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Microdosing psychedelics has no impact on cognitive

function in naturalistic settings

Abstract

Background and aim: Subjective and anecdotal accounts link ingestion of psychedelic
microdoses, quantities small enough to retain perceptual clarity, to enhanced cognitive
function and performance. In this study we review current evidence, test the link between
domains of cognitive function and microdosing psychedelics and evaluate a remote testing
approach for cognitive function. Methods: In an observational within-subjects design, we
repeatedly assessed 17 participants during their microdosing regimen using the CNSVS
neurocognitive battery in a naturalistic setting. Results: We found that neither the day
of microdosing, nor the day after microdosing are significantly linked to enhanced or
diminished performance on processing speed, sustained attention, inhibitory control, set
shifting, working memory, visual memory and verbal memory. Conclusion: Microdosing
psychedelics may act on psychological rather than neurocognitive pathways to induce a
subjective feeling of performance enhancement. The use of remote cognitive batteries
might benefit longitudinal cross-cultural studies by reducing participant burden.
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Microdosing psychedelics has no impact on
cognitive function

Psychedelics such as psilocybin and LSD are currently proposed
and tested for clinical applications to treat autism, Alzheimers disease,
substance use, mood, and trauma-related disorders. Additionally, studies
have demonstrated their anti-inflammatory properties, alterations
in brain functional connectivity and increases in neuroplasticity by
raising Brain-Derived Neurotropic Factor (BDNF)."* While most
therapeutic applications and investigations include medium to
large doses, microdosing has become a recent trend among people
aiming to enhance their cognitive, emotional, and social functioning
irrespective of levels of psychopathology. Microdosing refers to the
ingestion of psychedelic substances in low doses, below the threshold
for perceptual alteration and in a way that does not impair normal
functioning with the aim of improving well-being.” A recentstudy by
Rootman et al.,® reports that 58.1% of microdosers named enhancing
learning capacity, and 44.6% decreasing procrastination as their
primary motive for microdosing.

Cameron et al.,” conducted an online survey on the subjective
effects of microdosing and found that 59% of their sample experienced
a subjective improvement of attention and focus, 26% no effect
and 15% worsening of attention. In terms of memory, 39% felt an
improvement of memory, 46.5% found no effect and 15% worsening
of memory.

While anecdotal accounts of enhanced cognitive effects after
microdosing are abundant and people report subjective cognitive
benefits, evidence regarding the efficacy of microdoses to enhance
cognitive function are scarce and mixed. In the present study, we
will briefly review current literature about the relationships between
microdosing and several neurocognitive domains and test their
relationship in a within-subjects longitudinal design using remote
neurocognitive testing and the experience sampling method. A
thorough review spanning multiple domains of cognitive function
does not currently exist. This paper is the first to summarize the
current literature on low-dose psychedelics that spans multiple
domains including attention, executive functions, and memory.

Our main contribution lies in the observational approach, allowing
subjects to continue their microdosing practice in a naturalistic setting
while using remote cognitive assessments to provide insight into their
cognitive function and the experience sampling method to capture
psychological variables. In this way our study extents theliterature
by testing and evaluating an approach to study pharmacological
alterations as well as behavioral, cognitive, and emotional phenomena
in a way that does not require participants to alter their habitual
behavior to adapt to an experimental setting, effectively enhancing
ecological validity.

Processing speed

Processing Speed refers to the capacity to incorporate novel
information with a motor responses. It functions as a measure of
cognitive efficiency and has been related to regularaging as well as
neurological deficits, intelligence and white matter integrity.!® Its
most common measure is the Digit Symbol Substitution Test, which
is a composite measure indicating healthy functioning across several
domains including attention, visual perception, executive functions,
and motor speed. While sacrificing specificity, the test has been shown
to bequite sensitive to brain impairments, clinical disorders, acute
intoxication with alcohol and benzodiazepines, sleep deprivation
and cognitive change in major depression.!' Due to the sensitivity of
processing speed measured by the DSST, it may be well situated to
pick up changes induced by low doses of psychedelics, especially since
previous research has implicated serotonergic hallucinogens, similar to
SSRIs, with the attenuation of cognitive decline during depression.'>!?
The task shows a grid with numbers 1-9 and a corresponding symbol.
The participant is then prompted with a symbol and is required to
respond with the correct number for a fixed period of time. The
symbols appear in random order and the participants performance is
measured by the amount of correct responses given in the time period.
One study by Barrett et al.,' tested 20 healthy participants on the
DSST under placebo, 10, 20, 30 mg/70kg psilocybin on 4 different
occasions. These medium to large doses produced impairments of
processing speed but not accuracy, while also impairing memory
regarding substitutions. Two studies have employed the DSST as
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a measure of processing speed in response to microdoses of LSD.
Hutten et al.,'s enrolled 24 healthy participants in a within-subjects-
design with four levels: 5, 10, and 20 micrograms LSD, placebo.
They measured information-processing speed using the Digit Symbol
Substitution Test (DSST), they found that the highest dose, 20 mcg
of LSD significantly impaired processing speed as measured by the
total correct substitutions but not accuracy as measured by ratio of
correct substitutions to total substitutions. Another investigation into
processing speed has been conducted by Bershad et al.,'® using the
DSST. 20 participants received a weekly dose of placebo, 6.5, 13, 26
micrograms of LSD but showed no significant change in processing
speed. Both studies showed non-significant but slight increases in
total codings, while Hutten et al.,' showed a decrease with the largest
dose. Generally, accuracy seems to be unaffected by small or large
doses, while speed may follows a dose-dependent impairment. It is
possible that small microdoses might increase, while minidoses impair
performance in this complex task.

Attention

Sustained Attention refers to processes that enable performance
over an extended period of time including the capacity to stay vigilant,
select a target of attention and maintain this targetover a specific
duration.'” One way to measure sustained attention is the continuous
performance task in which participants are asked to watch a repeated
demonstration of stimuli and respond only if they see a particular one.
One example is using letters of the alphabet, where participants see
random letters of the alphabet but are instructed to only respond via
button press if the letter “B” appears.

The evidence for alterations of sustained attention in response to
serotonergic psychedelics is scarce and mixed. Two studies indicate
an impairment of sustained attention after noticeable (small to
large) doses of psilocybin. In a 2003 study by Umbricht et al.,' a
medium dose of psilocybin (0.28mg/kg) reduced the overall hit rate
in a continuous performance task in which the 18 healthy participants
were supposed to react only to a specific two letter combination among
distractors from the whole alphabet. Another study by Vollenweider et
al.,'” gave 16 healthy subjects the Frankfurt Attention Inventory, a pen
and paper test resulting in a composite score that includes a sustained
attention score under the influence of 115 (minidose), 215 (medium),
and 315 pg (high) of psilocybin against placebo. They found similarly
decreased performance in all psilocybin conditions and the most
pronounced impairment 105 minutes compared to 180 and 360
minutes after administration. The most nuanced study regarding
sustained attention was conducted by Hutten et al.,'* enrolled 24
healthy participants in a within-subjects-design with four levels: 5,
10, and 20 micrograms LSDversus placebo. They measured sustained
attention using a psychomotor vigilance task, in which participants
had to react to a stimulus as quickly as possible for 100 randomly
triggered trials within 10 minutes. Overall, they found no significant
difference between doses, however, the authors indicate that there
might be considerable inter-individual differences, since 76% of
observations under Spg and 74% of 20ug showed significantly less
attentional lapses (not reacting to the stimulus), resulting in enhanced
attention for a majority of individuals in the study.

Executive functions

Executive functions are generally at play when there is something
to do that requires effortful attention, concentration & behavior. The
three main components are inhibitory control, cognitive flexibility,
and working memory.” Inhibitory control, as measured by the stroop
test, is the capacity to focus on a specific stimulus, inhibit an impulsive
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response and engage in a controlled one instead. The evidence for
an effect of psychedelics on inhibitory control is mixed. A meta-
analysis by Basedow et al.,”! investigating the effect of serotonergic
psychedelics on neuropsychological functioning regardless of dose,
found improved performance on incongruent trials of the stroop task.
One randomized, double-blind and counterbalanced experimental
study by Quednow et al.,”> showed that a medium dose of psilocybin
could impair reaction time and produce more errors in the incongruent
condition of the stroop task. A study closest approaching microdosing
was done by Cavanna et al.,”> in which they administered a minidose
(0.5g) of mushrooms to 34 participants and measured their inhibitory
control using the Go/No Go task as well as the stroop task. While
scores on the Go/No. Go task did not change, participants showed
impaired reaction time in incongruent trials of the stroop task.

Cognitive Flexibility, as measured by the shifting attention
test, refers to the ability to quickly and accurately adapt behavior
to changing demands of a task, such as in sorting a stack of cards
according to color (black/red) and then switching to sort according
to number (odd/even). The evidence regarding cognitive flexibility
concerning doses that would qualify as microdoses or minidoses is
lacking altogether. A few studies, however, can hint towards expected
effects. One study by Pokorny et al.,* investigated the effect a medium
large dose of LSD (100 pg) in a double-blind, randomized, placebo-
controlled within subjects design on the IED task, which is similar
to the Wisconsin Card Sorting Test. LSD increased the error rates
and the reaction time during set-shifting trials. Two studies looked
at the after effects of administering psychedelics. In the context of
open-label psilocybin-assisted therapy for depression, Doss et al.,'
employed the PCET, another set-shifting task similar to the WCST
before, 2 weeks, and 4 weeks after one medium-high and one high
dose of psilocybin. Psilocybin reduced the amount of perseverative
errors 2 and 4 weeks after dosing. One study that investigated the
effect on inhibitory control and set shifting during the afterglow of a
minidose of LSD (50pg) by Wiefneret al.,” found an impairment of
set shifting but not in inhibitory control 24h after dosing.

Working memory

Working memory, as measured by the 2n-back task, is considered
part of the executive functions and refers to the capacity to hold
information in mind and manipulate it according to immediate needs
and goals including, but not exclusively, to store information in long-
term memory.? A to-date thorough overview of the effect of classical
psychedelics on memory has been published in a review paper by
Healy.”® The author included 14 publications until May 24, 2020.
9 publications investigated LSD, 4 psilocybin, 1 ayahuasca. In the
studies in which low doses have been administered, no effect on
working memory has been observed, whereas with mini- and high
doses impairments generally increasedfor most memory tests including
with an n-back working memory test. A subset of four tests across
the 14 studies showed no impairment even at mini doses for working
memory: psilocybin impaired spatial working memory at 0.25 mg/
kg but not at 0.115 or 0.215 mg/kg across two studies. Digit span
was not impaired with 50, 72 & 200 pg of LSD, while other memory
tests showed decreased performance. Overall, this review indicates a
dose-dependent impairment of memory due to classical psychedelics,
however there are some exceptions to this impairment regarding
working memory. The only study that specifically investigated the
influence of microdosing on working memory has been conducted
by Bershad et al.,'® using an 2n-backtask. 20 participants received a
weekly dose of placebo, 6.5, 13, 26 micrograms of LSD but showed
no change in working memory performance.
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Explicit memory

Explicit memory refers to those processes of memory that
entail the deliberate storage of information about objects, events,
or facts (declarative memory) as well as autobiographical content
(episodic memory).”” In this way, explicit memory differs from
implicit memory that entails unconscious learned motor responses
such as riding a bicycle or playing an instrument.?® Both visual as
well as verbal memory are part of the explicit, declarative memory.
Visual Memory as measured by the visual memory test refers to the
capacity to store abstract geometric shapes in short-term and long-
term memory. Healy’s? review on the effect of classic psychedelics
on memory also included studies investigating visual and verbal
memory. The evidence regarding visual memory turns out to be old
and mixed as Sloane & Doust®” found no significant difference in
visual memory between 40pg LSD and control, while Jarvik et al.,*
found impaired visual object recall under 50 and 100 mcg of LSD.
Silverstein’! asked participants to reproduce simple geometric figures
from memory after 72ug of LSD and found significant impairment.
Studies employing verbal memory paradigms are similarly scarce.
Verbal Memory as measured by the verbal memory test refers tot he
capacity to store words in short-term and long-term memory. Jarvik et
al.,’* administered 4 verbal memory tests and did not find impairment
at 50ug but only at 100 meg for recall of word opposites, sentences,
paired associates and recall nonsense syllables but not forrecognition
of nonsense syllables. The 2018 study by Barrett et al. showed a
similar pattern.

They tested verbal memory using a memorization, recall and
recognition task and found a significant impairment in free recall
when comparing 10, 20, 30 mg/70kg psilocybin to placebo. They
found no impairment in word recognition. While evidence regarding
visual memory remains mixed, verbal memory impairments seem to
occur with doses larger than microdoses forfree recall tasks, while
leaving recognition intact.

Most of the studies that have investigated the effects of psychedelics
on cognitive function have taken place in restrictive experimental
conditions that required participants to visita laboratory at a specific
time, refrain from other habitual substance use habits such as coffee or
cigarettes and may have therefore created artificial conditions that are
not representative of actual effects in the daily lives of mircrodosing
practitioners. Since we allow participants to conduct psychological
and neurocognitive tests in naturalistic conditions, we don’t
derive hypotheses strictly from previous research. If microdosing
psychedelics has an effect on cognitive function in our within-subjects
comparison, we expect each outcome measure to differ on the day of
the microdose, the day after microdose and any off days.

Methods

Data was obtained in an observational within-subjects longitudinal
design over 28 days.

Participants

20 respondents started the study of which 18 respondents (4 male,
14 female) between 19and 57 (median 22) years old from Eurasia,
America and Africa completed the study after being enrolled in two
waves from February 20 to March 5 and May 12 to May 21, 2020.
Participants were recruited in the university of the researchers and
through social media. Participants were incentivized with a gift card
and a report on their own data. Ethical approval of the Ethics Review
Board of the authors’ university was obtained and all participant
signed a written agreement upon enrolling the study.
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Measures

Information on demographics, as well as other measures not
relevant for the current study, were collected one day before start of the
study during an in person or zoom meeting in which participants were
instructed on how to fill in questionnaires through the App and how
to conduct the cognitive tests. Starting with the first day of the study
until day 28, we collected responses about participants microdosing
behavior, their sleep, and other psychological variables reported
elsewhere® 33 using repeatedly scheduled questionnaires through
the EthicaData App. In addition, it was possible for participants to
submit information on their own will, resulting in a maximum of 30
observation days. EthicaData is approved by the Ethics Review Board
of the researchers’ university in terms of compliance with GDPR
regulations.

Microdosing information

Information about our participants microdosing habits were
assessed through a daily self-report questionnaire that captured the
microdose Day (“Have you taken a microdose?”’) with three levels:
“I have taken a dose today” (MD 1), “I have taken a dose yesterday”
(MD 2) and “Idid not take a dose today or yesterday”’(MD O0).
Participants could further specify the time, substance and quantity
with which they microdosed: “LSD”, “Psilocybin Mushrooms”, or
“Psilocybin Truffles”, whereby LSD was reported in micrograms (1g)
and Mushrooms and Truffles in grams (g).

Sleep

Information about our participants sleep quality was assessed each
morning with the question: “How would you rate your sleep quality
overall?”, answerable on a scale of 0 (Very Bad) to 3 (Very Good).

Positive & negative emotion

Participants reported their emotions by answering “Thinking about
yourself and how you felt today to what extent did you generally feel
[...]?” about 23 emotions on a scale between and 0-21. For further
information see specifics reported elsewhere.?>33 An index of positive
and negative emotion was calculated by averaging all positive
emotions and negative emotions respectively.

Cognitive function

In addition to questionnaires, we measured the cognitive functions
processing speed, attention, executive function, and memory using the
CNSVS neurocognitive battery.?* Participants could complete their
cognitive tests independent of their location using their own computer.
Participants were instructed to conduct an even amount of assessments
over the three relevant microdose days: Day of microdose, the day
after and oft-days. They were also instructed to conduct each test in
similar conditions and not deviating from this setting for subsequent
tests (such as sticking to testing in the morning). All participants
completed a first practice session during the introductory meeting
in order to clarify any open questions, to make sure that instructions
were clear, and to minimize practice effects during the period of the
study. Participants had the opportunity to conduct 4 assessments per
week, resulting in a maximum of 16 possible tests over the period of
the study. The estimated total duration of each assessment battery was
about 25 minutes.

Processing speed

Processing speed was measured with the Symbol-Digit-Coding
task. In this task, participants see an instructional grid that associates

Citation: Dinkelacker J, Pop |. Microdosing psychedelics has no impact on cognitive function in naturalistic settings. | Psychol Clin Psychiatry. 2023;14(4):111-117.

DOI: 10.15406/jpcpy.2023.14.00738


https://doi.org/10.15406/jpcpy.2023.14.00738

Microdosing psychedelics has no impact on cognitive function in naturalistic settings

specific symbols to the numbers from 2 to 9. Participants are prompted
with symbols for which they are required to press the corresponding
number buttons as shown in the instructional grid for about 4 minutes.
We subtracted errors from total correct responses for the analysis.

Attention

Sustained Attention was measured as part of the 4-Part-Continuous-
Performance test, consisting of 3 steps: First, a simple reaction time
task. Second, reacting to one specific figure outof different ones,
similar to the classical continuous performance task, and third, a
one-back task i.e. reacting only if the stimulus is repeated twice. A
composite score was calculated by subtracting incorrect responses
from correct responses.

Executive function

Cognitive flexibility was assessed with the Shifting Attention Test,
in which subjects are asked to match a stimulus depending on shape
or color, while rules change unpredictably. A composite score was
calculated by subtracting incorrect responses from correct responses.
Additionally, the reaction time to correctly respond was used for
analysis.

Inhibitory control was measured with the Stroop Test, in which
subjects are asked to react to words written in the same color as the
word and subsequently to words written in a different color from the
word. We used the stroop effect (congruent reaction time subtracted
fromincongruent reaction time) as outcome measure for analysis.

Working Memory was assessed in the form of a 2n-back task
as part of the 4-Part- Continuous-Performance Task of the CNSVS
battery, where the subject is asked to respond onlyif the prompted
shape is the same as 2 trials ago. A composite score was calculated by
subtracting incorrect responses from correct responses.

Memory

Verbal Memory was assessed with the Verbal Memory Test of the
CNSVS battery, which prompts 15 words for 2 seconds each. Subjects
are required to respond to these words among 15 new words. After all
other tests were completed, at the end of the battery, a delayed recall
trial takes place. We used the sum of all correct hits and passes as well
as the overall reaction time foranalysis. Visual Memory was assessed
with the Visual Memory Test of the CNSVS battery, whichprompts
15 shapes for 2 seconds each. Subjects are required to respond to
the previously memorized shapes among 15 new shapes. A delayed
recall trial takes place at the end of the battery. We used the sum of all
correct hits and passes as well as the overall reaction time for analysis.

Analysis

The analysis has been performed in RStudio with the Ime4 package.
Descriptives were given about microdosing data of our participants
and an overview of the adherence to the remote tests. To analyse the
effect of microdosing on cognitive function we have used a multilevel
model, allowing intercepts to vary across individuals. For each of the
previously described outcome measures, we have first created a null
model without predictors, a linear model with only an intercept and an
unconditional model with only an intercept as predictor and compared
this unconditional model to the null and linear model using anova. If
the unconditionalmodel had a better fit than both the null model and
the linear model, microdose Day (MDDay) with three levels: Day of
the microdose (MD 1), the day after a microdose (MD 2), and off-
days (MD 0) was added as a predictor. To control for effects of sleep
and motivation on cognitive performance (Sweet, 2011), we added
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variables of sleep quality and positive as well as negative emotion to
the model in a stepwise way.

Results

Our 18 final participants each microdosed at least one, at most nine
and a median of five times throughout the study period resulting in
a total of 100 microdosing occasions. The minimum, mean, median,
and maximum quantity across 40 occasions with mushrooms were
0.05g, 0.163g, 0.15g, and 0.3g respectively. In 39 occasions of LSD
microdosing the minimum was 5Sug, mean 13.6ug, median 15ug, and
maximum 30pg. In two occasions in which participants microdosed
with Truffles, they administered 1g each.

The initial 20 participants conducted a total of 148 cognitive
tests that had at least one valid score in any cognitive domain. The
minimum per participant was one test, the median seven tests, mean
7.4 and the maximum 16 tests. The average length of a test battery
was 25.12 minutes. Only four tests were shorter than 10 minutes and
six longer than 32 minutes, which might have occured due to technical
difficulties or short breaks participants took and have resulted in
partially valid test scores. There was considerable variation in the
time at which participants conducted their tests. After accounting for
timezone differences, we calculated an average time and the standard
deviation from this average time for each participant. The earliest
average time of testing was 07:55 in the morning and the latest 21:43
in the night. The median average time of testing across participants
was 16:18 in the afternoon. Standard deviations for each participant
ranged from circa 10 minutes to about 10 hours with most individuals
regularly conducting their tests within about 2 to 4 hours. For an
overview of the timing of each remote testing session see Figure 1 in
the appendix. For the following analysis we only used test scores that
were valid and conducted on days on which participants also reported
their microdosing behavior. This resulted in a minimum amount of
two, median of six and maximum of 15 cognitive test batteries per
participant and a sum of 100 to 104 usable test occasions over the
period of the study.
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Figure | Time of remote cognitive testing by participant.

Note: Dots represent single testing sessions, error bars represent mean+SD for each
participant.

Processing speed

Considering all datapoints without missing values in Microdosing
Day and Processing Speed our analysis included 104 observations
nested in 17 individuals. The unconditional modelshowed significantly
better explanation of our data than the null-model or a linear model.
The intraclass correlation showed that about 34% of variance is
situated between individuals. Adding a fixed effect of microdose
day to the model showed no better fit than the unconditional model,
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indicating that MDDay had no significant effect on processing speed.
This remained the case when controlling for sleep quality (n=91) and
negative and positive emotion (n=67).

Sustained attention

Included were 100 observations nested in 17 individuals. The
unconditional model explained our data significantly better than null-
model or a linear model. The ICC indicated that 30% of variance is
situated between individuals. Adding a fixed effect of microdose
day to the model showed no better fit than the unconditional model,
indicating that MDDay had no significant effect on sustained attention.
This remained the case when controlling for sleep quality (n=87) and
negative and positive emotion (n=63).

Inhibitory control

Included were 103 observations nested in 17 individuals. The
unconditional model explained our data significantly better than null-
model or a linear model. The ICC indicated that 50% of variance
is situated between individuals. Adding a fixed effect of microdose
day to the model showed no better fit than the unconditional model,
indicating that MDDay had no significant effect on inhibitory control.
This remained the case when controlling for sleep quality(n=90) and
negative and positive emotion (n=66).

Cognitive flexibility

Included were 103 observations nested in 17 individuals for both
accuracy and reaction time. The unconditional model explained our
data significantly better than null-model or a linearmodel for both
accuracy and reaction time. The ICC indicated that 52% of variance
for accuracyand 54% of variance for reaction time is situated between
individuals. Adding a fixed effect of microdose day to the model
for accuracy and variance showed no better fit than the respective
unconditional model, indicating that MDDay had no significant effect
on cognitive flexibility. This remained the case when controlling for
sleep quality (n=90) and negative and positive emotion (n=66).

Working memory

Included were 100 observations nested in 17 individuals. The
unconditional model explained our data significantly better than null-
model or a linear model. The ICC indicated that 29% of variance
is situated between individuals. Adding a fixed effect of microdose
day to the model showed no better fit than the unconditional model,
indicating that MDDay had no significant effect on working memory.
This remained the case when controlling for sleep quality(n=87) and
negative and positive emotion (n=63).

Visual memory

Included were 104 observations nested in 17 individuals. The
unconditional model explained our data significantly better than null-
model or a linear model. The ICC indicated that 32% of variance of the
accuracy and 30% of variance of the reaction time is situated between
individuals. Adding a fixed effect of microdose day to the model
showed no better fit than the unconditional model, indicating that
MDDay had no significant effect on visual memory. This remained
the case when controlling for sleep quality (n=91) and negative and
positive emotion (n=67).

Verbal memory

Included were 104 observations nested in 17 individuals. The
unconditional model explained our data significantly better than null-
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model or a linear model. The ICC indicated that 50% of variance of the
accuracy and 21% of variance of the reaction time is situated between
individuals. Adding a fixed effect of microdose day to the model
showed no better fit than the unconditional model, indicating that
MDDay had no significant effect on verbal memory. This remained
the case when controlling for sleep quality (n=91) and negative and
positive emotion (n=67).

Discussion

In the current observational study we investigated the effect
of microdosing on cognitive function in a naturalistic setting.
Microdosing has not affected any of the domains of cognitive function
tested in this study. According to our results microdosing neither
diminishes nor improves the cognitive functions processing speed,
sustained attention, inhibitory control, cognitive flexibility, working
memory, visual memory, and verbal memory. This is in contrast to
some of the previous research that indicated that microdoses of LSD
could improve processing speed and sustained attention in some
people Hutten et al.,’” as well as the mixed findings regarding effects
of medium and minidoses on inhibitory control?** and cognitive
flexibility.’>** The lack of change in cognitive flexibility during
microdosing might suggest that the previously reported afterglow
effect that persists for several days or weeks after administration of
medium doses has an effect that is different from the acute effect of
microdosing.”® The findings regarding explicit (visual and verbal)
memory as well as working memory were in line with previous
research.

It is curious that both subjective reports and molecular mechanisms
support enhanced cognitive function, yet these seem not to translate
into measurable performance increases in the daily lives of our
participants. One possibility is that the cognitive effects are cumulative
over a sustained period of time and therefore require longer tracking of
participants. Support for this cumulative effect comes from evidence
in regular Ayahuasca users, who have been drinking the psychedelic
brew at least twice a month for 15 years. When compared to controls,
these regular users showed better inhibitory control measured by the
stroop test and cognitive flexibility measured by the Wisconsin-Card-
Sorting-Test at two measurement occasions one year apart.>> Another
possibility is that our current distinction between neurocognitive
domains and the established measures thereof are not sensitive to the
changes induced by psychedelics in naturalistic settings. While this
conclusion can not be ultimately ruled out, to draw a broad picture of
microdosing effects, we employed composite tests such as processing
speed which require multiple different cognitive functions on the one
hand and tests for the lowercognitive functions of inhibitory control,
cognitive flexibility, and specific types of memory on the other hand.
All in all, this suggests that the effect of subjectively enhanced
cognitive performance might arise from a psychological rather than
a neurocognitive mechanism. The idea that non-biological factors
contribute to the effects of psychedelics is not new. Hartogsohn® has
discussed how set (mindset including thoughts, mood and emotions)
and setting (surrounding physical, legal, and social environment),
similar to the placebo response in other therapeutic interventions, shape
expectations that can alter psychedelic experiences. A prospective
study has already shown that positive expectancy scores at baseline
predicted improvements in well-being through microdosing.”” It
remains unclear what individual differences might contribute to the
susceptibility to such expectation effects and whether those vary
depending on the dose.

This study fortifies the previous literature showing that acute
cognitive impairment due to psychedelics might appear in a dose-
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dependent manner. Here we show that microdoses administered in a
naturalistic setting do not reach a threshold that impairs or improves
functioning. It is important to note that all of the participants in our
study have already had experience with microdosing and therefore
had not have to go through excessive testing of whichdoses might be
too much for daily life. Using our remote testing approach we have
successfully addressed challenges that arise in strict experimental
studies that do not allow individual variation in susceptibility to
psychedelic substances to be accounted for. In naturalistic settings,
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