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Abstract

Cannabis products available for retail purchase are often marketed based on purported plant
species (e.g., “indica” or “sativa”). The cannabis industry frequently claims that indica versus
sativa cannabis elicits unique effects and/or is useful for different therapeutic indications. Few
studies have evaluated use patterns, beliefs, subjective experiences, and situations in which
individuals use indica versus sativa. A convenience sample of cannabis users (7= 179) was
surveyed via Amazon Mechanical Turk (mTurk). Participants were asked about their prior use

of, subjective experiences with, and opinions on indica versus sativa cannabis and completed
hypothetical purchasing tasks for both cannabis subtypes. Participants reported a greater
preference to use indica in the evening and sativa in the morning and afternoon. Participants

were more likely to perceive feeling “sleepy/tired” or “relaxed” after using indica and “alert,”
“energized,” and “motivated” after using sativa. Respondents were more likely to endorse wanting
to use indica if they were going to sleep soon but more likely to use sativa at a party. Hypothetical
purchasing patterns (i.e., grams of cannabis purchased as a function of escalating price) did

not differ between indica and sativa, suggesting that demand was similar. Taken together,

cannabis users retrospectively report feeling different effects from indica and sativa; however,
demand generally did not differ between cannabis subtypes, suggesting situational factors could
influence whether someone uses indica or sativa. Placebo-controlled, blinded studies are needed to
characterize the pharmacodynamics and chemical composition of indica and sativa cannabis and to
determine whether user expectancies contribute to differences in perceived indica/sativa effects.
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Cannabis legalization has greatly expanded in recent years. In the U.S., cannabis is presently
legal for medicinal purposes in 36 states and for nonmedicinal (“recreational”) purposes

in 15 states and the District of Columbia, and many countries beyond the U.S. have also
legalized both medicinal and nonmedicinal cannabis use. Because of these changes and
growing interest in the therapeutic use of cannabis, an expansive cannabis industry has
emerged. The retail cannabis marketplace contains a diverse array of products that vary with
respect to the intended route of administration, formulation, and/or chemical composition,
such as the ratio of the two primary cannabis constituents: A9-tetrahydrocannabinol, THC,
and cannabidiol, CBD (Spindle et al., 2019; Steigerwald et al., 2018).

Consumers and retailers commonly dichotomize cannabis products based on two species of
the cannabis plant: “indica” and “sativa” (Hazekamp et al., 2016; Piper, 2018). Indica and
sativa cannabis allegedly elicit different effects due to variations in classes of compounds
found in cannabis (e.g., cannabinoids, terpenes, and flavonoids). There is some empirical
evidence supporting that these two species do indeed contain different amounts of certain
cannabis constituents. For example, various studies have analyzed commercially available
cannabis labeled as “indica” or “sativa” and found that indica samples contained greater
concentrations of myrcene and hydroxylated terpenes while sativa samples contained greater
terpinolene, 3-carene, and several sesquiterpenes (Hazekamp et al., 2016), but indica and
sativa samples generally contained similar concentrations of major cannabinoids (i.e., THC
and CBD; Elzinga et al., 2015; Fischedick et al., 2010; Hazekamp & Fischedick, 2012;
Hazekamp et al., 2016). Though these few studies suggest some indica and sativa products
may be distinguishable by terpene content, there is presently no consensus, operational
definition of “indica” or “sativa” based on chemical composition. Moreover, scientific
commentaries (Piomelli & Russo, 2016) have called into question whether the indica/sativa
nomenclature meaningfully distinguishes retail cannabis products given rampant “cross-
breeding” between the plant species and general lack of standardization in the cannabis
industry. Despite skepticism from the scientific community, cannabis retailers and marketing
communications often allege that these two species will elicit different therapeutic and/or
nontherapeutic effects. For example, sativa products are said to produce an energizing or
uplifting “high” and are more likely to be recommended for depression or to stimulate
appetite (Haug et al., 2016; Piper, 2018). Conversely, indica products are thought to elicit
sedative and relaxing effects and are more likely to be recommended or used for anxiety,
pain, and insomnia (Cohen et al., 2016; Haug et al., 2016; Piper, 2018).

Despite the ubiquity of the indica and sativa nomenclature, virtually all prior survey studies
of cannabis users have inquired about the use of cannabis broadly without specifying
species, with only a few exceptions. Three studies that surveyed medicinal cannabis users
inquired about indica versus sativa use (Cohen et al., 2016; Pearce et al., 2014; Piper,
2018). Pearce et al. (2014) recruited 95 medicinal cannabis users for a web-based survey
regarding health symptoms, conditions, and purpose for using indica and sativa. Indica was
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preferred for pain management, sedation, and sleep while sativa was preferred for euphoria
and enhancing energy (Pearce et al., 2014). Cohen et al. (2016) recruited 163 medicinal
cannabis users from a dispensary in California who were using cannabis specifically for
either chronic pain or other common indications (e.g., anxiety and insomnia); individuals
who used cannabis for chronic pain were more likely to use indica over sativa (Cohen

et al., 2016). Piper (2018) surveyed 455 medicinal cannabis patients from New England
to quantify the number of unique cannabis strains available and to determine if certain
strains were preferred for specific health conditions. Qualitative responses revealed that
many participants preferred using sativa during the day and indica at night, specifically
for improving sleep (Piper, 2018). Beyond medicinal cannabis users, one survey study of
recreational cannabis users assessed whether respondents preferred to use cannabis during
various leisure activities. Cannabis species was associated with leisure interests involving
social activity and physical activity; the percent of respondents endorsing indica versus
sativa use during social activity did not differ, but the majority of respondents endorsing
physical activity consumed sativa while none consumed indica (Gould et al., 2019).

Collectively, these prior studies provided some insight as to what situations individuals
may elect to use one cannabis type over another (e.g., to alleviate symptoms of a health
condition; indica was preferred at night to improve sleep). Despite this, there is still
presently little understanding as to whether the use of indica/sativa impacts: How people
use cannabis (e.g., the typical amount used, the preferred route of administration, etc.), the
likelihood of using under other specific scenarios (e.g., before driving), the acute subjective
effects users typically feel after use, behavioral economic measures of individualized indica/
sativa value (i.e., demand; Aston & Meshesha, 2020), and many other outcomes. Moreover,
these prior studies were also limited by enrolling participants from single geographic
locations (e.g., from one U.S. state in which cannabis was legalized). The present study
sought to extend these prior studies by surveying a convenience sample of past 90-day
cannabis users (from a mix of U.S. states with varying degrees of cannabis legality) with

a more comprehensive set of questions/instruments to determine use patterns, experiences,
and beliefs associated with indica and sativa cannabis. Outcomes of the present study could
inform whether common marketing claims associated with indica/sativa are in line with
cannabis users’ self-reported prior experiences using these two types of cannabis, which
may or may not be related to the chemical composition of indica and sativa.

Materials and Methods

Participants and Procedure

Survey respondents were recruited via Amazon Mechanical Turk (mTurk), an online
crowdsourcing platform. To be eligible, participants were required to: (a) be =21 years of
age, (b) have used cannabis at least once in the last 90 days, (c) currently reside in the U.S.,
(d) read/write in English fluently, (e) have an mTurk approval rating of =295%, and (f) have
completed at least 100 prior mTurk tasks (i.e., “HITs”; Strickland & Stoops, 2019). Prior
to completing the survey, respondents provided informed consent. The study procedures
were approved by the Johns Hopkins Bloomberg School of Public Health Institutional
Review Board (#00009796). Participants completed the survey through Qualtrics (Provo,
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UT). The mean (SD) duration to complete the survey was 17.5 (13.8) min among all survey
completers. Participants who completed the full study were paid $1.00 USD, regardless of
the quality of their responses. Those who completed the survey and passed the embedded
attention check were paid an additional bonus of $3.00 USD. The attention check, used to
deter the use of autonomous programs (i.e., “bots”) for survey completion, asked: “which of
the following is not round?” and responses included “a basketball,” “a frisbee,” *“a brick,” or
“a wheel.” Those who selected an answer other than “brick” (n= 11) were not included in
data analyses. The final data set consisted of /7= 179 survey respondents.

Demographics and General Substance Use—Participants provided basic
demographic information (Table 1) including age, gender, race/ethnicity, employment
status, education, and state of residence. State residence was subcategorized into three
groups according to cannabis legality as of May 2019: States where (a) cannabis is

illegal for any use, (b) legal for medicinal use only, and (c) legal for any adult use (i.e.,
“recreational”). Participants provided past 30-day use of tobacco and alcohol, past 90-day
use of cannabis, age of first cannabis use, and completed the eight-item Cannabis Use
Disorders ldentification Test-Revised (CUDIT-R) as a measure of cannabis misuse. Each
CUDIT-R item is scored on a scale of 0—4; thus, the maximum possible score on the
CUDIT-R is 32 (Adamson et al., 2010).

Knowledge and Beliefs About Indica/Sativa Cannabis—Participants reported how
familiar they were with indica/sativa cannabis by selecting one of the following choices: “I
have heard of it [either indica or sativa] and used it before,” | have heard of it, but have

not used it,” “I have heard of it, but am not sure if | have used it,” “I have never heard

of it,” or “Not sure.” Additionally, participants were asked to respond (Yes/No/Not sure)

to the question “Do you believe that indica and sativa cannabis produce different effects?”
Participants reported how confident they were in their ability to tell the difference between
indica versus sativa cannabis effects using a 5-point Likert scale (1 = not confident at all: 5
= extremely confident) and also indicated all of the ways in which they learned about the
effects of indica versus sativa cannabis (e.g., friends, internet, etc.).

Preferred Methods for Using Indica/Sativa Cannabis—Participants reported their
primary method for using indica/sativa cannabis. Possible methods included: “joints,”
“blunts,” “pipe/bowl,” “bong,” “hookah,” “vaporizer (e.g., vape pen),” “edibles/beverages,
“oil/tincture (not to inhale),” “dab rig,” “spliffs (tobacco and cannabis together),”
“topical/transdermal (e.g., patch, lotion, cream),” or “suppository.” Next, participants
reported their preferred form of indica/sativa cannabis. Possible cannabis forms included:
“cannabis flowers (dried plant material),” “cannabis oil/Liquid (for inhalation with vape
pen or similar device),” “cannabis oil liquid (in tincture form; NOT for inhalation),”
“cannabis concentrates (e.g., hash, wax, shatter, dabs),” “edibles (cannabis-infused foods
or beverages),” “topical/transdermal (e.g., patch, lotion, cream),” or “suppository.”

Participants who reported (i.e., endorsed) using cannabis flowers were shown a reference
image depicting various quantities of dried cannabis (Cuttler & Spradlin, 2017; see
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Supplemental Materials, Supplemental Protocol 1). Participants indicated how many grams
of indica/sativa cannabis that they personally use: (a) during a typical cannabis-use session
and (b) on a typical day in which they use cannabis. Reference images depicting different
cannabis amounts may enhance reporting accuracy with respect to the consumption of dried
cannabis flowers (Goodman et al., 2019) since cannabis users may overestimate the quantity
of cannabis flower used (Prince et al., 2018).

Preferred Time of Day for Using Indica/Sativa Cannabis—Participants reported the
time of day that they preferred to use indica/sativa cannabis. Participants selected one of the
answers from the following choices: “first thing when | wake up (wake and bake),” “middle
of my day,” “end of my day,” or “not sure/no specific preference.”

Self-Reported Subjective Effects of Indica/Sativa Cannabis—Participants reported
how consistent their experience is when they use indica/sativa cannabis in their usual way
using a 5-point Likert scale (1 = the effects are rarely the same; 5 = the effects are always the
same). Additionally, participants selected all of the effects that they typically feel after using
indica/sativa cannabis from a list of common cannabis-related effects (see Table 2).

Likelihood of Using Indica/Sativa Cannabis in Different Scenarios—Participants
reported the likelihood that they would use indica and sativa cannabis in hypothetical
scenarios using a 5-point Likert scale (1 = not very likely, 5 = extremely likely). Participants
were asked how likely they were to use indica/sativa cannabis “if you were going to have to
drive in the next 30 min,” “if you were going to have to go to work in the next 30 min,” “if
you were at a party,” “if you were going to be going to sleep in the next 30 min,” and “if you
were drinking alcohol.”

Hypothetical Purchasing of Indica/Sativa Cannabis—A hypothetical cannabis
purchasing task was used to evaluate potential differences in the relative perceived demand
for indica and sativa cannabis. Demand curve analysis, which can be applied to hypothetical
purchasing task responses, provides a multidimensional assessment of drug demand (Bickel
et al., 2014; Johnson & Bickel, 2006; Strickland et al., 2020) and has been validated

and applied widely in research on cannabis use behaviors (Aston & Meshesha, 2020).
Participants read a brief set of instructions that asked them to imagine a typical week when
they would use cannabis and to consider the following: The cannabis was of their normal
quality; they could not get cannabis elsewhere; they could not use cannabis saved from
previous use episodes; they could not spend more money than they actually had; they would
consume all of the purchased cannabis in the next week; and they should consider each
price individually. Participants completed two separate purchasing tasks, one specific to
indica and one specific to sativa. Participants endorsed how many grams of each they would
purchase for 1 week at the following prices: $1.00, $2.50, $5.00, $10.00, $25.00, $50.00,
and $100.00 per g (USD). Grams purchased as a function of price were used to generate a
demand curve, and regression analyses of these curves can produce two variables to provide
a multidimensional assessment of drug demand: Intensity (purchasing at prices approaching
0) and elasticity (price-sensitivity). Six individuals provided nonsystematic responses on the
indica purchasing task and eight responded nonsystematically on the sativa task, yielding 7

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sholler et al.

Page 6

=94 and n= 92 data sets for indica and sativa demand analysis, respectively. For technical
details, see Supplemental Materials, Supplemental Protocol 2.

Data Analysis

Results

Descriptive statistics, chi-squares tests of independence, and Mann-Whitney U-tests were
used to summarize participant demographics, cannabis use characteristics, and knowledge
and beliefs about indica/sativa, where applicable. McNemar’s test (for matched-pairs data)
was used to examine differences in a subset of participants (7= 100) who endorsed “I have
heard of it and have used it before” for both indica and sativa cannabis for the following
measures: Preferred methods for using cannabis, forms of cannabis (e.g., flowers, oils, etc.),
cannabinoid content, preferred time of day to use, and self-reported subjective effects. In the
same subset of 7= 100 participants, paired-samples #tests (for parametric data) or Wilcoxon
matched-pairs signed rank test (for nonparametric data as determined by the Shapiro—Wilk
test of normality) were used to examine differences in a typical number of grams of
cannabis used and the likelihood of using indica/sativa cannabis in different scenarios.
Demand intensity and elasticity were compared between sativa and indica cannabis using
paired-samples ~tests (for a complete description of hypothetical purchasing data analysis,
see Supplemental Methods).

Participant Demographics

Participants (n= 179) were predominantly White (73.7%) and male (64.8%), had a mean
(SD) age of 34.9 (10.1), and were from an approximately even mix of states where cannabis
was illegal (29.6%), available for medicinal use only (40.2%), and available for recreational
use (30.2%). The mean (SD) age of first cannabis use was 19.2 (6.9). The mean (SD)
number of cannabis using days in the past 30 days was 11.7 (10.9). The mean (SD)
CUDIT-R score was 10.0 (6.7); a mean score of 10 indicates that, generally, the sample may
engage in hazardous cannabis use but does not exhibit characteristics of severe Cannabis
Use Disorder (Adamson et al., 2010; Table 1).

Knowledge and Beliefs About Indica/Sativa Cannabis

Most participants endorsed “I have heard of it and have used it before” for eftherindica
(64.3%) orsativa (59.8%) cannabis. 55.9% of participants endorsed “I have heard of it and
have used it before” for both indica and sativa cannabis. For indica and sativa cannabis,
respectively, other responses included: “I have heard of it, but have not used it” (9.5% and
15.6%), “I have heard of it, but am not sure if | have used it” (12.3% and 15.1%), “I

have never heard of it” (11.7% and 7.3%), and “Not sure” (2.2% and 2.2%). Overall, prior
knowledge (or lack of knowledge) of indica and sativa cannabis did not differ as a function
of state legality (i.e., illicit, medicinal-only, recreational): Indica [X2(8.0, n=179)=12.8, p
=.12]; sativa [x2(8.0, n= 179) = 14.8, p=.06].

Most participants who had heard of both indica and sativa believed that there were unique
effects common to use of one subtype of cannabis versus the other (64.2%), although some
did not (10.1%), and others were not sure (25.7%). On a 5-point Likert scale, 55.3% of
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participants were confident (4/5) or extremely confident (5/5) in their ability to tell the
difference between the effects of indica versus sativa cannabis; 29.1% reported little (2/5) to
no confidence (1/5).

Common ways in which participants learned about the effects of indica versus sativa
cannabis included: “used both and know from experience” (49.7%), “friend” (34.1%),
“comments from others on the internet” (30.2%), “written article on the internet” (25.1%),
“a dispensary employee or ‘budtender’” (19.6%), “information from cannabis retailers on
the internet” (14.5%), “written information at a cannabis dispensary” (12.8%), “video on the
internet” (11.7%), “advertisements” (6.7%), “information on cannabis packaging” (6.1%),
and “podcasts” (5.0%).

From this point forward, we characterize use patterns, self-reported subjective effects,
likelihood to use in hypothetical scenarios, and hypothetical purchasing patterns for indica/
sativa cannabis among the subset of participants (7= 100) who endorsed “I have heard of it
and have used it before” for both indica and sativa cannabis. When comparing participants
who endorsed “I have heard of it and have used it before” for both indica and sativa cannabis
(n=100) to the total sample (7= 179), there were no statistically significant differences

in age, gender, residence by state legality, race/ethnicity, employment status, education, age
of first cannabis use, CUDIT-R score, or past 30-day tobacco or alcohol use. However, a
Mann-Whitney U'test revealed that participants who endorsed “I have heard of it and have
used it before” for both indica and sativa cannabis (n= 100) reported greater past 30-day
[15.1 (11.7) days, U= 7,510, p< .05] and past 90-day cannabis use [44.0 (36.4) days, U=
7,590, p < .05] relative to the total sample (7= 179).

Use Patterns of Indica/Sativa Cannabis

Among individuals who endorsed having “heard of and used” both indica and sativa
cannabis (7= 100), there was no difference [mean (SD)] in the number of grams (g) used in
a typical smoking session between indica [.52 g (.32)] versus sativa [.45 g (.49)] cannabis [U
= 2,803, p=.58] or in the number of grams used per day between indica [.88 g (.83)] versus
sativa [.79 g (.71)] cannabis [U = 2,740, p = .43]. Participants who selected “not sure” for
these questions were excluded from these analyses.

Generally, the preferred method for using cannabis was not significantly different between
indica and sativa. For indica versus sativa cannabis, preferred methods included pipes/bowls
(39% vs. 36%), joints (15% vs. 13%), vaporizers (15% vs. 17%), blunts (9% vs. 12%),
edibles/beverages (9% vs. 9%), bongs (9% vs. 9%), dab rigs (1% vs. 1%), and other methods
(3% vs. 3%). Similarly, participants’ preferred form of cannabis did not differ between
indica and sativa. For indica versus sativa cannabis, preferred forms included flowers (79%
vs. 73%), oils/Liquids for inhalation (10% vs. 11%), edibles/beverages (10% vs. 11%), and
other forms (1% vs. 5%).

For each form of cannabis that participants endorsed having used, they were asked to report
the average % THC content and the primary THC:CBD ratio that they used (if known).
However, low endorsement and lack of participant knowledge on these items prevented a
powered assessment for most forms of cannabis with the exception of flowers. There was no
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difference in average % THC content [mean (SD), ] between indica [15.9% (8.0), n=47]
versus sativa flowers [16.7% (8.2), n= 42, {87) = .52, p= .61].

Preferred Time of Day for Using Indica/Sativa Cannabis

Participants (n= 100; prior users of indica and sativa) were asked to report one time of day
that they preferred most to use indica/sativa cannabis. Participants were more likely to prefer
indica (62%) versus sativa (18%) cannabis at the end of the day (p < .01). Conversely, these
participants preferred using sativa versus indica in the morning (19% vs. 6%, p<.01) and
middle of the day (30% vs. 8%, p < .01). A sizeable subset of participants had no preference
for the time of day to use indica or sativa cannabis (24% vs. 33%).

Self-Reported Subjective Effects of Indica/Sativa Cannabis

Self-reported experiences using indica and sativa cannabis were compared in a subset of
participants (/7= 100) who endorsed “I have heard of it and have used it before” for both
indica and sativa cannabis (Table 2). Participants reported how consistent their experience is
when they use indica/sativa in their usual way using a 5-point Likert scale. For both indica
(73%) and sativa (63%), a majority of participants reported a 4/5 or 5/5, indicating that the
effects are often or always the same. Some participants reported a 3/5, suggesting that the
effects are sometimes the same for indica (25%) and sativa (32%). For both indica (2%) and
sativa (5%), very few participants reported a score of 1 or 2, indicating that the effects are
seldom or never the same. There was no difference in the consistency of experience between
indica and sativa [X2 (4.0, n=100) = 4.4, p= .35].

After using indica (vs. sativa) cannabis, participants were more likely to report having

felt “Relaxed” (85% vs. 28%) and “Sleepy/Feel Tired” (72% vs. 13%) as well as report
“Difficulty Performing Routine Tasks” (16% vs. 7%; although endorsement for this outcome
was low for both groups). After using sativa (vs. indica) cannabis, participants were

more likely to report having felt “Happy/Euphoric” (66% vs. 37%), “Focused” (55% vs.
10%), “Motivated” (52% vs. 9%), “Alert” (54% vs. 7%), “Energized” (54% vs. 3%), and
“Paranoid/Anxious” (21% vs. 10%). Endorsement of having felt “Hungry/Have Munchies
(64% vs. 57%) and “Trouble with Memory” (14% vs. 9%) following cannabis use did not
differ between indica and sativa.

7

Likelihood of Using Indica/Sativa Cannabis in Different Scenarios

Participants were more likely to use indica over sativa cannabis if they were going to sleep
in 30 min (p < .01), but they were more likely to use sativa if they were at a party (p < .01)
(Figure 1). There was no difference in the likelihood to use indica versus sativa cannabis
while drinking alcohol (p = .29). Participants were more likely to use sativa over indica
cannabis if they were going to drive in the next 30 min (p < .001) or go to work in the next
30 min (p < .01), though it should be noted that, overall, participants did not report a high
likelihood that they would use cannabis (regardless of the species) in these two scenarios
(see Figure 1).
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Hypothetical Purchasing of Indica/Sativa Cannabis

Purchasing patterns were generally orderly; in other words, the demand for cannabis was
robust at lower prices (median = 10 g purchased at a price of $1.00/g) but became elastic

at higher prices (Figure 2a). The mean (SD) square-root transformed demand intensity for
indica cannabis [4.18 (3.41)] did not differ from that of sativa cannabis [(4.05 (3.47); £91)
=1.609, p=.11] (Figure 2 b). The mean (SD) natural-log transformed demand elasticity for
indica cannabis [-6.68 (1.26)] did not differ significantly from that of sativa cannabis [-6.64
(1.33); #487) = 1.679, p=.10] (Figure 2c).

Discussion

Cannabis products are often categorized based on plant species, with “indica” and “sativa”
being the two most common monikers. The cannabis industry often asserts that the acute
effects of cannabis differ between indica and sativa strains, and cannabis dispensary
employees may recommend that consumers use indica or sativa based on their desired
therapeutic/nontherapeutic effects (Haug et al., 2016; Piper, 2018). However, empirical
evidence is generally lacking to support or refute whether cannabis effects differ based on
these plant species designations, and researchers have called into question the usefulness
of the indica/sativa nomenclature (Piomelli & Russo, 2016). In the present study, cannabis
users completed a cross-sectional survey with questions asking about their use patterns,
beliefs, past experiences, and hypothetical purchasing patterns associated with indica and
sativa cannabis. This research represents a critical first step toward delineating whether there
are meaningful perceived differences between indica and sativa cannabis and informing
whether cannabis products should be permitted to continue being marketed using this
terminology.

The vast majority (>88%) of participants had heard of both indica and sativa cannabis.

This finding aligns with the common notion that the indica/sativa nomenclature is pervasive
in the cannabis-using community, including in locations that do not have a legal cannabis
infrastructure. Moreover, 64% of respondents believed that these two types of cannabis
produce different effects. Sources of participants’ knowledge on indica and sativa included:
Prior use of both indica/sativa, friends, various internet sources (e.g., articles, retailer
websites, and blog posts), cannabis dispensary employees, and various other means (e.g.,
product packaging and advertisements). Thus, people appear to learn about indica and sativa
in many ways that may not be reputable, including through sources directly related to the
cannabis industry.

Participants were more likely to report having felt “Relaxed” and “Sleepy/Feel Tired”

after previously using indica compared with sativa cannabis. Conversely, participants were
more likely to report having felt “Happy/Euphoric,” “Alert,” “Energized,” “Focused,”
Motivated,” and “Paranoid/Anxious” after previously using sativa cannabis compared with
indica. Intriguingly, respondents were also more likely to use indica or sativa in different
scenarios that were in accordance with the observed differences in subjective experiences.
For example, participants were more likely to use indica over sativa cannabis if they planned
to go to sleep in 30 min and preferred using indica at the end of the day. Conversely,
participants were more likely to use sativa over indica in the morning/daytime and if they
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were at a party. Taken together, these data suggest that cannabis users often perceive that
indica and sativa produce different effects, and as a result, the situation and context (e.g.,
time of day, interacting with others vs. going to sleep) may dictate the choice of cannabis
type. These findings are generally consistent with the few prior surveys of medicinal
cannabis patients regarding the use of indica/sativa in which respondents were more likely
to report using sativa for “enhanced energy” and indica for “sleep” and “sedation” (Cohen et
al., 2016; Pearce et al., 2014).

Prior studies that have conducted analytical testing on commercial indica and sativa cannabis
products for cannabinoid and terpene content (Elzinga et al., 2015; Fischedick et al., 2010;
Hazekamp & Fischedick, 2012; Hazekamp et al., 2016) may provide insight into the
differences in perceived effects of indica and sativa observed in the present study. These
studies have shown that cannabis labeled as “indica” contains similar concentrations of
major cannabinoids (i.e., THC and CBD) to cannabis labeled as “sativa” (Elzinga et al.,
2015; Hazekamp et al., 2016). Interestingly, however, these analytical studies have revealed
that cannabis products labeled as “sativa” or “indica” often contain markedly different
concentrations of terpenes, which are theorized to influence the acute effects of cannabis
(Russo, 2011). For example, in one study, indica cannabis samples contained greater
myrcene and hydroxylated terpenes while sativa contained greater terpinolene, 3-carene, and
several sesquiterpenes (Hazekamp et al., 2016). In the present study, self-reporting of typical
THC-to-CBD ratios was low across indica and sativa, and participants were not asked to
report specific terpene profiles of their products. An alternative, parsimonious explanation is
that the perceived effects of indica and sativa are linked to individuals’ expectancy effects
and/or time of day the cannabis is used. The present study found that cannabis users often
have prior expectations that indica/sativa will produce different effects; it is important to
understand how this knowledge may influence the context in which an individual decides to
consume cannabis as well as how that person experiences the effects, feels after cannabis
use, and retrospectively reports on those subjective experiences.

Thus, controlled research whereby cannabis type (i.e., indica versus sativa) and participant
expectancies (i.e., an expectation of indica versus sativa versus no expectation) are both
systematically manipulated is needed. Such research may determine whether perceived
differences in effects of indica and sativa cannabis stem from expectancy effects, differences
in the chemical composition of these two species (e.g., terpene content), or a combination
of both factors. A notable challenge to such future research, however, is that there presently
are no consensus, operational definitions for “indica” and “sativa” based on chemical
composition. Thus, any future controlled studies that include “indica” and “sativa” products
should conduct detailed chemical testing and analysis on the products used and publish these
results, as this may assist with interpretation of study findings and facilitate comparisons
across other future studies.

Another goal of this study was to evaluate the relative demand for indica and sativa cannabis
via hypothetical purchasing tasks. Despite the observed differences between indica and
sativa regarding prior subjective effects and scenarios in which participants would use
cannabis, neither demand metric (intensity or elasticity) differed between indica and sativa
cannabis. This finding suggests that participants valued the two types of cannabis equally

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sholler et al.

Page 11

in the hypothetical purchasing scenario, or in other words, that demand for indica and

sativa were similar overall to these individuals when consumed in their typical context/
setting or for their typical activity-based purpose. Although demand metrics did not differ
between cannabis types, the robust hypothetical purchasing observed across prices indicated
demand for cannabis in general. Of note, the instructional set asked participants to estimate
how much cannabis they would purchase for a typical week of cannabis use but did

not specify the specific scenarios under which they would be using that cannabis. Given
that participants’ cannabis-use preferences differed across several hypothetical scenarios
presented (e.g., before bed, at a party), it is likely indica/sativa demand may be sensitive to
the context in which purchasing decisions are made, as has been observed across substances
(e.g., Amlung et al., 2019; Schwartz et al., 2019; Skidmore & Murphy, 2011); thisis a
target for future studies. Additionally, an examination of hypothetical scenarios in which
both strains are concurrently available, such as simple-preference or substitution tasks, may
better model real-world purchasing and allow greater insight into constraints governing
strain preference.

This study had several limitations. First, the study included a relatively small convenience
sample recruited from mTurk. The use of mTurk may have yielded a sample biased toward
technologically adept and/or younger individuals (Strickland & Victor, 2020). Additionally,
the majority of mTurk users are White, and the number of mTurk users who belong to

other racial/ethnic groups (particularly Black/African-American and Hispanic/Latino) may
be lower than the general population (Paolacci & Chandler, 2014). Future studies should
consider over-recruiting such minority racial/ethnic groups if using mTurk or employ other
recruitment strategies (such as community-based recruitment or Facebook advertisement
(Borodovsky et al., 2018)) to yield more diverse and representative samples. Second, the
survey was cross-sectional and respondents retrospectively reported on their experiences
with indica/sativa cannabis in addition to other outcomes (e.g., source of knowledge

on indica/sativa effects, etc.). Thus, some individuals may have misremembered their
subjective experiences after using indica/sativa cannabis, how they learned about indica/
sativa, etc. Third, this study only inquired about the use of indica and sativa products,

yet commercial cannabis products may also be labeled as “hybrid.” However, the term
“hybrid” is ambiguous, as this sometimes refers to products that are a blend of indica and
sativa cannabis (e.g., “sativa-dominant,” “indica-dominant,” or “balanced”) or products that
contain both THC and CBD in roughly equal proportions. For these reasons, hybrid cannabis
is difficult to query via self-report, and products labeled as “hybrid” may be especially
confusing to consumers. Future studies targeted toward the use patterns, beliefs, experiences
associated with hybrid cannabis strains are warranted given the diversity of products within
this category.

In conclusion, cannabis users in our sample were largely aware of indica and sativa cannabis
and learned about the purported differences between these two cannabis species through

a variety of sources. Study participants retrospectively reported drastically different acute
effects from indica/sativa cannabis, and situational or contextual factors influenced the
likelihood that participants would use sativa versus indica cannabis. However, indica and
sativa demand were comparable according to demand curve analysis. Controlled laboratory
studies are needed to confirm whether indica and sativa cannabis does indeed elicit different
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acute effects and to clarify the role of user expectancies on altering the perceived effects of
these 2 types of cannabis. Taken together, these steps may inform future regulatory decisions
around using the indica/sativa nomenclature.
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Refer to Web version on PubMed Central for supplementary material.
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Public Health Significance

Cannabis users retrospectively reported feeling different effects from indica versus sativa
cannabis; however, demand for the two cannabis subtypes was similar on hypothetical
purchasing tasks, suggesting situational factors could influence whether someone uses
indica or sativa. Controlled laboratory studies are needed to confirm whether indica and
sativa cannabis does indeed elicit different subjective effects and to clarify the role of
user expectancies on altering the perceived effects of these two types of cannabis. Taken
together, these steps may inform future regulatory decisions regarding cannabis-related
marketing nomenclatures like indica and sativa.
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Figure 1.
Likelihood of Using Indica/Sativa Cannabis in Different Scenarios

Note. Participants reported likelihood to use indica (open bars) or sativa (closed bars)
cannabis in hypothetical scenarios using a 5-point Likert scale (1 = not very likely, 5 =
extremely likely, y~axis). Participants were asked how likely (mean + SEM) they were to use
indica/sativa cannabis in five hypothetical scenarios (x-axis, bolded): “if you were going to
have to drive in the next 30 min,” “if you were going to have to go to work in the next 30
min,” “if you were at a party,” “if you were going to be going to sleep in the next 30 min,”
and “if you were drinking alcohol.”
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Figure 2.

Hypothetical Purchasing of Indica/Sativa Cannabis

Note. (a) Demand curves illustrating median grams of indica cannabis (7= 94, open

circles, solid line) and sativa cannabis (/7= 92, closed squares, dashed line) purchased in

the hypothetical purchasing tasks. (b) The mean (xSEM) square-root (SQRT) transformed
demand intensity (y~axis) for indica (open bars) and sativa (closed bars) cannabis are shown.
(c) The mean (xSEM) natural-log (In) transformed demand elasticity (J~axis) for indica
(open bars) and sativa (close bars) cannabis are shown. No differences were observed
between indica and sativa for demand intensity nor elasticity.
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Self-Reported Subjective Responses Typically Felt After Using Indica/Sativa Cannabis

Table 2

Indica Sativa

Subjective effect (% Endorsing) pvalue*
Happy/euphoric 37 66 <.001
Relaxed 85 28 <.001
Sleepy/feel tired 72 13 <.001
Focused 10 55 <.001
Motivated 9 52 <.001
Alert 7 54 <.001
Energized 3 54 <.001
Paranoid/anxious 10 21 <.05
Hungry/have munchies 64 57 =31
Trouble with memory 14 9 =.18
Difficulty performing routine tasks 16 7 <.05

Note. n= 100 respondents endorsed using both sativa/indica cannabis.

*
Results of McNemar’s test.
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