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39 Background: Cannabis is increasingly used both medically and recreationally. With widespread 

40 use, there is growing concern about how to identify cannabis impaired drivers.

41 Methods: A placebo controlled randomized double-blinded protocol was conducted to study the 

42 effects of cannabis on driving performance. 191 participants were randomized to smoke ad 

43 libitum a cannabis cigarette containing placebo or THC (5.9% or 13.4%). Blood, oral fluid (OF), 

44 and breath samples were collected along with longitudinal driving performance on a simulator 

45 (standard deviation of lateral position (SDLP) and car following (coherence)) over a 5 hour 

46 period. Law enforcement officers performed field sobriety tests (FSTs) to determine if 

47 participants were impaired.  

48 Results: There was no relationship between THC concentrations measured in blood, OF or 

49 breath and SDLP or coherence at any of the time points studied (p>0.05). FSTs were significant 

50 (p< 0.05) for classifying participants into the THC group vs the placebo group up to 188 minutes 

51 after smoking. Seventy-one minutes after smoking, FSTs classified 81% of the participants who 

52 received active drug as being impaired. However, 49% of participants who smoked placebo 

53 (controls) were also deemed impaired at this same timepoint. Combining a 2 ng/mL THC cutoff 

54 in oral fluid with positive findings on FSTs reduced the number of controls classified as impaired 

55 to zero, 86 minutes after smoking the placebo.

56  Conclusions: Requiring a positive toxicology result in addition to the FST observations, 

57 substantially improved the classification accuracy regarding possible driving under the influence 

58 of THC by decreasing the percentage of controls classified as impaired.  

59
60
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61 Introduction

62

63 The relationship between cannabis use and driving impairment is complex because of the unique 

64 pharmacokinetic and pharmacodynamic properties of cannabis's major intoxicant: delta-9-

65 tetrahydrocannabinol (THC) (1). “Impairment” is difficult to define because there is no 

66 universally agreed upon task that can be used to define driving impairment. With ethanol there is 

67 a clear relationship between the amount of alcohol consumed, blood alcohol concentrations, and 

68 the effects on driving performance (2). With cannabis, these relationships are more complex (3). 

69 The relationship between blood THC concentrations and crash risk is not established, but there is 

70 a clear understanding that THC impairs driving performance in many, but not necessarily all, 

71 individuals (1,4). The question that remains is: how to best identify drivers who are impaired by 

72 cannabis?

73

74 There are multiple components that influence the relationship between cannabis and impairment. 

75 These include factors related to cannabis itself (e.g., % THC content), cannabis use 

76 characteristics (e.g., route of administration, frequency and amount of exposure), characteristics 

77 of the individual using cannabis (e.g., experience, prior use), and when impairment is assessed 

78 relative to dosing. The psychoactive effects of cannabis inhalation begin within minutes of 

79 smoking or vaporization and peak within three hours (3), while oral administration causes effects 

80 that begin in ~1 hour and last up to 8 hours (5). This observation is consistent with findings 

81 showing driving-related skills recover between three and five hours after smoking cannabis (4,6). 

82 Unlike alcohol, which is cleared within 24 hours of drinking, THC accumulates with repeated 

83 dosing, resulting in some frequent users having baseline blood concentrations >5ng/mL. 

Page 4 of 30

https://mc.manuscriptcentral.com/clinchem

Manuscripts submitted to Clinical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

84 Although there may be no measurable impairment, background THC concentrations can exceed 

85 the per se driving impairment limits currently employed in some states which are generally set at 

86 2 or 5 ng/mL of THC in blood (7,8). The term per se in context of driving under the influence 

87 means that when concentrations exceed the specified limit, a person is considered to be under the 

88 influence based solely on the toxicology test. After smoking, blood THC concentrations drop 

89 about 90% in the first hour (9,10). Since it can take several hours to collect a blood specimen 

90 following a traffic stop (11), it is difficult to estimate circulating blood THC concentrations at the 

91 time of driving. In one field study of 602 cases in which Drug Recognition Experts (DREs) 

92 determined the driver was impaired due to cannabis only (toxicology confirmed), the median 

93 THC concentration was 5.05 ng/mL– meaning that around 50% of the group were below per se 

94 limits used by some states (12).

95

96 Oral fluid (OF) is an alternative specimen that can be rapidly collected at the roadside to detect 

97 recent use of cannabis. OF has several advantages compared with analysis of blood; sample 

98 collection is non-invasive, it can be tested on screening devices at the point of contact, and, like 

99 blood, preliminary results can be confirmed by robust analytical techniques such as liquid 

100 chromatography tandem mass spectrometry (LC-MS/MS) (13,14). Analyzing breath samples for 

101 THC content has also been proposed for identifying recent cannabis use (15).

102

103 In the first study to evaluate police officers’ performance for detecting drug-related impairment 

104 (16), adult male participants were randomized to receive cannabis, diazepam, secobarbital, or d-

105 amphetamine. In this study the officers were trained DREs and were blinded to the participant’s 

106 study drug. Only one participant was misidentified as under the influence of cannabis, while the 
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107 individual was actually administered diazepam. The ability of the officers to correctly identify 

108 cannabis exposure (sensitivity) was low but dose related, as the officers correctly identified more 

109 participants on the high THC dose as compared with the low THC dose. 

110

111 Heishman et al. (17) performed a placebo-controlled double-blind study examining the ability of 

112 DREs to correctly classify participants who had been exposed to placebo, ethanol, cocaine, or 

113 THC. These authors showed that when the DRE determined impairment due to drugs other than 

114 ethanol (e.g., cocaine or THC), DRE conclusions matched toxicology results in 44% of cases. 

115 However, when considering cannabis, DREs determined that 6/16 of the participants exposed to 

116 placebo were impaired (17). 

117

118 In a follow up study, Heishman measured maximum THC plasma concentrations of 28 and 61 

119 ng/mL two minutes after smoking cannabis in a low and high dose group, respectively (18). In 

120 this trial, more placebo exposed participants were considered impaired than the low dose 

121 cannabis group. These authors concluded that DRE determinations of impairment were 

122 consistent with toxicology findings in only 32% of the cases (18). The authors point out several 

123 reasons for this discrepancy including that, in the field, officers observe other clues including 

124 driving behavior, drug paraphernalia, and cannabis odor.

125

126 Most of the published research examining the reliability of DRE observations has been 

127 conducted under controlled experimental conditions and only included part of the full DRE 

128 exam. This is unavoidable in studies where participants are examined more than once because a 

129 full DRE exam typically lasts about an hour (16). This has important implications when 

Page 6 of 30

https://mc.manuscriptcentral.com/clinchem

Manuscripts submitted to Clinical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Confidential

130 correlating laboratory studies with field studies, because several important steps of the DRE 

131 examination, such as interviewing the arresting officer, searching the participant, examining for 

132 physical signs of drug administration, and performing a breath alcohol test, are not possible in a 

133 laboratory study conducted over multiple time points after smoking cannabis. 

134

135 In this manuscript we report results from the largest randomized double-blinded-placebo-

136 controlled trial to date that examines the relationship between THC concentrations in various 

137 biofluids and performance in a driving simulator. We also report on police officers’ assessment 

138 of cannabis impairment based solely on field sobriety tests (FSTs) as well as when combined 

139 with various biofluid THC concentrations for the classification of persons exposed to active drug 

140 or placebo. We report the effect of different cut-points for blood and oral fluid at different time 

141 points for classifying participants deemed impaired on FSTs. 

142

143 Materials and Methods

144

145 Study Participants

146 The data presented summarize toxicology findings and FST results from a University of 

147 California San Diego Center for Medicinal Cannabis Research study (4). Briefly, 199 

148 participants were randomized and classified as “frequent” or “occasional” users. Participants 

149 using cannabis ≥ 4 times/week were termed “frequent” users, while those with intake at least 

150 four times per month, but ˂ 4 times/week were termed “occasional” users. Of these 199 

151 participants, 7 were excluded due to having > 5 ng/mL THC in OF on the day of the 

152 experimental visit and one participant withdrew resulting in 191 participants. Participants were 
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153 randomized to smoke 700 mg of placebo (0.02% THC), 5.9% THC, or 13.4% THC cannabis in a 

154 double blind manner. The characteristics of the dosing material were described previously (8). 

155 Participants were required to take at least 4 puffs and could smoke as much as they desired 

156 during a 10-minute smoking period. Participants were instructed to “smoke as you would at 

157 home to achieve desired highness”. The participants that smoked active drug (5.9% and 13.4% 

158 THC) were combined into a single group for all of the analyses in this report because there were 

159 no significant differences between how these two groups performed on the driving simulator (4) 

160 and no correlation was observed between the potential amount of THC smoked (mg based on 

161 weight returned following smoking) compared to perceived highness (10). The term “active 

162 drug” refers to participants smoking either a 5.9% or 13.4% THC cigarette. 

163

164 Law enforcement officers

165 Officers (N=11) were members of the California Highway Patrol or other California law 

166 enforcement agencies, were certified DRE instructors and had completed DRE training 

167 according to the International Association of Chiefs of Police. 

168

169 Field Sobriety Tests (FSTs) 

170 The officers performed FSTs consisting of a walk and turn, modified Romberg, lack of 

171 convergence, one leg stand, and finger to nose tests. These tests were described previously (19). 

172 Officers did not perform a full DRE exam due to time constraints. Based solely on participants’ 

173 performance on the FSTs, officers classified them as being impaired or not impaired. 

174

175 THC Measurement
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176 THC and related cannabinoids were quantified in blood, OF, and breath on a Waters TQ-S micro 

177 LC-MS/MS system. Analytical method details were published previously (14,20). Precision and 

178 accuracy of THC measurements were within +/-15% with a lower limit of quantification of 0.5 

179 ng/mL in blood, 0.4 ng/mL in OF, and 80 pg/breath pad. Blood was collected using sodium 

180 fluoride as the anticoagulant and analyzed within the timeframes described by Desrosiers (21). 

181 OF was collected using the Quantisal device (Immunalysis, Pomona CA), and analyzed within 

182 the timeframes described by Scheidweiler (22). OF was collected until the blue indicator showed 

183 that 1 mL specimen was obtained or for a maximum of 10 minutes. OF results are expressed as 

184 ng/mL THC in OF. Breath samples were collected in the SensAbues drug collection device. 

185

186 The timelines for biological specimen collections, driving simulations, and FSTs are shown in 

187 Figure 1. The mean (standard deviation (SD)) and median (inner quartile range (IQR)) times for 

188 sample collection, driving simulation, and FST exams for all subjects are shown in supplemental 

189 table 1. The mean (SD) and median (IQR) times for sample collection, driving simulation, and 

190 FST exams for subjects who smoked active drug are shown in supplemental table 2.

191

192 Driving simulator

193 The driving simulator was a STISIM M300WS-Console Driving Simulator System, as described 

194 by Marcotte (4).  Relationships between two measures of driving performance, standard 

195 deviation of lateral position (SDLP) and car following (coherence) and THC concentrations in 

196 blood, OF and breath are reported. SDLP, a measure of weaving in a driving lane, and 

197 coherence, a measure of ability to maintain a consistent distance with a leading vehicle, are two 
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198 commonly used indicators of impairment (23-25). An increase in SDLP indicates worse driving 

199 performance while a decrease in coherence indicates worse driving performance. 

200

201 Determination of Impairment

202 There is no reference method for identifying impairment following use of cannabis. Real-world 

203 driving impairment is the ultimate outcome of interest, but that is difficult to operationally define 

204 (crashes, high-risk behaviors, or slowed response to obstacles). Driving simulations, cognitive 

205 testing, and field sobriety tests are all surrogates of impairment. Impairment was defined as the 

206 officer’s interpretation of the participant’s performance across all of the FSTs. Any participant 

207 with sufficient deficits on the FSTs that a trained police officer deemed them unsafe to drive was 

208 defined as being impaired. This definition was selected because, in a traffic stop, an officer’s 

209 observation of driving performance is the precipitating event, followed by FSTs, and possibly a 

210 DRE exam. Unlike a traffic stop, in this controlled study, officers did not observe participants’ 

211 driving, and made a determination of impairment based only on observations during the FST 

212 examination. Results from the FSTs were combined with different cutoff blood or OF THC 

213 concentrations to classify participants as impaired, as was done previously (26). 

214

215 Statistics

216 Correlation between driving performance (SDLP and coherence) and THC concentrations in 

217 blood, OF, and breath were determined using Spearman rho. p-values were adjusted (padj) for 

218 multiple testing using the False Discovery Rate (FDR) method. p-values are from chi-square 

219 tests for comparing proportions of impaired (or, equivalently, proportions of non-impaired) 

220 between the THC and Placebo groups. p-values < 0.05 were considered significant. 
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221

222 Results

223 The relationship between THC concentrations in blood, OF, and breath obtained immediately 

224 after smoking active drug (i.e. peak measured concentration, median of 13 minutes post-

225 smoking) vs driving performance at the first post-smoking driving simulation (median 26 

226 minutes post-smoking) are shown in Fig. 2.  No correlation was observed between blood THC 

227 concentration and SDLP (Fig. 2A, rho = -0.02, padj = 0.89) or coherence (Fig. 2B; r = -0.102, p = 

228 0.46). These same parameters (SDLP and coherence) compared to THC concentrations measured 

229 immediately after the driving simulator (60 minutes post-smoking) also showed no relationship. 

230 The same results were observed for all other time points, as well as for analyses comparing THC 

231 concentrations and changes in simulator performance between the pre-smoking and post-

232 smoking simulations (data not shown). We also analyzed the OF and breath data in a similar 

233 manner (Figures 2C-2F) and demonstrated no relationship between biofluid concentrations and 

234 driving performance. The data in table 1 shows the Spearman correlation (p values) between 

235 biofluids and driving performance and are similar to the data shown in Figure 2, but include all 

236 of the time points in the study, versus Figure 2 which only shows data for the first driving 

237 simulation. The data in Table 1 are important because drivers could potentially be stopped at 

238 various times after smoking cannabis. Table 1 shows that biofluid results from immediately 

239 preceding the simulator had no correlation (all p values > 0.05) with driving performance at any 

240 time during the study for the active drug group. Table 2 is included because, in the field, driving 

241 performance is observed prior to collection of biofluid specimens which are often obtained 

242 several hours after the traffic stop. Here we show that the initial driving performance (26 

243 minutes) did not correlate with blood, oral fluid, or breath at any collection period (13, 86, 200 or 
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244 262 minutes after smoking) for the active drug group. Both tables show no relationship between 

245 biofluid concentrations and driving performance at any time point.

246

247 In addition to THC, we also measured cannabinol, cannabidiol, 11-hydroxy-THC, 11-nor-9-

248 carboxy-delta-9-THC, 11-nor-9-carboxy-delta-9-THC-9-carboxylic acid glucuronide, 

249 cannabigerol, delta-9-THC glucuronide, delta-9-tetrahydrocannabiniolic acid and 

250 tetrahydrocannabivarin (14, 20). None of the 10 cannabinoids in our analysis correlated with the 

251 simulator driving performance (SDLP or coherence) at any time point.

252

253 Table 3 shows results of FST determinations of impairment for participants who smoked placebo 

254 or active drug. Only participants who had FSTs examined at all time points (63 placebo and 121 

255 active drug) were included. At FST exam #1, performed a median of 71 minutes from the start of 

256 smoking, 98/121 participants (81.0%) who received active drug were classified as impaired. At 

257 the same time point, 31/63 participants who smoked placebo were classified as impaired 

258 (49.2%). There was a significant difference between participants who smoked active drug that 

259 were classified as impaired by the FSTs versus placebo for the first three FST examinations. By 

260 252 minutes post start of smoking, there was no significant difference between those who 

261 received active drug versus placebo for FST classification of impairment. As the study day 

262 progressed, lower percentages of both active drug and placebo participants were considered 

263 impaired. Detailed analyses and discussion regarding the FSTs, overall driving performance, and 

264 characterization of the Placebo group are addressed in Marcotte et al. (27). 

265
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266 Figure 3 shows how adding a requirement for a positive toxicology test in addition to the FST 

267 results changes the classification of impairment. For this figure we evaluate FST results alone 

268 (top line in graph) along with three different THC cutoff concentrations (>0.5 ng/mL, 2 ng/mL, 

269 and 5 ng/mL). For this analysis we applied the FST assessment from two different time points. 

270 We chose FST exam #1 (shaded area, 71 minutes post smoking) and FST exam #3 (188 minutes 

271 post smoking) because the first represents the FST examination at the highest THC concentration 

272 and the latter is about 3 hours after smoking when effects should be starting to wear off (6). 

273 Figure 3A shows that at 90 minutes after smoking, when a 2 ng/mL blood THC cutoff is required 

274 in addition to the FST results, 62.4% of subjects who received active drug met both criteria, 

275 compared to 81.0% when just the FSTs were employed. Figure 3B shows that, for the placebo 

276 group, requiring a 2 ng/mL blood cutoff decreased the percent of the placebo cohort classified as 

277 impaired to 13.8% at 90 minutes post-smoking, compared to 49.2% when just the FSTs were 

278 used. The placebo group exceeding the toxicology thresholds reflect their baseline THC 

279 concentrations, as might be encountered in the field for drivers who use cannabis, even though it 

280 was not recent (i.e., greater than 48 hours before the collection) (7). Figure 3C shows that at 90 

281 minutes after smoking, when a 2 ng/mL OF THC cutoff is required in addition to the FST 

282 results, 75.2% of active drug subjects met both criteria vs 81.0% when just the FSTs were used. 

283 Figure 3D shows that requiring a 2 ng/mL OF cutoff decreased the number of the placebo cohort 

284 who were classified as impaired to 0% at 90 minutes post-smoking vs 49.2% when just the FSTs 

285 were used. Supplemental Table 3 shows the effect of combining different toxicology 

286 concentration cutoffs (OF and blood) and FST results for classifying the active drug and placebo 

287 cohorts for all time points. We did not include the effect of adding breath samples to FST 

288 examinations because our previously published results (10, 11) showed that using the breath 
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289 collection device we employed, THC rapidly dissipates, and by the second post-smoking time 

290 point was undetectable in most participants. 

291

292 Discussion

293 Biofluid THC concentrations, as well as other cannabinoid concentrations, did not correlate with 

294 SDLP or coherence at any time point. The lack of correlation between THC and driving 

295 performance on a simulator was reported previously in studies up to about 3.5 hours after 

296 inhaling THC (4,26). Previously we reported that the composite driving score, a combined 

297 measure of impairment, did not correlate to blood THC concentrations (4). Since SDLP and 

298 coherence are two of the most commonly reported simulator results sensitive to cannabis (25, 

299 28), details of these findings in relation to blood, oral fluid, and breath THC concentrations are 

300 reported. The complete lack of a relationship between the concentration of the centrally active 

301 component of cannabis in blood, OF, and breath is strong evidence against the use of per se laws 

302 for cannabis. Our results are consistent with a recent meta-analysis that concentrations of THC 

303 are “relatively poor indicators of cannabis-induced impairment” (29). Unlike ethanol (30,31), 

304 there is no established relationship between blood THC concentrations and simulator driving 

305 performance measures (4,26). In the largest randomized double-blinded placebo controlled trial 

306 to date, our data confirm that THC concentrations (and/or metabolites/related cannabinoids) in 

307 blood, OF, or breath cannot be used as a sole indicator of impairment. 

308

309 Previously we reported that participants smoking active cannabis produced a significant (p< 

310 0.05) decrement in driving performance that lasted for about 3.5 hours (4). Thus, when 

311 evaluating the ability of FSTs to detect impairment, it is expected that they classify more 
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312 participants exposed to active drug as being impaired early following cannabis inhalation as 

313 opposed to later time points. Table 3 shows that FSTs classified 81.0% of the active drug 

314 participants as impaired at the first FSTs exam while only 22.5% were classified as being 

315 impaired at the last time point (251 minutes post-smoking). As evidenced by driving 

316 performance in the simulator (4), and results from the FSTs exam, not all participants who 

317 smoked active drug were impaired at the time of the FSTs. The relationships between simulator 

318 driving performance and individual FST results are reported in a separate publication (27).

319

320 Of note, in isolation (e.g., without driving observations or a full DRE exam or toxicology 

321 testing), the FSTs classified 49.2% of the placebo group as impaired. This is consistent with 

322 previous reports from smaller studies examining the ability of FSTs to identify impairment 

323 following cannabis use (17,18). Practice effects were limited in this study compared to previous 

324 studies that exposed participants to FSTs prior to administering study drug. In our study, 

325 participants were first exposed to FSTs after the smoking session. This likely increased the 

326 sensitivity of the FSTs to active drug but also could have contributed to the high number of 

327 placebo participants who were categorized as impaired. 

328

329 Adding a requirement for a positive toxicology test to the FST exam results slightly decreased 

330 the percentage of participants who smoked active drug that were classified as being impaired but 

331 dramatically decreased the percentage of placebo group subjects that were classified as impaired. 

332 When the same cutoff concentration was used, OF showed less of an impact than blood for 

333 reclassifying the active drug cohort, while reclassifying a higher percentage of the placebo group 

334 as not impaired. While adding toxicology results may be helpful in increasing the level of 
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335 suspicion that cannabis was involved in driving impairment, they do not demonstrate causality. 

336 Therefore, the results of this study do not translate into supporting per se approaches.

337

338 Limitations

339 When interpreting these results, several factors need to be considered. First, when relating THC 

340 biofluid concentrations to driving performance, our participants’ driving skills were evaluated 

341 using a driving simulator in a controlled environment that does not reflect all of the variables that 

342 confound actual driving. Second, our participants were instructed not to use cannabis for at least 

343 two days prior to the study and were excluded from the study if their OF contained ≥ 5 ng/mL 

344 THC at baseline. This likely complicates the application of our results to real world data where 

345 participants frequently smoke more than one cannabis cigarette, with chronic users smoking 

346 multiple cannabis cigarettes on a daily basis. Third, the same officer examined each participant at 

347 multiple time points, which could influence the interpretation of impairment at later time points. 

348 In addition, officers also knew the participants would be under the influence of cannabis alone or 

349 placebo. Finally, a full DRE exam was not performed and impairment was determined based 

350 solely on the FSTs results. 

351

352 Conclusions

353 In the largest trial to date, involving experienced users smoking cannabis, there was no 

354 correlation between THC (and related metabolites/cannabinoids) in blood, OF, or breath and 

355 driving performance. Our data support the current practice in many areas of the United States 

356 that requires officer observations of impairment along with toxicology testing before prosecuting 

357 drivers for being under the influence. We provide some evidence for the use of oral fluid as 
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358 opposed to blood as being more useful in reducing the likelihood of false accusations of driving 

359 under the influence of cannabis. The selection of an optimal cutoff is an important determinant of 

360 road safety that deserves further study. A better understanding of how a full DRE exam 

361 compares with FSTs is also warranted.  
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478 Table 1. Spearman correlations (p-value) between THC concentrations in various biofluids and 
479 driving simulation outcomes among participants in the active drug group. For these analyses, 
480 THC biospecimen concentrations collected just prior to the driving simulation are evaluated 
481 against standard deviation of lateral position (SDLP) and coherence (car following). p-values 
482 were adjusted for multiple testing using the False Discovery Rate (FDR) method.

483

Simulation
   Timepoint

Blood THC

Correlation (p-value)

Oral Fluid THC

Correlation (p-value)

Breath THC

Correlation (p-value)

SDLP

   Baseline -0.013 (0.887) -0.055 (0.882) -0.057 (0.680)

   Simulation 1 -0.020 (0.887) 0.055 (0.882) -0.079 (0.663)

   Simulation 2 -0.062 (0.874) -0.046 (0.882) 0.036 (0.700)

   Simulation 3 -0.221 (0.134) -0.014 (0.882) 0.080 (0.663)

   Simulation 4 -0.160 (0.286) 0.023 (0.882) -0.089 (0.663)

Coherence

   Baseline -0.079 (0.495) 0.044 (0.719) -0.048 (0.764)

   Simulation 1 -0.102 (0.460) -0.146 (0.368) 0.073 (0.728)

   Simulation 2 -0.122 (0.460) 0.033 (0.719) 0.078 (0.728)

   Simulation 3 -0.112 (0.460) -0.136 (0.368) 0.018 (0.845)

   Simulation 4 0.039 (0.699) 0.078 (0.673) -0.153 (0.510)

484
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486 Table 2. Spearman correlations (p-value) between THC concentrations and driving simulation 
487 outcomes among participants in the active drug group. For this analysis, standard deviation of 
488 lateral position (SDLP) and coherence results from the first post-smoking simulated driving 
489 session (26 minutes) are evaluated against all biofluid samples. p-values were adjusted for 
490 multiple testing using the False Discovery Rate method.
491

Timepoint (min)
(Fluid collection)

Blood THC 
Correlation (p-value)

Oral Fluid THC 
Correlation (p-value)

Breath THC 
Correlation (p-value)

SDLP

13 -0.020 (0.835) 0.055 (0.576) -0.079 (0.531)

86 -0.074 (0.596) 0.052 (0.576) 0.051 (0.585)

200 -0.092 (0.596) 0.088 (0.576) -0.096 (0.531)

262 -0.107 (0.596) 0.057 (0.576) -0.200 (0.121)

Coherence

13 -0.102 (0.528) -0.146 (0.114) 0.073 (0.683)

86 -0.062 (0.528) -0.188 (0.074) -0.038 (0.683)

200 0.073 (0. 528) -0.178 (0.074) -0.096 (0.683)

262 0.102 (0. 528) -0.219 (0.068) -0.041 (0.683)

492

493
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494
495 Table 3. FST determination of impairment for active drug (THC) or placebo, shown as a 

496 percentage. p-values were adjusted for multiple testing using False Discovery Rate method.

FSTs Exam # 

Outcome

THC Placebo P

Exam 1 < 0.001

Impaired 81.0% 49.2%

Not impaired 19.0% 50.8%

Exam 2 <0.001

Impaired 62.5% 28.6%

Not impaired 37.5% 71.4%

Exam 3 0.032

Impaired 36.4% 19.0%

Not impaired 63.6% 81.0%

Exam 4 0.160

Impaired 22.5% 12.7%

Not impaired 77.5% 87.3%

497
498
499
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500 Figure Legends

501

502 Figure 1. Study time line. Times are medians since the start of the smoking period in minutes. 

503

504 Figure 2. Relationship of peak THC concentration in blood, oral fluid and breath obtained a 

505 median of 13 minutes post-smoking active drug versus performance in driving simulation at 26 

506 minutes. None of the relationships depicted were significant. (A) Correlation between blood 

507 THC concentrations and standard deviation of lateral position (SDLP), an indication of swerving. 

508 (B) Correlation between blood THC concentrations and car following (coherence). (C) 

509 Correlation between oral fluid THC concentrations and SDLP. (D) Correlation between oral 

510 fluid THC concentrations and coherence. (E) Correlation between breath THC and SDLP. (F) 

511 Correlation between breath THC and coherence.

512

513 Figure 3. Effect of adding toxicology testing for THC at various cutoffs (ng/mL) to 

514 determinations of impairment based solely on field sobriety tests (FSTs) at various timepoints 

515 after smoking. The shaded area refers to where the specific toxicology cutoffs are applied to 

516 FSTs Exam #1 (71 minutes post smoking), the unshaded area represents FSTs Exam #3 results 

517 (188 minutes post smoking) combined with specific toxicology cutoff concentrations. Dashed 

518 lines indicate time of the FSTs. (A) Percent of active drug group classified as impaired and 

519 exceeding specific blood cutoff concentrations. (B) Percent of placebo group classified as 

520 impaired and exceeding specific blood cutoff concentrations. (C) Percent of active drug group 

521 classified as impaired and exceeding specific oral fluid cutoff concentrations. (D) Percent of 

522 placebo group classified as impaired and exceeding specific oral fluid cutoff concentrations.
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Figure 2
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