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Abstract

Background: An increasing number of novel therapeutic agents is targeted
atcannabinoid receptors. Drug development programs of new cannabinoid
drugs may be facilitated by the identification of useful biomarkers.

Aim: This systematic literature review aims to assess the usefulness of di-
rect biomarkers for the effects of cannabis and THc in healthy volunteers.
Methods: 165 useful articles were found that investigated the acute effects
of cannabis or THC on the central nervous system (cNs) and heart rate in
healthy volunteers. 318 tests (or test variants) were grouped in test clusters
and functional domains, to allow their evaluation as a useful biomarker
and to study their dose response effects.

Results: THC/cannabis affected a wide range of cNs domains. In addition
to heart rate, subjective effects were the most reliable biomarkers, showing
significant responses to cannabis in almost all studies. Some cNs domains
showed indications of stimulation at higher doses.

Summary: Subjective effects and heart rate are currently the most reliable
biomarkers to study the effect of cannabis. Cannabis affects most cNs do-
mains, but too many different cNs tests are used to reliably quantify the
drug-response relationships.

Introduction

20

The discovery of cannabinoid receptors and endocannabinoids has pointed
to the physiological and possibly pathophysiological relevance of cannabi-
noids in humans. This has stimulated the development of synthetic cannab-
inoids, which have been used in pre-clinical research to further investigate
the role of the endocannabinoid system in health and disease. However, the
clinical development of cannabinoids as medicines is only just beginning.
Although a large number of studies have been performed with cannabis and
THC (a cB1/cB2 agonist) in healthy volunteers, it is not clear which biomark-
ers are useful in early cannabinoid drug development, and how cannabis
affects different central nervous system (cNs) functions. A biomarker is
a characteristic that is measured and evaluated as an indicator of normal
biological processes, pathogenic processes, or pharmacologic responses
to a therapeutic intervention.! A validated biomarker in early phase | stud-
ies that provides useful information on the potential therapeutic effects of
the investigational drug could support the drug development programme
of the new compound. In general, a useful biomarker for activity of a drug
class should meet the following criteria: 1) a clear, consistent response
across studies (from different research groups) and drugs from the same
class; 2) a clear response of the biomarker to therapeutic doses; 3) a dose
(concentration)-response relationship; 4) a plausible relationship between
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the biomarker, the pharmacology of the drug class and | or the patho-
genesis of the therapeutic area. Previously, these criteria were used to
evaluate the literature for the usefulness of biomarkers for the effects
in healthy volunteers of antipsychotic drugs2, benzodiazepines3, selec-
tive serotonin reuptake inhibitors4 and 3,4-methylene-dioxy-methamphe-
tamine (MDMA, ecstasy)>. In the current review, the effects of cannabis and
THC in healthy volunteers were systematically evaluated using the same
methodology.

Methods

21

STRUCTURED LITERATURE EVALUATION

A literature search was performed up to 15 November 2007 using MedLine,
Web of Science and Embase. The following keywords were used: marijuana,
marihuana, cannabis, THcC, tetrahydrocannabinol and delta-g-tetrahydro-
cannabinol. The searches were limited to healthy adults and papers in Eng-
lish. The resulting studies were subject to several selection criteria.

This review aimed to assess the usefulness of direct cNs biomarkers
and heart rate for studies of cannabinoids in healthy volunteers. Reviews,
studies in experimental animals or patients, and studies of interactions of
cannabis use with personality features, behavioural characteristics, meta-
bolic variations, otherdrugs, pain models or environmental factors (includ-
ing secondary or subgroup analyses) were excluded from this review.

Studies with fewer than 10 subjects were not included in this review.
Study participants were divided into non-users and users. No distinc-
tion was made according to the levels of previous or current usage, which
ranged from occasional to chronic frequent use. Frequent and infrequent
users were grouped as users. The review was restricted to the effects of
acute cannabis exposure. Hence, abstinence effects, ‘morning after ef-
fects’ (including sleep effects after dosing on the preceding day), long-term
effects in chronic users or effects of repeated dosing were not incorporated
in this review.

The study characteristics and each individual test result of all articles
that complied with the criteria were put into a database (Microsoft Excel).
The following items were recorded: number of subjects, sex (male; female),
age, past cannabis use (users; non-users; unknown), abstinence period
(yes; no; unknown), blinding (double blind; single blind; open; unknown),
design (cross-over; partial cross-over; parallel; unknown), drug name (can-
nabis, including hashish and marijuana; THc (dronabinol)), dose, route of
administration (oral; intrapulmonary; intravenous; unknown), THC equiv-
alence (<7 mg; 7-18 mg; >18 mg), test name, test effect, test cluster and
functional domain. Most studies used different tests on different doses of
cannabis, which were all regarded as independent measures of the canna-
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bis effect. Thus, the total number of evaluated tests (cases) was a product
of the numbers of articles, drugs, doses and tests (including secondary
outcomes).

INDIVIDUAL TEST RESULTS

Based on previous reviews, it was anticipated that in most cases no consist-
ent quantitative results could be recorded for individual tests, because of
the large diversity of methods, parameters and treatments. Therefore, the
ability of a test to show a statistically significant difference from placebo or
baseline was scored as + (improvement/increase), = (no significant effect) or
- (impairment/decrease). Subjective assessments with a desirable effect (e.g.
increase of a high scale) were scored as an improvement/increase, and un-
wanted effects (e.g. increase of sedation) as an impairment/decrease. Heart
rate was expected to be an easily quantifiable exception, but for this pa-
rameter a concentration-effect-relationship has recently been described.6
Since it would be redundant to repeat this effort cross-sectionally based on
the literature, heart rate effects were scored quantitatively, similar to other
tests in this review. In this way, heart rate served as an internal control of the
methodological approach of this systematic review.

Some studies explicitly reported the use of several different tests in the
methods section, without presentation of the results for no apparent rea-
son. In these cases, it was assumed that these tests had not shown any
significant effects. In some studies with different drug doses, overall signif-
icances were reported for drug effects, without (post hoc) quantifications
of the statistical significance levels for each individual dose. In these cases,
efforts were made to estimate the individual dose effects from graphs or
tables provided in the article. If this was impossible, only the effect of the
highest dose was assumed to be significant (in case of overall statistical
significance) and lower doses were considered non-significant.

GROUPING OF INDIVIDUAL TEST RESULTS

Because of an apparent lack of standardisation between the studies even for
the same tests, a structured procedure described previously2-5 was adopt-
ed in order to obtain an overview. This approach allowed the preservation
of individual study data in early stages, followed by a progressive conden-
sation of results into logical test clusters and functional domains. For the
subjective assessments, visual analogue scales can for example be grouped
under scales of feeling high, craving, alertness, general drug effect etc. A
compendium of neuropsychological tests from Strauss et al.7 was primarily
consulted to group functional tests into clusters of related tests or test vari-
ants. If necessary, the compendium of Lezak was consulted.8 Sometimes,
these compendia did not mention the test. In these cases, the author’s clas-
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sification was followed or if necessary the test was looked up in other litera-
ture and classified by consensus. Tests and clusters were grouped further
into domains that represent higher aggregates of integration of subjective,
neuropsychological, neuroendocrine, neurophysiological or autonomic
functions. For each test (cluster), the compendia and other literature were
used to determine which function was principally assessed by the test. Neu-
ropsychological domains consisted of executive functions, memory, atten-
tion, motor functions, language and perception. Some tests provided pro-
vided different parameters with information on more than one functional
domain. The results of the effects of a single test on different domains were
scored separately, and the secondary effects were marked.

Results from tests that were used only occasionally or tests used only by
a single research group could not be generalised. Therefore, these were not
analysed individually, but grouped with other comparable tests. This step
started with the grouping of tests that could be regarded as variants of a
basic form (e.g. individual scores that are also part of more comprehensive
tools like Profiles of Mood States (PoMs), Addiction Research Center Inven-
tory (ARCI1) or Bond and Lader Visual Analogue Scales (vAs)9). Subscales of
such inventories were grouped if they fell in the same cluster. Within such
clusters, all scales showing a significant effect were grouped, whereas all
scales showing no effect were grouped separately. In this way, scales within
the same cluster that showed mixed results were scored equivocally. Com-
prehensive scoring instruments like Waskow’s Drug Effect Questionnaire
can often be subdivided into different subjective clusters (e.g. drug effect,
high effect, etc.), but these subscales were not always reported separately.
In these cases, the results were presented as part of the overall Scale Drug
Effect cluster. In a few articles, a couple of composite scores of different
cNs functions were presented, which could not be grouped according to the
clusters ordomains used in this review. These tests were not included in the
analysis.

All effect scores and subdivisions of the tests were initially performed by
two of the authors (EM and AEl), and subsequently checked and discussed
by the other authors (Lz, AEI and JvaG).

DOSE-EFFECT RELATIONSHIPS

The chance that a test will detect a difference from placebo is expected to
increase with dose. For each test that was used ten times or more and for
all clusters, potential dose response relationships were determined. Dose-
related increases or decreases of the average percentages of tests or clus-
ters were reported without formal statistical analyses. Since the review
yielded no immediately quantitative test effects, dose-relationships were
represented by the proportions of statistically significant results for a given
test or cluster. Similarly, since THC doses were not reported uniformly, THc/
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Results
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cannabis dosages were pooled into ‘lower’, ‘medium’ and ‘higher’ dosages.
The ‘lower’ dose was chosen to be a dose lower than 7 mg (roughly corre-
sponding to half a cigarette), the ‘medium’ dose lay between 7 mg and 18
mg (approximately corresponding to one to one-and-a-half cigarette), and
the ‘higher’ doses were all dosages above 18 mg (comparable with two ciga-
rettes or more).6,10,11

Cigarette smoking was the predominant administration form. In many
articles the exact THC content of a cigarette was mentioned. However, some
articles mentioned the THC contents in percentage without the weight of
the cigarette. In these cases a cigarette weight of 700 mg was assumed
since most cigarettes weight between 5oo and goo mg. In other articles the
number of puffs taken was documented. In these instances the dose was
calculated as eight puffs corresponding with one marijuana cigarette.
Some studies provided weight-adjusted doses, without specifying the (aver-
age) body weight. In these cases, the 70 kg adult general population body
weight was used to calculate the average administered dose.

To be able to compare the test results obtained for oral and intravenous
administration with the results obtained for smoking, all doses were nor-
malized to smoking. After smoking, roughly 50% of the THC contents of
a cigarette is delivered into the smoke12 and another 50% of the inhaled
smoke is exhaled again13. In addition, the bioavailability after oral adminis-
tration was assumed to be around 10%.14,15 Therefore, all oral doses were
divided by 2.5 to calculate the equivalent intrapulmonary THc doses. The
THC plasma concentrations after smoking a 19 mg marijuana cigarette are
equal to intravenous administration of 5 mg THc.16 Therefore, all intrave-
nous dosages were multiplied by four for dose normalization. In this way all
routes of administration could be compared.

STUDY DESIGN

The literature search yielded 165 different studies on cannabis and THC
that met all criteria, published between 1966 and November 15th, 2007.
The numbers of participants ranged from 10 to 161, where 115 studies (70%)
included 10-20 subjects and 6 studies included more than 75 subjects (9%).
Ages ranged from 18 to 59, but the vast majority were young adults be-
tween 18 and 35 years of age. In 57% of the studies only healthy males were
included in the study and 2% of the studies included only females. Thirty-
three percent of the studies included males and females while the sex of the
subjects was not mentioned in 8%.

Most studies (80%) included subjects that were familiar with the ef-
fects of cannabis. In contrast, non-users were included in only 3%. Eleven
percent of the studies reported inclusion of both cannabis users and non-
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users. Previous cannabis use was not mentioned in 6% of the studies. A
small majority of the studies (53%) described an abstinence period or the
use of aTHC drug screen. Four percent of the studies reported the lack of an
abstinence period, while 44% did not mention this topic.

Fifty-seven percent of the reviewed studies had a double-blind design;
206% was single-blinded; 7% had an open design and for 10% the blinding
was unknown. In addition, a small majority of the studies had a cross-over
design (60%); 3% had a partial cross-over design; 33% had a parallel design
and from 4% of the studies the study design was not mentioned in the
article.

STUDY DRUG AND DOSING

Cannabis is also known as marijuana, and dronabinol is an analogue of
THC, the predominant psychoactive component of cannabis. Cannabis was
used in 63% of the studies and THC in 34% of the studies. Intrapulmonary
administration was the preferred route of administration in 71% of the
studies. Oral administration of the drug was mentioned in 25% of the stud-
ies and intravenous administration was only used in 3%. Three percent of
the studies did not describe which form of cannabis was used and 1% did
not mention the route of administration. In these cases it could be inferred
from the doses and the design that cannabis was smoked.

TESTS, CLUSTERS AND DOMAINS

In total 318 different tests were used. Table 1 presents the frequency distri-
bution of the different tests, and Table 2 presents the frequency of the test
used ten times or more. This distribution shows that only a couple of tests
were used frequently enough to allow individual analysis. The majority of
the tests (196 tests, 61.6%) were only used once, and only heart rate (0.3%)
was used over 5o times (in 92 articles). vAs scale high/stoned was studied
in 30 articles, while the subjective effect rating scale high/stoned/euphoria
was assessed in 28 articles. Taken together, the subjective high phenom-
enon was measured in more than 50 (35.2%) articles as well. The Digit Sym-
bol Substitution Test (DssT) or variants like the Symbol Digit Substitution
Tests was the most frequently used neuropsychological test (22 times). The
Addiction Research Center Inventory (ARCI) was used in 18 articles.

Although many different tests and test variants were used to evaluate
the effects of cannabis, most actually measured a limited number of core
features. Therefore, tests were grouped further into clusters and subse-
quently in domains. Table 3a-d is a progressive condensation of all reported
tests; from test to cluster to domain. This table includes the overall cal-
culated significant drug effects on each cluster (impairment/decrease, no
change or improvement/increase).
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Table 3a-d shows that most drug-sensitive clusters cause a consistent func-
tional impairment, and some an enhancement (heart rate, scale high). A
few clusters show both impairments and improvements (e.g., time estima-
tion, EEG alpha and evoked potential measurements, and scales for calm-
ness, craving, mood and performance). Only a few frequently (>10 times)
used test clusters showed significant responses to THC/cannabis in more
than 80% of studies, notably heart rate (n = 85/92), scale high (n = 67/70)
and scale psychotomimetic (n = 14/18). Most other clusters only reported
significant drug effects in about 30-50 percent of the studies (Table 3a-d).
All tests that were used five times or more showed a significant THC effect
in at least one case; except EEG delta, which never responded in any study.

DOSE-RESPONSE RELATIONSHIPS

Tests and clusters that were used in more than 10 articles were inspected for
potential dose-response relationships (Table 4). Heart rate showed a sta-
tistically significant increase in 78% of measurements in the THC equiva-
lence dose group <7 mg, which increased to 99% and 98% after the use of
7-18 mg and >18 mg THc, respectively. The subjective high feeling included
many different scoring methods, varying from observer rating scales to in-
dividual vas scores, either in isolation or as a part of multidimensional in-
ventories (Table 2d). Despite this variability, the cluster scale high showed
very consistent effects for all dose groups. The lowest dose group of <7
mg THC already showed a response of 94%, and the middle (7-18 mg) and
highest dose group (>18 mg) scored close to 100%. The related subjective
cluster scale psychotomimetic also showed a consistent increase with THC/
cannabis of 76-83% without a clear dose-response relationship. A small in-
crease with dose (from 56% to 78%) was observed for the cluster scale drug
effect.

The relationship between memory and doses of THC/cannabis were
more complex. The impairment increased with dose for auditory/verbal
delayed recall (from 23% with the lowest doses to 78% with the highest
dose range), but the effects were less clear for immediate recall (Table 4).
Auditory/verbal delayed recognition also deteriorated with dose (from 17%
to 50%), but this was assessed in only 11 studies. Working memory impair-
ment on the other hand seemed to decrease with dose, from 52% impair-
ments in the lowest dose group to 9% in the highest (Table 4). Other clus-
ters that also appeared to show an inverse dose response association were
the pssT-like cluster, focused selective attention and tests of motor and
visuomotor control (Table 4). The proportion of significant effects of THc/
cannabis within the cluster scale aggression increased slightly with dose
(from 20 to 40%). No clear dose-response relationships were observed for
inhibition, reasoning/association and reaction time, and for most subjec-
tive scales (Table 4). For studies with different doses, we scored significance
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for the highest dose only, if significance was merely reported for the overall
group effect. Although in such cases we could have artificially induced a
dose-response relationship, this was only observed in 3% of all test scores.

Discussion

27

This review aimed to systematically evaluate the usefulness of tests for the
effects of cannabis and THcC in healthy volunteers. The results were quite
comparable to those of similar reviews of biomarkers of different cNs-ac-
tive drugs in healthy volunteers.2-5 A striking number of 318 different tests
or test variants were described, and 61.6% of these were used only once.
Grouping of tests in clusters and domains was required to evaluate the gen-
eral usefulness of functional measurements, but this inevitably led to a loss
of information. Even clustering tests with the same name and/or description
could have bypassed differences among research groups or tests variants.
In addition, this review investigated biomarkers for the effects of cannabis
and THc in healthy volunteers, i.e. often with relatively small subject num-
bers; 70% of the studies had no more than 20 participants. Itis possible that
some tests will be useful biomarkers in patient studies or studies with large
numbers of subjects. The observed variability in test results may have been
enhanced by differences in prior cannabis use (non-users, occasional and
frequent users). In this review these differences where not taken into con-
sideration. A small majority of articles mentioned an abstinence period, but
itis likely that this was also included in many other studies, without being
mentioned. Chronic and occasional cannabis users show similar drug ef-
fects, although chronic users generally require higher doses and thus seem
to be less sensitive.17 The neglect of prior use intensity or abstinence du-
ration may have confounded the detection of dose-response relationships,
which was only roughly possible anyhow because of the many different dos-
es and administration forms.

USEFUL CANNABINOID BIOMARKERS

The effects of cannabis were observed on all clusters and all domains and
in almost all individual tests, which might be due to the wide distribution of
cannabinoid receptors in the brain.18 An increase in heart rate was the most
consistent result (Table 1, 2, 3a), and almost all studies with heart rate meas-
urements showed statistically significant effects. This was expected, since
heart rate shows a sharp increase and rapid decline after intrapulmonary
THC administration that is clearly concentration related.5,19 Feeling high
has previously also been shown to be closely related to THc plasma concen-
trations.19 The high phenomenon was measured in many different ways,
but despite this variability almost all studies showed statistically significant
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subjective drug effects. The predicted and highly consistent effects of THC/
cannabis on the most clearly concentration-related effects (heart rate and
feeling high)6,19 in this review also support the methodological approach
thatwas adopted, to integrate the widely variable study designs, drug forms
and doses, and tests reported in the literature. Feeling high seems to be
the most sensitive cNs biomarker for the effects of cannabis, irrespective
of how it is measured. The scales psychotomimetic and drug effect are not
quite as sensitive, but they address subjective changes that are less specific
for THc/cannabis. This is clearly illustrated by the only negative scores on
the drug effect cluster, which are all due to the negative scores on the ben-
zedrine scale (BG scale) of the Addiction Research Center Inventory (ARCI).
Most other clusters show a low to medium sensitivity for the effects of THC/
cannabis, with significant drug effects in roughly 30-60% of cases (Table
2a-d). These findings are comparable for other drug classes, which show
very comparable sensitivities of neurophysiological, neuropsychological,
and subjective tests of 30-60% with benzodiazepines3 and neuroleptics2.
In these reviews, saccadic peak velocity (sPv) was highly sensitive to benzo-
diazepines in 100%3, and prolactin release to neuroleptics in 96%?2. These
parameters were not particularly responsive to THC/cannabis in the current
review, where heart rate and subjective high feeling scored 92-96%. This il-
lustrates the differential effect profiles of different pharmacological groups,
even among drug classes that are generally considered to be ‘CNs depres-
sant’. Such variability should be considered when methods are selected to
study the cNs effects of neuropsychiatric agents.

DOSE-RESPONSE RELATIONSHIPS

A useful biomarker should show a dose response relationship starting at a
low therapeutic dose. In this review, doses could be grouped only roughly,
and effects could only be scored as either statistically significant or not.
Moreover, hardly any test was measured frequently and quantified consist-
ently enough for a meaningful analysis of dose response associations. Per-
haps due to these limitations, dose response relationships were found for
only a few clusters (Table 4). THC doses were categorized in a low (<7 mg,
roughly halfa cannabis cigarette), medium (7-18 mg, approximately one to
one-and-a-half cigarette) and high (>18 mg, two cigarettes or more) dose.
This pragmatic division was not based on well-established relations be-
tween doses, plasma concentrations and cNs effects. Nonetheless, it led to
roughly similar numbers of tests at the three different dose-levels (623-852
in each dose group), and thus reflects the practical dose-selection in the
literature. This practice could however be based on the habit of subjects to
smoke enough cannabis to elicit a desirable subjective state that does not
cause unpleasant effects. Itis notillogical to assume that this is reflected in
the dose of one cigarette, and that a ‘standard dose’ is near the maximum-
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tolerated dose for most subjects. In this review, lower doses (<7 mg) were
only used in about 30% of the cases, and even this dose range caused sub-
jective high feeling in 94% of cases. In a recent pharmacokinetic/pharma-
codynamic (Pk/PD) study, heart rate, vas high and alertness, and postural
stability were already sensitive to levels as low as 2 mg of intrapulmonary
THC, and PK/PD effect relationships showed that near-maximum effects are
reached with THc doses corresponding to roughly 10 mg of cannabis.6,19 It
seems that most doses studied in the literature may have been too high to
show clear dose-response-relationships.

The memory effects of cannabis showed some dose response relation-
ships but this differed for the various types of memory tests. Impairments
increased with dose for auditory/verbal delayed recall and to a lesser ex-
tent forimmediate recall and auditory/verbal delayed recognition (Table 4).
Working memory on the other hand seemed to improve (i.e. normalize) with
dose, with 52% impairments in the lowest dose group to 9% in the highest
(Table 4). The clusters of focused selective attention and of motorand visuo-
motor control also appeared to show an inverse dose response association
(Table 4). All these functions are highly influenced by attention and con-
centration.” Decreases in subjective alertness were noted in 43% with the
lowest doses and 35% with the highest. This may have been accompanied
by some agitation. Significant decreases in subjective calmness were found
in 10% of cases with <7 mg and 26% with >18 mg (Table 4). At the same
time, dose-related increases in (subjective) aggression (which increased
with dose from 20% to 40%) and anxiety (from 11% to 33%) were observed.
All this suggests that lower doses of THc/cannabis generally cause pleas-
ant effects of relaxation and reduced attention, whereas with high doses
CNs depression is partly overcome by more stimulatory effects. A survey
of clusters like judgment and driving or subjective performance suggested
that executive functions also tend to diminish at high doses, although these
tests were not performed frequently enough for a reliable population dose-
response relationship.

SUMMARY

Biomarkers are useful tools to study drug effects since they can provide
information on the potential pharmacological effects of the investigational
drug in early phase drug development. However, the number of tests and
test variants that is used in studies of THC and cannabis seems excessively
large. This abundance thwarts a good assessment of the physiological,
neuropsychological and subjective effects of this drug class, and there is
a dire need for test standardisation in these areas. In general, the doses
studied in the literature reflect the patterns of recreational use, and are
often too high to accurately determine pharmacological dose-response re-
lationships. THc/cannabis has an effect on a wide range of central nervous
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system domains. At lower doses, THC/cannabis seems to be relaxant and
to reduce attention, which is accompanied by an impaired performance on
other CNs tests that require active participation. At high doses, the drug
seems to be more stimulatory. Subjective effects are the most reliable bi-
omarkers to study the effects of cannabis, in addition to heart rate increas-
es that reflect peripheral cannabinoid activation. This review may facilitate
a rational selection of cNs tests in future studies of THC/cannabis and other
cannabinoid agonists.
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Table 1 Frequency distribution of the different tests used.

Test frequency Number of tests Frequency (%)
1 196 61.6%
2-5 87 27.4%
6-10 14 4.4%
11-25 18 5.7%
26-50 2 0.6%
>50 1 0.3%
Table 2 Frequency of tests used ten times or more.

Test name Frequency
Heart Rate 92
Visual Analogue Scale (VAS) (scales high/stoned) 30
Subjective Effect Rating Scale (scales high/stoned/euphoria) 28
Digit Symbol Substitution Test (DSST) 22
Addiction Research Center Inventory (ARCI) (scale drug effect) 18
Profiles of Mood States (POMS) (scales anger/friendliness/hostility) 18
POMS (scales confusion/clear headedness/energy/confused-bewildered/vigour/stimulation) 18
VAS (scales sedation/stimulation-alertness/attentiveness/interest/clear headed/confused/energetic/ sluggish/ 18
sleepiness/drowsy/concentration/forgetfulness)

POMS (scales anxiety-tension/tension/arousal) 17
Subjective Effect Rating Scale (scales intoxication/drunk/drug effect/placebo-THC/feel marijuana effect) 16
POMS (scales anxiety-tension/anxiety) 15
POMS (scales composure/depression/depression-dejection/elation/(positive)mood) 15
POMS (scale fatigue) 14
Potency Rating Scale 14
VAS (scales (good/bad) drug effect/feel drug/intoxication/drunk/comparison to usual smoke) 14
Time Estimation Task 13
VAS (scale anxiety/anxious/panic) 13
Pleasantness Rating Scale 12
VAS (scales content/down/mood/withdrawn/sociability feelings) 1
VAS (scales feelings of tranquility/calm/relaxed/mellow/arousal) 1
VAS (scales hungry/hunger) 1
Drug Effect Questionnaire (DEQ) (scales good/bad|/strong/feel effect) 10
Pursuit Meter/Motor/Rotor Task 10
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Table 4 Dose-response relationship of clusters studied in more than
20 articles. Results are given in % per THC dose group for each
cluster and listed with their functional domain.
Domain <7mg 7-18 mg >18 mg
Cluster - = + - = + - = +
Autonomic
Heart rate o 22 78 o 1 99 2 o 98
Motor
Motor control 71 29 o 50 50 o 27 73 o
Visuo-motor control 68 32 o 64 36 o 19 81 o
Memory
Auditory/verbal memory delayed recall 23 77 o 63 38 o 78 22 o
Auditory/verbal immediate recall 50 50 o 75 25 o 45 55 o
Attention
DSST-like 31 () o 50 50 o 47 53 o
Focused selective attention 57 43 o 33 67 o 14 86 o
Reaction time 46 54 o 52 45 3 47 53 o
Executive
Inhibition 50 50 o 52 48 o 57 43 o
Working memory 52 48 o 42 58 o 9 91 o
Reasoning/association 33 67 o 37 63 o 43 57 o
Subjective experiences
Scale aggression 20 8o o 24 71 5 40 50 10
Scale alertness 43 50 7 43 50 7 35 51 14
Scale anxiety 1 83 6 35 62 4 33 63 4
Scale calmness 10 6o 30 31 50 19 26 48 26
Scale craving 53 22 25 61 1 28 20 20 Go
Scale drug effect 12 32 56 4 18 78 3 21 76
Scale high o 6 94 o 100 o 5 95
Scale mood 29 61 10 17 66 17 19 59 22
Scale psychotomimetic 83 17 o 81 19 o 76 24 o
Scale symptoms 64 36 o 58 37 5 41 59 o
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