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Abstract

Background: Recreational lysergic acid diethylamide (LSD) use is growing in popularity amid increasing research interest on psychedelics and their
possible therapeutic potential yet; the potent psychotropic effects of LSD may result in adverse reactions and behaviour.

Aims: This study aimed to investigate the 12-month incidence and nature of LSD-related adverse experiences resulting in emergency medical treatment
(EMT) seeking in an international sample of people reporting LSD use.

Methods: We use data from the 2017 Global Drug Survey - a large anonymous online survey on patterns of drug use conducted between November
2016 and January 2017.

Results: Out of 10,293 past-year LSD users, 102 (1.0%) reported seeking EMT, with a per-event risk estimate of 0.2%. Younger age, comorbid mental
health conditions and higher frequency of use were associated with increased risk of EMT seeking. The most common symptoms were psychological,
including anxiety, panic and confusion, with the most common explanatory factors cited by respondents being poor ‘setting” and ‘mindset. Most
responders reported feeling back to normal within 24h, but 11 participants experienced persistent issues after 4 weeks.

Conclusion: The results suggest that LSD 1s a relatively safe drug in recreational settings. Adverse reactions are typically short-lived, self-limiting
and psychological in nature. Sub-optimal set and setting were commonly reported as suspected contributory factors. Within clinical settings, patient

screening, preparatory sessions and supervision should reduce these acute risks considerably.

Keywords
Adverse effects, LSD, psychedelics, safety

Introduction

Lysergic acid diethylamide (LSD) is a potent psychedelic drug.
Like all classical hallucinogens, its main mechanism of action is
partial agonism at central type 2A serotonin receptors, which is
thought to mediate its psychedelic effects including euphoria,
perceptual alterations (e.g. synaesthesia), enhanced introspec-
tion, feelings of transcendence, spiritual awareness and changes
in sense of self, time and space (Liechti, 2017; Nichols, 2016).
The common recreational dose of LSD ranges between 50 and
400 ug (Dolder et al., 2016), with psychedelic doses typically
considered above 100ug.

The most common adverse reactions associated with the use
of LSD are psychological in nature and include anxiety, para-
noia, loss of thought control, panic attacks and self-harming
behaviour (Carhart-Harris et al., 2016; Martin, 1970; Schmid et
al., 2015). Although most symptoms resolve spontaneously after
the drug effects wear off, about 2% of people who use LSD
report the drug have had negative effect on their well-being
(Carhart-Harris and Nutt, 2010). Flashbacks, recurrences of per-
ceptual alterations or other sensations experienced during the
trip are reported by 10-35% of people who use the drug (Baggott
et al., 2011; Carhart-Harris and Nutt, 2010; McGlothlin and
Arnold, 1971), but are rarely perceived as unpleasant or harmful

(0.2%/1.0%) x (11/10,293) x 100% = 0.02% per-event risk of long-term dysfunction

0.02% = 2 out of 10,000

(Carhart-Harris and Nutt, 2010). Preliminary evidence suggests
risk of serious acute reactions and flashbacks might be increased
by presence of personal or familial mental health problems
(Cohen, 1960; Strassman, 1984).
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LSD has low toxicity relative to other psychoactive drugs and
in normal doses induces only minor physiological effects includ-
ing slight increases in heart rate and blood pressure (Dolder et al.,
2017; Schmid et al., 2015). Only two known cases exist where
massive LSD overdose appears to have been directly responsible
for death (Nichols and Grob, 2018). Based on these case reports
and evidence from animal studies, the lethal dose of LSD has
been estimated as roughly a thousand times or more the usual
recreational dose (Nichols and Grob, 2018). Other deaths ini-
tially attributed to LSD toxicity have later been attributed to
prone maximal restraint by police and/or the use of other psycho-
active substances (Nichols and Grob, 2018). Since the concep-
tion of National Programme on Substance Abuse Deaths
(NPSAD) in 1997, which compiles drug-related death case
reports from coroners on a voluntary basis from England, Wales
and Northern Ireland, LSD use has been determined as directly
implicated in causing death in only two cases; one being a suicide
following the combined use of LSD and cannabis, and one either
a jump or a fall from a 10th-floor window (Copeland, 2021).

It is now widely recognized that contextual factors and person
characteristics and mindset are crucial in determining the nature
of a psychedelic experience (Carhart-Harris et al., 2018). Modern
experimental studies using psychedelics have reported largely
positive outcomes and no serious adverse reactions (Fuentes et
al., 2020), which might be attributed to close attention being paid
to dosing regimens, inclusion criteria and ‘set’ and ‘setting’. In
contrast, a proportion of studies between the ‘50s and ‘70s
neglected these factors or even manipulated the environment in a
negative way, subsequently observing worse outcomes (Albarelli,
2009; Carhart-Harris et al., 2018; Oram, 2014). Misinformation
about the dangers of LSD circulated via mass media during the
‘60s is believed to have contributed to more ‘bad trips’ during
this era also in the community, through negatively affecting the
mindset and expectations of people about to use the drug (Bunce,
1979). Psychedelics are nowadays generally portrayed in a more
positive light in the media, but concerns have been raised that
overly positive media reports could understate risks (Carhart-
Harris et al., 2018; Yaden et al., 2020). National surveys have
shown trends of increasing LSD use over the past decade (gov.
uk, 2010, 2019; Yockey et al., 2020), and although majority seem
more educated about the safe use of LSD than previously, par-
tially due to more available and accurate harm reduction informa-
tion (see, for example, GDS highway code; Global Drug Survey
(GDS), 2014), adverse reactions still occur. Neglect of important
safety precautions could at worst lead to another ‘negative cul-
tural feedback loop’; in essence, resulting negative psychedelic
experiences contribute to negative public opinion about psyche-
delics and vice versa (Carhart-Harris et al., 2018).

Information about the nature and predictors of LSD-related
adverse reactions is important both for prevention and for advis-
ing public and medical professionals about acute management
when incidents do occur. The modest amount of previous litera-
ture on serious adverse psychedelic experiences to date have been
by large part derived from official records, often limited by uncer-
tainty regarding the exact circumstances surrounding incidents,
quantity and quality of substances used and the presence of poten-
tial biases and inaccuracies in reporting. While self-report surveys
also hold some of these limitations, they can help supplement data
from official records by providing more detailed, firsthand

insights on the nature, reasons and consequences of individuals’
experiences (Coney et al., 2017). This study is an exploratory
analysis of the occurrence, predictors and nature of adverse expe-
riences resulting in emergency medical treatment (EMT) seeking
following LSD use, in a large international sample of GDS
respondents. Specifically, we investigate the potential of demo-
graphic variables, mental health conditions, use patterns and pre-
vious LSD experience as predictors of EMT incidents and explore
the symptom profile and recovery time from these experiences,
concomitant use of other substances, perceived reasons for inci-
dents and experiences’ impact on subsequent substance use.

Methods
Design

This investigation is one part of two papers looking at EMT seek-
ing in response to psilocybin mushroom and LSD use in the same
survey (Kopra et al., 2022). The reported methods are substan-
tially similar within the two papers but are reproduced in each for
the convenience of the reader.

The GDS is an annual, anonymous and encrypted online sur-
vey on substance use. It is advertised in social networking sites in
collaboration with media partners and harm reduction organiza-
tions. Using a self-nominating sampling method, the survey can
effectively reach large amounts of respondents engaging in rarer
practices and stigmatized behaviours, who would be difficult to
access through representative sampling frames. The survey
includes of a core set of questions on basic patterns of drug use
that remain the same each year, besides annually changing spe-
cialist sections on more specific topics.

GDS2017 was launched in November 2016 and was available
until January 2017, in 10 languages. Participants were not remu-
nerated. Full details about the survey design and recruitment,
including related discussion on the survey’s utility, can be found
elsewhere (Barratt et al, 2017). Multi-institutional ethics
approval was obtained from the King’s College London Research
Ethics Committee (11671/001: GDS), University of Queensland
(No. 2017001452) and The University of New South Wales
(HREC HC17769) Research Ethics Committees. Access to the
relevant sections of the GDS2017 data set (demographic data and
sections on psychedelics) was obtained through a data-sharing
agreement with the GDS.

Measures

At the start of the survey, a wide range of demographical infor-
mation was collected. In subsequent sections, participants were
asked to indicate when they last used specific drugs from an
extensive list of substances including LSD (never, in the last
30days, between 31 days and 12 months ago, more than 12 months
ago). Those indicating history of use with a drug were then redi-
rected to sections with in-depth questions about the use of these
substances. Among other questions, people who reported past-
year LSD use were asked about the number of days they used the
drug in the last 12 months; whether they used LSD for the first
time in the last 12months; the number of doses they normally
take on a day they use LSD; and whether they had sought EMT
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following the use of LSD in the past year. The number of EMT
incidents experienced was not recorded.

Those indicating having sought EMT were directed to a fur-
ther set of questions about this, a specialist section included in the
2017 survey. Respondents were asked to tick the psychological
and physiological symptoms they presented with from a list of
20, extrapolated from the available literature. Respondents were
also asked the number of LSD doses they had consumed during
that session, what (if any) other substances they had taken, the
duration of symptoms and whether they had required hospitaliza-
tion. Participants were then asked about why they thought the
incident occurred, picking a maximum of three out of six options,
and enquired about the impact of their experience on their subse-
quent use of LSD and other substances.

Towards the end of the survey, all participants were asked
about their overall well-being and mental health, including
whether they have ever been diagnosed with a mental illness.
Ethic review boards required that participants were allowed to
skip questions and leave empty responses if they did not want to
complete specific items.

Data analysis

Per-event risk of seeking EMT was calculated by dividing the
number of participants indicating past-year EMT seeking with
the total number of times LSD was used among past-year users,
specifically:

N participants reporting EMT
{Mean times used past year x}

N past year users

Only those participants responding to the EMT question were
included when calculating the estimated total times used (the
denominator), therefore creating a representative sample of
those proceeding and choosing to respond to the EMT question.
While median and interquartile range (IQR) of past-year LSD
uses were used for descriptive data, mean was used in the above
calculation for the most accurate estimate of total times used in
the sample.

Non-parametric statistics were utilized because dependent
variables were found to be non-normally distributed. Mann—
Whitney U tests were used to investigate whether there were dif-
ferences in the age, past-year frequency of use, or number of
doses used per day of use between EMT seekers and non-seekers.
Pearson’s chi-square (y?) tests were used to investigate associa-
tions between treatment seeking status and gender (male/female),
previous LSD experience status (first time in the past year/expe-
rienced) and presence of mental health diagnosis (yes/no).
Descriptive statistics and graphs were created to explore the
experiences and symptom profiles of EMT seekers. In addition,
two multiple correspondence analyses (MCAs; see Supplementary
Methods and Abdi and Valentin, 2007) were conducted to explore
pattern of relationships between different self-reported symp-
toms and between different self-reported reasons for incidents.

For all statistical analyses, complete case analysis was used,
that is, responses with missing data on the variables of interest
were excluded from those analyses. Analyses were performed
using SPSS IBM Statistics 26.

Table 1. Demographic profile of past-year LSD users.

N Valid %2
N (% of lifetime users) 13,769 51.8°
Age
<25 8802 63.9
25-34 3874 28.1
35+ 1093 7.9
Gender
Male 10,967 79.6
Female 2802 20.4
Country of residence
Germany 2719 19.7
USA 2703 19.6
UK 1127 8.2
Denmark 1039 7.5
Canada 793 5.8
Australia 693 5.0
Other 4695 34.1
Ethnicity
White 6959 84.8
Hispanic/Latino 533 6.5
Mixed 384 4.7
Other 332 4.0
Mental health diagnosis
None 6148 73.8
Yes¢ 2187 26.2
Depression 1583 19.0
Anxiety 1120 13.4
ADHD 526 6.3
Bipolar 216 2.6
Psychosis 98 1.2
Other 396 4.8
Use patterns
Past month users 4590 33.3
Past year novel users 4271 41.6
Median days past year use (IQR) 2 1-5

aPercentage when missing data excluded.

bProportion of lifetime users.

Those with a diagnosis were able to tick more than one diagnosis, hence the to-
tal number of these being larger than the number of respondents responding ‘Yes'.

Results

Frequency and risk of EMT incidents

A total of 119,108 respondents took part in the GDS2017, of
which 22.3% (n=26,601) reported lifetime use of LSD; 51.8%
(n=13,769) of those who reported lifetime LSD use reported
using LSD within the past year; demographic profile of these par-
ticipants is presented in Table 1. Of the 10,293 participants
responding to the EMT question, 1.0% (n=102) indicated they
had sought EMT following LSD use in the past year (Figure 1).
Among responders to the EMT question, mean number of
past-year LSD uses was 5.21 (SD=11.60), resulting in the esti-
mated 53,627 number of total times used. With 102 EMT seekers,
this gave the per-event risk estimate of 0.001902, indicating
0.2% of past-year LSD uses led to EMT seeking in this sample.
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N=26,601 N=13,769 N=10,293 N=102

Figure 1. Question response flow chart.
Predictors of EMT seekfng Table 2. Self-reported symptoms.
Comparing the characteristics of EMT seeking groups, Mann— N %
Whitney U test revealed a significantly lower median age among Anxiety/panic 7 69.6
EMT seekers (Mdn=21, IQR = 18-25) compared to non-seek- > ’
ers (Mdn=22, IQR = 19-27); Mann-Whitney test z=2.96,  omusion 66 64.7
p=0.003. Chi-square analysis showed EMT seeking was signifi- Par:fmo1a/su§p1c101fsness 50 49.0
cantly more prevalent among people with lifetime diagnoses of Seeing/ hea.rmg. things 46 45.1
mental health conditions (1.8%) than those without (0.7%), x*(1, Extreme agitation 40 e
N=8299)=19.33, p<0.001. There was no difference in the  Memory loss 29 28.4
prevalence of EMT seeking between men (1.0%) and women  Extreme sweating 27 26.5
(0.9%), (1, N=10,293)=0.12, p=0.725. Palpitations 26 25.5

Regarding patterns and history of use, no significant difference Very low mood in days afterwards 23 22.5
was found in the prevalence of EMT seeking between those who Thoughts or acts of self-harm 21 20.6
had used LSD for the first time in the past year (1.0%) compared to Difficulty breathing 21 20.6
those with previous experience (1.0%), x*(1, N=10,235)=0.04, Aggression/violence 18 17.6
p=0.845. There was also no difference between the number of Nausea/vomiting 18 17.6
doses used per day of use between seekers (Mdn=1.0, IQR = Accident/trauma 17 16.7
1.0-2.0) and non-seekers (Mdn=1.0, IQR = 1.0-2.0), Mann— Other 16 15.7
Whitney test z=0.914, p=0.361. However, EMT seekers reported Chest pain 13 12.7
significantly higher past-year frequency of use (Mdn=3.0, IQR = Fits/seizures 13 12.7
2.0-8.5) compared to non-seekers (Mdn=2.0, IQR = 1.0-5.0), Passed out/unconscious 12 1.8
Mann—Whitney test z=2.18, p=0.029. Headache 7 6.9

Bladder/kidney problems 4 3.9

Symptom profile and nature of EMT incidents

Frequency of different reported symptoms is shown in Table 2.
The median (IQR) number of reported symptoms was 5.0 (2.0—
7.0). The five most commonly occurring symptoms were anxi-
ety/panic (69.6%), confusion (64.7%), paranoia/suspiciousness
(49.0%), seeing/hearing things (45.1%) and extreme agitation
(39.2%). Observation of the MCA factor map (Supplementary
Figure S1) indicated some division between psychological and
physiological symptom presentations. Many psychological
symptoms such as anxiety/panic and confusion tended to co-
occur and, except from nausea, be unrelated or inversely related
to physiological symptoms. Conversely, another cluster demon-
strated close relationships between palpitations, chest pain and
difficulty breathing as well as accident/trauma.

Slightly over half of EMT seekers (54.5%) reported being
admitted to hospital. Figure 2 shows the length of time it took for
participants to feel back to normal; majority of responders
(59.2%) returned to normality within 24h, but 11.2% experi-
enced ongoing consequences beyond 4weeks after LSD
consumption.

The median number of LSD doses consumed was 2.0 (IQR =
1.0-3.0). Table 3 shows other substances participants had con-
sumed in the lead-up to seeking EMT. In total, 50.0% of patients
reported having used cannabis during the session, while alcohol
consumption was reported by 23.5%.

Reasons for why participants thought the incident had happened
are presented in Figure 3. The most common reasons were wrong
setting (53.9%) and wrong mindset (50.0%), while taking too much
(40.2%) and mixing with other drugs (34.3%) were also frequently
reported. Observation of the MCA factor map (Supplementary
Figure S2) indicated that the two most reported reasons, wrong set-
ting and wrong mindset, very commonly co-occurred.

As a result of their experience, 62.7% of EMT seekers
reported having cut down their LSD use, while 16.7% reported
no change in their LSD use; 35.3% reduced and 4.9% increased
their other illicit drug or alcohol use.

Discussion

This study examined the risk, predictors and nature of LSD-related
adverse experiences leading to emergency medical presentations,
using data from what to our knowledge is the world’s largest sur-
vey on substance use. Consistent with expectations and the previ-
ous literature, EMT incidents were relatively rare, occurring in
1.0% of people reporting past-year LSD use. This prevalence rate
was similar to the ones observed in recent years’ GDS surveys
(0.9%, 1.0% and 0.8% in GDS2019, 2020 and 2021, respectively;
Winstock et al., 2019, 2021). Most commonly reported symptoms
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Figure 2. Time to recovery (NR=not recovered).
Table 3. Other substances used preceding the incident.
60%
N %
50%
Cannabis 51 50.0
Alcohol 24 23.5 40%
MDMA 12 11.8 30%
Benzodiazepines 6 5.9
Cocaine 5 4.9 20%
Amphetamine 4 3.9
10%
Other 4 3.9 I l
NPS 3 2.9 0%
Ketamine 2 2.0 & . obf,é” @\}é‘ ’bégf’ &—9 \é‘o\‘\
2c-B 1 1.0 & & & ® N
Mephedrone 1 1.0 N & & 2 ©
< « s
Opioids 1 1.0 =
Nothing else 33 32.4

MDMA = 3,4-Methylenedioxymethamphetamine; NPS = New psychoactive substances.

were psychological such as anxiety, panic and confusion, but phys-
iological reactions as well as accidents and trauma also occurred. A
large majority of respondents were able to identify reasons for their
adverse experiences, suggesting these incidents may be preventa-
ble with public policy that focusses more on harm reduction and
less on criminalization of end-users (Haden et al., 2016).

In most incidents, respondents returned back to normality
within 24 h; however, 11 respondents experienced ongoing conse-
quences beyond 4 weeks after LSD consumption. Although rare,
examining the nature and predictors of any long-term effects
would be of high priority to help provide support to such individu-
als and prevent similar incidents from occurring. Surprisingly, as
many as 54.5% of EMT seekers reported being admitted to hospi-
tal. The exact meaning of admission to hospital was not defined in
the survey and therefore this has to be interpreted with a caution.

Figure 3. Self-reported reasons for the incident.

The most common reasons reported for incidents were ‘wrong
setting’ and ‘wrong mindset’. This is consistent with extensive
evidence on the crucial role of ‘set and setting’ in determining the
nature of psychedelic experiences — ‘set’ referring to individual’s
pre-existing psychological factors, mood and expectations, and
‘setting’ to individual’s physiological and sociocultural environ-
ment (Carhart-Harris et al., 2018). While these aspects are argu-
ably important for the safe use of any substance, psychedelics are
thought to enhance sensitivity to context, which may magnify
any negative internal and external influences (Carhart-Harris and
Friston, 2019). Without adequate support, subsequent adverse
reactions can escalate into, for example, panic attacks, paranoia,
aggression, self-harming or accidents, as demonstrated in both
the present survey and previous literature (Barrett et al., 2016;
Carbonaro et al., 2016; Strassman, 1984).
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We found younger age to be associated with higher frequency
of EMT seeking. The association could be mediated by relatively
less experience with LSD; however, separate analysis on the
effect of previous experience on EMT outcomes was not signifi-
cant. Younger age has previously been found to be related with
EMT seeking following the use of synthetic cannabinoids
(Winstock and Barratt, 2013) as well as with riskier injecting
behaviours (Horyniak et al., 2013); lower risk-averseness and
higher impulsivity of young people (Spear, 2000; Steinberg et al.,
2008) could link to more spontaneous drug use in less ideal set
and settings, and further increase risky behaviours when intoxi-
cated, including substance mixing. Relative difficulty of emo-
tional regulation in some younger people (Carstensen et al.,
2011; Williams et al., 2006) might further limit the ability to
navigate psychologically challenging experiences and LSD-
induced increases in emotional lability (Carhart-Harris et al.,
2016). Our findings are in line with previous studies on another
psychedelic psilocybin, showing a relationship between younger
age and higher difficulty of challenging experiences, impaired
control and cognition and less blissful state during drug effects
(Carbonaro et al., 2016; Studerus et al., 2012). Of note, young
age has also been associated with higher degree of psychedelic-
induced mystical-type experiences, suggesting younger people
might overall be more sensitive to psychedelics’ effects, includ-
ing positive ones (Russ et al., 2019). Regardless, we highlight
that although significant, the sizes of associations between age
and drug effects or outcomes were small in both the cited studies
and the present survey.

Presence of mental health conditions were, likewise, associ-
ated with EMT incidents. While there is some promise of psyche-
delic-assisted treatments for people with some forms of mental
health conditions (Fuentes et al., 2020; Rucker et al., 2016), these
findings might help to highlight the importance of the interplay
between pharmacological and extra-pharmacological factors in
determining the direction of outcome (Brouwer and Carhart-
Harris, 2020). In essence, psychedelics may represent a certain
form of psychological ‘gamble’ for people already at risk of vul-
nerable, unstable mental states, but the dice are loaded not just by
the state of mind of the individual, but also by their surroundings
(Johnson et al., 2008; McCabe, 1977). Considering increasing
reports of people aiming to self-treat their conditions with psych-
edelics in non-therapeutic contexts, our findings have important
implications for harm reduction messaging and underline the
importance of psychedelic preparation, support and integration
(Gorman et al., 2021). The sample size did not allow for compari-
son of outcomes between different mental health conditions,
investigation of which would require millions of respondents
using LSD given the rarity of EMT seeking as well as of certain
mental health conditions.

Among those medicated for their mental health conditions,
drug—drug interactions are another plausible contributory factor
to adverse experiences. Recent results from a clinical trial with
psilocybin indicated that at least in normal doses, classical psych-
edelics can be safely administered to patients currently medi-
cated with selective serotonin reuptake inhibitors (SSRIs;
COMPASS Pathways, 2021), but the risk of serotonin toxicity
remains when serotonergic drugs are used in higher doses or in
combination with a monoamine oxidase inhibitor (MAOI;
Malcolm and Thomas, 2021). In addition, the mood-stabilizer
lithium has recently emerged as a drug of major concern when

used together with psychedelics, with reports of severe adverse
reactions including seizures and fugue states (Nayak et al., 2021).

‘Taking too much’ was a commonly reported reason for inci-
dents. Unsurprisingly, doses taken on sessions leading to EMT
were higher than usual. In half of the cases, subjects had also
consumed cannabis in the lead-up to the incident. Cannabis can
be used to enhance the psychedelic experience but may likewise
trigger unpleasant psychotic-like symptoms also prevalent in the
present survey (D’Souza et al., 2004), and it is possible that the
combination of cannabis and LSD may be more risky in this
regard than either alone. Furthermore, alcohol was consumed by
nearly a quarter. The causal role of these substances in exacerbat-
ing adverse reactions is unclear as, for instance, some respond-
ents might have attempted to alleviate anxiety or other unpleasant
states by using these substances, and especially heavy alcohol
use may correlate with suboptimal settings such as nights out.
Regardless, over a third of participants reported ‘mixing drugs’
as a reason for incidents, suggesting the substances appeared to
have played a role in a large proportion of cases of EMT
seeking.

This study has some limitations. Self-nominating, non-proba-
bility sampling does not fulfil the criteria of traditional epidemio-
logical research for public health, being subject to sampling and
volunteer biases compromising the sample representativeness. In
essence, people who are reached by the recruitment strategy and
who choose to volunteer to participate might be inherently differ-
ent to those who do not, due to, for instance, having specific
interests in the topics of the survey (Eysenbach and Wyatt, 2002).
Regardless, GDS has face validity for examining patterns of drug
use within drug-using communities because it is comprehensive,
anonymous and unconnected with government or law enforce-
ment agencies (Barratt et al., 2017). Investigation of especially
rare events, such as that investigated in this study, would require
a very costly study for representativeness in community (King
and Zeng, 2001). With purposive sampling targeting people who
use substances, we were able to detect enough cases to obtain
reasonable confidence on the occurrence of incidents as well as
enough power to establish predictors, in a feasible and cost-effec-
tive manner.

There was, nevertheless, a lack of diversity in our sample,
with predominantly young, male participants of white ethnicity,
limiting the generalizability of results outside these populations.
Although young white males partially reflect the common demo-
graphic profile of people who use LSD (Yockey et al., 2020), it is
also possible that the reach of the GDS survey also favours these
demographics (Barratt et al., 2017). Increasing survey transla-
tions to non-European languages and advertising in a broader
range of media outlets targeting underrepresented demographics
could help address these issues in future surveys. Increased rep-
resentation of females, those of other gender, and ethnic minori-
ties is particularly important given these demographics are highly
affected by the mental health conditions psychedelic treatments
are expected to be used for in the future (Becerra-Culqui et al.,
2018; Williams, 2018; World Health Organization, 2017).

GDS relies on retrospective self-reports, hence recall and
response biases are a concern. Specifically, answers might be
affected by substances’ effects on perception and memory,
which might be particularly pronounced with the types of seri-
ous adverse reactions examined in this study. Answers could
also be biased by personal opinions about drugs and conscious
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attempts to influence survey results, through either downplay-
ing or exaggerating adverse reactions. Although otherwise
these problems are equally present also in representative popu-
lation surveys, there is evidence psychedelic surveys might dis-
proportionately reach and attract people holding positive
attitudes about psychedelics (Haijen et al., 2018). However,
given our survey is not specific to psychedelics but instead
enquires about drug use in general, our sample may be less
biased in this regard. In addition, the survey by Haijen et al.
(2018) was prospective and only recruited people planning to
take a psychedelic in the near future — therefore presumably less
likely than our retrospective study to reach participants who,
potentially due to their previous adverse experiences, hold more
negative attitudes towards psychedelics and do not plan to take
them again. It is also reassuring that neither baseline attitudes
towards psychedelics nor the intensity of challenging psyche-
delic experiences predicted subsequent dropout rates of the
same survey (Hiibner et al., 2020). Theoretically this could
apply to concerns regarding potential differences between those
GDS respondents who choose to respond and finish all psyche-
delic-related sections and questions and those who do not.

Purity and strength of the substances cannot be confirmed
from this survey, so it remains possible that a proportion of EMT
incidents were due to drugs that were mistaken for LSD. N-(2-
methoxybenzyl)phenethylamines (NBOMes) and other LSD ana-
logues have been associated with fatalities and serious
intoxications (Zawilska et al., 2020); these might have accounted
for some incidents also in this survey, given only a minority of
people who use LSD test their substances before use (Petranker et
al., 2020). Furthermore, the variable ‘number of doses’ is vague,
with potentially high variability within each possible answer. The
survey also did not enquire about the potential occurrence of mul-
tiple EMT incidents per participant; given a number of these have
likely occurred, the per-event risk of 0.2% is an underestimate as
its calculation assumed only one EMT incident per participant.

Finally, given the data were collected from 2016 to 2017, it is
not ruled out aspects of use or help-seeking behaviours influenc-
ing the prevalence, predictors or quality of reported adverse
experiences have changed in a way or another over the past
Syears. The prevalence of LSD-related EMT incidents has
remained fairly consistent over previous years’ GDS surveys
(Winstock et al., 2019, 2021), although a drop from 1.0% to 0.8%
was observed between GDS2020 (data from 2019, i.e. before the
COVID-19 pandemic) and GDS2021. Reductions in the preva-
lence of EMT seeking were observed across most substances
between these years (Winstock et al., 2021); possible explana-
tions include safer contexts of use and/or reduced help seeking
during the pandemic.

We are mindful that incidents in the GDS survey likely repre-
sent only a proportion of LSD-related adverse events, most likely
those of more severe presentations. Even some serious reactions
might not result in EMT due to, for instance, fear of legal conse-
quences; in turn, a proportion of EMT visits might be ‘false
alarms’, initiated, for example, by concerned family members of
the individual despite a lack of symptoms, cases of which have
been described previously (Leonard et al., 2018). Crucially, GDS
did not survey in detail the exact circumstances surrounding the
incidents, nor did we find out the determining factors leading to
EMT seeking in each case. It is also unknown which or to what
extent reported symptoms were induced by LSD versus other

drugs consumed. Uncovering these details would require further
investigations, potentially incorporating qualitative methods.

Regardless, this study provided a useful evaluation of LSD-
related EMT incidents in the largest sample to date. The results
suggest that LSD is a relatively safe drug in recreational settings.
Adverse reactions are typically short-lived, self-limiting and psy-
chological in nature. Sub-optimal set and setting were commonly
reported as suspected contributory factors. Our findings can both
help inform harm reduction efforts contributing to safer LSD use
in the community as well as inform experimental research of
potential risks.
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