001-2013 .......................................................................... 46 

Table 3: Counts and monthly mean counts of selected outcomes, overall, pre-, and post-

intervention periods, Maryland, 2001-2013. ......................................................................... 47 

Table 4: Adjusted analyses of alcohol-involved drivers in fatal crashes and alcohol-involved 

fatalities, Maryland, 2001-2013 (model 1). ........................................................................... 53 

Table 5: Adjusted analyses of alcohol-involved drivers in fatal crash, Maryland, 2001-2013 

(Model 2). .............................................................................................................................. 54 

Table 6: Adjusted analyses of alcohol-involved drivers in fatal crashes and alcohol-involved 

fatalities by denominator and model, Maryland, 2001-2013. ................................................ 55 

Table 7: Selected driver characteristics of those involved in a crash resulting in an injury for the 

driver, occupant, and/or pedestrian, overall, pre-, and post-intervention periods, Maryland, 

2001-2013. ............................................................................................................................. 72 

Table 8: Counts and monthly means of alcohol-involved drivers, overall, pre-, and post-

intervention periods, Maryland, 2001-2013. ......................................................................... 74 

Table 9: Monthly rates of alcohol-involved drivers based on different denominators, overall, pre, 

and post-intervention periods, Maryland, 2001-2013. .......................................................... 75 

Table 10: Ratio of alcohol-involved to non-alcohol-involved drivers, overall, pre- and post-

intervention periods, Maryland, 2001-2013. ......................................................................... 76 

Table 11: Adjusted analyses of alcohol-involved drivers in motor vehicle crashes resulting in a 

nonfatal or fatal injury, Maryland, 2001-2013 (Model 1) ..................................................... 78 

Table 12: Adjusted analyses of alcohol-involved drivers in crashes resulting in a nonfatal or fatal 

injury, Maryland, 2001-2013 (Model 2). ............................................................................... 80 

Table 13: Adjusted analyses of alcohol-involved drivers in fatal or nonfatal crashes using 

different denominators, Maryland, 2001-2013. ..................................................................... 81 

 

 

 

 



 ix 

Figures 

Figure 1: Conceptual model of the effect of alcohol tax on motor vehicle injuries ........................ 8 

Figure 2: Flow diagram of drivers in a crash based on MAARS dataset, Maryland, 2001-2013 . 19 

Figure 3: Trend and level change in time series analysis. ............................................................. 30 

Figure 4: Annual counts and rates per 100 million VMT of alcohol-impaired drivers, Maryland, 

2001-2013 .............................................................................................................................. 48 

Figure 5: Annual counts and ratio of alcohol-impaired to non-alcohol-impaired drivers, Maryland, 

2001-2013. ............................................................................................................................. 49 

Figure 6: Number of alcohol-involved drivers and ratio of alcohol-involved to non-alcohol-

involved drivers, Maryland, 2001-2013 ................................................................................ 76 

Figure 7: Rates of alcohol-involved drivers in injury-related crash per 100,000 population, 

Maryland, 2002-2013 ............................................................................................................ 82 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 x 

List of Abbreviations 

AIC Akaike’s Information Criterion 

BAC Blood Alcohol Concentration 

CDC Centers for Disease Control and Prevention 

FARS Fatality Analysis Reporting System 

FHWA Federal Highway Administration 

g/dL Grams per deciliter 

GEE Generalized Estimating Equations 

IIHS Insurance Institute for Highway Safety 

ITS Interrupted Time Series Analysis 

MAARS Maryland Automated Analysis Reporting System 

NHTSA National Highway Traffic Safety Administration  

NIAAA National Institute of Alcohol Abuse and Alcoholism 

NTSB National Transportation Safety Board 

QIC Quasi-likelihood under the independence model criterion 

VMT Vehicles Miles Traveled 

WHO World Health Organization 

 

 

 

 

 



 1 

CHAPTER I: INTRODUCTION AND BACKGROUND 

In 2013, motor vehicle injuries claimed the lives of 30,057 people in the U.S.; 

alcohol-impaired driving fatalities accounted for 10,076 of these deaths, representing 31% 

of overall U.S. traffic fatalities (National Highway Traffic Safety [NHTSA], 2014b). In 

2013, on average, one alcohol-impaired driving fatality occurred every 52 minutes 

(NHTSA, 2014b). Each year in Maryland, traffic collisions are responsible for 500 

fatalities, 6,100 injuries requiring hospitalization, and over 63,400 emergency department 

admissions (NHTSA, 2011). Similar to the national estimate, approximately 30% of 

Maryland motor vehicle fatalities are associated with alcohol-impaired driving (NHTSA, 

2012b).  

Alcohol-related fatalities declined significantly from 21,113 in 1982 to 9,878 in 

2011 (National Transportation Safety Board [NTSB], 2013). Despite this major reduction, 

the proportion of all traffic fatalities that are alcohol-related has remained relatively 

constant since 1995, fluctuating between 30% and 32% (NTSB, 2013). Also alarming is 

the slight increase in the percentage of drivers with a blood alcohol concentration (BAC) 

at or above 0.15 grams/deciliter (g/dL), close to twice the legal limit in all states. In 2006, 

67% of alcohol-impaired driving fatalities included at least one driver with a BAC at or 

above 0.15 g/dL, and in 2010 this figure rose to 70% (NHTSA, 2012a).  

Researchers estimated based on a national representative sample of police reports, 

that alcohol-involved crashes resulted in 430,000 nonfatal injuries in 2010 (Blincoe, 

Miller, Zaloshnja, & Lawrence, 2014). At the state level, data on alcohol-related nonfatal 

motor vehicle injuries is scarce. One of the limitations to finding reliable data is the 

underreporting of driver alcohol involvement in police crash reports. Despite these 
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limitations, some estimates are available. Among nonfatal motor vehicle crashes, 

evidence suggests that approximately 8% of all drivers were alcohol impaired based on 

2006-2008 data from several states, including Maryland (Miller et al., 2012). There are 

differences in the police reporting of alcohol between injury and noninjury crashes. 

Police correctly identified only 32% of all alcohol-impaired drivers in nonfatal crashes 

from 2006 to 2008 (Miller et al., 2012). This statistic increased to 48% when examining 

injury-only crashes. Another barrier to complete and accurate data on alcohol-impaired 

driving is the lack of systematic alcohol screening upon hospital admission for nonfatally 

injured drivers. Researchers have estimated that only 15% of trauma centers have a 

formal alcohol-screening program (Suffoletto, Callaway, Kristan, Kraemer, & Clark, 

2012). Another limitation is that even if testing is done the results are not updated in the 

police crash report databases.  

Researchers estimated that the cost of alcohol-involved crashes in 2010 was $52 

billion (Blincoe et al., 2014). From this cost, $44 billion alone was associated with BAC 

at or above 0.08 g/dL (Blincoe et al., 2014). Due to the preventable nature of these 

injuries and their social and economic burdens, Healthy People 2020 identified reducing 

impaired driving as one of its key objectives (US Department of Health and Human 

Services, 2013). Similarly, the Centers for Disease Control and Prevention (CDC) (2015) 

has declared motor vehicle injury prevention as one of its 10 “winnable battles”. These 

battles are identified based on the magnitude of the public health problem and the 

availability of effective interventions. One of the key actions of this strategy is to reduce 

alcohol-impaired driving (CDC, 2015).  
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Alcohol tax policy is one type of intervention that aims to reduce excessive 

alcohol consumption and alcohol-related harms such as alcohol-impaired driving. As of 

July 1, 2011, Maryland increased its alcohol sales tax from 6% to 9%, which is applicable 

for all alcoholic beverages. The Community Preventive Services Task Force 

recommended raising alcohol excise taxes as an effective strategy for reducing alcohol-

impaired driving (Elder et al., 2010). As part of its report, the task force identified 

research gaps such as determining if changes in alcohol price affect different subgroups 

of the population, such as young people, in different ways, as well as assessing the impact 

of an alcohol sales tax as previous studies focused exclusively on alcohol excise tax 

(Elder et al., 2010). The present research adds to the existing scientific knowledge related 

to the prevention and reduction of alcohol-impaired driving by addressing those research 

needs. 

A. Study aims 

The study assessed the effects of the 2011 Maryland alcohol sales tax increase on 

alcohol-related fatalities, alcohol-involved drivers in fatal crash, and alcohol-involved 

drivers who were in a crash resulting in a fatal or nonfatal motor vehicle injury from 2001 

to 2013. This research also examined the effects of the 2011 alcohol sales tax increase on 

alcohol-involved drivers in injury-crash from various age groups to assess if certain age 

groups were more sensitive to the alcohol sales tax increase. More specifically, the three 

primary aims and their related hypotheses were as follows: 

1. Evaluate the effects of the 2011 Maryland alcohol sales tax increase on 

alcohol-related motor vehicle fatalities and alcohol-involved drivers in fatal 
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crashes using the Fatality Analysis Reporting System (FARS) data from 

January 2001 to December 2013.  

a. Hypothesis 1.1: The rates of alcohol-related fatalities will have 

significantly decreased after the implementation of the 2011 alcohol sales 

tax increase.  

b. Hypothesis 1.2: The rates of alcohol-involved drivers in fatal crashes will 

have significantly decreased after the implementation of the 2011 alcohol 

sales tax increase.  

2. Evaluate the effects of the 2011 Maryland alcohol sales tax increase on 

alcohol-involved drivers in fatal and nonfatal motor vehicle injuries using the 

Maryland Automated Analysis Reporting System (MAARS) data from 

January 2001 to December 2013.  

a. Hypothesis 2.1: The rates of alcohol-involved drivers in fatal and nonfatal 

motor vehicle injury crashes will have significantly decreased after the 

implementation of the 2011 alcohol sales tax increase. 

3. Compare the effects of the 2011 Maryland alcohol sales tax increase on 

alcohol-involved drivers in fatal and nonfatal injury crashes among different 

age groups from January 2001 to December 2013.  

a. Hypothesis 3.1: The rates of alcohol-involved drivers will have a sharper 

decline among young adults, 16 to 20 and 21 to 34 years of age, in 

comparison to other age groups following the implementation of the 2011 

alcohol sales tax increase because young adults are more likely to be 

sensitive to price.  
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B. Importance of the Study 

This research is relevant for researchers and policymakers as it contributes to 

increasing their understanding of the association between alcohol sales tax and motor 

vehicle injuries on several levels. First, to our knowledge, no previous studies have 

examined the effects of an alcohol sales tax on motor vehicle injuries; research has 

focused only on the alcohol excise tax. The differences between alcohol sales tax and 

alcohol excise tax are presented in this chapter. Second, the majority of the scientific 

literature on alcohol taxation and motor vehicle injures includes only fatal motor vehicle 

injuries; our study includes both fatal and nonfatal motor vehicle injuries. Third, most 

studies have assessed the effects of alcohol taxes on young drivers only, or on young 

drivers and the general population, limiting the ability to discern the effects across 

different age groups. This study examined the effects not only on young adults and the 

general population but also on several different age groups. This aspect is important for 

policy, as different types of interventions may be needed if the effect varies across age 

groups. Finally, very few states have raised their alcohol tax rate within the last decade. 

In fact, over 20 states have not raised their alcohol tax rates within the last 20 years (Xu 

& Chaloupka, 2011). Quantifying the effects of the Maryland alcohol sales tax increase 

could inform other states about the health repercussions of this measure, contributing to 

building evidence-based policies.  
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C. Definitions  

The following definitions apply to this paper.  

Alcohol-impaired driving crashes. “Crashes that involve involved at least one 

driver or motorcycle rider (operator) with a BAC of 0.08 g/dL or higher” (NHTSA, n.d.). 

Alcohol-impaired driving fatalities: “All fatalities in crashes involving a driver or 

motorcycle rider (operator) with a BAC of 0.08 g/dL or higher” (NHTSA, n.d.). 

Alcohol-impaired driver: Drivers with BAC of 0.08 g/dL or higher (NHTSA, 

2013b).  

Alcohol-positive driver: Also called alcohol-involved driver, a driver with BAC 

of 0.01 g/dL or higher.  

Alcohol-involved or alcohol-related fatal crash: Fatal crash in which either a 

driver or nonoccupant (pedestrian or pedal cyclist) had a measurable or estimated BAC of 

0.01 g/dl or above (NHTSA, n.d.). The code does not necessarily mean that a driver or 

nonoccupant was tested for alcohol” (NHTSA, n.d.). 

Alcohol-related or alcohol-involved fatalities: “Any fatalities that occur in 

crashes where at least one driver or nonoccupant (pedestrian or pedal cyclist) involved 

in the crash had a BAC of 0.01 g/dL or higher” (NHTSA, 2013b).  

Blood alcohol concentration (BAC): BAC refers to the amount of alcohol 

contained in a person's blood and is measured as weight per unit of volume 

(grams/deciliter). A Positive BAC level (0.01 g/dl) and higher) indicates that alcohol was 

consumed by the person tested. (NHTSA, n.d.) 

Fatal crash: “A police-reported crash involving a motor vehicle in transport on a 

trafficway in which at least one person dies within 30 days of the crash” (NHTSA, n.d.). 
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Injury crash: “A police-reported crash that involves a motor vehicle in transport 

on a traffic way in which no one died but at least one person was reported to have: (1) an 

incapacitating injury; (2) a visible but not incapacitating injury; (3) a possible, not 

visible injury; or (4) an injury of unknown severity” (NHTSA, n.d.).  

Injury severity: “The police-reported injury severity of the person (i.e., driver, 

occupant, pedestrian, or cyclist)” (NHTSA, n.d.) 

D. Conceptual model 

The causal pathway by which an increase in alcohol taxes is expected to decrease 

motor vehicle injuries is represented in Figure 1. Alcohol taxation is anticipated to have 

an effect on motor vehicle injuries through a series of mechanisms. First, an increase in 

alcohol taxation leads to a higher price of alcohol. Based on the law of demand, the 

amount of demand for a product is inversely related to its price; therefore, we expect a 

decrease in alcohol consumption (Elder et al., 2010). This change in alcohol consumption 

is anticipated to decrease the number of drinking and driving episodes and subsequently 

lead to a reduction in alcohol-involved motor vehicle injuries (Mullahy & Sindelar, 1994). 

This association between alcohol taxation and motor vehicle injuries is likely to be 

influenced by several independent variables.  

Macroeconomic factors such as per capita income and unemployment have been 

commonly reported to be associated with alcohol consumption (Chaloupka, Saffer, & 

Grossman, 1993; Evans, Neville, & Graham, 1991; Mast, Benson, & Rasmussen, 1999; 

Morrisey & Grabowski, 2011; Ruhm, 1996; Saffer & Grossman, 1987b; Whetten-

Goldstein, Sloan, Stout, & Liang, 2000; Young & Likens, 2000). Yet the relationship 

between income, alcohol consumption, and motor vehicle injuries is ambiguous. There is 
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a positive association between alcohol consumption and income, which can cause an 

increase in alcohol-related motor vehicle injuries (Ruhm, 1996). However, individuals 

with higher income may buy newer and safer cars, which can reduce the impact of the 

crash and therefore the severity of the injury when a crash occurs.  

Studies have reported fewer alcohol-related motor vehicle fatalities during times 

of unfavorable economic conditions (Chang, Wu, & Ying, 2012; Ruhm, 1996). An 

explanation for this phenomenon is that people are preoccupied with searching for work 

and have less disposable income to purchase alcoholic beverages, and/or they are driving 

less than usual, thus reducing their risk of crashes. To control for this effect, we assessed 

the inclusion of per capita income and unemployment in the model. 

 

Figure 1: Conceptual model of the effect of alcohol tax on motor vehicle injuries 
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Individual factors such as age and sex are associated with alcohol consumption. 

Drivers aged 21 to 24 represented 34% of all drivers with positive BAC involved in a 

fatal crash, yet they represent less than 8% of the U.S. population (NTSB, 2013). In 2013, 

23% of male drivers had a BAC of 0.08 g/dL or higher in comparison to 15% among 

female drivers (NHTSA, 2014b). Personality traits such as impulsivity, risk taking, and 

aggressiveness can also be associated with risky behaviors such as drinking and driving 

(Patil, Shope, Raghunathan, & Bingham, 2006). However, this level of information was 

not included in the analysis and is assumed to be constant over time.  

Several studies have included additional alcohol-control laws, other than alcohol 

tax. A description of those alcohol-control laws and their inclusion in each respective 

study are presented in Appendix A. Evidence suggests that certain laws are associated 

with a reduction of traffic-related fatalities and/or alcohol-related motor vehicle fatalities, 

including primary seat belt laws, mandatory helmet laws, a BAC <0.08 g/dl per se, zero 

tolerance of alcohol among drivers aged less than 21, administrative license revocation, 

and mandatory jail term upon the first drinking while intoxicated offence (Villaveces et 

al., 2003). A summary of the laws/policies used as individual variables in the different 

studies is presented in Appendix B. Some of these laws have now been implemented 

across all states. For example, by July 1988, all states had raised the minimum legal 

drinking age to 21 years, and by 2004, all states had a 0.08 BAC illegal per se law 

(Chaloupka, Grossman, & Saffer, 2002; NHTSA, 2004). Environmental factors such as 

highway design, road conditions, and vehicle attributes do not have a direct effect on 

alcohol-impaired driving, but they do have a mitigating impact on the injury severity 

(Ryb, Dischinger, & Ho, 2009). 
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Unmeasured variables such as social and political factors are also expected to 

influence both the adoption of alcohol taxes and alcohol consumption. Researchers have 

found that states are motivated to increase their alcohol tax due to financial benefits 

and/or public support on this issue rather than for public health reasons (Tremper & 

Mosher, 2005). States with high levels of antidrinking sentiment may have higher taxes 

in comparison to those with more relaxed drinking sentiment. In this scenario, estimating 

the effect of alcohol taxation may overestimate the influence of price, which is largely 

influenced by the population’s sentiment towards alcohol, which in itself influences 

alcohol consumption (Chaloupka et al., 2002). Although social and political factors are 

associated with alcohol consumption, their inclusion in the analysis was beyond the scope 

of this study.  

E. Alcohol taxation 

To address alcohol-impaired driving, a variety of alcohol control measures have 

been recommended, including increasing the price of alcoholic beverages (Elder et al., 

2010; World Health Organization [WHO], 2010). Government can influence the price of 

alcohol via taxation: An increase in the alcohol tax will lead to an increase in the price of 

alcoholic beverages (Elder et al., 2010). Based on the law of demand, increased alcohol 

prices should decrease the demand for alcoholic beverages. Subsequently, a reduction in 

alcohol consumption is predicted to decrease alcohol-related harm outcomes, including 

alcohol-related motor vehicle injuries (Elder et al., 2010). Alcohol taxation can help to 

mitigate the growing affordability of alcoholic beverages, which is especially relevant 

considering that the cost of a drink today in relation to per capita disposable income is 25% 

less than it was in 2000 (Kerr et al., 2013).  
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In 2011, policymakers in Maryland implemented an alcohol tax policy by raising 

the alcohol sales tax from 6% to 9% (MD. §11-104(g)). In addition to the federal alcohol 

tax, Maryland, similar to other states, has two main alcohol taxes: the sales tax and the 

excise tax. The sales tax is added when customers pay at the cash register, while the 

excise tax is included in the price tag. Beyond this key characteristic, there are several 

differences between these two alcohol taxes, which are explained in the following 

paragraphs.  

Unlike the alcohol excise tax (volume-based tax), the alcohol sales tax is 

automatically adjusted for inflation, as it is based on the retail price of the product (value-

based tax). The alcohol sales tax is uniform for all alcoholic beverages (beer, wine, and 

distilled spirits) while the excise tax varies. In Maryland, the excise tax per gallon is 

$0.09 for beer, $0.40 for wine, and $1.50 for distilled spirits (MD. §5-105). According to 

the Comptroller of Maryland (2013), the last time Maryland increased its alcohol excise 

tax for distilled spirits was in 1957 (from $1.25 to $1.50 per gallon), and for beer and 

wine was in 1973 (from $0.20 to $0.40 for wine and $0.03 to $0.09 for beer). If 

Maryland’s excise tax had been adjusted for inflation, its value as of 2014 for beer would 

be $0.48 per gallon instead of $0.09 (U.S Bureau of Labor Statistics, 2015). 

Another difference between the alcohol excise and sales taxes is related to the 

location of purchase and consumption. The alcohol sales tax increases the price 

differentially depending on the price of the beverage, which varies by the retailer and 

location where it is consumed (on-premises or off-premises). An on-premise sale, such as 

at a restaurant or bar, refers to the selling of alcoholic beverages for immediate 

consumption, while an off-premise sale, such as from a liquor store, indicates the 
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alcoholic beverages will be consumed elsewhere (WHO, 2014). The alcohol sales tax has 

a larger effect on the price on-premises, as researchers have estimated the price ratio for 

alcoholic beverages on- to off-premises to be on average 3:1 (Xuan et al., 2014). For 

example, using the average price per ounce of beer from the alcohol brand research 

database (Siegel & Jernigan, n.d.), .a standard 12-ounce beer purchased for off-site 

consumption is estimated to cost approximately $1.16, corresponding to a tax of $0.07 

prior to and $0.10 after the increase in alcohol sales tax, a $0.03 increase per drink or a 

2.44% increase in the price. However, based on the 3:1 ratio reported earlier, the same 

beer purchases on-premises may be priced at $3.50, for which the 6% tax is $0.21 and the 

9% tax is $0.32 or a 2.83% price increase. The tax increase per drink on-premises equals 

$0.11 compared to $0.03 off-premises. Although these prices are estimates, they 

emphasize that the monetary increase in tax will vary based on the type and brand of 

alcoholic beverages, as well as on the location of consumption. In 2014, researchers 

found that a decrease of on-premises consumption was significantly associated with a 

decrease in the number of alcohol-impaired fatal crashes (Cotti, Dunn, & Tefft, 2014). 

The alcohol sales tax and alcohol excise tax also differ in regard to the concept of 

pass-through, which indicates whether the consumer or various other parties 

(manufacturers, wholesalers, retailers, etc.) pay the taxes involved in the supply chain. 

Some studies have suggested that the immediate effect of an increase in alcohol excise 

tax may be larger than an increase in alcohol sales tax because of an associated pass-

through phenomenon: retailers can pass on the excise taxes to the consumer through 

higher prices which can be marked up in every step of the distribution system, which is 

not the case with alcohol sales tax (Ally et al., 2014; Xu & Chaloupka, 2011). Some 
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researchers have estimated that the pass-through rates can vary between 1.2 and 4.2, 

depending on the type of alcoholic beverage and location of purchase (Xu & Chaloupka, 

2011); others have estimated a lower pass-through rate of 0.93 (Siegel et al., 2013). These 

differences between alcohol excise and alcohol sales taxes are important to consider, as 

are their effects on alcohol consumption and alcohol-related harm.   

In regard to the federal alcohol excise tax, the last increase dates back to 1991; 

therefore, it remained unchanged during the study period. The federal alcohol excise tax 

per gallon is $0.58 for beer, $1.07 for wine with 14% or less alcohol content, $1.57 for 

wine with 14% or more alcohol content, and $13.50 for distilled spirits (U.S Department 

of Treasury, 2013). With the impact of inflation, the alcohol excise tax in real value has 

dropped by 37% from 1991 to 2009 (The Center on Budget and Policy Priorities, 2009).    

F. Alcohol taxes and motor vehicle injuries 

Prior to summarizing the findings of studies that have estimated the association 

between alcohol tax and motor vehicle injuries, we present a brief overview of the 

similarities and differences in terms of methodology. All studies related to alcohol 

taxation and motor vehicle injuries consist of cross-sectional time series analyses. The 

time period of the studies varies considerably, from 3 years to 24 years (Chang et al., 

2012; Saffer, 1997). Most studies include data from the 1980 to 1990s, and five studies 

include data from the 2000s (Chang et al., 2012; Morrisey & Grabowski, 2011; Ponicki, 

Gruenewald, & LaScala, 2007; Wagenaar, Livingston, & Staras, 2015). In terms of data 

sources, with the exception of two studies that used emergency departments and vital 

statistics data on mortality (Kisely et al., 2011; Sloan, Reilly, & Schenzler, 1994), the 

remaining studies used FARS (Chaloupka, Saffer, &Grossman, 1993; Chaloupka & 
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Laixuthai, 1997; Chang et al., 2012; Dee, 1999; Evans, Neville, & Graham, 1991; 

Morrisey & Grabowski, 2011; Ponicki, Gruenewald, & LaScala, 2007; Ruhm, 1996; 

Saffer & Grossman, 1987a; Saffer & Grossman, 1987b; Saffer, 1997; Wagenaar, 

Livingston, & Staras, 2015; Wilkinson, 1987; Young & Bielinska-Kwapisz, 2006). The 

study population varied slightly across studies, but overall, researchers focused either on 

young drivers or young drivers and the adult population. A summary of the 

characteristics and main findings of the studies on alcohol taxes and motor vehicle 

injuries is presented in Appendix C.  

With the exception of one study examining the effects of the Maryland 2011 

alcohol sales tax increase on sexually transmitted diseases (Staras, Livingston, & 

Wagenaar, 2015), all the remaining studies, to our knowledge, evaluated the effects of the 

alcohol excise tax; none of them focused on changes in alcohol sales taxes. With the 

exception of one study that examined the effects of the 2009 alcohol excise tax increase 

on motor vehicle injuries in Illinois (Wagenaar et al., 2015) and another one from 

Australia (Kisely et al., 2011), the remaining studies examined the effects of the sum of 

the U.S federal and state beer excise taxes across all states as a whole.  

Several original studies have found a statistically significant inverse association 

between alcohol tax or price and motor vehicle fatalities (Chaloupka, Saffer, & Grossman, 

1993; Chaloupka & Laixuthai, 1997; Chang, Wu, & Ying, 2012; Evans, Neville, & 

Graham, 1991; Morrisey & Grabowski, 2011; Ponicki et al., 2007; Ruhm, 1996; Saffer & 

Grossman, 1987a; Saffer & Grossman, 1987b; Saffer, 1997; Wagenaar, Livingston, & 

Staras, 2015; Wilkinson, 1987; Young & Bielinska-Kwapisz, 2006). In the economic 

literature related to alcohol tax, researchers tend to refer to price elasticity of demand, 
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which can be described as the percentage change in consumption or in a specific health 

outcome, such as alcohol-impaired driving, resulting from a 1% price increase 

(Chaloupka et al., 2002). Studies reporting a statistically significant inverse association 

between alcohol tax and motor vehicle injuries calculated alcohol tax elasticity between -

0.07 and -0.37 (Elder et al., 2010). Based on these estimates, an increase of 10% in the 

alcohol tax would lead to a decrease between 0.7% and 3.7% in motor vehicle injuries. 

The outcomes of the study included all motor vehicle fatalities, alcohol-related fatalities, 

single-vehicle nighttime fatalities and/or nighttime fatalities. One study found higher 

alcohol price elasticity, up to -0.58 for the total motor vehicle fatalities rate and -0.69 on 

the nighttime fatality rate (Young & Bielinska-Kwapisz, 2006).  

In general, the price elasticity was higher for studies that included an outcome 

directly related to alcohol-impaired driving compared to a general outcome such as total 

motor vehicle fatalities. Also, the magnitude of effects seemed to be larger when 

researchers examined the effect of alcohol tax only among young adults compared to the 

overall population. Conversely, some studies found no effect of price elasticity among 

drivers aged 18 to 20 (Saffer, 1997) and 15 to 17 (Morrisey & Grabowski, 2011).  

In a recent study, researchers examined the effect of the 2009 Illinois alcohol 

excise tax increase, which affected all three type of alcoholic beverages (beer, wine, and 

distilled spirits), on alcohol-related fatal crashes (Wagenaar et al., 2015). In their analysis, 

the investigators used non-alcohol-related crashes as a predictor to control for trends and 

other factors affecting motor vehicle injuries (Wagenaar et al., 2015). They found a 

significant reduction of 26% in alcohol-related crashes after the 2009 Illinois alcohol 

excise tax increase from the number expected if the tax had not changed.   
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In addition to original studies, a few meta-analyses have been completed on the 

effects of alcohol taxes and health consequences, which include motor vehicle injuries. In 

2010, researchers completed a meta-analysis on the effects of alcohol taxes and price 

policies on mortality and morbidity that included motor vehicle injury (Wagenaar, Tobler, 

& Komro, 2010). All 34 independent estimates showed an inverse association between 

alcohol taxes and traffic-related injuries. Overall, 68% of the estimates were statistically 

significant. Elder et al. (2010) published a systematic review during the same year, which 

focused on assessing the effectiveness of alcohol tax policy in reducing excessive alcohol 

consumption and related harms. Based on their inclusion criteria, they identified four 

studies on price elasticity on motor vehicle injuries and six on beer tax elasticity. Overall, 

six studies found a statistically significant association between alcohol price or tax and 

motor vehicle injuries, four studies reported no effect, and one study did not report if 

results were statistically significant (Elder et al., 2010).  

Other studies have found inconclusive results on the effects of alcohol excise tax 

on motor vehicle injuries (Dee, 1999; Kisely et al., 2011; Mast et al., 1999; Sloan et al., 

1994; Whetten-Goldstein et al., 2000; Young & Likens, 2000). Some investigators who 

did not observe an effect argued that the results might due to omitted variables. For 

example, grassroots activities targeting drinking and driving may have affected drinking 

and driving, and road safety. However, most of the recent studies using FARS data have 

found a significant inverse association between alcohol taxation and motor vehicle 

injuries (Chang et al., 2012; Wagenaar et al., 2015).  

  



 17 

CHAPTER II. STUDY DESIGN AND METHODS 

A. Study design and population  

This quasi-experimental study design includes an interrupted time series (ITS) 

analysis. In an ITS, data are collected at different points over time before and after the 

introduction of an intervention (Ramsay, Matowe, Grilli, Grimshaw, & Thomas, 2003). 

All drivers involved in a fatal motor vehicle crash in Maryland between January 1, 2001 

and December 31, 2013 were included as part this study. This research includes 156 

monthly data time points, a total of 126 prior to the introduction of the 2011 alcohol sales 

tax increase (January 2001-June 2011) and 30 months after its introduction (July 2011-

December 2013). The alcohol sales tax was increased as of July 01, 2011; for the 

multivariable analysis, we added a one-month delay after the enactment of the 2011 

alcohol tax increase because people may have purchased alcohol in June in anticipation 

of the increase in alcohol sales tax and/or in preparation of the Fourth of July holidays. 

Therefore, July 2011, first month of the introduction of the alcohol sales tax was included 

in the pre-intervention period for the adjusted analysis.  

In the first of the two manuscripts, we assessed the effects of the 2011 alcohol 

sales tax on motor vehicle fatalities. More precisely, we focused on alcohol-involved 

drivers in fatal crashes and alcohol-related fatalities. For the second manuscript, we 

expanded the study population by including alcohol-involved drivers who were involved 

in fatal or non-fatal motor vehicle injuries. For this, we included drivers aged 15 to 95, 

and assessed the effects of the 2011 alcohol sales tax on various age groups. Figure 2 

illustrates the flow diagram for drivers included as part of the second analysis. First, we 

excluded drivers involved in a property damage crash (no injury). One of the reasons for 
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excluding property damage was to reduce underreporting of alcohol-involvement as law 

enforcement officers tend to capture more alcohol involvement among injured drivers 

rather than uninjured drivers (Miller et al., 2012). Also from a public health perspective, 

injuries are more relevant than property damage. We removed one case, which did not 

include information about either injury severity or person type (driver, occupant or 

pedestrian). Based on the remaining 877,488 drivers, we excluded drivers with missing or 

unknown data on age (n=17,998) or below 15 years old (n=933) because this age is the 

legal limit for driving in Maryland (Department of Transportation Motor Vehicle 

Transportation, 2015), and finally 95 years old was the cutoff upper value for age (n=457 

above 95). A total of 34,098 drivers (4.29%) were identified as alcohol-involved drivers. 

We excluded 1,087 drivers identified as under the influence of alcohol and drugs 

(0.14%), One of the reasons for excluding drivers identified as both alcohol and drugs 

impaired is related to the procedures and techniques used to test for drugs, which may 

varied during the study period (National Highway Transportation Safety [NHTSA], 2010; 

Berning & Smither, 2014). Also, drug involvement does not necessarily indicate that the 

person was under the influence of drugs at the time of the crash; it only indicates recent 

consumption (NHTSA, 2010; Berning & Smither, 2014). 
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Figure 2: Flow diagram of drivers in a crash based on MAARS dataset, Maryland, 

2001-2013 

 

We compared the characteristics (injury severity, sex and status of alcohol and/or 

drugs) of the drivers included in the study (ages 15 to 95 years old) to drivers excluded 

from the study (missing/ unknown age or ages <15 or >95 years old) (Appendix D, Table 
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1). The drivers included in the study were less likely to have missing information on 

gender (0.19%) in comparison to drivers excluded from the analysis 69.40%). The drivers 

included in the study had a smaller proportion of drivers not injured (47.68%) in 

comparison to excluded drivers (89.15%). Drivers aged 15 to 95 years old had a larger 

proportion of drivers identified as alcohol-involved (4.10%) in comparison to drivers 

excluded from the analyses (1.27%). Despite those differences, we obtained similar 

findings in the adjusted analyses if all drivers are included or if only drivers aged 15 to 95 

years old are included.   

B. Data sources 

 For the first manuscript, we obtained data on all fatal motor vehicle injuries occurring 

in Maryland from the Fatality Analysis Reporting System (FARS), which is managed by 

the National Highway Traffic Safety Administration (NHTSA). This public dataset, which 

started in 1975, contains all vehicle crashes that have occurred on U.S. public roadways 

that have resulted in the death of a person (driver, occupant of a vehicle, or a non-

motorist) within 30 days of the crash (NHTSA, 2014a). FARS includes extensive 

information related to the person(s), vehicle(s) and circumstances surrounding the crash. 

FARS data are collected at the state level (Maryland for this study) and are based on 

multiple sources including police reports, emergency medical services, laboratory, 

medical examiner reports, driver licensed files, vehicle registration files, and death 

certificates.  

For the second manuscript, we obtained motor vehicle crash data from the 

Maryland Automated Analysis Reporting System (MAARS), which contains all 

Maryland police-reported crashes that resulted in a damaged vehicle, non-fatal and/or 
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fatal injury. In conformity with the Model Minimum Uniform Crash Criteria, a national 

guideline for data collection on traffic crashes, Maryland police officers classified the 

injury severity of all persons involved in a crash using a 5-point scale system known as 

KABCO: fatal injury (K), incapacitating (A), non-incapacitating (B), possible (C), and no 

injury (O) (NHTSA, 2012c; Burch, Cook, & Dischinger, 2014). From this variable, we 

created an injured/non injured dichotomous variable (injured=fatal injury, incapacitating, 

non-incapacitating, and possible; non injured=no injury). To identify alcohol-involved 

drivers, we used the derived variable available in MAARS that was generated based on 

the police officer’s perception of alcohol involvement and/or quantitative alcohol test 

results.  

Each dataset, MAARS and FARS, offers a set of advantages. For alcohol-

involvement, FARS uses multiple imputations to impute missing BAC values (described 

in more detail below) (Subramanian, 2002), while no imputation is performed for missing 

BAC values in MAARS. FARS includes several validation and quality assurance 

processes, including adding in supplemental reports that are usually not included in the 

MAARS crash file. This extensive data gathering and validation practice is not part of the 

data collected as part of MAARS. For example, the police impression of the injury 

severity may not be updated in light of the medical examination. However, both datasets 

include extensive information about the person(s), vehicle(s) involved in a crash, as well 

as the circumstances. One of the main advantages of MAARS is the inclusion of all 

police-reported motor vehicle crashes.  
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C. Intervention 

Effective as of July 1, 2011, Maryland increased the alcoholic beverage sales tax 

from 6% to 9%. This tax increase is applicable to the sale price of all types of alcoholic 

beverages (beer, wine, and distilled spirits), regardless of the location where the alcohol 

is sold (MD. §11-104(g)).  

D. Main outcome measures  

Fatal motor vehicle injuries 

For the first manuscript, we examined the effect of the alcohol tax on three 

outcomes: 1) alcohol-involved drivers in a fatal crash; 2) fatally injured alcohol-involved 

drivers; and 3) alcohol-involved fatalities.  The National Highway Traffic Safety 

Administration (NHTSA) defined alcohol-involved fatalities as situations in which either 

the driver of any vehicle or a non-occupant (pedestrian or pedal cyclist) involved in the 

crash had a blood alcohol concentration (BAC) of > 0.01g/dL. For alcohol-involved 

fatalities and alcohol-impaired drivers, we used three categories of BAC values (g/dL); 1) 

>0.01; 2) >0.08; and 3) >0.15. For fatally injured alcohol-involved drivers, we used 

BAC>0.01 g/dL as the cutoff value to determine a positive BAC.  

  When BAC values are missing, the NHTSA uses multiple imputations, a widely 

recognized method to account for missing data, to estimate the BAC of a driver at the 

time of the crash for both drivers killed and surviving drivers (Subramanian, 2002). In 

2001, NHTSA transitioned to a new imputation method, which is still currently used. As 

described by NHTSA, “the imputed values are actual values of BAC along the entire 

plausible range, and can therefore be combined to provide estimates for any defined 
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category of alcohol involvement.” NHTSA imputes data on BAC because of the high 

percentage of missing data, especially for surviving drivers; in a given year, 

approximately 60% of the BAC values are missing and/or unknown in FARS 

(Subramanian, 2002). The missing data is replaced by 10 simulated BAC values which 

are created using characteristics of the individual crashes including time of the day and 

week, position of vehicle on the road etc. The monthly estimates in this study for alcohol-

involved drivers and alcohol-involved fatalities correspond to the average individual 

estimate of the 10 imputed BAC values. The National Center for Statistics and Analysis 

published SAS programs to facilitate the analysis of the imputed BAC values 

(Subramanian, 2002).  

Fatal and non-fatal motor vehicle injuries 

For the second manuscript, we examined the effect of the alcohol tax on alcohol-

involved drivers aged 15 to 95 years involved in an injury-crash. We estimated the effects 

of the 2011 alcohol sales tax on drivers aged 15 to 95, and also on drivers in four age sub-

groups: 15 to 20, 21 to 34, 35 to 54, and 55 to 95 years. We classified age into four main 

groups to have sufficient cases of alcohol-involved drivers per month for the analysis. We 

selected 15 to 20 years old drivers to assess the effect of the alcohol sales tax on drivers 

under the legal drinking age (<21). Then, we grouped 21 to 34 as they have a higher risk 

of alcohol-impaired driving compared to any other age groups (NHTSA, 2014b). The 

person injured could have been a driver, occupant, and/or pedestrian. Drivers involved in 

a crash leading only to property damage (no injury) were excluded from the analysis.  
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E. Covariables  

Several independent variables were selected a priori and evaluated for inclusion in 

statistical analyses, based on evidence of being independent predictors of alcohol-

impaired driving and/or significant in statistical analyses (Table 1). The monthly numbers 

of persons unemployed in Maryland during the study time period were obtained from the 

U.S. Bureau of Labor Statistics (2014). We examined the effect of changes in annual per 

capita personal income, calculated as the total personal income of the residents of 

Maryland divided by the total mid-year (July) state population in each of the study years 

(U.S. Department of Commerce, 2014). We assessed whether specific laws that were 

designed as effective measures to reduce traffic fatalities were changed in Maryland 

during the study period: 1) administrative license revocation; 2) illegal per se at BAC 

>0.08 g/dL and >0.01g/dL for underage drivers (<20 years old); 3) primary seat belt; 4) 

mandatory helmet law; and 5) mandatory ignition interlock for all offenders convicted of 

driving while alcohol-impaired (Chang et al., 2012; Villaveces et al., 2003). We gathered 

information on laws using four different sources, including the Insurance Institute for 

Highway Safety (IIHS) (2014), the National Conference of State Legislature (2014), 

NHTSA (2013), National Institute of Alcohol Abuse and Alcoholism (NIAAA).  Starting 

in October 2001 (10 months into our  study), the BAC limits (g/dL) decreased in 

Maryland from 0.10 to 0.08 and from 0.02 to 0.00 for drivers under the legal drinking age 

(<20). We did not include these changes in our model as they occurred only 10 months 

into the study period. No other changes in alcohol control and traffic safety laws occurred 

during the study period. Therefore the only law we assessed was the 2008 Maryland sales 
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tax increase, from 5% to 6%, which also affected alcoholic beverages (Tax Foundation, 

2014).  

Data on Maryland annual population estimates originated from the U.S. Census 

Bureau (2014); and data on the annual number of licensed drivers and vehicle miles 

traveled (VMT) in Maryland came from the Federal Highway Administration (FHWA, 

2013). We also obtained the annual Maryland population and number of licensed drivers 

for each study age group (15-20; 21- 34; 35-54; >55). The VMT measure corresponds to 

the number of miles traveled in Maryland by vehicles in a given year (FHWA, 2013). To 

control for factors which may vary across years, such as vehicle safety and/or highway 

design, we used a continuous variable in the model for the month, starting on January 

2001 and ending on December 2013 (month 1 to 156) (Morrisey & Grabowski, 2011). To 

control for seasonality, we included yearly quarters (quarter 1= January to March, quarter 

2=April to June, quarter 3=July to September, and quarter 4= October to December) 

because error terms for a particular yearly quarter may be more correlated with the same 

quarter of a different year (Bhaskaran, Gasparrini, Hajat, Smeeth, & Armstrong, 2013). 
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Table 1: Description and sources of the covariables 

Variables Description  Sources 

Administrative 

law 

Administrative per se law allows a state’s driver 

licensing agency to either suspend or revoke a driver’s 

license based either on a specific alcohol 

concentration or on some other criteria related to 

alcohol or drug use and driving. 

 

NHTSA 

Alcohol Tax State alcohol sales and excise taxes  Tax Foundation 

and Alcohol Policy 

Information 

System, NIAAA 

Helmet law Law requiring all motorcycle riders to wear a helmet 

 

 IIHS 

Ignition 

interlock law 

An interlock is a breath-testing device that a driver 

must blow into before starting a vehicle. If alcohol is 

detected, the device disables the ignition of the 

vehicle. States may have a law requiring interlocks for 

drivers who have driven under the influence of 

alcohol.   

 

National 

Conference of State 

Legislatures 

Illegal per se A per se BAC statute establishes a BAC limit for a 

violation. If the operator has a BAC level ≥ the per se 

limit, a violation has occurred regardless of other 

evidence of intoxication or sobriety. 

 

Alcohol Policy 

Information 

System, NIAAA  

 

Licensed 

drivers 

Maryland annual number of licensed drivers  FHWA 

 

Non alcohol-

involved 

drivers 

 

Monthly count of non alcohol-involved drivers. Two 

cutoff BAC values were used: 0.00 g/dL and <0.08 

g/dL. 

 

NHTSA, FARS 

 

Primary seat 

belt laws 

Primary seat belt laws allow enforcement officers to 

ticket a driver or passenger for not wearing a seat belt, 

without any other traffic offense-taking place.  

 

IIHS  

Population  Maryland annual population U.S. Census 

Bureau 

Sales tax MD sales tax increased from 5% to 6% on January 

2008 for all goods including alcohol.  

Tax foundation 

Unemployment Monthly number of individuals unemployed for MD. Bureau of Labor 

Statistics 

 

Vehicle miles 

traveled  

The annual number of miles traveled by vehicles in 

Maryland.  

 

FHWA 
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F. Data analysis 

We performed exploratory and descriptive statistical analyses for the overall study 

period, as well as for pre- and post- intervention periods. For descriptive analysis, we 

used the monthly mean counts, rates of alcohol-impaired drivers using three different 

denominators; 1) per 100,000 population, 2) per 100,000 licensed drivers, and 3) per 100 

million vehicle-miles traveled (VMT). For the first manuscript, we included alcohol-

involved fatalities as one of the outcomes. We examined at the ratio between alcohol-

involved drivers and non-alcohol-involved drivers for the overall study period, pre- and 

post-intervention periods. We compared driver’s characteristics, including sex, age, and 

alcohol status in the pre and post-intervention periods. To detect differences between 

before and after the introduction of the 2011 alcohol sales tax increase in terms of the 

categorical demographic variables of drivers involved in an injury-crash, we used chi-

square tests.  

We checked for autocorrelation using the Durbin-Watson test with an order of 12 

as recommended for monthly data (SAS, 2014). Because of the presence of temporal 

autocorrelation, we used generalized estimating equations (GEE) models with a negative 

binomial distribution and an autoregressive initial covariance structure. GEE models are 

non-biased likelihood based estimation.  One of the main advantages of GEE is the 

estimation of reasonably accurate standard errors, based on the Huber-White, also known 

as robust or sandwich, variance estimator (Penn State University, 2015).  GEE models 

offer the advantage of producing consistent estimators even if the initial correlation 

structure is misclassified (Fitzmaurice, Laird, & Ware, 2011). We used negative binomial 

rather than Poisson models because crash data are often likely to be over-dispersed; i.e., 
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the variance is likely greater than the mean (Lord & Mannering, 2010). The 

autoregressive covariance structure assumes that the correlations between monthly rates 

decline across time, which is plausible with crash data (Kincaid, 2005; Mohammadi, 

Samaranayake, & Bham, 2014).  

 Covariates were retained in the final multivariable model if they were significant 

at the p<0.10 using a manual backward stepwise approach, and/or if they had been 

identified as important predictors in the literature (Chaloupka et al., 1993; Chaloupka & 

Laixuthai, 1997; Chang et al., 2012; Evans et al., 1991; Mast et al., 1999; Morrisey & 

Grabowski, 2011; Ponicki et al., 2007; Whetten-Goldstein et al., 2000; Young & Likens, 

2000; Young & Bielinska-Kwapisz, 2006). We used the quasi-likelihood under the 

independence model criterion (QIC) statistic to compare GEE models. The QIC statistic 

is similar to Akaike’s information criterion (AIC) statistic for models based on likelihood 

methods (SAS, n.d.). When comparing two models, we selected the model with the 

smaller QIC score. We included an indicator variable for the 2011 alcohol tax increase 

and continuous linear trend variable independent of significance level (Wagner, 

Soumerai, Zhang, & Ross‐Degnan, 2002).  

There are two parameters that defined this time series analysis: the level and the 

trend (Figure 3) (Ramsay, Matowe, Grilli, Grimshaw, & Thomas, 2013; Wagner et al., 

2002).  The level is defined as the change in the outcome in the month following the 

intervention, which corresponds, to the indicator variable for the 2011 alcohol tax 

increase. In our analysis, this level of change corresponds to the adjusted rate ratios 

obtained which can be interpreted as the rate of alcohol-impaired drivers immediately 

after the introduction of the alcohol tax (August 2011) in comparison to before the 
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introduction of the tax after controlling for the other variables. Therefore, this change 

corresponds to the immediate effect of the alcohol tax. The second parameter is the linear 

trend, which is the change in the outcome over a certain segment or period (a change in 

slope or trend). The pre-intervention trend is the monthly change prior to the introduction 

of the tax, while the post-intervention trend follows the 2011 alcohol sales tax increase. 

This parameter allows the slope or trend to differ before and after the intervention. To 

assess for the change in slopes between the pre and post-intervention periods, we 

assigned 0 to the months preceding the intervention, and 1 to 29 starting in August 

2011(Wagner et al., 2002). For the linear trend, we examined if the slopes prior to and 

after the intervention differed significantly (p<0.10) after the introduction of the sales tax 

increase. If no significant change between the pre-and post-intervention is detected, we 

assume one continuous linear trend over time as recommended in the literature (Wagner, 

et al., 2002), which can be interpreted as the average monthly change in the outcome of 

interest during the overall study period. The level of change and trend enable the 

researchers to determine if the effect was immediate and/or gradual.  
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Figure 3: Trend and level change in time series analysis. 

 

Statistical models  

For the analyses, we used two different models. In the first model, in addition to 

the 2011 alcohol sales tax increase and linear trend variables, we assessed the inclusion 

of unemployment, 2008 general sales tax increase (5 to 6% ), per capita income, and 

seasonality. Our final model 1 includes the following variables: 

log (Yt)= β0 + β1 ×month(t) + β2 × intervention + β3× quarter1 + β4× quarter2+ β5× 

quarter3 +  β6 ×unemployment + β7 ×  2008 Maryland sales tax +  β8× time after 

intervention +log (VMT) 
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The outcome of interest is the log count of alcohol-related fatalities or alcohol- involved 

drivers in a fatal crash (outcomes) at month t. With inclusion of the offset log (VMT), the 

outcome is the log rate of alcohol-related outcomes. β0 represents the monthly count of 

the outcome where all other variables are 0. β1 estimates the average monthly change 

that occurs in the outcomes for the pre-intervention period (slope for the pre-intervention, 

assuming a linear association). β2 is the immediate effect of the alcohol sales tax 

increase, based on the intervention dummy variable (0-1), indicating the absence or 

presence of the law for a given month in Maryland. β2 estimates change in level of the 

monthly mean count of the outcome after the introduction of the increase in alcohol sales 

tax. β3-5 are estimates of effects of each quarter of the year to control for seasonality. β

3-5 estimates the monthly change of the outcome for a given quarter as compared to the 

October-December quarter. β6 represents the effect of a monthly estimate of the number 

of persons unemployed in Maryland expressed in 1,000s. β6 can be interpreted as for 

every 1,000 unit increase in the number of unemployed persons, the monthly mean count 

of the outcome changes by the predicted value holding all other variables constant. β7 is 

the immediate effect of the 2008 Maryland general sales tax increase (5% to 6%), which 

also affected alcoholic beverages. For this dummy variable, 0 represents months prior to 

the introduction of the sales tax increase (prior to January 2008), and 1 for the months 

starting at January 2008.  β7 estimates change in level of the monthly mean count of the 

outcome after the introduction of the sales tax increase. β8 is the effect of a continuous 

variable representing the months after the introduction of the intervention period with a 

1-month delay after the enactment of the 2011 alcohol sales tax increase (1=August 2011 



 32 

to 29=December 2013). β8 estimates the change in the trend (slope) in the mean monthly 

number of the outcome of interest after the intervention compared to the trend prior to the 

intervention.  

The second model includes the following variables 

log (Yt)= β0 + β1 ×month(t) + β2 × intervention + β3× log (rate of non-alcohol involved 

drivers per VMT)+ β4. ×  time after intervention +log (VMT) 

The outcome of interest is the log count (and/or rate) of alcohol-related fatalities or 

alcohol- involved drivers in a fatal crash (outcomes) at month t. β0 represents the 

monthly count of the outcome where all other variables are 0. β1 estimates the average 

monthly change that occurs in the outcomes for the pre-intervention period (slope for the 

pre-intervention, assuming a linear association). β2 is the immediate effect of the alcohol 

sales tax increase, based on the intervention dummy variable (0-1), indicating the absence 

or presence of the law for a given month in Maryland.  β2 estimates change in level of 

the monthly mean count of the outcome after the introduction of the increase in alcohol 

sales tax. β3 represents the change in outcome with change in the log rate of non-

alcohol-related fatalities (BAC=0.00 g/dl or BAC<0.07 g/dL) or non-alcohol- involved 

drivers in a fatal crash (outcomes) per VMT at month t.β4 estimates the change in the 

trend (slope) in the mean monthly number of the outcome of interest after the 

intervention compared to the trend prior to the intervention.  

For model 1 and 2, if the change of slope was not significant, we assumed one 

continuous linear trend across the study years. The model includes an offset statement 
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(denominator for the outcome rate), which is defined as the log of vehicle miles traveled 

annually. In addition to VMT as an offset, we also used per population and per licensed 

drivers.  

Researchers have previously used a variable such as non-alcohol-related crashes as a 

proxy measure to control for factors related to external factors, such as the economy, car 

safety, and/or highway design (Wagenaar et al., 2015; Fell, Langston and Tippetts, 2005). 

Using non-alcohol impaired drivers as a covariable also has the advantage of taking into 

consideration any changes related to the ratio of alcohol-involved drivers versus non-

alcohol involved drivers across time.  

All analyses were conducted using SAS 9.3 (SAS Institute, Cary, North Carolina, 

USA). 

G. Sample size and power 

This study includes a census of all crashes in Maryland both fatal and non-fatal. 

Therefore, this population constitutes the universe. The power for time series analysis is 

influenced by the number of data points prior to and after the intervention, the number of 

observations within a given time period, and autocorrelation (McLeod & Vingilis, 2008). 

For traffic injuries, an autocorrelation of 0.5 is commonly reported. In the presence of an 

estimated effect size of 0.5, we estimated that our power would be at least 76%; previous 

researchers have reported 76% power for a simulated model with both level and trend 

change based on an effect size of 0.5 for a time series of 72 data points (half the data 

points that we have in our study) (Zhang, Wagner, & Ross-Degnan, 2011). 
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CHAPTER III: THE EFFECTS OF THE 2011 MARYLAND 

ALCOHOL SALES TAX INCREASE ON ALCOHOL-IMPAIRED 

DRIVERS INVOLVED IN FATAL CRASHES AND ALCOHOL-

RELATED MOTOR VEHICLE FATALITIES1. 

A. Abstract 

Background: Motor vehicle crashes claim the lives of approximately 500 persons 

annually in Maryland. Approximately 30% of these fatalities are associated with alcohol-

impaired driving. Despite earlier advances in the reduction of traffic-related injuries, 

alcohol-impaired driving remains a significant and seemingly refractory public health 

problem.  

Objectives: To evaluate the effects of the Maryland 2011 alcohol sales tax increase on 

the rates of alcohol-involved fatalities and alcohol-impaired drivers in fatal crashes.  

Methods:  This interrupted time series study includes all drivers who were involved in a 

fatal motor vehicle crash in Maryland between January 1, 2001 and December 31, 2013. 

Data were obtained from the Fatality Analysis Reporting System. In our analysis, we 

used generalized estimating equations models with a negative binomial distribution and 

log link, because our outcomes are rates or counts.  

Results: In Maryland between January 2001 and December 2013, a total of 6,967 crashes 

involving 10,777 drivers occurred resulting in 7,590 fatalities. We did not observe a 

significant immediate reduction of the rates of alcohol-involved drivers and alcohol-

related fatalities following the 2011 alcohol sales tax. The rate of alcohol-impaired 

                                                      
1 Marie-Claude Lavoie, Patricia Langenberg, Andres Villaveces,                    

Patricia C Dischinger, Linda Simoni-Wastila, Kathleen Hoke, Gordon S Smith.                   

In preparation for submission.  
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drivers (>0.08 g/dL) increased by 6%, but was not statistically significant (RR: 1.06, 

95%CI: 0.96-1.11), after the introduction of the alcohol sales tax increase in comparison 

to before its introduction. Similar findings were observed for fatally injured alcohol-

involved drivers (RR: 1.04, 95% CI: 0.97-1.11). However, we did observe a significant 

larger gradual decline in the rates of alcohol-impaired drivers and alcohol-related 

fatalities with BAC >0.08 g/dL following the 2011 alcohol sales tax.  

Conclusions: The findings of this study suggest that increasing alcohol sales tax 

contributes in saving lives associated with alcohol-impaired driving.   
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B. Introduction 

Each year in Maryland, motor vehicle collisions are responsible for approximately 

500 fatalities, cause up to 6,100 injuries requiring hospitalization, and result in over 

63,400 emergency department admissions (National Highway Traffic Safety 

Administration [NHTSA], 2011). Similar to the national estimate, approximately 30% of 

Maryland motor vehicle fatalities are associated with alcohol-impaired driving (NHTSA, 

2012b). To address alcohol-impaired driving, a variety of alcohol control measures have 

been recommended, including increasing the price of alcoholic beverages (Elder et al., 

2010, World Health Organization [WHO], 2010). Government can influence the price of 

alcohol via taxation: an increase in the alcohol tax will lead to a rise in the price of 

alcoholic beverages (Elder et al., 2010). Alcohol taxation can also mitigate the growing 

affordability of alcoholic beverages, which is especially relevant considering that the cost 

of a drink today in relation to per capita disposable income is 25% less than it was in 

2000 (Kerr et al., 2013).  

In 2011, policymakers in Maryland implemented an alcohol tax policy by raising 

the alcohol sales tax from 6% to 9% (Maryland. §11-104(g)). In addition to the federal 

alcohol excise tax, Maryland, similar to other states, has two main alcohol taxes: the sales 

tax and the excise tax. There are several differences between those two alcohol taxes. 

Unlike the alcohol excise tax (volume-based tax), the alcohol sales tax is automatically 

adjusted for inflation, as it is based on the retail price of the product (value-based tax). 

The alcohol sales tax is uniform for all alcoholic beverages (beer, wine, and distilled 

spirits) while the excise tax varies. In Maryland, the excise tax per gallon is $0.09 for 

beer, $0.40 for wine, and $1.50 for distilled spirits (Maryland. §5-105). The last time 
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Maryland increased its alcohol excise tax for distilled spirits was in 1957 (from $1.25 to 

$1.50 per gallon), and in 1973 for beer and wine (from $0.20 to $0.40 for wine and $0.03 

to $0.09 for beer) (Comptroller of Maryland, 2013 ). Third, the alcohol sales tax increases 

the price differentially depending on the price of the beverage, which varies by the 

retailer and location where it is consumed (on-premises or off-premises). The alcohol 

sales tax has a larger effect on the price on-premises (e.g., restaurants, bars), because the 

price ratio of on to off-premises (e.g., stores) for alcoholic beverages has been estimated 

to be on average 3:1 (Xuan et al., 2014). Finally, the sales tax is added when customers 

pay at the cash register, while the excise tax is included in the display price tag.  

Some researchers have found a statistically significant inverse association 

between alcohol tax or price and motor vehicle fatalities (Chaloupka, Saffer, & 

Grossman, 1993; Morrisey & Grabowski, 2011; Ruhm, 1996; Wagenaar, Livingston, & 

Staras, 2015). However, other researchers have found inconclusive results (Dee, 1999; 

Kisely et al., 2011; Mast, Benson, & Rasmusse, 1999; Young & Bielinska-Kwapisz, 

2006). To our knowledge, no previous study has examined the effect of the alcohol sales 

tax on motor vehicle injury; existing scientific literature has focused on the alcohol excise 

tax. The Guide to Community Preventive Services has previously identified this research 

gap (Elder et al., 2010). Quantifying the effects of increasing the Maryland alcohol sales 

tax on the rates of alcohol-related motor vehicle injuries will contribute to building 

evidence-based laws to target the reduction of alcohol-impaired driving.  

This study evaluates the effects of the 2011 Maryland alcohol sales tax increase 

on alcohol- involved drivers in a fatal crash and alcohol-related fatalities. We 

hypothesized that the 2011 increase in alcohol sales tax will result in a reduction in 
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alcohol-related fatalities and alcohol-involved drivers in a fatal crash following the 2011 

alcohol sales tax increase. 

C. Methods 

Study design and population  

This interrupted time series quasi-experimental study design included all drivers 

involved in a fatal motor vehicle crash in Maryland between January 1, 2001 and 

December 31, 2013. The study includes 156 monthly data time points, a total of 126 prior 

the introduction of the 2011 alcohol sales tax increase (January 2001-June 2011) and 30 

months after its introduction (July 2011-December 2013). The alcohol sales tax was 

increased as of July 01, 2011; for the multivariable analysis, we added a one-month delay 

after the enactment of the 2011 alcohol tax increase because people may have purchased 

alcohol in June in anticipation of the increase in alcohol sales tax and/or in preparation of 

the Fourth of July holidays. Therefore, we assumed that August 2011 is the first month of 

the post-intervention period.  

Data sources  

We obtained data on fatal motor vehicle injuries in Maryland from the Fatality 

Analysis Reporting System (FARS). This public dataset contains all vehicle crashes that 

have occurred on U.S. public roadways that have resulted in the death of a person (driver, 

occupant of a vehicle, or a non-motorist) within 30 days of the crash. For independent 

variables, we used several publicly available data sources (see description in the 

covariables).  
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Intervention 

Effective as of July 1, 2011, Maryland increased the alcoholic beverage sales tax 

by 50% (from 6% to 9%). 

Main outcome measures  

We examined the effect of the 2011 alcohol sales tax increase on three outcomes: 

1) alcohol-involved fatalities; 2) alcohol-involved drivers in a fatal crash; 3) fatally 

injured alcohol-involved drivers. The National Highway Traffic Safety Administration 

(NHTSA) defined alcohol-involved fatalities as situations in which either the driver of 

any vehicle or a non-occupant (pedestrian or pedal cyclist) involved in the crash had a 

blood alcohol concentration (BAC) of > 0.01 grams/deciliter (g/dL). For alcohol-involved 

fatalities and alcohol-involved drivers, we used three categories of BAC values (g/dL);  

1) >0.01; 2) >0.08 (illegal to operate a motor vehicle); and 3) >0.15. For fatally injured 

alcohol-involved drivers, we used BAC > 0.01 g/dL as the cutoff value.  

When BAC values are missing, the NHTSA uses multiple imputation, a widely 

recognized method, to estimate the BAC of a driver at the time of the crash for both 

drivers killed and surviving drivers (Subramanian, 2002). In 2001, NHTSA transitioned 

to a new imputation method, which is still currently used. As described by NHTSA, “the 

imputed values are actual values of BAC along the entire plausible range, and can 

therefore be combined to provide estimates for any defined category of alcohol 

involvement.” NHTSA imputes data on BAC because of the high percentage of missing 

data; in a given year, approximately 60% of the BAC values are missing and/or unknown 

in FARS (Subramanian, 2002). The missing data are replaced by 10 simulated BAC 

values. These values are obtained using characteristics of the individual crashes including 
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time of the day and week, position of vehicle on the road etc. The monthly estimates for 

alcohol-involved drivers and alcohol-involved fatalities correspond to the average 

individual estimate from the 10 imputed BAC values (Subramanian, 2002).  

Covariables  

Several independent variables were selected a priori and evaluated for inclusion in 

statistical analyses, based on evidence of being independent predictors of alcohol-

impaired driving and/or significant in statistical analyses. The monthly numbers of 

persons unemployed in Maryland during the study time period were obtained from the 

U.S. Bureau of Labor Statistics (2014). We examined the effect of changes in annual per 

capita personal income, calculated as the total personal income of the residents of 

Maryland divided by the total mid-year (July) state population in each of the study years 

(U.S. Department of Commerce, 2014). We assessed whether specific laws that were 

designed as effective measures to reduce traffic fatalities were changed in Maryland 

during the study period: 1) administrative license revocation; 2) illegal per se at BAC 

>0.08 g/dL and >0.01g/dL for underage drivers (<20 years old); 3) primary seat belt; 4) 

mandatory helmet laws; and 5) mandatory ignition interlock for all offenders convicted of 

driving while alcohol-impaired (Chang et al., 2012; Villaveces et al., 2003). We gathered 

information on laws using four different sources including the Insurance Institute for 

Highway Safety (IIHS) (2014), the National Conference of State Legislature (2014), 

NHTSA (2013), National Institute of Alcohol Abuse and Alcoholism (NIAAA).  Starting 

in October 2001(10 months into the study), the BAC limits (g/dL) decreased from 0.10 to 

0.08 and from 0.02 to 0.00 for drivers under the legal drinking age (<20). We did not 

include these changes in our model as they occurred only 10 months into the study 
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period. No other changes in alcohol control and traffic safety laws occurred during the 

study period. Therefore the only law we assessed was the 2008 Maryland sales tax 

increase, from 5% to 6%, which also affected alcoholic beverages (Tax Foundation, 

2014).  

Data on Maryland annual population estimates originated from the U.S. Census 

Bureau (2014); and data on the annual number of licensed drivers and vehicle miles 

traveled (VMT) in Maryland came from the Federal Highway Administration (FHWA, 

2013). To control for factors, which may vary across years, such as vehicle safety and/or 

highway design, we used a continuous variable in the model for the month, starting on 

January 2001 and ending on December 2013 (month 1 to 156) (Morrisey & Grabowski, 

2011). To control for seasonality, we included yearly quarters (quarter 1= January to 

March, quarter 2=April to June, quarter 3=July to September, and quarter 4= October to 

December) as error terms for a particular yearly quarter may be more correlated with the 

same quarter of a different year (Bhaskaran, Gasparrini, Hajat, Smeeth, & Armstrong, 

2013). 

Statistical analysis 

We calculated the monthly mean counts and rates of alcohol-involved drivers in 

fatal crashes and alcohol-related fatalities. We checked for autocorrelation using the 

Durbin-Watson test with an order of 12 as recommended for monthly data (SAS, 2014). 

Due to the presence of temporal autocorrelation, we used generalized estimating 

equations (GEE) models with a negative binomial distribution, a log link, and an 

autoregressive initial covariance structure.  
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In our model, we retained variables in the final multivariable model if they were 

significant at the p<0.10 level using manual backward stepwise, and/or if they had been 

identified as important predictors in the literature. We included an indicator for the 2011 

alcohol tax increase and linear trend independent of the significance level (Wagner, 

Soumerai, Zhang, 2002). We used the quasi-likelihood under the independence model 

criterion (QIC) statistic to compare GEE models. The QIC statistic is similar to Akaike’s 

information criterion (AIC) statistic for models based on likelihood methods (SAS, n.d.). 

The model with the smaller QIC score is preferred. 

Our final model for rate per VMT is as follows:  

Log(Yt)= β0 + β1 ×months+ β2 × intervention + β3× quarter1 + β4× quarter2+ β5× 

quarter3 +  β6 ×unemployment +  β7× time after intervention +log (VMT) 

The outcome of interest is the log count (rate) of alcohol-involved fatalities or 

alcohol- involved drivers in a fatal crash (outcomes) at month t. β0 represents the monthly 

count of the outcome where all other variables are 0. β1 estimates the average monthly 

change that occurs in the outcomes for the pre-intervention period (slope for the pre-

intervention, assuming a linear association). β2 is the immediate effect of the alcohol sales 

tax increase, based on the intervention dummy variable (0-1), indicating the absence or 

presence of the law for a given month in Maryland.  β2 estimates change in level of the 

monthly mean count of the outcome after the introduction of the increase in alcohol sales 

tax. β3-5 are estimates of effects of each quarter of the year to control for seasonality. β3-5 

estimates the monthly change of the outcome for a given quarter as compared to the 

October-December quarter. β6 represents the effect of a monthly estimate of the number 
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of persons unemployed in Maryland expressed in 1,000s. β6 can be interpreted as for 

every 1,000 unit increase in the number of unemployed persons, the monthly mean count 

of the outcome changes by the predicted value holding all other variables constant. β7 is 

the effect of a continuous variable representing the months after the introduction of the 

intervention period with a 1-month delay after the enactment of the 2011 alcohol sales tax 

increase (1=August 2011 to 29=December 2013). β7 estimates the change in the trend 

(slope) in the mean monthly number of the outcome of interest after the intervention 

compared to the trend prior to the intervention. The offset (log VMT) represents the log 

denominator of the log outcome rate.  In addition to VMT as an offset, we also used per 

population and per licensed drivers.  

We also analyzed the data using a second model that included the log rate of non-

alcohol involved drivers per VMT as a predictor variable along with the alcohol sales tax 

increase and linear trend. For this model, similar to model 1, we used three different 

denominators (per population, per licensed drivers, and per VMT). Researchers have 

previously used a variable such as non-alcohol-related crashes as a proxy measure to 

control for external factors such as the economic, motor vehicle safety and/of highway 

design (Wagenaar et al., 2015; Fell, Langston and Tippets, 2005). For both models, if the 

change of slope was not significant, we assumed one continuous linear trend across the 

study years.  

In our results, we referred to the immediate (level change) and gradual (trend or 

slope) effects of the 2011 alcohol sales tax increase (Ramsay, Matowe, Grilli, Grimshaw, 

& Thomas, 2013; Wagner et al., 2002).  The level is defined as the change in the outcome 

in the month following the intervention. In our analysis, this level of change (alcohol tax 
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increase indicator variable) corresponds to the rate of alcohol-impaired drivers involved 

in a fatal crash immediately after the introduction of the alcohol tax (with 1 month delay 

after the enactment of the alcohol tax increase, August 2011) in comparison to before the 

introduction of the tax after controlling for the other variables. Therefore, this change 

corresponds to the immediate effect of the alcohol tax. The second parameter is the linear 

trend, which is the average change in the outcome over a certain segment or period. The 

pre-intervention trend is the monthly change prior to the introduction of the tax, while the 

post-intervention trend follows the 2011 alcohol sales tax increase. This parameter allows 

the slope or trend to differ before and after the intervention. If no significant change 

between the pre-and post-intervention is detected, we assume one continuous linear trend 

over time, which can be interpreted as the monthly change in the outcome of interest 

during the overall study period. The level of change and the trend enable the researchers 

to determine if the effect was immediate and/or gradual.  

All analyses were conducted using SAS 9.3 (SAS Institute, Cary, North Carolina, 

USA). 

D. Results 

Overall, drivers involved in a fatal crash had a mean age of 41 years (median: 38; 

standard deviation [SD]: 17.6) and were 74% male (Table 2). There was a significant 

difference between the pre- and post-intervention periods in regard to the sex and age of 

drivers involved in fatal crashes. The post-intervention had a larger proportion of male 

drivers (76.52%) compared to the pre-intervention period (73.96%). A lower proportion 

of drivers aged 16-20 and 34-44 were in the post period (0.17%; 7.39%) compared to the 

pre-intervention period (0.21%; 11.47%). There was no significant difference between 
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pre- and post-intervention periods in the proportion of alcohol-positive drivers (>0.01 

g/dL). Among all drivers involved in a fatal crash, 47% were not tested for alcohol. In 

contrast, only 4% of fatally injured drivers were not tested. We did not observe any 

significant differences in regard to alcohol testing practices between the pre- and post-

intervention periods among all drivers except for fatally injured drivers. Fewer drivers 

were not tested for alcohol during the post-intervention (2%) in comparison to the pre-

intervention (4%) (p<0.01).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 46 

Table 2: Selected characteristics of drivers involved in fatal crashes, overall, pre-, 

post-intervention periods, Maryland, 2001-2013 

 Overall 

(N=10,777) 

(Jan 01-Dec 2013) 

Pre (n=9,018) 

(Jan 01-Jun 

2011) 

Post (n=1,759) 

(Jul 2011-Dec 

2013) 

P valuea 

(comparing 

pre and post 

periods) Selected variables  n Col % n Col % 

 

N Col % 

Sex          

0.01   Female 2,569 23.84 2,190 24.28    379 21.55 

  Male 8,016 74.38 6,670 73.96 1,346 76.52 

  Unknown     192   1.78    158    1.75      34 1.93 

 

Age groups 

 

 

     

  <16      22   0.20      19   0.21        3   0.17 <0.001 

  16-20 1,164 10.80 1,034 11.47    130   7.39 

  21-24 1,199 11.13 1,000 11.09    199 11.31 

  25-34 2,163 20.07 1,793 19.88    370 21.03 

  35-44 1,996 18.52 1,729 19.17    267 15.18 

  45-64 2,862 26.56 2,304 25.55    558 31.72 

  65+ 1,161 10.77    967 10.72    194 11.03 

  Unknown    210   1.95    172   1.91      38   2.16 

 

Driver alcohol 

involvementb  

 

 

     

  Negative  8,154 75.66 6,845 75.79 1,309 74.29 0.18 

  Positive (>0.01) 2,640 24.50 2,187 24.21    453 25.71 

 

Alcohol testingc 

 

 

     

 

0.08   No alcohol 2,939 27.27 2,491 27.62    448 25.47 

  Positive BAC 2,170 20.14 1,799 19.95    371 21.09 

  Not tested 5,055  46.91 4,232 46.93    823 46.79 

  Unknownd    613   5.69    496   5.50    117   6.65 

 

Alcohol testing 

among fatally 

injured drivers 

(n=4,642) 

 

 

     

  No alcohol 2,495 53.75 2,105 54.17 390 51.59 0.01 

  Positive BAC 1,613 34.75 1,328 34.17 285 37.70 

  Not tested    178   3.83   162   4.17   16   2.12 

  Unknownd     356   7.67    291   7.49   65   8.60 
a P valued obtained with the chi-square test.  
b Estimates of alcohol-involvement are generated using BAC values reported to FARS and BAC values 

imputed when not reported. Sum of columns may not equal other published numbers due to rounding.  
c Values obtained from the FARS Person auxiliary file (variable=A_ALCTES). 
d Unknown categories combined the results of 1) tested with unknown results and, 2) unknown if tested.  

 



 47 

Between 2001 and 2013, there were 2,640 alcohol-involved drivers (BAC>0.01 

g/dL), a monthly mean of 16.9 (5.2); 2,085 alcohol-impaired drivers (BAC>0.08 g/dL), a 

monthly mean count of 13.4 (SD: 4.1); and 1,255 alcohol-involved drivers with BAC 

>0.15 g/dL, a monthly mean count of 8.0 (SD: 13.4) (Table 3). A total of 1,731 drivers 

were fatally injured, a monthly mean of 11.10 (SD: 4.0). Finally, there were 2,631 

alcohol-impaired fatalities (BAC>0.08), a monthly mean count of 16.9 (SD: 5.1).  

Table 3: Counts and monthly mean counts of selected outcomes, overall, pre-, and 

post-intervention periods, Maryland, 2001-2013. 

Outcomesa BAC 

(g/dL) 

Overall               

(Jan 01-Dec 2013) 
Pre                       

(Jan 01-Jun 2011)  
Post                                         

(Jul 2011-Dec 2013) 

Count Monthly 

mean (SD) 

Count Monthly 

mean (SD) 

Count Monthly 

mean (SD) 

Motor vehicle 

fatal crashes 

 

NA 6,967 44.7 (9.5) 5,812 46.1 (9.6) 1,155 38.5 (6.1) 

Motor vehicle 

fatalities  

 

NA 7,590 48.7 (10.5) 6,333 50.3 (10.7) 1,257 41.9 (6.3) 

Alcohol-

involved 

drivers 

 

>0.01  2,640 16.9 (5.2) 2,187 17.4 (5.3)   453 15.1 (4.1) 

>0.08  2,085 13.4 (4.1) 1,716 13.6 (4.3)   369 12.3 (3.1) 

>0.15  1,255   8.0 (3.1) 1,015   8.1 (3.3)   240   8.0 (2.4) 

Fatally injured 

alcohol-

involved 

driver 

 

>0.01 1,731 11.10 (4.0) 1,428 11.3 (4.1)   303 10.1 (3.6) 

Alcohol-

involved 

fatalities 

 

>0.01  3,224 20.7 (6.1) 2,673 21.2 (6.3)   551 18.4 (4.2) 

>0.08  2,631 16.9 (5.1) 2,168 17.2 (5.4)   463 15.4 (3.4) 

>0.15  1,681 10.8 (3.9) 1,369 10.9 (4.1)   312 10.4 (2.5) 

1 Estimates of alcohol-impaired driving and alcohol-involved fatalities are generated using BAC 

values reported to the FARS and BAC values imputed when not reported. Sum of columns may 

not equal other published numbers due to rounding.   

 

As illustrated in figure 4, the overall count and rate of alcohol-impaired drivers (>0.08 

g/dl) per 100 million VMT decreased over the study period. However, there were some 
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fluctuations. For example, the highest rate of alcohol-impaired drivers was in 2004, and 

one of the lowest points coincides with the 2008 economic recession. In figure 5, we can 

observed that despite a reduction in the annual count of alcohol-impaired drivers, the 

ratio alcohol-impaired drivers to non alcohol-impaired drivers fluctuates during the study 

period. The ratio of alcohol-involved to non-alcohol-involved drivers peaked in 2004 

then decreased in 2008. After 2008, the ratio increased until 2011, then decreased in 2012 

and plateau in 2013 (figure 5). 

 

 

Figure 4: Annual counts and rates per 100 million VMT of alcohol-impaired 

drivers, Maryland, 2001-2013 
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Figure 5: Annual counts and ratio of alcohol-impaired to non-alcohol-impaired 

drivers, Maryland, 2001-2013. 
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Association between alcohol sales tax increase and alcohol-impaired driving 

The results obtained from models 1 and 2 varied slightly therefore we report the findings 

from each model separately.  

Results from Model 1 

Alcohol-involved drivers with BAC >0.01 and >0.08 g/dL 

In our unadjusted analysis, there was a significant 15% reduction in the rate of 

alcohol-impaired drivers with BAC > 0.08g/dL, involved in fatal crashes after the 

introduction of the alcohol sales tax in comparison to before its introduction (Appendix 

D, Table 2). A reduction was also observed for alcohol-positive drivers (BAC>0.01 g/dL) 

involved in fatal crash and fatally injured alcohol-involved drivers. However, this 

reduction did not remain significant once we adjusted for covariables for the three 

outcomes (Table 4). The rate of alcohol-positive drivers (>0.01 g/dL) per 100 million 

VMT increased by three percent, not statistically significant, (Rate Ratios [RR]: 1.03, 

95% CI: 0.98-1.09) immediately after the introduction of the alcohol sales tax in 

comparison to before after adjustment for seasonality, linear trend and unemployment. 

Similar findings were observed for fatally injured alcohol-positive drivers (RR: 1.04, 

95% CI: 0.97-1.11). There is an overall downward trend across the study period for the 

rates of alcohol-positive drivers (all and fatally injured with BAC>0.01 g/dL) but no 

significant difference between the pre- and post trends.  

For alcohol-impaired drivers (BAC>0.08 g/dL), there was a 6% immediate 

increase, not statistically significant, following the 2011 alcohol sales tax (RR: 1.06, 

95%CI: 0.96-1.11) after adjustment for seasonality, linear trend, unemployment, and 

2008 general sales tax. However, there was a larger decline in the rates of alcohol-
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impaired drivers following the 2011 alcohol sales tax compared to before, suggesting a 

gradual effect of the tax (p=0.03).  

Alcohol-involved fatalities with BAC >0.01 and >0.08 g/dL 

 Results from model 1 suggests that the rates of alcohol-involved fatalities at BAC 

>0.01g/dL and >0.08 g/dL increased by 4% and 13% respectively following the 2011 

alcohol sales tax, which were not statistically significant (RR: 1.04, 95% CI: 0.96-1.12/ 

RR: 1.13, 95% CI: 0.98-1.13) (Table 4). For alcohol-involved fatalities with BAC>0.01 

g/dL, there was an overall significant downward trend across the study period.  There was 

a significantly larger gradual decline in the rates of alcohol-involved fatalities with 

BAC>0.08 g/dL following the 2011 alcohol sales tax increase in comparison to the 

months preceding the tax increase (p=0.03).    

Alcohol-impaired drivers and alcohol-involved fatalities with BAC>0.15 g/dL  

The 2011 alcohol sales tax increase did not have an immediate protective effect 

on the rates of alcohol-impaired drivers (RR: 1.08, 95% CI: 0.98-1.19) and alcohol-

related fatalities with high BAC >0.15 g/dL (RR: 1.15, 95%CI: 1.15, 0.97-1.14) (Table 

4). For both outcomes, there is an overall monthly reduction across the study period but 

no difference between the pre- and post-intervention periods.  

Results from Model 2 

Alcohol-involved drivers with BAC >0.01 and >0.08 g/dL 

In model 2, we also found no significant immediate protective effect on the rates 

of alcohol-positive (RR: 0.95, 95%CI: 0.89-1.03) and alcohol-impaired drivers (RR: 1.01, 

95%CI: 0.92-1.10) following the 2011 alcohol sales tax increase (Table 5). However, in 

contrast to model 1, there was a significant change of slope (p=0.05) for alcohol-positive 
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drivers (BAC> 0.01 g/dL) characterized by a significant gradual decline in the pre-

intervention period, and no significant change in the post-intervention periods. For 

alcohol-impaired drivers (BAC>0.08 g/dL), there was an overall downward trend in the 

rates during the study period with no significant difference between pre- and post-trends. 

The adjustment for non-alcohol or low-alcohol involved drivers can be interpreted as 

follows: as rates of fatal crashes increase for these drivers, the rates for alcohol-involved 

drivers increase correspondingly and significantly. 

Alcohol-involved fatalities with BAC >0.01 and >0.08 g/dL: Results from Model 2  

In model 2, we observed a significant immediate increase in the rates of alcohol-

related fatalities with BAC>0.08 g/dL (RR: 1.10, 95% CI: 1.03-1.16, p=0.003) following 

the 2011 alcohol sales tax (Table 5). Despite the increase in alcohol-related fatalities, 

there was a significantly larger decline in the rates of alcohol-related fatalities with BAC 

>0.01 g/dL (p=0.06) and >0.08 g/dL (p<0.0001) following the 2011 alcohol sales tax in 

comparison to the months preceding the tax change.  

In addition to comparing two different models, we also used a total of three 

different denominators (Table 6). Although there are differences in the point estimates 

between denominators, these variations did not change the statistical level of the 

immediate effect of the alcohol tax. In terms of detecting a gradual effect of the 2011 

alcohol sales tax, the significance levels for the change in slopes between the pre- and 

post-intervention periods differed when examining alcohol-positive drivers and alcohol-

related fatalities depending of the denominators used. The QIC scores of models 1 and 2 

were similar, with  less than 4% difference between the two models.  
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Table 4: Adjusted analyses of alcohol-involved drivers in fatal crashes and alcohol-

involved fatalities, Maryland, 2001-2013 (model 1). 

Outcomesa  Predictors Adjusted 

RRb 

95%CI P value P value 

for 

change 

slope 

Alcohol-positive 

drivers 

(BAC>0.01) 

Alcohol tax increase 1.034 0.981-1.090 0.210  

0.723 Linear trend 0.997 0.996-0.998 <0.0001 

Fatally injured 

alcohol-positive 

drivers 

(BAC>0.01) 

Alcohol tax increase 1.040 0.972-1.113 0.253  

0983 Linear trend 0.998 0.997-0.999 <0.0001 

Alcohol-impaired 

drivers 

(BAC>0.08) 

Alcohol tax increase 1.057 0.957-1.114 0.174  

Pre trend 0.998 0.997-0.999 <0.0001 0.033 

Post trend 0.995 0.991-0.986 0.0004 

Alcohol-impaired 

drivers 

(BAC>0.15) 

Alcohol tax increase 1.082 0.983-1.191 0.106  

0.506 Linear trend 0.998 0.996-0.999 <0.0001 

Alcohol-involved 

fatalities 

(BAC>0.01) 

Alcohol tax increase 1.040 0.969-1.117 0.274  

0.150 Linear trend 0.997 0.997-0.998 <0.0001 

Alcohol-involved 

fatalities 

(BAC>0.08) 

Alcohol tax increase 1.128 0.976-1.131 0.103  

Pre trend 0.998 0.997-0.998 <0.0011 0.025 

Post trend 0.992 0.986-0.998 0.017 

Alcohol-involved 

fatalities 

(BAC>0.15) 

Alcohol tax increase 1.147 0.969-1.356 0.110  

0.214 Linear trend 0.997 0.997-0.998 <0.001 

 
a Estimates of alcohol-involved driving in fatal crash are generated using BAC values reported to 

the FARS and BAC values imputed when not reported. Sum of columns may not equal other 

published numbers due to rounding.   
bStatistical analysis based on GEE models with AR (1) covariance matrix with log VMT as offset. 

Mode for the alcohol-involved drivers with BAC>0.08 is adjusted for seasonality, 2008 sales tax 

increase and unemployment. The remaining models are adjusted for seasonality, and 

unemployment. See Appendix D (Table 3) for complete analysis. 
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Table 5: Adjusted analyses of alcohol-involved drivers in fatal crash, Maryland, 

2001-2013 (Model 2). 

Outcomesa Predictors Adjusted 

RRb 

95%CI  P value P value for 

the Change 

of slope 

between pre 

and post-

intervention 

Alcohol-

positive 

drivers 

(BAC>0.01) 

Alcohol tax increase  0.954 0.887-1.026 0.200 

 

 

 

 

0.048 

 

Pre trend 0.998 0.997-0.999 0.006 

Post trend 1.003 0.999-1.006 0.153 

Drivers with BAC 

=0.00 

 

1.502 1.345-1.678 <0.0001 

 

 

Alcohol-

involved 

drivers 

(BAC>0.08) 

Alcohol tax increase 1.008 0.922-1.102 0.856 

 

 

Linear trend 0.999 0.998-1.000 0.147 0.401 

Drivers with 

BAC<0.07 

 

1.461 1.250-1.707 <0.0001 

Alcohol-

involved 

fatalities 

(BAC>0.01) 

Alcohol tax increase 
1.054 0.999-1.112 

0.056 

 

 

Pre-intervention 

trend  
0.998 0.997-0.998 

<0.0001 

 

0.055 

Post-intervention 

trend 
0.997 0.996-0.998 

<0.001 

 

Non-alcohol-related 

fatalities 

(BAC=0.00) 

1.300 1.120-1.507 <0.01 

 

 

Alcohol-

involved 

fatalities 

(BAC>0.08) 

Alcohol tax increase 1.100 1.032-1.164 0.003  

Pre-intervention 

trend 
0.998 0.998-0.999 

<0.0001 

<0.0001 

Post-intervention 

trend 
0.995 0.994-0.996 

<0.001 

Non-alcohol-related 

fatalities 

(BAC<0.07) 

1.294 1.093-1.531 0.003 

 

 

a Estimates of alcohol-involved drivers are generated using BAC values reported to the FARS and 

BAC values imputed when not reported. Sum of columns may not equal other published numbers 

due to rounding.   

b  Multivariable analysis adjusted for variables included in the table. Statistical analysis includes 

GEE models with log link, AR (1) covariance matrix with log VMT as offset. 
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Table 6: Adjusted analyses of alcohol-involved drivers in fatal crashes and alcohol-

involved fatalities by denominator and model, Maryland, 2001-2013.  

  

Outcomesa Variable Models and 

Denominator  

Adjusted 

RR 

95%CI Change of slope 

between pre- 

and post-

intervention 

Alcohol-

positive 

drivers b 

(BAC>0.01)  

Alcohol 

sales tax 

increase 

Model 1    

  Population  1.003 0.967-1.040 0.892 

  Licensed drivers 0.995 0.955-1.030 0.415 

  VMT 1.034 0.981-1.090 0.720 

Model 2       

    Population  0.945 0.877-1.019 0.058 

    Licensed drivers 0.993 0.919-1.074 0.186 

    VMT  0.954 0.887-1.026 0.048 

Alcohol-

involved 

driversc 

(BAC>0.08) 

Alcohol 

sales tax 

increase 

 

Model 1    

  Population 1.044 0.967-1.128 0.005 

  Licensed drivers  1.055 0.992-1.221 <0.001 

  VMT 1.057 0.957-1.114 0.032 

Model 2    

  Population 0.997 0.913-1.089 0.330 

  Licensed drivers 0.992 0.909-1.083 0.290 

  VMT 1.008 0.922-1.102 0.401 

Alcohol-

involved 

fatalitiesb 

(BAC>0.01)  

Alcohol 

sales tax 

increase 

 

Model 1    

  Population 1.020 0.943-1.104 0.080 

  VMT 1.040 0.969-1.117 0.150 

Model 2    

   Population 1.043 0.982-1.107 0.170 

  VMT 1.054 0.999-1.112 0.055 

Alcohol-

involved 

fatalitiesb 

(BAC>0.08) 

Alcohol 

sales tax 

increase 

 

 

Model 1    

  Population 1.120 0.971-1.292 0.034 

  VMT  1.128 0.976-1.131 0.066 

Model 2 

  Population 

 

1.087 

 

1.024-1.153 

 

<0.0001 

     VMT 1.100 1.032-1.164 <0.0001 
aEstimates of alcohol-involved drivers are generated using BAC values reported to the FARS and 

BAC values imputed when not reported. Sum of columns may not equal other published numbers 

due to rounding.   

bMultivariable analysis adjusted for linear trend, seasonality and monthly unemployment.  
c Multivariable analysis adjusted for linear trend, seasonality, tax 2008 and monthly 

unemployment. 

Statistical analysis includes GEE model with AR (1) covariance matrix.  

  

 

 

 

 

 



 56 

E. Discussion 

In summary, the results from model 1 and 2, suggest that there was no immediate 

effect of the 2011 alcohol sales tax increase on the rate of alcohol-involved drivers at 

BAC>0.01, >0.08 or alcohol-related fatalities at BAC>0.01. Both models found a 

significantly larger decline in the rate of alcohol-involved fatalities at BAC>0.08 g/dL. 

However, the results of the two models differed in regards to the significance level 

obtained for the gradual decline following the 2011 alcohol sales tax. For the discussion 

section, we focused on the results obtained with model 1 for the alcohol-involved drivers 

and alcohol-related fatalities.  

To our knowledge, our study is the first to assess the association between alcohol 

sales tax and alcohol-impaired driving, because previous studies used the alcohol excise 

sales tax. A recent study has also examined the effect of the Maryland 2011 alcohol sales 

tax increase; however, the health outcome was sexually transmitted diseases (Staras, 

Livingston, & Wagenaar, 2015). We found that the 2011 Maryland alcohol sales tax 

increase from 6% to 9% (50% increase), with no change in the alcohol excise tax, led to 

no significant immediate change in the rate of alcohol-involved drivers and alcohol-

involved fatalities with BAC >0.01 g/dL. For alcohol-impaired drivers and alcohol-

involved fatalities with BAC >0.08 g/dL, we observed a significantly larger gradual 

decline following the 2011 alcohol sales tax increase. We found no immediate or gradual 

effects of the 2011 alcohol sales tax on alcohol-impaired drivers or alcohol-related 

fatalities with high BAC levels (>0.15 g/dL).  

Researchers have estimated that increasing the alcohol tax by 1% will lead to a 

0.09% to 0.27% reduction in alcohol-related crashes (Elder et al., 2010). In terms of 
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alcohol price, a 1% increase in alcohol price has been associated with a reduction of 

1.20% in alcohol-related crashes (Elder et al., 2010).  Increase in alcohol price is 

expected to have a larger effect on health outcomes in comparison to an augmentation in 

alcohol tax because the latter represents a smaller proportion of the total price of alcohol 

(Elder et al., 2010). Although these estimates are based on alcohol excise tax, we initially 

thought that we would be able to detect a significant reduction in our outcome of interest 

based on the alcohol sales tax increase because a 3% alcohol sales tax increase is larger 

than a 10% increase in excise tax (using the Maryland actual excise tax), and corresponds 

to approximately a 2.4% increase in the price of alcohol.  

In a recent study, investigators examined the effect of the 2009 Illinois alcohol 

excise tax increase, which affected all three types of alcoholic beverages (beer, wine, and 

distilled spirits) on alcohol-related fatal crashes (Wagenaar et al., 2015). In their analysis, 

they used non-alcohol related crashes as a predictor to control for trends and other factors 

affecting motor vehicle injuries. They found a significant reduction of 26% in alcohol-

related crashes after the 2009 increase compared to before the increase. In terms of actual 

price increase, the Illinois alcohol excise tax was comparable or slightly less than 

Maryland’s. For example, researchers estimated that the 2009 Illinois alcohol excise tax 

increase corresponds to less than a penny for a standard drink of beer (0.4 cents). For 

Maryland, using the average price per ounce of beer from the alcohol brand research 

database, a standard drink of beer (12 ounces of liquid, 0.06 ounces of alcohol) is 

approximately $1.16. A 6% alcohol sales tax corresponds to $0.07 alcohol sales tax and a 

9% to $0.10; therefore, the increase is approximately $0.03, corresponding to a 2.44% 

increase in the price. The differences in the effects of the alcohol tax increase between 
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Maryland and Illinois may be attributable to various factors. During the same year, 

Illinois also enacted a law requiring that first-time and repeat offenders with BAC >0.08 

g/dL installed an ignition interlock  (State of Illinois, 2010). This type of law has been 

recognized as an effective measure to reduce recidivism of alcohol-impaired driving 

(Willis, 2008). The effects of this law and related media coverage are unknown but may 

have also contributed to this significant reduction. Another explanation may be that 

Maryland’s alcohol sales tax increase may have been insufficient considering the median 

household income, which ranked second in the states in 2013 while Illinois ranked 25th 

(U.S Department of Commerce, 2014). Despite the 3% increase in alcohol sales tax, 

Maryland’s alcohol excise tax has not been adjusted for inflation for over forty years.  

Overall, there are several plausible reasons why the 3% sales tax increase was not 

associated with a significant immediate reduction in alcohol-impaired driving. Despite 

the fact that the alcohol sales tax is adjusted for inflation, the immediate effect of an 

increase in alcohol excise tax may be larger compared to an increase in sales tax due to 

the “pass-through” phenomenon. Some studies have suggested that the immediate effect 

of an increase in the alcohol excise tax may be larger than an increase in alcohol sales tax 

because of an associated pass-through phenomenon: retailers can pass on the excise taxes 

to the consumer through higher prices, which is not the case with alcohol sales tax (Ally 

et al., 2014; Xu & Chaloupka, 2011). Some researchers have estimated that the pass-

through rates can vary between 1.2 and 4.2, depending on the type of alcoholic beverage 

and location of purchase (Xu & Chaloupka, 2011); others have estimated a lower pass-

through rate of 0.93 (Siegel et al., 2013).  
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The difference in effects on alcohol-impaired driving between the two alcohol 

taxes may also be related to visibility. The excise tax is already included in the price tag 

seen on the bottle or price list, while the sales tax is added as an extra at the cash registry 

after the purchase decision has been made. Researchers have found that the visibility of a 

tax can influence the consumer’s purchase decision on alcoholic beverages as 

investigators found that alcohol excise taxes have a significantly larger effect on alcohol 

consumption than does alcohol sales tax (Chetty, Looney, & Kroft, 2007). Evidence from 

Sweden suggests that increasing the alcohol tax may be associated with substituting 

lower-cost brands and/or beverages rather than reducing one’s consumption. This 

scenario may have occurred in Maryland following the 2011 alcohol sales tax increase. 

Evidence suggests that combining alcohol taxation policies with minimum pricing for 

alcoholic beverages might mitigate the effects of substitution (Gruenewald, Ponicki, 

Holder, & Romelsjö, 2006). It is also plausible that the significantly larger declines in the 

rates of alcohol-involved fatalities at BAC>0.08 following the 2011 alcohol sales tax 

(gradual effect) is due to the tax visibility as consumer may change their purchase 

behavior once they begin realizing the price increase. 

Our study is subject to limitations. Although we assessed the inclusion of several 

variables, there might be some omitted/unmeasured confounders. For example, we did 

not control for the extent of enforcement of the specific law or for legal interventions 

implemented at the city levels or at jurisdiction levels (e.g., sobriety checkpoints). These 

types of legal interventions are beyond the scope of this study. For fatally injured 

alcohol-impaired drivers, the 4% non-significant increase may be partially explained by a 

change in testing protocols, as there were more drivers tested for alcohol during the post-
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intervention compared to the pre-intervention periods. We did not include information on 

illicit drugs among fatally injured drivers because of the poor quality of the drug data in 

FARS (Berning & Smither, 2014). Another limitation is the use of VMT as a 

denominator for rate of alcohol-impaired driving, as it may not reflect the driving patterns 

of alcohol-impaired drivers. To overcome this limitation, we used other denominators. 

Finally, fatal motor vehicle crashes are relatively rare events. It is plausible that the study 

had insufficient power to detect a smaller effect. Examining the effect of the tax on non-

fatal injuries should help to overcome this limitation.  

Our study also includes several strengths. Our monthly count of alcohol-related 

outcomes was based on values using the FARS multiple imputation when BAC is 

missing. Although these values are imputed and may bias the results, we found no 

difference between the alcohol testing rates prior to and after implementation of the tax. 

We used different BAC cutoff values (>0.01, >0.08, and >0.15 g/dL) to determine if the 

effect of the 2011 alcohol sales tax varied as a function of different types of drinking 

behaviors.  

The results of our study indicate that a 3% increase in alcohol sales tax, without 

any changes in alcohol excise tax (which had not been adjusted for inflation for over four 

decades), did not lead to a significant immediate reduction in alcohol-involved drivers in 

fatal crashes or in alcohol-involved fatalities. However, we observed a significant larger 

gradual decline for alcohol-impaired drivers and alcohol-related fatalities with BAC 

>0.08 g/dL following the 2011 alcohol sales tax. During the study period, Maryland did 

not change any laws targeting the reduction in alcohol-impaired driving. Reducing 
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alcohol-impaired driving in Maryland will require broader and more comprehensive 

evidence-based interventions.  
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CHAPTER IV: ALCOHOL SALES TAX INCREASE IN MARYLAND IN 2011: 

WAS THERE AN EFFECT ON ALCOHOL-IMPAIRED DRIVING? AN 

INTERRUPTED TIME-SERIES ANALYSIS1. 

 

A. Abstract 

Increasing alcohol excise taxes has been shown to reduce both alcohol consumption and 

alcohol-impaired driving. However, no study has previously examined the effects of 

alcohol sales tax increases on motor vehicle injuries. In 2011, Maryland increased its 

alcohol sales tax from 6% to 9%, offering the opportunity to examine this research gap. 

Data from Maryland police crash reports from 2001 to 2013 were used to assess the 

effects of the 2011 alcohol sales tax increase on the rate of alcohol-impaired drivers who 

were involved in crashes resulting in fatal or nonfatal injuries. A multivariable analysis 

employing a generalized estimating equations models with a negative binomial 

distribution was used. Variables were retained in the final multivariable model if they 

were significant at the p<0.10 level and/or if they were known to be confounders or 

important predictors. Between January 2001 and December 2013, police officers 

identified 4.29% of the drivers involved in an injury-related crash as alcohol-involved. 

Among drivers ages 15 to 95 years old, we observed a significant larger gradual decline 

(p=0.03) in the rate of alcohol-involved drivers following the 2011 alcohol sales tax 

increase in comparison to before its introduction. However, there was no immediate 

significant reduction (RR: 0.97, 95% CI: 0.96-1.04) in comparison to before the 2011 

alcohol sales tax increase. Young drivers ages 15 to 20 years old and 21 to 34 years old 

                                                      
1Marie-Claude Lavoie, Patricia Langenberg, Andres Villaveces,                      

Patricia C Dischinger, Linda Simoni-Wastila, Kathleen Hoke, Gordon S Smith.                       

In preparation for submission.  
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also had significantly larger gradual declines (p<0.01) following the 2011 alcohol sales 

increase in comparison to prior to it, but there was no significant immediate effect (15 to 

20 years old: RR: 0.94, 95% CI: 0.79-1.13/21 to 34 years old: RR: 1.02, 95% CI: 0.93-

1.10).  Among alcohol-involved drivers ages 35 to 54 years old, no significant immediate 

reduction (RR: 0.98, 95% CI: 0.89-1.09), and no differences in pre- and post-trends 

(p=0.96) were observed. A significant 10% increase in the population rate of alcohol-

involved drivers aged 55 to 95 years old was observed following the 2011 alcohol sales 

tax increase. Thus, increasing the alcohol sales tax appears to have a larger effect on 

younger drivers and may have a stronger immediate effect when implemented with other 

alcohol-control policies. Future studies are needed to examine the effect of different 

levels of alcohol sales tax increases because the outcome of interest may vary by the 

socio-demographic characteristics of the targeted population.  
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B. Introduction  

In 2013, alcohol-impaired driving fatalities accounted for 10,076 deaths in the 

U.S., representing 31% of overall traffic fatalities (National Highway Traffic Safety 

Administration [NHTSA], 2014b). Researchers estimated that 7.5% of drivers involved 

in nonfatal crashes in six states, including Maryland, were alcohol-impaired in 2010 

(Miller et al., 2012). These crashes and resulting injuries place a significant burden on 

health care systems and could be prevented through interventions aimed at reducing 

alcohol-impaired driving.     

Evidence suggests that increasing the price of alcohol through alcohol taxes is an 

effective measure to reduce excessive alcohol consumption and its negative health and 

public safety consequences (Elder et al., 2010; Wagenaar, Livingston, & Staras, 2015). 

Currently, research on the association between alcohol taxes and motor vehicle injuries 

has focused solely on the alcohol excise tax and has predominantly used fatal motor 

vehicle injury data as the main outcome, which captures a minority of total number motor 

vehicle injuries (Chaloupka, Saffer, & Grossman, 1993; Chang, Wu, & Ying, 2012; 

Wagenaar, Livingston, and Staras, 2015). In 2011, Maryland legislators increased the 

alcohol sales tax by 50% (6% to 9%) (MD. §11-104(g)), while the alcohol excise tax was 

maintained at the same level, offering the opportunity to assess the gap in research on 

alcohol sales tax and nonfatal outcomes. 

The main difference between the alcohol excise and sales taxes is related to the 

taxation mechanism. Unlike the alcohol excise tax, which is volume-based (per gallon) 

and varies by type of alcoholic beverage (beer, wine, or distilled spirits), the alcohol sales 

tax is based on the price of the alcoholic beverage. Therefore, the impact of the alcohol 
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excise tax erodes with time, while the alcohol sales tax is automatically adjusted for 

inflation. Quantifying the public health effects of the Maryland alcohol sales tax can 

contribute to developing evidence-based policies to prevent alcohol-impaired driving and 

road injuries. The objective of this study was to evaluate the effects of the 2011 alcohol 

sales tax increase on alcohol-impaired driving that resulted in motor vehicle injuries.  

C. Methods 

Study design and population  

This interrupted time series quasi-experimental study includes drivers ages 15 to 

95 years old who were involved in a motor vehicle crash causing an injury as reported by 

the police in Maryland from January 1, 2001 to December 31, 2013. The study included 

156 monthly data time points, a total of 127 months for the pre-intervention period 

(January 2001-July 2011) and 29 months after the intervention (August 2011-December 

2013). The alcohol sales tax was increased as of July 01, 2011; we added a one-month 

delay after the enactment of the 2011 alcohol sales tax because people may have 

purchased alcohol in June in anticipation of the increase in alcohol sales tax and/or in 

preparation for the Fourth of July holiday. The starting month for the intervention is then 

considered August 2011 in our analysis.  

Data sources  

We obtained 2001-2013 data on motor vehicle crashes from the Maryland 

Automated Analysis Reporting System (MAARS), which contained information on all 

Maryland police-reported crashes that result in a damaged vehicle, nonfatal and/or fatal 

injury. In conformity with the Model Minimum Uniform Crash Criteria, a national 

guideline for data collection on traffic crashes, Maryland police officers classify the 
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injury severity of all persons involved in a crash using a 5-point scale system known as 

KABCO: fatal injury (K), incapacitating (A), non-incapacitating (B), possible (C), and no 

injury (O) (Burch, Cook, & Dischinger, 2014, NHTSA, 2012b). Based on this variable, 

we created an injured/non-injured dichotomous variable (injured=fatal injury, 

incapacitating, non-incapacitating, and possible (KABC); non-injured=no injury (O)). To 

identify alcohol-involved drivers, we used the derived variable available in MAARS, 

which was generated based on a police officer’s perception of alcohol involvement and/or 

quantitative alcohol test results. Drivers may be classified as either under the influence of 

alcohol only, drugs and alcohol, drugs alone, or no substance (sober).   

Intervention 

Effective July 1, 2011, Maryland increased the alcohol sales tax from 6% to 9%. 

This tax increase was applicable to the sale price of all types of alcoholic beverages (beer, 

wine, and distilled spirits), regardless of the location of the sale (on- or off-premises) 

(MD. §11-104(g)). The effect of the tax on increasing the price is larger at bars or 

restaurants (on-premises) compared to liquor stores (off-premises). For example, using 

the average price per ounce of beer from the alcohol brand research database (Siegel & 

Jernigan, n.d), a standard 12-ounce beer (0.6 fluid ounces or 14 grams of pure alcohol)  

(Centers for Disease Control and Prevention [CDC], 2014) costs approximately $1.16 

(off-site consumption), which corresponds to a tax of $0.07 prior to and $0.10 after the 

increase in alcohol sales tax. However, based on a 3 to 1 ratio for on-premises to off-

premises (Xuan et al., 2014), the same beer may be priced at $3.50 at restaurants and bars 

(on-premises), for which the 6% tax is $0.21 and the 9% tax is $0.32; the increase per 

drink on-premises represents $0.11 versus an off-premises increase of $0.03. Although 
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these prices are estimates, they illustrate that the monetary increase in tax will vary based 

on the type and brand of alcoholic beverages as well as on the location of purchase.  

Main outcome measures 

We examined the effect of the alcohol tax on the rates of fatal and nonfatal 

injuries resulting from a motor vehicle crash involving alcohol-involved drivers ages 15 

to 95 years old per 100,000 population, per 100,000 licensed drivers, and finally, per 100 

million vehicle miles traveled (VMT). In Maryland, the minimum age for a driver’s 

permit is 15 years and 9 months (Department of Transportation Motor Vehicle 

Transportation, 2015). In addition to estimating the effects of the 2011 alcohol sales tax 

on drivers ages 15 to 95 years old, we also investigated the separate effects in four age 

sub-groups: 15 to 20, 21 to 34, 35 to 54, and 55 to 95 years old. We classified age into 

four main groups to have sufficient numbers of cases of alcohol-involved drivers per 

month for the analysis. We selected drivers 15 to 20 years old to assess the effect of the 

alcohol sales tax on drivers under the minimum legal drinking age. Then, we grouped 

those ages 21 to 34, as they have a higher risk of alcohol-impaired driving compared to 

any other age group (NHTSA, 2014b). We completed additional analyses which included 

all drivers involved in an injury-crash, independent of the missing or unknown 

information on age or if they were ages <15 or >95 years old.  

The person injured could have been a driver, occupant, and/or pedestrian. Drivers 

involved in a crash leading only to property damage (no injury) were excluded from the 

analysis.  For the purpose of this study, we examined drivers classified as under the 

influence of alcohol only and excluded those recorded as drugs only or identified as both 

alcohol and drugs, which represented less than 1% of the study population (Table 7). A 
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reason for excluding drivers identified as alcohol- and drug-impaired is related to the 

procedures and techniques used to test for drugs, which may have varied during the study 

period (NHTSA, 2014b; Berning & Smither, 2014). Furthermore, drug involvement does 

not necessarily indicate that the person was under the influence of drugs at the time of the 

crash; it only indicates recent consumption (NHTSA, 2014b; Berning & Smither, 2014).  

Covariables  

Several independent variables were selected a priori and evaluated for inclusion in 

statistical analyses. The monthly numbers of persons unemployed in Maryland during the 

study period were obtained from the U.S. Bureau of Labor Statistics (U.S Bureau of 

Labor Statistics, 2014). We also examined the effects of changes in annual per capita 

personal income, calculated as the total personal income of the residents of Maryland 

divided by the total mid-year (July) state population in each of the study years (U.S. 

Department of Commerce, 2014). We used four sources (Insurance Institute for Highway 

Safety [IIHS], 2014; National Conference of State Legislature, 2014; NHTSA, 2013a; 

National Institute of Alcohol Abuse and Alcoholism, n.d.) To examine whether specific 

laws recognized as effective measures to reduce traffic fatalities were changed in 

Maryland during the study period: 1) administrative license revocation; 2) illegal per se 

at BAC >0.08 g/dL and >0.01g/dL for underage drivers (<20 years old); 3) primary seat 

belt; 4) mandatory helmet laws; and 5) mandatory ignition interlock for all those 

previously convicted of driving while intoxicated (Chang et al., 2012; Villaveces et al., 

2003). Starting in October 2001(10 months into the study), the blood alcohol 

concentration (BAC) limits (g/dL) decreased from >0.10 to >0.08 and from >0.02 to 0.00 

for drivers under the minimum legal drinking age. We did not include these changes in 
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our model as they occurred only 10 months into the study period. No other changes in 

alcohol control and traffic safety laws occurred during the study period.  

We examined the association between the 2008 Maryland general  sales tax 

increase, from 5% to 6%, which also affected alcoholic beverages, and alcohol-impaired 

driving (Tax Foundation, 2014). Data on Maryland annual population estimates 

originated from the U.S. Census Bureau (2014); and data on the annual number of 

licensed drivers and vehicle miles traveled came from the Federal Highway 

Administration (FHWA) (2013). For the analyses examining the association between the 

2011 alcohol sales tax and alcohol-impaired driving among different age groups, we used 

the corresponding age groups population or licensed drivers provided by the FHWA. For 

VMT, we used the estimate publicly available, as no annual data are available by age 

group. For seasonality, we used yearly quarters (quarter 1= January to March, quarter 

2=April to June, quarter 3=July to September, and quarter 4= October to December).  

Statistical analysis 

For descriptive analysis, we used the monthly mean counts, rates of alcohol-

impaired drivers employing three different denominators: 1) per 100,000 population; 2) 

per 100,000 licensed drivers; and 3) per 100 million VMT. Finally, we examined the ratio 

between alcohol-involved drivers and non-alcohol-involved drivers in fatal or nonfatal 

crashes for the overall study period, pre- and post-intervention periods.  

Because of the presence of temporal autocorrelation, we used generalized 

estimating equations (GEE) models with a negative binomial distribution, a log link, and 

an initial autoregressive covariance structure. We used negative binomial rather than 

Poisson models because crash data are often likely to be over-dispersed; i.e., the variance 
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is likely greater than the mean (Lord & Mannering, 2010). The autoregressive covariance 

structure assumes that the correlation declines across time, which is plausible with crash 

data (Kincaid, 2005; Mohammadi, Samaranayake, & Bham, 2014).  

In our model, we retained variables in the final multivariable model if they were 

significant at the p<0.10 level using manual backward stepwise approach, and/or if they 

had been identified as important predictors in the literature (Chaloupka et al., 1993; 

Chaloupka & Laixuthai, 1997; Chang et al., 2012; Evans et al., 1991; Mast et al., 1999; 

Morrisey & Grabowski, 2011; Ponicki et al., 2007; Whetten-Goldstein et al., 2000; 

Young & Likens, 2000; Young & Bielinska-Kwapisz, 2006). We included an indicator 

variable for the 2011 alcohol tax increase and a continuous monthly variable for linear 

trend. For the linear trend, we examined whether the slopes prior to and after the 

intervention differed significantly (p<0.10) after the introduction of the alcohol sales tax 

increase. We assumed one linear trend across the study period if the before and after 

slopes did not differ significantly. 

In the results, we referred to immediate and gradual effects of the intervention, the 

alcohol sales tax increase. The level change is defined as the change in the outcome in the 

month following the intervention (Ramsay, Matowe, Grilli, Grimshaw, & Thomas, 2013). 

In our analysis, this level change (alcohol tax increase indicator variable) corresponds to 

the adjusted rate ratios obtained, which can be interpreted as the rate of alcohol-impaired 

drivers immediately after the introduction of the alcohol tax (August 2011) in comparison 

to before the introduction. Therefore, this change corresponds to the immediate effect of 

the alcohol tax. At the intervention (August 2011), we allowed the linear trend to differ 

before and after the intervention. The pre-intervention trend is the monthly change prior 
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to the introduction of the tax, while the post-intervention trend follows the 2011 alcohol 

sales tax increase. This parameter allows the slope or trend to differ before and after the 

intervention. If no significant change between the pre-and post-intervention is detected, 

we assume one continuous linear trend over time, which can be interpreted as the 

monthly change in the outcome of interest during the overall study period. The level 

change and trend enable the researchers to determine if the effect was immediate and/or 

gradual.  

We also conducted analyses using a second model, which included the log rate of 

non-alcohol-involved drivers per population as a predictor variable along with the alcohol 

sales tax increase indicator variable and linear trends. Similar to the previous model, we 

used also per VMT and per licensed drivers as additional denominators. Researchers have 

previously used a variable such as non-alcohol-related crashes as a proxy measure to 

control for factors related to external factors, such as the economy, car safety, and/or 

highway design (Wagenaar et al., 2015).  

All analyses were conducted using SAS 9.3 (SAS Institute, Cary, North Carolina, 

USA). 

D. Results 

From January 2001 to December 2013, a total of 794,729 drivers ages 15 to 95 

years old were involved in a crash in which, according to police reports, one or more of 

the persons involved (driver, occupant, and/or pedestrian) was injured. Among those 

drivers who were involved in crashes resulting in an injury, 54.7% suffered a nonfatal 

injury and 0.6% died because of the crash (Table 7). The majority of drivers were male 

(56.6%), and most (36.7%) were middle-aged (35-54 years). We excluded 6.2% of 
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drivers involved in an injury-related crash because of either missing values for age 

(n=17,998) or range outside 15-95 years old (n=1,390). Among injury-related crashes, 

from 2001 to 2013, police officers identified 4.29% drivers (n=34,098) as alcohol-

involved.  

Table 7: Selected driver characteristics of those involved in a crash resulting in an 

injury for the driver, occupant, and/or pedestrian, overall, pre-, and post-

intervention periods, Maryland, 2001-2013. 

 

Selected 

variables 

Overall   

(01/2001-12/2013) 

(N=794,729) 

Pre- 

(01/2001-

07/2011) 

(n=666,811)  

Post-  

(08/2011-

12/2013) 

(n=127,918)  

P valuea  

 

 

 

 

  

n Col % n Col % n Col% 

Injury Severity             

  Not injured 355,052 44.68 297,200 44.57 57,852 45.23 <0.0001 

  Possible injury 220,427 27.74 182,310 27.34 38,117 29.80 

  Injured 164,130 20.65 138,080 20.71 26,050 20.36 

  Disabled 50,508 6.36 45,308 6.79 5,200 4.07 

  Fatal 4,612 0.58 3,913 0.59 699 0.55 

Sex        

  Female 343,616 43.24 287,304 43.09 56,312 44.02 <0.0001 

  Male 449,620 56.58 378,339 56.74 71,281 55.72 

  Unknown  1,493 0.19 1,168 0.18 325 0.25 

Age groups        

  15-20 99,022 12.46 87,612 13.14 11,410 8.92 <0.0001 

  21-34 262,589 33.04 218,977 32.84 43,612 34.09 

  35-54 291,384 36.66 245,699 36.85 45,685 35.71 

  55-95 141,734 17.83 114,523 17.17 27,211 21.27 

Driver’s statusb        

  Alcohol 34,098 4.29 28,906 4.33 5,192 4.06 <0.0001 

  Drug 6,059 0.76 5,004 0.75 1,055 0.82 

  Alcohol and 

Drug 
1,087 0.14 

900 0.13 187 
0.15 

  None 

 

753,485 

 

94.81 

 

632,001 

 

94.78 

 

121,484 

 

94.97 

 
aP value obtained with the chi-square test.  
bDriver’s status is a derived variable available in MAARS. 
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There was a smaller proportion of injured drivers in the post-intervention (54.8%) 

compared to the pre-intervention period (55.4%) (Table 7). The post-intervention period 

had a smaller proportion of drivers ages 15 to 20 and 34 to 54 years old in comparison to 

the pre-intervention period. Inversely, there was a larger proportion of drivers ages 21 to 

34 and 55 to 95 years old during the post-intervention in comparison to the pre-

intervention period.  There was a smaller proportion of alcohol-involved drivers during 

the post-intervention (4.1%) compared to the pre-intervention period (4.3%).  

For each month of the study, on average, there were 218.6 alcohol-involved 

drivers ages 15 to 95 years old in an injury-crash (standard deviation [SD]=36.0) (Table 

8). The monthly means of alcohol-involved drivers differed by age group, with the 

highest mean found among drivers ages 21 to 34 years old (mean=97.3, SD=15.5) and the 

lowest mean found among older drivers ages 55 to 95 years old (mean=19.1, SD=4.5). 

There was a reduction in the rates of alcohol-involved drivers per 100,000 population 

across all age groups during the post-intervention compared to the pre-intervention period 

(Table 9). Drivers ages 15 to 20 years old had the largest decrease in the rates of alcohol-

impaired driving post-intervention compared to pre-intervention period among all age 

groups. Similar findings were obtained using other denominators except for the increase 

in the rate of alcohol-involved drivers per 100 million VMT aged 55-95 following the 

2011 alcohol sales tax.  
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Table 8: Counts and monthly means of alcohol-involved drivers, overall, pre-, and 

post-intervention periods, Maryland, 2001-2013. 

Alcohol-

involved 

driversa 

by age 

group 

(years) 

Overall  

(01/2001-12/2013) 

Pre-intervention 

(01/2001-07/2011) 

Post-intervention 

(08/2011-12/2013) 

% 

Change 

(post- 

pre-/pre-) 

X100 

Count 

Monthly 

mean 

(SD) 

Count 

Monthly 

mean 

(SD) 

Count 

Monthly 

mean 

(SD) 

 15-95 

 

 

34,098 218.58      

(35.96) 

28,906 227.61  

(32.91) 

5,192 179.03 

(17.27) 

 

-21.34 

  15-20 

 

 

3,886 24.91  

(9.23) 

3,496 27.53 

 (8.07) 

390 13.44 

(3.45) 

 

-51.18 

  21-34 

 

 

15,183 97.33  

(15.47) 

12,723 100.18 

(14.88) 

2,460 84.83 

(11.37) 

 

-15.32 

  35-54 

 

 

12,055 77.28  

(15.76) 

10,298 81.09 

(14.46) 

1,757 60.59 

(8.89) 

 

-25.28 

  55-95 

 

2,974 19.06  

(4.49) 

2,389 18.81  

(4.41) 

585 20.17 

(4.73) 

7.23 

a Driver’s alcohol status is a derived variable available in MAARS. 

SD: Standard deviation 
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Table 9: Monthly rates of alcohol-involved drivers based on different denominators, 

overall, pre, and post-intervention periods, Maryland, 2001-2013. 

 

Rates Age 

groups 

(years) 

Overall 

(01/2001-

12/2013) 

Pre- 

(01/2001-

07/2011) 

Post- 

(08/2011-

12/2013) 

% Change (post- 

pre-/pre-) 

X100 

 

Per 100,000 

population 

15-95 3.88 4.08 3.04 -25.49 

15-20 5.33 5.91 2.83 -52.12 

21-34 9.32 9.73 7.51 -22.82 

35-54 4.52 4.72 3.63 -23.09 

55-95 1.48 

 

1.51 

 

1.33 

 

-11.92 

 

Per 100,000 

licensed 

drivers 

15-95 5.86 6.19 4.40 -28.92 

15-20 12.15 13.22 7.47 -43.49 

21-34 10.89 11.46 8.39 -26.79 

35-54 4.97 5.22 3.85 -26.25 

55-95 1.76 

 

1.81 

 

1.54 

 

-16.57 

 

Per 100 

million VMT 

15-95 0.395 0.413 0.331 -19.85 

15-20 0.045 0.050 0.024 -52.00 

21-34 0.176 0.182 0.150 -17.58 

35-54 0.140 0.147 0.107 -27.21 

55-95 0.034 

 

0.034 

 

0.036 

 

+5.88 

 

 

We also calculated the ratio of alcohol-involved drivers to non-alcohol-involved 

drivers.  With the exception of alcohol-involved drivers ages 55 to 95, there was a 

reduction in the ratio in the post-intervention compared to the pre-intervention period in 

all age groups (Table 10). As illustrated in Figure 6, the yearly ratio of alcohol-involved 

drivers to non-alcohol-involved drivers and yearly number of alcohol-involved drivers 

appeared to plateau from 2010 to 2012 and then it decreased in 2013.  
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Table 10: Ratio of alcohol-involved to non-alcohol-involved drivers, overall, pre- 

and post-intervention periods, Maryland, 2001-2013.  

Age group (years) Overall 

(01/2001-

12/2013) 

Pre-  

(01/2001-

07/2011) 

Post 

(08/2011-

12/2013) 

% Change 

(post- pre-/pre-) 

X100 

15-95 0.045 0.046 

 

0.043 

 

-6.52 

15-20 

 

0.041 

 

0.042 

 

0.036 

 

-14.29 

 

21-34 0.062 0.062 0.061 -1.61 

 

35-54 0.044 0.044 0.040 -9.09 

 

55-95 0.022 0.021 0.022 +4.76 

 

 

 

 

 

 

Figure 6: Number of alcohol-involved drivers and ratio of alcohol-involved to non-

alcohol-involved drivers, Maryland, 2001-2013 
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In our unadjusted analyses using the Maryland population as the denominator, 

there was a significant immediate 24% reduction in the rate of alcohol-positive drivers 

involved in a crash causing a nonfatal or fatal injury following the 2011 alcohol sales tax 

increase (Appendix D: Table 3). We also observed a reduction in each of the age groups. 

However, this association was not statistically significant once we adjusted the models 

for other variables. For alcohol-involved drivers ages 15 to 95 years old, the 2011 alcohol 

tax did not have an immediate effect on the rate of alcohol-impaired drivers (rate ratio 

[RR]: 1.01, 95% confidence interval [CI]: 0.91-1.11) relative to the period before its 

implementation, after adjustment for covariables (Table 11). For drivers ages 15 to 20 

years old, we observed a 6%, not significant, decrease in the rate of alcohol-involved 

drivers following the 2011 alcohol sales tax increase (RR: 0.94, 95% CI: 0.79-1.13), after 

adjustment for covariables. For drivers ages 21 to 34 years old, there was a 2% 

immediate increase, not statistically significant, in the rate of alcohol-involved drivers 

following the 2011 alcohol sales tax (RR: 1.02, 95% CI: 0.93-1.10).  For drivers aged 15 

to 95, 15 to 20, and 21 to 34, we did see a significantly larger gradual reduction in the 

rate of alcohol-impaired drivers following the 2011 alcohol sales tax in comparison to the 

months preceding its introduction. As illustrated in Figure 8, the modeled rates with and 

without the tax did not differ significantly immediately after the 2011 alcohol sales tax; 

but they differed towards the end of the study period, suggesting a latent effect of the 

alcohol sales tax increase.  

For drivers ages 35 to 54 years old, there was no significant reduction in the rate 

of alcohol-involved drivers (RR:  0.98, 95% CI: 0.89-1.09) and no significant change in 

the slope between pre- and post-intervention periods (Table 11). For drivers ages 55 to 95 
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years old, after adjustment for linear trends and seasonality, there was a significant 

immediate 10% increase in the rate of alcohol-involved drivers (RR: 1.10, 95% CI: 1.04-

1.16) as well as a significant gradual increase in alcohol-involved drivers following the 

2011 alcohol sales tax increase.  

Table 11: Adjusted analyses of alcohol-involved drivers in motor vehicle crashes 

resulting in a nonfatal or fatal injury, Maryland, 2001-2013 (Model 1) 

 

Alcohol-

involved 

drivers 

by age 

group 

(years) 

Variables Adjusted 

RRa 

95%CI P value P value for 

change of 

trend before 

and after the 

alcohol sales 

tax increase 

15-95b Alcohol tax increase 1.007 0.91-1.110 0.885  

Pre-trende 0.998 0.997-0.999 <0.0001 0.03 

Post-trendf 0.993 0.988-0.998 <0.001 

15-20c Alcohol tax increase 0.943 0.789-1.128 0.523  

Pre-trend 0.993 0.993-0.994 <0.0001 0.007 

Post-trend 0.983 0.976-0.991 <0.0001 

21-34b Alcohol tax increase 1.015 0.934-1.103 0.727  

Pre-trend  1.00 0.999-1.0007 0.792 <0.0001 

Post-trend 0.990 0.986-0.994 <0.0001 

35-54d Alcohol tax increase 0.980 0.893-1.087 0.678  

Linear trendg 0.998 0.997-0.999 <0.0001 0.96 

55-95c Alcohol tax increase 1.102 1.043-1.164 <0.001  

Pre-trend 0.996 0.996-0.997 <0.0001 <0.001 

Post-trend 1.000 0.998-1.002 0.748 
aStatistical analysis based on GEE models with AR (1) covariance matrix with log population as offset. See 

Appendix D-Table 3 for complete analysis.  
bModel adjusted for quarters 1-4, unemployment, and sales tax 2008.  
c Model adjusted for unemployment and quarters 1-4.  
d Model adjusted for unemployment, quarters 1-4 and sales tax 2008. 
ePre-trend: from Jan 2001 to Jul 2011.  

fPost-trend: from Aug 2011 to Dec 2013.  
g Linear trend assumes one linear trend across study period as no significant difference between pre- and 

post-intervention trends was found. 

 

We also used a second model, which controlled for pre- and post-linear trends and 

non-alcohol-involved drivers (Table 12). For drivers ages 15 to 20, 21 to 34, 35 to 54, 

and 55 to 95 years old, the point estimates in models 1 and 2 were slightly different from 
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each other (Table 13). For example, in model 1, the rate ratio of alcohol-involved drivers 

ages 15 to 20 years old was 0.94 (95% CI: 0.79-1.13) compared to 0.94 (95% CI: 0.92-

1.02) in model 2 for the same age group. Despite the small differences in point estimates 

between model 1 and 2, the main findings remained unchanged for drivers ages 15 to 20, 

21 to 34, 35 to 54. For alcohol-involved drivers ages 15 to 95 years old, in model 1, there 

was a significant gradual larger decline in the rate following the 2011 alcohol sales tax, 

while in model 2, there was a immediate significant reduction but no significant 

immediate change. For alcohol-involved drivers ages 55 to 95 years old, in model 1, there 

was a significant immediate and gradual increase in the rate, while in model 2, there was 

no significant immediate change but a gradual increase in the rates after the 2011 alcohol 

sales tax. We obtained similar or a difference less than 3% between the QIC scores of 

model 1 and 2.  

In addition, we analyzed the data using two other denominators, per VMT and per 

licensed drivers, and compared results (Table 13). We obtained similar findings 

qualitatively to those estimated per population. Independent of the denominator, there 

appeared to be a significantly larger decline in alcohol-involved drivers ages 15 to 20 and 

21 to 34 years old in the months following the implementation of 2011 alcohol sales tax 

increase. The introduction of the alcohol tax increase did not have an immediate or 

gradual protective effect on alcohol-involved drivers ages 55 to 95 years old. Our results 

remained unchanged if we included all drivers involved in an injury-crash independently 

of the missing or unknown information on age or if they were aged <15 or >95 years old.  
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Table 12: Adjusted analyses of alcohol-involved drivers in crashes resulting in a 

nonfatal or fatal injury, Maryland, 2001-2013 (Model 2). 

 

Alcohol-

involved 

drivers by 

age group 

(years) 

Variables Adjusted 

RRa 

  95% 

CI 

P value P value 

for 

change 

of trend  

15-95 Alcohol tax increase 

0.938 

0.880-

1.0004 0.052 

 

Linear trend 0.999 0.998-0.999 <0.01 0.153 

Non-alcohol 

involved drivers 

 

1.000 1.000-1.000 <0.0001 

 

15-20 Alcohol tax increase 0.979 0.850-1.123 0.767  

Pre-trendb 0.998 0.997-0.999 0.004 <0.0012 

Post-trendc 0.989 0.984-0.995 <0.0001 

Non-alcohol 

involved drivers 

 

2.113 

 

 

1.668-2.677 

 

 

<0.0001 

 

 

 

21-34 Alcohol tax increase 0.969 0.912-1.030 0.317  

Pre-trend 0.999 0.999-1.000 0.089 <0.0001 

Post-trend 0.993 0.990-0.996 <0.0001 

Non-alcohol 

involved drivers 

 

1.618 

 

 

1.320-1.983 

 

 

<0.0001 

 

 

 

35-54 Alcohol tax increase 0.965 0.876-1.062 0.465  

Linear trend 0.999 0.998-0.999 <0.0001 0.707 

Non-alcohol 

involved drivers 

 

1.950 

 

 

1.531-2.484 

 

 

<0.0001 

 

 

 

55-95 Alcohol tax increase 1.049 0.941-1.168 1.049  

Pre-trend 0.998 0.997-0.999 0.998 <0.01 

Post-trend 1.004 1.001-1.008 1.004 

Non-alcohol 

involved drivers 

1.761 

 

1.328-2.335 

 

1.761 

 

 

a Statistical analysis based on GEE models with AR(1) covariance matrix with log population as offset. 

Model adjusted for the variables included in the table. Values are rounded at 2 decimals. See Table 

Appendix D-Table 4 for complete analysis.  
b Pre-trend: from Jan 2001 to July 2011.  
c Post-trend: from Aug 2011 to Dec 2013.  
d Linear trend assumes one trend across study period as no significant difference between pre- and post-

intervention trends was found.  
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Table 13: Adjusted analyses of alcohol-involved drivers in fatal or nonfatal crashes 

using different denominators, Maryland, 2001-2013. 

Alcohol-

involved 

drivers 

by age 

group 

(years) 

Model and 

denominators 

Adjusted 

RR 

(Alcohol 

tax increase 

immediate 

effect) 

95%CI P value P value for 

change of 

trend 

before and 

after the 

alcohol 

sales 

increase 
15-95 Model 1      

  VMTb 1.02 0.92-1.14 0.69 0.09 

   Licensed Driversc 1.02 0.94-1.10 0.68 <0.0001 

   Populationc 1.01 0.91-1.11 0.89 0.03 

Model 2d     

  VMT 0.95 0.88-1.00 0.07 0.1642 

   Licensed Driversc 0.98 0.91-1.05 0.53 0.0650 

   Population 0.94 0.88-1.00 0.05 0.1530 

15-20 Model 1     

   VMTe 0.91 0.77-1.08 0.28 <0.0001 

   Licensed Driverse 1.04 0.88-1.25 0.63 <0.0001 

   Populatione 0.94 0.79-1.13 0.52 0.007 

Model 2     

  VMT 0.97 0.84-1.12 0.69 0.0060 

   Licensed Driversc 1.00 0.88-1.15 0.95 0.0003 

   Populationd 0.97 0.91-1.03 0.32 0.0012 

21-34 Model 1     

   VMTb 1.05 0.95-1.17 0.30 <0.001 

   Licensed Driversc 1.03 0.99-1.08 0.16 <0.0001 

   Populationc 1.02 0.93-1.10 0.73 <0.0001 

Model 2     

  VMT 1.01 0.94-1.07 0.86 <0.0001 

   Licensed Driversc 0.99 0.93-1.06 0.76 <0.01 

   Populationd 0.97 0.91-1.03 0.32 <0.0001 

35-54 Model 1     

   VMTf 0.98 0.89-1.08 0.69 0.99 

   Licensed Driversg 0.96 0.88-1.04 0.31 0.68 

   Populationf 0.98 0.89-1.08 0.68 0.96 

Model 2     

  VMT 0.96 0.87-1.06 0.44 0.7270 

   Licensed Driversc 0.97 0.88-1.06 0.47 0.7080 

   Populationh 0.97 0.88-1.06 0.47 0.7070 

55-95 Model 1     

   VMTe 1.11 1.05-1.18 0.00 <0.0001 

   Licensed Driversi 1.10 1.03-1.17 0.01 <0.002 

   Populatione 1.10 1.04-1.16 0.00 <0.001 

Model 2     

  VMT 1.06 0.95-1.18 0.28 0.0003 

   Licensed Driversc 1.05 0.94-1.18 0.34 0.003 

    Populationd 1.05 0.95-1.17 0.33 <0.001 
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aVariables included in model 1 vary according to the significance level and denominator. For Model 2, the 

variables assessed included pre- and post-linear trends, and non-alcohol-involved drivers.  
b Adjusted for the pre- and post-trends, seasonality, and unemployment.   
c Adjusted for the pre- and post-trends, seasonality, unemployment, and 2008 sales tax.   
d Adjusted for the pre- and post-trend, and non-alcohol-involved drivers. 
e Adjusted for the pre- and post-trends, and seasonality. 
f Adjusted for the linear trend, and seasonality. 
g Adjusted for the linear trend, seasonality, and 2008 sales tax. 
h Adjusted for the linear trend, and non-alcohol-involved drivers. 
i Adjusted for the pre- and post-trends, seasonality, and 2008 sales tax. 

 
 

  

Figure 7: Rates of alcohol-involved drivers in injury-related crash per 100,000 

population, Maryland, 2002-2013 

 

E. Discussion  

According to our first model, the 2011 alcohol sales tax increase led to a 

significantly larger gradual decline in the rate of alcohol-involved drivers ages 15 to 95 

years old involved in injury-related motor vehicle crashes, after adjustment for other 

variables (significant difference between the pre and post-intervention slopes). We 
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obtained similar findings independent of the denominators used in the adjusted analysis. 

However, the 2011 alcohol sales tax increase did not have an immediate effect (change in 

level) on reducing the rate of alcohol-involved drivers following the 2011 alcohol sales 

tax increase.  Examination of the effects of the 2011 alcohol sales tax increase on drivers 

from various age groups revealed that there was a significantly larger gradual decline in 

the months following the 2011 alcohol sales tax increase among drivers ages 15 to 20, 

and 21 to 34 years old in comparison to the pre-intervention period. For drivers ages 35 

to 54 years old, we did observe an immediate reduction, not statistically significant, with 

no significant change in slope comparing the pre- and post-intervention periods in 

contrast with other age groups, the rate of alcohol-involved drivers ages 55 to 95 years 

old increased significantly, both immediately and gradually after the introduction of the 

2011 alcohol sales tax.   

Some studies have found significant inverse associations between alcohol excise 

taxes and alcohol-related motor vehicle injuries (Chaloupka, Saffer, & Grossman, 1993; 

Chang, Wu, & Ying, 2012; Wagenaar et al., 2015), while other studies found inconclusive 

results (Sloan, Reilly, & Schenzler, 1994; Whetten-Goldstein, Sloan, Stout, & Liang, 

2000; Young & Likens, 2000). Except for a few studies (Kisely et al., 2011; Wagenaar et 

al., 2015), researchers have examined the effects of the sum of federal and state beer 

excise tax or average state annual beer tax across the U.S. on motor vehicle fatalities. 

Therefore, there is sparse information on the immediate and long-term effects of alcohol 

sales tax increases on motor vehicle injuries in a specific state.  For other health 

outcomes, such as alcohol-related diseases, researchers have found both an immediate 

and long-term effect of the increase in two alcohol taxes in Alaska (Wagenaar, 
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Maldonado-Molina, & Wagenaar, 2009).  

Consistent with previous literature (Saffer & Grossman, 1987b; Wagenaar et al., 

2015), we found that younger drivers were more sensitive to the alcohol tax increase than 

older drivers. To our knowledge, no previous studies have examined the effects of an 

alcohol tax increase on drivers ages 55 to 95 years old. In this study, there was a 

significant increase in the rate of alcohol-involved drivers ages 55 to 95 years old during 

the post-intervention compared to the pre-intervention period.  These findings indicate 

that increases in alcohol taxes may have no effect on older drivers. Researchers have 

stated the importance of considering the heterogeneity of population sub-groups when 

developing and evaluating alcohol control policies (Meier, Purshouse, & Brennan, 2010). 

Although drivers ages 55 years old and over are not the primary target for prevention in 

alcohol-impaired driving programs, the rates of alcohol-impaired drivers in this age group 

have remained relatively the same despite overall reduction across the other age groups. 

Interventions targeting drivers aged 55 and over are relevant considering that among 

alcohol-impaired drivers in this age group approximately 60%-67% of the drivers have a 

BAC at or above 0.15 g/dL (NHTSA, 2012a). The high percentage of drivers with BAC 

at or above 0.15 g/dL is alarming considering that these drivers are 22 times more likely 

to be involved in a crash compared to drivers with negative BAC (0.00 g/dL) (Blomberg, 

Peck, Moskowitz, Burns, & Fiorentino, 2009).  

Although there was a gradual larger decline in the rate of alcohol-involved drivers 

following the 2011 alcohol sales tax in comparison to before, we did not observe an 

immediate effect of the alcohol sales tax. There are several plausible explanations for this 

finding. First, despite the 3% increase in alcohol sales tax, the effect of the tax on actual 
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price is relatively small. Second, the other Maryland alcohol tax (excise) is low, and has 

not been adjusted for inflation for over 40 years. The most recent increase in the alcohol 

excise tax was in 1957 for distilled spirits (raised from $1.25 to $1.50 per gallon) and 

1973 for beer and wine (raised from $0.03 to $0.09 per gallon of beer and $0.20 to $0.40 

per gallon of wine) (Comptroller of Maryland, 2013). For example, the alcohol excise tax 

on all types of alcoholic beverages is now a penny or less per drink of beer. Third, the 

socio-economic status of Maryland, which ranked second nationwide in 2013 for median 

household income (U.S. Department of Commerce, 2014) may have contributed to the 

finding of no immediate effect after the introduction of the tax. It is plausible that a 

similar level of increase in excise tax may have a different impact depending on the 

socioeconomic level of its population. For example, perhaps the 3% alcohol sales tax 

increase, from 6% to 9%, was insufficient for older drivers to change their behavior, 

considering a likely higher disposable income compared to young drivers.  

The effect of the tax may have been gradual due to the lack of visibility of the tax. 

The excise tax is already included in the price tag seen on the bottle or price list, while 

the sales tax is added as an extra at the cash register after the purchase decision has been 

made. Researchers have found that the visibility of a tax can influence the consumer’s 

purchase decision on alcoholic beverages as investigators found that alcohol excise taxes 

have a significantly larger effect on alcohol consumption than do alcohol sales taxes 

(Chetty, Looney & Kroft, 2007). Consumers may have taken a certain time to notice the 

increase in alcohol taxes and change their behaviors related to the purchase of alcohol, 

leading to the observed gradual effect of the tax rather than a sudden drop.  

Our study includes several strengths. To our knowledge, this study is the first to 
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examine the effect of an alcohol sales tax change on motor vehicle injuries; previous 

studies have only examined the impact of alcohol excise taxes. In addition, other studies 

have focused on motor vehicle fatalities. We were also able to examine the effects of the 

tax on four different groups and across all age groups. To our knowledge, no previous 

study has examined the effect of the alcohol tax on drivers ages 55 years old and over. 

Recognizing the limitations corresponding to commonly used rate denominators for 

motor vehicle injuries, we analyzed our data using three different denominators. Despite 

variations in the point estimates, our main findings remained unchanged regardless of 

which denominators were used. 

Our study is subject to limitations. Although we assessed controlling for economic 

factors, changes in laws, and seasonality, there may be some omitted/unmeasured 

confounders. For example, we did not control for the extent of enforcement of a specific 

law or for legal interventions implemented at the city or county levels, as they are beyond 

the scope of this study. We are aware that in May 2013, Prince George’s County in 

Maryland launched the State Police Impaired Driving Reduction Effort, a police 

intervention focused on public education and high visibility enforcement of alcohol-

impaired driving. This initiative was likely to have had little effect on this current study 

but will be rolled out across Maryland over the next three years. Further research is 

needed to examine the effect of this police intervention.  

Another limitation is the potential misclassification of injury severity and alcohol 

involvement, which are based partly on police officers’ perceptions. Despite this 

limitation, we do not expect that their methods have changed drastically during the study 

period; therefore, misclassification may have occurred systematically during the pre- and 
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post-intervention periods. For alcohol-involvement, although there may have been yearly 

fluctuations, Maryland’s alcohol testing law, which is based on probable cause, remained 

the same during the study period (Casanova, Hedlund, & Tison, 2012). Under Maryland 

law, a law enforcement officer can request BAC tests from a driver if the officer has 

reasonable grounds to believe that the driver was operating in violation of the State’s 

impaired driving law (Casanova et al., 2012). For injury severity, law enforcement 

officers use the KABCO injury scale.  This scale, based on the Model Minimum Uniform 

Crash Criteria Manual, has remained constant during the study period (NHTSA, 2012).  

Overall, the results of this study suggest that the 2011 Maryland alcohol sales tax 

increase led to a larger gradual decline in the rate of alcohol-involved drivers implicated 

in fatal or nonfatal motor vehicle injuries among drivers ages 15 to 95 years old in 

comparison to before its introduction. However, we did not observe a significant 

immediate effect of the alcohol sales tax increase. To obtain a significant immediate 

effect, alcohol sales tax increases may be more effective when implemented in 

combination with other alcohol price policies, such as inflation-adjusted alcohol excise 

taxes and/or minimal pricing. The effect of the tax varied across age groups; young 

drivers appeared to be more alcohol price sensitive in comparison to other age groups. A 

longer follow-up period to determine whether the effects of the 2011 alcohol sales tax 

persisted is warranted. 
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CHAPTER V: SUMMARY AND IMPLICATIONS OF THE 

RESEARCH 
 

Alcohol-impaired driving is a significant cause of fatalities and injuries in the U.S. 

In 2013, more than 10,000 motor vehicle fatalities were alcohol involved or alcohol 

related, representing 31% of all motor vehicle fatalities (National Highway Traffic Safety 

Administration [NHTSA], 2014b). During the same year in Maryland, 36% of all motor 

vehicle fatalities involved an alcohol-impaired driver (NHTSA, 2011). For alcohol-

related nonfatal motor vehicle injuries, data are limited, but one study has suggested that 

approximately 7.5% of drivers were alcohol-impaired in 2010 in several states, including 

Maryland (Miller et al., 2012)  

In addition to the health burden, there is also an economic cost. Alcohol-related 

traffic crashes alone were estimated to cost $50 billion in 2010, which includes costs 

associated with, but not limited to, loss of productivity, healthcare, judicial system 

(Blincoe, Miller, Zaloshnja, & Lawrence, 2014). One alcohol-related fatality in the U.S. 

has been estimated to cost on average $3.5 million in monetary costs and quality of life 

losses (Pacific Institute for Research and Evaluation, n.d). Alcohol-impaired motor 

vehicle injuries, fatalities, and associated economic impacts are substantial, yet their 

burden can be reduced through evidence-based interventions aimed at protecting public 

health.  

Increasing the alcohol taxes is a particular measure that has been recommended 

because of its effectiveness at reducing alcohol-impaired driving and its adverse effects 

on public health and safety (Elder et al., 2010; World Health Organization [WHO], 2010).  

In 2011, legislators in Maryland increased the alcohol sales tax from 6% to 9% (MD. Tax 
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General §11-104(g)). As previously identified in the literature, there are research gaps 

related to the assessment of alcohol tax and health outcomes (Elder et al., 2010). With the 

exception of one study examining the effects of Maryland 2011 alcohol sales tax increase 

on sexually transmitted diseases (Staras, Livingston, & Wagenaar, 2015), all the 

remaining studies, to our knowledge, evaluated the effects of the alcohol excise tax; none 

of them focused on the alcohol sales tax. Also, studies on alcohol taxation and motor 

vehicle injuries have focused mainly on fatal motor vehicle injuries; our study includes 

both fatal and nonfatal motor vehicle injuries. Finally, in addition to assessing the effects 

of the alcohol sales tax increase on young drivers, we also included other age groups to 

compare the effects across different age groups.  

The primary objective of this study was to investigate the effects of the 2011 

alcohol sales tax increase on alcohol-related fatalities and alcohol-impaired driving in 

both fatal and nonfatal crashes. We hypothesized based on other studies that the 

introduction of the 2011 alcohol sales tax would have led to an immediate and gradual 

decline in the rate of alcohol-related fatalities and alcohol-involved drivers in Maryland. 

A secondary aim of this study was to evaluate potential differences in effects of the law 

by age group, with the hypothesis that the tax would have had a greater impact on 

alcohol-related fatalities and alcohol-impaired driving among young drivers compared to 

older drivers. This chapter summarizes the key findings of this study, as documented in 

further details in Chapters 3 and 4, presents its main strengths and weaknesses, and 

discusses the research and policy implications.   
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A. Main findings 

In Chapter 3, we estimated the effects of the 2011 alcohol sales tax on the rate of 

alcohol-related fatalities, alcohol-involved drivers, and fatally injured alcohol-involved 

drivers per 100 vehicle miles traveled (VMT). For alcohol-related fatalities and alcohol-

involved drivers, we examined the effects of the tax using three different BAC cut-off 

values (>0.01, >0.08, and >0.15 g/dL) to investigate whether the sales tax increase varied 

as a function of the driver’s BAC level. This level of analysis was possible because of the 

FARS multiple imputation for missing BAC values (Subramanian, 2002). Because the 

number of fatally injured drivers was small, we included all fatally injured drivers with a 

BAC ≥0.01 g/dL in the analysis. In summary, the results from model 1 and 2, suggest that 

there was no immediate effect of the 2011 alcohol sales tax increase on the rate of 

alcohol-involved drivers at BAC>0.01, >0.08 and alcohol-related fatalities at BAC>0.01. 

However both models found a significantly larger decline in the rates of alcohol-involved 

fatalities at BAC>0.08 g/dL after the intervention as indicated by the significant decline 

in the slope . However, the results of the two models differed in regards to the 

significance level obtained for the gradual decline following the 2011 alcohol sales tax. 

Based on model 1, we found that the 2011 Maryland alcohol sales tax increase led to no 

significant immediate change in the rate of alcohol-involved drivers and alcohol-involved 

fatalities with BAC >0.01 g/dL, >0.08 g/dL. For alcohol-impaired drivers and alcohol-

involved fatalities with BAC >0.08 g/dL, we observed a significantly larger gradual 

decline following the 2011 alcohol sales tax in comparison to the months preceding the 

tax increase. We found no immediate or gradual effects of the 2011 alcohol sales tax on 

alcohol-impaired drivers or alcohol-related fatalities with high BAC levels (>0.15 g/dL).  
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In Chapter 4, the analysis focused on alcohol-involved drivers who were in a 

crash that resulted in a nonfatal or fatal injury. This study relies on police crash reports. 

The alcohol status of the driver is based on the law enforcement officer’s perception 

and/or BAC quantitative test results. Similar to the analysis with fatal motor vehicle 

injuries, there was no immediate reduction in the rate of alcohol-involved drivers 

following the 2011 alcohol sales tax increase. However, based on model 1, there was a 

significantly greater reduction in the rate of alcohol-involved drivers following the 2011 

alcohol sales tax increase. Basically, the post-intervention slope had a larger monthly 

decline, statistically significant, in comparison to the pre-intervention slope (significant 

difference in slope/trend). This significant reduction was present for drivers of ages 15 to 

95 years old, but young drivers (15 to 34 years) appeared to be more sensitive to the 

alcohol sales tax increase than older drivers (35 to 95 years). The rate of alcohol-involved 

drivers aged 35 to 95 years did not decrease significantly after the 2011 alcohol sales tax 

increase, whereas significant declines were observed for alcohol-involved drivers less 

than 35 years old.  

B. Strengths and limitations  

This study was the first to evaluate the effect of an alcohol sales tax increase on 

fatal and nonfatal motor vehicle injuries in the U.S. Previous studies have examined the 

association between alcohol excise tax and health outcomes, but not for alcohol sales tax, 

and have focused mainly on fatal motor vehicle injuries. The subgroup analysis based on 

different BAC cut-off values (>0.01, >0.08, and >0.15 g/dL) allowed us to determine if 

the effect of the 2011 alcohol sales tax increase varied as a function of drinking behavior.  
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Previous studies have included either young drivers or young drivers and adult 

drivers. However, to our knowledge, no study has examined the effects of an alcohol 

sales tax increase across various age groups, including older drivers. By assessing the 

effects of the alcohol sales tax increase by age group, our study was able to identify that 

older populations may not be so responsive to a 3% alcohol cost increase as younger age 

groups, suggesting the need for further interventions targeted towards older adults. It is 

also plausible that this level of increase is insufficient to adjust the behavior of older 

drivers considering that their disposable income is likely to be greater that of young 

adults. Interventions targeting drivers aged 35 and over are relevant considering that 

among alcohol-impaired drivers, 75% of those aged 35 to 44 had a BAC at or above 0.15 

followed by 71% for impaired drivers aged 45 to 54, 66%-67% for drivers aged 54-74 

and 60% for drivers aged 75 and over (NHTSA, 2012). The high percentage of drivers 

with BAC at or above 0.15 g/dL is alarming considering that these drivers are 22 times 

more likely to be involved in a crash compared to drivers with negative BAC (0.00 g/dL) 

(Blomberg, Peck, Moskowitz, Burns, & Fiorentino, 2009).  

Of particular concern is underreporting of alcohol involvement, especially for 

surviving drivers involved in a fatal crash and for drivers involved in a nonfatal injury 

crash. In Maryland, there are no laws requiring alcohol testing for drivers involved in a 

crash (Casanova, Hedlund, & Tison, 2012). Only drivers suspected by police officers of 

alcohol impairment are tested, which could result in an underestimation of impaired 

drivers numbers compared to the number of positive cases that would arise in mandatory 

testing (Casanova et al., 2012). This gap may also introduce bias in the selection of 

individuals who are suspected to be alcohol-impaired, based on factors such as sex, age, 
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and race. For alcohol-related fatalities, Maryland’s alcohol testing rate fluctuates greatly 

based on the injury severity of the driver. The alcohol-testing rate among fatally injured 

drivers is relatively high, between 84% and 86% for the period of 2002 to 2009 

(Casanova et al., 2012).  In contrast, this percentage drops to between 13% and 21% for 

the same time period for surviving drivers involved in a fatal crash (Casanova et al., 

2012). 

Because of this large difference in alcohol testing procedures, we separately 

analyzed the effects of the alcohol tax on all drivers involved in fatal crashes as well as 

only fatally injured drivers themselves where the testing rate is much more complete. 

Also, we used multiple imputation for drivers with missing BAC values, resulting in 

more precise estimates (Subramanian, 2002) compared to using total motor vehicle 

injuries and/or proxy measures for alcohol-impaired driving (e.g., single vehicle night-

time crash) commonly used in other studies (Ruhm, 1996; Saffer & Grossman, 1987b; 

Whetten-Goldstein, Sloan, Stout, & Liang, 2000; Young & Bielinska-Kwapisz, 2006). 

For nonfatal injuries, researchers have estimated that, between 2006 and 2008, police 

officers reported alcohol involvement for only 44% of the drivers who were admitted to a 

hospital and then identified as alcohol-involved based on BAC results (Miller et al., 

2012). The underreporting of alcohol involvement appears to vary as a function of the 

injury severity; police captured alcohol involvement in 27% of the uninjured drivers and 

47% of the injured drivers (Miller et al., 2012). In our study, we included injured drivers 

only, as an attempt to reduce the amount of underreporting of alcohol-involvement 

associated with noninjured drivers. However, underreporting, especially for nonfatal 

injuries for surviving drivers involved in a fatal crash, remains problematic.  
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Potential misclassification of injury severity was another issue in this study, 

especially for nonfatal motor vehicle injuries, because police officers were responsible 

for subjectively classifying injury severity (Cercarelli, Rosman, & Ryan, 1996; Cryer et 

al., 2001). Unlike fatal motor vehicle injuries, the injury severity level was not updated 

based on hospital evaluations by medical professionals. Invisible injuries such as 

concussions could easily be misclassified by police officers as no injury. Despite these 

methodological issues, it is unlikely that misclassification would have been differential 

based on the 2011 alcohol sales tax increase. The 5-point injury scale (KABCO), which is 

part of the Model Minimum Uniform Crash Criteria, a national guideline for data 

collection on traffic crashes, has not changed since the first edition of the guideline in 

1998 (NHTSA, 2012).   

A major strength of this study is that we also analyzed the data using three 

different denominators. Each denominator offers a unique set of advantages and 

limitations and serves different purposes as mentioned in the literature (Sivak, 1996; 

Voas, Tippetts, Romano, Fisher, & Kelley-Baker, 2007). For example, the rate per 

population facilitates comparison across other jurisdictions such as other state or country. 

The rate of motor vehicle injuries per population can also be used to compare its burden 

with other diseases or type of injuries. The rate per VMT has the advantage of taking into 

consideration the level of exposure to a crash however information on VMT cannot be 

separated based on alcohol-related mileage versus non-alcohol related mileage (Voas et 

al., 2007). VMT does not take into consideration the differences in driving patterns 

between population subgroups, such as young drivers compared to older drivers. In 

manuscript #2 (Chapter 4), based on the MAARS data, despite variations in the point 
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estimates, the pattern of our main findings was robust to different denominators used. For 

manuscript #1 (Chapter 3), based on the FARS data, the findings related to the immediate 

effect of the 2011 alcohol sales tax increase remained unchanged independent of the 

denominators. However, there were some inconsistencies in the significance level for the 

change in slope for the pre- and post-intervention periods for alcohol-positive drivers and 

alcohol-involved fatalities.  

 We also analyzed the data using two different models. The first model included a 

series of independent variables associated with alcohol-impaired driving while the second 

model included non-alcohol-impaired drivers as the main predictor variable to control for 

external factors related to motor vehicle injuries (e.g., highway design, car safety, etc.). 

For the analyses examining the effects of the 2011 alcohol sales tax increase on alcohol-

involved drivers in motor vehicle injury (Chapter 4), the main difference between models 

1 and 2 is related to alcohol-involved drivers ages 15 to 95. According to model 1, there 

was no immediate reduction of the 2011 alcohol sales tax but a gradual decline. Results 

from model 2 suggest a nearly significant immediate effect following the 2011 alcohol 

sales tax with no gradual effect. Both models found a significantly larger gradual 

reduction in the rates of alcohol-related fatalities with BAC >0.08 g/dL in the months 

following the 2011 alcohol sales tax in comparison to months preceding the change.  

We selected a statistical model suited for auto-correlated data; previous studies 

have found that generalized estimating equations models allowing for temporal 

correlation were more accurate than traditional negative binomial models (Mohammadi, 

Samaranayake, & Bham, 2014). Finally, our study included a total of 156 monthly 
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observations, which allowed for control of secular trends and assessments of both the 

immediate and gradual effects of the 2011 alcohol sales tax increase.  

Although the scientific literature was extensively reviewed to identify potential 

confounders to be included in the analyses, there may have been minimal unmeasured 

confounding. We investigated changes in laws related to traffic safety and alcohol control, 

but other interventions may have occurred around the same time as the 2011 alcohol sales 

tax increase. For example, state level campaigns to raise awareness about drinking and 

driving, or specific police interventions at the city or county level targeting alcohol-

impaired driving (e.g., sobriety checkpoints), were not captured since these initiatives 

were beyond the scope of this study. The effects of joint or multiple interventions are an 

interesting and important area for further research.  

One of the concerns for this study focusing on alcohol-related fatalities and 

alcohol-impaired drivers involved in fatal crashes was related to the statistical power 

needed to detect a significant effort. For this study, we had a monthly mean of 21 

alcohol-involved fatalities and 13 alcohol-impaired drivers. It is plausible that the study 

had insufficient power to detect a small effect. However, this limitation was addressed in 

the second analysis, which focused on alcohol-involved drivers in injury crashes, and 

included a larger number of alcohol-involved drivers (monthly mean: 227).  

C. Research and policy implications 

Overall, this study found that an increase in alcohol sales tax led to a larger 

gradual reduction in the rates of alcohol-involved drivers in injury-crash (fatal and non-

fatal motor vehicle injuries). The evidence of a gradual decrease was particularly 

significant for younger drivers aged 15 to 34 years. However, among all drivers and 
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drivers aged 15 to 54, we did not observe a significant immediate effect of the 2011 

alcohol sales tax. Increases in these adverse outcomes were found for drivers older than 

55 years, which indicates the need for further, tailored interventions in older adults. For 

alcohol-involved drivers in fatal crash, and alcohol-related fatalities, we did not observe 

an immediate effect of the 2011 alcohol sales tax. For alcohol-related fatalities, we 

observed a significantly larger gradual decline following the 2011 alcohol sales tax.  This 

study was the first to integrate data on both injuries and fatalities arising from alcohol-

impaired driving, providing valuable knowledge for public health professionals and 

policymakers interested in mitigating the adverse human health and economic impact of 

alcohol-impaired driving. The present study shed light on existing gaps, yet also brought 

to light new areas to consider for future research and policy making.  

Previous research has suggested that laws such as the installment of ignition 

interlock for all convicted alcohol-impaired drivers or administrative license revocation 

are effective in reducing impaired driving recidivism (Elder et al., 2011; Villaveces et al., 

2003; Willis, Lybrand, & Bellamy, 2004) but there is limited evidence on its 

effectiveness once the device has been removed (Willis, 2008). The effectiveness of these 

policies resides largely in the ability to identify alcohol-impaired drivers and then to 

ensure that legal procedures are appropriately followed. This aspect is especially relevant 

considering the low alcohol-testing rate among drivers involved in crashes in Maryland, 

especially for surviving drivers involved in fatal crashes and for drivers with nonfatal 

motor vehicle injuries (Casanova et al., 2012).  

A 2015 systematic review revealed that the majority of alcohol-impaired drivers 

who accessed medical care following their injury were never charged or convicted for 
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being under the influence of alcohol while driving (Green, Kureshi, & Erdogan, 2015). 

The study estimated that in the U.S., the median rate of conviction for alcohol-impaired 

driving was 14% among alcohol-impaired drivers injured in a motor vehicle crash and 

taken to a hospital or trauma center (Green et al., 2015). As suggested in the literature, 

the barriers for reporting and/or prosecuting alcohol-impaired drivers are multifactorial 

and include elements such as restricted access to trauma patients by law enforcement, 

lack of systematic and mandatory alcohol testing at the hospital, sympathy for the injured 

trauma patients, lack of communication between hospitals and law enforcement agencies, 

and the large time commitment on the part of the police (Cheek, Truitt, & Dunn, 2014; 

Green et al., 2014; Suffoletto, Callaway, Kristan, Kraemer, & Clark, 2012). Research 

examining the barriers specific to Maryland could help to target the main issues related to 

underreporting of alcohol in the state context. Also, at the policy level, a law requiring 

mandatory BAC testing for all drivers involved in a fatal crash or serious injury collision, 

instead of relying on probable cause, could improve the current low alcohol-testing rate.   

Strengthening the reporting of alcohol involvement in crashes would be beneficial 

on several levels. First, injured alcohol-impaired drivers could receive brief interventions 

for alcohol at the hospital or trauma center as part of their medical admission, which has 

been shown to reduce recidivism (Schermer, Moyers, Miller, & Bloomfield, 2006). 

Second, identifying alcohol-impaired drivers is essential for ensuring that legal 

interventions have their deterrent effect and are properly implemented, such as the 

installation of ignition interlock following a conviction of driving under the influence of 

alcohol. These types of policies save lives and prevent further injuries, as they reduce the 

rate of alcohol-impaired driver recidivism. Finally, improving alcohol testing could 
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contribute to improving the evaluation and monitoring of specific interventions targeting 

alcohol-impaired drivers, as the data would be more accurate and the statistical power 

would be increased, since more cases would probably be detected.   

Additional subgroup analyses could be conducted to determine if the effects of the 

2011 alcohol sales tax increase differed between counties located on the border with 

other states and more central counties. Cross-border sales could potentially dilute the 

effect of the alcohol sales tax increase in Maryland. With the exception of DC, bordering 

states with Maryland (Delaware, Pennsylvania, Virginia, and West Virginia) offer a 

lower alcohol sales tax compared to Maryland (Tax Foundation, 2014), which may be an 

incentive for residents to purchase alcohol in the bordering states. Delaware has no 

alcohol sales tax; West Virginia and Pennsylvania have a 6% alcohol sales tax; and 

Virginia has a 5% alcohol sales tax (Center for Science in the Public Interest, 2009). 

Therefore, the effects of an alcohol sales tax increase may be stronger in non-bordering 

counties than in border counties.  

Additional studies examining the effects of an increase in alcohol sales taxes in 

other states would be beneficial for comparison with Maryland. One question of interest 

is to determine if the effect of the alcohol sales tax varies as a function of the socio-

demographic characteristics of the population, such as per capita income or age. For 

example, it is plausible that the 3% alcohol sales tax was insufficient to have an effect on 

drivers aged 35 years old and older. This minimal price increase for alcoholic beverages 

is especially relevant considering that Maryland ranked second nationwide in terms of 

median household income (U.S Department of Commerce, 2014).   
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Alcohol tax increases are rarely adopted as part of a larger set of policies, as 

indicated by the World Health Organization’s 2014 Global Status Report on Alcohol and 

Health. Policymakers could consider increasing the alcohol sales tax in combination with 

other alcohol-control policies, such as inflation-adjusted alcohol excise taxes and/or 

minimal pricing on alcoholic beverages to maximize the public health gain. The adoption 

of a complete set of measures, focusing on price, has been an approach that has been used 

extensively in the field of tobacco prevention and is now widely accepted by the general 

public, especially if the revenues finance prevention programs or healthcare services 

(Farley et al., 2015). For alcohol, a poll conducted in 2010 by the Kaiser Foundation 

found that 67% of the survey respondents supported increasing taxes on alcohol to fund 

healthcare services (Henry J.Kaiser Family Foundation, 2009). Yet this public support 

has not been translated into policy changes. During the 2009 legislative session, at least 

half of the states in the U.S. proposed an increase in alcohol taxation, but only a few 

states succeeded in increasing their alcohol tax (Mart, 2010). In contrast, in 2010, 14 

states passed legislation to increase tobacco taxes (Mart, 2010). Addressing the barriers 

impeding the adoption of alcohol tax increases is key to addressing the source of the 

problem.  

Additional research over a longer follow-up period would help to determine if the 

gradual effect of the alcohol sales tax increase remained constant or eventually dissipated. 

This aspect is important for assessing if additional alcohol-control taxation policies 

should be considered to safeguard the effects of the 2011 alcohol sales tax increase.  

Finally, another factor that was not considered as part of this analysis but should 

be taken into consideration when assessing the value of alcohol taxation is the societal 
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cost of excessive consumption, such as healthcare, judicial system, and loss of 

productivity. Shafer (2014) estimated the optimal state excise tax rates to truly balance 

the overall cost of excessive alcohol consumption. For Maryland, the alcohol excise tax 

would need to be increased to $0.97 per drink to offset the social costs associated with 

excessive alcohol consumption. Therefore, when setting the actual increase in alcohol 

taxation, policymakers, public practitioners, and researchers should take into 

consideration the level of increase needed to have a significant impact on alcohol 

consumption and the costs associated with excessive alcohol consumption while 

acknowledging public opinion.  

In conclusion, this study adds valuable scientific knowledge because it is the first 

study, to our knowledge, to examine the effects of an alcohol sales tax increase on both 

fatal and nonfatal motor vehicle injuries. Examining overall trends in the rates of the 

outcomes during the study period, we found a significant overall decline in the rates of 

alcohol-involved drivers in fatal crashes with BAC>0.08 and >0.15 g/dL, alcohol-related 

fatalities (BAC>0.01, >0.08 and >0.15), and alcohol-involved drivers in injury-crash. In 

regard to the effect of the 2011 Maryland alcohol sales tax, we found a significant 

gradual reduction in the rate of alcohol-involved drivers in injury-crash in the overall 

driver population, and especially in young drivers. We also observed a significantly 

gradual decline for alcohol-impaired drivers involved in fatal crash and alcohol-related 

fatalities with BAC >0.08 g/dL following the tax change. We found no immediate effect 

of the 2011 alcohol sales tax on alcohol-involved drivers in an injury crash (fatal and 

nonfatal alcohol-involved drivers in fatal crash, and alcohol-related fatalities). This public 

health intervention is especially relevant considering that young drivers are a high-risk 



 102 

group for alcohol-impaired driving. Drivers aged 35 and over do not appear to be 

responsive to the 3% alcohol tax increase. The increase may have been insufficient for 

older drivers considering their higher disposable income. Reducing alcohol-impaired 

driving will require a broad and comprehensive set of measures considering the 

complexity of this public health problem. A central component of these efforts should be 

to improve alcohol testing rates and implement interventions, which have already 

demonstrated their effectiveness.  
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APPENDIX A: DESCRIPTION OF ALCOHOL-CONTROL AND 

SAFETY POLICIES 
 

Alcohol-Control or 

Safety Policy 

Description 

Administrative per se law 

or license suspension 

State’s driver licensing agency can suspend or revoke a driver’s license based 

on BAC or some other criteria related to alcohol or drug use and driving.  

 

Anti-plea bargain Require persons arrested to be tried for DWI (driving while intoxicated)  

 

BAC 0.08 If the operator has a BAC level at or above 0.08g/dl, a violation has occurred 

without regard to other evidence of intoxication or sobriety. 

 

Dram shop The owner or server of a retail alcohol establishment where a customer 

recently consumed alcoholic beverages can be held legally responsible for the 

harms caused by that customer. 

 

Keg registration law Require wholesalers or retailers to attach a tag with an identification number 

to kegs.  At purchase, the retailer records identifying information about the 

purchaser. 

 

Implied consent  A person gives implied consent to submit to a test for either an alcohol or drug 

content in his/he body if he/she is arrested or otherwise detained for a DWI 

offence.  

 

Jail sentence or 

community services 

First time offenders, upon conviction, are subject to jail time and/or other 

sanctions such as community services.  

 

Minimum and/or 

mandatory fine 

State set a mandatory and/or minimum fine for DWI. 

 

 

Open container Prohibit open containers of alcoholic beverages in the passenger 

compartments of non-commercial motor vehicles.   

 

Preliminary breath test Breath test given by a law enforcement officer to a suspected impaired driver 

prior to an arrest for impaired driving offense.  

 

Seat belt Primary enforcement law enforcement officers may issue a citation any time 

they observe an unbelted driver or passenger.  

Secondary enforcement: officers may issue a safety belt citation if and only if 

the officer has stopped the vehicle for some other reason.  

 

Sobriety check points State that can used sobriety checkpoint as a law enforcement measure to 

impaired driving. Vehicles are stopped randomly during a sobriety checkpoint 

to check if driver is under the influence of alcohol.  

 

Zero tolerance  It is illegal for drivers under the age of 21 to drive with BAC equal or above 

0.00g/dl or 0.02g/dl depending on the state.  

Source: NHTSA's Digest of State Alcohol-Highway Safety Related Legislation, Alcohol Policy 

Information System  



 104 

APPENDIX B: SUMMARY OF POLICIES USED AS INDEPENDENT 

VARIABLES IN OTHER STUDIES 
Author(s), year 

of publication 
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Chaloupka et al. 

1993 

X  X  X X X  X X X X X  

Chaloupka & 

Laixuthai 1997 

X              

Chang et al. 

2012 

X X X X X X X        

Dee 1999 X   X           

Evans et al. 1991   X  X X  X  X X  X  

Grossman & 

Saffer, 1986 

X              

Hwan & Topyan, 

2011 

              

Mast et al. 1999    X X  X   X X X   

Morrisey & 

Grabowski, 2011 

 X X X X          

Ponicki et al. 

2007 

X X X X          X 

Ruhm 1996 X    X     X   X  

Saffer & 

Chaloupka,1987   

         X     

Sloan et al. 1994       X      X  

Whetten-

Goldstein et al. 

2000 

    X X X   X   X X 

Wilkinson 1987 X            X  

Young and 

Likens 2000 

             x 

Young and 

Bielinska-

Kwapisz 2006 

  X X           
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APPENDIX C:  SUMMARY OF THE CHARACTERISTICS AND 

MAIN FINDINGS OF THE STUDIES ON ALCOHOL TAXES AND 

MOTOR VEHICLE INJURIES  
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APPENDIX D: SUPPLEMENTAL TABLES 
 

Table 1: Comparison between drivers ages 15 to 95 years and drivers (included) with 

missing or unknown information on age or ages <15 or >95 (excluded).  

 

Selected 

variables 

All Drivers 

(N=847,488) 

Drivers ages 15 

to 95 

(n=794,729) 

Drivers ages <15 

or >95 or 

missing or 

unknown age 

(n=52,759) P valuea  

N 
Col 

% 
n Col % n Col% 

Injury Severity 

  

        

  Not injured 402,087 47.44 355,052 44.68 47,035 89.15 

<0.0001 

  Possible injury 223,688 26.39 220,427 27.74 3,261 6.18 

  Injured 166,029 19.59 164,130 20.65 1,899 3.60 

  Disabled 51,027 6.02 50,508 6.36 519 0.98 

  Fatal 4,657 0.55 4,612 0.58 45 0.09 

Sex 
  

        
 

  Female 348,826 41.16 343,616 43.24 5,210 9.88 

<0.0001   Male 460,552 54.34 449,620 56.58 10,932 20.72 

  Unknown  38,110 4.50 1,493 0.19 36,617 69.40 

Driver’s statusb 
  

        
 

  Alcohol 34,770 4.10 34,098 4.33 672 1.27 

<0.0001 

  Drug 6,412 0.76 6,059 0.75 353 0.67 

  Alcohol and 

Drug 
1,117 0.13 1087 0.13 30 0.06 

  None 805,189 95.01 753,485 94.78 51,704 98.00 

aP value obtained with the chi-square test.  
a Driver’s alcohol status is a derived variable available in MAARS. 
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Table 2: Alcohol-involved drivers in fatal crashes, Maryland, 2001-2013 (model 1)a 

 

Outcomesb  Predictors Unadjusted 

RR 

95%CI Adjusted 

RR* 

95%CI P value 

Alcohol-

positive 

drivers 

(BAC>0.01) 

Alcohol tax 

increase 

0.806 0.748-0.868 1.034 0.981-1.090 0.210 

Linear trend 0.997 0.997-0.998 0.997 0.996-0.998 <0.0001 

Quarter 1 0.768 0.667-0.885 0.744 0.648-0.854 <0.0001 

Quarter 2 1.022 0.880-1.186  1.019 0.878-1.183 0.807 

Quarter 3 1.138 1.053-1.230 1.144 1.056-1.240 0.0009 

Quarter 4 1.00 Ref 1.00 Ref --- 

Unemployment 0.980 0.972-0.988 1.001 0.996-1.006 0.766 

 

Alcohol-

impaired 

drivers 

(BAC>0.08) 

Alcohol tax 0.846 0.769-0.930 1.057 0.957-1.114 0.174 

Pre trend 0.998 0.997-0.998 0.998 0.997-0.999 <0.0001 

Post trend 0.998 0.994-1.002 0.995 0.991-0.986 0.0004 

Quarter 1 0.770 0.664-0.893 0.757 0.656-0.871 <0.0001 

Quarter 2 1.002 0.868-1.158 1.004 0.867-1.164 0.959 

Quarter 3 1.107 1.008-1.216 1.103 1.003-1.214 0.043 

Quarter 4 1.00 Ref  1.000 Ref --- 

Unemployment 0.987 0.977-0.994 1.001 1.000-1.002 0.0114 

 Tax sales 

increase 

0.818 0.760-0.883 0.870 0.766 0.988 

       

Fatally 

injured 

alcohol-

positive 

drivers 

(BAC>0.01) 

Alcohol tax 0.824 0.761-0.893 1.04 0.972-1.113 0.253 

Linear trend 0.997 0.997-0.998 0.998 0.997-0.999 <0.0001 

Quarter 1 0.807 0.668-0.973 0.786 0.652-0.948 0.012 

Quarter 2 1.080 0.930-1.253 1.070 0.922-1.243 0.369 

Quarter 3 1.246 1.131-1.373 1.241 1.121-1.373 <0.0001 

Quarter 4  1.00 Ref 1.00 Ref --- 

Unemployment 0.978 0.971-0.986 0.993 0.984-1.003 0.153 

 

Alcohol-

involved 

fatalities 

(BAC>0.01) 

Alcohol tax 0.820 0.736-0.913 1.040 0.969-1.117 0.274 

Linear trend 0.997 0.997-0.998 0.997 0.997-0.998 <0.0001 

Quarter 1 0.776 0.685-0.879 0.751 0.666-0.848 <0.0001 

Quarter 2 0.966 0.846-1.104 0.959 0.840-1.094 0.530 

Quarter 3 1.080 1.011-1.155 1.082 1.011-1.156 0.022 

Quarter 4 1.00 Ref 1.00 Ref --- 

Unemployment 0.978 0.971-0.985 0.995 0.989-1.001 0.08 

 

 

Alcohol-

involved 

fatalities 

(BAC>0.08) 

Alcohol tax 0.848 0.760-0.945 1.128 0.976-1.131 0.103 

Pre trend 0.998 0.997-0.998 0.998 0.997-0.998 <0.0011 

Post trend 0.998 0.994-1.002 0.992 0.986-0.998 0.017 

Quarter 1 0.770 0.671-0.884 0.752 0.659-0.858 <0.0011 

Quarter 2 0.951 0.837-1.082 0.945 0.835-1.071 0.377 

Quarter 3 1.057 0.970-1.151 1.050 0.960-1.148 0.293 

Quarter 4  1.00 Ref 1.00 Ref --- 

Unemployment 0.984 0.977-0.991 1.000 0.999-1.000 0.200 
a 

Multivariable analysis adjusted for the other variables included in the table. Statistical analysis includes 

GEE model with AR(1) covariance matrix with log VMT as offset. 
b Estimates of alcohol-impaired driving generated using BAC values reported to the FARS and BAC values 

imputed when not reported. Sum of columns may not equal other published numbers due to rounding.  
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Table 3: Unadjusted and adjusted analysis of alcohol-involved drivers in motor vehicle 

crashes resulting in a nonfatal or fatal injury, Maryland, 2001-2013 (Model 1a) 

Alcohol-

involved 

drivers 

by age 

group 

(years) 

Variables Unadjusted 

RR 

95%CI Adjusted 

RR* 

95%CI Adjusted 

P value 

15-95 Alcohol tax increase 0.757 0.672-0.851 1.007 0.911-1.114 0.885 

Pre-trendb 0.997 0.996-0.997 0.998 0.997-0.999 <0.0001 

Post-trendc 0.994 0.990-0.998 0.993 0.988-0.998 0.0020 

Quarter 1 0.867 0.835-0.900 0.872 0.840-0.905 <0.0001 

Quarter 2 0.974 0.939-1.010 0.986 0.953-1.020 0.399 

Quarter 3 1.008 0.977-1.040 1.012 0.981-1.045 0.443 

Quarter 4 1.00 Ref 1.00 Ref Ref 

Unemployment 0.997 0.996-0.998 0.999 0.999-1.000 0.0660 

Tax 08 0.746 0.688-0.808 0.923 0.870-0.983 0.013 

15-20 Alcohol tax increase 0.521 0.400-0.685 0.943 0.789-1.128 0.523 

Pre-trendb 0.993 0.992-0.994 0.993 0.993-0.994 <0.0001 

Post-trendc 0.982 0.977-0.987 0.983 0.976-0.991 <0.0001 

Quarter 1 0.872 0.745-1.020 0.838 0.756-0.929 0.0007 

Quarter 2 0.976 0.869-1.097 1.034 0.975-1.10 0.266 

Quarter 3 1.005 0.888-1.137 1.088 1.005-1.177 0.037 

Quarter 4 1.00 Ref 1.00 Ref Ref 

21-34 Alcohol tax increase 0.774 0.689-0.870 1.015 0.934-1.103 0.727 

Pre-trendb 0.997 0.997-0.998 1.00 0.999-

1.0007 

0.792 

Post-trendc 0.991 0.987-0.995 0.990 0.986-0.994 <0.0001 

Quarter 1 0.908 0.855-0.965 0.887 0.842-0.933 <0.0001 

Quarter 2 0.945 0.870-1.027 0.978 0.924-1.036 0.453 

Quarter 3 0.975 0.914-1.041 0.999 0.955-1.046 0.969 

Quarter 4  1.00 Ref 1.00 Ref Ref 

Unemployment 0.998 0.997-0.999 0.990 0.986-0.994 <0.0001 

Tax 2008 0.792 0.734-0.855 0.904 0.857-0.953 0.0002 

35-54 Alcohol tax increase 0.763 0.697-0.836 0.980 0.893-1.087 0.678 

Linear trendd 0.997 0.996-0.997 0.998 0.997-0.999 <0.0001 

Quarter 1 0.860 0.804-0.920 0.870 0.825-0.919 <0.0001 

Quarter 2 0.940 0.890-0.993 1.00 0.954-1.048 0.990 

Quarter 3 1.011 0.958-1.067 1.018 0.978-1.060 0.375 

Quarter 4  1.00 Ref 1.00 Ref Ref 

Tax 2008 0.758 0.701-0.820 0.919 0.856-0.986 0.018 

Alcohol-

involved 

drivers 

aged 55-

95 

Alcohol tax increase 0.885 0.801-0.978 1.102 1.043-1.164 0.0005 

Pre-trendb 0.997 0.997-0.998 0.996 0.996-0.997 <0.0001 

Post-trendc 1.005 1.002-1.008 1.000 0.998-1.002 0.748 

Quarter 1 0.854 0.777-0.938 0.829 0.757-0.908 <0.0001 

Quarter 2 0.907 0.812-0.013 0.910 0.817-1.013 0.083 

Quarter 3 0.948 0.889-1.01 0.954 0.891-1.022 0.183 

Quarter 4  1.00 Ref 1.00 Ref Ref 
aMultivariable analysis adjusted for the other variables included in the table. Statistical analysis includes 

GEE model with AR(1) covariance matrix with log population as offset.  
b Pre-trend: from Jan 2001 to July 2011.  
c Post-trend: from Aug 2011 to Dec 2013.  
dLinear trend assumes one trend across study period as no significant difference between pre- and post-

intervention trends.  
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Table 4: Unadjusted and adjusted analysis of alcohol-involved drivers in crashes resulting 

in a nonfatal or fatal injury, Maryland, 2001-2013 (Model 2a) 

 

Alcohol-

involved 

drivers by 

age group 

(years) 

Variables Unadjusted 

RR 

95%CI Adjusted 

RR* 

95%CI P value 

15-95 Alcohol tax 0.774 0.689-0.870 0.971 0.961-1.039 0.395 

Pre-trendb 0.997 0.997-0.998 0.999 0.998-0.999 <0.0001 

Post-trendc 0.994 0.990-0.998 0.992 0.989-0.994 <0.0001 

Non-alcohol 

involved 

drivers 

 

1.000 1.000-1.000 1.000 1.000-1.000 <0.0001 

15-20 Alcohol tax 0.521 0.400-0.685 0.981 0.864-1.113 0.762 

Pre-trendb 0.993 0.992-0.994 0.997 0.996-0.998 <0.0001 

Post-trendc 0.982 0.977-0.987 0.988 0.984-0.993 <0.0001 

Non-alcohol 

involved 

drivers 

 

1.002 1.002-1.002 1.001 1.001-1.002 <0.0001 

21-34 Alcohol tax 0.772 0.684-0.871 0.973 0.919-1.029 0.338 

Pre-trendb 0.997 0.997-0.98 0.999 0.998-0.999 0.0162 

Post-trendc 0.991 0.987-0.995 0.992 0.989-0.990 <0.0001 

Non-alcohol 

involved 

drivers 

 

1.000 1.000-1.000 0.993 0.990-0.995 <0.0001 

35-54 Alcohol tax 0.763 0.697-0.836 0.976 0.887-1.074 0.621 

Linear trendd 0.997 0.996-0.997 0.999 0.998-0.999 <0.0001 

Non-alcohol 

involved 

drivers 

 

1.001 1.000-1.001 1.000 1.000-1.001 <0.0001 

55-95 Alcohol tax 0.885 0.801-0.978 1.054 0.947-1.174 0.334 

Pre-trendb 0.997 0.997-0.998 0.997 0.996-0.997 <0.0001 

Post-trendc 1.005 1.002-1.008 1.001 0.997-1.005 0.452 

Non-alcohol 

involved 

drivers 

1.001 1.000-1.001 1.001 1.000-1.001 0.0001 

aMultivariable analysis adjusted for the other variables included in the table. Statistical analysis includes 

GEE model with AR(1) covariance matrix with log population as offset. 
b Pre-trend: from Jan 2001 to July 2011. 
c Post-trend: from Aug 2011 to Dec 2013.  
dLinear trend assumes one trend across study period as no significant difference between pre- and post-

intervention trends. 
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