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A B S T R A C T   

Introduction: Cannabidiol (CBD) is purportedly a promising therapeutic agent to provide relief for a variety of 
medical conditions with mild or no psychoactive effects. However, little is known about young adults who use 
cannabis and CBD-dominant products, and associations between CBD use and other drug use. 
Methods: Young adults (aged 24–32) who currently used cannabis (n = 239) were surveyed in Los Angeles in 
March 2019 through March 2020. The sample was divided into CBD-dominant (at least 1:1 CBD:THC ratio) and 
THC-dominant product users. We described CBD forms, reasons and conditions for CBD use and examined 
between-group differences in sociodemographic characteristics, cannabis practices, health and other drug use. 
Results: CBD-dominant users were more likely to be female, use cannabis at lower frequency and amount (except 
for edible/drinkable/oral products), self-report medical motivation for cannabis use, use cannabis for pain and 
report more health problems. Oil, flower, topicals and sprays/drops/tinctures were the most prevalent CBD 
forms. Psychological problems and pain were commonly reported conditions and medical reasons for CBD use. 
CBD-dominant users were more likely to report illicit drug use, where psilocybin use was markedly different 
between the two groups. 
Conclusions: CBD use was associated with health histories and motivations linked to pain and psychological 
problems. Positive association between CBD use and illicit drug use may indicate self-medication for psycho-
logical conditions. Future studies should evaluate the effectiveness of various CBD forms and dose regimens for 
treatment of pain and psychological problems, and as a potential intervention for decreasing other drug use and 
associated harms.   

1. Introduction 

Cannabidiol (CBD) is the second most prevalent compound in the 
Cannabis sativa plant after tetrahydrocannabinol (THC). CBD was 
discovered in 1940, long before the isolation of THC in 1964, but started 
gaining popularity only around 2016 (Bonaccorso et al., 2019; Leas 
et al., 2019; Sexton et al., 2016). CBD is non-psychoactive, has low abuse 
and addiction potential (Englund et al., 2013; Freeman et al., 2019; 
Iseger and Bossong, 2015; Schoedel et al., 2018; Wheeler et al., 2020). 
Unlike THC, CBD does not produce anxiety, panic, or psychotic symp-
toms in high doses (Freeman et al., 2019; Iffland and Grotenhermen, 
2017). In the U.S., CBD is available in three forms: hemp-derived, 

cannabis-derived, and pharmaceutical-grade products, with CBD to THC 
ratio content ranging from CBD-only, CBD-dominant, or balanced (1:1 
CBD:THC), to THC-dominant CBD products (Corroon and Kight, 2018; 
Freeman et al., 2019; Hello, 2017). 

The legal status of CBD products has been in flux (Corroon and 
Phillips, 2018). The 2014 Farm Bill exempted hemp-derived CBD with 
less than 0.3 % THC content from the Drug Enforcement Administra-
tion’s (DEA) controlled substances list, while cannabis-derived CBD is 
still classified as a Schedule I controlled substance (Corroon and Kight, 
2018; DEA, 2021). Currently, selling CBD products as a dietary sup-
plement and promoting it as a drug with healing properties is prohibited 
by the U.S. Food and Drug Administration (FDA) (U.S. Food and Drug 
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Administration (FDA, 2021). The FDA has sent numerous warning let-
ters to producers who have marketed their CBD products as a medicine 
(Corroon and Kight, 2018). Hemp-derived CBD products are sold in a 
variety of forms over-the-counter and online across the U.S., while 
cannabis-derived CBD products are available through storefronts in 
states that legalized medical or recreational cannabis use (Corroon and 
Phillips, 2018). California is among the states that offer a full spectrum 
of CBD products over-the-counter and through medical and recreational 
cannabis dispensaries as medical cannabis has been legal since 1996 and 
recreational cannabis for adults over 21 years of age became legal in 
November 2016. 

CBD has been suggested as a promising therapeutic agent for a range 
of clinical applications (Crippa et al., 2018). Since 2001, over two 
hundred clinical trials have been investigating the use of CBD in treat-
ment of seizures, cancer, post-traumatic stress disorder, and other health 
conditions (NIH U.S. National Library of Medicine, 2020). However, the 
only FDA-approved CBD product is Epidolex developed for the treat-
ment of two rare pediatric epilepsies (Sholler et al., 2020). Evidence of 
CBD benefits for other ailments (i.e., anxiety, depression, sleep disorder, 
pain, addiction) is limited and inconclusive as results from different 
studies are conflicting or lack support from controlled studies with 
sufficient sample sizes (Arndt and de Wit, 2017; Hunter et al., 2018; 
Hurd et al., 2019; Pokorski et al., 2017; Sholler et al., 2020; Silote et al., 
2019; Solowij et al., 2018; Vigil et al., 2018; Zuardi et al., 2017). 
Moreover, most of the clinical studies have investigated CBD as an iso-
lated compound, whereas the cannabis entourage theory suggests that 
synergistic therapeutic effect of multiple compounds found in the 
cannabis plant is above the effect produced by any single compound 
(Russo, 2011; Sholler et al., 2020; Spindle et al., 2019). Therefore, 
findings from clinical trials have limited external validity, unlike studies 
under naturalistic conditions (Vigil et al., 2018). 

Evidence on CBD use in naturalistic settings started to emerge in 
2015, including industry reports focused on licensed medical cannabis 
patients (MCP) (Care by Design, 2015; Hello, 2017) and observational 
studies of self-described CBD users (Corroon and Phillips, 2018; Wheeler 
et al., 2020). Only one study reported on patterns of CBD use among 
young adults (Wheeler et al., 2020). As the CBD industry quickly 
evolves, more CBD products in various forms have become available on 
the market to cater to all consumer types (Hello, 2017; Leas et al., 2019). 
Many CBD-dominant products are being sold in forms similar to 
THC-dominant cannabis products (i.e., CBD oil, CBD flower, CBD edi-
bles) (Hello, 2017; Spindle et al., 2019). According to an industry report 
on adult MCP, oil, followed by flower, tinctures and topicals were the 
most popular CBD forms, which is similar to the findings on cannabis 
forms reported by young adult MCP and non-patient users (Hello, 2017; 
Lankenau et al., 2017b). In contrast, among young adult self-described 
CBD users, edibles were the top CBD form followed by tinctures, oil 
and topicals (Wheeler et al., 2020). 

CBD use is especially common among people who use cannabis 
medicinally (Corroon and Phillips, 2018; Morean and Lederman, 2019; 
Zeiger et al., 2019). Anxiety, depression, insomnia and pain have been 
the top reported reasons for CBD use among MCP and self-described CBD 
users (Care by Design, 2015; Corroon and Phillips, 2018; Hello, 2017; 
Wheeler et al., 2020). Notably, psychological problems (i.e., stress, 
insomnia) were the leading motivations for use among younger CBD 
users (Wheeler et al., 2020), while pain was the most prevalent reason 
for use within a sample of older CBD users (Corroon and Phillips, 2018). 
CBD as a substitute or adjunctive therapy to traditional medications was 
another commonly reported reason for use among adult MCP who 
perceived CBD as more effective in managing certain health conditions 
compared to over-the-counter or prescribed medications (Hello, 2017). 
Some adult MCP used CBD products to cope with addiction (Care by 
Design, 2015). 

Despite CBD’s potential as a substitute for other substances, no 
published study has examined patterns of illicit drug use among CBD- 
dominant product users, and how those patterns differ from THC- 

dominant product users. This is an especially important area of in-
quiry as young adults have the highest rates of illicit drug use (Substance 
Abuse and Mental Health Services Administration (SAMHSA, 2019). 
Given this gap in the literature in addition to increasing rates of CBD use 
and its potential to reduce use of other substances (Care by Design, 
2015; Hello, 2017; Hurd et al., 2019; Leas et al., 2019), the current study 
was undertaken to describe patterns of CBD use among young adults 
who use cannabis, and determine the extent to which CBD use is asso-
ciated with licit (alcohol, tobacco, prescribed medications) and illicit 
drug use. 

2. Methods 

The study was approved by the Institutional Review Boards at Drexel 
University and Children’s Hospital Los Angeles. All participants pro-
vided a consent to be surveyed in this study. 

2.1. Study sample 

The current study utilized the fifth wave of the quantitative data (n =
260) collected between 2019–2020 from the ongoing Cannabis, Health 
and Young Adults (CHAYA) longitudinal cohort study (Lankenau et al., 
2017b) when we first introduced questions related to CBD use in 
response to growing interest in CBD and its perceived efficacy. The wave 
1 (baseline) (n = 366) sample consisted of 18- to 26-year-old young 
adults who currently used cannabis residing in the Los Angeles metro 
area who either had a current valid medical cannabis recommendation 
issued in California (medical cannabis patients or MCP, n = 210) or had 
never had a medical cannabis recommendation (non-patient users or 
NPU, n = 156). Study participants were administered annual quantita-
tive surveys (see (Lankenau et al., 2017a) for additional details on 
recruitment and characteristics of the baseline sample). 

2.2. Data collection 

Wave 1 quantitative sample was recruited and surveyed in-person 
between February 2014 and April 2015. Wave 5 quantitative survey 
was administered online through Research Electronic Data Capture 
(REDCap) between March 2019 and March 2020. 

2.3. Measures 

Data on key socio-demographic characteristics (i.e., age, gender and 
race/ethnicity) were collected at wave 1, while educational level and 
income were assessed annually (Lankenau et al., 2017b). 

Use of CBD products with varying CBD:THC ratio was assessed with 
the following item: In the past 90 days, have you used any of the following 
marijuana products that contain CBD [check all that apply]? Answer op-
tions were as following: (1) hemp-derived CBD product (no THC); (2) 
mostly CBD product (some THC); (3) half CBD/half THC product; (4) some 
CBD product (mostly THC); (5) none of the products I have used had CBD in 
it. Measures assessing CBD use also included questions about CBD forms 
(e.g., bud/flower, tinctures, edibles), reasons for CBD product use, and 
health conditions CBD products were used for. Measures of past 90-day 
cannabis use included days of cannabis use (range 0–90), hits per day (i. 
e., pull of a pipe, joint, bong, etc.), times per day for using edible/ 
drinkable/oral cannabis products, vaping cannabis oil (yes/no), and 
reasons for cannabis use. Microdosing was defined as past 12-month 
consumption of small amounts of marijuana, e.g., 2.5 mg, one hit, one 
bite, to experience the benefits of THC while limiting the high. Those 
who had a current valid medical cannabis recommendation at wave 5 
were classified as MCP. A dichotomous self-reported medical cannabis 
use motivation variable was created representing those who reported 
using cannabis for exclusively or primarily medical, or equally medical 
and recreational reasons, relative to those who reported using cannabis 
for primarily or exclusively recreational reasons. Past 12-month physical 
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and psychological health was assessed through the following multiple- 
choice question: Have you experienced any physical or psychological 
problems in the past 12 months in the following area? This question was 
followed by a list of potential health problems including pain, psycho-
logical and gastrointestinal problems. 

Other drug use measures included questions about licit (i.e., alcohol, 
tobacco, prescribed medications) and illicit (e.g., street and club drugs, 
and prescription medications misuse) drug use. Alcohol, tobacco, illicit 
drug use and prescription drug misuse were assessed with the following 
question: In the past 12 months, have you used any of the following drugs 
when they were not prescribed to you or that you took only for the experience 
or feeling it caused (including to get high or to self-medicate)? Affirmative 
responses were followed by the question: How long has it been since you 
last used [drug name]? Responses were dichotomized into yes/no indi-
cating presence or absence of use in the past 90 days. Past 90-day users 
of illicit drugs and misusers of prescription drugs were asked to select 
the most frequently used/misused drug and reasons for use/misuse. 
Prescribed medications question assessed medications prescribed for 
any injury or health condition in the past 12 months. 

2.4. Data analysis 

The analytical sample was comprised of young adults (n = 239) who 
reported past 90-day cannabis use (21 out of 260 (8.1 %) wave 5 par-
ticipants did not report past 90-day cannabis use). First, CBD users were 
categorized based on the highest level of CBD content in CBD products 
used in the past 90 days into four mutually exclusive subgroups: CBD 
only (hemp-derived), Mostly CBD, Half CBD/half THC, and Some CBD 
product users. For example, CBD only users could also report using 
products with lower CBD content (e.g., mostly CBD, half CBD/half THC, 
some CBD, or THC only products), while Mostly CBD users could also 
report using half CBD/half THC, some CBD, or THC only products. Then, 
sample was divided into two groups: CBD-dominant (i.e., CBD only, 
Mostly CBD and Half CBD/half THC subgroups) and THC-dominant (i.e., 
Some CBD and THC only subgroups) product users (Hello, 2017). 

The four CBD user subgroups were described by generating fre-
quencies for past 90-day use of CBD forms, reasons and health condi-
tions for CBD use. Differences on key demographic characteristics, 
health, and cannabis use practices between CBD-dominant and THC- 
dominant groups were examined with chi-square test for binary and 
Kruskal-Wallis test for count (i.e., days, hits, times per day) variables. 
Associations between CBD-dominant product use and other drug use 
were assessed through logistic regression models which were adjusted 

for age, gender or race/ethnicity if outcome was associated with either 
demographic variable at p < 0.1 level. Given a large number of statis-
tical tests, correction for multiple testing was implemented (Benjamini 
and Hochberg, 1995). 

All analyses were performed in SAS, version 9.4. 

3. Results 

The mean age within the sample was 25.3 years old (Table 1). Par-
ticipants were predominantly male (61.5 %), of Hispanic/Latino 
ethnicity (45.1 %), and educated (82.0 % reported some college or 
above). Almost half (46.4 %) of the participants reported annual income 
below $25,000. CBD-dominant users (n = 101, 42.3 %), compared to 
THC-dominant users (n = 138, 57.7 %), were less likely to be males (p <
0.05) and had higher prevalence of non-Hispanic Whites and lower 
prevalence of non-Hispanic Blacks/African Americans (though this was 
not statistically significant). CBD-dominant users were more likely to 
report at least one health condition in the past 12 months compared to 
THC-dominant users (75.2 % vs. 60.1 %, p < 0.05). Of those reporting 
health conditions, significantly more CBD-dominant users reported pain 
(51.5 % vs. 31.2 %, p < 0.05). 

Among THC-dominant users, 50 % were within Some CBD subgroup 
(Table 2). The following subgroups were identified within CBD- 
dominant user group: CBD only (56.4 %), Mostly CBD (17.8 %), and 
Half CBD/half THC (25.7 %) users. CBD only subgroup had the highest 
prevalence of CBD creams/topical use (36.8 %), Mostly CBD subgroup 
reported the greatest use of CBD bud/flower (50.0 %), CBD oil (44.4 %), 
and CBD sprays/drops/tinctures (38.9 %). Half CBD/half THC subgroup 
had highest proportion of CBD edibles (26.9 %) and CBD drinks (26.9 %) 
users, while CBD bud/flower (34.6 %) and CBD oil (30.8 %) were 
commonly reported CBD forms within this subgroup. Relief from phys-
ical pain, feeling uptight or anxious, and help with sleep were the top 
three medical reasons for CBD use reported by over a half of CBD- 
dominant users. THC-dominant group reported the lowest prevalence 
of CBD use for medical reasons (except for CBD use to relieve feeling 
uptight or anxious) compared to the other three CBD subgroups. Sleep, 
mood, or other psychological problems followed by pain were the top 
two reported health conditions for CBD use. Proportions of users using 
CBD for pain, sleep, mood, or other psychological problems were lowest 
among THC-dominant users. 

CBD-dominant users, relative to THC-dominant users, reported fewer 
cannabis days (57.3 vs. 64.9, p < 0.05) and hits per day (12.9 vs. 17.5, p 
< 0.05), while more times per day for edible/drinkable/oral cannabis 

Table 1 
Sociodemographic characteristics and health conditions of young adults who use cannabis (n = 239).   

Total n = 239 CBD-dominant n = 101 THC-dominant n = 138  
%(n) %(n) %(n) 

Age, mean (SD) 25.3(2.5) 25.4(2.6) 25.2(2.3) 
Gender/sex at birth 

Male* 61.5(147) 51.5(52) 68.8(95) 
Ethnicity 

Hispanic/Latino 45.1(106) 44.3(43) 45.7(63) 
Non-Hispanic race 

White 27.7(65) 33.0(32) 23.9(33) 
Black/African American 17.4(41) 12.4(12) 21.0(29) 
Multi-Racial 6.4(15) 6.2(6) 6.5(9) 
Asian/Pacific Islander 3.4(8) 4.1(4) 2.9(4) 

Education 
Some college or above 82.0(191) 85.0(85) 79.7(106) 

Annual income 
Below $25,000 46.4(102) 53.2(50) 41.3(52) 

Health conditions in the past 12 months 
Pain (chronic, back pain, migraines)* 39.7(95) 51.5(52) 31.2(43) 
Sleep, mood or other psychological problems (such as insomnia, depression) 54.0(129) 62.4(63) 47.8(66) 
Nausea or other gastrointestinal problems (such as gastritis, peptic ulcer) 21.3(51) 26.7(27) 17.4(24) 
None* 33.5(80) 24.8(25) 39.9(55)  

* p < 0.05. 
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products (5.3 vs. 2.6, p < 0.05) (Table 3). CBD-dominant users were 
more likely to microdose cannabis (55.1 % vs. 35.4 %, p < 0.05), report 
vaping cannabis oil (56.4 % vs. 38.4 %, p < 0.05), use cannabis to relieve 
physical pain (65.3 % vs. 48.6 %, p < 0.05), and self-report medical 
cannabis use (72.7 % vs. 48.0 %, p < 0.01). 

In the adjusted regression models, CBD-dominant product use pre-
dicted greater likelihood of any illicit drug use (AOR = 2.1, p < 0.05) 
(Table 4). The greatest difference was observed for psilocybin use with 
past 90-day prevalence of 19.8 % within CBD-dominant vs. 4.4 % within 
THC-dominant users. About half of the psilocybin users reported it as the 
most frequently used drug in the past 90 days. Among them, majority of 
the CBD-dominant users reported psilocybin use to cope with anxiety, 
depression, or both. 

4. Discussion 

This is the first study characterizing use of CBD products with 
varying CBD content and corresponding CBD forms, health-related 
reasons for CBD use, and examining differences in cannabis use 

characteristics and associations with other drug use among young adults 
who used CBD-dominant and THC-dominant cannabis products. 

The sample consisted of two groups: CBD-dominant (42.3 %) (CBD 
only, Mostly CBD and Half CBD/half THC subgroups) and THC-dominant 
(57.7 %) (Some CBD and THC only subgroups) product users. Earlier 
report on CBD use among adult MCP also indicated that while CBD 
product use was common, THC product use still predominated (Hello, 
2017). Similar to other studies, a majority of CBD-dominant product 
users reported having some college education, annual income below 
$25,000, self-identifying as Hispanic/Latino or non-Hispanic White, and 
were more likely to be female compared to THC-dominant product users 
(Boehnke et al., 2019; Corroon and Phillips, 2018; Hello, 2017; Wheeler 
et al., 2020; Zeiger et al., 2019). While no age differences were observed 
between the two user groups, earlier studies with greater age variability 
within their samples reported an association between CBD use and older 
age (Corroon and Phillips, 2018; Zeiger et al., 2019). 

Consistent with the industry report on CBD use among MCP (Hello, 
2017), flower, oil and edibles were common CBD forms among 
THC-dominant users, while use of CBD creams/topical, 

Table 2 
CBD use practices of young adult CBD users (n = 171).   

CBD-dominant THC-dominant  

CBD only n =
57 

Mostly CBD n =
18 

Half CBD/ half THC n =
26 

Total n =
101 

Some CBD n =
69  

%(n) %(n) %(n) %(n) %(n) 

CBD forms 
Creams/topical 36.8(21) 27.8(5) 15.4(4) 29.7(30) 24.6(17) 
Sprays/drops/tinctures 33.3(19) 38.9(7) 11.5(3) 28.7(29) 17.4(12) 
Oils 29.8(17) 44.4(8) 30.8(8) 32.7(33) 29.0(20) 
Bud/flower/pre-rolled 26.3(15) 50.0(9) 34.6(9) 32.7(33) 42.0(29) 
Drinks 19.3(11) 0.0(0) 26.9(7) 17.8(18) 8.7(6) 
Edibles 17.5(10) 22.2(4) 26.9(7) 20.8(21) 26.1(18) 
Pills/capsules 10.5(6) 5.6(1) 11.5(3) 9.9(10) 5.8(4) 
Concentrates (wax, shatter, dab) 7.0(4) 16.7(3) 11.5(3) 9.9(10) 14.5(10) 
Patch/transdermal 0.0(0) 0.0(0) 0.0(0) 0.0(0) 2.9(2) 

Reasons for CBD use 
To relieve physical pain 61.4(35) 66.7(12) 61.5(16) 62.4(63) 50.7(35) 
To relieve feeling uptight or anxious 52.6(30) 38.9(7) 23.1(6) 42.6(43) 29.0(20) 
To help sleep 42.1(24) 38.9(7) 42.3(11) 41.6(42) 29.0(20) 
To cope with feeling depressed 17.5(10) 16.7(3) 15.4(4) 16.8(17) 11.6(8) 

Health conditions used CBD for 
Pain (chronic, back pain, migraines) 63.2(36) 50.0(9) 57.7(15) 59.4(60) 49.3(34) 
Sleep, mood, or other psychological problems (such as insomnia, 
depression) 

71.9(41) 66.7(12) 57.7(15) 67.3(68) 40.6(28) 

Nausea or other gastrointestinal problems (such as gastritis, peptic 
ulcer) 

28.1(16) 11.1(2) 23.1(6) 23.8(24) 11.6(8) 

None 7.0(4) 5.6(1) 7.7(2) 6.9(7) 26.1(18)  

Table 3 
Cannabis use practices by CBD-dominant and THC-dominant user groups (n = 239).   

Total n = 239 CBD-dominant n = 101 THC-dominant n = 138  
mean(SD) mean(SD) mean(SD) 

Cannabis days* 61.7(33.1) 57.3(33.1) 64.9(32.8) 
Hits per day (pull of a pipe, joint, bong)* 15.5(19.4) 12.9(17.7) 17.5(20.5) 
Time per day for edible/drinkable/oral cannabis products* 3.8(10.6) 5.3(13.4) 2.6(7.7)   

%(n) %(n) %(n) 
Microdosing* 43.9(100) 55.1(54) 35.4(46) 
Vaping cannabis oil* 46.0(110) 56.4(57) 38.4(53) 
Medical Cannabis Patient 11.7(28) 7.9(8) 14.5(20) 
Self-reported medical cannabis use** 58.9(132) 72.7(72) 48.0(60) 
Reasons for cannabis use 

To help sleep 61.5(147) 66.3(67) 58.0(80) 
To relieve physical pain* 55.6(133) 65.3(66) 48.6(67) 
To relieve feeling uptight or anxious 51.0(122) 50.5(51) 51.4(71) 
To cope with feeling depressed 35.1(84) 36.6(37) 34.1(47)  

* p < 0.05. 
** p < 0.01. 
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sprays/drops/tinctures and drinks was more prevalent within subgroups 
of CBD-dominant users. Previous studies found that 
medicinally-oriented CBD-dominant and THC-dominant cannabis use 
was associated with use of topical and sublingual (i.e., sprays/drop-
s/tinctures) forms, which may indicate desire for more prolonged 
therapeutic effects with less or no euphoria (Boehnke et al., 2019; 
Corroon and Phillips, 2018; Jorge et al., 2011; Maccallum and Russo, 
2018). 

Pain was the most prevalent reason for use among CBD-dominant 
product users, which is not surprising given that products with higher 
CBD content were reported to be more effective in pain management 
than THC-dominant products (Hello, 2017). Moreover, there is evidence 
that high THC dosage may even worsen pain (Wallace et al., 2007). 
However, in some cases, THC-dominant products (i.e., flower via 
smoking) may be preferred due to a more rapid pain relief over 
commonly reported oral and topical CBD products with delayed onset 
(Bruni et al., 2018; Hello, 2017). Furthermore, over 90 % of 
CBD-dominant users reported using CBD to treat one or more health 
conditions. Similar to a previous study on young adult CBD users 
(Wheeler et al., 2020), psychological problems followed by pain were 
the most common conditions for CBD use. Importantly, CBD-dominant 
and THC-dominant products have been used for very similar reasons 
and conditions, i.e., sleep, mood problems, and pain (Corroon and 
Phillips, 2018; Hello, 2017; Lankenau et al., 2017a; Tran and Kavuluru, 
2020; Walsh et al., 2013). However, CBD products could be preferred 
over THC-dominant products due to perceived legality (i.e., hemp) and 

better safety profile (i.e., lower addiction potential and lower proba-
bility of experiencing anxiety, paranoia or other THC-related adverse 
effects), and perceived ability to pass a cannabis drug test (Englund 
et al., 2013; Freeman et al., 2019; Schoedel et al., 2018; Wheeler et al., 
2020). 

Overall, compared to THC-dominant users, a greater proportion of 
CBD-dominant users reported using CBD for medical reasons and to treat 
physical or psychological health conditions. Our findings highlight dif-
ferences between CBD-dominant and THC-dominant users and provide 
justification for further analysis focusing on the differences between 
these two groups given the similarities between CBD only, Mostly CBD 
and Half CBD/half THC subgroups. Moreover, the current conceptuali-
zation of CBD use is similar to the earlier industry report that defined 
CBD-dominant products as 1:1 CBD:THC ratio, namely half CBD/half 
THC, or higher (Hello, 2017). 

In terms of differences in cannabis use practices, CBD-dominant users 
reported significantly fewer days of cannabis use and used cannabis 
forms associated with medical uses (i.e., edibles, drinks, and other oral 
products) significantly more times per day, while THC-dominant users 
reported significantly more hits per day when using cannabis forms 
more prevalent among recreational users (i.e., flower via a pipe or joint; 
Boehnke et al., 2019; Corroon and Phillips, 2018; Pacula et al., 2016). 
These findings provide a potential explanation for discrepancies in the 
results from previous studies reporting a negative association between 
medicinal CBD use and regular cannabis use (Corroon and Phillips, 
2018), while a positive association between medicinal orientation and 

Table 4 
Other drug use outcomes by CBD-dominant and THC-dominant user groups (n = 239).   

CBD-dominant n = 101 THC-dominant n = 138   
%(n) %(n) OR (95 % CI) 

Licit drug use 
Alcohol 55.6(55) 52.9(72) 1.1(0.7¡1.9) 
Cigarette 35.4(35) 29.1(39) 1.3(0.8¡2.3) 
E-cigarette1,2,3 22.4(22) 12.5(17) 2.0(0.9¡4.4) 

Prescribed medications 
Any medication1,2 16.8(17) 9.4(13) 1.3(0.6¡3.1) 
Opioids 8.9(9) 3.6(5)  
Tranquilizers 5.9(6) 2.9(4)  
Stimulants 6.9(7) 1.4(2)  
Sleeping pills 4.0(4) 2.2(3)  
Antidepressants 9.9(10) 5.1(7)  

Rx drug misuse 
Any Rx drug misuse1,2,4 21.8(22) 8.0(11) 2.6(1.1¡5.9) 
Opioids 5.9(6) 1.4(2)  
Tranquilizers 5.9(6) 2.9(4)  
Stimulants 5.9(6) 2.9(4)  
Muscle relaxants 6.9(7) 0.7(1)  
Sleeping pills 3.0(3) 0.7(1)  
Antidepressants 2.0(2) 0.7(1)  

Illicit drug use 
Any illicit drug use1,5,* 34.7(35) 19.6(27) 2.1(1.2¡3.9) 
LSD 8.0(8) 4.3(6)  
Psilocybin6 19.8(20) 4.4(6)  
MDMA 7.9(8) 5.1(7)  
GHB 0.0(0) 0.7(1)  
Cocaine 15.0(15) 13.1(18)  
Methamphetamine 1.0(1) 0.0(0)  
Ketamine 2.0(2) 0.7(1)   

* p < 0.05. 
1 Adjusted for non-Hispanic White. 
2 Adjusted for gender. 
3 Adjusted to vaping cannabis oil. 
4 Adjusted for prescribed any medication. 
5 None reported past 12-month use of heroin, fentanyl, crack, synthetic cathinone, synthetic cannabis or salvia. 
6 Highest proportion (11.9 %) of users/misusers illicit/prescription drugs named psilocybin as a drug used most frequently in 

the past 90 days; 55 % (n = 11) of CBD-dominant psilocybin users, 50 % (n = 3) of THC-dominant psilocybin users reported 
psilocybin being the most frequent drug they used in the past 90 days; among them, n = 8 among CBD-dominant users and n = 1 
among THC-dominant users used psilocybin to cope with anxiety or depression or both. 
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more frequent cannabis use (Choi et al., 2017; Metrik et al., 2018), since 
these studies did not differentiate frequency of use between cannabis 
forms with varying CBD:THC concentrations. Additionally, 
CBD-dominant users were more likely to microdose cannabis (e.g., use 
no more than 2.5 mg at a time), suggesting more responsible, functional, 
and medicinally oriented cannabis use (Dussault and Bardi, 2017; 
Johnstad, 2018; Webb et al., 2019). 

Prevalence of other drug use across almost all licit and illicit drugs 
was consistently higher among CBD-dominant users. The greatest dif-
ference in licit drug use was observed for e-cigarette use. This may be 
partially explained by a perceived safety of vaping compared to 
combustible modes (despite recent reports on health hazards of vaping; 
(Mcgee and Goldschmidt, 2019; Saxena et al., 2018), similar to 
CBD-dominant products perceived as being safer than THC-dominant 
products (Chapman and Wu, 2015; Wheeler et al., 2020). 

Greater history of prescribed medications and prescription drug 
misuse among CBD-dominant users is consistent with greater prevalence 
of health conditions within this group. Receiving a prescription 
commonly precedes misuse since medications are frequently misused for 
the same reason that they were prescribed (Lankenau et al., 2012; Lipari 
et al., 2017). Moreover, concurrent use of CBD products and prescription 
medications has been described in the literature as a way to reduce the 
dose of traditional medications that have more serious adverse effects 
(Iffland and Grotenhermen, 2017). Additionally, some users might 
perceive THC-dominant products as more effective for the management 
of specific physical and psychological health conditions than 
CBD-dominant products, therefore, eliminating the need for use and 
misuse of prescription medications. For instance, analgesic properties of 
THC and its role as a substitute for prescription opioids have been well 
established, while evidence on CBD use for pain and its ability to stem 
opioid use is still emerging (Capano et al., 2020; Hill et al., 2017; Khan 
et al., 2019). Furthermore, comparative effectiveness of THC-dominant 
versus CBD-dominant products for a range of health problems is yet to be 
studied (Hello, 2017). Surprisingly, CBD use was associated with illicit 
drug use. In our early reports and other studies, medicinal orientation 
towards cannabis use was consistently protective against illicit drug use 
(Fedorova et al., 2019, 2020a, 2020b; Metrik et al., 2018; Morean and 
Lederman, 2019; Roy-Byrne et al., 2015). On the other hand, medicinal 
uses of CBD-dominant (Corroon and Phillips, 2018; Wheeler et al., 2020) 
and THC-dominant products appear to be common among CBD users. 
Therefore, similar protective effect of CBD use on illicit drug use might 
be expected. Upon closer inspection, the association of CBD use with 
illicit drug use appeared to be driven by psilocybin use. Interestingly, 
almost half of CBD-dominant users reported using psilocybin to cope 
with anxiety or depression or both. Indeed, significant and sustained 
improvement in anxiety and depressive symptoms after psilocybin 
administration was also observed in recent controlled studies (Goldberg 
et al., 2020; Reiche et al., 2018). 

Our findings present several implications for researchers, healthcare 
practitioners and industry workers. Given increasing prevalence of CBD 
use, future studies should explore the efficacy of various CBD forms and 
CBD:THC ratios for treatment of the most prevalent health conditions 
CBD was reported being used for in the current study, including pain, 
anxiety, and sleep problems. Increased rates of prescription and illicit 
drug use and misuse among CBD users call for more research on drug 
interactions, and the extent to which CBD can replace or reduce the use 
of the latter (Sholler et al., 2020; Wheeler et al., 2020). Finally, our study 
showed that CBD product use may have the potential to reduce harms to 
respiratory system associated with cannabis smoking given that CBD 
users reported significantly less frequent use of combustible cannabis 
forms (Ammerman et al., 2015). Health practitioners and dispensary 
staff can educate people who currently use cannabis about 
non-combustible forms of CBD as well as THC products as healthier 
alternatives. 

This study has several limitations that should be noted. First, our 
results may not be generalizable to young adult CBD users in the general 

population since the study sample was not randomly selected, and it was 
comprised of young adults who currently used cannabis. Second, our 
study was conducted in a setting with increased access to CBD products 
with varying CBD:THC ratio, as medical and recreational cannabis use 
are both legal in California. Therefore, our findings may not be appli-
cable to states with less progressive legal environments around cannabis 
use. Third, questions about CBD isolate product use were not included in 
the survey instrument. However, CBD isolate users could select ‘hemp- 
derived CBD (no THC)’ based on the lack of THC in these products. 
Fourth, we did not assess exact CBD:THC ratio of the products used by 
study participants, which might provide with greater insight into CBD’s 
efficacy under naturalistic conditions. However, given that the labeling 
of THC content in CBD products has been found in many cases to be 
incorrect (Bonn-Miller et al., 2017; Care by Design, 2015; Gurley et al., 
2020), the current approach to categorize CBD product type as cate-
gorical or binary seems reasonable, until more reliable standards are 
adhered in the industry. 

5. Conclusions 

The use of CBD-dominant products is relatively common among 
young adults who use cannabis and will likely grow as cannabis markets 
evolve. Our findings demonstrate high prevalence of health conditions 
(i.e., pain, anxiety, sleep problems), and medicinally-oriented CBD and 
cannabis use among young adult CBD-dominant product users. CBD use 
was associated with less frequent cannabis use via combustible modes of 
administration. Association of CBD use with illicit drug use may suggest 
self-medication for psychological problems. Future studies should 
investigate the efficacy of various CBD forms and concentrations for 
specific health conditions in naturalistic settings, drug interactions, and 
CBD’s potential to reduce the use of other substances with less favorable 
safety profiles. 
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