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Abstract

Background—Effects of cannabis, the most commonly encountered non-alcohol drug in driving
under the influence cases, are heavily debated. We aimed to determine how blood A°®-
tetrahydrocannabinol (THC) concentrations relate to driving impairment, with and without
alcohol.
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Methods—Current occasional (=1x/last 3months, <3days/week) cannabis smokers drank placebo
or low-dose alcohol, and inhaled 500mg placebo, low (2.9%)-THC, or high (6.7%)-THC
vaporized cannabis over 10min ad libitum in separate sessions (within-subject design, 6
conditions). Participants drove (National Advanced Driving Simulator, University of lowa)
simulated drives (~0.8h duration). Blood, oral fluid (OF) and breath alcohol samples were
collected before (0.17h, 0.42h) and after (1.4h, 2.3h) driving that occurred 0.5-1.3h after
inhalation. We evaluated standard deviations of lateral position (lane weave, SDLP) and steering
angle, lane departures/min, and maximum lateral acceleration.

Results—In N=18 completers (13 men, ages 21-37years), cannabis and alcohol increased SDLP.
Blood THC concentrations of 8.2 and 13.1ug/L during driving increased SDLP similar to 0.05 and
0.089/210L breath alcohol concentrations, the most common legal alcohol limits. Cannabis-
alcohol SDLP effects were additive rather than synergistic, with 5ug/L THC+0.05¢/210L alcohol
showing similar SDLP to 0.08g/210L alcohol alone. Only alcohol increased lateral acceleration
and the less-sensitive lane departures/min parameters. OF effectively documented cannabis
exposure, although with greater THC concentration variability than paired blood samples.

Conclusions—SDLP was a sensitive cannabis-related lateral control impairment measure.
During-drive blood THC =8.2ug/L increased SDLP similar to notably-impairing alcohol
concentrations. Despite OF’s screening value, OF variability poses challenges in concentration-
based effects interpretation. KEYWORDS: Cannabis, Alcohol, Driving, Lateral Control, THC,
Oral Fluid
Graphical Abstract
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1. INTRODUCTION

Reducing drugged driving is a U.S. and worldwide priority (ONDCP, 2013). Cannabis is the
most frequently detected illicit drug in drivers (Berning et al., 2015; Lacey et al., 2009;
Legrand et al., 2013; Pilkinton et al., 2013); 12.6% of weekend nighttime drivers were
positive for A%-tetrahydrocannabinol (THC, primary psychoactive phytocannabinoid), in
2013-2014, a 48% increase since 2007 (Berning et al., 2015). Although blood THC is
associated with increased crash risk and driver culpability (Asbridge et al., 2012; Drummer
etal., 2004; Gjerde et al., 2011; Laumon et al., 2005; Li et al., 2012), cannabis effects on
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driving remain heavily debated. Road tracking and ability to remain within the lane are
crucial driving skills. Lane weaving, an observable effect of drug-impaired driving, is a
common measure for assessing driving performance. Standard deviation of lateral position
(SDLP) is a sensitive vehicular control indicator, often employed in drugged driving
research (Anderson et al., 2010; Lenné et al., 2010; Ramaekers et al., 2006a; Verster et al.,
2006). In previous studies, cannabis increased SDLP and straddling lanes, but results were
assessed by dose rather than blood THC concentrations (Ramaekers et al., 2000; Robbe,
1998; Downey et al., 2013).

To date, 23 states and the District of Columbia (DC) approved medical marijuana; 4 states
and DC legalized recreational cannabis for adults (ProCon.org, 2014). Cannabis legalization
is a crucial road safety issue. Since legalizing medical marijuana (2000), Colorado observed
increased driving under the influence of cannabis (DUIC) cases (Urfer et al., 2014), and fatal
motor vehicle crashes with cannabis-positive drivers; whereas no significant change was
observed in 34 states without legalized medical marijuana (Salomonsen-Sautel et al., 2014).
Establishing evidence-based per se laws for DUIC remains challenging, with varying laws
across the US (Armentano, 2013; Grotenhermen et al., 2007; Lacey et al., 2010). Many are
concerned that implementing concentration-based cannabis-driving legislation will unfairly
target individuals not acutely intoxicated, because residual THC can be detected in blood for
up to a month of sustained abstinence in chronic frequent smokers (Bergamaschi et al.,
2013). Appropriate blood THC concentrations that universally reflect driving impairment
remain elusive. Determining blood THC concentrations associated with lateral control
impairment in occasional users would benefit forensic interpretation.

There is interest in linking driving impairment with oral fluid (OF) THC concentrations. OF
is easy to collect, non-invasive, and associated with recent cannabis intake (Bosker and
Huestis, 2009; Drummer, 2006; Wille et al., 2014). OF-based DUIC legislation exists in
some jurisdictions (Drummer et al., 2007; Huestis et al., 2011; Van der Linden et al., 2012);
however, limited simultaneous driving and OF concentration data preclude direct association
with impairment.

Alcohol is the most common drug identified in drivers (Berning et al., 2015; Legrand et al.,
2013). Cannabis and alcohol, frequently detected together (Legrand et al., 2013), produced
greater impairing effects together than either separately (Robbe, 1998; Ronen et al., 2010),
but it is unclear whether effects are additive or synergistic.

This is the first in a series of manuscripts evaluating cannabis’ effects, with and without
concurrent alcohol, on driving. We present here effects, relative to THC concentrations, on
drivers’ lateral control. We hypothesized cannabis and alcohol would each impair lateral
control, with synergistic effects when combined.

2. METHODS

2.1 Participants

Healthy adults provided written informed consent for this Institutional Review Board-
approved study. Inclusion criteria were ages 21-55years; self-reported cannabis
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consumption =1x/3months but <3days/week over the past 3months (Cannabis Use Disorders
Identification Test [CUDIT]; Adamson and Sellman, 2003); self-reported “light” or
“moderate” alcohol consumption according to a Quantity-Frequency-Variability (QFV)
scale (Sobell and Sobell, 2003); or, if “heavy”, not more than 3—4 servings on a typical
drinking occasion; licensed driver for >2years with currently valid unrestricted license; and
self-reported driving =>1300miles in the past year. Exclusion criteria included past or current
clinically significant medical illness; history of clinically significant adverse event
associated with cannabis or alcohol intoxication or motion sickness; =450mL blood donation
in 2weeks preceding drug administration; pregnant/nursing; interest in drug abuse treatment
within past 60days; currently taking drugs contraindicated with cannabis or alcohol or
known to impact driving; requirements for nonstandard driving equipment; and prior
participation in a similar driving simulator study.

2.2 Study Design/Procedures

Participants entered the clinical research unit 10-16h prior to drug administration to
preclude acute intoxication. Participants drank 90% grain alcohol in fruit juice to reach
approximately 0.065% peak breath alcohol concentration [BrAC], or placebo (juice with
alcohol-swabbed rim and topped with 1mL alcohol to mimic alcohol taste and odor) ad
libitum over 10min. After drinking, they inhaled 500mg placebo (0.008+0.002% THC), low
(2.9+0.14%)-, or high (6.7+0.05%)-THC vaporized (Volcano® Medic, Storz & Bickel,
Tuttlingen, Germany) cannabis (NIDA Chemistry and Physiological Systems Research
Branch) ad libitum over 10min. Participants received all six alcohol/cannabis combinations
in randomized order, with sessions separated by >1week.

Simulated drives occurred 0.5-1.3h after start of cannabis dosing. Blood collection times
were 0.17, 0.42, 1.4, and 2.3h post-inhalation. Blood was collected via indwelling peripheral
venous catheter into grey-top (potassium oxalate/sodium fluoride) Vacutainer® tubes
(Becton, Dickinson and Company, Franklin Lakes, NJ), and stored on ice <2h. Specimens
were stored in 3.6mL Nunc® cryotubes (Thomas Scientific, Swedesboro, NJ) at —20°C, and
analyzed within 3months, based on known cannabinoid stability (Scheidweiler et al., 2013).
OF was collected simultaneously with blood (except 0.42h), with the Quantisal™ collection
device (Immunalysis, Pomona, CA). BrAC was measured via Alco-Sensor® [V
(Intoximeters, St. Louis, MOQ) at the same times as blood, reporting alcohol in g/210L breath
(limit of quantification [LOQ] 0.006g/210L), equivalent to approximate blood alcohol
concentration (BAC).

2.3 National Advanced Driving Simulator

Driving simulations were conducted in NADS-1, the high-fidelity, full-motion simulator at
the National Advanced Driving Simulator (NADS), lowa City, IA (Figure 1). A 1996
Malibu sedan is mounted in a 7.3m-diameter dome with a motion system providing 400m?
acceleration space, +330° rotation, and high-frequency motion (Lee et al., 2010). Drivers
experience acceleration, braking, steering cues, road conditions (e.g., gravel), and realistic
sounds (e.g., wind, motor). NADS-1 produces a complete record of vehicle state (e.g., lane
position) and driver inputs (e.g., steering wheel position).
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The 45min drive challenged multiple driving skills affected by cannabis, including SDLP.
Each drive had urban, interstate and rural nighttime segments. The urban segment involved a
two-lane city roadway with posted speed limits 25-45miles/h (40-72km/h) and signal-
controlled and uncontrolled intersections; interstate, a four-lane divided expressway with
posted 70miles/h (113km/h) speed limit; rural, two-lane undivided road with curves, a
gravel portion, and a 10min timed straightaway. Because each participant drove six times,
three scenarios with varied event orders were utilized to minimize practice effects. Each
scenario contained the same number of curves and turns, in varied order and position. Other
traffic, pedestrians, and potential hazards were present throughout the drive. Hundreds of
performance variables were monitored; the lateral control (necessary for road tracking, lane
keeping) subset is presented here.

2.5 Specimen Analysis

Blood THC concentration was quantified by a previously-published method (Schwope et al.,
2011). Briefly, 0.5mL blood was protein-precipitated with ice-cold acetonitrile, and
supernatants diluted and solid-phase extracted. THC’s linear range was 1-100ug/L. Inter-
assay (n=30) analytical bias and imprecision were <3.7% and <8.7%, respectively. OF THC
quantification is described in detail elsewhere (Hartman et al., 2015a). We utilized a
published validated method (Milman et al., 2010), modified by adding 0.4mL hexane to
solid-phase extraction columns before the initial elution solvent. THC’s linear range was
0.5-50ug/L. Inter- and intra-assay imprecision were <6.6%; analytical bias, <14.4% (n=21).
If concentrations exceeded the upper LOQ, OF specimens were diluted with drug-free
Quantisal ™ buffer to achieve concentrations within the method’s linear range.

2.6 Data Analysis

Blood THC concentrations during drives were modeled via individual power-curve
regression from pre-drive (0.17 and 0.42h) and post-drive (1.4 and 2.3h) specimens. BrAC
concentrations during drives were modeled by linear interpolation, as alcohol was in the
post-absorptive phase, during which its pharmacokinetics are linear (Jones and Andersson,
2003). Driving data were analyzed by participants’ modeled concentrations during drives.

Data were reviewed to determine which events were suitable for analysis. Events for which
dependent measures were not meaningful (e.g., SDLP during turn), were excluded. For each
dependent measure, events with similar means were grouped for analytic purposes. Data
were analyzed using SAS v9.4 General Linear Model (GLM) Select function to identify
appropriate regression models. This procedure was selected due to its ability to
accommodate continuous dependent measures and combinations of continuous and
categorical independent measures (Neerchal et al., 2014). The stepwise selection method
was chosen; the Schwarz Bayesian Information Criterion determined model entry/removal
(Schwarz, 1978). Effect hierarchy was not enforced on model parameters. Available model
parameters were blood THC, BrAC, interaction term THC*BrAC, speed limit, inverse
curvature, and subject. Dependent measures of drivers’ lateral control included SDLP,
standard deviation of steering wheel angle, lane departures/min (“lane departure” defined as
edge of vehicle crossing a lane boundary; per minute allowed for normalization across drive
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events), and maximum lateral acceleration in events without sharp turns. For final regression
models, the analysis of variance for the model fit is presented, along with estimates, t-

values, and p-values for model parameters.

3. RESULTS

3.1 Participants

3.2 Driving

Nineteen healthy adults (13 men, ages 21-37 years, 74% white) participated (Table 1). Most
consumed cannabis =2x/month (but <3days/week), and reported last intake within a week
prior to admission. Participants self-reported driving 6-23 years, and all reported driving
>1x/week. Data review revealed one participant (#12) was consistently an extreme outlier in
almost all measures and dosing conditions, including placebo cannabis/placebo alcohol.
Driving videos indicated markedly erratic and abnormal driving behavior, inattention, and
distractibility in all conditions, suggesting invalid data. These data were excluded from all
driving analyses, yielding N=18 completing drivers.

GLM Select model results are depicted in Table 2. THC concentration and BrAC
significantly associated with SDLP, but the interaction (THC*BrAC) was not selected into
the model. This indicates additive, rather than synergistic, cannabis and alcohol effects. To
account for a possible ceiling effect of increasing concentrations, quadratic terms THC? and
BrAC2 were added to the list of potential predictors; neither was included in the resultant
model. The model predicts that blood THC and BrAC increased SDLP 0.26 cm per pg/L
THC and 0.42 cm per 0.01g/210L BrAC (Table 3), representing 0.8% and 1.3% increases
relative to median baseline (drug-free) SDLP per pug/L THC or 0.01g/210L BrAC,
respectively. Participants displayed high inter-individual variability in baseline (drug-free)
SDLP (Supplemental Figure 11). BrAC concentrations of 0.05% and 0.08%, the most
common per se alcohol limits worldwide, were associated with similar SDLP to 8.2 and
13.1ug/L THC concentrations, respectively (Figure 2). Low (1 and 2ug/L) blood THC
concentrations were associated with SDLP increases similar to 0.01g/210L BrAC. At 5ug/L
THC, a 4.1% increase in SDLP was observed; at 10ug/L, SDLP increased 8.2%. This
change was comparable to 0.059/210L BrAC (6.7% increase) and 0.08g/210L BrAC (11%
increase).

Natural-log SDLP transformation is common analytical practice due to non-normal
distribution. Results obtained from In(SDLP; Supplemental Tables 1 and 22) were similar to
untransformed SDLP; therefore, we report the more straightforward and conservative SDLP
results.

BrAC significantly increased lane departures/min and maximum lateral acceleration; these
measures were not sensitive to cannabis. Neither THC nor BrAC affected standard deviation
of steering wheel angle.

lSupplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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THC concentration-based statistical analysis was utilized because of substantial overlap in
achieved THC blood C,ax across the active-THC dose groups (Figure 3): 6 participants
achieved higher C,ax after the low than high-THC dose and 4 had low and high Cy,ax Within
20% of one another despite a 2-fold dose difference. This overlap makes statistical analysis
by dose group (Table 4) not scientifically meaningful, illustrating the importance of
analyzing effects by actual blood THC. THC concentration peaks prior to finishing
inhalation (Huestis et al., 1992), and inhalation variability causes THC concentration
variability (Azorlosa et al., 1995, Hartman et al., 2015b). Table 5 presents mean (SD) results
by THC and alcohol condition.

3.3 Pre- and Post-drive Blood and OF THC Concentrations

Table 6 presents pre- and post-drive blood and OF concentrations. Full blood and OF
pharmacokinetic data are presented in Hartman et al. (2015b and 2015a, respectively).
Between-subject blood concentration variability (coefficient of variation) was substantially
lower than matched OF concentration variability at all time points: 45-65% vs. 125-207%,
respectively, immediately post-dose; 39-69% vs. 129-184% at 1.4h; and 61-82% vs. 139-
174% at 2.3h (Table 6).

4. DISCUSSION

Using a sophisticated driving simulator and rigorous placebo-controlled, within-subject
design, we found a positive association between blood THC concentration and one (SDLP)
of 3 alcohol-sensitive lateral control impairment measures (SDLP, normalized lane
departures, maximum acceleration). Cannabis-alcohol combination effects were additive,
not synergistic.

Decreased lateral control was associated with blood THC concentrations and BrAC, based
on descriptive models. SDLP is among the most sensitive and consistently utilized driving
impairment measures (Charlton and Starkey, 2013; Ramaekers et al., 2006a; Verster and
Roth, 2011, 2012). Given that most countries have 0.05 or 0.08% BAC per se laws, the
observed SDLP increase may be substantial enough to be considered impairment. Although
SDLP (experimental measure) is not directly validated to predict crash risk (epidemiological
measure), it is an objective measure of continuous behavior while driving (Lococo and
Staplin, 2006). The lowest criterion of drug-induced driving impairment is considered to be
SDLP consistent with 0.05 BAC, approximately 2.4cm (Lococo and Staplin, 2006). In this
study, =8.2ug/L THC met that criterion. The increase associated with 10ug/L THC also was
similar to 2ug/L THC+0.059/210L BrAC (8.4% increase). At higher 20pg/L THC, SDLP
increased 16%, comparable to 0.10g/210L BrAC (13% increase). In an on-road study
(Ramaekers et al., 2000; Robbe, 1998), 100, 200 and 300ug/kg THC doses (~7mg, ~14mg,
~21mg) significantly increased SDLP 1.7-3.5cm relative to placebo. These increases are
consistent with our 7-10pg/L during-drive THC (5.8-8.2% increase) or 0.05-0.089/210L
BrAC (6.7-10.7% increase, Table 3). Our final lane departures/min and maximum lateral
acceleration GLM Select models did not include THC, indicating increasing THC
concentrations did not increase these measures. Alcohol concentration-dependently
increased lane departures/min and maximum lateral acceleration, with 0.05g/210L
corresponding to 35% and 9.5% increases, respectively.
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Combining cannabis with alcohol produced an additive — rather than synergistic—effect on
SDLP, with no interaction term. Past simulator studies were inconsistent regarding SDLP
cannabis-alcohol interactions. Ronen et al (2010) observed significant increases in lane
position variability when 13mg THC and 0.05% (BAC) alcohol were combined, despite
neither producing an independent significant effect. Conversely, Lenné et al (2010) observed
significant main effects of cannabis and alcohol independently, but no interaction (combined
effects not synergistic), similar to our findings. Combining 100 or 200ug/kg THC with
0.04% target BAC in the on-road study described above significantly increased SDLP by 5.3
and 8.5cm, classified as “severe” performance decrements (Ramaekers et al., 2000; Robbe,
1998). In our model, this increase is similar to =220ug/L blood THC alone. Although
epidemiological studies do not quantify crash risk by SDLP, increases in lane weave may
lead to more lane departures (detected by Downey et al., 2013) and, in turn, more crashes.
Cannabis approximately doubled crash risk in two recent epidemiological meta-analyses (Li
etal., 2012; Asbridge et al., 2012).

Unlike cannabis, alcohol affected additional lateral control parameters besides SDLP. Lane
departures/min and maximum lateral acceleration also increased with BrAC, consistent with
prior NADS alcohol findings (Lee et al., 2010). This suggests more extreme reaction to
lateral position when DUI alcohol, compared to DUIC. Cannabis-influenced drivers may
attempt to drive more cautiously to compensate for impairing effects, whereas alcohol-
influenced drivers often underestimate their impairment and take more risks (Sewell et al.,
2009). Alcohol’s strong effects on driving are well-established (Charlton and Starkey, 2013,
2015; Moskowitz and Fiorentino, 2000; Van Dyke and Fillmore, 2014). Alcohol increased
center and edge lane crossings, and time over the edge line in a simulated drive (Charlton
and Starkey, 2013). Lack of observed cannabis effects on lane departures contrasts with
prior findings. Downey et al. (2013) observed dose-dependent cannabis effects on straddling
lane barrier or solid lines, with or without alcohol, in simulated nighttime driving. That
study had more participants (80), possibly providing higher power to detect weak effects. In
one on-road study, only cannabis-alcohol combinations significantly increased time out of
lane (Ramaekers et al., 2000; Robbe, 1998); neither cannabis nor alcohol (0.04% BAC)
alone produced a significant effect. Because increasing lane departures and “time out of
lane” require more substantial lane weaving than SDLP, this discrepancy may result from
the low alcohol dose administered in that study. SDLP is more sensitive, with observable
impairment at BACs as low as 0.04% (Moskowitz and Fiorentino, 2000).

Neither cannabis nor alcohol affected standard deviation of steering angle. To our
knowledge, only one prior simulator study found a significant alcohol effect on this
parameter: 0.6g/kg alcohol (peak BACs ~0.05%) produced a significant but small increase
in standard deviation of steering angle (Lenné et al., 2010). Lower 0.4g/kg (peak BACs <
0.025%) had no effect. Although cannabis alone (19, 38mg) did not significantly increase
steering angle variability (main effect), there was significant interaction with driver
experience. Experienced drivers (=7 years driving) showed unchanged or decreased steering
angle variability with increasing cannabis dose relative to placebo; inexperienced drivers (<2
years) had increased variability (Lenné et al., 2010). All of our participants had =6 years of
driving experience, perhaps accounting for this discrepancy. Lenné et al. (2010) also
analyzed effects by dose rather than concentration, possibly resulting in greater apparent
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effect size because dose-wise (categorical) variable analyses generally have higher power
than continuous variables. Multiple other studies found no cannabis-only effect on steering
wheel position variability (Anderson et al., 2010; Ronen et al., 2010), although one observed
increased steering variability in occasional smokers after alcohol alone and alcohol-cannabis
combination (Ronen et al., 2010). Standard deviation of steering angle appears insensitive,
due to the amplifying effect of steering mechanisms. Minor steering adjustments can
substantially alter course and change lane position due to forward motion, despite re-
straightening the wheel.

By controlling ad libitum inhalation topography (e.g., inhalation rate, depth, hold time),
smokers can self-titrate cannabis dose to achieve desired pharmacological response
(Azorlosa et al., 1995). We infer self-titration from the observed disjunction between dose
and THC concentration; there is often poor correlation between THC dose and blood
concentration, making concentration-based analysis more meaningful and robust than dose-
based analysis (see Tables 4-5, Figure 3). In our sample, 52.6% of participants showed
evidence of self-titration (Hartman et al 2015b). Substantial concentration variability was
observed, consistent with prior cannabis research (Desrosiers et al., 2014). This further
underscores the robustness of concentration-based—rather than dose-based—analysis.

There is substantial interest in relating driving performance directly to OF concentrations
due to screening advantages. THC enters OF primarily by oromucosal contamination during
inhalation, and consequently is less representative of systemic concentrations shortly after
intake. OF concentration variability was 2-5-fold higher than for paired blood
concentrations, making interpretation of effects more challenging. Similar to blood, low OF
THC concentrations are difficult to interpret because intake history and individual variability
affect detection time and later concentrations. However, in this sample, OF THC >1600ug/L
indicated intake within the last 1.4h, and >600ug/L indicated intake within the last 2.3h. In a
roadside study, the percentage of people displaying observable cannabis-related impairment
increased with increasing OF concentrations when aggregated into wide ranges (<3ug/L, 3—
25ug/L, 25-100ug/L, >100ug/L) (Fierro et al., 2014).

4.1 Strengths and limitations

Major study strengths include the double-blind, placebo-controlled, within-subject design;
drive scenarios controlling for other road conditions (speed limit and curvature), which
potentially affect drivers’ lateral control and road tracking performance; administration of
multiple doses of cannabis (THC) with/without alcohol; concentration-based analysis; and
multiple specimen collections before and after driving (allowing during-drive
pharmacokinetic modeling), to better relate driving impairment to THC concentrations.

In authentic DUIC cases, measured THC concentrations do not reflect those present during
driving. Blood collection is typically delayed 90min to 4h after the event (Biecheler et al.,
2008; Jones et al., 2008). During this delay, there is rapid THC distribution from blood into
highly-perfused tissues, resulting in rapid blood THC concentration decrease in the first hour
post-inhalation. Later, THC concentration continues to decrease, albeit more slowly. This
results in lower measured THC concentrations than were present during driving. In contrast,
we examined driving performance relative to THC concentrations and BrAC that were
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present during driving. Thus, to our knowledge, the current study is among the most robust
analyses of cannabis and alcohol effects on lateral control at specific THC concentrations.
For context, we report driving performance results at concentrations typically considered or
established for per se laws around the world (1, 2, 5, 7ug/L THC; 0.02, 0.05, 0.08% BrAC)
(Armentano, 2013; Grotenhermen et al., 2007; Karakus et al., 2014; Lacey et al., 2010;
Ramaekers et al., 2006b; Verstraete A, 2011). However, these per se limits are applied to
THC concentrations that may substantially underestimate concentrations during driving.
Thus, our reported THC 1-5ug/L SDLP changes may be understated compared to forensic
DUIC cases. In the present study, median blood and OF THC concentrations immediately
post-dose were >30ug/L and >700ug/L, respectively. Blood THC =20ug/L indicated intake
within the last 0.42h and THC =10ug/L indicated intake within the last 1.4h. Thus, if people
drive during or soon after cannabis inhalation, during-drive THC concentrations could
exceed 20ug/L. Our SDLP increase associated with THC =20ug/L (~5.2cm) was considered
“severe” by other researchers (Ramaekers et al., 2000; Robbe, 1998), representing a 16%
increase in our observed lane position variability. Despite lack of significant THC effect on
lane departures/min, our results suggest substantial lateral control performance decrements,
consistent with effects produced by known impairing alcohol concentrations. Verster and
Roth (2014) determined that lane departures alone were not sufficiently sensitive to
experimentally detect impaired driving or effect size differences. SDLP is a sensitive
marker, serving as experimental proxy for rarer events such as lane departures. Even minor
lateral control decrements may be dangerous in narrow or winding roads, or in heavy traffic
where navigational precision or defensive driving may be required.

This study has several limitations. We approached data analyses via a stepwise GLM Select
procedure, with the goal of describing data without assumptions of which parameters (THC,
BrAC, other) would produce fixed effects. In research settings, participants are aware
driving is constantly under observation, and may drive with greater caution or focus. Other
participants may have wanted to demonstrate that cannabis does not affect driving; public
attitudes toward DUIC are less negative than for DUI alcohol (McCarthy et al., 2007; Terry
and Wright, 2005). However, self-perception of driving performance or impairment—even
without drugs—may be unreliable (Van Dyke and Fillmore 2014; Verster and Roth, 2012).

This study was limited to occasional smokers. Frequent cannabis smokers demonstrate
tolerance to some acute cannabis intoxication effects (Ramaekers et al., 2011), but tolerance
did not compensate for all effects (Downey et al., 2013). There is currently substantial
interest in comparing occasional to frequent smokers and assessing potential tolerance
(Ramaekers et al., 2009; Toennes SW et al., 2008; Wright and Terry, 2002), especially as
medical and recreational cannabis becomes more commonplace.

We do not believe that conducting this study in a driving simulator, rather than on the road,
represents a significant limitation. Rather, simulators offer advantages for assessing
impaired driving. Participants can engage in risky driving behavior without endangering
themselves or others. Simulators provide controlled reproducible research environments and
ability to make detailed real-time measurements. Modern simulators produce highly realistic
driving scenarios (Hartman and Huestis, 2012). The NADS-1 is the world’s most
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sophisticated simulator, and was successfully utilized to assess distracted and drugged
driving (Garrott et al., 2005; Lee et al., 2010).

4.2 Conclusion

In this rigorous, double-blind, placebo-controlled study, cannabis and alcohol were
significantly associated with impaired driving lateral control. Cannabis only affected SDLP;
whereas alcohol affected SDLP, lane departures/min, and maximum acceleration. During-
drive 8.2ug/L blood THC was associated with SDLP increases similar to 0.05g/210L BrAC
(~0.05% BAC), and SDLP at 13.1ug/L THC approximated 0.089/210L BrAC. Combining
alcohol and cannabis produced an additive effect on SDLP; 5ug/L THC with 0.059/210L
BrAC was similar to 0.08g/210L SDLP impairment. These THC concentrations during
driving are higher than those generally measured hours later during sample collection. OF
concentration variability was substantially greater than blood concentration variability,
suggesting better performance as a screening tool than impairment gauge.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The National Advanced Driving Simulator: A) exterior, dome mounted in room; B) dome

interior with car mounted inside; C) view of night-drive simulation.
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Figure 2.

GLM Select modeled standard deviation of lateral position (SDLP) versus blood A%-
tetrahydrocannabinol (THC) concentration (lower x-axis) and versus breath alcohol
concentration (BrAC, upper x-axis). Note x-axis scales are different so slopes cannot be
directly compared; dotted lines indicate THC concentrations producing equivalent SDLP to

0.02, 0.05, and 0.089/210L BrAC.
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Box plot of maximum blood A%-tetrahydrocannabinol (THC) concentration by administered
cannabis (placebo, 0.008% THC; low, 2.9% THC; high, 6.7% THC) and alcohol (placebo,

active) doses for 18 participants.

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 20

Hartman et al.

Author Manuscript

1 TT 0°€T g9z €9¢ (8T=N) ueaiy
o1 0T g€ o've 6'S2 (8T=N) ueIpan
4 80 6'LC G/ Ty (1re) ners
o1 0T gt €'9¢ 192 (11e) uesy
o1 0T oY 6'€C 8'Ge (Ire) ueipain
P/xT= 9 T T =€ AM/XE-Z 9-G W/xy—¢ 9712 M 622 4 67
pIxT=Z 4 T g =€ Wyxp—g vz w/xy—g €8y M 782 W 87
AM/XTZ 4! S0 14 =€ W/xTs 7z AM/XE-Z €81 M 182 W LT
pIxT=Z L ST TT -1 AM/XE-Z T w/xy—g 0€z M'YY LT 4 97
P/xT=Z 9 €10 L -1 W/xp—g T w/xTs L2E M 81z W ST
AM/XTZ 8 80 L -1 Wyxp—g vz AM/XE-Z €€z M oz W T
P/xT=Z 4! T 0zt 7> W/xTs 7z AM/XE-Z T4 wvY €0¢ 4 €T
IXTZ 8 T v £ W2 vz WYxe-Z  £'€2 M vee A pct
PIxT=Z 91 T 4 1 AM/XE=Z vz AM/XE=Z 6'82 H'O € W T
P/xT= 6 S2°0 z T w/xTs 7z w/xy—¢ 6'€C M TEL W 01
MM/XTZ L T [ 7€ AM/XE=Z vz AM/XE=Z G6T M zee W 6
P/xT= 01 T € T AM/xE-Z 1 w/xy—¢ STE H T9Z W 8
pIxT=Z 1 S0 €0 -1 AM/XE-Z vz w/xy—¢ 90Y M gz W L
P/xT= 14 S2°0 T € AM/xE-Z 7z AM/xE=Z 00z M €9z 4 9
pIxT=Z [4) ge T -1 W/xTs vz w/xTs 971C M 99z W ]
P/xT= €z S € T AM/xE-Z 7z AM/xE=Z 19z M 8. N 4
pIxT=Z L T 9 -1 W/xp—g 9-G AM/XE=Z L've M 6T W €
27 27 T 12 € W/xp—g vz AM/xZ 8'€z wY '82 4 z
pIxT=Z L T T 1 Wyxp—g vz AM/xE-Z €ve M rec W T
Gty T WO gy mao CUTDRN UOS00  RUNDSY (e OEME (g
UAIA  ocieg,  QPOWTSUOY  siqeuuedise) [e21dA3 uo siqeuue)  [eaidAL |00 INg aoey abv
1Se| Junowy |ouls swi | pauois,, sanoH

SJ9XOoWS Sigeuurd [euoIseado 1npe Ayijeay 6T Jo Aloisiy BuiaLp pue uondwnsuod [oYodfe pue siqeuued Juadal ‘sansualoeseyd alydesbowsp payiodai-}|as

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 21

Hartman et al.

Author Manuscript

UOITRIASD PIBPUEIS ‘ASCIS ‘UBILIBWY SAIBN/URIPU| UBOLIBWY ‘| *J8UI0 ‘O ‘UBISY ‘S ‘0uleT Jo dluedsiH ‘H ‘UBILIBWY UBOLY WV ‘BHUM ‘W :SUONBIAIGOY

Joineyaq BulAjIno Ajjuslsisuod 03 anp sasAjeur BUIALIP WOJY Papn|oxa Emg_o_tmn_u

asuodsai ap1ao.d Jou pip Emn_o_tmn_o

sfenpiAlpul 8jdiinw usamiag . Butieys,, pariodal-}|as pue s31N0J UOIRAISIUIWPE SNOLIEA 10§ JUNOJJE 0) ‘uondwinsuod juiol pazijewlou-Ajjestiidws uo paseq i PawWNsu0d 1se| Junowe m_nm:cmog

e1ep Aouanbaly sigqeuues papiodal-J18s JO 80IN0S ‘1S9 UOIEOIINUBP| SI8PJ0SIQ 8SM Siqeuue) Wwody sereulblio Buipiom , pauoss,, SInoH,,

14 80 9'8¢ Ll A% (8T=N) Ne@iS
(quafeainba (skep) U01SEI00
aoualladxa : i Aousnbaay  uoisesdo  Aousnbauy Adiuyle
: uiol 10 jui0 : e
Kouanbauiy BUIALID juiol 1o jutof) pawnsuod sigeuLeD el 19d SIULIP e (zu/B) oue (saeak) X05 Jedioned
Buaig JO SIBBA qPBWNSU0d  siqeuued ise| [eo1d1 uo sigeuued  reaidAL [0Y02 Ing a0ey abv
1Se| Junowy souls swi pauols,, sanoH ; :

Author Manuscript Author Manuscript Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 22

Hartman et al.

18lgng
T000°0> 90 06 4] T 1dsossiug
T000°0> 9T L'l- ccT- T a4nyeAINnd asasAuU|
T000°0> 100 'S 100 T HwiT paads
OVIigxOHL
ovig
OHL
(AninD) a1buy Buliaas Jo uoleINeQ plepurls
9T6T 4p lol3
17414 anfen-o PPoN
1 4 BPON
LT 103[gns
T000°0> 1¢ €8 €LT T 1daassiul
T000°0> 6 S'6 Yoy T adnyeAInd asdaAu|
T000°0> €00 67 050 T HwiT pasds
OVigxOHL
L€00°0 ST°0 6°C 440 T ovig
¥000°0 100 9¢ 9z'0 T OHL
(d1@s) uonisod [e1s3e JO UOHEIASQ pIepuRlS
anfea-d 10443 paepuels ] (9)srewnns3  4q Jg1eweled

"|oyoJe [240 INOYIIM

10 Y)IAM Siqeuurd paziiodeA pajjoaauod Jale SISALIP J1931UNJOA T Ul S3INSEaLU [0J1U0J [RJ8)e| UO $108118 10 S)nsal 198]18S (NT1D) [9POIAl JeaulT [eiauas)

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 23

Hartman et al.

Author Manuscript

Author Manuscript

LT 18lans
1000°0> v1°0 €0T v T 1dsoasiu]
7000°0> 12 A 60T T ainjeAInD 8sIanu|
1000°0> 1000 89 0100 T Hwi paads

OVI9x0HL
§500°0 6000 87 0€0°0 T ovig
OHL
ulwysainpedaq aue]
9g6T 4p Jo1ig
6,59 anfeA-4 pPoN
4 4P PPON
1alans
7000°0> zT TC sz T 1dsousiu|
1000°0> 15 1z 68€T T a4njeAInD 8sIanu|
7000°0> 200 LT~ ov'0- T HwiT pasds
OVI9£0HL
ovig
OHL
(aubrens) s|buy BursalS Jo uoneINSQ prepuelS
L2y 4p Jo1ig
6562 anfen-4 pPoON

4 4P PPON

anjea-d  Jo4u3 paepuels 1 (q) syrewns3y 4a Jalawered

Author Manuscript

Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 24

Hartman et al.

Author Manuscript

Author Manuscript

LT 18lans
1000°0> 1200 LT Sv'0 T 1daosaiu]
1000°0> 34 €y 8'T- T aInjeAInd 8sianul

N paads

OVIgxOHL

ovig

OHL

(s1uan3 dieys) UOIIRIBIRIIY [BI8)eT WNWIXRIA

9¢0¢ 4p Jo4i3
LELT anfeA-H ppo
6T P PPON

LT 18lans
1000°0> 16000 00T 1600 T 1dsossiul

alnjeAIn) asIaAU|
1000°0> 10000 v'1T 21000 T HwiT pasds
OVIgxOHL
G000°0 L0000 G'e €200°0 T ovig
OHL
(s1uan3g dieyS-UoON) UOIIBIS|a2IY [e4a1eT] WNWIXeIA
0v8 4p Jo1i3
6567 anfen-4 PpPoN
0¢ 4P PPON
anjea-d  Jo4u3 paepuels 1 (q) syrewns3y 4a Jajpweled

Author Manuscript Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 25

Hartman et al.

UO17RJIUBOU0D |0Y0D]. Y1ealq ‘D] ‘UOIRIIUSIU0D _oc_gmccmoeu\fmts.% poo|q ‘DH.L ‘Wopaaiy J0 sa8fap ‘4 :SUOIBIAIGQY
*T000"0> 818M S} |9POLL JO BOUBLIBA JO SISA|EUR ||BIBAO [BULS 10 SanfeA-d ||V ‘[9pOW 19818 NS [euls 8Y) Ul papnjaul Jajawered seyedlpul soeplog

*(103449 |[eJaN0 B} Sasealoul Jajaweled ayy
Sa1eaIpUI g 3AINSOd £108)49 9y} Sasealdap Jajaweled sy} Saredlpul g aAleBau) 10108} Yoea oy [3un ay) 01 pajeds azIs 109)4a] arewnss (Juaid1y4a09) Jaraweled syuasaidal srewns3 “(J1azioden d1psy @OUBOION

‘6w QOG) Siqeuued Ing paziiodeA DHL %/°9 10 ‘“OHL %6°Z ‘0gadeld Bulfeyul pue (D9 %590°0 ead arewixoidde aonpo.d 0} pajenojed) [oyodje aAlde Jo 0gade|d BumyuLp Jaie yg o paiinddo Buiaug

¥0€ 4p Jodi3

19'8 anfeA-o PPoON

8T 4P PPON
anjea-d  Jougpaepuers 1 (g)erewns3  d4a J318Wered

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 26

anfea (10T2/6 0 Dvig /61 0 DHL poo|q) suljaseq uelpa 0 aANeIY,,

‘peod ybrens ‘(y/wx 68) U/sa|iw GG paads 1oy ase sajewnss ||y "Ov.g pue Suo1eIuaduod
DH.L 214193ds e aInseaw Yyoes J0 s} nsal 198195 (INT19) |apow Jeaul| [eiaual Buissasse Ag paureiqo sanjeA ‘siqeuurd 3ing pazilodea aanoe 1o ogade|d Buifeyur pue joyod|e [eio aAnde 1o ogade|d Bunssbul Jaiye Yg T—G'0 SI8NOWS Siqeuurd [euoIseado Ayfesy 8T Wolj paressush ereq

Hartman et al.

Author Manuscript

Author Manuscript

§'6 170 [s9'1-86°0l 82T Ge €10 [soz-61°0] 1570 T v'e [e'sr-T1'82] 6'v€ 500 g
g6 110 [so'1-86'0182'T Ge €10 [so'z-6T°01 15°0 v'8 9 [s2v-v 12l Tve 500 I
6T 20 [o21-0T'Tl6E'T 69 920 [tez—ze0l v90 €1 a4 [T6v-0'62c] 2'G€ 0T'0 0
ST 810 [cr1-s0TlseT a§ 120 [9T'2-9z°01 65°0 1 v'e [c8r-1'82]l 8'%€ 800 0
§'6 170 [s9'1-86°01 82T Ge €10 [soz-61°01 1570 L9 1T [o2v-892l 9°€e 500 0
8¢ G700 [ss' 12601 T2'T vT €500 [ooz-tT'0l £V°0 Le 80 [1sr-9qel eze 200 0
61 2200 [os'1-06°01 6T'T 6'9 9200 [26'1-80°0] T¥0 €T o [e'sy-zsel 6TE 100 0
0 0 [rs1-2801 2T'T 0 0 [s6'1-50°01 8€°0 91 AL [0'05-6'62]1 9'9¢ 0 (14
0 0 [vsT-1801 LT'T 0 0 [s6'1-50°01 8€°0 z'8 9T [r2v-e 12l ove 0 01
0 0 [rs1-2801 LT'T 0 0 [s6'1-50°01 8€°0 8's 8T [L9v-g9z] ee 0 L
0 0 [vsT-1801 LT'T 0 0 [s6'1-50°01 8€°0 Ty €1 [Tov-09el 2ze 0 g
0 0 [rs1-2801 LT'T 0 0 [s6'1-50°01 8€°0 91 250 [rsy-egel 0°ze 0 14
0 0 [vsT-1801 LT'T 0 0 [s6'1-50°01 8€°0 80 92'0 [Tsy-0gel 2'1¢€ 0 T
- - [rs1-2801 2T'T - - [s6'1-50°01 80 - - [8vv-Lv2l v'TE 0 0
S/W
mmmm%_voc ! mu,mwmh\ Mw_n_ &w_mwwmmw:w\v%ﬁﬂ%r mmmm%_voc ! 8:%1 mvt_n_ M_&\_WWWWHMM_MU mmmm%voc ! SCM_& mhvtn_ d1 n_mﬁFm%W_um.a An%,wm m@ W_V\_.m_u.v
JUddJad : [abue.] UeIpO 1U8243d [oBued] ueipayy  MUddJad [eBued] ueipsin
(syuanz dueys-uoN) (d1as) UOIIBIIUBIU0D

UolleJs|addy |edare ] wnwixew

uiwy/saanyredsaq aue]

0d [e481. JO UoNRIASQ plepuels

anlg-buing

€9lqel

Author Manuscript

BuiAlp Burinp (DQwJg) SUOIRIIUBIUOD [0YOI[e Ylealq pue SUOIRIIU3duU0I
(oHL) _oc_gmccmoo%\fgg-mq poo|q 21J198ds UYlIM PaleIdosse UOIIRIa|a9J. [elale] WNWIXeW pue ‘ulw/sainyedap sue| ‘(d1@s) uonisod [elsie] JO UOIRIASP pJepuels Paldlpald Jo) Se1ewnss [apouwl 199[3S 19

Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 27

‘uoneyaidiaiul urenasun pue samod Moy sey (pakeldsip are
sanjeA-d Juelnsal YydoIym 1oy) sisAjeur |apowl paxiw Jeaul] ‘erep ajedaijdnp do , Buissiw,, pue ubisap (sainseaw payeadas) s10algns-uiyiim 1oy suonndwinsse [ea1IsIIels pijeAul JueynNsal pue |30 jenbaun 0} m:n_m

1000°0> 1000°0> 1000°0> Wwans onLp
6v67°0 S¥eT'0 86520 10409[E-OH L (|
81600 98¢T'0 £/90°0 (v'd) 104odfegy
LT LESY'0 10820 (HT'd) dnoib OHL g

(s3usn3 dueyS-UON) UOITEIB|B0dY [e81eT] WNWIXe

uiwysaaniredaq sue

(d1AS) uonisod [e4a1e 4O UONRIASQ pJepuelS  pUOINPUOD AQ sisAeue Jo s)nsey

sased anbiun 91

(sasop paJalsiuiwpe ybiy
pue moj Joy A1oBared siyy ojul sjjey Juedionted awes) wuiod Buneadas T

syutod exep /T

sased anbiun g1

(sasop paJalsiuiwpe ybiy
pue moj Joj A1oBayed sy ojul sjjey Juedionted awes) wiod Buneadas T

syutod eyep 67

sased anbiun g1
10409]V 3ANIY
sjutod Buneadal o

syuiod eyep 81

sased anbiun g1

(sasop paiaisiuiwpe ybiy
pue moj Joy A1oBayed siyy Japun sjfe) Juedionted awes) syutod Buiyeadal /

sjutod elep 6T

sased anbiun 11

(sasop paJaisiuiwpe ybiy
pue moj Joj A1oBayed siyy ojul sjjey wuedioiued awes) suiod Buireadas 9

sjutod erep /T

sased anbiun g1
|0yod| ogade|d
swutod Buneadal g

syutod eyep 8T

«UBIH,, (uelpaw) /61 9'g< *®“D OHL

«M07T,, (Uelpaw) /61 9'g> *®“3 OHL

uonpuod Ag sisAjeue

SIGBULBD 00B%®BId i wiajqoad feamonais

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.

Hartman et al.

"SIBY10 Ul e Te 10u pue (Jjoyodre ogadejd/1/6r 9:g> DHL 6°9) S|180 urenad ul sawin sjdnjnw pajuasaidal ale syuedionied awos ‘AlljigelieA [enplIAIPULIBIUI
pUE UOIIR1II-§8S BSOP Pafeyul 0} 8NQ "UOIERIIUBOUOD WNWIXew poolq (DHL) [oulqeuuedolpAyensi-gv paasiyoe o) Bununodde ‘|spow paxiw
Jeaul| sainsesw pajeadal Jo Synsal pue ubisap sansesw pareadas (Jjoyooye ‘0gadeld) ¢ x (Sigeuued ybiy ‘moj ‘ogadeid) £ ol uonnguisip uedidied

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 28

Hartman et al.

uonipuod ogaae|d-ogade|d 0} m>:m_ww_m

"UOIIIPUOD 3sOp AQ Pa1ONPUOd 8¢ 10U PIN0I d3URLIBA JO SISA[eur [eonsIIeIS ‘Uoiea-yias swedionued Aq pasodwi suonipuod JH1-ybiy

pUe -Mo] Ut UBISap paoUelequN JuB}INSa S 0 aNQ “sigeulied YIng paziioden ([DH L] joulgeuLRO0IPAYeNa)-gT %L 9/UBIY ‘%6°Z/MOI) dAII0R 10 0gade|d Buljeyur pue [oyod[e [e0 8ANDE J0 0gade|d Bunsabul Jale Yg T-G'0 SIaYOLS SIGeUUED [EUOISEI00 AUlfeay T W0l aie ere

%L 8000 ¢60°0 €¢T0 %vS 8¢'0 960 080 %cT v'e VLT x4 8T ANV ubIH
%L 8000 €800 €¢T0 %0 T¢0 ¥6'0 €L°0 %6T 'S 9Te cve 8T NIV Mo
%ET G100 1600 0€T0 %cy (440 860 vL0 %cT §'€ €61 €¢ee 8T ANV 003%e|d
%8- 600°0- 8.0°0 90T'0 %.LT 600 ¥8'0 190 %8 v'e T6T ¢1e 8T 0Q3%eld ubIH
%1 1000 7800 9170 %€EC (430 680 790 %6 §'¢ €0c €Te 81 003%¢|d Mo

- - 0800 STT°0 - - 1.0 ¢S50 - - 8.1 8'8¢ 8T 0Q3%eld 0Qg3%eld

(96) gdSBAIIUI JUBIIBd (/W) dousIaPId  (;S/W) ASQ 1S (;S/wW) U

(9%) goseaou] JUBdIRd

(N) ®ouasapid  (N) Ae@is  (N)uesy (%) pdSERU0UL JUBDISd (WD) souasayld  (Wwd) Ae@lS (W) uesy N

1oyod|y OHL

(s1uan3 daeys-uopN) UOIIRIB|9IIY [BA81e ] WNWIXeA

ulwysaanledaq sue d1as uoD 8500 PaJAISIUILPY
%S 9000 8800  T¢T0 %8y rAly] 86'0 LL0 %cCT Ve 8'LT zze 9T eamoy (/6 9°8<) uelpsiN<
%0T 1100 9800  9¢T0 %9v 1740 06'0 9.0 %0¢ 8'G 0¢e 9ve 8T  aady  (1/6r 9'g>) ueipaN>

%ET ST0°0 7600 0€T0 %<y [24] 86'0 v.0 %cCT S'€ L'T¢ €¢€ 8T BNV 0Qga%e|d
%v- §00°0- 6,00 0OTIT0 %t ¢00 0.0 ¥S0 %E 0T Al 86z ¢T ogadeld (1/6r 9'g<) ueIpanN<
%E- €00°0- €800 CITO0 %EE LT°0 €6'0 690 %cCT S'€ L'T¢ €ze 1T ogaoeld (/6 9°8>) uelpaiN>

- - 0800  STTO - - 1.0 ¢SO - - 8'/LT 88¢ 8T 0Q3%¢e|d 0Qga%e|d

T R T I TR N R B e
pIUERIER| - JINERIER| . 1S JINERIER| : 1S
(uonrenuaduod
(sjuan3 daeys-uoN) (d1as)

UOIIRI3]900Y/ [B481e] WNWIXEN

uiwysaanyedaq sue] pooig :m_umﬂ,_ Aq padnoto DHL)

uod
10409V ‘OH.L PansIydy

UOIISOd [eJ31e] JO UORIASQ pJepuels

"SUOIIPUOI 9SOP [0Y02[e puB DHL Palaisiuiwpe Ag pue suonipuod

UOI1RJIU3U0I [0YO0IR/DHL panalyde Ag padnolb ‘BuiAlip Bulinp uoIleIa|89J. [RIS1R] WINWIXBW pue ‘ulw/sainiedap sue| ‘(d1dsS) 1041U02 [elale] JO UOHRIASP pJepurls 10) S)jnsal (UoIeIASp pJepuels) Ues|A

Author Manuscript

Author Manuscript

Author Manuscript

G 9lqel

Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 29

Hartman et al.

%L1 %vvl %6ET %0LT %LL %T9 %28 %28 NO%
(8s) €92 (ve1) v'98 GentTee @)Ly (Gdze (@N8T  (9dze @Dz (@SUN (5o nas0d) ez
WS'T-9T €718 ws6'T V18T $6-0 67-0 96-0 §'8-0 abuel
016 v'se 6'9v Tee e 81 92 6T UeIpay
%Lt %v8T %621 %651 %89 %6E %69 %65 NO%
(260'T) LE9 (8T¥) 822 (sL2) ete nete  (vgy  GNoe  Ee)Ls  €D6e (ASIUBN (1o nac0d) pr
0v6'e=¢’S 2e8'10L 820'T€'6 299-0°€ veI-€T €9 LYT-0 L0T-0 abuel
8ET 569 016 5es 29 9€ 97 e UeIpain
- - - - %g9 %EE %59 %S NO%
- - - - E106r  (Fe)vor (G089 (SPO0T (@)U (5 oninaid) zh0
6EV€S  vII-SS  80rvZ 6.9 abues
- - - - zot 901 zet 0ot UBIpOIN
%L02 %521 %GLT %L61 %9 %S %59 %9v NO%
(evg'sT) 259'L  (S00'7) 665'T  (Svo's)oze’e  (evT'v)T0T'z  (T8y) 0L (8T GOy  (r9e) 295  (L9m)6'Se  (AS)UBBN (1 oniioaid) 170
002'99-L'2Z  vBY'/-6'2.  089'€z-T'SZ  0£Z'8T-T'2€  O0Tg-T8T  VT.0€T  LE12ST  2'99V'Tl abues
26 SEL 9L 88 519 £Ge Ty Lee UeIpay
%68T %2.Z %L1 %T61 %282 %Sve %ZEE %v82 NO%
(68) Lv (0 g9 ooz L9 ov Moo @nNgo €ENro D0 (@SUBN  (55000) g -
Tre-0 62,0 LT1-0 £'08-0 £9-0 670 v'$-0 290 abues
90 0 0 50 0 0 0 0 Uelpay
%L°9 %62 %L'9 %62 %L'9 %62 %L'9 %62 (u) asop-1sod st
[0403IY [OUOIV ON 104031V [OUOdIV ON
(1/6r) oH1 40 (1/6rf) OH.L poojg

"Joyo9[e oYM

1o yum siqeuued (DHL %29 pue DH1 %6°2) aA11oe paziiodea pajjoajuod Jaye (6T=N) BuiALp Jaye pue 01 JoLid AljiqeLreA pue DHL pInj) [eJo pue poolg

Author Manuscript

99Iqel

Author Manuscript

Author Manuscript

Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



Page 30

Hartman et al.

uoIELIEA JO JUBIOLA0 *AD {UONBIASP PIBPUEIS ‘AS PIN [B40 *4O {[OUIGRULEI0IPALENE)-GV DOH L SUOIRIARINQY

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Drug Alcohol Depend. Author manuscript; available in PMC 2016 September 01.



