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Background: Research investigating adverse effects from drug use has focused extensively on poisonings and 
mortality. This study focuses on drug-related adverse effects not necessarily resulting in hospitalization or death 
among a population known for high prevalence of party drug use —electronic dance music (EDM) nightclub and 
festival attendees. 
Methods: Adults entering EDM venues were surveyed in 2019–2022 ( n = 1952). Those reporting past-month use 
of a drug were asked whether they had experienced a harmful or very unpleasant effect after use. We examined 
20 drugs and drug classes with a particular focus on alcohol, cannabis, cocaine, and ecstasy. Prevalence and 
correlates of adverse effects were estimated. 
Results: Almost half (47.6%) of adverse effects involved alcohol and 19.0% involved cannabis. 27.6% of those us- 
ing alcohol reported an adverse effect, while 19.5%, 15.0%, and 14.9% of participants reported an effect from use 
of cocaine, ecstasy, and cannabis, respectively. Use of less prevalent drugs, such as NBOMe, methamphetamine, 
fentanyls, and synthetic cathinones, tended to be associated with higher prevalence of adverse effects. The most 
consistent risk factor was younger age, while past-month use of a greater number of drugs was often a protective 
factor against adverse effects. For most drugs, taking too much was the most common perceived reason for the 
adverse effect, and visiting a hospital after use was most prevalent among those experiencing an adverse effect 
from cocaine (11.0%). 
Conclusions: Adverse drug effects are common in this population and results can inform prevention and harm 

reduction in this population and the general population. 
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. Introduction 

There were over 100,000 deaths related to drug use in the United
tates (US) in 2021 and the number of deaths continues to increase
 Ahmad et al., 2022 ). The majority of deaths have been linked to opi-
id use, though large proportions were also related to use of cocaine and
sychostimulants such as methamphetamine. Granted, mortality may be
he gravest adverse outcome that could arise from drug use, but research
as largely overlooked less severe outcomes —ranging from symptoms
uch as nausea or headaches to acute effects in which the person using
eels they are in possible danger. Such effects may be more prevalent
nd perhaps as important for both policymakers and individuals who
se drugs alike. Indeed, most information on adverse drug-related ad-
erse effects in the US is based on national data focusing on hospitaliza-
ions, reported poisonings, and deaths. However, these data are limited
nsofar as they tend to represent severe outcomes that can ultimately
ias estimates of risk associated with use of specific drugs. Additional
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esearch is needed with a focus on adverse effects associated with drug
se that does not necessarily result in hospitalizations, poisonings, or
eath, in order to better inform prevention and harm reduction efforts.

National mortality data suggest that most deaths involving il-
egal drug use in 2020 involved fentanyl or other novel opioids
56,516), followed by deaths involving use of psychostimulants includ-
ng methamphetamine (23,837), cocaine (19,447), and heroin (13,165)
 Hedegaard et al., 2021 ). The Drug Abuse Warning Network is the main
ource of national data on drug-related hospitalizations (emergency de-
artment [ED] visits). Recent estimates suggest that the majority (39%)
f drug-related ED visits in 2021 involved alcohol use (2.9 million),
ollowed by use of opioids (1 million), methamphetamine (0.8 mil-
ion), cannabis (7.9 million), and cocaine (0.3 million) ( Substance Abuse
nd Mental Health Services Administration [SAMHSA], 2022 ). Esti-
ates of deaths or ED visits related to use of most other drugs are
ot available but may be somewhat approximated by national Poi-
on Control data ( Palamar et al., 2022a , b ). In 2020, alcohol had the
 March 2023 
article under the CC BY-NC-ND license 

https://doi.org/10.1016/j.dadr.2023.100149
http://www.ScienceDirect.com
http://www.elsevier.com/locate/dadr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dadr.2023.100149&domain=pdf
mailto:joseph.palamar@nyulangone.org
https://doi.org/10.1016/j.dadr.2023.100149
http://creativecommons.org/licenses/by-nc-nd/4.0/


J.J. Palamar and A. Le Drug and Alcohol Dependence Reports 7 (2023) 100149 

m  

p  

(  

1  

2  

n  

a  

h  

t  

p
 

t  

t  

s  

g  

b  

p  

t  

f  

c  

t  

f  

p

2

2

 

E  

T  

a  

2  

s  

p  

o  

j  

w  

v  

t  

s  

m  

U  

i  

w  

1  

2  

M

2

 

c  

a  

p  

d  

c  

S  

s  

(  

W  

d  

o  

s  

a  

p  

s  

a  

q  

a  

m  

r  

u  

d  

s  

s  

“  

a  

a  

r
 

h  

d  

d  

a  

w  

(  

v  

h  

t  

(  

t  

f  

l  

P  

h  

a  

s  

a

2

 

a  

d  

e  

t  

a  

A  

c  

a  

a  

a  

p  

d  

t  

e  

t  

t  

i  

t  

c  

b  

(  

s  

a  

u  

d  

S

ost reported poisonings (53,489), followed by cannabis (16,004), am-
hetamine (16,001), methamphetamine (8987), heroin (8007), cocaine
5026), fentanyl (4689), other phenethylamines (e.g., MDMA, 2C series;
998), LSD (1450), and synthetic cannabinoids (1202) ( Gummin et al.,
021 ). Other drugs commonly used in recreational contexts, such as
ightclubs, were associated with fewer reported poisonings. For ex-
mple, there were 766 reported poisonings related to use of gamma -
ydroxybutyrate (GHB) and its analogs, 343 poisonings related to ke-
amine and its analogs, 215 related to use of amyl/butyl nitrites (pop-
ers), and 81 related to use of tryptamines ( Gummin et al., 2021 ). 

National morbidity and mortality data are inherently limited as they
ypically capture the most severe cases of poisoning, while hospitaliza-
ion and Poison Control data are limited to people who seek profes-
ional help to treat adverse effects. This study aims to address these
aps in the literature by focusing on an array of adverse effects reported
y a population known for reporting high prevalence of a variety of
arty drugs and novel psychoactive substances (NPS) —people who at-
end electronic dance music (EDM) parties at nightclubs and large dance
estivals ( Hughes et al., 2017 ; Palamar and Keyes, 2020 ). More specifi-
ally, we examine prevalence of recent self-reported adverse effects rela-
ive to use, as well as the reported symptomology and perceived reasons
or experiencing such effects, based on rapid survey results from EDM
arty attendees entering nightlife venues. 

. Methods 

.1. Study population 

Time-space sampling was implemented to survey adults entering
DM parties at nightclubs and dance festivals in New York City (NYC).
he study was conducted from January 2019 through September 2022,
lthough data collection was halted from February 2020 through June
021 due to the COVID-19 pandemic. Each week, events were randomly
elected based on an ongoing list of nightclubs and parties listed on a
opular EDM party ticket website. Recruitment was typically conducted
n 1–2 nights per week from Thursday through Sunday. While the ma-
ority of participants were surveyed entering nightclubs, participants
ere also surveyed as they approached 1–2 daytime EDM dance festi-
als each year. Individuals were eligible if they were age ≥ 18 and about
o enter the selected venue. Participants provided informed consent and
ubsequently took the rapid anonymous survey at the point of recruit-
ent on an electronic tablet. Survey completers were compensated $10
SD. Participants were surveyed entering 133 events —80 in 2019, 8

n early 2020, 23 in 2021, and 22 in 2022, and survey response rates
ere 65%, 82%, 63%, and 82%, respectively. The total sample size was
952, with 1005 surveyed 2019, 104 in 2020, 349 in 2021, and 494 in
022. All methods were approved by the New York University Langone
edical Center institutional review board. 

.2. Measures 

Participants were first asked about demographic characteristics in-
luding their age, sex, race/ethnicity, education, and sexual orientation,
s well as their frequency of past-year EDM party attendance. Partici-
ants were then asked about past-month use of 20 different drugs or
rug classes. They were asked about use of common drugs, nonmedi-
al psychoactive drug use, and about use of NPS and uncommon drugs.
pecifically, they were asked about use of alcohol, cannabis, cocaine, ec-
tasy/MDMA/Molly, poppers (amyl/butyl nitrites), ketamine, shrooms
mushrooms, psilocybin), LSD, GHB, methamphetamine, and heroin.
hile ecstasy and Molly are common ‘street’ names for MDMA, these

rugs do not always actually contain MDMA, and people who use are
ften unaware of the drug’s actual contents. Therefore, we assessed ec-
tasy, MDMA, and Molly together via a single item. Participants were
lso asked about nonmedical use of amphetamine, benzodiazepines, and
2 
rescription opioids. Nonmedical use was defined as use without a pre-
cription or use in a manner in which the drug was not prescribed, such
s to get ‘high’ ( SAMHSA, 2015 ). Nonmedical amphetamine use was
ueried via a single item, and nonmedical use of prescription opioids
nd benzodiazepines was determined by the participant reporting non-
edical use of any of 8 and 11 drugs in these classes, respectively. With

egard to NPS and other novel drugs, participants were asked about
se of 13 synthetic cathinones ( “bath salts ”), 8 tryptamines, 5 2C series
rugs, 4 novel opioids including fentanyls, and NBOMe series drugs and
ynthetic cannabinoids via single items. A list of drugs queried is pre-
ented in Supplemental Table 1. Lists of NPS had an answer option for
other ” compounds in that class not listed and below this option was
 list of other compounds in the drug class not specifically queried. An
ffirmative response to any drug in a class was coded as an affirmative
esponse to use of that class. 

Those reporting past-month use of a drug were asked whether they
ad experienced a harmful or very unpleasant effect after using the
rug in the past 30 days. We further specified that this refers to a
rug effect in which the participants felt their health and safety were
t immediate risk. This definition was based upon previous literature in
hich the drug effect was perceived to be harmful and/or unpleasant
 Edwards and Aronson, 2000 ). Those answering affirmatively were pro-
ided follow-up questions, inquiring whether they asked someone for
elp and whether they visited a hospital or ED. They were also asked
he reason(s) why they thought the adverse drug outcome happened
with 9 answer options in which they could check all that apply), and
hey were also provided a 16-item checklist to select which specific ef-
ect(s) occurred when the adverse drug effect happened, based on past
iterature ( Cloutier et al., 2013 ; Degenhardt et al., 2002 ; Hall, 2017 ;
arrott, 2013 ; Zawilska and Andrzejczak, 2015 ). They were also asked
ow long ago the event occurred. While participants were asked about
dverse effects related to use of each individual drug queried, effects re-
ulting from use of a drug in a class were based on participants reporting
n adverse effect to a drug in that class. 

.3. Analyses 

Descriptive statistics were first computed to describe sample char-
cteristics, and the prevalence of self-reported past-month use of each
rug or drug class was calculated as well as the prevalence of having
xperienced an adverse effect. Prevalence was determined relative to
he sample size (prevalence of reporting any adverse effect) and rel-
tive to the total count of adverse effects reported across all drugs.
mong those reporting an adverse effect associated with use of a spe-
ific drug, the prevalence of the participant asking for help or visiting
 hospital/ED were calculated. Prevalence of reported reasons for the
dverse effect and for specific symptoms were also computed. To ex-
mine stability of adverse effects across time, quarterly trends in re-
orting an adverse effect were computed for the four most prevalent
rugs —alcohol, cannabis, cocaine, and ecstasy. For these analyses, logis-
ic regression was used to determine whether there was a linear trend by
stimating odds of reporting an adverse outcome as a linear function of
ime (quarter). Finally, bivariable and multivariable models were used
o delineate potential correlates of reporting an adverse effect focus-
ng on the four most prevalent drugs. Specifically, chi-square was used
o determine if prevalence of reporting an adverse effect differed ac-
ording to demographic characteristics, level of party attendance, num-
er of drugs used in the past month, and where the survey took place
nightclub vs. festival). Then, all independent variables were fit into
eparate models (for each drug) to examine associations in a multivari-
ble manner. Generalized linear model using Poisson and log link was
sed to generate adjusted prevalence ratios (aPRs) for each indepen-
ent variable. Data were analyzed using Stata 17 SE (StataCorp, College
tation, TX). 
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Table 1 

Sample characteristics ( N = 1952). 

n % 

Age Mean = 26.7 SD = 6.0 
Sex 

Male 1074 55.0 
Female 878 45.0 

Race/Ethnicity 
White 948 48.6 
Black 159 8.2 
Hispanic 377 19.3 
Asian 389 14.8 
Other/Mixed 179 9.2 

Education 
College Degree or Higher 1329 68.1 
Less than College Degree 623 31.9 

Sexual Orientation 
Heterosexual 1322 67.7 
Gay/Lesbian 278 14.2 
Bisexual 285 14.6 
Other 67 3.4 

Party Attendance 
Never /1–2 Times Per Year 408 20.9 
Every Few Months 480 24.6 
Monthly 353 18.1 
Every Other Week 366 18.8 
Every Week or More Often 345 17.7 

Past-Month Drug Use 
0–2 Drugs 1187 60.8 
3–4 Drugs 502 25.7 
5–6 Drugs 188 9.6 
≥ 7 Drugs 75 3.8 

Where Surveyed 
Nightclub 1692 86.7 
Festival 260 13.3 
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Table 2 

Prevalence of self-reported adverse effects of specific 
drugs relative to all adverse effects reported. 

n % 

Alcohol 421 47.6 
Cannabis 168 19.0 
Cocaine 80 9.0 
Ecstasy 55 6.2 
Ketamine 27 3.1 
Poppers 25 2.8 
Psilocybin 17 1.9 
Amphetamine 17 1.9 
LSD 15 1.7 
Synthetic Cathinones 10 1.1 
Benzodiazepines 9 1.0 
Methamphetamine 9 1.0 
GHB 8 0.9 
2C Series 6 0.7 
Prescription Opioids 5 0.6 
Synthetic Cannabinoids 4 0.5 
Tryptamines 4 0.5 
Fentanyls/Novel Opioids 2 0.2 
NBOMe 2 0.2 
Heroin 1 0.1 

Note. Prevalence is relative to the 885 separate drug- 
related effects reported by 622 participants (31.9% of the 
full sample). Poppers refer to amyl or butyl nitrites. 
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. Results 

Sample characteristics are presented in Table 1 . The majority of par-
icipants were male (55.0%), heterosexual (67.7%), and had at least a
ollege degree (68.1%). The average age was 26.7 years (SD = 6.0) and
he plurality identified as white (48.6%). 

The majority of participants (86.7%) reported using at least one
ueried drug in the past month, with 70.8% reporting use of a drug other
han alcohol. Among those reporting use of any drug, 31.9% reported
xperiencing an adverse effect (17.8% when excluding effects related to
lcohol use). Of the 885 adverse effects reported in total for individual
rugs among the 622 participants reporting any adverse effect, relative
o those reporting any adverse effect, alcohol contributed to almost half
f reported instances (47.6%), followed by cannabis (19.0%), cocaine
9.0%), and ecstasy (6.2%) ( Table 2 ). Adverse effects related to heroin,
entanyl, and other novel opioids only accounted for 0.3% of adverse
ffects. 

Figure 1 presents the prevalence of past-month use of each drug
r drug class and whether an adverse effect was reported. The drugs
ost commonly used in the past month were alcohol (78.6%), cannabis

58.0%), cocaine (21.2%), and ecstasy (19.0%). Over a third (37.3%) of
dverse effects from cannabis involved edibles. Rarer drugs tended to
ave a higher prevalence of reported adverse effects associated with
se, including 40.0% of NBOMe use, followed by methamphetamine
29.0%), fentanyls or other novel opioids (28.6%), synthetic cathinones
25.6%), tryptamines (25.0%), GHB (21.1%), synthetic cannabinoids
14.8%), and heroin (14.3%). Supplemental Table 2 presents data on
hen the adverse effect occurred, and trend analysis suggests that the
revalence of adverse effects related to use of alcohol, cannabis, cocaine,
nd ecstasy were stable across the study period ( p s > 0.05) (Supplemen-
al Figure 1). Figure 2 presents the prevalence of participants having
sked someone for help and for visiting a hospital or ED in response to
xperiencing an adverse effect for the ten most prevalent drugs. Among
hose experiencing an adverse effect after using ketamine or psilocybin,
3 
9.3% and 52.9%, respectively, asked someone for help. Visiting a hos-
ital or ED after use was rare, but highest among those reporting an
dverse effect related to cocaine use (11.0%), followed by ketamine use
7.4%), alcohol use (7.2%), and amphetamine use (6.7%). Prevalence of
ast-month use, report of an adverse effect, and prevalence of asking for
elp and visiting a hospital/ED are reported in detail in Supplemental
able 3. 

Specific symptoms associated with adverse effects related to use of
lcohol, cannabis, cocaine, and ecstasy are presented in Fig. 3 . Nau-
ea/vomiting (49.4%), headache (41.3%), and unconsciousness (23.8%)
ere most commonly reported as symptoms related to alcohol use, and
aranoia (36.3%), confusion (29.2%), and hallucination (8.3%) were
ost commonly experienced as symptoms related to cannabis use. Co-

aine use was most commonly associated with tachycardia (heart rac-
ng, 42.5%) and anxiety (32.7%), and ecstasy use was commonly asso-
iated with anxiety (32.7%) and overheating (27.3%). Figure 4 presents
revalence of suspected reasons why adverse effects occurred, focusing
n the four most prevalent drugs. Taking too much was the most com-
on reason for all four drugs, particularly alcohol (72.0%) and cannabis

43.5%). Nearly a third (31.6%) of those experiencing an adverse ef-
ect related to cannabis use reportedly had no idea why the effect oc-
urred, while not being in the right mindset (18.2%) and low quality
rug (16.4%) were additional common reported reasons for ecstasy.
revalence of specific effects and suspected reasons for adverse effects
or all drugs and drug classes are presented in detail in Supplemental
ables 4 and 5, respectively. 

Bivariable correlates of reporting an adverse effect related to use of
lcohol, cannabis, cocaine, or ecstasy are presented in Table 3 . With re-
pect to alcohol, younger participants on average were more likely to re-
ort an adverse effect (Mean [M] = 25.7 [SD = 5.0] vs. 27.0 [SD = 5.9],
 < 0.001), and there was a detected difference regarding sexual ori-
ntation ( p = 0.006) with a post hoc test suggesting that participants
f bisexual and other sexual identity were at risk. Regarding cannabis
se, younger participants on average were more likely to report an ad-
erse effect ( M = 24.5 [SD = 4.2] vs. 26.7 [SD = 5.6], p < 0.001), as
ere females ( p = 0.033). There were also detected differences regard-

ng race/ethnicity ( p = 0.040) and number of drugs used ( p = 0.003),
ith post hoc tests suggesting that Asians and those reporting use of
–2 drugs were at particularly high risk. With respect to cocaine, those
ith less than a college education were at risk ( p = 0.35), as were those
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Fig. 1. Prevalence of use and report of experiencing an adverse effect. 
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eporting use of 1–2 drugs ( p = 0.016). Regarding ecstasy use, younger
articipants on average were more likely to report an adverse effect
 M = 25.5 [SD = 4.3] vs. 27.6 [SD = 5.3], p = 0.005). Multivariable
orrelates of reporting an adverse effect related to use are presented in
able 4 . With all else being equal, younger age remained a risk factor for
xperiencing an adverse effect related to use of alcohol (aPR = 0.97, 95%
I: 0.95–0.99), cannabis (aPR = 0.92, 95% CI: 0.88–0.96), and ecstasy
aPR = 0.92, 95% CI: 0.86–0.99). Among those who used cannabis, iden-
ifying as Asian was associated with increased risk (aPR = 1.52, 95% CI:
.01–2.30) and among those who used cocaine, identifying as Hispanic
as a risk factor (aPR = 1.86, 95% CI: 1.02–3.40). Finally, compared to

hose using 1–2 drugs, those using 3–4 were at lower risk for reporting
n adverse effect related to use of cannabis (aPR = 0.53, 95% CI: 0.37–
.78) and ecstasy (aPR = 0.42, 95% CI: 0.18–0.97), and use of more
rugs was associated with lower risk of experiencing an adverse effect
elated to cocaine use in a dose-response-like manner. 

. Discussion 

The goal of the present study was to develop a more granular under-
tanding of drug-related adverse effects by investigating the prevalence
f adverse outcomes beyond only those that result in mortality, hos-
italizations, or poisonings. This study focused on people who attend
4 
DM parties at nightclubs and large dance festivals as drug use is known
o be prevalent among attendees ( Hughes et al., 2017 ; Palamar and
eyes, 2020 ), and in fact is often regarded as an integral part of such
arty culture ( Reynolds, 1999 ). Alcohol, cannabis, cocaine, and ecstasy
ere the most commonly used drugs and further accounted for the high-

st proportion of adverse effects (relative to the total number of adverse
ffects from all drugs). However, we also detected differential risk of
dverse effects relative to use of each drug which can further inform
revention and harm reduction. 

Alcohol —the most prevalent drug —resulted in the highest propor-
ion of adverse effects, accounting for almost half (47.6%) of adverse
ffects reported. This may be unsurprising as alcohol is the most preva-
ent drug in the US, and the majority of drug-related ED visits in 2021
nvolved alcohol ( SAMHSA, 2022 ). In 2019, among people aged 18–
5 in the US, an estimated 54.3% consumed alcohol in the past month
nd over a third (34.3%) of people in this age group binge-drank in
he past month, with 8.4% engaging in heavy alcohol use (defined as
inge drinking five or more times in the past month) ( Center for Be-
avioral Health Statistics and Quality, 2020 ). Despite some positive so-
ial aspects of alcohol consumption, adverse effects commonly include
angover, blackout, regretted or unwelcome behavior including sex-
al activities, arguments or fights, and injury ( Palamar et al., 2014 ;
ark, 2004 ; Park and Grant, 2005 ). Hangover, although not typically
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Fig. 2. Among those experiencing an adverse effect, prevalence of asking someone for help and of visiting a hospital. 

Table 3 

Bivariable correlates of reporting an adverse effect from use of alcohol, cannabis, cocaine, or ecstasy. 

Alcohol ( n = 1523) Cannabis ( n = 1129) Cocaine ( n = 411) Ecstasy ( n = 367) 

No % Yes % No % Yes % No % Yes % No % Yes % 

Age —Mean (SD) 27.0 (5.9) 25.7 (5.0) c 26.7 (5.6) 24.5 (4.2) c 26.8 (5.3) 26.3 (5.1) 27.6 (5.3) 25.5 (4.3) b 

Sex 
Male 56.1 50.8 56.5 47.6 a 58.3 68.8 64.7 60.0 
Female 43.9 49.2 43.5 52.4 41.7 31.3 35.3 40.0 

Race/Ethnicity 
White 50.8 50.1 50.5 46.4 a 58.3 46.3 51.3 43.6 
Black 7.4 7.1 8.2 8.9 4.5 6.3 3.9 3.6 
Hispanic 18.6 19.5 18.9 18.5 13.6 21.3 21.5 27.3 
Asian 14.3 14.5 12.8 20.8 14.2 12.5 15.4 12.7 
Other/Mixed 9.0 8.8 9.6 5.4 9.4 13.8 8.0 12.7 

Education 
≥ College Degree 70.9 69.4 68.8 62.5 74.3 62.5 a 71.5 61.8 
< College Degree 29.1 30.6 31.2 37.5 25.7 37.5 28.5 38.2 

Sexual Orientation 
Heterosexual 66.7 63.9 b 64.4 60.7 59.8 66.3 61.2 63.6 
Gay/Lesbian 16.2 12.1 14.5 13.7 15.1 16.3 18.6 21.8 
Bisexual 14.1 18.8 16.7 20.2 21.2 13.8 17.0 12.7 
Other 3.0 5.2 4.5 5.4 3.9 3.8 3.2 1.8 

Party Attendance 
Never /1–2 Times Per Year 18.4 16.2 15.3 13.1 8.8 6.3 7.7 7.3 
Every Few Months 24.1 23.3 23.9 24.4 17.2 20.0 16.4 18..2 
Monthly 19.3 19.7 20.4 17.9 19.0 13.8 20.8 12.7 
Every Other Week 19.6 20.9 20.1 26.2 24.2 21.3 25.3 27.3 
Every Week or More Often 18.6 20.0 20.3 18.5 30.8 38.8 29.8 34.6 

Past-Month Drug Use 
0–2 Drugs 51.9 53.4 39.7 53.0 b 6.3 17.5 a 8.3 16.4 
3–4 Drugs 31.5 31.6 39.9 25.6 46.2 41.3 45.5 41.8 
5–6 Drugs 11.6 10.5 14.3 14.9 32.9 28.8 30.1 29.1 
≥ 7 Drugs 4.8 4.5 6.2 6.6 14.5 12.5 15.1 12.7 

Where Surveyed 
Nightclub 85.9 87.9 86.0 89.9 92.2 90.0 85.3 81.8 
Festival 14.1 12.1 14.0 10.1 7.8 10.0 14.7 18.2 

Note. SD = standard deviation. 
a 
< 0.05. 

b p < 0.01. 
c p < 0.001. 
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Fig. 3. Specific adverse effects reported among those reporting experiencing an adverse effect. 
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rave, is particularly common, with studies of college students find-
ng that 27.8–32.5% have gotten sick or hungover after consumption
 Park, 2004 ). This is noteworthy as many adverse effects queried in
he present study, such as headache, nausea, and tachycardia, are com-
only associated with hangover ( Vatsalya et al., 2018 ), and can be pre-
icted by higher frequency, quantity, and speed of alcohol consumption
 Carpenter and Merrill, 2021 ; Park, 2004 ; Park and Grant, 2005 ). Alco-
ol is also commonly used in combination with other drugs, which can
ften increase risk of an adverse effect or hospitalization ( Palamar et al.,
019b ; SAMHSA, 2022 ) and consequently makes the drug uniquely dan-
erous. 

Cannabis was the second-most prevalent drug and accounted for al-
ost a fifth (19.0%) of adverse effects reported in this study. Preva-

ence of past-month cannabis use in the US recently increased to
1.5% in 2019, and over 40% of these individuals used ≥ 20 times
er month ( Palamar et al., 2021a ). Although cannabis is not typi-
ally regarded as a very dangerous drug, edibles —due to delayed on-
et of effects —increase the risk for unexpected highs and paranoia
 Allen et al., 2017 ). Indeed, over a third (37%) of participants report-
ng an adverse effect from cannabis reported using edibles, which is in
ccordance with the prevalence of cannabis-related poisonings involv-
ng edibles reported to Poison Control in 2020 (37%) ( Gummin et al.,
6 
021 ). Our results also corroborate previous studies; for example,
ne study of college students found that 20.1% passed out from use,
1.1% experienced nausea and/or vomiting, and 5.7% blacked out
 Simons et al., 2012 ). 

Cocaine was the third-most prevalent drug used and accounted for
he third-most adverse effects. Among common party drugs, it is widely
greed that cocaine is among the most dangerous ( Gable, 1993 , 2004 ;
organ et al., 2010 ; Nutt et al., 2010 ). To this end, we found that co-

aine had the highest prevalence (11.0%) of an adverse effect result-
ng in a hospital visit. Indeed, national data show that cocaine use
as linked to 19,447 deaths in 2020 and an estimated 336,516 ED
isits in 2021 ( Hedegaard et al., 2021 ; SAMHSA, 2022 ). Results of
ur study found that several adverse effects reported in other stud-
es are common; for example, among a study of hospitalized patients,
achycardia was among the most common symptoms (40.9%), followed
y anxiety (32.2%), agitation/aggression (27.4%), chest pain (17.6%),
omiting (9.7%), and hallucinations (6.7%) ( Miró et al., 2019 ). A re-
iew also reported that 1.7–13% of patients hospitalized for cocaine-
elated adverse effects reported a headache ( Barbanti et al., 2017 ).
hest pain linked to cocaine use is of particular concern as it is asso-
iated with increased risk for myocardial infarction ( Bosch et al., 2010 ;
ang et al., 2021 ). Given that cocaine is commonly combined with al-
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Fig. 4. Perceived reasons for experiencing reported adverse effects. 
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use. 
ohol ( Miró et al., 2019 ; Palamar et al., 2019b ), the cocaethylene pro-
uced by this combination even further increases risk for adverse effects
 Andrews, 1997 ). 

Ecstasy was the fourth-most prevalent drug, with 15.0% of those
sing in the past month reporting adverse effects. Due to ecstasy’s
opularity in the EDM scene, it has historically been the main drug
f focus for nightclub-related harm reduction ( Jacinto et al., 2008 ;
anagopoulos and Ricciardelli, 2005 ). While some studies have inves-
igated adverse effects experienced by those who use ecstasy, there
re no national data on morbidity or mortality because Poison Con-
rol has categorized ecstasy within a broader category of hallucinogenic
mphetamines or phenethylamines, while national mortality data in-
ludes ecstasy within the category of psychostimulants ( Gummin et al.,
021 ; Kariisa et al., 2019 ). Results of this study corroborate previous re-
earch suggesting that the most common adverse effects from use are in-
reases in core temperature (which are also influenced by ambient tem-
erature, including the temperature in nightclubs), increased sweating,
achycardia, tremor, anxiety, and even agitation ( Hall and Henry, 2006 ;
arrott, 2012 ). Reviews, however, have found sizeable variation with re-
pect to effects such as nausea or vomiting (2–58%), headache (3–60%),
weating (3–85%), and accelerated heart rate (13–100%) ( Baylen and
osenberg, 2006 ). 

There were many other notable findings in this study regarding ad-
erse effects from use of other drugs. Though associated with a lower
revalence of use, we found that NBOMe was most likely to result in
7 
n adverse effect. Previous literature has noted the dangers of this com-
ound, especially among people using the drug believing that it is LSD
 Zawilska et al., 2020 ). Similarly, although use was rare, heroin, fen-
anyls, and other novel opioids, were also associated with high preva-
ence of adverse effects. Although intentional use of fentanyls is rare
n this population, attendees need to be aware that drugs, such as co-
aine, can be adulterated or contaminated with fentanyl ( DiSalvo et al.,
020 ; Palamar et al., 2021c ). With respect to psychedelics and hallucino-
ens, we found that 52.9% and 26.7% of attendees that used psilocybin
nd LSD, respectively, reported having to ask someone for help, despite
hese drugs having an adverse effect prevalence of less than 10% and de-
pite there being no reported hospitalizations due to use. Ketamine had
9.3% of people experiencing an adverse effect ask someone for help.
his likely indicates that uneasiness or panic are a part of psychedelic
r dissociative drug effects. Given that the prevalence of both ketamine
se and poisonings appears to be increasing ( Palamar et al., 2022a , b ;
alamar et al., 2021b ), this drug in particular may need additional
arm reduction focus in the future. Patrons also need to feel comfort-
ble asking friends, peers, or party staff for help if necessary, without
ear of negative ramifications. It may feel particularly risky to ask staff
or help at festivals held on public grounds, given that police are of-
en present ( Palamar and Sönmez, 2022 ). In such cases, festival staff
hould aim to foster a “safe space ” atmosphere that allows patrons to
eel welcome to ask for help without necessarily openly condoning drug
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Table 4 

Multivariable correlates of reporting an adverse effect from use of alcohol, cannabis, cocaine, or ecstasy. 

Alcohol aPR (95% CI) Cannabis aPR (95% CI) Cocaine aPR (95% CI) Ecstasy aPR (95% CI) 

Age 0.97 (0.95–0.99) b 0.92 (0.88–0.96) c 0.97 (0.93–1.02) 0.92 (0.86–0.99) a 

Sex 
Male 1.00 1.00 1.00 1.00 
Female 1.02 (0.83–1.26) 1.13 (0.81–1.57) 0.70 (0.41–1.18) 1.22 (0.66–2.25) 

Race/Ethnicity 
White 1.00 1.00 1.00 1.00 
Black 0.90 (0.61–1.33) 1.05 (0.59–1.88) 1.35 (0.52–3.50) 1.05 (0.23–4.76) 
Hispanic 1.05 (0.81–1.36) 1.00 (0.65–1.53) 1.86 (1.02–3.40) a 1.39 (0.69–2.83) 
Asian 1.02 (0.77–1.36) 1.52 (1.01–2.30) a 1.14 (0.55–2.35) 0.91 (0.37–2.24) 
Other/Mixed 0.98 (0.69–1.39) 0.65 (0.33–1.30) 1.76 (0.88–3.51) 1.63 (0.69–3.88) 

Education 
≥ College Degree 1.00 1.00 1.00 1.00 
< College Degree 0.96 (0.77–1.20) 1.03 (0.73–1.47) 1.27 (0.78–2.06) 1.16 (0.63–2.11) 

Sexual Orientation 
Heterosexual 1.00 1.00 1.00 1.00 
Gay/Lesbian 0.94 (0.69–1.28) 1.35 (0.84–2.19) 1.01 (0.53–1.93) 1.39 (0.67–2.85) 
Bisexual 1.24 (0.96–1.62) 1.21 (0.80–1.83) 0.79 (0.40–1.59) 0.62 (0.26–1.46) 
Other 1.55 (0.99–2.41) 1.26 (0.63–2.53) 0.77 (0.23–2.54) 0.50 (0.06–3.87) 

Party Attendance 
Never /1–2 Times Per Year 1.00 1.00 1.00 1.00 
Every Few Months 0.97 (0.72–1.32) 1.28 (0.79–2.06) 0.70 (0.38–1.31) 0.85 (0.42–1.71) 
Monthly 0.94 (0.69–1.29) 1.00 (0.59–1.69) 0.63 (0.31–1.29) 0.56 (0.23–1.38) 
Every Other Week 0.93 (0.68–1.27) 1.12 (0.68–1.86) 0.89 (0.47–1.69) 0.81 (0.35–1.87) 
Every Week or More Often 0.87 (0.62–1.22) 0.96 (0.53–1.72) 0.65 (0.25–1.70) 0.76 (0.23–2.47) 

Past-Month Drug Use 
1–2 Drugs 1.00 1.00 1.00 1.00 
3–4 Drugs 0.95 (0.76–1.19) 0.53 (0.37–0.78) b 0.51 (0.26–0.98) a 0.42 (0.18–0.97) a 

5–6 Drugs 0.90 (0.64–1.26) 0.89 (0.56–1.42) 0.43 (0.21–0.87) a 0.46 (0.19–1.12) 
≥ 7 Drugs 0.93 (0.57–1.53) 0.83 (0.42–1.65) 0.39 (0.16–0.95) a 0.39 (0.13–1.16) 

Where Surveyed 
Nightclub 1.00 1.00 1.00 1.00 
Festival 0.88 (0.65–1.20) 0.66 (0.39–1.12) 1.32 (0.59–2.98) 1.16 (0.55–2.45) 

Note. Each model controlled for year of survey. aPR = adjusted prevalence ratio; CI = confidence interval. 
a p < 0.05. 
b p < 0.01. 
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With regard to correlates of adverse effects, we found that younger
ge was associated with increased risk of experiencing an adverse effect
wing to use of alcohol, cannabis, and ecstasy. Recent hospitalization
ata suggest that the (broad) age group at greatest risk for hospitaliza-
ion related to use of these drugs is age 26–44 ( SAMHSA, 2022 ). While
eople tend to become more vulnerable to drug effects as they age into
ater adulthood ( Kuerbis, 2020 ), younger people may have less experi-
nce, potentially leading them to use in a more reckless or unconcerned
anner (especially in nightlife settings). For these reasons, younger peo-
le may benefit from specific prevention and harm reduction efforts. By
his same token, our findings also consistently demonstrated that past-
onth use of a higher number of drugs tended to be a protective fac-

or against experiencing or reporting an adverse effect related to use of
annabis, cocaine, and ecstasy. In this respect, we believe that use of
ore drugs is an indicator of more drug-related experience (which can

nclude increased tolerance) and possibly also more education about
otential adverse effects from use. We do not know the extent to which
articipants combined drugs, but more research into mechanisms for
his association is needed. 

Prevalence results as well as suspected reasons for adverse effects
n this study suggest the need for people in this scene to use tradi-
ional harm reduction methods to prevent or limit adverse effects. Com-
on harm reduction information for ecstasy and other drugs has sug-

ested being in the right mindset before and during use, planned use,
dequate rest before use, avoidance of mixing drugs (especially alco-
ol), and avoidance of exposure to adulterants by testing drugs or by
imiting purchases to trusted dealers ( Greenspan et al., 2011 ; Jacinto
t al., 2008 ; Palamar et al., 2019a ; Panagopoulos and Ricciardelli, 2005 ;
inberg, 1984 ). The Illicit Drug Anti-Proliferation Act, formerly titled
he Reducing Americans’ Vulnerability to Ecstasy Act (the “RAVE Act ”)
as been cited by harm reductionists as a major barrier to drug checking
8 
nd distribution of drug education at nightlife venues ( Palamar et al.,
019c ). Given that policy overseeing relevant harm reduction practices
ill be slow to change, public health experts need to continue to try to
nd ways to promote harm reduction. 

.1. Limitations 

While this study specifically focused on adverse effects, it only asked
bout 15 specific effects because the survey was rapid and conducted
uickly at the point of recruitment. There are many more common ad-
erse effects, and these are by no means limited to physical effects. As
uch, this study only served to help provide general information about
dverse drug effects and it does not provide a complete picture. A larger
tudy could also focus on positive effects and not limit effects to se-
ualae. Frequency or amount of drug used were not queried, and many
ther factors could have contributed to adverse effects including set and
etting, medications, allergies, use disorder, tolerance, experience, ex-
ectations, and the general uniqueness of each individual’s body. Given
hat this population in particular uses drugs in nightlife and festival set-
ings, set and setting is of particular relevance, especially for drugs with
allucinogenic or psychedelic effects. For example, sensory overload
hrough loud music, bright light shows, and large crowds —largely of
nknown people —can increase one’s chances of experiencing unpleas-
nt (e.g., psychological) effects, especially with little-to-no experience
ith the drug used ( Palamar and Sönmez, 2022 ). As such, experiences

an be very different in such contexts compared to more laid-back situ-
tions. With regard to experience, it is possible that more frequent users
re used to certain adverse effects to the point of them not feeling signif-
cant enough to report. However, others may have overreported minor
ymptoms as serious. It should also be noted that some symptoms (e.g.,
onfusion) may be common, expected, and/or even appreciated effects
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rom specific drugs, but we first asked participants if they experienced
ny adverse effects and then asked them to check off which. As such,
ost participants checking off specific effects as “adverse ” likely indeed

onsidered them adverse, although it is possible that not all truly con-
idered them adverse. While people reporting use in the past month
ere asked about adverse effects, effects reported were not limited to

ffects in the past month. As such, we interpret this as report of recent
dverse effects. Many subsample sizes were small (e.g., for rarer drugs)
o prevalence of effects and related symptoms should be viewed with
aution. 

This study did not systematically query the direct combination of
rugs that led to reported adverse effects. This study did, however, ask
articipants if they believed effects resulted from polydrug use although
pecific drug combinations were not queried. Relatedly, the purity of
rugs participants reported taken is unknown and toxicology testing was
ot conducted. Party drugs such as ecstasy and cocaine are commonly
dulterated ( DiSalvo et al., 2020 ; Oliver et al., 2018 ; Palamar and Sa-
omone, 2021 ) so it is possible that reported effects are due, in part,
o exposure to other drugs. Compared to NYC overall, the percentage
f black participants was low (8.2% vs. 23.4% in NYC), but in our ex-
ensive experience recruiting in this scene, black individuals tend to be
ess likely to attend such parties. Despite this being a racially and ethni-
ally diverse sample, participants tended to be of higher socioeconomic
tatus which may make results less generalizable to other populations.
inally, while events (e.g., at nightclubs) were randomly selected based
n an ongoing list of parties, it is possible that the overall selection of
vents was biased towards or against high prevalence of drug use and
rug acceptability. 

.2. Conclusions 

Drug use and related adverse effects were common in this high-risk
opulation. The most commonly used drugs accounted for the most ad-
erse effects, although relative to use, less prevalent drugs were found
o often be riskier in terms of adverse effects. These results can help
ddress gaps in the existing literature regarding morbidity and mortal-
ty data. Results can help inform prevention and hard reduction efforts,
hich are still very much needed not only in this high-risk population
ut in other populations as well. 
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