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Abstract

Background: Some alcohol interventions have been found to have the adverse outcome of 

increasing non-alcohol-related substance use. It is unknown, however, how changes in alcohol use 

over the course of alcohol ignition interlocks - a common DUI intervention - may impact other 

substance use.

Methods: Alcohol and cannabis use were measured using hair ethylglucuronide and Delta-9-

Tetrahydrocannabinol concentrations in blood, respectively. Participants (N = 69) were measured 

at the interlock installation period and again 6-months later while the interlock was installed. A 

mixed ANOVA was conducted to examine changes in levels of ethanol and THC over time.

Results: On measures of marijuana use, there was a significant interaction effect between the 

group that increased alcohol use and time F(2, 66) = 7.863, p =.001; partial η2 =.192; as well as a 

main effect for time F(2, 66) = 21.106, p <.001; partial η2 =.242.

Conclusions: Installing interlocks may inadvertently increase cannabis use among those who 

decrease alcohol use. Crash risk associated with cannabis use is notably less than that of alcohol 

use, however, continued cannabis use may be problematic when the device is removed and alcohol 

use is expected to return to the higher pre-interlock levels.
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Alcohol and cannabis represent two of the most commonly used and misused substances 

worldwide (Substance Abuse and Mental Health Services Administration [SAMHSA], 

2015). Both substances have been found to be significant contributors to automobile crashes 

individually (Compton & Berning, 2015), and compounded when used simultaneously 

(Hartman & Huestis, 2013; Wilson et al., 2014). Alcohol ignition interlock devices (IIDs) - 
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when installed on the vehicle of a driver convicted of driving under the influence of alcohol 

(DUI) are designed to prevent a driver from starting a vehicle if he/she has a breath alcohol 

level above an established threshold (usually .02 or .03). This has resulted in many states 

requiring the device or else suspending the offender’s license to drive for a specified period. 

There is ample evidence showing that IIDs are effective interventions for preventing 

drinking and driving. The evidence shows that drivers adapt to IIDs on their car and reduce 

the frequency over time with which they provide positive breath tests indicating that they 

separate their drinking from their driving. (P. R. Marques et al., 1999; P. Marques et al., 

2010; Vanlaar et al., 2017).

Research has also shown that when a preferred substance use pattern is disrupted it is 

common for the use of other substances to increase in an attempt to replace the physiological 

rewards being lost, cope with the physical symptoms of withdrawal, or continue to engage in 

escapism related behaviors (Peters & Hughes, 2010; Reiman, 2009; Sussman & Black, 

2008). Indeed, among individuals in treatment for alcohol use disorders, those who engage 

in polysubstance use during treatment decrease the likelihood of stable abstinence during 

and post-treatment (Aharonovich et al., 2005; Subbaraman et al., 2017; Subbaramana et al., 

2018). Among those who use alcohol, cannabis is the most commonly co-occurring 

substance (Falk et al., 2008). This is concerning as those who use cannabis while in 

treatment for alcohol use disorders are about twice as likely as those who do did not use 

cannabis during treatment to relapse into alcohol-related problems (Weinberger et al., 2016). 

Prior research has called for further examination of the relationship between cannabis and 

alcohol use and adverse outcomes (Weinberger et al., 2016).

Though the potential for polysubstance use has been demonstrated in clinical settings, it is 

less clear if the same relationship exists among drivers with IIDs. Following the paradigm 

established in the clinical literature, however, it would seem logical that the obstruction of 

alcohol use by the IID may lead to the use of another substance to replace the physical, 

psychological and social rewards of alcohol use. As cannabis is the substance most 

commonly used among alcohol users (Falk et al., 2008) and has been found to be the 

substance most commonly co-occurring with alcohol among drivers (Scherer, Canham et al., 

2018) - it could be hypothesized that drivers on interlock are likely to increase their cannabis 

use to compensate for any decrease in alcohol use and at the same time, avoid interlock 

vehicle lockouts that are triggered by consuming even small amounts of alcohol. A unique 

opportunity to examine this phenomenon exists in drivers who are convicted of driving 

under the influence (DUI) of alcohol and then required to install an IID (Elder et al., 2011; 

Willis et al., 2004). While the IID is installed, users reduce the number of positive breath 

tests that prevent them from starting their cars, suggesting a restriction to their alcohol use 

(P. R. Marques et al., 1999). However, once removed, gains made while on interlock 

dissipate and drivers tend to revert to potentially problematic, pre-IID installation alcohol 

behaviors (Elder et al., 2011; Willis et al., 2004).

Unfortunately, the literature examining changes in substances other than alcohol while a 

driver has an IID installed on his/her car is notably limited. To address this gap in the 

literature, the current study examined what - if any - changes occur in patterns of cannabis 

use while the IID is installed on the car. It stands to reason that if the clinical paradigm can 
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be applied to drivers with interlocks, we would expect to see an increase in cannabis use 

among those that decrease their alcohol use.

Methods

We performed a secondary analysis of the Managing Heavy Drinking (MHD) study 

conducted in Erie County, New York. The MHD is a longitudinal study of drivers convicted 

of a DUI who were court-mandated to install an alcohol ignition interlock device (IID) on 

their vehicles. Participants were surveyed near the time of IID installation (T1) and six 

months later (T2). Data collection for the current study began in 2015 and is currently 

ongoing.

Participants

Participants (N = 69) responded to fliers specifically targeting DUI offenders in Erie County, 

New York. Recruitment fliers were distributed at impaired driving classes, victim impact 

panels, alcohol ignition interlock installation centers, substance abuse treatment facilities 

and health centers. Participants were interviewed by trained research assistants at a research 

center or in a mobile office, where computer surveys and interviews were completed, and 

blood and hair samples were collected.

Measures

Demographic data—Participant demographic information included age, sex, race 

ethnicity, educational attainment, and employment.

Repeat offender status—Participants also offered information on whether they had an 

alcohol IID installed on a vehicle they owned at any time in the past. When possible, this 

information was confirmed with the Department of Motor Vehicles.

Alcohol use—Alcohol use was measured using Ethyl Glucuronide (hEtG) in hair samples 

provided by participants. Participants provided hair samples approximately 3 cm in length at 

both T1 and T2 which were shipped to a lab for further analysis. EtG, measured in hair, is a 

widely used biomarker used to assess alcohol use proclivity over the prior 1 to 3 months 

(Biondi et al., 2019), and has been used previously to examine patterns of alcohol use among 

drivers convicted of a DUI (P.R. Marques et al., 2014). EtG in the hair samples were 

measured by tandem mass spectrometry in the laboratory of Dr. Ron Agius in Bad Salzuflen, 

Germany.

Cannabis use—Blood samples were collected to assess for the presence THC. Blood was 

collected by trained phlebotomists and sent to a laboratory where screenings were conducted 

using enzyme-linked immunosorbent assay. Specimens screened positive were confirmed 

using either gas chromatography with mass spectral detection or liquid chromatography with 

tandem mass spectral detection.

Scherer et al. Page 3

J Subst Use. Author manuscript; available in PMC 2021 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Data analysis

Data were analyzed using IBM SPSS v.21(IBM Corp. 2012). Descriptive statistics and chi 

square solutions were calculated for participant demographics. Bivariate correlations were 

conducted to examine the intercorrelations between independent and dependent variables 

and to check for multicollinearity. None of the variables exceeded r = .9 and did not violate 

the assumption of multicollinearity (O’Brien, 2007). Similarly, we examined the Variance 

Inflation Factor (VIF) when conducting all regression analyses and found that no value 

exceeded 3.0. Both blood THC levels and hEtG alcohol levels demonstrated a skewed 

distribution. For the purposes of analysis, data for biological assessment were normalized 

using log-adjustment. A mixed between-within subjects analysis of variance was utilized to 

determine the potential impact of participants’ alcohol use patterns as it relates to cannabis 

use over the two time periods. Participants were trichotomized into three conditions based 

on their alcohol use patterns from T1 to T2 - those that decreased their alcohol use (i.e, hEtG 

levels in T2 less than 10% of their T1 hEtG levels); those that maintained their alcohol use 

behaviors (i.e., hEtG levels ±10% of their T1 hEtG levels); and those that increased their 

alcohol use (i.e., hEtG levels were greater than 10% higher than T1 levels). Interaction 

effects between time and THC level were of specific interest.

Results

Participant demographics

Most drivers identified as male (58.7%) with the remainder identifying as female (41.3%). 

The majority of the drivers identified as White, non-Hispanic (90.2%) and reported being 

first time DUI offenders (58.1%). The mean age for all participants was approximately 36 

years (M = 36.6; SD = 12.18). See Table 1 for demographics broken down by alcohol 

consumption levels.

The overall model showed a large main effect for time, Wilks lambda = .758, F(1, 66) = 

21.106, p < .001, partial η2 = .242 (see Table 2), reflecting that there were overall increases 

in log-adjusted marijuana use across time. The main effect comparing the three levels of 

alcohol consumption was significant, F(2, 66) = 4.665, p = .13, partial η2 = .124, suggesting 

a difference in cannabis use between levels (see Figure 1). There was a significant 

interaction between time and alcohol use group Wilks lambda = .808, F(2, 66) = 7.863, p 
= .001, partial η2 = .192. Those that decreased alcohol use from T1 to T2 had significantly 

higher levels of blood THC levels than did those in either the Increase Alcohol Use group (p 
= .004) or in the Retain Alcohol Use group (p = .042). No significant differences were noted 

between those who retained similar alcohol use patterns at T2 as they did in T1, and those 

who actually increased their alcohol use in the same time period (p = .317).

Discussion

The use of alcohol prior to driving poses a serious public health concern both for the driver 

and for those that may be involved in a vehicle crash with the driver. To attempt to address 

this concern, alcohol ignition interlock devices are an intervention designed to prevent 

drinking and driving (Elder et al., 2011; Willis et al., 2004). Though interlocks have been 
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shown to reduce attempts to start the car with elevated BAC levels (P. Marques et al., 2010; 

P. R. Marques et al., 1999), when the device is removed, rates of alcohol consumption 

frequently reverts to levels consistent with those prior to interlock installation (Elder et al., 

2011; Voas et al., 1999; Willis et al., 2004).

The impact of alcohol IIDs on other substance use, however, has not been extensively 

studied. In part, this may be due to the general understanding that alcohol consumption 

notably increases crash risk when driving a car (Peck et al., 2008; Voas et al., 2012; Zador et 

al., 2000). In contrast, although there is some evidence that substances like cannabis do 

increase crash risk relative to non-substance using drivers (Legrand et al., 2013; Rogeberg & 

Elvik, 2016), the relative risk associated with driving under the influence of cannabis is 

unclear and somewhat diminished compared to alcohol use (Brubacher et al., 2019; Romano 

& Pollini, 2013). However, this does not mitigate the need to understand what role a 

prominent intervention designed to reduce drinking and driving - such as the use of alcohol 

ignition interlocks - may have on other substance use. Table 2 suggests that though blood 

THC levels increased across all alcohol use categories, it increased significantly more 

among those that reduced alcohol use from pre-interlock to 6 months later while on the 

interlock relative to those that decreased or retained their T1 alcohol use at T2. This finding 

is consistent with prior literature that finds a similar relationship among participants who are 

seeking clinical treatment for alcohol use disorders. In those cases, it is common for 

participants to increase use of another substance to ease the discomfort of decreasing their 

alcohol use (Peters & Hughes, 2010; Reiman, 2009; Sussman & Black, 2008).

This finding is of note for several reasons. First, it may imply that for some, alcohol ignition 

interlocks have the unintentional side effect of increasing the likelihood of substituting 

another substance for alcohol while the device is installed. Such a transition could result in a 

displacement of risk from drunk driving to drugged driving. Second, the prior literature has 

established that when the interlock is removed, drivers tend to revert to their alcohol use 

behaviors prior to installation. This raises a question of the potential for polysubstance use 

after the IID. That is, if other substance use is increased while on the IID, and is maintained 

after its removal, while alcohol use increases again, there is the potential for drivers to be at 

risk of both alcohol and drug use after the IID. These drivers may be at even higher risk for 

crash involvement than those using either substance independently (Knoche et al., 2012; 

Legrand et al., 2013; Scherer, Romano et al, 2018).

Questions about the potential for polysubstance use among some IID users following 

removal of the device, or identification of drivers at risk for substance substitution while on 

the device were beyond the scope of the current study. Future studies should examine these 

phenomena to determine what potential impact IIDs have beyond what they demonstrate for 

alcohol use during and after the device. Future research should also examine if the potential 

for substance substitution (particularly cannabis) is potentially more pronounced in states 

where cannabis has been legalized recreationally or medicinally. Finally, as drivers with IIDs 

are required to remain in steady contract with the interlock installation centers, additional 

research is also needed to determine what kind of interventions might be created to retain the 

benefits of IIDs following their removal and/or prevent and monitor other substance use 

while on the device.
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Several limitations of the current study must be noted. First, the current study only looked at 

the prevalence of cannabis use, and results reflect usage only during a brief interval prior to 

blood sampling. Arguably, understanding the rates at which drivers may use substances 

other than cannabis may be even more relevant as other substances may have a more 

pronounced risk of crash involvement. The current study was not able to examine patterns of 

substance use following device removal to determine if indeed elevated cannabis use 

persisted beyond the IID. This could have important implications for future research into 

polysubstance use and impaired driving research. Further, the current study had a limited 

sample size which reduces the externalizability of the findings. Such studies are appropriate 

for enhancing awareness of an issue, and promoting scientific understanding of a topic, 

which was the goal of the current endeavor. Finally, the time horizon mismatch between the 

brief detection interval prior to the blood sampling for cannabis and the 1–3 months of 

alcohol use estimated by the hair EtG is suboptimal. However, this study is not meant to be a 

definitive statement of a relationship between reduced alcohol use and increased cannabis 

use, but the results do nonetheless point to a significant relationship in that direction.

Despite these limitations, the current study provides valuable information on patterns of 

other drug use while the interlock is installed. Specifically, the study finds evidence that 

while the interlock is installed, some drivers are likely to increase their cannabis use. Drivers 

who decrease their overall alcohol consumption increase cannabis use significantly more 

than those who either retain their pre-interlock levels of alcohol use or else actually increase 

their alcohol use while the device is installed. Importantly, this finding does not indicate that 

IID installation is perilous or even ill-advised. Rather, because IIDs are successful while 

installed at notably reducing rates of driving under the influence of alcohol their utility is 

well-established. However, this finding does suggest that additional monitoring may be in 

order for drivers at risk of engaging in substance substitution while the IID is installed on 

their vehicle.
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Figure 1. 
Changes in log-adjusted blood THC by conditions over time.
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