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Abstract

Background and Objectives: Electronic dance music (EDM) party attendees are at high risk 

for drug use. However, little is known regarding the extent of underreporting of drug use in this 

population, in part, because use of synthetic drugs is often associated with unknown exposure to 

adulterant drugs. We estimated the extent of underreported drug use in this population by 

comparing self-reported use to hair toxicology results.

Methods: Time-space sampling was used to survey adults entering EDM events at nightclubs and 

dance festivals in New York City from January through August of 2019. Seven hundred ninety-

four adults were surveyed and 141 provided analyzable hair samples. We queried past-year use of 

>90 drugs and tested hair samples using ultra-high performance liquid chromatography-tandem 

mass spectrometry. We compared hair test results to past-year self-reported use and adjusted 

prevalence estimates by defining use as reporting use or testing positive. Correlates of discordant 

reporting, defined as testing positive after not reporting use, were estimated.

Results: Prevalence of drug use increased when considering positive hair tests in estimates, with 

43.8% of participants testing positive for at least one drug after not reporting use. For example, 

based on self-report, cocaine use prevalence was 51.1%, and increased by a factor of 1.6 to a 

prevalence of 80.0% when adding hair test results to self-report. Younger adults (ages 18–25), 

black and other/mixed race participants, those reporting "other" sexuality, and those with a college 

degree were at significantly higher risk for testing positive for drugs not reportedly used. Those 
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who self-reported using more types of drugs were less likely to test positive after not reporting use 

(adjusted prevalence ratio = 0.53, 95% confidence interval = 0.41-0.68).

Conclusions: We detected underreporting of drug use, particularly cocaine and ketamine. More 

research is needed to determine whether this is driven by intentional underreporting or unknown 

exposure through adulterants.
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Introduction

Surveys are widely used for epidemiological investigations of drug use, and almost always 

rely on respondent self-report. However, a limitation to self-report is that it may reflect both 

intentional and unintentional underreporting of use [1–5]. Denial of known use is a common 

cause of underreporting [4,5], but an under-examined cause of underreporting is unknown 

exposure to drugs used as adulterants (e.g. methamphetamine, fentanyl) [6–8].

Intentional underreporting of drug use occurs with regularity as use can be a sensitive topic 

for participants. Individuals who use or have used drugs may fear identification or judgment 

by others, and they may fear that disclosing use can compromise their personal life, career, 

or even lead to legal consequences [5]. However, not all underreporting is intentional. 

Individuals may forget their drug use, or they may not understand or pay attention to survey 

questions and thus answer questions inaccurately [5,9]. Unintentional underreporting can 

also occur when individuals who use drugs are unknowingly exposed to adulterants. 

Historically, various psychoactive drugs (e.g. heroin, ecstasy) have often been adulterated 

with other drugs [10–15]. For example, a study determined that people who use drugs like 

ecstasy (MDMA, Molly) are at high risk for unknowingly using drugs such as 

methamphetamine, synthetic cathinones, and other new psychoactive substances (NPS)[7,8]. 

Alarmingly, fentanyl, its analogs, and other opioid NPS are now being detected in drugs 

such as heroin, cocaine, and in counterfeit prescription pills [16–18]. Unintentional use of 

fentanyl and/or opioid NPS via adulterated drugs has been a major factor contributing to the 

recent spike in drug-related deaths in the US [19,20].

Biological testing can be used as an adjunct to surveys to detect underreporting of drug use 

and it can be used to adjust estimates of use. Biological testing was added to a population 

survey of adults in Chicago in 2001/2002 and estimates of recent cocaine use increased from 

4.2% to 13.1% when considering those who did not report use, but tested positive, as being 

exposed [3]. A more recent study of 279, 457 pregnant women found the estimated 

prevalence of prenatal cannabis use increased from 4.2% to 7.1% when correcting self-

reported data to include urine testing [21]. While some studies have compared self-report to 

biological test results [1,7,8,22–27], few have used biological test results to adjust survey-

based estimates of use. In addition, most studies that include biological testing for drug 

exposure use urine testing. Although urine and blood testing are often considered gold 

standard, these methods can typically only detect very recent use (e.g. that occurred within 

the past few days) [28]. Hair samples, however, can allow detection of various drugs months 
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post-exposure [29–31]. In addition, unlike urine and blood testing, hair samples can be 

collected quickly, noninvasively, and in almost any environment (e.g. during street-intercept 

surveys) [32,33].

As deaths related to stimulant and opioid use continue to increase in the US [34], research is 

needed to accurately estimate drug use in order to better assess public health burden and 

allocate public health resources. In this study, we focus on individuals who attend electronic 

dance music (EDM) events at nightclubs or dance festivals. Individuals who attend such 

parties are at higher risk for use of various drugs than the general population [35] and use of 

drugs such as ecstasy and cocaine are particularly common in this population [36,37]. In this 

study, we aim to determine the extent of underreported drug use or drug exposure in this 

population and correlates of underreporting.

Methods

Procedure

Each week from January through August 2019, EDM parties in New York City (NYC) were 

randomly selected to survey individuals entering parties using time-space sampling [38]. 

The party sample space was based on (1) parties listed on EDM websites; (2) nightclubs that 

held EDM parties; and (3) through recommendations of key informants in the scene. 

Recruitment typically occurred 1–2 nights per week on Thursday through Sunday. While 

most parties were held at nightclubs or warehouses, we also surveyed participants outside of 

one large daytime EDM dance festival. To be eligible, individuals must have been ages ≥18 

and about to enter the randomly selected event. Participants within parties, however, were 

not randomly selected. Individuals were approached by a recruiter, and if eligible, were 

asked if they were willing to take an anonymous survey. Recruiters did not approach people 

based on appearance but tried to ensure that potential participants were not visibly inebriated 

(e.g. impaired attention or gait, slurred speech). Surveys were taken on electronic tablets 

after informed consent was provided. During the survey, participants were asked their 

willingness to provide a hair sample. If the participant agreed, the recruiter cut a small lock 

of hair (~100 hairs when possible) from the participant with a clean scissor as close to the 

skin/scalp as possible. While hair was usually taken from the head, participants were also 

able to provide body hair (e.g. from the armpit, arm, leg, face). Hair was folded into a piece 

of tin foil and stored in an envelope labeled with the participan’s study ID number. This ID 

was used to link hair test results to survey responses.

Response rates to survey invitation were collected and we also tracked the number of people 

passing a predefined line (with a clicker) to inform weighting procedures [38]. Of 1,246 

individuals approached, 794 completed the survey. Thus, the survey response rate was 64%. 

The source population underlying those approached was estimated with a click counter as 

approximately 6,863. Over a quarter of the sample (27.2%; n = 216) provided a hair sample 

for analysis. This study was approved by the first author's institutional review board.
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Measures

Participants were asked about demographic characteristics, frequency of past-year EDM 

party attendance, and past-year use of >90 drugs. Drugs queried included cannabis, cocaine, 

MDMA/ecstasy/Molly, LSD, methamphetamine, ketamine, DMT, 2C series drugs, synthetic 

cathinones (“bath salts”, including ethylone), MDEA, heroin, and fentanyl. They were also 

asked about nonmedical use of amphetamine and prescription opioids. Nonmedical use was 

defined for participants as use without a prescription or in a manner in which it was not 

prescribed. Test-retest reliability of our drug use questions has been shown to be high (κ = 

0.88-1.00) [39]. At the end of the survey, participants were asked how many of questions on 

the survey they answered honestly.

Hair analysis

216 participants provided a hair sample. 141 hair samples (17.8% of the full sample) were 

analyzable, with 75 samples not meeting our 20 mg criterion to perform analyses. Since we 

focused on past-year drug use, only the proximal 0–12 cm segment was analyzed when a 

longer hair sample was collected. The mean length was 8.1 ± 4.2 cm (median = 8.0 cm). 

While most samples (96.5%; n = 136) were obtained from participants’ heads, 4 samples 

(2.8%) were collected from participant armpits and 1 sample (0.7%) was collected from a 

participan’s beard. Assuming a normal hair growth rate [40], the mean time frame is ~1 cm 

per month.

Specimens were tested via published methods using ultra-high performance liquid 

chromatography–tandem mass spectrometry [41–43]. We tested for common drugs including 

cannabis (THC), amphetamine, methamphetamine, cocaine, MDMA, ketamine, PCP, heroin 

(6-MAM), and prescription opioids including morphine, codeine, oxycodone, hydrocodone, 

hydromorphine, and oxymorphone. We also tested for a variety of uncommon drugs and 

NPS including 19 synthetic cathinones (i.e. mephedrone, 4-MEC, methylone, 3.4-MDPV, 

pentedrone, 3-MMC, ethylcathinone, alpha-PVP, butylone, buphedrone, mexedrone, 

amfepramone, pentylone, methedrone, ethylone, naphyrone, 4-F-methylcathinone, 3.4-

DMMC, alpha-PHiP) and 7 psychedelic phenethylamines (i.e. 2C-B, 2C-P, 25B-NBOMe, 

25C-NBOMe, 25H-NBOMe, 25I-NBOMe, 4-EA-NBOMe). We also tested for 5 other 

euphoric stimulants (i.e. 4-FA, 5/6-APB, 5-MAPB, PMA, PMMA) and 3 dissociative NPS 

(i.e. MXE, 4-MeO-PCP, diphenidine). In addition, we tested for fentanyl, 8 fentanyl analogs 

(i.e. carfentanyl, acetylfentanyl, furanylfentanyl, butyrfentanyl, acryloylfentanil, 4-

fluorofentanyl, 3-methylfentanyl, ocfentanyl), and for 5 other opioid NPS (i.e. U-47,700, 

U-49900, AH-7921, MT-45, U-51,754).

Once ingested, drugs are incorporated into the hair, leading to a potential chronological trace 

of exposure. Farther periods correspond to hair segments more distant from the root. Hair is 

most ideal to detect repeated exposure over a long diagnostic window (e.g. over months), 

and the continuous improvement of analytical procedures and instrumental technologies now 

allows us to detect very small amounts of drugs (including single exposures), and for many 

months post-exposure [44,45]. We set the limits of detection as the minimum criterion to 

identify positive samples, although a further criterion to confirm cocaine exposure was the 

presence of benzoylecgonine (BZE), the main cocaine metabolite [46]. We used the 
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minimum criterion because we aimed to detect any amount of exposure (e.g. via 
adulterants).

Statistical analysis

We first examined descriptive statistics for the full survey sample and determined whether 

there were significant differences between those who provided an analyzable hair sample 

and those who did not. Comparisons were made using chi-square. Next, we estimated 

prevalence of past-year use of various drugs based on self-report, and then we estimated 

prevalence based on hair test results. We then compared self-report to hair test results, 

calculated the percentage of concordant-positive reporting (testing positive after reporting 

use) and discordant-positive reporting (testing positive after not reporting use), and 

determined what percentage of detection hair testing added to self-report. We then estimated 

adjusted prevalence of past-year use in which we defined use as self-reporting use or testing 

positive for use. Finally, we examined correlates of any discordant reporting, defined as 

testing positive for a drug after not reporting use. We examined whether demographic and 

drug use characteristics were related to providing any discordant drug report (meaning the 

participant tested positive after reporting no use for at least one drug). We used a 

multivariable generalized linear model with Poisson and log link to estimate adjusted 

prevalence ratios (aPRs) for each variable.

We calculated sample weights based on the proportion of all party attendees who completed 

a survey and on self-reported frequency of EDM party attendance, given that those who have 

higher response rates, and those who attend more frequently, had a higher likelihood of 

being sampled [38]. Specifically, weights were inversely proportional to reported frequency 

of attendance and to the number of people tracked entering each specific party. These weight 

components were combined via multiplication and normalized. This up-weighting of those 

believed to have a lower probability of selection and down-weighting of those believed to 

have a higher probability of selection is commonly used in studies that use venue-based 

sampling [38]. Parties were also accounted for as strata in this complex survey design. 

Weights were included to make results more generalizable to all NYC EDM party attendees, 

rather than frequent attendees who were more likely to be surveyed. Data were analyzed 

using Stata 13 SE and survey commands were used to generate estimates [47].

Results

Table 1 describes the full survey sample and the subsample of participants who provided an 

analyzable hair sample. Those providing a hair sample (large enough to analyze, n = 141) 

were similar to the full survey sample. However, compared to those not providing an 

analyzable sample, those providing an analyzable sample were less likely to report not 

having answered all or most survey questions honestly (0.3 vs. 8.2%, p < .001) and more 

likely to report past-year cocaine use (51.1 vs. 29.4%, p = .036). Supplemental Table 1 

shows comparisons between those who provided an analyzable sample versus those who 

provided an unanalyzable sample. Those who reportedly answered all or most survey 

questions honestly and those reporting nonmedical prescription opioid use were more likely 

to provide an analyzable sample (ps < .001).
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Table 2 presents estimated prevalence of self-reported past-year drug use, prevalence 

according to hair-positive results, and adjusted prevalence accounting for both self-report 

and positive detection in hair. An estimated 82.7% used any drug examined in the past year 

(based on self-report) and 76.1% tested positive for any drug examined. However, estimated 

prevalence rose to 96.6% when considering both self-report and test results.

While an estimated 71.9% used cannabis in the past year (according to self-report), only 

23.4% tested positive for use. No participants who denied use tested positive for exposure. 

Although prevalence based on self-reported use of cocaine and positive detection of cocaine 

were comparable (51.1 vs. 59.1%), adjusted prevalence increased to 80.0% when 

considering both self-report and hair test results (with hair testing adding 28.9% higher 

prevalence to self-report). Prevalence estimates based on self-report and hair test results 

were comparable for amphetamine (22.2 vs. 21.2%) and MDMA (20.9 vs. 27.1%), but 

adjusted prevalence for amphetamine and MDMA use increased to 32.5% and 35.8%, 

respectively. Thus, hair test results added 10.3% to self-reported prevalence of amphetamine 

use and 14.9% to self-reported prevalence of MDMA use.

Although past-year LSD use was reported by 20.4% of participants, only 5.9% tested 

positive for exposure, and hair results did not add to self-report (Table 2 continued). While 

an estimated 11.2% used ketamine (based on self-report), hair detection was three-times 

higher (33.3%). Positive hair test results added 24.8% to adjusted prevalence of self-reported 

use. With regard to opioids, most reported use went undetected during hair testing, with hair 

testing adding <1% to self-reported prevalence of use. Of note, two cases (1.1% of the 

sample) tested positive for fentanyl exposure after not reporting use. Ethylone and MDEA 

were not reportedly used by any participants, but 4.0% and 2.6%, respectively, tested 

positive for these compounds. None of the other compounds we tested for were detected. 

Table 3 provides correct classification statistics (sensitivity, specificity, and positive and 

negative predictive value) regarding hair test results in comparison to self-report.

An estimated 43.8% of participants tested positive for at least one drug after not reporting 

use. Table 4 presents correlates of such discordant reporting. Compared to older participants, 

younger participants (ages 18-25) were more likely to test positive after not reporting use 

(aPR = 1.85, 95% CI: 1.11-3.10), and compared to white participants, those identifying as 

black (aPR = 2.25, 95% CI: 1.02-4.95) or other/mixed race (aPR = 2.09, 95% CI: 1.23-3.53) 

were more likely to test positive after not reporting use. Compared to those without a college 

degree, those with a degree were more likely to test positive after not reporting use (aPR = 

2.05, 95% CI: 1.19-3.51), and compared to heterosexuals, those identifying as gay/lesbian 

(aPR = 0.45, 95% CI: 0.22-0.93) were less likely to test positive after not reporting use and 

those identifying as other sexuality (aPR = 1.94, 95% CI: 1.01-3.72) were more likely to 

provide such a discordant report. With regard to number of drugs used, each additional drug 

self-reportedly used was associated with decreased risk of testing positive after not reporting 

use (aPR = 0.53, 95% CI: 0.41-0.68), and for each additional drug detected in one’s hair, 

risk of providing a discordant report doubled (aPR = 2.05, 95% CI: 1.71-2.45).
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Discussion

The present results suggest underreporting of drug use in this population, and when 

considering both self-report and hair test results, we estimate that almost all individuals 

(96.6%) in this population have used at least one drug in the past year. Cocaine and ketamine 

use in particular were underreported. It is unknown to what extent participants knowingly 

underreported use or to what extent they were unknowingly exposed. Of party drugs, ecstasy 

appears most likely to be adulterated with other illegal drugs. While most recent research on 

ecstasy adulteration focuses on NPS, historically, at least some ecstasy has contained 

ketamine, cocaine, and/or amphetamine [10,11]. In addition, other studies of people who use 

ecstasy in the NYC EDM scene have detected substantial unreported use of ketamine [8], 

and of participants who found out their ecstasy contained another drug (51.1% of the 

sample), 23.9% detected cocaine [48].

An unexpected finding was that there were very few cases of underreported NPS use, given 

that hair testing of EDM party attendees in NYC in 2015 and 2016 suggested extensive 

unreported use or exposure (>40%) among people reporting ecstasy use [7,8]. While 

overdose deaths related to fentanyl have increased substantially in the US (in part, due to 

fentanyl present in purported heroin)[49], our results suggest that adulteration of party drugs 

(e.g. ecstasy) with NPS has declined [7,8]. Although, we did detect unreported exposure to 

fentanyl in two cases. It should be noted that neither of these participants reported heroin 

use, but both reported use of drugs such as ecstasy and cocaine. Cocaine use in NYC in 

particular appears to be associated with increased risk of fentanyl exposure [18,50]. We 

believe it is important to continue to conduct biological testing on party drug users to 

determine whether risk for unintentional fentanyl exposure is increasing.

Our findings also add to previous studies which found that underreporting of drug use is not 

random. Although most large studies examining underreporting were conducted decades 

ago, many of our findings corroborate these older studies. For example, like other studies, 

we estimate that younger adults are more likely than older adults to underreport [3,27,51]. 

These findings are of interest because many older adults may be likely to have "more to 

lose" if their drug use is detected. For example, older adults are at lower risk for using illegal 

drugs, in part, because they often have different family roles, and/or have a career that can be 

compromised by others learning of one’s drug use [52]. Thus, we would expect that older 

adults would be more likely to deny known use. More research is needed to determine 

reasons for such differences.

We also estimate that individuals who identify as black or other/mixed race were more likely 

to test positive after not reporting use, and this finding corroborates results from many other 

studies finding that black individuals were more likely to test positive for drugs such as 

cannabis and/or cocaine after not reporting use [3,24,27,51,53]. However, it should be noted 

that these racial minority participants did not test positive for cannabis after not reporting 

use, so differences in this study are relevant to drugs other than cannabis. While we could 

not deduce intentional versus unintentional underreporting, a 2013 report estimated that 

black individuals are 37-times more likely than white individuals to be arrested for cannabis 

possession [54]; thus, some racial minority individuals in particular may be more suspicious 
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about drug surveys and may intentionally underreport use. If this is the case, then 

researchers must find a way to address potential mistrust.

With regard to sexual orientation, we estimate that gay/lesbian individuals were less likely 

than heterosexuals to underreport, and this finding corroborates findings from the Chicago 

population study which found that men who have sex with men were more likely to 

accurately report drug use than heterosexual men [1]. With respect to education, we found 

that individuals with a college degree were more likely to provide discordant reports. This 

finding was surprising as individuals with lower education are more likely to satisfice on 

surveys [55], which is when participants do not pay attention to questions or take shortcuts 

to finish sooner [56]. However, previous studies yield mixed results regarding level of 

education and underreporting [1,53]. While satisficing indeed may have contributed to 

underreporting, 99.8% of participants providing an analyzable hair sample reported 

answering all or most questions honestly.

Our results also suggest that self-reported use of more drugs was associated with decreased 

risk of underreporting use of any drug. Thus, it appears that more extensive drug users may 

be less inclined to underreport use (of any drug), but users of fewer drugs are more likely to 

underreport any use. In addition, testing positive for more drugs was associated with 

increased risk of not reporting use but then testing positive. However, we are unable to 

deduce whether individuals who report use of fewer drugs and/or test positive for more 

drugs are more likely to intentionally or unintentionally underreport use. This study was also 

among the first to estimate sensitivity and specificity of hair test results for multiple drugs 

using self-report as the gold standard, and results were nearly identical to a recent study 

comparing hair test results to self-reported use of cannabis, cocaine, and methamphetamine, 

among people who use opioids [33].

This study has limitations. Hair testing has limited ability to detect very recent drug use (e.g. 

in the past week) so recent use, including use the day of the event, could have been 

underestimated. Urine, blood, and saliva are more ideal for detecting use within the past few 

days. Thus, the most ideal procedure to most accurately detect drug use over long window 

periods would be hair testing plus urine, blood, and/or saliva testing [33]. Many participants 

provided hair samples <12 cm. In such cases, we were not able to detect use that last 

occurred closer to a year prior to collection. Unfortunately, we do not have information 

regarding how many people could not provide a hair sample due to their hair being too short 

as these individuals were simply coded as refusals. However, even when hair appeared too 

short for analysis, if the participant was willing to provide a sample, we still attempted to 

collect a sample to later determine whether it was analyzable (hence our omission of 

analysis of 75 collected samples). These unanalyzable samples could have biased results 

although we did not detect differences in participant characteristics between those who 

provided analyzable versus unanalyzable hair samples. Indeed, males were more likely to 

provide body hair for analysis, but we do not believe this biased results as it was males that 

typically had shorter head hair than females and body hair was only used as a fallback. 

Beard and armpit hair also grow at a slower rate than head hair so we might have been be 

less likely to detect very recent use in such samples [45]. Specific styles of haircuts can also 

be indicators of social patterns, and possibly bias if this limits our ability to collect hair 
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samples. Future research could examine whether hair styles affect willingness to provide 

hair samples and detection of specific drugs.

Use of hair products can affect ability to detect drug exposure and it should be noted that 

people of different races or ethnicities could have different hair composition which can 

affect test results [45]. Hair testing cannot always reliably detect infrequent cannabis 

consumption or LSD use [33,57,58], and we could not distinguish between medical and 

nonmedical use of amphetamine and prescription opioids. Although we have demonstrated 

our ability to detect fentanyl and its analogs in other high-risk populations [43], it is possible 

that very small exposures went undetected in this sample (who reported very low prevalence 

of heroin use). While our analytic sample was similar to the full survey sample, those 

providing an analyzable hair sample were more likely to report past-year cocaine use. We 

also assumed that over-reporting was uncommon, as in adult samples, over-reporting is rare 

[3,59]. Results also may not be generalizable to individuals beyond those who attend EDM 

parties in NYC. Limited recall of drug use is also a limitation as participants may not 

completely recall if and when they used specific drugs in the past year, especially if they had 

used drugs earlier in the day of the survey. Finally, the present study provides statistics 

regarding EDM parties in NYC, and may not apply to each individual party as there is likely 

heterogeneity within the city regarding demographic characteristics of attendees and drugs 

used.

Conclusions

We detected underreporting of drug use among EDM party attendees, with underreporting of 

cocaine and ketamine in particular. More research is needed to determine whether this is 

driven by intentional underreporting or unknown exposure. Continued testing for unknown 

exposure to fentanyl, its analogs, and other opioid NPS in particular, is of the utmost 

importance as such data are needed to inform prevention efforts for those at risk for 

exposure. We believe more epidemiology surveys should include biological testing to 

continue to inform surveillance efforts regarding use of common drugs and NPS.
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Table 1.

Sample characteristics.

Full sample (n = 794) Weighted % (n)
Provided an analyzable hair sample (n = 141) Weighted 

% (n)

Age, years

 18–25 37.7 (399) 31.5 (79)

 ≥26 62.3 (395) 68.5 (62)

Sex

 Male 64.9 (467) 65.5 (75)

 Female 35.1 (327) 34.5 (66)

Race/Ethnicity

 White 42.0 (383) 43.8 (77)

 Black 11.9 (77) 14.5 (10)

 Hispanic 20.9 (139) 31.0 (26)

 Asian 17.3 (127) 5.3 (17)

 Other/Mixed 7.8 (68) 5.4 (11)

Education

 Less than College Degree 33.8 (261) 42.4 (58)

 College Degree 66.2 (533) 57.6 (83)

Sexual orientation

 Heterosexual 76.0 (563) 86.2 (98)

 Gay/Lesbian 17.1 (120) 8.1 (14)

 Bisexual 5.9 (84) 5.2 (22)

 Other Sexuality 1.0 (27) 0.6 (7)

Answered all or most questions honestly

 Yes 93.4 (720) 99.8 (136)**

 No 6.6 (73) 0.2 (5)

Past-year drug use (Self-report)

 Cannabis 61.3 (579) 71.9 (123)

 Cocaine 33.9 (345) 51.1 (76)*

 Ecstasy/MDMA/Molly 28.9 (332) 20.9 (72)

 LSD 18.5 (208) 20.4 (43)

 Amphetamine (nonmedical) 13.5 (175) 22.2 (42)

 Ketamine 13.1 (148) 11.2 (30)

 Methamphetamine 6.5 (47) 11.3 (9)

 Number of Drugs Used, mean (SE) 1.9 (0.1) 2.3 (0.3)

Nonmedical use was defined for participants as using without a prescription or in a manner in which it was not prescribed—for example, to get 
high. SE: standard error. Asterisks indicate significant differences between those providing an analyzable hair sample and those not providing a hair 
sample.

*
p < .05,

**
p < .001.
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Table 3.

Correct classification of hair test results with self-reported past-year use as “gold standard”.

Sensitivity Specificity PPV NPV

DMT 1.00 0.99 0.50 1.00

2C-B 1.00 0.96 0.14 1.00

LSD 1.00 0.72 0.09 1.00

Cannabis 1.00 0.20 0.40 1.00

MDMA (ecstasy) 0.83 0.77 0.76 0.84

Cocaine 0.66 0.70 0.82 0.51

Amphetamine 0.65 0.80 0.48 0.89

Prescription opioids 0.38 0.93 0.25 0.96

Ketamine 0.37 0.93 0.83 0.61

Opioids 0.33 0.93 0.25 0.95

Methamphetamine 0.17 0.95 0.22 0.92

Ethylone – 1.00 – 1.00

MDEA – 1.00 – 1.00

Fentanyl – 1.00 – 1.00

PPV: positive predictive value; NPV: negative predictive value. We could not compute sensitivity or PPV statistics for ethylone, MDEA, or 
fentanyl, because no participants reported use of these compounds.
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