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A B S T R A C T   

As more countries legalize recreational cannabis, roadside screening programs are imperative to 
detect and deter driving under the influence of cannabis. This systematic review evaluated 
roadside screening tests for cannabis use. We searched six databases (inception-March 2020) and 
grey literature sources for primary studies evaluating test characteristics of roadside screening 
tests for cannabis use compared to laboratory tests for cannabinoids in blood or oral fluid. The 
synthesis was focused on sensitivity and specificity of delta-9-tetrahydrocannabinol (THC) 
detection. 101 studies were included. Oral fluid tests were higher in specificity and lower in 
sensitivity compared to urine tests when evaluated against blood laboratory tests. Oral fluid tests 
were higher in sensitivity and similar in specificity compared to observational tests when eval-
uated against blood and oral fluid laboratory tests. Sensitivity was variable among oral fluid tests; 
two instrumented immunoassays (Draeger DrugTest 5000 [5 ng/mL THC cut-off] and Alere DDS 2 
Mobile Test System) appeared to perform best, but definitive conclusions could not be drawn due 
to imprecise estimates. Specificities were similar. Overall, oral fluid tests showed the most 
promise for use in roadside screening for blood THC levels over legal limits; their continued 
development and testing are warranted. Urine tests are generally inadvisable, and observational 
tests require sensitivity improvements.   
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1. Introduction 

Driving under the influence of cannabis (DUIC) is an established public health risk. Studies have demonstrated a link between DUIC 
and reduced driving ability, as well as an increased risk of motor vehicle crashes [1–4]. In countries that have legalized (or are on the 
path to legalizing) recreational cannabis, talk of legalization has been met with concern regarding its potential influence on 
cannabis-impaired driving. Evidence on the effect of legalization on DUIC is mixed at present [5–9]. However, the potential for 
post-legalization reductions in road safety remains a cause for concern and has led to government interest in pairing legalization with 
DUIC prevention efforts. Roadside detection by law enforcement (e.g., at sobriety checkpoints) has been effective in deterring 
alcohol-impaired driving [10,11], and the same strategy could be effective in preventing DUIC [12]. However, many questions remain 
concerning the performance of roadside screening tests for DUIC (e.g., field sobriety tests, oral fluid tests). To our knowledge, only two 
systematic reviews are available, both of which were limited to oral fluid screening tests. One included only 15 studies [13], and the 
other limited the matrix used for the laboratory reference test to oral fluid [14]. To address this gap in the literature, we performed a 
systematic review to assess test characteristics of roadside screening tests for cannabis use compared to laboratory-based confirmatory 
tests in blood and oral fluid. Laboratory tests for delta-9-tetrahydrocannabidol (THC) in blood (and to a lesser extent in oral fluid) are 
the most frequently used confirmatory tests in legal practice internationally. Presence of THC in blood and in oral fluid are well 
correlated, though THC levels in blood and oral fluid are not [15]. Laboratory testing for blood THC is currently viewed as the standard 
for determination of cannabis impairment, though its use is imperfect; positive results are indicative of prior cannabis use, but THC 
levels in blood (and in other matrices) are not reliable indicators of impairment [16,17]. We additionally synthesized data on the 
feasibility, acceptability, and cost-effectiveness of identified roadside screening tests as available. 

2. Methods 

Our review was conducted based on a protocol developed prior to initiating the review (https://osf.io/q57y4/?show=view) and is 
reported following the Preferred Reporting Items for Systematic reviews and Meta-Analyses of Diagnostic Test Accuracy (PRISMA- 
DTA) guideline [18]. 

2.1. Inclusion and exclusion criteria 

Articles and abstracts were included if they were published in English or French and reported primary data on the test charac-
teristics of one or more roadside screening tests for DUIC. We did not restrict by population. Eligible tests included any biochemical and 
observational measures and had to be designed for on-site use (e.g., at roadside or police stations); laboratory-based tests were 
excluded. Eligible laboratory reference tests included laboratory-based tests in blood or oral fluid to reflect the biological matrices 
currently used for confirmation of DUIC charges in countries with DUIC laws in place. Eligible publications reported at least one 
diagnostic test characteristic (e.g., sensitivity, specificity, positive predictive value) specific to cannabis detection. All diagnostic 
accuracy study designs were eligible. 

2.2. Data sources 

We searched the Embase, PsycINFO, Web of Science, TRID and Criminal Justice Database (ProQuest) databases from inception to 
March 31, 2020, as well as the MEDLINE database from inception to March 20, 2020. We also searched the websites of governmental 
(e.g., the National Highway Traffic Safety Administration) and non-governmental (e.g., the International Transport Forum) traffic 
safety and drug policy organizations selected as relevant by EW. Additional articles were identified by scanning the references of 
included publications. 

2.3. Search strategy and Study Selection 

The search was designed by a health sciences librarian (G.G.) and peer-reviewed using Peer Review of Electronic Search Strategies 
[19]. It included a combination of cannabis terms, drug testing terms, driving terms, and diagnostic test characteristic terms. The 
complete search strategies are presented in Appendix A. Duplicates were removed in EndNote X9. Screening was performed using 
Covidence (Veritas Health Innovation, Melbourne, Australia). Two reviewers independently reviewed the titles and abstracts of all 
identified publications in random order. If either reviewer deemed a publication potentially eligible, the publication was reviewed in 
full text by both reviewers independently. Disagreements after full-text review were resolved by consensus. 

2.4. Data extraction 

Data were extracted independently by two individuals using piloted forms in Covidence (piloting was conducted on five studies by 
two reviewers). Any discrepancies were resolved via consensus. Variables included: sample characteristics; sample size; study design; 
cannabis consumption method and dose/timing (experimental studies); co-consumption of alcohol or other substances; screening tests 
evaluated; laboratory reference tests and positivity thresholds; and funding sources. Studies were categorized by the type of screening 
test they examined and their design. Screening tests were divided into three major categories: oral fluid screening tests, urine screening 
tests, and observational tests. Study design was considered at two levels. The first level considered whether or not cannabis was 
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Fig. 1. PRISMA flow of study selection.  

E. W
ennberg et al.                                                                                                                                                                                                     



Heliyon 9 (2023) e14630

4

administered to participants (experimental vs. observational studies). Experimental studies fell into three major categories: between 
subjects (distinct participant groups were administered and not administered cannabis), within subjects pre-post (all participants were 
administered active cannabis doses, with screening test[s] performed pre- and post-administration), within subjects post only (all 
participants were administered active cannabis doses, with screening test[s] performed post-administration), and within subjects 
placebo-controlled crossover (participants were administered placebo and one or more active cannabis dose[s] over several sessions). 
The second level considered the diagnostic test accuracy study design (single test vs. comparative [non-randomized or randomized] 
and diagnostic cross-sectional vs. diagnostic case-control). Reported test accuracy characteristics (sensitivity, specificity, etc.) were 
extracted for all tests assessed. Confidence intervals (CIs) for test accuracy characteristics, as well as number of true positives (TP), false 
positives (FP), true negatives (TN), and false negatives (FN), were extracted as available. TP was defined as cannabis presence on the 
screening test and the laboratory reference test. TN was defined as cannabis absence on the screening test and the laboratory reference 
test. FP was defined as cannabis presence on the screening test but cannabis absence on the laboratory reference test. FN was defined as 
cannabis absence on the screening test but cannabis presence on the laboratory reference test. If test sensitivity or specificity were not 
provided, they were calculated using available information, as were 95% CIs [20]. 95% CIs were used as a marker of the precision of 
individual sensitivity and specificity estimates. Data on test feasibility, acceptability, and cost-effectiveness were extracted as sec-
ondary outcomes as available, as were test characteristics in frequent vs. occasional cannabis users and with cannabis use alone vs. 
polydrug use (cannabis and other drugs). 

2.5. Risk of bias assessment 

The risk of bias of included studies was assessed independently by two reviewers using the Quality Assessment of Diagnostic 
Accuracy Studies-2 (QUADAS-2) [21] tool, with disagreements resolved by consensus. The QUADAS-2 tool assesses risk of bias in 
primary diagnostic accuracy studies in four domains: patient selection (here, participant selection), index test (here, screening test), 
reference standard (here, laboratory reference test), and flow and timing. It also includes an assessment of concerns regarding 
applicability to the research question in the first three of the four aforementioned domains. 

2.6. Data synthesis 

Meta-analysis of diagnostic test characteristics was not conducted due to insufficient numbers of studies that evaluated the same 
screening tests using the same laboratory reference tests. Data were instead synthesized narratively. Data from experimental and 
observational single test studies were synthesized separately. Due to a large amount of available data, the synthesis was focused on test 
sensitivity and specificity compared to laboratory tests for THC in blood or oral fluid, as THC is the major cannabinoid of interest for 
determination of recent cannabis use. Other test characteristics and laboratory test cannabinoids were described but were not focused 
on for the synthesis. Data on test feasibility and acceptability were likewise synthesized narratively. 

3. Results 

3.1. Search results 

Our database searches generated 2792 records (Fig. 1). After duplicate removal and title and abstract screening, 117 reports were 
screened in full text. Forty-seven met inclusion criteria. Ten additional eligible reports were identified through the grey literature 
search and hand-searching the reference lists of included publications. Fourteen reports described more than one study. Thirteen 
reports described the multi-study Rosita [22,23], Rosita-2 [24–28], and DRUID projects [29–34] (hereafter grouped under the project 
name). Therefore, 103 studies were included in our systematic review, described by 57 reports. 

3.2. Study characteristics 

Fourteen experimental studies [35–47] (Table B1) and 89 observational studies [22–34,43,48,49] (Table B2) were included. 
Experimental studies were performed primarily in subjects with a history of cannabis use (occasional, frequent, or both) (n = 10). Four 
used cannabis-fortified oral fluid samples. Experimental studies were primarily within-subjects in design (pre-post: n = 4; 
placebo-controlled crossover: n = 4; post only: n = 2); a minority were between-subjects (n = 4). Observational studies were primarily 
performed in drivers suspected of or arrested for impaired driving (n = 47). Others were performed in drivers (n = 10), people with 
drug addiction (n = 6), cannabis coffeeshop customers (n = 5), club/bar customers (n = 1), hospital patients (n = 1), music festival 
attendees (n = 1), prison inmates (n = 1), recent cannabis users (n = 1), and mixed samples (n = 16). Oral fluid screening tests were 
evaluated in the majority of included observational studies (n = 78) and all experimental studies. Most studies evaluating oral fluid 
screening tests compared them solely to laboratory tests of oral fluid (experimental: n = 12; observational: n = 44). The remainder used 
laboratory tests of blood/serum/plasma alone (observational: n = 21) or blood/serum and oral fluid (experimental: n = 2; observa-
tional, n = 13). Urine screening tests were evaluated in six observational studies, all of which compared them to laboratory tests of 
blood/plasma. Observational tests were evaluated in seven observational studies. They were compared to laboratory tests of blood (n 
= 3), blood or urine (n = 3), and oral fluid (n = 1). 
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3.3. Roadside screening test characteristics 

Thirty-six oral fluid screening tests, six urine screening tests, and two observational tests were investigated (Table B3). The majority 
of investigated oral fluid screening tests (n = 24), and all investigated urine screening tests, consisted of non-instrumented visually- 
interpreted test sticks that test for the presence of THC and/or other cannabinoids via immunoassay. Oral fluid screening tests also 
included instrumented (involving a portable computer) computer-interpreted immunoassay tests (n = 8) and two devices still in 
development. Investigated observational tests included Drug Recognition Expert (DRE) evaluations and an observational test battery. 
These tests consist of a series of assessments performed by a trained examiner that cumulate in a decision of non-impairment or 
impairment in one or more drug classes. 

3.4. QUADAS-2 assessment 

The QUADAS-2 assessment is summarized in Fig. 2 (see Table B4 for complete assessment). No studies had low risk across all risk of 
bias domains. Participant selection was rated at high risk of bias for all experimental studies (n = 14) and 67% of observational studies 
(n = 60/89), largely due to restriction to people with specific cannabis use histories and non-consecutive or non-random sampling 
methods, respectively. The screening test domain was rated at high risk of bias in 28% of experimental studies and 1% of observational 
studies, and as unclear in 0% and 15%. The laboratory reference test domain was rated at high risk of bias in 21% of experimental and 
observational studies and as unclear in 50% and 76%. The large proportions of unclear ratings were due to many studies lacking 

Fig. 2. Summary of QUADAS-2 quality assessment results across all included studies by study design.  
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reporting of whether laboratory test interpretation was blinded to screening test results. Flow and timing was rated at high risk of bias 
in 36% of experimental and 72% of observational studies and as unclear in 43% and 19%. The large proportion of unclear ratings was 
due to many studies lacking reporting of time delays between the screening and laboratory tests. 

No studies had low risk across all concerns regarding applicability domains. All experimental studies and 38% of observational 
studies were rated at high risk in the participant selection domain (0% unclear). All experimental studies and 26% of observational 
studies were rated at high risk in the screening test domain (4% unclear). All studies were rated at low risk in the laboratory reference 
test domain. 

3.5. Sensitivity and specificity of roadside screening tests for cannabis use 

3.5.1. Test sensitivity and specificity overall 
Two experimental studies evaluated oral fluid screening tests compared to laboratory tests for THC in blood or serum (summarized 

for the most common legal limits [1.0–5.0 ng/mL THC] in Table 1; see Table B5 for complete results). Definitive conclusions on the 
performance of these tests from the two experimental studies were not possible due to imprecise sensitivity and specificity estimates 
within the studies. One within-subjects experimental comparative study compared the Draeger DrugTest 5000 with 5 ng/mL positivity 
threshold (DDT5000-5) and the Alere DDS 2 (DDS2) against a laboratory test in blood (Table 2) [40]. Focusing on positivity thresholds 
between 1.0 and 5.0 ng/mL THC, the DDS2 achieved higher sensitivity and slightly lower specificity than the DDT5000-5, but 
sensitivity and specificity estimates were imprecise (SENS [95% CI]: 43.6–85.7% [33.1–95.0] vs. 34.7–73.7% [24.8–88.2]; SPEC: 
82.1–77.0% [90.0–68.4] vs. 87.1–82.1% [94.9–72.6]). In observational single-test studies (Table B6), three studies of the DDT5000-5 
in drivers suspected of driving under the influence of drugs (DUID) reported sensitivities between 82.9 and 87.1% [74.3–91.6] at a 
positivity threshold of 1 ng/mL THC in blood or serum [43,50,51]; specificity estimates were imprecise for all but one (88.7% 
[83.6–92.3]). For the DDS2, sensitivity estimates for drivers suspected of or arrested for DUID were similar to the DDT5000-5, but 
laboratory tests used were heterogeneous, and the estimates were imprecise. The second experimental study evaluated the Securetec 
DrugWipe 5S against a laboratory test in serum at 1 ng/mL and 5.0 ng/mL THC; sensitivity and specificity estimates were again 
imprecise (SENS: 50.0% [35.5–64.5] and 80.8% [62.1–91.5]; SPEC: 90.0% [74.4–96.5] and 93.5% [82.5–97.8]). The DrugWipe 5S 
was not evaluated in any observational studies. 

Fourteen experimental studies evaluated oral fluid screening tests compared to laboratory tests for THC in oral fluid (summarized 
for the most common legal limits [0.0–5.0 ng/mL THC] in Table 3; see Table B5 for complete results). Test sensitivity was highly 
variable, both for the same screening test (i.e., across studies and laboratory test postivity thresholds) and between screening tests, and 
was highest at or above the positivity threshold provided by the manufacturer. Test specificity was more consistent. Overall, the 
DDT5000-5 and DDS2 showed higher sensitivity compared to other oral fluid tests when evaluated against laboratory tests of oral 
fluid, but imprecise sensitivity and specificity estimates within studies made definitive conclusions impossible. Focusing on positivity 
thresholds between 0.5 and 5.0 ng/mL THC, one within-subjects experimental comparative study found the DDT5000-10 had higher 
sensitivity and slightly lower specificity compared to the Securetec DrugWipe 5S (SENS: 39.7–44.0% [31.2–54.2] vs. 25.4–28.0% 
[18.4–37.8]; SPEC: 97.9–90.3% [99.6–81.3] vs. 100.0–94.4% [100.0–86.6]) (Table 4) [35]. Another within-subjects experimental 
comparative study found the DDT5000-10 had lower sensitivity and higher specificity compared to the DDT5000-5, but the sensitivity 
and specificity estimates were imprecise [37]. Two within-subjects experimental comparative studies compared the DDT5000-5 and 
the DDS2 [40,42]. One showed similar performance between the DDS2 and the DDT5000-5 (SENS: 53.2–84.4% [47.2–89.3] vs 
57.5–80.0% [51.4–85.7]; SPEC: 98.2–94.5 [99.2–91.8] vs 98.7–91.9 [99.5–88.8]. The other study favoured the DDS2 in sensitivity, 
but the sensitivity estimate was imprecise. For comparison of oral fluid screening tests to non-THC cannabinoid laboratory tests, see the 
Appendix (Tables B7-B9). 

Four observational studies evaluated urine screening tests against a laboratory test for THC in blood, all in drivers suspected of 
DUID (Table B10) [22,51]. One found the sensitivity and specificity of the DrugScreen Multi-5 urine test were 92.9% [89.5–95.2] and 
40.0% [24.6–57.7]. Using the same blood positivity threshold (1 ng/mL THC), comparisons with other observational studies in drivers 
suspected of DUID showed higher sensitivity and substantially lower specificity in the urine test compared to the DDT5000-5 oral fluid 
test (SENS: absolute differences of 4.1%–10.1%; SPEC: 48.7% to − 7.2%). The three remaining studies used a positivity threshold of 0.3 
ng/mL THC; test sensitivities and specificities for the three urine tests evaluated ranged from 86.0 to 97.6% [73.8–99.6] and 
65.3–79.6% [51.3–88.5] [22]. Comparisons with the sole oral fluid test with sensitivity and specificity results at this blood positivity 
threshold (Cozart Rapiscan 200 ng/mL, also evaluated in drivers suspected of DUID) [22] again showed lower specificity in the urine 
screening tests (absolute differences: 22.7% to − 8.4%), but much higher sensitivity (57.4%–69.0%). 

Observational tests were evaluated in seven observational studies [52,53,54,55,56,57,58] (Table B11). Six examined DRE eval-
uation. The most precise assessment of DRE evaluation against laboratory tests in blood found a sensitivity of 59.7% [48.6–70.0] and 
specificity of 86.5% [78.2–91.9] [52]. One study found using presence of two of the following four measures as indicative of test 
positivity for cannabis maximized DRE evaluation sensitivity and specificity (97.0% [94.4–98.4] and 96.7% [94.0–98.2] at 1 ng/mL 
THC in blood): (1) ≥3 misses, finger to nose test; (2) eyelid tremors, Modified Romberg Balance test; (3) ≥2 clues, one leg stand; (4) ≥2 
clues, walk and turn [55]. An observational comparative study demonstrated significantly lower sensitivity and similar specificity in a 
battery of observed signs of impairment compared to the DDT5000-25 oral fluid screening test when evaluated against a laboratory test 
in oral fluid (SENS: 19.3% [13.5–26.7] vs. 76.3% [68.5–82.7]; SPEC: 94.9% [89.4–97.6] vs. 93.2% [87.2–96.5] at 27 ng/mL THC) 
(Table 4) [54]. Another observational comparative study of DRE evaluation and the DDS2 oral fluid screening test that compared to a 
laboratory test in blood had similar findings, but sensitivity and specificity estimates were imprecise (Table 2) [53]. 
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Table 1 
Sensitivity and specificity of investigated oral fluid screening tests compared to laboratory reference tests of THC in blood or serum at positivity thresholds ranging from 0 to 5 ng/mL THC, as reported by 2 
experimental studies of roadside tests for cannabis use.  

Screening Test (positivity 
threshold, ng/mL THC) 

Study (sample) Laboratory Reference Test (n 
tests; n reference test 
positives) 

Sensitivity and specificity (% [95% CI]) at varying positivity thresholds (ng/mL THC) 

0–0.5 1.0 2.0 5.0 

SENS SPEC SENS SPEC SENS SPEC SENS SPEC 

Alere DDS 
Alere DDS 2 Mobile Test 

System (25) 
Newmeyer 2017 (adult 
occasional and frequent 
cannabis users) 

LC-MS/MS in blood (134; 1.0: 
78, 2.0: 41, 5.0: 21) 

- – 43.6 
(33.1–54.6) 

82.1 
(70.2–90.0) 

65.9 
(50.6–78.4) 

81.7 
(72.7–88.3) 

85.7 
(65.4–95.0) 

77.0 
(68.4–83.8) 

Draeger DrugTest 
DrugTest 5000 (5) Newmeyer 2017 (adult 

occasional and frequent 
cannabis users) 

LC-MS/MS in blood (103; 1.0: 
72, 2.0: 53, 5.0: 19) 

– – 34.7 
(24.8–46.2) 

87.1 
(71.2–94.9) 

43.4 
(31.0–56.7) 

88.0 
(76.2–94.4) 

73.7 
(51.2–88.2) 

82.1 
(72.6–88.9) 

Securetec DrugWipe 
DrugWipe 5S (15) Wille 2015 (adult regular 

cannabis users) 
GC-MS in serum (72; 1.0: 42, 
5.0: 26) 

– – 50.0 
(35.5–64.5) 

90.0 
(74.4–96.5) 

– – 80.8 
(62.1–91.5) 

93.5 
(82.5–97.8) 

CI = confidence interval; DDS = Drug Detection System; GC-MS = gas chromatography mass spectrometry; LC-MS/MS = liquid chromatography tandem mass spectrometry; THC = delta-9-tetrahy-
drocannabinol. 
Comparative studies are demarcated in bold. 
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Table 2 
Direct comparisons of test sensitivity and specificity compared to laboratory reference tests of THC in blood at varying positivity thresholds (ng/mL THC), as reported by 1 randomized experimental and 1 
non-randomized observational comparative study of roadside tests for cannabis use.  

Screening Test 
(positivity 
threshold, ng/ 
mL THC) 

Study (sample) Laboratory 
Reference Test (n 
tests; n reference 
test positives) 

Sensitivity and specificity (% [95% CI]) at varying positivity thresholds 
(ng/mL THC) 

0.2 0.5 1.0 2.0 5.0 10.0 27.0 

SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC 

Oral fluid screening tests vs. observational tests 
Alere DDS 2 

(25) 
Edwards 2017 
(subjects arrested 
for an alleged OWI) 

EIA and GCMS- 
NPD in blood (15; 
9), 

– – – – – – – – – – 88.9 
(56.5–98.0) 

66.7 
(30.0–90.3) 

– – 

DRE evaluation 
(N/A) 

– – – – – – – – – – 55.6 
(26.7–81.1) 

66.7 
(30.0–90.3) 

– – 

Oral fluid screening tests vs. oral fluid screening tests 
Alere DDS 2 

(25) 
Newmeyer 2017 
(adult occasional 
and frequent 
cannabis users) 

LC-MS/MS in 
blood (DDS2: 134; 
1.0: 78, 2.0: 41, 
5.0: 21, 10.0: 11) 

– – – – 43.6 
(33.1–54.6) 

82.1 
(70.2–90.0) 

65.9 
(50.6–78.4) 

81.7 
(72.7–88.3) 

85.7 
(65.4–95.0) 

77.0 
(68.4–83.8) 

81.8 
(52.3–94.9) 

71.5 
(63.0–78.8) 

– – 

Draeger 
DrugTest 
5000 (5) 

LC-MS/MS in 
blood (103; 1.0: 
72, 2.0: 53, 5.0: 19, 
10.0: 10) 

– – – – 34.7 
(24.8–46.2) 

87.1 
(71.2–94.9) 

43.4 
(31.0–56.7) 

88.0 
(76.2–94.4) 

73.7 
(51.2–88.2) 

82.1 
(72.6–88.9) 

70.0 
(39.7–89.2) 

76.3 
(66.8–83.8) 

– – 

CI = confidence interval; DDS = Drug Detection System; DRE = Drug Recognition Expert; EIA = enzyme immunoassay; GCMS-NPD = gas chromatography mass spectrometry with nitrogen phosphorus 
detector; LC-MS/MS = liquid chromatography tandem mass spectrometry; OWI = operating while intoxicated; THC = delta-9-tetrahydrocannabinol. 
Experimental studies are demarcated in bold. Crouch 2005, Walsh 2003, and Walsh 2007 were comparative in design but did not evaluate devices against the same reference test positivity thresholds and 
were thus excluded from this table. 
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Table 3 
Sensitivity and specificity of investigated oral fluid screening tests compared to laboratory reference tests of THC in oral fluid at positivity thresholds ranging from 0 to 5 ng/mL THC, as reported by 9 
experimental studies of roadside tests for cannabis use.  

Screening Test 
(positivity 
threshold, ng/mL 
THC) 

Study (sample) Laboratory 
Reference Test (n 
tests; n reference 
test positives) 

Sensitivity and specificity (% [95% CI]) at varying positivity thresholds (ng/mL THC) 

0–0.5 1.0 2.0 5.0 

SENS SPEC SENS SPEC SENS SPEC SENS SPEC 

Alere DDS 
Alere DDS 2 

Mobile Test 
System (25) 

Newmeyer 2017 
(adult occasional and 
frequent cannabis 
users) 

LC-MS/MS in OF 
(134; 0.2: 93, 1.0: 
60, 2.0: 60, 5.0: 31) 

44.1 
(34.4–54.2) 

92.7 
(80.6–97.5) 

61.7 
(49.0–72.9) 

90.5 (81.7–95.3) 61.7 
(49.0–72.9) 

90.5 
(81.7–95.3) 

96.8 
(83.8–99.4) 

86.4 
(78.5–91.7) 

Swortwood 2017 
(adult occasional and 
frequent cannabis 
users) 

LC-MS/MS in OF 
(545; 0.2: 397, 1.0: 
265, 2.0: 212, 5.0: 
147) 

36.5 
(31.9–41.4) 

99.3 
(96.3–99.9) 

53.2 
(47.2–59.1) 

98.2 (95.9–99.2) 65.1 
(58.5–71.2) 

97.6 
(95.3–98.8) 

84.4 
(77.6–89.3) 

94.5 
(91.8–96.3) 

Draeger DrugTest 
DrugTest 5000 

(10) 
Desrosiers 2012 
(adult current 
cannabis smokers) 

2D-GC-MS in OF 
(66; 0.5: 58, 1.0: 57, 
2.0: 54) 

75.9 
(63.5–85.0) 

100.0 
(67.6–100.0) 

77.2 
(64.8–86.2) 

100.0 
(70.1–100.0) 

81.5 
(69.2–89.6) 

100.0 
(75.8–100.0) 

– – 

Arkell 2019 (adult 
infrequent cannabis 
users) 

LC-MS/MS in OF 
(163; 1.0: 116, 2.0: 
91) 

– – 39.7 
(31.2–48.8) 

97.9 (88.9–99.6) 44.0 
(34.2–54.2) 

90.3 
(81.3–95.2) 

– – 

DrugTest 5000 
(5) 

Toennes 2013 (heavy 
cannabis users) 

GC-MS in OF (282; 
269) 

– – – – – – 94.4 
(91.0–96.6) 

15.4 
(4.3–42.2) 

Newmeyer 2017 
(adult occasional and 
frequent cannabis 
users) 

LC-MS/MS in OF 
(103; 0.2: 83, 1.0: 
56, 2.0: 56, 5.0: 28) 

34.9 
(25.6–45.7) 

100.0 
(83.9–100.0) 

50.0 
(37.3–62.7) 

97.9 (88.9–99.6) 50.0 
(37.3–62.7) 

97.9 
(88.9–99.6) 

89.3 
(72.8–96.3) 

94.7 
(87.1–97.9) 

Swortwood 2017 
(adult occasional and 
frequent cannabis 
users) 

LC-MS/MS in OF 
(551; 0.2: 401, 1.0: 
252, 2.0: 208, 5.0: 
145) 

36.9 
(32.3–41.7) 

99.3 
(96.3–99.9) 

57.5 
(51.4–63.5) 

98.7 (96.6–99.5) 66.3 
(59.7–72.4) 

96.8 
(94.4–98.2) 

80.0 
(72.8–85.7) 

91.9 
(88.8–94.2) 

Desrosiers 2012 
(adult current 
cannabis smokers) 

2D-GC-MS in OF 
(66; 0.5: 58, 1.0: 57, 
2.0: 54) 

86.2 
(75.1–92.8) 

75.0 
(40.9–92.8) 

87.7 
(76.8–93.9) 

77.8 (45.3–93.7) 90.7 
(80.1–95.6) 

75.0 
(46.8–91.1) 

– - 

Desrosiers 2014 
(adult occasional and 
frequent cannabis 
users) (Oral-Eze/ 
StatSure)a 

2D-GC-MS in OF 
(394; 1.0: 303, 2.0: 
258/395; 1.0: 294, 
2.0: 258) 

– – 66.7 
(61.2–71.7)/ 
66.7 
(61.1–71.8) 

98.9 
(94.0–99.8)/ 
93.1 (86.4–96.6) 

75.6 
70.0–80.4)/ 
74.0 
(68.4–79.0) 

94.1 
(88.8–97.0)/ 
91.2 
(85.3–94.9) 

– - 

Hartman 2015 (adult 
occasional cannabis 
users) (all sessions/ 
high-dose THC 
sessions) 

2D-GC-MS in OF 
(1710; 1.0: 1125, 
2.0: 961, 5.0: 719/ 
546; 1.0: 456, 2.0: 
411, 5.0: 333) 

– – 40.4 
(37.5–43.2)/ 
48.7 
(44.1–53.3) 

99.8 
(99.0–100.0)/ 
100.0 
(95.9–100.0) 

47.0 
(43.9–50.2)/ 
53.8 
(48.9–58.5) 

99.6 
(98.8–100.0)/ 
99.3 
(95.9–99.9) 

60.8 
(57.2–64.3)/ 
64.9 
(59.6–69.8) 

98.2 
(97.2–98.8)/ 
97.2 
(94.0–98.7) 

Securetec DrugWipe 
DrugWipe 5S 

(15) 
Wille 2015 (adult 
regular cannabis 
users) 

UPLC-MS/MS in OF 
(79; 60) 

– – 43.3 
(31.6–55.9) 

100.0 
(83.2–100.0) 

– – – – 

(continued on next page) 

E. W
ennberg et al.                                                                                                                                                                                                     



Heliyon9(2023)e14630

10

Table 3 (continued ) 

Screening Test 
(positivity 
threshold, ng/mL 
THC) 

Study (sample) Laboratory 
Reference Test (n 
tests; n reference 
test positives) 

Sensitivity and specificity (% [95% CI]) at varying positivity thresholds (ng/mL THC) 

0–0.5 1.0 2.0 5.0 

SENS SPEC SENS SPEC SENS SPEC SENS SPEC 

DrugWipe 5S 
(10) 

Arkell 2019 (adult 
infrequent cannabis 
users) 

LC-MS/MS in OF 
(165; 1.0: 118, 2.0: 
93) 

– – 25.4 
(18.4–34.0) 

100.0 
(92.4–100.0) 

28.0 
(19.8–37.8) 

94.4 
(86.6–97.8) 

– – 

Tests in Development 
Disposable 

screen- 
printed 
carbon 
electrode 
(0)b 

Wanklyn 2016 
(cannabis smokers 
and non-cannabis 
smokers) 

LC-MS/MS in OF 
(508; 337) 

28.2 
(23.6–33.2) 

98.8 
(95.8–99.7) 

– – – – – – 

2D-GC-MS = 2-dimensional gas chromatography mass spectrometry; CI = confidence interval; DDS = Drug Detection System; GC-MS = gas chromatography mass spectrometry; LC-MS/MS = liquid 
chromatography tandem mass spectrometry; OF = oral fluid; THC = delta-9-tetrahydrocannabinol; UPLC-MS/MS = ultra-performance liquid chromatography tandem mass spectrometry. 
Comparative studies are demarcated in bold. 

a 2 OF samples for confirmatory analysis were collected per participant per test using two different collection devices (Oral-Eze and StatSure). OF samples collected with each device were analyzed 
separately and resulting sensitivity and specificity results were reported separately. 

b A cut-off value for the current was calculated using the CA3-CA1 current responses for samples containing 0 ng/mL Δ9-THC. The cut-off was defined as the average CA3-CA1 current plus 2 standard 
deviations. Results show sensor performance at different time points (s) in the CA3-CA1 response (method involves 3 CA steps, CA3-CA1). Results are reported for optimal performance (0.050–0.075). 
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Table 4 
Direct comparisons of test sensitivity and specificity compared to laboratory reference tests of THC in oral fluid at varying positivity thresholds (ng/mL THC), as reported by 4 experimental and 8 
observational randomized and non-randomized comparative studies of roadside tests for cannabis use.  

Screening Test 
(positivity 
threshold, ng/mL 
THC) 

Study (sample) Laboratory 
Reference 
Test (n tests; 
n reference 
test 
positives) 

Sensitivity and specificity (% [95% CI]) at varying positivity thresholds 
(ng/mL THC) 

0.2 0.5 1.0 2.0 5.0 10.0 27.0 

SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC 

Oral fluid screening tests vs. observational tests 
Draeger DrugTest 

5000 (25) 
Fierro 2014a 

(drivers positive for 
THC at a cut-off of 1 
ng/mL THC in OF) 

UPLC-MS/ 
MS in OF 
(253; 135) 

– – – – – – – – – – – – 76.3 
(68.5–82.7) 

93.2 
(87.2–96.5) 

Observed signs of  
impairment 

– – – – – – – – – – – – 19.3 
(13.5–26.7) 

94.9 
(89.4–97.6) 

Oral fluid screening tests vs. oral fluid screening tests 
Draeger DrugTest 

5000 (10) 
Arkell 2019 (adult 
infrequent cannabis 
users) 

LC-MS/MS 
in OF (163; 
1.0: 116, 
2.0: 91, 
10.0: 45) 

– – – – 39.7 
(31.2–48.8) 

97.9 
(88.9–99.6) 

44.0 
(34.2–54.2) 

90.3 
(81.3–95.2) 

– – 66.7 
(52.1–78.6) 

85.6 
(78.1–90.8) 

– – 

Securetec 
DrugWipe 5S 
(10) 

LC-MS/MS 
in OF (165; 
1.0: 118, 
2.0: 93, 
10.0: 47) 

– – – – 25.4 
(18.4–34.0) 

100.0 
(92.4–100.0) 

28.0 
(19.8–37.8) 

94.4 
(86.6–97.8) 

– – 44.7 
(31.4–58.8) 

92.4 
(86.1–95.9) 

– – 

Draeger DrugTest 
5000 (10) 

Desrosiers 2012 
(adult current 
cannabis smokers) 

2D-GC-MS 
in OF (66; 
0.5: 58, 1.0: 
57, 2.0: 54) 

– – 75.9 
(63.5–85.0) 

100.0 
(67.6–100.0) 

77.2 
(64.8–86.2) 

100.0 
(70.1–100.0) 

81.5 
(69.2–89.6) 

100.0 
(75.8–100.0) 

– – – – – – 

Draeger DrugTest 
5000 (5) 

– – 86.2 
(75.1–92.8) 

75.0 
(40.9–92.8) 

87.7 
(76.8–93.9) 

77.8 
(45.3–93.7) 

90.7 
(80.1–95.6) 

75.0 
(46.8–91.1) 

– – – – – – 

Cozart RapiScan] 
(50) 

Drummer 2007 
(drivers below 
alcohol limit and 
positive on 
screening for 
methamphetamine 
or THC) 

GC-MS-SIM 
in OF (101; 
73) 

– – – – – – 18.3 
(11.4–28.0) 

NC – – – – – – 

Securetec 
DrugWipe II 
(30) 

GC-MS-SIM 
in OF/blood 
(85; 82) 

– – – – – – 57.5 
(46.1–68.2) 

NC – – – – - – 

Affiniton 
DrugWipe 5 
(20) 

Logan 2014 
(subjects under 
arrest for DUI) 

GC-MS in 
OF (90; 23) 

– – – – – – 43.5 
(25.6–63.2) 

92.5 
(83.7–96.8) 

– – – – - – 

Draeger DrugTest 
5000 (5) 

GC-MS in 
OF (91; 24) 

– – – – – – 58.3 
(38.8–75.5) 

98.5 
(92.0–99.7) 

– – – – – – 

Alere DDS 2 (25) Newmeyer 2017 
(adult occasional 
and frequent 
cannabis users) 

LC-MS/MS 
in OF (134; 
0.2: 93, 1.0: 
60, 2.0: 60, 
5.0: 31) 

44.1 
(34.4–54.2) 

92.7 
(80.6–97.5) 

– – 61.7 
(49.0–72.9) 

90.5 
(81.7–95.3) 

61.7 
(49.0–72.9) 

90.5 
(81.7–95.3) 

96.8 
(83.8–99.4) 

86.4 
(78.5–91.7) 

– – – – 

Draeger DrugTest 
5000 (5) 

LC-MS/MS 
in OF (103; 
0.2: 83, 1.0: 
56, 2.0: 56, 
5.0: 28) 

34.9 
(25.6–45.7) 

100.0 
(83.9–100.0) 

– – 50.0 
(37.3–62.7) 

97.9 
(88.9–99.6) 

50.0 
(37.3–62.7) 

97.9 
(88.9–99.6) 

89.3 
(72.8–96.3) 

94.7 
(87.1–97.9) 

– – – – 

Concateno DDS 
(31) 

Strano-Rossi 2012 
(Group 1) (drivers 
stopped during 
roadside patrols) 

UHPLC-MS/ 
MS + GC- 
MSb in OF 
(NR) 

– – – – 89 
(68–109) 

NR – – – – – – – – 

Draeger DrugTest 
5000 (5) 

– – – – 95 
(86–104) 

NR – – – – – – – – 

(continued on next page) 
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Table 4 (continued ) 

Screening Test 
(positivity 
threshold, ng/mL 
THC) 

Study (sample) Laboratory 
Reference 
Test (n tests; 
n reference 
test 
positives) 

Sensitivity and specificity (% [95% CI]) at varying positivity thresholds 
(ng/mL THC) 

0.2 0.5 1.0 2.0 5.0 10.0 27.0 

SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC SENS SPEC 

Draeger DrugTest 
5000 (5) 

Strano-Rossi 2012 
(Group 2) (drivers 
stopped during 
roadside patrols) 

UHPLC-MS/ 
MS + GC- 
MSb in OF 
(NR) 

– – – – 80 (67–92) NR – – – – – – – – 

Mavand 
RapidSTAT 
(15) 

– – – – 69 (51–87) NR – – – – – – – – 

Mavand 
RapidSTAT 
(15) 

Strano-Rossi 2012 
(Group 3) (drivers 
stopped during 
roadside patrols) 

UHPLC-MS/ 
MS + GC- 
MSb in OF 
(NR) 

– – – – 85 (73–97) NR – – – – – – – – 

Securetec 
DrugWipe 5+
(30) 

– – – – 58 (41-75) NR – – – – – – – – 

Concateno DDS 
(31) 

Strano-Rossi 2012 
(Group 4) (drivers 
stopped during 
roadside patrols) 

UHPLC-MS/ 
MS + GC- 
MSb in OF 
(NR) 

– – – – 33 (7-60) NR – – – – – – – – 

Securetec 
DrugWipe 5+
(30) 

– – – – 31 (6-56) NR – – – – – – – – 

Alere DDS 2 
Mobile Test 
System (25) 

Swortwood 2017 
(adult occasional 
and frequent 
cannabis users) 

LC-MS/MS 
in OF (545; 
0.2: 397, 
1.0: 265, 
2.0: 212, 
5.0: 147) 

36.5 
(31.9–41.4) 

99.3 
(96.3–99.9) 

– – 53.2 
(47.2–59.1) 

98.2 
(95.9–99.2) 

65.1 
(58.5–71.2) 

97.6 
(95.3–98.8) 

84.4 
(77.6–89.3) 

94.5 
(91.8–96.3) 

– – – – 

Draeger DrugTest 
5000 (5) 

LC-MS/MS 
in OF (551; 
0.2: 401, 
1.0: 252, 
2.0: 208, 
5.0: 145) 

36.9 
(32.3–41.7) 

99.3 
(96.3–99.9) 

– – 57.5 
(51.4–63.5) 

98.7 
(96.6–99.5) 

66.3 
(59.7–72.4) 

96.8 
(94.4–98.2) 

80.0 
(72.8–85.7) 

91.9 
(88.8–94.2) 

– – – – 

Safecare Ora- 
Check (50) 

Tang 2018 (adult 
substance abuse 
clinic and 
rehabilitation centre 
patients) 

LC-MS in OF 
(285; 20) 

– – – – 0.0 
(0.0–16.1) 

100.0 
(98.6–100.0) 

– – – – – – – – 

Securetec 
DrugWipe 6S 
(20) 

LC-MS in OF 
(429; 32) 

– – – – 21.9 
(11.0–38.8) 

100.0 
(99.0–100.0) 

– – – – – – – – 

Ulti-Med  
SalivaScreen 
(50) 

LC-MS in OF 
(412; 28) 

– – – – 0.0 
(0.0–12.1) 

100.0 
(99.0–100.0) 

– – – – – – – – 

2D-GC-MS = 2-dimensional gas chromatography mass spectrometry; CI = confidence interval; DDS = Drug Detection System; DUI = driving under the influence; DRE = Drug Recognition Expert; GC-MS 
= gas chromatography mass spectrometry; GC-MS-SIM = gas chromatography mass spectrometry with selected ion monitoring; LC-MS/MS = liquid chromatography tandem mass spectrometry; OF = oral 
fluid; THC = delta-9-tetrahydrocannabinol; UHPLC-MS/MS = ultra high-performance liquid chromatography mass spectrometry. 
Experimental studies are demarcated in bold. Crouch 2005, Walsh 2003, and Walsh 2007 were comparative in design but did not evaluate devices against the same reference test positivity thresholds and 
were thus excluded from this table. 

a Results are for the THC alone group. 
b GC-MS (1 ng/mL positivity threshold) was used for THC-positive screening test results unconfirmed by UHPLC-MS/MS (2 ng/mL THC positivity threshold). 
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3.5.2. Test sensitivity and specificity over time 
Four within-subjects experimental studies reported sensitivity and specificity of oral fluid screening tests over time following 

cannabis consumption compared to laboratory tests in oral fluid. Sensitivity decreased with time, while specificity was less impacted. 
Focusing on the common positivity threshold between these studies (2 ng/mL THC), one study found the sensitivities of the DDT5000- 
10 and Securetec DrugWipe 5S decreased from 70.6% [53.8–83.2] and 56% [39.6–70.5] at 10 m post-cannabis vaporization to 46.4% 
[29.5–64.2] and 21.4% [10.2–39.5] at 1 h and 16.7% [5.8–39.2] and 0.0% [0.0–17.6] at 2 h post-vaporization [35]. In another study, 
sensitivities of the DDS2 and DDT5000-5 decreased from 85.0% [70.9–92.9] and 77.1% [61.0–87.9] at timepoints ≤5 h post-cannabis 
consumption to 64.3% [51.2–75.5] and 50.9% [38.1–63.6] at timepoints ≤20 h post-consumption [40]. A third study found sensitivity 
and specificity of the DDT5000-5 decreased from 85.7% [80.0–90.0] at ≤6 h post-cannabis smoking to 83.9 [78.3–88.3] at ≤8 h 
post-smoking (results averaged between Oral-Eze and StatSure oral fluid collection devices) [38]. A fourth study with a positivity 
threshold of 1.0 ng/mL THC in oral fluid found sensitivity of the Securetec DrugWipe 5S decreased from 90.0% [59.6–98.2] 5 m after 
smoking a second cannabis dose to 50.0% [23.7–76.3] at 1 h 20 m post second dose [47]. 

3.5.3. Influence of frequency cannabis of use, drug co-consumption, and route of administration on test sensitivity and specificity 
Three within-subjects experimental studies compared the performance of the DDS2 and/or DDT5000-5 oral fluid screening tests in 

frequent and occasional cannabis users (results for THC laboratory tests in Table B12; other cannabinoids Table B13) [38,40,42]. There 
was a trend towards higher sensitivity for THC in occasional compared to frequent cannabis users, notably when comparing to lab-
oratory tests of blood versus oral fluid; however, estimates were often imprecise. 

Three studies investigated the influence of alcohol co-consumption on diagnostic test characteristics (Table B14) [39,43,54]. There 
was some evidence for an impact on specificity, notably for observational tests. Two within-subjects experimental studies found 
co-consumption of alcohol did not affect oral fluid test accuracy [39,43], and an observational study found it produced similar 
sensitivity (0.2% absolute difference) and reduced specificity (THC: 93.2% [87.2–96.5] vs. THC + Ethanol: 80.0% [54.8–93.0]) [54]. 
This last study found alcohol co-consumption marginally increased the sensitivity (4.2% absolute difference) of an observational test 
and significantly impeded its specificity (THC: 94.9% [89.4–97.6] vs. THC + E: 66.7% [41.7–84.8]); however, sensitivity and spec-
ificity estimates for the THC + E group were imprecise due to small sample size. The significantly reduced specifity observed for the 
observational test could be explained by dual cannabis and alcohol consumption amplyfying signs of impairment, leading to evaluators 
making decisions of cannabis impairment when THC levels were below the positivity threshold. 

The influence of cannabis route of administration on device performance was evaluated in one within-subjects experimental 
comparative study of the DDS2 and DDT5000-5 (Table B15) [42]. Sensitivity varied by route. For the DDS2, it was highest with 
smoking and lowest with vaporization (45.0–88.9% [37.0–94.5] vs. 27.6–79.1% [20.5–88.6]). For the DDT5000, it was highest with 
oral consumption and lowest with vaporization (39.4–93.0% [31.6–97.6] vs. 31.4–72.1% [23.8–83.2]). Specificity values were similar 
across routes (maximum absolute differences: 8.7% for DDS2; 4.1% for DDT5000-5). 

3.6. Feasibility and acceptability of investigated cannabis use detection methods 

Seventy-one studies reported on test feasibility and acceptability (Table B16), all regarding oral fluid and urine screening tests. 
Sixty-one reported test failure proportions (oral fluid and urine screening tests commonly have a field indicating invalid results). All 
tests except seven (Avitar OralScreen, Branan Oratect, Innovacon OrAlert, Securetec DrugWipe 5+, Sun Biomedical Laboratories 
Oraline, Ultimed SalivaScreen, and Varian OraLab) had cumulative test failure proportions below the 10% benchmark recommended 
by the Rosita-2 project [24]. Test failure proportions for later versions of the Oratect, Oraline, and DrugWipe fell below 10%. Roadside 
screening tests were overall deemed feasible and acceptable by evaluators (police officers and research staff); tests with lower posi-
tivity thresholds, greater ease of use and interpretation, rapider results, less invalid results, and higher accuracy were preferred. No 
data were available on cost-effectiveness. 

4. Discussion 

This systematic review synthesized the sensitivity and specificity of available roadside screening tests for cannabis use compared to 
oral fluid and blood laboratory tests for THC. The results of our review showed that oral fluid screening tests were higher in specificity 
and lower in sensitivity compared to urine screening tests in evaluations against blood laboratory tests. Oral fluid tests had higher 
sensitivity and similar specificity for THC compared to observational tests in evaluations against both blood and oral fluid laboratory 
tests. Sensitivity was highly variable among oral fluid tests, while specificity was more consistent. Overall, the DDS2 and DDT5000-5 
appeared to achieve the highest sensitivities among oral fluid tests when compared to oral fluid laboratory tests, but frequent 
imprecision of sensitivity and specificity estimates prevented definitive conclusions. Based on these results, oral fluid screening tests 
show the most promise for use in screening for blood THC levels above legal limits. Urine tests are generally inadvisable, and 
observational field tests require improvements. 

The performance of oral fluid screening tests has improved over the past decade. In the 2000s, roadside screening tests for DUIC 
were examined as part of a series of international projects on impaired driving. The last of these (DRUID, 2007–2009), which included 
three European countries, found oral fluid screening tests inadvisable for DUIC detection [59]. Although all eight tests evaluated 
reached the DRUID specificity target of 80% when compared to laboratory tests in oral fluid, none reached the 80% sensitivity target. 
In contrast, several oral fluid screening tests evaluated in more recent studies included in our review had sensitivities exceeding 80% at 
the DRUID cut-off (1 ng/mL THC in oral fluid). In addition, while the DRUID project found that the sensitivity of oral fluid screening 
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tests to cannabis ranged from 11 to 59% at the DRUID cut-off, the corresponding range was 25–92% for more recent studies included in 
our review. At 1 ng/mL THC in blood, oral fluid test sensitivity ranged from 35 to 83% in more recent studies included in our review, 
and a multi-year observational study published since our search found sensitivities of 77% and 81% for two oral fluid screening tests at 
this cut-off in serum or plasma [60]. These results support continued investment in the development and evaluation of oral fluid 
screening tests, which have already been introduced into some North American drugged driving detection protocols. Alabama, 
Indiana, and Michigan (as part of a pilot program) currently use oral fluid screening tests for DUIC screening, and they are approved for 
use in DUIC screening in Canada. Importantly, positive oral fluid screening test results should always be confirmed with laboratory 
testing, as they should not be expected to achieve 100% specificity. 

Compared to oral fluid screening tests, urine screening tests were found to have lower specificity for THC and higher sensitivity for 
THC, especially for blood THC levels <0.5 ng/mL. This is to be expected, as the major cannabinoid present in urine (and detected by 
screening tests) is not THC but a breakdown product (THC-COOH) that rises as blood THC levels fall and remains in urine long after 
blood THC levels are undetectable [61]. One consequence of this is that people with low levels of blood THC are likely to have 
THC-COOH in their urine; another is a high chance of false positives. Similar findings of low urine screening test specificity for blood 
THC detection were found in a recent study published after our search [60]. These results, taken together with the invasive nature of 
roadside urine collection and its hygiene and feasibility concerns, indicate that urine screening tests are generally inadvisable for 
roadside DUIC screening. However, they may be useful to jurisdictions with zero tolerance laws. Observational tests were challenged 
by their low THC sensitivity. This might have resulted from evaluators attributing signs of cannabis use to those of other drug classes, 
as DRE evaluations have been found to perform well in differentiating drug-impaired and non-drug impaired individuals [44,57,58]. 
There was also limited evidence for a reduction in observational test specificity with co-consumption of other substances, which should 
be investigated further. Tailoring observational tests to cannabis could improve their performance [55]. However, until improved 
performance is demonstrated, oral fluid screening tests are more promising. 

Two potential limitations of oral fluid screening tests should be further investigated. First, test sensitivity could vary by frequency 
of cannabis use. There was a trend towards decreased sensitivity of oral fluid tests in frequent cannabis users, notably when screening 
for blood THC levels. While these differences must be explored further in larger studies, they can likely be explained by chronically 
elevated blood THC levels in frequent users. Whether this would present a limitation when screening for recent use is unclear, as blood 
THC levels in chronic users can remain elevated after several days of abstinence [62]. Second, the performance of oral fluid screening 
tests might vary depending on the time since cannabis consumption. In our review, sensitivity dropped rapidly post-consumption for 
some tests in comparisons to oral fluid laboratory tests. Future work is necessary on evaluating and improving this feature, and 
decision-makers should inquire about performance over time when selecting oral fluid tests. 

This review had several limitations. First, the paucity of studies comparing screening tests to laboratory tests of blood limited our 
findings on urine and observational tests and may have limited our findings on oral fluid tests, as these were primarily evaluated 
against laboratory tests of oral fluid. Blood is the predominant bodily fluid used in legal cases, and while there is a good correlation 
between presence of THC in oral fluid and presence of THC in blood, there is not a good correlation between oral fluid and blood THC 
levels [15]. Second, our review is limited by the current lack of a gold standard for cannabis impairment detection. While laboratory 
tests for THC in blood are considered reliable indicators of recent cannabis intake and are currently used to lay DUIC charges, they are 
not reliable indicators of impairment [63]. Therefore, the sensitivity and specificity results summarized in our review should not be 
interpreted as indicative of tests’ ability to differentiate between cannabis impairment and non-impairment. Third, imprecise sensi-
tivity and specificity estimates hindered our conclusions for many tests; future studies should aim for enough reference test positives 
and negatives for precision. Fourth, inconsistency in laboratory test THC positivity prevalence across included studies might have led 
to variability in screening test performance, as test performance is impacted by the prevalence of positives in the examined sample 
[64]. We chose to focus our results on experimental studies and comparative studies as opposed to observational single-test studies in 
part to reduce this source of variability, as positivity prevalence within comparative studies and across experimental studies was more 
consistent. Lastly, as feasibility and acceptability assessments were extracted as available from included publications, our review may 
not represent the complete literature on these outcomes. 

5. Conclusion 

This systematic review synthesized and compared the diagnostic test characteristics of available roadside screening tests for 
cannabis use compared to laboratory tests for cannabinoids in oral fluid and blood. Our results support continued investment in the 
development and testing of oral fluid screening tests. These tests achieved higher specificity than urine screening tests in comparisons 
against blood laboratory tests for THC and higher sensitivity than observational tests (e.g., DRE evaluations) in comparisons against 
both blood and oral fluid laboratory tests for THC. Future studies should explore variation in oral fluid test performance by cannabis 
use frequency and over time following cannabis consumption, and attempt improvements to observational tests. 
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[60] J. Liut, U. Bott, B. Madea, M. Krämer, A. Maas, Evaluation of RapidSTAT®, DrugWipe® 6S, DrugScreen® 5TK and DrugScreen® 7TR for on-site drug testing in 

German police roadside traffic patrol, Drug Test. Anal. 14 (8) (2022) 1407–1416. 
[61] F. Grotenhermen, Pharmacokinetics and pharmacodynamics of cannabinoids, Clin. Pharmacokinet. 42 (4) (2003) 327–360. 
[62] W.M. Bosker, E.L. Karschner, D. Lee, et al., Psychomotor function in chronic daily Cannabis smokers during sustained abstinence, e53127, PLoS One 8 (1) 

(2013) e53127. 
[63] J.G. Ramaekers, M.R. Moeller, P. van Ruitenbeek, E.L. Theunissen, E. Schneider, G. Kauert, Cognition and motor control as a function of Delta9-THC 

concentration in serum and oral fluid: limits of impairment, Drug Alcohol Depend. 85 (2) (2006) 114–122. 
[64] M.M.G. Leeflang, A.W.S. Rutjes, J.B. Reitsma, L. Hooft, P.M.M. Bossuyt, Variation of a test’s sensitivity and specificity with disease prevalence, CMAJ (Can. Med. 

Assoc. J.) 185 (11) (2013) E537–E544. 

E. Wennberg et al.                                                                                                                                                                                                     

http://refhub.elsevier.com/S2405-8440(23)01837-6/sref33
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref33
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref34
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref34
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref35
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref35
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref36
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref36
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref37
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref38
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref38
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref39
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref39
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref40
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref40
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref40
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref41
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref41
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref42
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref42
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref43
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref43
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref44
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref44
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref45
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref45
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref46
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref46
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref47
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref47
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref47
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref48
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref48
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref78
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref78
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref57
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref66
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref66
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref52
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref52
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref54
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref55
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref55
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref58
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref58
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref68
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref76
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref76
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref77
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref79
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref80
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref80
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref81
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref82
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref82
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref83
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref83
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref84
http://refhub.elsevier.com/S2405-8440(23)01837-6/sref84

	Roadside screening tests for cannabis use: A systematic review
	1 Introduction
	2 Methods
	2.1 Inclusion and exclusion criteria
	2.2 Data sources
	2.3 Search strategy and Study Selection
	2.4 Data extraction
	2.5 Risk of bias assessment
	2.6 Data synthesis

	3 Results
	3.1 Search results
	3.2 Study characteristics
	3.3 Roadside screening test characteristics
	3.4 QUADAS-2 assessment
	3.5 Sensitivity and specificity of roadside screening tests for cannabis use
	3.5.1 Test sensitivity and specificity overall
	3.5.2 Test sensitivity and specificity over time
	3.5.3 Influence of frequency cannabis of use, drug co-consumption, and route of administration on test sensitivity and spec ...

	3.6 Feasibility and acceptability of investigated cannabis use detection methods

	4 Discussion
	5 Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement

	Acknowledgements
	Appendix A Supplementary data
	References


