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Abstract

Introduction—The 2011 Maryland alcohol sales tax increase from 6% to 9% provided an
opportunity to evaluate the impact on rates of alcohol-positive drivers involved in injury crashes.

Methods—Maryland police crash reports from 2001 to 2013 were analyzed using an interrupted
time series design and a multivariable analysis employing generalized estimating equations models
with a negative binomial distribution. Data were analyzed in 2014-2015.

Results—There was a significant gradual annual reduction of 6% in the population-based rate of
all alcohol-positive drivers (p < 0.03), and a 12% reduction for drivers aged 15-20 years (p <
0.007), and 21-34 years (p < 0.001) following the alcohol sales tax increase. There were no
significant changes in rates of alcohol-positive drivers aged 35-54 years (rate ratio, 0.98; 95% ClI
=0.89, 1.09). Drivers aged = 55 years had a significant immediate 10% increase in the rate of
alcohol-positive drivers (rate ratio, 1.10; 95% CI = 1.04, 1.16) and a gradual increase of 4.8% per
year after the intervention. Models using different denominators and controlling for multiple
factors including a proxy for unmeasured factors found similar results overall.

Conclusions—The 2011 Maryland alcohol sales tax increase led to a significant reduction in the
rate of all alcohol-positive drivers involved in injury crashes especially among drivers aged 15-34
years. This is the first study to examine the impact of alcohol sales taxes on crashes; previous
research focused on excise tax. Increasing alcohol taxes is an important but often neglected
intervention to reduce alcohol-impaired driving.
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INTRODUCTION

In 2010, an estimated 22.6% of severely injured and 7.5% of all drivers involved in nonfatal
crashes nationwide were alcohol-positive.l These prevent-able crashes and resulting injuries
place a significant burden on healthcare systems. Evidence suggests that increasing alcohol
prices through taxes decreases demand for alcoholic beverages and consequently alcohol
consumption, and is an effective measure to reduce alcohol-related harms such as alcohol-
impaired driving.2-8 Alcohol taxation can 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.”

Current research on the association between alcohol taxes and motor vehicle injuries has
focused solely on the alcohol excise tax and predominantly used fatalities as the main
outcome, which account for a minority of all motor vehicle injuries.38 Contrary to the
alcohol excise tax (volume-based tax), the alcohol sales tax (value-based tax) is based on the
retail price of the alcoholic beverage, affects all types of alcoholic beverages simultaneously,
and is automatically adjusted for infiation and, therefore, does not erode with time.
Distinctions between these two alcohol taxes may affect the consumer’s behaviors
differently. Researchers found that alcohol excise tax, which is included in the shelf price,
reduced alcohol consumption significantly more than alcohol sales tax, which is added only
at the register.10 However, the effect of the alcohol sales tax on the price is larger at bars or
restaurants (on premises) compared with liquor stores (off premises), which is unique to the
alcohol sales tax. This larger monetary effect of the alcohol sales tax for on-premises
purchase may contribute to reducing consumption before driving. A reduction in on-
premises consumption has been associated with fewer alcohol-impaired fatal crashes.1 It is
also plausible that drinkers may switch to a lower-cost alcohol instead of reducing their
alcohol consumption following an increase in alcohol sales taxes.12

Effective July 1, 2011, Maryland increased the alcohol sales tax from 6% to 9% on all types
of alcoholic beverages (MD. §11-104(g)), while maintaining the alcohol excise tax at the
same level (MD. 85-105)). Using the average price per ounce of alcohol for beer from the
alcohol brand research database,3 a beer costs approximately $1.16 (off premises), which
corresponds to a tax of $0.07 prior to and $0.10 after the increase in alcohol sales tax. Based
on a 3:1 ratio of on-premises to off-premises prices,4 the same beer may cost $3.48 on
premises, for which the 6% tax is $0.21 and the 9% tax is $0.31; a $0.10 per drink increase
on premises versus only $0.03 off premises. Although these prices are estimates, they
illustrate that the monetary increase in tax will vary based on the type and brand of alcoholic
beverages and on the location of the purchase.

The 2011 alcohol sales tax increase provided the unique opportunity to conduct the first
evaluation of the effects of an alcohol sales tax increase on alcohol-positive driving that
resulted in motor vehicle injuries across different age groups. The Guide to Community
Preventive Services (Community Guide) previously identified this research gap by stating
the need to better understand the effects of different alcohol taxation mechanism on health
outcomes across various groups of the population.2
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Study Population

Measures

This interrupted time series study included drivers aged 15-95 years who were involved in a
motor vehicle crash causing an injury as reported by the police in Maryland from 2001 to
2013. The study included 156 monthly data time points, with 127 months for the pre-
intervention period (January 2001-July 2011) and 29 months after the intervention (August
2011-December 2013). A 1-month delay after the increase of the alcohol sales tax was
included because people may have purchased alcohol in June in anticipation of the increase
in alcohol sales tax or in preparation for the July 4th holiday. Data were analyzed in 2014—
2015.

Data on motor vehicle crashes were obtained from the Maryland Automated Analysis
Reporting System, which contains information on all police-reported crashes resulting in a
tow away vehicle, nonfatal injury, or fatal injury. Police officers classify the injury severity
of all individuals involved in a crash using a 5-point scale: fatal injury (K), incapacitating
(A), non-incapacitating (B), possible (C), and no injury (0).1> Based on this variable, an
injured (KABC)/non-injured dichotomous variable (O) was created. For alcohol-positive
driver, the derived Maryland Automated Analysis Reporting System variable, which is based
on a police officer’s perception of alcohol involvement or quantitative alcohol test results,
was used. Driver’s records with drugs involvement ( < 1% of the study population) were
excluded owing to unreliability.16

The effect of the alcohol sales tax on the rates of alcohol-positive drivers involved in motor
vehicle crashes resulting in a fatal or nonfatal injuries was examined using three different
denominators: per population of Maryland, per licensed drivers of Maryland, and per vehicle
miles traveled (VMT) for Maryland. The separate effects of age in four subgroups (15-20,
21-34, 35-54, and = 55 years) were also investigated. The injured person could have been a
driver, occupant, or pedestrian. Drivers involved in a crash leading to property damage only
(no injury) were excluded from the analysis.

Several independent variables were selected a priori and evaluated for inclusion in statistical
analyses, including Maryland monthly numbers of unemployed individuals” and the
Maryland annual per-capita personal income.18 Three sources!®-21 were used to determine
whether the following traffic safety and alcohol control laws®22 were changed in Maryland
during the study period: administrative license revocation; illegal per se at blood alcohol
concentration (BAC) = 0.08 g/dL and = 0.01g/dL for underage drivers; primary seat belt;
mandatory helmet laws; mandatory ignition interlock for all convicted drivers; dram shop
liability; keg registration; beverage service training; and bans on off-premises Sunday sales.
The only change in those laws was in 2001, the legal BAC limit decreased in Maryland, but
it was not included in the model, as it occurred early in the study period. The association
between the 2008 Maryland general sales tax increase, from 5% to 6%, which affected
alcoholic beverages, was also examined.23 For seasonality, yearly quarters were used.
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Data on Maryland’s annual population estimates came from the U.S. Census Bureau,2* and
the annual number of licensed drivers, including by age groups, and VMT from the Federal
Highway Administration.2>

Statistical Analysis

RESULTS

Because of the presence of temporal autocorrelation, generalized estimating equation models
with a negative binomial distribution, a log link, and an initial autoregressive covariance
structure were selected. Negative binomial rather than Poisson models were selected because
crash data are often likely to be overdispersed, that is, the variance is likely greater than the
mean.28 The autoregressive covariance structure assumes that the correlation declines across
time, which is plausible with crashes.2’

Variables were retained in the final multivariable model if they were significant at the p <
0.10 level using a manual backward stepwise approach, or if they had been identified as
important predictors in the literature.8:9.28-32 An indicator variable for the 2011 alcohol tax
increase and a continuous monthly variable for linear trend were included. For the linear
trend, the researchers examined whether the slopes prior to and after the intervention
differed significantly (o < 0.10) after the introduction of the alcohol sales tax increase.

In the results, both the immediate and gradual effects of the intervention are presented. The
immediate effect is defined as the sudden change in the outcome in the month following the
intervention.33 In the analysis, this level change (immediate effect) corresponds to the
adjusted rate ratios (RRs), which can be interpreted as the rate of alcohol-positive drivers
immediately after the implementation of the alcohol tax (August 2011) in comparison with
before the introduction (July 2011). The gradual effect refers to the change in trend (slope)
in the outcome following the intervention. The pre-intervention trend is the monthly change
prior to the introduction of the tax, and the post-intervention trend follows the 2011 alcohol
sales tax increase. This parameter allows the trend to differ before and after the intervention.
If no significant change was detected, one continuous linear trend over time was assumed,
which can be interpreted as the monthly change in the outcome of interest during the overall
study period. The changes in level and trend enabled the authors to determine if the effect
was immediate, gradual, or both.

In addition, analyses using a second model were conducted that included the log rate of
alcohol-negative drivers per population, and per licensed drivers and per VMT, as a predictor
variable along with the alcohol sales tax increase indicator variable and linear trends. These
alcohol-negative crashes are used as a proxy to control for unmeasured external factors, such
as the economy, improved car safety, and highway design.3:34

All analyses were conducted using SAS, version 9.3. This study received ethics approval
from the University of Maryland, Baltimore IRB.

From 2001 to 2013, a total of 794,729 drivers aged 15-95 years were involved in an injury
crash. Approximately 6% of drivers involved in an injury-related crash were excluded
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because of either missing values for age or being outside the age range of 15-95 years
(potential coding errors). Among drivers involved in crashes resulting in an injury, 54.7%
suffered a nonfatal injury, 44.7% were not injured (occupant or pedestrians were injured),
and 0.6% died from the crash. Most drivers were male (56.6%), and 36.7% were aged 35-54
years. According to police perception/BAC quantitative measurement, 4.29% of drivers in
injury-related crashes (/7=34,098) were classified as alcohol-positive.

On average, 218.6 alcohol-positive drivers were in an injury crash each month (SD=36.0)
(Table 1). The monthly mean of alcohol-positive drivers differed by age group, with the
highest mean found among drivers aged 21-34 years (mean, 97.3; SD = 15.5) and the lowest
mean found among older drivers aged = 55 years (mean, 19.1; SD = 4.5) (Table 1).

There was a significantly larger gradual reduction in the rate of alcohol-positive drivers after
the 2011 alcohol sales tax increase for all drivers and those aged 15-20 and 21-34 years, in
comparison with the months preceding its implementation. As illustrated in Figure 1 for all
drivers, the modeled rates following the 2011 alcohol sales tax increase were lower in
comparison to the expected rates without the intervention.

Based on the first statistical model, there was a significant 0.5% reduction in the monthly
rate of alcohol-positive drivers per population of Maryland after the tax increase ([pre-trend
- post-trend] x 100) (p = 0.03); or 6% in the annual rate (Table 2). There were also a 1%
significant monthly reductions for the rates of both alcohol-positive drivers aged 15-20
years (p=0.007) and those aged 21-34 years (p < 0.001) per population corresponding to
each age group after the intervention, or a reduction of approximately 12% annually.
Contrary to younger drivers, the population-based rate for alcohol-positive drivers aged = 55
years showed a significant gradual increase of 0.4% per month compared with pre-
intervention (p < 0.001), or a 4.8% increase annually.

The alcohol sales tax increase, however, did not have a significant immediate effect on
reducing the rate of all alcohol-positive drivers (RR = 1.01, 95% CI = 0.91, 1.11) relative to
the period before its implementation, after adjustment for covariables (Table 2). For drivers
aged 15-20 years, there was a 6% but not statistically significant immediate decrease in the
rate of alcohol-positive drivers following the 2011 alcohol sales tax increase (RR = 0.94,
95% CI =0.79, 1.13). Changes were not significant for drivers aged 21-34 years (RR =
1.02, 95% CI = 0.93, 1.10) and 35-54 years (RR = 0.98, 95% CI = 0.89, 1.09). However, for
drivers aged = 55 years, there was a significant immediate 10% increase in the rate of
alcohol-positive drivers (RR = 1.10, 95% CI = 1.04, 1.16) following the 2011 alcohol sales
tax increase versus before its introduction.

A second model (Table 3) was used, which controlled for pre- and post-linear trends and
used alcohol-negative drivers as a surrogate to control for unmeasured external factors.3:34
For drivers aged 15-20, 21-34, and 35-54 years, the findings from both models were
comparable. For all alcohol-positive drivers, both models found a significant decrease
following the 2011 alcohol sales tax. In Model 1, there was a significant gradual larger
decline in the months following the 2011 alcohol sales tax (p=0.03). By contrast, results
from Model 2 indicated a significant immediate reduction (p=0.05) but no significant
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gradual change (p=0.15). For alcohol-positive drivers aged = 55 years, there was a
significant immediate and gradual increase in Model 1, whereas in Model 2, there was no
significant immediate change but a gradual increase in the rates after the 2011 alcohol sales
tax.

Overall, similar findings were obtained using either VMT or licensed drivers as
denominators compared to those estimated per population. Results from additional
sensitivity analyses remained unchanged if all drivers involved in an injury crash were
included, including the 6.2% with ages unknown or outside the study range of 15-95 years.

DISCUSSION

The 2011 alcohol sales tax increase in Maryland led to a significant decline in the rate of
alcohol-positive drivers aged 15-95 years involved in injury-related motor vehicle crashes
after adjustment for other variables. Similar findings were obtained independent of the
multiple denominators used. Examination of the effects of the 2011 alcohol sales tax
increase on drivers by age revealed a significantly larger gradual decline among drivers aged
15-20 and 21-34 years in the months following the 2011 alcohol sales tax increase
compared with the pre-intervention period but not among drivers aged 35-54 and = 55 years.

There is strong evidence that increasing alcohol prices through taxation reduces alcohol
consumption and traffic fatalities,38:9 although some findings were inconclusive.313% Except
for a few studies,336 researchers have restricted analyses to the national effects of the
aggregate federal and state beer excise taxes, or average state annual beer tax on traffic
fatalities. There is sparse information on the immediate and long-term effects of alcohol tax
increases on motor vehicle injuries in a specific state and no study has focused on alcohol
sales taxes.

Consistent with previous literature,337 younger drivers were more sensitive to the alcohol
tax increase than older drivers. Studies have not previously assessed the effects on older
drivers aged = 55 years. The rate of alcohol-positive drivers aged = 55 years actually
increased during the post-intervention period compared with pre-intervention, which
illustrates the importance of considering the heterogeneity of a population when developing
and evaluating alcohol control policies.38 Although drivers aged > 55 years are not the
primary target for most prevention programs, interventions are relevant considering that
among this age group approximately 60%—67% of the impaired drivers have a BAC = 0.15
g/dL.3° This finding is alarming, considering that at this BAC, drivers are 22 times more
likely to be involved in a crash compared with drivers with negative BAC.40

Perhaps, the 3% alcohol sales tax increase (from 6% to 9%) was an insufficient price
increase for drivers aged 35-54 and = 55 years to change their behavior. These age groups
are likely to have a higher disposable income than young drivers, especially considering the
SES of Mary-land, which was second nationwide in 2013 for median household income.#? 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. Also, despite the 3% increase in
alcohol sales tax, the Maryland alcohol excise tax is low and has not been adjusted for
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infiation for more than 40 years. The last alcohol excise tax per gallon increase was in 1957
for distilled spirits and 1973 for beer and wine,*2 amounting to less than 1 cent per beer.

Unlike some studies evaluating alcohol excise taxes that found sudden decreases in fatal
alcohol-related crashes,? a gradual reduction was observed in the rates as indicated by a
change in slope, with no immediate effect in most analyses. This could be due to the lack of
visibility of the alcohol sales tax (added at the register) compared with excise tax (included
in the advertised shelf price), as mentioned in previous research.10 Consumers may have
taken a certain time to notice the net increase in price and change their behaviors related to
the purchase of alcohol, leading to the observed gradual effect of the sales tax rather than a
sudden drop seen with the excise taxes.

This study is the first to examine the effect of an alcohol sales tax change on all motor
vehicle injuries and across various age groups. Despite variations in the point estimates, the
overall findings remained consistent regardless of denominators used.

Although several covariables were assessed to control for economic factors, changes in laws,
and seasonality, there still may be omitted/unmeasured confounders (e.g., interventions
implemented at the county levels). However, the second model using alcohol-negative
drivers as a surrogate to control for unmeasured external factors3:34 found similar results.
Injury severity and alcohol involvement, which are based partly on police officers’
perceptions, may have been misclassified, but to the researchers’ knowledge, no systematic
changes in laws or practices occurred during the study period.

CONCLUSIONS

Overall, the results of this study suggest that the 2011 Maryland alcohol sales tax increase
led to a significantly larger decline in the rate of alcohol-positive drivers implicated in fatal
or nonfatal motor vehicle injuries in comparison to before its implementation. The effect of
the tax varied across age groups; young drivers appeared to be alcohol price-sensitive. These
results are consistent with recent findings that the Maryland tax increase also reduced per-
capita alcohol consumption and sexually transmitted diseases.*® Increasing alcohol taxes in
combination with other alcohol-control policies is an effective means of reducing drunk
driving and may contribute in maximizing the public health gain across different age groups.
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Figure 1.

Rate of all alcohol-positive drivers in injury-related crash per 100,000 population, Maryland,
2001-2013.
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Table 2

Adjusted Analyses of Alcohol-Positive Drivers Involved in an Injury-Crash, Maryland, 2001-2013 (Model 1)

Alcohol-positive drivers by age group  Rates and RRs& 95% ClI p-value change of trend
Al
Pre-trend® 0.998™" 0.997, 0.999 0.03"
Post-trend? 0.993"" 0.988, 0.998
Immediate effect of alcohol tax 1.007 0.910, 1.110 —

15-20 years €

Pre-trend 0.993* 0.993, 0.994 0.007™
Post-trend 0.983"* 0.976, 0.991
Immediate effect of alcohol tax 0.943 0.789, 1.128 —

21-34 years b

Pre-trend 1.000 0.999, 1.001 <0.001™
Post-trend 0.990™ 0.986, 0.994
Immediate effect of alcohol tax 1.015 0.934, 1.103 —

35-54 years f

Linear trend9 0.998"" 0.997, 0.999 0.96
Immediate effect of alcohol tax 0.980 0.893, 1.087 —

> 55 years €

Pre-trend 0.996™" 0.996, 0.997 <0.001™"

Post-trend 1.000 0.998, 1.002

Immediate effect of alcohol tax 1.102™ 1.043, 1.164 —

Note: Boldface indicates statistical significance (*p< 0.05, **p <0.01, ***p < 0.001).

ZStatistical analysis based on generalized estimating equation models with autoregressive covariance matrix with log population as offset.
bModeI adjusted for quarters 1-4, unemployment, and sales tax 2008.

cPre-trend: from January 2001 to July 2011.

dPost-trend: from August 2011 to December 2013.

61Model adjusted for unemployment and quarters 1-4.

fModeI adjusted for quarters 1-4 unemployment, and sales tax 2008.

9 Linear trend assumes one continuous linear trend across study period as no significant difference between pre- and post-intervention trends was
found. It can be interpreted as the monthly change in the outcome of interest during the overall study period.

RR, rate ratio.
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Adjusted Analyses of Alcohol-Positive Drivers Involved in an Injury-Crash, Maryland, 2001-2013 (Model 2)

Alcohol-positive drivers by age group  Rates and RRs& 95% ClI p-value change of trend
All

Linear trend? 0.999™ 0.998, 0.999 0.153

Alcohol-negative drivers 1.00"* 1.000, 1.000 —

Immediate effect of alcohol tax 0.938™ 0.880, 1.000 —
15-20 years

Pre-trend® 0.998™ 0.997, 0.999 <0.001""

Post-trend? 0.989™" 0.984, 0.995

Alcohol-negative drivers 2.1137 1.668, 2.677 —
Immediate effect of alcohol tax 0.969 0.850, 1.123 —

21-34 years

Pre-trend 0.999* 0.999-1.000 <0.001™"

Post-trend 0.993"" 0.990, 0.996

Alcohol-negative drivers 1.618™ 1.320, 1.983 —
Immediate effect of alcohol tax 0.979 0.850, 1.123 —

35-54 years

Linear trend 0.999™ 0.998, 0.999 0.707

Alcohol-negative drivers 1.95* 1.531, 2.484 —
Immediate effect of alcohol tax 0.965 0.876, 1.062 —

> 55 years

Pre-trend 0.998™" 0.997, 0.999 <0.01™"

Post-trend 1.004™* 1.001, 1.008

Alcohol-negative drivers 1,761 1.328,2.335 —

Immediate effect of alcohol tax 1.049 0.941, 1.168 —

Note: Boldface indicates statistical significance (*p< 0.10, **p < 0.05, ***p <0.01, ****p <0.001).

a., .. .. . . N . . . . L .
Statistical analysis based on generalized estimating equation models with autoregressive covariance matrix with log population as offset. Model

adjusted for the variables included in the table.

Linear trend assumes one trend across study period as no significant difference between pre- and post-intervention trends was found.

cPre-trend: from January 2001 to July 2011.

dPost—trend: from August 2011 to December 2013.

RR, rate ratio.
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