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A B S T R A C T   

Aims: Information on time trends in use of different plant-based hallucinogens is lacking. The current study used 
nationally representative U.S. data to assess overall and age-specific time trends in the prevalence of lifetime and 
12-month use of plant-based hallucinogens and dissociative agents. 
Methods: Participants were respondents aged ≥ 12 years (N = 1,006,051) from the National Survey on Drug Use 
and Health, 2002–2019. Predictors were continuous years. Outcomes included illicit use of peyote, mescaline, 
psilocybin, ketamine, salvia, and tryptamine. Sociodemographic variables (gender; age; race/ethnicity; educa
tional level; family income) were modeled as covariates. Trends were estimated overall and by age (12–17, 
18–25, 26+). Prevalence differences [PDs] were obtained for each category, along with 95 % confidence in
tervals [CI]. 
Results: Increases in lifetime use were observed for psilocybin (2002–2019 PD=+1.61), tryptamine (2006–2014 
PD=+0.55; 2015–2019 PD=+0.44), and ketamine (2006–2014 PD=+0.27; 2015–2019 PD=+0.21). Mescaline 
use decreased (PD = − 0.89). While overall lifetime salvia use increased between 2006 and 2014 (PD=+1.81), 
prevalence did not change between 2015 and 2019. Twelve-month use of tryptamine and ketamine increased 
between 2006 and 2014 (PD=+0.14; +0.03, respectively). Twelve-month ketamine use also increased from 2015 
to 2019 (PD=+0.03). By age, participants aged 12–17 and 18–25 showed decreases in use of most types of 
hallucinogens, but those age 26+ generally showed increases. 
Conclusions: While use of plant-based hallucinogens and dissociative agents remains rare, lifetime use of keta
mine, tryptamine, and psilocybin is increasing in adults. Considering these increases alongside concerns about 
unsupervised use of illicit products whose dose and composition is uncertain, clinicians and policymakers should 
remain mindful of the rising rates of illicit use in the general population.   

1. Introduction 

Hallucinogens are a diverse group of psychoactive substances that 
can alter perception, mood, and cognition (Nichols, 2004). While most 
hallucinogens do not cause acute harm and carry low risk for depen
dence (Hendricks, Thorne, Clark, Coombs, & Johnson, 2015; Krebs & 
Johansen, 2013; Nesvag, Bramness, Ystrom, Suzanne Krebs, & Johan
sen, 2015; Nichols, 2004), they are considered a Schedule I substance by 
the US Drug Enforcement Administration (DEA) (defined as drugs with 
no currently accepted medical use and a high potential of abuse) and 
produce powerful mind-altering effects that may pose risks, such as 
feelings of overwhelming distress or a state of fear or dread (a’bad trip’) 

(DiSclafani, Hall, & Gardner, 1981; Ungerleider, Fisher, Fuller, & 
Caldwell, 1968). Further, use of hallucinogens has been associated with 
the exacerbation of psychosis (Dos Santos, Bouso, & Hallak, 2017; 
Malhotra et al., 1997) and Hallucinogen-Persisting Perception Disorder, 
characterized by lingering perceptual symptoms that cause distress long 
after an episode of use (Halpern & Pope, 2003; Orsolini et al., 2017). At 
the same time, recent research suggests that hallucinogens may be 
associated with benefits such as enhanced creative thinking (Mason 
et al., 2021) or improvements in mental health (Johnson, Hendricks, 
Barrett, & Griffiths, 2019), which may reflect changes in their illicit use 
in the general population. 

Plant-based hallucinogens and dissociative agents have been used 
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within various cultures’ medicinal and religious practices for thousands 
of years (Carod-Artal, 2015; Nichols, 2004). Although hallucinogens 
were classified as a Schedule I substance in the 1970 U.S. Controlled 
Substances Act (Belouin & Henningfield, 2018), empirical studies have 
brought a resurgence of attention to potential risks and benefits related 
to their use, which have recently resulted in multiple state initiatives to 
reevaluate their legal status (Ballotpedia, 2020; California Legislative 
Information, February 17, 2021). Multiple risks associated with recre
ational illicit use of these hallucinogens, including memory impairment 
(Morgan et al., 2014), dysphoria or anxiety (Bienemann, Ruschel, 
Campos, Negreiros, & Mograbi, 2020; Carbonaro et al., 2016), delu
sional thinking among frequent (>4x/week) ketamine users (Morgan, 
Muetzelfeldt, & Curran, 2009), and effects that mimic psychosis (Kapur 
& Seeman, 2002), which can lead to significant distress (Ceban et al., 
2021). When hallucinogenic drugs are purchased and used illicitly, in
dividuals may lack information about safe use, including dosing, and 
therefore may be more at risk for these adverse effects. At the same time, 
the past decade has seen increasing efforts to fund large-scale clinical 
trials to determine potential therapeutic benefit (Rubin, 2019). Early 
findings suggest promise of psychedelic-assisted treatment for psycho
pathology in supervised settings (Reiff et al., 2020), and in 2020, Oregon 
became the first state to legalize psilocybin treatment from licensed 
providers (Ballotpedia, 2020). In addition to treatment potential, state 
legalization of substances such as psilocybin for medical use may be 
partially motivated by reductions in costs for drug-related offenses, and 
to generate state and local tax revenue (Legislative Analyst’s Office, 
2021). Additionally, emerging clinical research is paired with increasing 
private investor interest in the potential of psychedelic treatments, and 
some market reports forecast that the psychedelic drug market could 
reach nearly eleven billion dollars by 2027 (PR Newswire, 2021). 
Although clinical research remains preliminary, recent studies suggest 
beneficial effects of plant-based hallucinogens and ketamine in treating 
depression (Berman et al., 2000; Carhart-Harris et al., 2016; Galvez 
et al., 2014; Griffiths et al., 2016), substance use disorders (Reiff et al., 
2020), and post-traumatic stress disorder (Ivan Ezquerra-Romano, 
Lawn, Krupitsky, & Morgan, 2018; Reiff et al., 2020), notably in those 
resistant to other forms of pharmacological intervention (Cantor, 2021; 
Carhart-Harris et al., 2016; Serafini, Howland, Rovedi, Girardi, & 
Amore, 2014). However, if such findings and encourage individuals to 
use these substances recreationally, increases in use and ensuing adverse 
consequences may occur in the general population. Consistent with this, 
findings from the DEA’s Drug Abuse Warning Network (DAWN) show 
that although ED visits involving hallucinogens were relatively rare 
compared to other drugs, they increased between 2004 and 2011 
(Substance Abuse and Mental Health Services Administration & Center 
for Behavioral Health Statistics and Quality, 2011). However, ED data 
are not necessarily generalizable to the larger population. 

To provide generalizable information about non-medical (i.e., illicit) 
hallucinogen use prevalences and time trends in the U.S. population 
necessitates data from nationally representative samples. Previous 
epidemiological studies and reports of hallucinogen use in the US pop
ulation are primarily derived from three sources of information: (1) the 
National Survey on Drug Use and Health (NSDUH), (2) the National 
Epidemiologic Survey on Alcohol and Related Conditions-III (NESARC- 
III), and (3) the Monitoring the Future (MTF) survey of US adolescents. 
The NSDUH, collected annually, is a critical source for identifying trends 
over time in substance use. While recent NSDUH findings show increases 
in both lifetime and 12-month adult use of overall hallucinogen use since 
2002 (Livne, Shmulewitz, Walsh, & Hasin, In press), this study did not 
evaluate the use of plant-based hallucinogens and dissociative agents 
specifically. Other NSDUH studies report relatively stable lifetime use 
trends for peyote, mescaline, and psilocybin throughout the 2000 s 
(Johnson et al., 2019), and increases in adult salvia (Wu, Woody, Yang, 
Li, & Blazer, 2011) use from 2006 to 2008 and tryptamine (Palamar & 
Le, 2018) use from 2008 to 2014. However, these studies did not test for 
trends by age, or are out of date. A study using NESARC-III data 

identified 2012–2013 lifetime and twelve-month prevalence of any 
hallucinogen use as 9.32 % and 0.62 %, respectively (Shalit, Rehm, & 
Lev-Ran, 2019). However, because the NESARC is not an annual survey, 
it does not provide trend information, and does not include specific 
categories of hallucinogens. Third, MTF annual reports are a useful tool 
for identifying adolescent use prevalences. Data from the annual MTF 
survey show a steady lifetime prevalence of hallucinogen use other than 
LSD (including mescaline, peyote, psilocybin, salvia, ketamine) of 
around 3 % in the pooled sample of adolescents since 2015 (Miech, 
Johnston, O’Malley, Bachman, Schulenberg, & Me., 2017). These find
ings, paired with NSDUH results showing a decline in any adolescent 
hallucinogen since 2002, suggest that patterns of hallucinogen use are 
not consistent across the lifespan. This is further supported by a study 
showing that illicit microdosing (a self-administered, sub-hallucino
genic dose) is more popular among adults than other age groups 
(Cameron, Nazarian, & Olson, 2020). However, no study has compared 
age-specific trends for use of plant-based hallucinogen categories. 

To address these knowledge gaps, using NSDUH data from 2002 to 
2019, the current study examined trends in the prevalence of illicit use 
of peyote, mescaline, psilocybin, ketamine, salvia, and tryptamine psy
chedelics in a US nationally representative sample, overall and by age 
group (12–17; 18–25; 26 + ). 

2. Methods 

2.1. Sample 

Data were drawn from the 2002–2019 NSDUH public use data files, 
which provide annual national statistics on substance use and related 
psychiatric and health correlates (National Survey on Drug Use and 
Health). The NSDUH includes non-institutionalized civilians aged ≥ 12 
years in all 50 US states and the District of Columbia, covering residents 
of households and select group quarters (National Survey on Drug Use 
and Health). To participate, households were selected at random, and 
participants were notified via mail. An interviewer visited each house
hold and completed a screener survey with one resident ≥ 18 years on a 
handheld computer, after which the survey algorithm randomly selected 
zero, one, or two household members for participation (Substance Abuse 
and Mental Health Services Administration, 2015). After the screener 
and selection process, the interviewer completed the NSDUH survey 
with participants in a private area of their home, which took around one 
hour to complete. Written informed consent was obtained from adults or 
from parents or guardians for adolescent participants. Computer- 
assisted interviewing was conducted by an interviewer, as well as 
audio computer-assisted self-interviewing. All NSDUH procedures are 
approved by the Institutional Review Board at RTI international. Re
spondents received $30 upon completion of the interview (Substance 
Abuse and Mental Health Services Administration, October 2019). 
Sampling weights were computed to adjust for non-response and over
sampling, to ensure consistency with population estimates from the US 
Census Bureau. 

The combined total sample size from 2002 to 2019 was 1,006,051, 
with survey response rates during these years ranging from 64.9 % to 79 
% (Substance Abuse and Mental Health Services Administration, 
September 2020). When combining data over years, new sample weights 
were created by dividing the original weight by the number of data sets 
combined, as recommended by SAMSHA (Substance Abuse and Mental 
Health Services Administration, 2014) and as previously performed 
(Hasin, Shmulewitz, & Keyes, 2019). 

2.2. Measures 

2.2.1. Outcomes: Hallucinogen use 
Lifetime use was assessed for peyote, mescaline, psilocybin, keta

mine, salvia, and tryptamine psychedelics using the following question: 
“Have you ever, even once, used [substance]?”. To ascertain whether the 
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respondent had ever used tryptamine psychedelics, the instrument 
queried if the respondent had used dimethyltryptamine (DMT), alpha- 
methyltryptamine (AMT), or 5-MeO-DIPT (“Foxy”). Responses were 
coded as binary (“yes”/”no”). Twelve-month use of hallucinogens was 
assessed for ketamine, salvia, and tryptamine psychedelics, using the 
following question: “How long has it been since you last used [substance]?” 
Responses of “within the past 30 days” and “more than 30 days ago, but 
within the past 12 months” were coded as past 12-month users of that 
substance. 

2.2.2. Predictor: Year 
Peyote, mescaline, and psilocybin use were each assessed from 2002 

to 2019. Data regarding ketamine, salvia, and tryptamine psychedelic 
use first became available in 2006, and due to questionnaire changes in 
2015, data for these categories could not be combined over the entire 
period but were analyzed in separate time intervals (2006–2014 and 
2015–2019). 

2.2.3. Covariates: Sociodemographic characteristics 
Sociodemographic covariates included gender (male, female), age in 

three categories (12–17 years, 18–25 years, 26 + years); educational 
attainment (<high school, high school graduate or above); total annual 
family income (≤$49,999, ≥$50,000); and race/ethnicity (non-His
panic white, Black, Hispanic, Native American/Alaska Native, Native 
Hawaiian/Other Pacific Islander, Asian, more than one race). 

2.2.4. Analysis 
Weighted prevalence of hallucinogen use and sociodemographic 

variables were estimated, pooled for all available years. For each type of 
hallucinogen, time trends were estimated using logistic regression, with 
use as the outcome, continuous year as the predictor and sociodemo
graphic variables (gender, age, race/ethnicity, educational attainment, 
and family income) as covariates. Log-odds were back-transformed to 
the prevalence scale and change over time was indicated by the differ
ence in the model-predicted prevalence between the last year and the 
first year (prevalence difference, PD) (Brown et al., 2017; Hasin et al., 
2019; Mauro et al., 2018). Prevalence differences significantly different 
from 0.0 (i.e., 95 % confidence interval [CI] not including 0.0) indicate 
change over time, with a negative difference indicating a decrease over 
time, and a positive difference indicating an increase over time. 

To determine whether trends differed by age group (12–17; 18–25; 
26 + ), an interaction term of time*age was included in the regression 
model. This allows trends over time (PD) to be estimated separately 
within each age group. Contrasts between each age group (12–17, 
18–25) and ≥ 26 years (reference group), i.e. PD for ≥ 26 years minus 
PD for 12–17 or 18–25 indicated whether trends differed by age, with 
estimates significantly different from 0 indicating trend differences. 
Interaction terms of age with each of the control variables were also 
included, to allow covariate effects to differ within each age group and 
ensure that differential trends were not primarily driven by socio
demographic effects differing in the age groups. Contrasts between the 
age groups with 26 + years as the reference group (difference-in-prev
alence difference) indicated whether trends differed by age, with esti
mates significantly different from 0 indicating trend differences. The 26 
+ age group was selected as the reference group because it was the most 
prevalent age category in the sample. 

Additional models were run for each outcome, treating year as a 
categorical variable, to estimate year-by-year adjusted prevalence for 
graphing. Analyses were conducted using SAS 9.4 and SUDAAN 11.0.4 
software (Research Triangle Institute, 2012; SAS Institute Inc, 2013). 
Collinearity diagnostics (Alin, 2010) were performed using Proc Reg and 
results showed little evidence for multicollinearity among independent 
variables, with tolerance ranging between 0.51 and 0.99 and Variance 
inflation Factor (VIF) ranging between 1.01 and 1.96 (SAS Institute Inc, 
2013). Assumption of linearity of independent variables and log-odds 
were validated by plotting the scatter plot of year vs the log odds of 

the predicted outcome. For each outcome the plot showed a linear 
pattern, indicating that the assumption is satisfied. 

2.2.4.1. Sensitivity analysis. Because mescaline is extracted from peyote 
and the two substances share similar nicknames (Drug Enforcement 
Administration, April 2020), a combined variable encompassing peyote 
or mescaline use was created and analyzed to address potential double- 
reporting between the two substances. 

2.2.4.2. Missing data. The NSDUH datasets provide pre-coded statisti
cally imputed or recoded demographic and drug use variables which are 
designed to replace missing or non-informative values (Substance Abuse 
and Mental Health Services Administration, 2021). The computer- 
assisted interviewing (CAI) format of the survey allows for two possi
bilities for missing data: (1) if a respondent entered a response of “don’t 
know” or “refused” when answering a given item, or (2) a respondent 
broke off the interview prior to reaching the end of the survey. For all 
variables used in this analysis, two strategies were implemented to 
address missing data: imputation and recoding. Imputed variables have 
statistically estimated values in place of missing data, i.e., non- 
informative response options such as “don’t know” or “refused” (Sub
stance Abuse and Mental Health Services Administration, 2020). 
Imputed variables included the sociodemographic variables and keta
mine, salvia, and tryptamine psychedelic use variables for 2015–2019. 
Recoded variables with missing data due to non-informative responses 
are coded as “no”. Recoded variables included peyote, mescaline, and 
psilocybin lifetime use variables, and ketamine, salvia, and tryptamine 
psychedelic use variables for 2006–2014. Among recoded variables, the 
prevalence of recoded missing information was very low (range, 0.12 % 
for peyote use to 0.22 % for salvia use, 2006–2014). 

2.2.4.3. Influential outliers. The presence of potential influential out
liers was addressed by calculating the leverage estimate from the diag
onal element of the Hat matrix for each model, identifying the 
observations that were potential influential outliers, calculating the 
percentage they comprised from the overall sample of that model, and 
rerunning the model after excluding these observations. Observations 
whose leverage statistic exceeded the cutoff value 3 times larger than the 
mean leverage value (3*(p/n)) were considered ’influential outliers’. 
This statistic was calculated for each outcome (and in each relevant time 
period). Influential outliers ranged between 2.13 % and 5.16 % across 
all models. 

3. Results 

3.1. Descriptives 

In the overall study sample, pooled over all years, 52 % were female, 
62 % were non-Hispanic whites, 40 % were aged 26+, 41 % had less 
than high school education (including all participants aged 12–17 
years), and 55 % had a total annual family income of ≤$49,999 (Sup
plementary Table 1). 

3.2. Peyote use 

3.2.1. Lifetime 
Overall, there was no significant change in the prevalence of lifetime 

peyote use between 2002 and 2019 (Table 1; Fig. 1). However, within 
specific age groups, lifetime peyote use decreased significantly in age 
groups 12–17 from 2002 to 2019, (PD = -0.33), and 18–25 (PD = -1.29), 
which was significantly different from the lack of change in participants 
ages 26+ (Table 1; Fig. 1). 
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3.3. Mescaline use 

3.3.1. Lifetime 
Between 2002 and 2019, overall lifetime mescaline use decreased 

significantly (PD = -0.89; Table 2; Fig. 2). Lifetime mescaline use also 
decreased significantly in age groups 12–17 (PD = -0.30), 18–25 (PD =
-1.87), and 26+ (PD = -0.81; Table 1; Fig. 2). 

3.4. Psilocybin use 

3.4.1. Lifetime 
Overall lifetime psilocybin use increased significantly from 2002 to 

2019 (PD=+1.61; Table 1; Fig. 3). Lifetime psilocybin use decreased 
significantly in age groups 12–17 (PD = − 1.90) and 18–25 (PD = − 4.80) 
but increased significantly in respondents aged 26+ (PD=+2.89). 

3.5. Salvia use 

3.5.1. Lifetime 
There was an overall significant increase in lifetime salvia use be

tween 2006 and 2014 (PD=+1.81; Table 2; Fig. 4a), with no significant 
change from 2015 to 2019 (PD = − 0.10), although descriptively, the 
increase appears to peak around 2011, followed by a decreasing trend 
(Fig. 4a). From 2006 to 2014, lifetime salvia use decreased significantly 
in respondents aged 12–17 (PD = − 0.43) but increased significantly in 
age groups 18–25 (PD=+3.50) and 26+ (PD=+1.34; Table 4). From 
2015 to 2019, similar trends were observed in ages 26+ (PD=+0.39), 
but a decrease was observed in ages 18–25 (PD = − 3.41; Table 2). 

3.5.2. Twelve-months 
From 2006 to 2014, there was an overall significant decrease in 12- 

month salvia use (PD = − 0.42; Table 2; Fig. 4b), and among age groups 
12–17 (PD = − 0.32) and 18–25 (PD = − 1.56; Table 4). From 2015 to 
2019, there was no significant change in 12-month salvia use overall or 
by age group. 

3.6. Tryptamine psychedelic use 

3.6.1. Lifetime 
Overall lifetime tryptamine psychedelic use increased between 2006 

and 2014 (PD=+0.55), and between 2015 and 2019 (PD=+0.44; 
Table 3; Fig. 5a). Lifetime tryptamine psychedelic use increased signif
icantly from 2006 to 2014 in age groups 12–17 (PD=+0.17), 18–25 
(PD=+1.84), and 26+ (PD=+0.39), and from 2015 to 2019 in age group 

Table 1 
Change over time in lifetime prevalence of peyote, mescaline, and psilocybin 
use, NSDUH, 2002–2019, (N = 1,006,051).   

Lifetime  

Prevalence % (SE)a Prevalence 
difference % (95 % 
CI)a,b 

Trend differences by 
age group % (95 % 
CI)c  

Start 
year 

End 
year   

Peyote 2002 2019   
Whole 

sample 
2.30 
(0.06) 

2.12 
(0.06) 

− 0.18 (− 0.38, 
0.02)  

Ages 12–17 0.47 
(0.04) 

0.14 
(0.08) 

¡0.33 (− 0.57, 
¡0.09) 

¡0.34 (− 0.58, 
¡0.10) 

Ages 18–25 1.83 
(0.07) 

0.54 
(0.03) 

¡1.29 (− 1.58, 
¡1.00) 

¡1.28 (− 1.57, 
¡0.99) 

Ages ≥ 26 2.55 
(0.07) 

2.56 
(0.07) 

0.01 (− 0.23, 0.25) Reference  

Mescaline     
Whole 

sample 
3.69 
(0.07) 

2.80 
(0.06) 

¡0.89 (− 1.13, 
¡0.65)  

Ages 12–17 0.38 
(0.04) 

0.08 
(0.01) 

¡0.30 (− 0.40, 
¡0.20) 

0.51 (0.22, 0.80) 

Ages 18–25 2.40 
(0.09) 

0.53 
(0.03) 

¡1.87(− 2.09, 
¡1.65) 

¡1.06 (− 1.41, 
¡0.71) 

Ages ≥ 26 4.23 
(0.09) 

3.42 
(0.08) 

¡0.81(− 1.10, 
¡0.52) 

Reference  

Psilocybin     
Whole 

sample 
7.57 
(0.10) 

9.18 
(0.11) 

1.61 (1.26, 1.96)  

Ages 12–17 3.30 
(0.13) 

1.40 
(0.08) 

¡1.90 (− 2.21, 
¡1.59) 

¡4.80 (− 5.33, 
¡4.27) 

Ages 18–25 13.59 
(0.16) 

8.79 
(0.13) 

¡4.80 (− 5.27, 
¡4.33) 

¡7.70 (− 8.31, 
¡7.09) 

Ages ≥ 26 7.04 
(0.11) 

9.93 
(0.14) 

2.89 (2.48, 3.30) Reference  

a Adjusted for gender, age, race/ethnicity, educational level, and family 
income. 

b Calculated as difference between the predicted prevalence in the end and 
start year. 

c Estimated as the difference between the prevalence difference for each age 
group (12–17 and 18–25 versus reference group). 

Fig. 1. Change over time in lifetime prevalence in peyote use, overall and by age. Trends were analyzed from 2002 to 2019. Square markers indicate adjusted 
prevalences. 
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26+ (PD=+0.56; Table 3; Fig. 5a). 

3.6.2. Twelve-months 
From 2006 to 2014, there was an overall significant increase in 12- 

month tryptamine psychedelic use (PD=+0.14), with no significant 
change from 2015 to 2019 (Table 3; Fig. 5b). 12-month tryptamine 
psychedelic use significantly increased from 2006 to 2014 across all age 
groups (12–17 (PD=+0.13); 18–25 (PD=+0.64); 26+ (PD=+0.07)), 
and from 2015 to 2019 in ages + 26 (PD=+0.07; Table 3; Fig. 5b). 

3.7. Ketamine use 

3.7.1. Lifetime 
There was an overall significant increase in lifetime ketamine use 

between 2006 and 2014 (PD=+0.27; Table 4; Fig. 6a), and between 

2015 and 2019 (PD=+0.21; Table 4; Fig. 6a). Lifetime ketamine use, 
from 2006 to 2014, decreased significantly in age group 18–25 (PD =
-1.05) and increased significantly in respondents aged 26+ (PD=+0.52), 
and increased significantly in the 26 + age group (PD=+0.29) from 
2015 to 2019 (Table 4; Fig. 6a). 

3.7.2. Twelve-months 
Overall past 12-month ketamine use increased significantly between 

2006 and 2014 (PD=+0.03), and from 2015 to 2019 (PD=+0.03; 
Table 4; Fig. 6b). There was no significant change in past 12-month 
ketamine use by age between 2006 and 2014. However, past 12- 
month ketamine use increased in respondents aged + 26 between 
2015 and 2019 (PD=+0.06; Table 4; Fig. 6b). 

Table 2 
Change over time in lifetime and 12-month prevalence of salvia use, NSDUH.   

Lifetime 12-month  

Prevalence % (SE)a Prevalence difference 
% (95 % CI)a,b 

Trend differences by age 
group % (95 % CI)c 

Prevalence % (SE)a Prevalence difference 
% (95 % CI)a,b 

Trend differences by age 
group % (95 % CI)c  

Start 
year 

End 
year   

Start 
year 

End 
year    

2006 2014   2006 2014   

Whole 
sample 

0.67 
(0.03) 

2.48 
(0.08) 

1.81 (1.69, 1.93)  0.66 
(0.05) 

0.24 
(0.01) 

¡0.42 (¡0.54, ¡0.30)  

Ages 
12–17 

1.66 
(0.15) 

1.23 
(0.13) 

¡0.43 (¡0.68, ¡0.18) ¡1.77 (¡2.08, ¡1.46) 0.70 
(0.11) 

0.38 
(0.06) 

¡0.32 (¡0.48, ¡0.16) ¡0.33 (¡0.49, ¡0.17) 

Ages 
18–25 

5.53 
(0.13) 

9.02 
(0.21) 

3.50 (2.95, 4.05) 2.15 (1.58, 2.72) 2.51 
(0.10) 

0.94 
(0.05) 

¡1.56 (¡1.80, ¡1.32) ¡1.57 (¡1.81, ¡1.33) 

Ages ≥ 26 0.31 
(0.02) 

1.65 
(0.07) 

1.34 (1.18, 1.50) Reference 0.09 
(0.01) 

0.10 
(0.02) 

+0.01 (¡0.05, 0.07) Reference  

2015 2019   2015 2019   
Whole 

sample 
1.95 
(0.07) 

1.85 
(0.06) 

− 0.10 (¡0.32, 0.12)  0.08 
(0.01) 

0.05 
(0.01) 

− 0.03 (¡0.07, 0.01)  

Ages 
12–17 

0.46 
(0.08) 

0.34 
(0.09) 

− 0.12 (¡0.36, 0.12) ¡0.52 (¡0.83, ¡0.21) 0.08 
(0.03) 

0.08 
(0.03) 

0.00 (¡0.06, 0.06) 0.02 (¡0.06, 0.10) 

Ages 
18–25 

5.58 
(0.23) 

2.17 
(0.12) 

¡3.41 (¡4.02, ¡2.80) ¡3.80 (¡4.43, ¡3.17) 0.35 
(0.07) 

0.20 
(0.05) 

− 0.15 (¡0.35, 0.05) − 0.13 (¡0.33, 0.07) 

Ages ≥ 26 1.55 
(0.07) 

1.94 
(0.07) 

0.39 (0.15, 0.63) Reference 0.04 
(0.01) 

0.02 
(0.01) 

− 0.02 (¡0.06, 0.02) Reference 

Note: Significant trends (p-values < 0.05) are shown in bold. 2002–2019 (N = 1,006,051); 2002–2014 (N = 723,283); 2006–2014 (N = 502,467); 2015–2019 (N =
241,708). 

a Adjusted for gender, age, race/ethnicity, educational level, and family income. 
b Calculated as difference between the predicted prevalence in the end and start year. 
c Estimated as the difference between the prevalence difference for each group (12–17 and 18–25 versus the ≥ 26 reference group). 

Fig. 2. Change over time in lifetime prevalence in mescaline use, overall and by age. Trends were analyzed from 2002 to 2019. Square markers indicate adjusted 
prevalences. 
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3.8. Sensitivity analysis 

Overall lifetime combined mescaline or peyote use decreased 
significantly from 2002 to 2019 (PD = − 0.88; Supplementary Table 3; 
Supplementary Fig. 1). Lifetime mescaline or peyote use also decreased 
across all age groups (12–17 (PD = − 0.53); 18–25 (PD = − 2.60); 26+
(PD = − 0.66). 

3.9. Removal of influential outliers 

After running all models excluding the observations identified as 
potential influential outliers, the direction of the trend in lifetime 
tryptamine use among those aged 18–25 changed to an increase and 
became significant between 2015 and 2019 (PD=+0.47). All other re
sults of trends did not change, and all significant values remained 
significant. 

4. Discussion 

Using data from the U.S. nationally representative NSDUH surveys, 
this study examined temporal trends in the illicit use of plant-based 
hallucinogens and dissociative agents between 2002 and 2019. Our 

findings indicate that the direction and magnitude of changes over time 
varied by type of hallucinogen, age group, time intervals, and timeframe 
of use (lifetime or past 12 months). For example, overall lifetime use of 
psilocybin, tryptamine, salvia, and ketamine use increased, while 
mescaline use decreased, while past 12 month use increased for keta
mine and tryptamines and decreased for salvia. Age groups 12–17 and 
18–25 generally showed decreases in use across most types of halluci
nogens, while adults age 26 + generally showed increases. 

This is the first study to report trends in lifetime use of mescaline, 
peyote and psilocybin using data from a large-scale, nationally repre
sentative survey of the US population. The decrease in overall mescaline 
use is consistent with past popular media reports (Oberhaus, December 
14, 2018), and occurred across all age groups. While overall lifetime 
peyote use remained unchanged across survey years, respondents aged 
12–17 and 18–25 showed a significant decrease in peyote use, consistent 
with MTF reports of adolescent use (Miech, Johnston, O’Malley, Bach
man, Schulenberg, & Patrick, 2017). Given that mescaline is extracted 
from peyote, it should be noted that pure mescaline is rare and is more 
commonly used in the form of peyote buttons or other mescaline- 
producing plants. Mescaline use may therefore be overreported in 
NSDUH, while peyote may be underreported, as respondents may have 
confused the two. Combined mescaline or peyote use followed the same 

Fig. 3. Change over time in lifetime prevalence in psilocybin use, overall and by age. Trends were analyzed from 2002 to 2019. Square markers indicate adjusted 
prevalences. 

Fig. 4. Change over time in lifetime, past-year prevalence in salvia use, overall and by age. Trends were analyzed from 2006 to 2014 and 2015 to 2019. Square 
markers indicate adjusted prevalences. 
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trends as mescaline use alone, and future studies that assess both 
mescaline and peyote use may benefit from clear descriptions of each 
substance to eliminate potential confusion between the two. In any case, 
a possible cause of the decreases in mescaline and peyote use could be 
the rapid decline in the supply of peyote to the US due to habitat 
destruction, illegal poaching, and unsustainable harvesting practices 
(Oberhaus, December 14, 2018). 

In contrast, lifetime psilocybin use increased overall across survey 
years, and this category remains the most common plant-based hallu
cinogen used in the US. This increase was driven by respondents aged 
26 + and may reflect changing norms related to substance use, reflected 
in legalization (Ballotpedia, 2020), microdosing practices (Polito & 
Stevenson, 2019), or therapeutic uses. Psilocybin is increasingly studied 
for its potential therapeutic benefits (Carhart-Harris et al., 2016; Grif
fiths et al., 2016; Hendricks et al., 2015). Notably, a recent study found 

high doses of psilocybin to be associated with a decrease in both self and 
clinician-reported measures of depression and anxiety, along with in
creases in quality of life and optimism among cancer patients (Griffiths 
et al., 2016). If therapeutic effects are replicated and evident on a larger 
scale, adults in the general population may increasingly perceive psi
locybin as non-risky substance and use it regardless of therapeutic 
indication, continuing an upward trend in use. Although psilocybin 
carries low risk for dependence, individuals may be at a higher risk for 
adverse experiences such as dysphoria (Bienemann et al., 2020) when 
using illicitly. However, we show a decrease in use among adolescents, 
indicating that trends vary across the lifespan. Our findings are consis
tent with data from MTF showing declines in use of hallucinogens other 
than LSD in adolescents since 2001. Of note, MTF data do not show 
declining adolescent rates in use of all substances, since vaping of 
nicotine and cannabis significantly increased in MTF participants 

Table 3 
Change over time in lifetime and 12-month prevalence of tryptamine use, NSDUH.   

Lifetime 12-month  

Prevalence % (SE)a Prevalence difference 
% (95 % CI)a,b 

Trend differences by age 
group % (95 % CI)c 

Prevalence % (SE)a Prevalence difference 
% (95 % CI)a,b 

Trend differences by age 
group % (95 % CI)c  

Start 
year 

End 
year   

Start 
year 

End 
year    

2006 2014   2006 2014   

Whole 
sample 

0.23 
(0.01) 

0.79 
(0.04) 

0.55 (0.45, 0.65)  0.04 
(0.00) 

0.18 
(0.02) 

0.14 (0.10, 0.18)  

Ages 
12–17 

0.16 
(0.03) 

0.33 
(0.05) 

0.17 (0.07, 0.27) ¡0.23 (¡0.37, ¡0.09) 0.10 
(0.03) 

0.23 
(0.07) 

0.13 (0.03, 0.23) 0.07 (¡0.05, 0.19) 

Ages 
18–25 

0.73 
(0.04) 

2.58 
(0.12) 

1.84 (1.55, 2.13) 1.45 (1.14, 1.76) 0.17 
(0.02) 

0.81 
(0.07) 

0.64 (0.48, 0.80) 0.57 (0.41, 0.73) 

Ages ≥ 26 0.16 
(0.02) 

0.56 
(0.05) 

0.39 (0.29, 0.49) Reference 0.01 
(0.00) 

0.08 
(0.02) 

0.07 (0.03, 0.11) Reference  

2015 2019   2015 2019   
Whole 

sample 
0.78 
(0.04) 

1.22 
(0.05) 

0.44 (0.28, 0.60)  0.14 
(0.01) 

0.14 
(0.01) 

0.00 (0.00, 0.00)  

Ages 
12–17 

0.27 
(0.06) 

0.33 
(0.08) 

0.06 (¡0.16, 0.28) ¡0.51 (¡0.75, ¡0.27) 0.22 
(0.06) 

0.23 
(0.12) 

0.01 (¡0.19, 0.21) − 0.06 (¡0.26, 0.14) 

Ages 
18–25 

2.22 
(0.10) 

2.13 
(0.11) 

− 0.09 (¡0.42, 0.24) ¡0.66 (¡0.86, ¡0.46) 0.40 
(0.05) 

0.58 
(0.08) 

0.18 (¡0.04, 0.40) 0.10 (¡0.14, 0.34) 

Ages ≥ 26 0.61 
(0.03) 

1.17 
(0.06) 

0.56 (0.42, 0.70) Reference 0.05 
(0.01) 

0.12 
(0.02) 

0.07 (0.01, 0.13) Reference 

Note: Significant trends (p-values < 0.05) are shown in bold. 2002–2019 (N = 1,006,051); 2002–2014 (N = 723,283); 2006–2014 (N = 502,467); 2015–2019 (N =
241,708). 

a Adjusted for gender, age, race/ethnicity, educational level, and family income. 
b Calculated as difference between the predicted prevalence in the end and start year. 
c Estimated as the difference between the prevalence difference for each group (12–17 and 18–25 versus the ≥ 26 reference group). 

Fig. 5. Change over time in lifetime, past-year prevalence in Tryptamine Psychedelics use, overall and by age. Trends were analyzed from 2006 to 2014 and 2015 to 
2019. Square markers indicate adjusted prevalences. 
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between 2017 and 2019, potentially reflecting a shift in use towards 
substances with high perceived availability among this age group 
(Johnston et al., 2020). However, given our findings on the increases in 
adult use of psilocybin, further research into reasons for psilocybin use 
among adults is needed to provide additional insight into the increases 
in this age group. 

Our findings show that lifetime and 12-month ketamine use 
increased overall between 2006 and 2014 and 2015 to 2019. Similar to 
psilocybin use, significant increases in lifetime or past year use were 
exclusively observed in adults 26+, perhaps also due to reports sug
gesting therapeutic effects of ketamine for mood disorders, paired with a 
surge of attention in popular media to potential benefits of ketamine 
(Dodge, November 4, 2021). While ketamine treatment for psychiatric 
disorders is shown to be safe under supervised use (Serafini et al., 2014), 
illicit use may be more prone to adverse effects (Ceban et al., 2021) or 

dissociative symptoms (Morgan et al., 2009). Increases in use up to 2019 
occurred simultaneously with FDA approval of esketamine, an antide
pressant administered as a nasal spray derived from ketamine (Food and 
Drug Administration, 2019). Additionally, news reporting showing 
outcomes of clinical trials assessing the efficacy of hallucinogenic drugs 
such as psilocybin and ketamine (Eschner, 2022; LaMotte, 2022) as well 
as anecdotal reports of practices such as “microdosing” (Batty, 2021) 
increases their exposure to the general population, which could 
encourage increases in their use. As ketamine becomes more widely 
accepted for treatment, providers should also monitor potential recre
ational use and self-medication behaviors among adults. However, ke
tamine use decreased or remained stable among younger adults and 
adolescents. As with psilocybin, future research regarding motivations 
for ketamine use may provide insight into trends, including whether 
ketamine is used as a club drug or for self-medication purposes. 

Table 4 
Change over time in lifetime and 12-month prevalence of ketamine use, NSDUH.   

Lifetime 12-month  

Prevalence % (SE)a Prevalence difference 
% (95 % CI)a,b 

Trend differences by age 
group % (95 % CI)c 

Prevalence % (SE)a Prevalence difference 
% (95 % CI)a,b 

Trend differences by age 
group % (95 % CI)c  

Start 
year 

End 
year   

Start 
year 

End 
year    

2006 2014   2006 2014   

Whole 
sample 

0.85 
(0.04) 

1.12 
(0.04) 

0.27 (0.15, 0.39)  0.08 
(0.01) 

0.11 
(0.09) 

0.03 (0.01, 0.07)  

Ages 
12–17 

0.38 
(0.05) 

0.31 
(0.04) 

− 0.07 (− 0.19, 0.05) ¡0.58 (− 0.80, ¡0.36) 0.22 
(0.08) 

0.21 
(0.07) 

− 0.01 (− 0.13, 0.11) − 0.04 (− 0.16, 0.06) 

Ages 
18–25 

2.54 
(0.12) 

1.49 
(0.07) 

¡1.05 (− 1.36, ¡0.74) ¡1.57 (− 1.92, ¡1.22) 0.29 
(0.03) 

0.39 
(0.04) 

0.10 (− 0.02, 0.22) 0.07 (− 0.05, 0.19) 

Ages ≥ 26 0.66 
(0.04) 

1.17 
(0.05) 

0.52 (0.36, 0.68) Reference 0.04 
(0.04) 

0.06 
(0.01) 

0.02 (− 0.02, 0.06) Reference  

2015 2019   2015 2019   
Whole 

sample 
1.18 
(0.05) 

1.39 
(0.05) 

0.21 (0.05, 0.37)  0.11 
(0.01) 

0.15 
(0.01) 

0.033 (0.029, 0.037)  

Ages 
12–17 

0.31 
(0.07) 

0.14 
(0.04) 

− 0.17 (− 0.37, 0.03) ¡0.45 (− 0.69, ¡0.21) 0.56 
(0.25) 

0.19 
(0.01) 

− 0.37 (− 0.80, 0.06) − 0.43 (− 0.86, 0.00) 

Ages 
18–25 

1.74 
(0.08) 

1.66 
(0.08) 

− 0.08 (− 0.28, 0.12) ¡0.36 (− 0.42, ¡0.30) 0.32 
(0.06) 

0.43 
(0.05) 

0.11 (− 0.11, 0.33) 0.05 (− 0.19, 0.29) 

Ages ≥ 26 1.17 
(0.05) 

1.46 
(0.05) 

0.29 (0.13, 0.45) Reference 0.06 
(0.01) 

0.12 
(0.02) 

0.06 (0.00, 0.12) Reference 

Note: Significant trends (p-values < 0.05) are shown in bold. 2002–2019 (N = 1,006,051); 2002–2014 (N = 723,283); 2006–2014 (N = 502,467); 2015–2019 (N =
241,708). 

a Adjusted for gender, age, race/ethnicity, educational level, and family income. 
b Calculated as difference between the predicted prevalence in the end and start year. 
c Estimated as the difference between the prevalence difference for each group (12–17 and 18–25 versus the ≥ 26 reference group). 

Fig. 6. Change over time in lifetime, past-year prevalence in ketamine use, overall and by age a,b. Trends were analyzed from 2006 to 2014 and 2015 to 2019. Square 
markers indicate adjusted prevalences. 
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Overall and age-specific lifetime salvia trends reported in this study 
add to findings from a previous NSDUH study (Wu et al., 2011). The 
differences in lifetime and 12-month trends (overall and age-specific) 
may indicate a cohort effect, since with each year, fewer young people 
(12–17 years) and more older people (26 + years) used salvia. This may 
be partially attributed to the changing legal status of salvia, which 
became illegal to possess or sell in many US states between 2008 and 
2011 (Drug Enforcement Administration, 2020) and is currently banned 
in 29 states. Considering that salvia carries a low risk for dependence, 
and as other substances including cannabis become more available for 
recreational use, young adults may instead be opting for use of more 
easily accessible cannabis. 

Our finding of an overall upward trend in both lifetime and 12- 
month tryptamine use is consistent with results from a recent study 
(Palamar & Le, 2018), and affirms a growing concern about the increase 
in popularity of synthetic tryptamines (Araujo, Carvalho, Bastos Mde, 
Guedes de Pinho, & Carvalho, 2015), novel psychoactive substances that 
have broad negative health outcomes (Boland, Andollo, Hime, & Hearn, 
2005; Jovel, Felthous, & Bhattacharyya, 2014). Further, our finding that 
this trend occurred across all age groups is alarming, considering that 
use of these synthetic substances was only found among the young adult 
age group in the past (Palamar & Le, 2018). One prior study found that 
the proportion of users trying the tryptamine dimethyltryptamine 
(DMT) for the first time is higher than new users of LSD, psilocybin, and 
ketamine (Winstock, Kaar, & Borschmann, 2014), and the prevalence of 
tryptamine use was higher among those who also used other halluci
nogens (Palamar & Le, 2018). These findings suggest that tryptamines 
may be used as an alternative to other substances, possibly due to 
availability and lower cost. Considering the growing popularity of 
tryptamines, further research on the health risks and the sociodemo
graphic and clinical correlates of these substances is warranted. 

This study has limitations. First, due to the nature of NSDUH’s self- 
report methods, results may be subject to bias and potential under
reporting of substance use. Self-reports may also be inaccurate about the 
substance used if respondents could not differentiate between plant- 
based hallucinogens with similar characteristics. Second, data for 
salvia, tryptamines, and ketamine became available in 2006, and anal
ysis of these hallucinogen categories could not be performed across the 
entire timeframe due to questionnaire changes in 2015, and therefore 
were analyzed over two separate time intervals. Third, past 12-month 
use data were not available for peyote, mescaline, and psilocybin. 
Because of this limitation, future study of past 12-month use of these 
hallucinogens is warranted. Fourth, the current study evaluated tem
poral trends in a combined category for adults ages 26 +. Trends in use 
may differ among phases of older adulthood, and future research to 
delineate patterns in use among more nuanced categories of adults is 
warranted. Fifth, analysis of hallucinogen use prevalences would benefit 
from additional evaluation using other demographic variables, for 
example in trend patterns by gender or by race/ethnicity. Finally, while 
findings can be considered in the context of increased interest of po
tential therapeutic benefit of hallucinogens, specific information on 
patterns of use is lacking. As such, further research is warranted to 
determine settings and motivations related to hallucinogen use, 
including whether use was supervised, for religious or spiritual pur
poses, or for self-medication purposes and the positive or negative ex
periences and/or consequences associated with such use. 

5. Conclusions 

Our findings provide a large-scale overview of changes in use of 
plant-based hallucinogens and dissociative agents over time, and a 
succinct picture of current use rates. Lifetime and 12-month use of ke
tamine increased consistently overall and continued to increase in those 
aged 26 + years in more recent years. Lifetime use of psilocybin also 
increased overall and in adults 26+, while lifetime tryptamine use 
increased overall and in those aged 18–25 and 26 + more recently. 

These findings, paired with a growing body of work suggesting that 
hallucinogens such as ketamine and psilocybin may offer therapeutic 
benefits, indicate that hallucinogen use may become more widely 
accepted in the general population. As researcher and investor interest 
in the potential of hallucinogen use for treatment purposes increases, 
clinicians and policymakers must also remain mindful of the already 
rising rates of use of these substances in the general population and of 
the potential risks related to their use. Although use in the general 
population remains rare, recent increases in prevalence justify moni
toring if these increases are associated with an increase in harm related 
to use. Such monitoring of recreational use motivations and potential 
harm related to use would provide information for appropriate risk 
prevention. 
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