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a b s t r a c t 

Background: There is an expanding unregulated market for a psychotropic compound called ∆8 - 
Tetrahydrocannabinol (delta-8-THC) that is being derived from hemp, but there are no empirical estimates of 
public interest in this compound. 

Methods: To measure public interest, we obtained yearly Google query fractions (QFs) that mentioned delta-8- 
THC (i.e., “delta 8, ” “delta-8, ” or “Δ8 ”) for the past decade (from January 2011 through August 2021) for every 
country and territory in the world and every state in the United States (US) from Google Trends. We also obtained 
the same trends for the last complete month of data for all US states (July 2021) to compare across cannabis use 
policies. We summarized QFs across years, countries, US states and cannabis policies in US states using linear 
regression, means and ratios. We estimated raw search counts for the US using comscore.com. 

Results: The global rate of delta-8-THC searches was stable between 2011 and 2019 before increasing by 257.0% 

from 2019 to 2020 and 705.0% from 2020 to 2021. In 2021, the rate of delta-8-THC searches in the US was at 
least 10 times higher than the rates in other countries or territories. In absolute terms, there were 22.3 million 
delta-8-THC searches in the US in the first 8 months of 2021 alone. Increases in delta-8-THC searches from 2020 
to 2021 occurred in all 50 US states and the District of Columbia (Mean 854.2%; range = 256.4% – 2831.2%) but 
continued to vary substantially between states in 2021. In July 2021, the legal status of delta-9-THC use across 
US states explained 49.0% of the variance in delta-8-THC QFs between US states (R 2 = 0.490; p < 0.001) and 
was inversely associated, where delta-8-THC QFs were higher in jurisdictions with stricter cannabis use policies. 

Conclusion: Public interest in delta-8-THC increased rapidly in 2020 and 2021 and was particularly high in US 
states that restricted delta-9-THC use. Jurisdictions should clarify whether delta-8-THC can be sold as a hemp 
product. 
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There is an expanding unregulated market for a psychotropic com-
ound called ∆8 - Tetrahydrocannabinol (delta-8-THC) that is being de-
ived from hemp (Leas, 2021). Delta-8-THC has a nearly identical chem-
cal structure with the primary psychotropic compound in cannabis
9 -Tetrahydrocannabinol (delta-9-THC) and produces a similar “high ”
 National Center for Biotechnology Information, 2021 ). Most cannabis
trains produce minimal amounts of delta-8-THC, but larger quanti-
ies can be synthesized by chemically converting delta-8-THC from
annabidiol (CBD). The primary method of converting CBD to delta-8-
HC yields a solution that also contains delta-9-THC, and several other
annabis-specific compounds called “cannabinoids ” ( Webster, Sarna &
echoulam, 2004 ). This solution can be processed to remove the delta-
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E-mail address: ecleas@ucsd.edu (E.C. Leas). 
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-THC and other cannabinoids and then added to products such as
andies and vaping products. At present, there is little evidence about
hether toxic or otherwise harmful substances are produced as byprod-
cts of the methods of converting CBD to delta-8-THC and may remain in
he solutions, which makes it unclear if they produce products suitable
or human consumption. This has led some jurisdictions like Colorado,
ne state in the United States (US), to disallow these conversion methods
ven though they permit recreational use of delta-9-THC ( Colorado De-
artment of Public Health & Environment, 2021 ). 

A critical policy question is whether delta-8-THC can be legally syn-
hesized from a non-psychoactive cannabis strain called “hemp. ” To
llow for the industrial uses of hemp, such as making paper or rope
 Cherney & Small, 2016 ), many countries and territories have begun
dopting legal definitions of hemp that are distinct from other cannabis

https://doi.org/10.1016/j.drugpo.2021.103557
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trains ( World Law Group, 2020 ). For example, in 2018 the US Congress
emoved “hemp, ” which it defined as cannabis and cannabis deriva-
ives with ≤ 0.3% delta-9-THC, from the definition of “marijuana ” in
he US Controlled Substances Act ( The United States Senate Commit-
ee on Agriculture, Nutrition & Forestry, 2018 ). However, since hemp
ontains CBD, it can be used as a precursor for synthesizing delta-8-
HC. The methods for converting CBD to THC are not discussed in most
emp laws throughout the world, so the legality of the conversion meth-
ds remain unclear in most jurisdictions. In August 2020, the US Drug
nforcement Agency (DEA) promulgated that the use of any processes
hat create delta-9-THC as a byproduct at any point, which is the case
hen converting CBD to delta-8-THC, are in violation of federal law
 National Archives & Records Administration Office of the Federal Reg-
ster, 2020 ). However, whether the DEA has or will act on this remains
nclear. 

In the absence of clear rulings on the legal status of delta-8-THC,
any opportunistic manufacturers have developed marketing strate-

ies that evade cannabis and hemp laws (Leas, 2021). For example,
ne of the largest delta-8-THC manufactures is headquartered in the US
tate of Indiana, where cannabis remains prohibited both recreationally
nd medicinally (3Chi, 2021). While US states that permit recreational
annabis use require products to be sold by licensed dispensaries, many
anufacturers sell bulk quantities of delta-8-THC and pre-mixed prod-
cts that resemble cannabis products directly through their websites.
ome delta-8-THC manufacturers also have programs to ship their prod-
cts wholesale to retailers, such as gas stations, vape shops and conve-
ience stores that resell products evading licensing program require-
ents. Additional cannabis policies that could be evaded include re-

uirements for potency or contaminant testing, age restrictions, as well
s requirements for packing, labeling, and marketing. 

While the public health issues related to delta-8-THC have been
iscussed in some editorials ( Johnson-Arbor & Smolinske, 2021 ;
eas, 2021 ), we are aware of no empirical estimates of public interest in
elta-8-THC. In this manuscript, we report on public interest for delta-
-THC–as measured in Google searches. Google is used by consumers
o access information and websites to purchase products and provides a
ata stream that is increasingly used by epidemiologists to understand
rends in public interest in health-related topics, products, and behaviors
 Eysenbach, 2011 ). Data on Google searches has been used to study pub-
ic interest in novel psychoactive compounds–including cannabinoids
 Leas et al., 2019 ), synthetic cannabinoids ( Curtis et al., 2015 ) and de-
ices used to ingest cannabinoids such as vapes ( Leas et al., 2021 )–
nding elevated interest in these products prior to availability of con-
rmatory information such as sales records, surveys, and poison control
enter data. Herein, we report on trends in Google search for delta-8-
HC across the US and worldwide. Additionally, because delta-8-THC
roducts escape many cannabis control laws, we assessed whether inter-
st in delta-8-THC was elevated in jurisdictions that had stricter policies
n cannabis use. 

ethods 

ata and measures 

We obtained yearly trends in Google queries that mentioned delta-
-THC (i.e., “delta 8, ” “delta-8, ” or “Δ8 ”) for the past decade (from
anuary 2011 through August 2021) for every country and territory
n the world and every US state (including the District of Columbia)
s well as monthly estimates for all US states for the last month with
omplete data (July 2021) at the time of analysis. All queries were ob-
ained from Google Trends using the Google API Client library in Python
 Google API Client, 2021 ). We removed mentions of “COVID ” and “vari-
nt, ” as the COVID-19 delta variant began spreading during the study
eriod. Google automatically keyword-stems search terms such that all
hrase variations of a keyword are queried. For example, our use of the
eyword “delta-8 ″ would also include the queries “delta-8-THC, ” “delta-
2 
 THC, ” “delta-8 tetrahydrocannabinol, ” etc. Trends in Google queries
ere measured as query fractions (QFs), which estimate the number
f searches that mention delta-8-THC keywords originating in the time
rame and geography divided by the total number searches in the same
ime frame and geography and expressed in per 10 million searches. 

We categorized US states according to the legal status of delta-9-THC
n 4 ways: 1) fully legal medicinal and recreational use ( “fully legal ”),
) medicinally legal and no criminal possession law for non-medicinal
se ( “medicinally legal and decriminalized ”), 3) medicinally legal but a
riminal possession law for non-medicinal use ( “medicinally legal and
riminalized ”), and 4) fully illegal for medicinal and recreational use
 “fully illegal ”). For these comparisons, we restricted our data to the
ast observed month with complete data (July 2021) to account for the
mplementation of state recreational use laws in 2021 (occurring in Con-
ecticut, New Jersey, New Mexico, and New York). Three states had
assed recreational use laws but systems allowing sales were not im-
lemented at the time of analysis (August 2021), so the legal status of
elta-9-THC as of July 2021 was assumed for these: Montana (medici-
ally legal and decriminalized), Virginia (medicinally legal and decrim-
nalized), and South Dakota (fully illegal). 

tatistical analyses 

To quantify growth in interest for delta-8-THC from year-to-year,
e calculated the annual percent increase in QFs [(QF t – QF t-1 )/ QF t-1 ;
here QF is the query fraction, t is the year of interest and t-1 is the pre-

eding year] for all geographies and summarized these using means and
he ranges of values. We calculated QF ratios to compare the relative dif-
erences in QFs between geographies at a given time point [QF t, g1 /QF

, g2 ; where QF is the query fraction, t is the time assessed and g1 and g2
re the geographies being compared]. We used means to summarize the
uery fractions across the legal statuses of delta-9-THC and the ratio of
ean QFs to describe the magnitude of the difference [ Σ𝑄 𝐹 𝑙𝑠 1 

𝑁 𝑙𝑠 1 
/ Σ𝑄 𝐹 𝑙𝑠 2 

𝑁 𝑙𝑠 2 
;

here QF is the query fraction, N is the number of states with the legal
tatus of interest, ls1 and ls2 are the legal statuses of delta-9-THC be-
ng compared]. We describe the percent of the variance in QFs between
S states that was explained by difference in the legal status using an
 

2 statistic, assessed the overall significance with an F Statistic, and as-
essed pairwise significance using Bonferroni-adjusted Student’s t tests.

Finally, because Google does not provide an estimate of the total
umber of searches, we calulated an approximation for the period of
nterest (January 2021 to July 2021) using the following process. First,
e obtained the monthly search total originating from US desktop com-
uters for the month of May 2021 (the most recent estimate available
n August 2021) from comscore.com ( Comscore, 2021 ). We assumed
his monthly desktop search total was constant in our study. Second,
e adjusted this number by the fraction of searches originating from
esktop computers (35%) estimated by the SEO company SISTRIX us-
ng their proprietary database ( SISTRIX, 2021 ). Finally, we calculated
n estimate for the total number of searches during this period using the
ollowing equation: QF p • CS t • N p • AF; where QF p is the query fraction
in this case expressed per 1 search) for the period of interest p, CS t is
he comscore estimate of total monthly desktop search total available at
he time of analysis t, N p is the number of months in the study period p,
nd AF is the adjustment factor for the estimated proportion of Google
earches that originated from desktop computers. 

All calculations were made using R Version 4.0.4 (R Core Team, Vi-
nna, Austria). Because all data were de-identified and publicly avail-
ble, the University of California, San Diego institutional review board
xempted the analyses from review. 

esults 

The global trend in searches for delta-8-THC was stable from 2011
hrough 2019, but then the rate of searches increased by 257.0%
rom 2019 to 2020 and 705.0% from 2020 to January-August in 2021
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Fig. 1. Google Searches for ∆8 -tetrahydrocannabinol 
(a) Highlights yearly Google searches from January 2017 to August 2021 world- 
wide (black line) and for every country in the world (blue lines); (b) highlights 
yearly Google searches from January 2017 to August 2021 for the entire United 
States (black line) and for every US state (blue lines); (c) highlights Google 
searches for July 2021 for all US states by the legal status, where blue squares 
and black lines indicate the mean and 95% CI for the states with each legal sta- 
tus of delta-9-THC in July 2021. Notes: Fully legal = fully legal medicinal and 
recreational use; Medicinally Legal and Decriminalized = medicinally legal and 
no criminal possession law for non-medicinal use; Medicinally Legal and Crimi- 
nalized = medicinally legal but a criminal possession law for non-medicinal use; 
Fully Illegal = fully illegal for medicinal and recreational use; Country and US 
state codes are in the ISO 3166 alpha-2 format: https://www.iso.org/iso3166- 
country-codes.html . 
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 Fig. 1 a ). The growth in the global trend of delta-8-THC searches was
riven predominantly by increases in the US, where the rate of delta-8-
HC searches increased by 466.8% from 2019 to 2020 and by 850.2%
rom 2020 to January-August in 2021. By 2021 (January – August), the
ate of searches for delta-8-THC in the US (QF = 828 per 10 million)
as at least 10 times higher than rate of delta-8-THC searches in any
ther country or territory, with the next closest comparisons to a non-
S territory being Saint Helena, Ascension, & Tristan da Cunha (QF = 78
3 
er 10 million). In absolute terms, there were 22.3 million delta-8-THC
earches in the US in the first eight months of 2021 alone. Increases in
he rate of delta-8-THC searches from 2019 to 2020 occurred in 49 US
tates and the District of Columbia (Mean 608.6%; range = − 56.7% –
734.3%; with Alaska, Arkansas, and North Dakota undefined as they
ad QFs = 0 in 2019) ( Fig. 1 b ). Increases in the rate of delta-8-THC
earches from 2020 to 2021 occurred in all 50 US states and the District
f Columbia (Mean 854.2%; range = 256.4% – 2831.2%). However, in
he first eight months of 2021 the rate of searches varied substantially
etween US states, ranging from a high of 1945 per 10 million in Ten-
essee to a low of 93 per 10 million in Alaska. 

The legal status of delta-9-THC use across US states explained 49.0%
f the variance in delta-8-THC QFs between US states in July 2021
R 

2 = 0.490; p < 0.001) and had an inverse association such that in-
erest in delta-8-THC increased with increasingly stricter cannabis pol-
cy ( Fig. 1 c ). On average, delta-8-THC QFs in states prohibiting delta-9-
HC use were 1.2 times higher than delta-8-THC QFs in states permitting
edicinal use but criminalized non-medicinal possession ( p = 0.76), 1.9

imes higher than delta-8-THC QFs in states permitting medicinal delta-
-THC use and decriminalized non-medicinal possession ( p < 0.001),
nd 2.8 times higher than delta-8-THC QFs in states permitting for both
ecreational and medicinal delta-9-THC use ( p < 0.001). Additionally,
elta-8-THC QFs in states permitting medicinal delta-9-THC use but
riminalized non-medicinal possession were 1.5 times higher than in
tates permitting medicinal use and decriminalized non-medicinal pos-
ession ( p < 0.16) and were 2.3 times higher than delta-8-THC QFs
n states where delta-9-THC was permitted for both recreational and
edicinal use ( p = 0.003). Finally, delta-8-THC QFs in states permit-

ing medicinal use and decriminalized non-medicinal possession were
.5 times higher than delta-8-THC QFs in states where delta-9-THC was
ermitted for both recreational and medicinal use ( p = 0.54). 

iscussion 

Public interest in delta-8-THC increased rapidly in 2020 and 2021
nd nearly exclusively occurred in the US. Interest in delta-8-THC first
egan increasing the year after the US Congress removed hemp from the
efinition of marijuana in the US Controlled Substances Act ( The United
tates Senate Committee on Agriculture, Nutrition & Forestry, 2018 ) and
ncreased in every US state from 2020 to 2021. Yet, by 2021 public in-
erest in delta-8-THC varied considerably across US states. About half
f the variation in interest between US states was explained by differ-
nces in the legal status of delta-9-THC across states and was inversely
ssociated with progressively stricter policies governing delta-9-THC. 

The growth in searches following legalization of hemp in the US as
ell as the greater interest in US States with more restrictive delta-9-
HC policies suggests that delta-8-THC may be meeting a demand for

egal use of THC in markets that do not permit use of delta-9-THC. The
ne-year lag following the legalization of hemp could potentially be
xplained by a need for developing an infrastructure to produce and
hip delta-8-THC products. For example, one manufacturer claims to
ave created “USA’s first federally legal THC-dominant product since
annabis prohibition started, ” after it developed a method of synthesiz-
ng delta-8-THC in September of 2019 (3Chi, 2021). By 2021, hundreds
f Delta-8-THC manufacturers existed throughout the US, and many of-
ered to ship products to consumers and wholesale to retailers in states
hat did not permit use of delta-9-THC ( Leas, 2021 ). 

These findings should be confirmed and expanded by additional
ethods of surveillance. Collecting and analyzing health surveys, poi-

on control center and emergency room admissions data would help de-
ermine who is using delta-8-THC products and whether there are any
dverse events associated with use. Conducting qualitative studies or
nalyzing other web data sources such as forums could help uncover
ow and why individuals are using delta-8-THC products. Analyses of
ales channels such as e-commerce, sales records and marketing could

https://www.iso.org/iso3166-country-codes.html
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elp identify delta-8-THC retailer’s and manufacturer’s distribution and
ales tactics and how these might be appropriately regulated. 

While public interest in delta-8-THC appeared concentrated in the
S, these findings have broader implications. Already, some delta-8-
HC manufacturers have opened offices in Europe–e.g., one manufac-
urer has offices in the United Kingdom ( Just Delta, 2021 ). Jurisdictions
utside the US as well as those within should clarify whether the meth-
ds of converting cannabinoids to THC compounds are legal under hemp
nd cannabis laws. We recommend a public-health-focused approach
hat clarifies definitions of THC compounds to include delta-8-THC and
ther THC isomers and disallows the use of methods that convert CBD
o THC, at least until these can be determined to be safe ( Leas, 2021 ). 

unding sources 

Dr. Leas acknowledges salary support from grant R21DA051356 , Dr.
obles from grant K25DA049944 and Dr. Shi from grant R01DA049730 ;
ll from the National Institute on Drug Abuse. The study sponsors took
o part in the study design; collection, analyses and interpretation
f data; the writing of the manuscript; or the decision to submit the
anuscript for publication. 

thics approval 

The authors declare that the work reported herein did not require
thics approval because it did not involve animal or human participa-
ion. 

eclarations of Interest 

The authors declare that they have no known competing financial
nterests or personal relationships that could have appeared to influence
he work reported in this paper. 

eferences 

herney, J., & Small, E. (2016). Industrial hemp in North America: Production, politics

and poten tial. Agronomy, 6 (4), 58. 10.3390/agronomy6040058 . 
4 
olorado Department of Public Health & Environment. (2021). Re: production and/or use

of chemically modified or converted industrial hemp cannabinoids May 14. Google Docs
https://drive.google.com/file/d/1KQfILbG46j3iDZ5kc1k1Kcng2-lFZCIG/view . 

omscore. (2021). Comscore explicit core search query report (Desktop only) May 2021vs

June 2021 . Comscore, Inc https://www.comscore.com/Insights/Rankings . 
urtis, B. , Alanis-Hirsch, K. , Kaynak, Ö. , Cacciola, J. , Meyers, K. , & McLellan, A. T. (2015).

Using web searches to track interest in synthetic cannabinoids (aka ‘herbal incense’).
Drug and Alcohol Review, 34 (1), 105–108 . 

ysenbach, G. (2011). Infodemiology and infoveillance: Tracking online health informa-
tion and cyberbehavior for public health. American Journal of Preventive Medicine,

40 (5), S154–S158 . 
oogle API Client. (2021). [Python]. Google APIs. https://github.com/googleapis/

google- api- python- client 
ohnson-Arbor, K., & Smolinske, S. (2021). The current state of delta-8 THC. The American

Journal of Emergency Medicine S0735675721005520. 10.1016/j.ajem.2021.06.066 . 
ustDelta. (2021,. September 3). Just delta. https://justdeltastore.com/ 
eas, E. C. (2021). The hemp loophole–A need to clarify the legality of delta-8-THC

and other hemp-derived tetrahydrocannabinol compounds. American Journal of Public

Health , e1–e5 no.:. 10.2105/AJPH.2021.306499 . 
eas, E. C., Moy, N. H., Nobles, A. L., Ayers, J., Zhu, S.-. H., & Purushothaman, V. (2021).

Google shopping queries for vaping products, JUUL and IQOS during the E-cigarette,
or Vaping, product use Associated Lung Injury (EVALI) outbreak. Tobacco Control

tobaccocontrol-2021-056481. 10.1136/tobaccocontrol-2021-056481 . 
eas, E. C. , Nobles, A. L. , Caputi, T. L. , Dredze, M. , Smith, D. M. , & Ayers, J. W. (2019).

Trends in internet searches for cannabidiol (CBD) in the United States. JAMA Network

Open, 2 (10) e1913853-e1913853 . 
ational Archives and Records Administration Office of the Federal Regis-

ter. 85 FR 51639 - Implementation of the agriculture improvement act
of 2018. govinfo.gov. Published August 21, (2020). Accessed July 22,
2021. https://www.govinfo.gov/app/details/FR-2020-08-21/https%3A%2F%2F
www.govinfo.gov%2Fapp%2Fdetails%2FFR-2020-08-21%2F2020-17356 

ational Center for Biotechnology Information. (2021). PubChem compound sum-
mary for CID 638026, delta8-tetrahydrocannabinol. https://pubchem.ncbi.nlm.nih.
gov/compound/638026 

ISTRIX. (2021). The proportion of mobile searches is more than you
think —What you need to know. https://www.sistrix.com/blog/the-
proportion-of-mobile-searches-is-more-than-you-think-what-you-need-to-know/ 

he United States Senate Committee On Agriculture. (2018). Nutrition & Forestry. (2018,

December 20) . Farm Bill https://www.agriculture.senate.gov/2018-farm-bill . 
ebster, G.R., .Sarna, L., & Mechoulam, R. (2004). Conversion of cbd to delta8-

thc and delta9-thc (United States Patent No. US20040143126A1). https://patents.
google.com/patent/US20040143126A1/en 

orld Law Group. (2020). Global report on cannabis policy. https://www.
theworldlawgroup.com/writable/documents/news/2.8.2021-Cannabis-Guide.pdf 

https://doi.org/10.3390/agronomy6040058
https://drive.google.com/file/d/1KQfILbG46j3iDZ5kc1k1Kcng2-lFZCIG/view
https://www.comscore.com/Insights/Rankings
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0004
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0005
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0005
https://github.com/googleapis/google-api-python-client
https://doi.org/10.1016/j.ajem.2021.06.066
https://justdeltastore.com/
https://doi.org/10.2105/AJPH.2021.306499
https://doi.org/10.1136/tobaccocontrol-2021-056481
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
http://refhub.elsevier.com/S0955-3959(21)00475-8/sbref0011
https://pubchem.ncbi.nlm.nih.gov/compound/638026
https://www.sistrix.com/blog/the-proportion-of-mobile-searches-is-more-than-you-think-what-you-need-to-know/
https://www.agriculture.senate.gov/2018-farm-bill
https://patents.google.com/patent/US20040143126A1/en
https://www.theworldlawgroup.com/writable/documents/news/2.8.2021-Cannabis-Guide.pdf

	Public interest in &#x2206;8-Tetrahydrocannabinol (delta-8-THC) increased in US states that restricted &#x2206;9-Tetrahydrocannabinol (delta-9-THC) use
	Background
	Methods
	Data and measures
	Statistical analyses

	Results
	Discussion
	Funding sources
	Ethics approval
	Declarations of Interest
	References


