APPENDIX 6
False Alarms:
Arrest Decisions for Participants with BAC <.10%

Nystagmus Total
Q-F-V Category BRC ySC(ie Test Score
Heavy 096 0 32
095 16 37
092 20 52
088 10 39
084 0 18
080 8 19
071 4 39
049 0 25
047 7 27
008 5 23
004 1 16
000 0 31
000 0 19
000 0 27
Moderate 099 4 24
098 10 20
0953 9 33
093 2 14
091 8 27
088 17 42
088 4 22
088 4 25
087 4 21
086 6 34
083 2 27
085 10 40
081 0 28
077 0 13
077 8 30
074 8 15
070 2 26
0356 4 18
051 4 36
0350 5 18
048 4 14
046 0 9
045 0 6
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Light 073 13 49
.069 2 14
.060 3 20
058 4 33
057 6 28
056 10 19
0353 0 13
052 8 25
052 0 18
.000 1 19
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APPENDIX 7
Years of Service and DWI Arrest Experience of Officers Who Participated in Evaluation

Study

Law Enforcement Officer’s Yrs. of Current Rate of DWI Total DWI
Agency Service Arrests/Mo. Arrests
Santa Monica 2-1/2 10 110
Police Dept.

5 10 200
2 Officers
Calif. High- 7 10 600
way Patrol 2 10 180
4 Officers

2-1/2 10 200

10-1/2 10 400

Los Angeles 8 15 500
Police Dept.

3 0 150
2 Officers
Los Angeles 7 30 2000+
County Sheriff 15 10 1000

2 Deputies
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APPENDIX 8

Summary of Stepwise Discriminant Analyses, BMDP7M

Classify participants as above/below .10% BAC

Fto Variables % [|Clagsification| Canonical
Enter/Remove Entered Classification Matrix |Correct] Variables |Correlation
1.0 All test Below | Above Total 62978

e Below| 156 | 17 Nystagmus
(without Tracing

total score) |Above| 19 43 62.4 | Walk-Turn
Finger Count
Nystagmus,
Left Eve

175 60 84.7 |One-Leg
Stand

(Walk-Tum
Removed)

2.0 All test Below | Above Total 62278

e Below| 152 | 21 [ 879 |Nystagmus
(without Tracing

total score) |Above| 20 42 | 67.7 |walk-Turn
172 63 82.6

2.0 Single Below | Above One-Leg .39932
tests: One- Tpejow| 133 | 34 | 796 [Stand
Leg Stand

Above| 22 40 64.5
155 74 F3.A
Finger- Below | Above Finger-Nose 34414
il Below| 127 | 41 | 756
Above| 27 35 56.5
154 76 70.4

o
=
[N

o
O
I~
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Fto Variables Classification Matrix % Classiﬁcation Canonic?al
Enter/Remove | Entered Correct| Variables |[Correlation
(2.0) Finger Below | Above Finger Count | .25049
Count Below| 119 49 70.8
Above| 27 36 571
146 85 67.1
Walk-Turn Below | Above Walk-Tum 44165
Below| 135 32 80.8
Above| 25 37 59.7
160 69 75.1
Tracing Below | Above Tracing 40988
Below| 141 26 84.4
Above| 28 35 556
169 61 76.5
Eg;tagmus- Below | Above Ingsttagmus- 537470
Below| 151 17 89.9
Above| 29 34 54.0
180 51 80.1
ggfgs}tli.gmus- Below | Above II\{Iiygsﬁilgmus- 59986
Below| 147 21 87.5
Above| 19 44 69.8
166 63 82.7
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Fto Variables Classification Matrix % | Classification | Canonical
Enter/Remove | Entered Correct] Variables |Correlation
(2.0) Nystagmus- Nystagmus- 60618
Total Below | Above Total
Below| 146 22 86.9
Above| 20 43 68.3
166 65 81.8
2.0 Test Total 62232
Subsets: aglow | Above Nystagmus
Tracing
OneLeg Npiow| 153 | 20 | 884 |one-Les
Stand
- Stand
Finger- apove| 21 | 41 | 661
Nose S—
-Tracing 174 61 82.6
-Total
Nystagmus
-Finger- Below | Above Total 62278
Nose Nystagmus
: Tracing
Tracing Below| 152 21 87.9 Walk-Turn
Lokl Above| 20 | 42 | 6727
Nystagmus —
-Walk-Turmn 172 63 82.6
-Tracing Below | Above Total 62278
i Nystagmus
NTOStf: o |Below] 152 | 21 | 879 |Tracing
ysag Walk-Turn
-Walk-Turm | Above| 20 42 67.7
-Finger
Count 172 63 82.6
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Fto
Enter/Remove

Variables
Entered

Classification Matrix

%
Correct

Classification

Canonical

Variables

Correlation

(2.0)

-Tracing

Below

Above

-Total
Nystagmus

Below

153

20

-Finger
Count

Above

21

41

-One-leg
Stand

174

61

Total
Nystagmus
Tracing
One-leg
Stand

62232

-Tracing

Below

Above

-Finger
Count

Below

138

33

-One-leg
Stand

Above

19

43

-Finger-
Nose

157

78

-Walk-
Turn

Walk-Turmn
Tracing
One-Leg
Stand

50848

-Walk-
Turn

Below

Above

-Finger-
Nose

Below

140

33

-Finger
Count

Above

19

43

-Tracing

159

76

-One-Leg
Stand

-5-Score
Total

Total Score
Tracing
Walk-Turn

50559

-Walk-
Turn

Below

Above

-Finger
Count

Below

153

20

-Tracing

Above

20

42

-Total
Nystagmus

173

62

-4-Score
Total

Total
Nystagmus
Total Score

62394
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Fto Variables Classification Matrix % Classification | Canonical
Enter/Remove | Entered Correct| Variables |Correlation
(2.0) -Finger jo ] T Total 62325
Count Nystagmus
“Teaging  |Belew| 154 | 19 | sop |Lotl Seom
Total — f pove] 18 | 44 | 710
Nystagmus —
-One-leg
Stand 172 63 84.3
-4-Score
Total
-Tracing Below | Above Total 61903
T Nystagmus
ot Below| 152 | 21 | 879 |Total Score
Nystagmus
Fnger-  pove| 17 | 45 | 726
Nose
~Walk- 169 | 66 | 838
Turn
-4-Score
Total
-Tracing Below | Above Total Score 61877
_Total Total
NABTS Below| 151 22 87.3 |Nystagmus
Finger- ) apove| 19 | 43 | 694
Nose
-One-Leg
Stand 170 63 82.6
-4-Score
Total
-One-Leg Total 61722
Stand B | e Nystagmus
Total Score
“Walle g ow] 152 | 22 | 874
Turn
Rystamis Above| 18 44 71.0
-3-Score
Total 170 66 83.0
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Fto Variables Classification Matrix % Classification | Canonical
Enter/Remove | Entered Correct] Variables | Correlation
(2.0) -Walk- T W, Total Score 61340
Tum Total
Nystagmus
o] Below| 152 | 22 | 874
Nystagmus
-2-Score Above| 17 45 72.6
Total 169 67 83.5
-One-leg Total Score 61236
Stand Below | Above Total
Nystagmus
o] Below| 152 | 22 | 874
Nystagmus
-2-Score Above| 22 40 64.5
Total 174 62 81.4
Total Score Below | Above Total Score 60535
(only) of:
-One-Leg
Stand Below| 146 21 87.4
~Wallc Above| 17 | 45 | 126
Turn
Lo 163 | 66 | 83.4
Nystagmus

Note N # 238 because computer program excludes cases with extreme or missing

values.
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APPENDIX 9

STIMULUS PROGRAMMING SYSTEM (SPS)

Svstem Description

The SPS is a versatile system for studving human control and information processing
functions. It consists of four major subsystems:

(1) A control unit, including a punched paper tape reader and printer,
(2) A display unit,

(3) Subject response controls, and

(4) A tracking task generator.

The control unit is the heart of the system. It contains a microprocessor which is
programmed to read experimental sequence instructions from a paper tape, execute the
instructions, record response data, and print output data such as trial number, response
accuracy, and response time.

The display unit presently contains three display systems:
(1) A tracking display located in the subject’s central field of vision,

(2) Forty peripheral lamps located at the subject’s eye level, and spaced every 5°
from 15° to 100° visual angle, right and left, and

(3) Forty single-light numerical readouts which can be located in various
arrangements in the visual field, typically 10 in each of four quadrants.

The response controls include:

(1) A tracking control lever which can either be a force stick or a displacement stick,
(2) A four-way switch to indicate the quadrant in which a target digit appears, and/or

A push-button switch which can be used to indicate the occurrence of a target

3) digit or a peripheral lamp signal.
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The tracking task generator allows selection of a variety of tracking task configurations,
including a choice of:

(1) Pursuit or compensatory tracking display,
(2) Position or rate control,

(3) Forcing function bandwidth, and

(4 Forcing function and display gains.

Two types of scores are displayed on digital readouts: (1) absolute error, and (2) absolute
error squared. The tracking generator can be manually operated as a completely separate
unit or can be controlled via the SPS control unit from punched tape commands. In the
latter case, tracking error scores are also printed on the printer in addition to the diserete
response data.

The experimental sequence instructions, which are punched in the paper tape, allow
extremely flexible control over stimulus presentation. Typical applications of this system
are described below.

Applications

The primary application of this system is to the study of division of attention, as related
to task and stress variables. Task variables include central and peripheral task difficulty
levels and the type of central and peripheral tasks (e.g., pursuit versus compensatory
tracking; peripheral signal detection versus visual search and recognition).

A typical experimental configuration is the combination of a tracking task with a search
and recognition task. While tracking, the subject must search a field of digits for a target
digit. The digit field changes intermittently, i.e., one or more digits may change every
few seconds. A target digit is presented at given intervals within the changing
background field - the subject must search for and recognize the target digit and respond
with the four-way switch to indicate the quadrant in which the target digit occurred.
During the test session, cumulative tracking error scores are printed out at regular
intervals and the time and accuracy of all responses, including false alarms and incorrect
responses, are also printed out along with identification data.

Each type of task can be presented separately as well as in combination with the others to
examine the effects of task loading and configuration on performance. If desired, the
tracking task generator allows recording of appropriate analog signals for spectral
analysis and human operator studies of control performance. Finally, facilities are
available for incorporating eye movement
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recording into the system, permitting study of the relationships among visual search
behavior, division of attention task loading, and task complexity.

Applications to Driver Performance Studies

The driving task consists of several components, including visual search, visual signal
detection and recognition, manual control and information processing. A critical aspect of
the overall driving task is the integration of each component task into a well-organized
sequence of actions in which an appropriate level of attention is directed toward each
component.

As indicated previously, the SPS system allows component tasks important for driving
(e.g., control, visual search, detection, recognition, information processing) to be studied
separately or in combination. Thus, the driving situation can be abstracted and
performance can be examined under well-controlled conditions. Relative difficulty levels
of component tasks can be varied, and the differential effects of stress or other
independent variables on specific aspects of driving performance can be studied.
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Summary of Data for
Stimulus Programming System (SPS) Participants

BAC All SPS
Group Participants
<.10% 2.10%
n=71 n=26 N=97
45 men 19 men 64 men
26 women 7 women 33 women
Mean Age (vears) 26.82 27.54 27.00
Mean BAC .033% 123% 057%
Q-F-V Classification:
Light 29 0 30
Moderate 30 10 40
Heavy 12 16 27
Mean Scores:
SPS
Track E? 73.95 81.78 75.90
RT (secs.) 7.02 8.65 7.45
Response Errors 4.55 8.65 5.65
%rzrg;r)“ing’ hils 0.43 1.15 011
Sobriety Test Battery
One-Leg Stand 2.31 3.48 2.61
Finger-to-Nose 2.51 3.87 2.86
Finger Count 2.58 4.69 3.14
Walk & Turn 2.58 4.96 3.23
Tracing 3.23 5.08 3.79
Nystagmus - Left .94 4.58 1.92
- Right 77 4.12 1.67
- Total 1.71 8.70 3.59
Total Score: 14.92 30.78 19.22
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ADDENDUM
COMPARISONS OF MALE AND FEMALE PARTICIPANTS: DRINKING
PRACTICES, BAC, AND TEST SCORES

Questions of gender-related differences are important to interpretations of the evaluation
study findings and to potential use of the recommended sobriety test battery. It seems to
be rather widely believed that, compared to men, women are (1) poorer drivers, (2) more
susceptible to alcohol effects, (3) less likely to be arrested by the police, and (4) more
difficult to deal with when under the influence of alcohol. Whether or not any of these
beliefs is based in fact, some police officers report being reluctant to confront the
intoxicated woman, who has a reputation for being uncooperative, belligerent, and
tearful. This reluctance could create a bias in arrest rates, as could impairment assessment
problems associated with sex-related differences in drinking-and-driving habits and
alcohol-related impairment of driving skills.

In recruiting participants for the evaluation study, the variables of foremost interest were
drinking practices and history, and it was not feasible to additionally specify exact
numbers of men and women. Consequently the actual gender distribution simply reflects
the male: female ratio of applicants. The total of 238 participants was comprised of 168
(71%) men and 70 (29%) women. Thus, in comparison to roadside survey data (Wolfe,
1974) which show 84% men and 16% women, or to the Borkenstein accident data (1964)
with 78% men and 22% women, there is an over-representation of women. However,
note that the two cited studies sampled night-time drivers primarily, and thus are not
representative of the total driving population.

As will be discussed in detail in the following pages, the evaluation study data do not
reveal any significant or important differences as a function of gender. However, it is
necessary to add the qualifying statement that there are characteristics of these data which
render findings in this particular area somewhat equivocal. Specifically, there were
important differences, as can be seen in the following tables (Table A-1 and Table A-2)
and figures (Figure A-1), between male and female participants in drinking practices and
therefore in alcohol treatment level and BAC.

For example, almost half the men were heavy drinkers. In contrast, only 13% of the
women were in the heavy-drinker category. These differences, which complicate the
male-female comparisons, can be compared to drinking-category distributions in the
general population. Cahalan et al. (1969) reported data from a nation-wide study of
drinking practices. If those data are truncated, excluding abstainers and infrequent
drinkers, as was the case
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TABLE A-1
CLASSIFICATIONS OF PARTICIPANTS BY

DRINKING CATEGORY
Q-F-V Catesory Number of Participants Percent of Participants
Men  Light 33 20
Moderate 54 32
Heavy _81 _48
Total: 168 100
Women Light 29 41
Moderate 32 46
Heavy — 2 13
Total: 70 100
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TABLE A-2
BAC DISTRIBUTIONS, BY GENDER

% of Gender Proportion by Gender of each

Number Group BAC TLevel
BAC Men Women Men Women Men Women
0 55 23 33 33 71 29
0><.05% 11 10 6.5 14 52 48
05%2><.10% 49 27 29 39 64 36
10%><.15% 37 10 22 14 79 21
A5%><20% 16 - 9.5 - 100 -
168 70

(71%)  (29%)

OCDA PRA RECORDS_ACLU RACIAL JUSTICE_SEPTEMBER 2022_000538



Lo |
th Men
i
o L
23 Women
E
se0 L
%
Em e
=]
B
o o > £ ,05> £.10> £.15> <. 20%

50 |

Lo L

0 L
]
H
E20 L

168 Men
L TO Women
s L 1 [ | [ | ]
0> Z.05* 210> £,15> <20%
Blood Alechol Comtenmt (BAC)

50 .

B

S bo|
o

)
'§30-
=
% 20
Elﬂ -
B
Light Moderate Heavy

FIGUEE A-1: Drinking Category and BAC Distributions
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with the evaluation study, and combining light and moderate drinkers as in the national
data, the two samples can be compared. It can be seen in Table A-3 that classifications of
the women in the two samples are remarkably similar, but there are substantial
differences for the men. The evaluation study participants included a higher proportion of
heavy drinkers than were reported by Cahalan et al.

Table A-4 presents a summary of correlation coefficients for test scores correlated with
BACs. All r values are significant at the .01 level (with the exception of Finger Count
Test, Women). Although the coefficients are higher for the men’s data than for the
women’s, the differences are not statistically significant. Since the size of a correlation
coefficient is directly related to the range of the correlated measures, the higher r for men
in this case can be largely attributed to a wider range of both BAC and test scores (men:
BAC 0 - .19%, scores 0 - 64; women: BAC 0 - .15%, scores 0 - 49). The correlations do
not provide any evidence of differential scoring by the officers.

Of considerably more interest are the scatter plots of Figure A-2 and Figure A-3. Linear
regression analyses, as detailed in Table A-5, locate the total-test-criterion scores (for
prediction of above or below .10% BAC) at 28 for the men and 29 for the women. Using
these criterion scores 81% of the women are correctly classified and 84% of the men are
correctly classified. As can be seen in Table A-6 the officers’ arrest/don’t arrest decisions
were considerably less accurate, but they demonstrated no important gender-related
biases in the laboratory setting,

It is concluded that in the context of the evaluation study the tests served equally well for
men and women, and the officers appear to have followed the same procedures and
criteria for both. However, field study is needed to determine whether real-world
circumstances would alter these findings with regard to differences by sex.
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TABLE A-3
DRINKING CLASSIFICATION COMPARISONS:
EVALUATION STUDY AND NATIONWIDE
DRINKING PRACTICES STUDY

Evaluation Study Cahalan et al. (1969)
% of Men % of Women % of Men % of Women
Light + Moderate 52 87 69 88
Heavy 48 13 31 12
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TABLE A-4
CORRELATIONS: TEST SCORES - BAC

Women Men
n=70 n=168

One-Leg Stand,* 469 483

Finger-to-Nose 419 S11

Finger Count 190 334

Walk-and-Turn* 418 590

Tracing .393 450
Alcohol Gaze Nystagmus®

Left Eve 549 666

Right Eye 507 684

Both Eyes 542 698

Total Test Score 618 719

*Recommended Test Battery

All values of r sig. at .01 level with exception of non-gig. r for Women - Finger Count.
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TABLE A-5
LINEAR REGRESSION ANALYSIS

Equation: v = a;x + a,

Women Men

iy =870 = 8 KT

a, = 201.06 a, = 189.55

BAC Score BAC Score
025 13.73 025 13.61
05 18.75 .05 18.35
075 23.78 075 23.09
.10 28.81 .10 27.83
15 38.86 15 37.30
20 48.91 20 46.78
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OCDA PRA RECORDS_ACLU RACIAL JUSTICE_SEPTEMBER 2022_000544



. .
e i o P o e e .
. ..

I W e S W
o2 04 06 08 40 a2 4 U6 B8 20
BLOOD ALCOMOL CONTENT

FIGUEE A-3: Scatter Plot of Total Test ScoreBAC for 168 Men

OCDA PRA RECORDS_ACLU RACIAL JUSTICE_SEPTEMBER 2022_000545



TABLE A-6
PERCENT CORRECT ARREST DECISIONS
BY MEN AND WOMEN

%

Women Men
Officers’ Decisions: Correct 77 76
Incorrect 23 24
By Criterion Score: Correct 81 84
Incorrect 19 16
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Review

Cannabis Effects on Driving Skills

Rebecca L. Hartman'< and Marilyn A. Huestis'”

BACKGROUND: Cannabis is the most prevalent illicit
drug identified in impaired drivers. The effects of can-
nabis on driving continue to be debated, making pros-
ecution and legislation difficult. Historically, delays
in sample collection, evaluating the inactive A°-
tetrahydrocannabinol (THC) metabolite 11-nor-9-
carboxy-THC, and polydrug use have complicated ep-
idemiologic evaluations of driver impairment after
cannabis use.

CONTENT: We review and evaluate the current literature
on cannabis” effects on driving, highlighting the epide-
miologic and experimental data. Epidemiologic data
show that the risk of involvement in a motor vehicle
accident (MVA) increases approximately 2-fold after
cannabis smoking. The adjusted risk of driver culpabil-
ity also increases substantially, particularly with in-
creased blood THC concentrations. Studies that have
used urine as the biclogical matrix have not shown an
association between cannabis and crash risk. Experi-
mental data show that drivers attempt to compensate
by driving more slowly after smoking cannabis, but
control deteriorates with increasing task complexity.
Cannabis smoking increases lane weaving and im-
paired cognitive function. Critical-tracking tests, reac-
tion times, divided-attention tasks, and lane-position
variability all show cannabis-induced impairment. De-
spite purported tolerance in frequent smokers, com-
plex tasks still show impairment. Combining cannabis
with alcohol enhances impairment, especially lane
weaving.

summary: Differences in study designs frequently ac-
count for inconsistencies in results between studies.
Participant-selection bias and confounding factors at-
tenuate ostensible cannabis effects, but the association
with MVA often retains significance. Evidence suggests
recent smoking and/or blood THC concentrations 2-5
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ng/mlL are associated with substantial driving impair-
ment, particularly in occasional smokers. Future
cannabis-and-driving research should emphasize chal-
lenging tasks, such as divided attention, and include
occasional and chronic daily cannabis smokers.

© 2012 American Association for Clinical Chemistry

Nearly two thirds of US trauma center admissions are
due to motor vehicle accidents (MVAs),> with almost
60% of such patients testing positive for drugs or alco-
hol (1).In 2010, 11.4% of Americans 12 years or older
drove under the influence of alcohol, and 10.6 million
drove under the influence of illicit drugs (2 ). Despite
real or perceived impairment, individuals reporta will-
ingness to driveif thereis a good reason (3, 4 ) or if they
believe they are tolerant (5 ). Alcohol and cannabis are
the drugs most frequently detected (6.

Cannabis is the most widely consumed illicit sub-
stance worldwide (2 ). In 2009, 125-203 million indi-
viduals 15— 64 years of age ingested cannabis in the pre-
vious year (7). In the US in 2010, 6.9% of individuals
=12 years old had smoked cannabis in the previous
month (2). The 2007 National Roadside Survey
reported cannabis as the most common illicit drug
quantified in drivers’ blood or oral fluid (OF), with
8.6% of nighttime drivers testing positive for A°-
tetrahydrocannabinol (THC) (6, 8 ). Thus, driving un-
der the influence of cannabis (DUIC) is a growing pub-
lic health concern.

The acute psychological effects of cannabinoids
include euphoria, dysphoria, sedation, and altered per-
ception {9 ). The intensity of euphoria/dysphoria varies
with dose, administration route, and vehicle; expecta-
tions of effects; and the cannabis smoker’s environ-
ment and personality. Cannabis is associated with sub-
jective physical discomfort and effort, as well as with
lethargy (10). Acute cannabis intoxication produces
dose-related impairment in cognitive and psychomo-
tor functioning, and it can produce risk-taking behav-
ior that can impair drivingskills (11, 12 ). Dose refers to

2 Nonstandard abbreviations: MVA, motor vehicle acadent; OF, oral fluid; THC,
A®-tetrahydrocannabinol, DUIC, driving under the influence of cannabis; RT,
reaction time; THCCOOH, 11-nor-9-carboxy-THG OR, odds ratio; BAC, blood
alcohol content; FARS, Fatality Analysis Reporting System; CTl, dlinical test for
impairment; CT, aitical tacking DAT, divided-attention task; SDLP, SD of
lateral position; DWI, driving while intoxicated.



Cannabis Effects on Driving Skills

THC content in cannabis preparations in milligrams or
micrograms per kilogram. Factors influencing dose in-
clude user experience, smoking topography, and can-
nabis THC concentration, all of which vary worldwide.
Cannabis effects include alterations in reaction
time (RT), perception, short-term memory, attention,
motor skills, tracking, and skilled activities (13, 14 ).

Objective and Search Methods

This review presents relevant published data and eval-
uates current knowledge of cannabis’ effects on driv-
ing. The electronic databases PubMed, Scopus, Web of
Science, and Embase were searched through February
20, 2012, for the key words “cannabis”; “marijuana”;
“automobile driving”; “accidents, traftic”; and “motor
vehicles.” Additional articles were selected from refer-

ences in identified sources.
DUIC: Epidemiologic Data

Early DUIC epidemiologic studies did not provide
strong evidence of cannabis causality, because individ-
uals with only nonpsychoactive 11-nor-9-carboxy-
THC (THCCOOH) in the blood were included in
cannabis-exposed groups (15 ). THCCOOH has along
window of detection in blood, well after the acute ef-
fects dissipate (16 ). In less-than-daily cannabis smok-
ers, THCCOOH was detected up to 7 days after the
smoking of 1 joint containing approximately 38 mg
THC (cutoff, 0.5 ng/mL) (17). THC blood concentra-
tions decrease rapidly after smoking (16, 18). Blood
collection occurs about 90 min after arrest (19) and 3
to 4 h after an accident (20 )—long enough that many
samples have become cannabinoid negative, although
the blood may have been positive at the time of the
evenl. There also were few cannabis-only cases; multi-
ple drugs with potential to contribute to impairment
were usually found.

Cannabis smokers share demographic characteris-
tics similar to those of other groups with a high crash
risk, including youth (ages 1825 years), male sex, risk
taking, and high drunk-driving incidence (8, 20-23 ).
Cannabis tolerance may develop in frequent smokers,
with less impairment than for occasional smokers with
similar THC concentrations (24 ). Statistically control-
ling for these potentially confounding variables some-
times makes results equivocal (25, 26 ).

Ten epidemiologic studies from 6 countries have
investigated the relationship of MVA to cannabis in-
take (Tables 1 and 2). Various case control designs used
self-reporting or objective biological measurements.
Adjusting for confounders reduced the apparent effect
sizes relative to crude values and sometimes caused a
loss of statistical significance (21, 27-29). Six studies

OCDA PRA RECORDS_ACLU RACIAL JUSTICE_SEPTEMBER 2022_000551

evaluated relationships between cannabis exposure
and MVA by self-report (Table 1; see Table 1 in the
Data Supplement that accompanies the online version
of this review at http://www.clinchem.org/content/
vol59/issue3). Examining cannabis consumption
rather than DUIC has generally produced nonsignifi-
cant or lower odds ratios (ORs) than targeting DUIC.
More frequent cannabis exposure (addiction patients;
more than once a week, >4 days/week) was associated
with a significantly increased MVA risk (risk ratio,
1.49; OR, 2.76 and 2.5, respectively) (27, 30, 31). A
crude 11.4 OR for MVA injury within 3 h of cannabis
smoking dropped to a nonsignificant OR of 0.8 after
adjusting for confounders (28 ), whereas DUIC after
smoking during the previous hour almost doubled
crash risk [ORs, 1.84 (21 ) and 2.61 (27 )], afinding that
withstood adjustment for demographic characteristics
(21, 27 ) and self-reported driving under the influence
of alcohol (21 ). Driving within 1 h after smoking pro-
duced higher MVA ORs than driving within 2 h (32 ).
Of 3 case control studies that included objective can-
nabis measurement (Table 2}, two studies used urine
samples and found no significantly increased ORs
{33, 34 ), findings that are consistent with cannabis’ ex-
tended urine-detection window. In the third study, 204
driver fatalities (blood THC =0.6 ng/mL) were com-
pared with randomly selected controldrivers { OF THC
=5ng/mL) (29 ). The crude OR for fatality was 13.9 for
cannabis-positive drivers, and that result retained sig-
nificance (OR, 8.6) after adjusting for demographics,
time period, and season. Too few cannabis-only cases
had accrued by then to establish a significant adjusted
OR for THC alone. Two recent metaanalyses, each of
which evaluated data from 9 epidemiologic studies (2
in common), documented a significantly increased
MVA risk [OR, 2.66 {35) and 1.92 (36)], even after
controlling for confounding variables.

Studies that presented culpability risk associated
with cannabis use are summarized in Table 3 (see Table
2 in the online Data Supplement for additional details).
Increased blood THC concentrations were associated
with a higher culpability OR. In 2004, Drummer et al.
{15) demonstrated a statistically significant increase in
the adjusted OR for crash responsibility (2.7) for driv-
ers with any measurable blood THC relative to drug-
free drivers. When the blood THC concentration was
=5ng/ml, the OR increased to 6.6, a culpability com-
parable to that of'a 0.15% blood alcohol concentration
(BAC). Among alcohol-negative drivers who were pos-
itive for cannabinoids, the 1.39 unadjusted OR was sig-
nificant for having at least 1 driver-related factor,
which is defined as a potentially unsafe behavior or
action contributing to the collision, in 10 years of Fa-
tality Analysis Reporting System (FARS) data (22 ). Af-
ter demographics and driving record were controlled,

Clinical Chemistry 59:3 (2013) 479
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Cannabis Effects on Driving Skills

the OR remained significant (1.29). FARS drug test re-
sults are based on blood or urine; including urine data
may contribute to low ORs, owing to the extended
cannabinoid-detection windows. In France, drivers
who had detectable blood THC concentrations and
were involved in fatal crashes had a 3.17 OR for crash
responsibility (1.7 OR after adjustment for demo-
graphics, BAC, THC concentration, and crash time)
(37 ). The driver-responsibility OR increased with in-
creasing blood THC concentration. Crude (adjusted)
ORs were 2.18 (1.57), 2.54 (1.54), 3.78 (2.13), and 4.72
(2.12) for <<1, 1-2, 3—4, and =5 ng/ml, respectively.
Although relatively few studies have evaluated the rela-
tionship of driver responsibility and cannabis intoxica-
tion, an increased blood THC concentration was
strongly associated with driver MVA culpability.

The debate on cannabis’ effects on driving contin-
ues despite these findings, creating challenges for
implementing effective drugged-driving policies
(15, 37, 38). To date, 17 states and the District of Co-
lumbia have enacted medical marijuana laws (39 ).
Colorado, which legalized medical marijuana in 2000,
has seen increased numbers of DUIC cases and is con-
sidering a 5- ng/mL blood THC per se law. This pro-
posal generated strong debate, despite the evidence
showing increased culpability (40). In Drummer’s 58
cannabis-only culpable MVA cases (15}, the median
blood THC concentration was 12 ng/mL, with 84% of
the cases having THC concentrations =5 ng/mL. In-
creasing blood THC concentrations predict increasing
driving impairment. The median blood THC concen-
tration for 456 Norwegian suspected drugged drivers
(1997-1999) with blood samples positive for cannabis
only was 2.2 ng/mL (range 0.3-45.3 ng/mL) (24). The
physician who performed the clinical test for impair-
ment (CT'1) judged 54% of the individuals as impaired.
Grouping drivers by concentration range and adjusting
for sex, needle marks, and self-reported regular canna-
bis consumption produced impairment ORs of2.4, 2.5,
and 3.2 for blood THC concentrations of 3.0—4.8,4.9—
10.1, and >10.2 ng/mL, respectively. Although some
investigators have described a strong linear relation-
ship between serum and OF THC concentrations, lin-
ear relationships between performance impairment
and serum and OF concentrations are weak (47 ), and
the results for interindividual variation show that it is
inaccurate to predict plasma concentrations from OF
concentrations {42 ).

In Australia, itisillegal to drive with any detectable
blood THC (43 ). Police randomly test blood or OF for
THC. In the first vear of testing, median THC OF and
blood concentrations were 81 ng/mL (range, 56484
ng/mL) and 6 ng/mL (range, 3-19 ng/mL), respectively
{44). One vear later, the median OF THC concentra-
tionwas 66.5 ng/mlL (median forblood, 6 ng/mL) (43 ).

OCDA PRA RECORDS_ACLU RACIAL JUSTICE_SEPTEMBER 2022_000555

Mean OF and blood concentrations were 274.3 and 7.6
ng/mL. In 2005, Switzerland imposed a punishable
blood THC limit of 2.2 ng/mL (45). Of 1704 drivers
confirmed to be THC positive (=1.0 ng/mL), 1292
(76%) had THC concentrations >»2.2 ng/mL. Mean,
median, and maximum blood concentrations were 5.8,
3.8, and 62 ng/mL, respectively. In cannabis-only cases
(57.7%), mean (8.1 ng/mL vs 5.9 ng/mL) and median
(5.8 ng/mL vs 4.1 ng/mL) concentrations were signifi-
cantly higher for single vs polydrug users, respectively.
A 10-year study of driving under the influence of drugs
in Sweden (8794 THC-positive cases) revealed mean
and median blood THC concentrations of 2.1 ng/ml
and 1.0 ng/mL, respectively (19 ). Drivers claiming reg-
ular cannabis consumption (177 of 456) were signifi-
cantly less often {32% vs 55%) to be judged as impaired
by CTT than occasional smokers, with no difference in
the median blood THC concentration (24 ). A multiple
regression model controlling for THC concentration
revealed a 1.8 impairment OR for occasional vs regular
cannabis smokers.

A 2007 international expert evaluation of epide-
miologic and experimental evidence concluded that
risk-based legal limits were unsupportable {38 ). The
consensus proposal was a serum lower limit of 7-10
ng/mkL, which was based on metaanalyses of experi-
mental data, with a safety margin added for individual
variability and laboratory error. In contrast, Jones et al.
{19 ) advocated that zero tolerance based on THC lim-
its of quantification is more pragmatic, because any
nonzero science-based per se laws would allow many
individuals to evade prosecution. The debate is com-
plicated by the temporal dissociation of THC concen-
trations from acute driving impairment. Karschner et
al. (46 ) recently reported THC concentrations (=0.25
ng/mL) in whole blood and plasma samples obtained
from chronic daily cannabis smokers monitored con-
tinuously for abstinence for >>7 days. Recently Bosker
et al. (47) documented psychomotor impairment in
chronic daily cannabis smokers relative to matched oc-
casional drug users with respect to validated driving-
impairment indicators [critical tracking (CT) and di-
vided attention] through 21-23 days of abstinence.
Residual cognitive impairment (48) and withdrawal
effects, such as sleep disruption (49 ), were reported
after chronic cannabis smoking. These effects may im-
pair driving performance.

DUIC: Experimental Data

Experimental studies of driving performance under the
influence of cannabis are the most rigorous way to eval-
uate impairment causality. Tables 4 and 5 summarize
the results of laboratory studies on cannabis-induced
neurocognitive function and driving (simulator and

Clinical Chemistry 59:3 (2013) 483
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Cannabis Effects on Driving Skills
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on-road). Study details—including THC dose, the par-
ticipants” history of cannabis use, performance mea-
sures, and results—are presented in Tables 3 and 4 in
the online Data Supplement. Past experimental studies
often were inconclusive because outcome measures
lacked sensitivity and had not been tailored to specific
THC effects (50, 51 ). Cannabis drivers appeared to be
aware of impairment and attempted to compensate by
driving more slowly and taking fewer risks (4, 10, 52—
55). Perceived driving effort increased under the influ-
ence of THC (4 ). Others reported that it was not pos-
sible to fully compensate because ofa control cost (53 ).
THC'’s impairing effects increase with task complexity,
so a realistic driving task involves subtasks requiring
simultaneous attention. Study participants performed
worse (a) on divided-attention tasks {( DATS) (=2 sub-
tasks performed simultaneously) (52, 53, 56); (&)
during unexpected circumstances and choices; or (¢)
during long, monotonous drives. Cannabis-
associated impairment may manifest as a failure to
demonstrate expected practice effects, a result sug-
gesting drivers lose some benefit afforded by prior
experiences (55). An increased RT is among the
most common cannabis-associated impairments
(10, 12, 50, 53, 57, 58). Road tracking (maintaining
the correct road position) is one of the most sensitive,
dose-dependent measures (59). THC intake increases
lane position variability (weave) or SD of lateral posi-
tion (SDLP) {10, 53, 59, 60, as well as steering wheel
variability (10, 53 ). A recent study demonstrated sig-
nificant THC-induced cognitive performance decre-
ments (immediate recall, attention, working memory,
executive function) (61 ) in occasional smokers over a
wide range of prior cannabis exposure (21000 lifetime
episodes). One 3.95% THC cigarette produced a de-
gree of body sway and brake latency similar to that
observed for a 0.05% breath alcohol content (57).
Five controlled cannabis-administration studies
examined smoked cannabis’effects on neurocognitive
function (Table 4; see Table 3 in the online Data Sup-
plement). THC doses of 13 mgand 17 mg did not pro-
duce time or distance perception effects in chronic
daily cannabis smokers at approximately 1.25 h after
smoking (62 ). Individuals who smoked cannabis one
or more times per month underestimated 60- and
120-s intervals 1.25 h after smoking two 3.6% THC
cigarettes {4 puffs/cigarette) administered 2 h apart
{56 ). THC intake (13 and 17 mg) produced minor but
significant dose-dependent impairment in a card-
sorting task at approximately 0.75 h after smoking (62 )
and in a digit-symbol substitution test (56 ). At 1 hour
after smoking, neither 13 mg nor 17 mg THC signifi-
cantly affected decision-making speed in a gambling
task (62 ), although the percentage of participants who
chose least-likely outcomes was significantly higher af-

486  Clinical Chemistry 59:3 (2013)

OCDA PRA RECORDS_ACLU RACIAL JUSTICE_SEPTEMBER 2022_000558

ter the higher dose than after ingesting placebo. RT in a
Tower of London test (decision-making) after 400 and
500 pg/kg THC (approximately 28 mg and 35 mg, re-
spectively) was not significantly affected in occasional
(=1 day/week) or frequent (>4 days/week) smokers
{5, 63 ). The number of correct decisions in the Tower
of London tests decreased significantly at 0.75-5.75 h
after recreational smokers (=5 times in the previous
year) consumed 500 pg/kg THC (41 ), but frequent
smokers (>4 daysfweek) were not significantly af-
fected after 1 h (5). Complex tasks requiring multiple
neurocognitive and/or neuromotor skills were partic-
ularly sensitive to THC’s impairing effects and dis-
plaved less tolerance. Tn a virtual maze, ingestion of 17
mg THC significantly increased wall collisions (5.5)
relative to the placebo (2.9), and 13 mg THC also in-
creased wall collisions (3.2) (62 ). Significant CT per-
formance decrements were observed in occasional
smokers 0.25-5.25 h after they smoked 250 ug/kg (ap-
proximately 17.5 mg) THC (41 ) and at 0.17-7.08 h
after they smoked 500 pg/kg (5, 41 ). In these experi-
ments, THC did not significantly affect CT in frequent
smokers (>4 days/week) (5, 63 ), but DATS (5, 56, 63)
and RTs (stop-signal task) (5, 41) reflected impair-
ment in both frequent and occasional smokers.

The results of simulator and on-road studies are
briefly summmarized in Table 5 and are fully character-
ized in Table 4 in the online Data Supplement. Driving-
simulator studies offer greater face validity than labo-
ratory studies for measuring effects of THC on driving
effects and are less risky for participants. Simulators
also allow measurement of specific performance decre-
ments in ways unachievable in actual road-driving ex-
periments. Nine simulator experiments were exam-
ined. RT, road tracking, speed, and speed SD were the
most commonly measured outcomes. THC ingestion
dose-dependently increased RT in 4 of 6 studies
(10, 53, 55, 57, 64, 65 ). Low THC doses (13 and 17 mg)
praduced significant and dose-dependent increases in
RTina DAT (10), suggesting a particular sensitivity of
a DAT to THC effects. Only 1 simulator experiment
included headway maintenance (53). Smoked THC
(19 and 38 mg) significantly and dose-dependently in-
creased the headway mean and SD relative to placebo.
The most sensitive road-tracking measure was SDLP,
results of which revealed THC-associated impairment
in 2 of 4 studies. Relatively low-dose (13 and 17 mg)
smoked THC increased SDLP relative to placebo in oc-
casional smokers (14 times per month) {10), and 19
mg and 38 mg also produced significant increases (4
cm and 7 cm, respectively) (53). No significant in-
creases in SDLP were reported after 13 mg in occa-
sional smokers (1—4 times per month) (3) orafter 22.9
mg in smokers who smoked 1-10 times per month
(55). Other monitored road-tracking outcomes were
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the number of cones knocked over (57 ), the percentage
of time in a lane (60), and “straddled line” variables
(66 ). Significant THC-induced impairment was dem-
onstrated 60-330 min (60) and 80 min (66) after
14-52 mg THC was smoked. At an earlier time point
{30 min after smoking), results did not attain signifi-
cance, but there were trends toward impairment in
“straddling the solid line” (i.e, dividing different-
direction lanes, P = 0.09) and “straddling the barrier
line” (broken line dividing same-direction lanes, P =
0.08) (66 ).

The results of Standardized Field Sobriety Tests 55
and 105 min after smoking corresponded to those of
80-min simulator results in >65% of cases for 14- and
52-mg THC doses. Standardized Field Sobriety Tests
classified several participants as “impaired” when driv-
ing performance suggested otherwise, but line strad-
dling is a relatively insensitive impairment measure.
Four of 5 studies detected compensatory decreases in
mean speed after THC doses =13 mg (3, 10, 53, 55 ).
When cannabis history was described, all participants
were occasional smokers. No significant THC effect
was observed (1.77% or 3.95% THC cigarettes) for par-
ticipants who smoked at least weekly but not daily (57 ).
Speed variability increased after THC smoking relative
to placebo in 3 of 6 studies (10, 53, 64 ), suggesting that
the drivers had less vehicular control. DATs were used
in only 2 simulator studies. After smoking 22.9 mg
THC, participants failed to demonstrate the practice
effects that were observed with placebo on a paced au-
ditory serial-addition test during an otherwise un-
eventful drive (55). During combined car-following
and sign-detection tasks, smoking of 38 mg THC in-
creased the headway mean and SD (53). In occasional
smokers, 45.7 mg THC also decreased visual search and
processing speed (60 ).

A series of on-road studies (4, 59, 67) conducted
in the Netherlands evaluated the effects of smoked
THC on actual driving performance (Table 5). In a
22-km road-tracking, closed-course test, 100, 200, and
300 pgrkg of smoked THC (approximately 7, 14, and
21 mg, respectively) increased SDLP relative to placebo
with no significant differences in the speed mean or SD
(4). The degree of SDLP impairment was the same at
40 min and 100 min after the start of smoking. In a
highway experiment with an escalating dose (100, 200,
and 300 wg/kg THC), 16 participants started driving 45
min after commencing smoking (59 ). The drive in-
cluded a 16-km car-following task (approximately 15
min), a 64-km road-tracking task (approximately 50
min), and a second 16-km car-following task. THC
smokingincreased SDLP dose dependently: The lowest
dose produced a slight and nonsignificant SDLP in-
crease, the medium dose a significant but modest in-
crease, and the highest dose a significant and substan-
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tial increase. The mean headway in the car-following
test increased &, 6, and 2 m for the 100-, 200-, and
300-ug/kg doses, respectively. The authors suggested
the inverse headway—dose relationship was a practice
effect due to decreasing driver caution with increasing
experience with the task, rather than pharmacody-
namic tolerance. THC smoking (100 and 200 pg/kg)
impaired driving performance on 40-km car-following
and road-tracking tasks (67 ). Drives were conducted
30 and 75 min after smoking. The headway SD and
SDLP increased significantly relative to placebo after
each active dose (headway SD, by 2.9 and 3.8 m for 100
and 200 pg/kg, respectively; SDLP, by 2.7 and 3.5 cm).
The participants’ SDLP values were higher in the sec-
ond drive than in the first. The final on-road study
administered placebo or 100 pg/kg smoked THC at 25
min before a 45-min drive through a city (4). Perfor-
mance was evaluated with the Driving Proficiency Test.
Smoking THC had no significant effect on total score,
vehicle checks, handling, action in traffic, traffic obser-
vation, or turning.

Combined Alcohol and Cannabis Intake

Cannabis and alcohol share some cognitive and psy-
chomotor effects (10, 41, 68 ). Both are central nervous
systemn depressants, and alcohol activates the cannabi-
noid CB1 receptor pathway (69 J; however, different
effects on driving behavior were noted at the THC
doses evaluated. Alcohol consumption led to faster
driving (3 ), whereas the cannabis doses typically stud-
ied reduced driving speed. Alcohol inflates self-
confidence, causing underestimation of impairment
(10). In contrast, cannabis-influenced drivers occa-
sionally appear more cautious in experimental settings.

Alcoholand cannabis are commonly identified to-
gether in MVA victims. DUIC is more common amorng
people who also drive drunk (70 ). Among 322 MVA
victims, 30% of the THC-positive individuals had been
drinking alcohol also (I ). A larger French case control
study found that >40% of 681 THC-positive drivers
involved in fatal crashes had BACs above the 0.05%
legal limit (37 ). Over a 90-day period, 30.6% of 108
drivers admitted to the University of Maryland Medi-
cal Center Shock Trauma Center tested positive for al-
cohol (93.5% with BAC values =0.07%); one third of
the drivers also tested positive for cannabis (urinalysis,
50 ng/ml cutoff; analyte not specified) {23). Alcohol
was detected with THC in nearly 20% of Swiss cases in
which the THC concentration in blood exceeded the
2.2- ng/mL legal limit (45).

Among 727 French drivers involved in fatal acci-
dents with blood THC concentrations =1 ng/mlL, 40%
of the drivers also had an illegal BAC, =0.05% (20).
Drunk driving (with or without cannabis} produced a

Clinical Chemistry 59:3 (2013) 487



higher single-vehicle accident incidence (62%) than
did DUIC (34%). Drivers whose blood contained only
cannabis were 2.3 times more likely to be culpable than
those without cannabis or alcohol. This responsibility
index (the percentage responsible divided by the per-
centage not responsible) increased to 9.4 for those with
only alcohol in their blood, and to 14.1 with both alco-
hol and cannabis. THC-positive drivers with BAC val-
ues =0.05% had a culpability OR 2.9, relative to those
with a BAC =0.05% alone (15), implying that THC
enhanced alcohol’s impairing effects. In a case-
controlled logistic regression analysis, patients in On-
tario, Canada, who sought treatment for combined al-
cohol and cannabis abuse had a significantly higher
likelihood of a prior conviction for driving while intox-
icated (DWT]) (OR, 3.65) relative to randomly chosen
driver controls matched by age and sex (71 ). Cannabis-
only patients were not significantly different from con-
trols for DWI convictions, whereas alcohol-only pa-
tients had a prior DWI conviction OR of 5.19. DWI
convictions were not necessarily concurrent with con-
sumption of drug(s) for which the individuals were
subsequently treated. A significant risk ratio of 5.8 fora
driving-related injury within an hour after cannabis
exposure (case-crossover self-report study) nearly
doubled, to a 10.9 risk ratio for alcohol and cannabis
combined (32 ).

Four studies included laboratory data on alcohol
and cannabis interactions (Table 4; see Table 5 in the
online Data Supplement). In a time-estimation task,
two 3.6% THC cigarettes (4 puffs each, 2 h apart)
yielded underestimated time targets (56 ). Alcohol con-
sumption [0.6 g/kg (male) and 0.5 g/kg (female)] pro-
duced overestimations. In combination, these effects
canceled each other. Two of 3 studies showed a canna-
bis—alcohol interaction on DATS, suggesting this test
was asensitive measure. In occasional smokers (once to
4 times per month), some THC (13 mg) or alcohol
(target BAC, 0.05%) impairment effects occurred
15-75 min after smoking (3 ). Although each substance
increased false-alarm responses, the greatest effect oc-
curred in combination. Performance impairment and
subjective effects were generally strongest after con-
suming both drugs. Frequent smokers (=4 days/week)
showed increased control losses after 400 pg/kg THC
and 0.05% and 0.07% BACs (63 ). Combinations pro-
duced the greatest effects, although whether alcohol
and THC produced additive or synergistic effects was
unclear. The percentage of drivers judged as impaired
increased with increasing blood THC concentration
and BAC (72). When neither alcohol (blood cutoff,
0.001%) nor THC (blood limit of detection, 0.2 ng/
mL) was detected, 14% of CTI observations showed
impairment. Alcohol alone at BACs of 0.001%—0.05%
(low) and >0.05% (high) was associated with 77% and
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95% impairment, respectively. THC concentrations
between 0.30 and 1.6 ng/mL were associated with 45%,
91%, and 97% impairment for 0, low, and high BACs,
respectively. THC concentrations =1.6 ng/mL were as-
sociated with corresponding impairments of 53%,
93%, and 100%. These CTT data indicate progressive
and increasing impairment with increasingalcohol and
THC combinations.

One simulator study showed a cannabis—alcohol
interaction (Table 5). In occasional smokers (once to 4
times per month), a 0.05% target BAC and 13 mg
smoked THC increased the SDLP relative to either
drug alone or placebo, which did not differ {3 ). Alco-
hol alone increased drive speed relative to that for
THC; THC alone decreased speed. The combination
produced a borderline-significant speed increase rela-
tive to THC alone. No significant effect was observed
for the speed SD. Alcohol and THC consumption in-
creased the total number of collisions (5 of 12) relative
to either drugalone (2 of 12 and 3 of 12 for alcohol and
THC, respectively).

The most straightforward cannabis—alcohol effect
appeared in a study that administered 0, 100 pg/kg
(approximately 7 mg), or 200 pg/kg (approximately 14
mg) THC and alcohol (target BACs, 0% o1 0.04%) (Ta-
ble 5) (59, 67). Alcohol plus the high THC dose in-
creased the RT by 36%; this dosing condition was the
only one thataffected RT. Alcohol or the low THC dose
alone slightly increased SDLP; the higher THC dose
caused moderate impairment. Neither drug alone sig-
nificantly increased the time out of lane. Combining
either THC dose with alcohol severely increased SDLP
and dose-dependently increased the time out of lane.
Combining the 100- and 200-ug/kg doses with 0.04%
BAC created a degree of impairment equivalent to that
of 0.09% and 0.14% BAC, respectively. Visual search
for traffic at intersections was significantly decreased
by 3% relative to placebo for a 0.04% BAC and after
consumption of 100 pg/kg THC, an effect not observed
with either drug alone (4).

Although several studies have reported additive or
synergistic cannabis—alcohol effects, some studies re-
ported no interactions. The inconsistencies were likely
due to differences in procedures, outcome measures,
and cannabis history for the study populations. After
combining moderate drug doses in occasional smok-
ers, o interaction effect was observed on free word
recall, digit-symbol substitution, logical reasoning
{56 ), standing steadiness, or equilibrium (56, 65 ). Fre-
quent smokers did not show a cannabis—alcohol inter-
action in a Tower of London task, a stop-signal task, or
CT after smoking 400 ug/kg (approximately 28 mg)
THC and ingesting 0.05% or 0.07% BAC (63). A 3.3%
(approximately 30 mg) THC cigarette decreased equi-
librium scores, and 0.5 g/kg alcohol increased brake
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latency, with neither effect significantlyaltered with the
combination (65 ). The authors speculated that the lack
of interaction was an impairment-awareness artifact,
coupled with the expectation of an “emergency.” A re-
cent 9-session simulator experiment that investigated
0,19,and 38 mg THC and 0, 0.4, and 0.6 g/kg alcoholin
all possible combinations demonstrated substantial
impairment caused by THC alone (both active doses)
(53 ). Both alcohol doses increased SDLP; the lower al-
cohol dose also increased the speed mean and SD. No
interaction effects were observed, most likely because
the alcohol doses were low. The mean achieved BACs
were 0%, 0.02%, and 0.05% for placebo, low alcohol,
and high alcohol conditions, respectively.

Preventing DUIC

One of the greatest challenges is dealing with public
attitudes toward DUIC, One fourth (26.3%) of 320
drivers who smoked cannabis in the previous year in-
dicated a >>90% likelihood of future DUIC, even after
having been shown data on increased crash risk (73 ).
Only 7.5% reported they would be unlikely to drive
(0%6-10% likelihood). The majority indicated a > 50%
probability of future DUIC, even given the higher
MVA risk. Regular smokers who had previously DUIC
emphasized that publicity campaigns would not deter
them from future DUIC (74 ). Past experience had con-
vinced them that they could compensate for cannabis-
associated performance decrements. Most believed
cannabis caused minimal driving impairment; a few
considered it to have no or even a positive effect on
driving. A high likelihood of apprehension and punish-
ment was a better deterrent. Given a hypothetical sce-
nario with no chance of punishment, three quarters
indicated a >50% chance for DUIC, and half indicated
a >909% likelihood (73). In contrast, given a hypothet-
ical scenario of a high degree of certainty of punish-
ment, participants were significantly less willing to
DUIC {OR, 0.2; P <€ 0.001). In a small study on DUIC
attitudes, however, no one who reported having been
stopped by police while DUIC indicated that they were
deterred by this experience (none were charged) (74 ).
Study findings suggested that random roadside testing
(with arrest of those found cannabis positive) would be
a better deterrent than advertising campaigns promot-
ing the hazards of DUIC.

Conclusions/Discussion

Many epidemiology studies have involved selection
bias. Some evaluated only specific populations, such as
deceased drivers or those being treated for substance
abuse or addiction. Case control studies are highly use-
ful, but they may be biased by the selection of controls.
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Caseand control populations may come from ditterent
time periods or include different cannabis-detection
cutoffs or matrices (e.g., blood analysis for killed driv-
ers vs OF for living drivers). The accuracy of self-
reported information varies, depending on the data-
collection methods. Self-reported prevalence estimates
are often underestimated, owing to the sensitivity of
illicit drug-related information (27, 28). Even when
objective measures of cannabis exposure were used, de-
tection cutoffs were varied and not always reported.
Urine testing has an extended cannabis-detection win-
dow and cannot establish a valid temporal association
with crash risk.

Several studies have shown increased crash and
culpability risks, even after adjusting for such con-
founders as age, sex, risky behaviors, and polyphar-
macy. Increased blood THC concentrations and driv-
ing within an hour after smoking were strongly
associated with higher crash and culpability risks. Hu-
man laboratory-controlled drug-administration stud-
ies showed THC-induced driving-performance decre-
ments within the first hour that lasted =2 h after
smoking, results that are largely consistent with epide-
miologic data, Laboratory-based impairment experi-
ments identified DATs and executive-function tasks as
the most sensitive to cannabis’ effects. Investigations of
actual driving performance have demonstrated dose-
dependent THC impairment in road tracking al-
though only low to moderate THC doses were admin-
istered ‘because of safety concerns. Simulator
technology has improved since it was first used for im-
pairment experiments, having progressed from rudi-
mentary controls and a projected cyclorama (64) to
full passenger cars, interactive screens with more com-
plete fields of view, advanced driver monitoring via
built-in cameras, realistic 3-dimensional audio output
to enhance the simulated drive, and motion platforms
that simulate physical driving sensations (10, 53, 55 ).
Such advanced driving simulators are anideal platform
for future research because they combine realistic driv-
ing scenarios with highly controlled and measurable
environments and provide a degree of safety not possi-
ble with on-road experiments. Driving simulators are
particularly necessary when challenging drivers with
difficult tasks (such as DATs and real-time decision-
making processes) and when evaluating higher THC
doses. Simulator studies from the last decade have
demonstrated significant THC impairment of RT and
the SDLP. THC smoking (22.9 and 38 mg) inhibited
expected practice effects on DAT's and produced dele-
terious performance effects, respectively (53, 55). De-
pending on the THC dose, driving speed may be re-
duced (3, 10, 53 ), particularly while multitasking (55 ),
and headway may be increased (53 ). These results sug-
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gest impairment awareness and compensation but do
not preclude control decrements.

Inconsistencies in findings are likely due to differ-
ences in study design; the population and setting (sim-
ulator vs road); the sophistication of the equipment;
the sensitivity and specificity of the tasks (including
drive length); THC dosage; and time after smoking.
Ditferences in driver compensation while under obser-
vation may contribute to the variability in results. Fu-
ture work should focus on extended segments of mo-
notonous driving (which draw drivers into a state of
complacency or sleepiness) followed by sudden
changes requiring reaction, realistic situations pre-
senting decision dilemmas, and DATSs. These con-
structs appear the most sensitive to THC’s impairing
influence.

Combining alcohol with THC exacerbated the ob-
served effects, especially with respect to RT and SDLP.
Low (100 pgikg) and moderate (200 pg/kg) THC
doses, combined with a 0.04% BAC produced road-
tracking impairment to a degree similar to BACs of
0.09% and 0.14% (59). Because consuming alcohol
and cannabis together is common, fully evaluating
their combined impact on driving performance is es-
sential. The use of clinically relevant THC and alcohol
doses in future studies is necessary to generate findings
that can better inform public policy. In previous re-
search, the administration of low THC and alcohol
doses often accounted for a lack of observed effects, at
least in part. Cannabis smokers typically self-titrate
doses, and alcohol drinkers consume enough alcohol
to attain BACs =0.05%. Most self-administered can-
nabis and alcohol doses are higher than the doses ad-
ministered in many research studies.

Tolerance to acute impairment is an important
consideration for future research and policy debates.
DAT and tracking tasks have demonstrated impair-
ment in chronic cannabis smokers, but other parame-
ters have not (5, 63 ). The debate regarding per se and

zero-tolerance drugged-driving laws is a prominent is-
sue. Increased blood THC concentrations are strongly
associated with increased crash risk, but there is no
direct correlation between driving impairment and
THC concentration.

DUIC is an important public health and safety
concern that requires the development of an evidence-
based policy and legislation targeted at drugs and driv-
ing. [mpaired driving endangers individuals inside and
outside the vehicle. Consuming cannabis before driv-
ing, with or without alcohol, is a common occurrence
that produces substantial morbidity and mortality on
the roadway. Research is needed to further define can-
nabis” effects on driving performance and to provide
the scientific basis for laws to improve road safety.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 3 re-
quirements: (a) significant contributions to the conception and design,
acquisition of data, or analysis and interpretation of data; (b) drafting
or revising the article for intellectual content; and (c) final approval of
the published article.

Authors’ Disclosures or Potential Conflicts of Interest: Upon mari-
useript submission, all authors completed the auihor disclosure form.
Disclosures andfor potential conflicts of interest:

Employment or Leadership: None declared.

Consultant or Advisory Role: None declared.

Stock Ownership: None declared.

Honoraria: None declared.

Research Funding: Intramural Research Program, National Insti-
tute on Drug Abuse, NTH.

Expert Testimony: None declared.

Patents: None declared.

Role of Sponsor: The funding organizations played no role in the
design of study, choice of enrolled patients, reviewand interpretation
of data, or preparation or approval of manuscript.

Acknowledgments: We thank A. White-Clson (NIH library) for as-
sisting with the literature search and D.A. Gorelick, MD, PhDD, for
editorial assistance. We also acknowledge the Graduate Partnership
Program, the NIH, and the University of Maryland Baltimore.

1. Walsh JM, Fegel R, Canganelli LA, Atkins R,
Saderstrom CA, Kerns T). Epidemiology of al cohol
and other dug use among motor vehicle crash
victims admitted to a trauma center. Traffic Inj
Prev 2004;5:254—60.

. Substance Abuse and Mental Health Services Ad-
ministration. Results from the 2010 National Survey
on Drug Use and Health: summary of national find-
ngs. Rodeille, MD: Substance Abuse and Mental
Health Services Administration; 2011, http:fAsry,
samhsa.gov/dataisduh/2k1 Onsduh/2k1 Oresults.
htm (Accessed NMovember 2012).

3. Ronen A, Chassidim HS, Gershon P, Parmet Y,
Rabinovich A, Bar-Hamburger R, et al. The effect
of alcohol, THC and their combination on per-
ceived effects, willingness to drive and perfor-

L8]

490  Clinical Chemistry 59:3 (2013)

OCDA PRA RECORDS_ACLU RACIAL JUSTICE_SEPTEMBER 2022_000562

1.

References

mance of dnving and non-driving tasks. Accid
Anal Prev 2010;42:1855—65.

. Lamers CT), Ramaekers JG. Visual search and

urban city driving under the influence of mari-
juana and alcohol. Hum Psychopharmacol 2001;
16:393-401.

. Ramaekers J, Kauert G, Theunissen E, Toennes S,

Moeller M. Neurocognitive performance during
acute THC intoxication in heavy and occasional
cannabis users. J Psychopharmacol 2009;23:266—
77

. Compton R, Beming A. Results of the 2007 na-

tional roadside survey of alcohol and drug use by
drivers. Washington, DC: National Highway Traf-
fic Safety Administration; 2009.

United Mations Office on Drugs and Crime

{UNODO). World drug report 2011, Vienna:
UNODC; 2011, p 272, hup:hwaww.unodeorg!
unodden/data-and-analysistWDR-2 011 html (Ac-
cessed November 2012).

. Lacey JH, Kelley-Baker T, Furr-Holden D, Yoas RB,

Romano F, Ramirez A, et al. 2007 National road-
side survey of alcohol and drug use by drivers:
drug results. Washington (DC): National Highway
Traffic Safety Administration. Office of Behavioral
Safety Research; 2009,

. Ashton CH. Adverse effects of cannabis and can-

nabinoids. Br J Anaesth 1999;83:637-49.

. Ronen A, Gershon P, Drobiner H, Rabinovich A,

Bar-Hamburger R, Mechoulam R, et al. Effects of
THC on driving performance, physiological state
and subjective feelings relative to alcohol. Accid





