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Abstract
Introduction  This study investigated exposures involving ∆8-tetrahydrocannabinol (∆8-THC) reported to US poison centers 
(PCs), including variation among states and regions. It evaluated whether the ∆8-THC exposure rate was lower among states 
with ∆8-THC regulations and states where cannabis (∆9-THC) use was legal.
Methods  National Poison Data System data for ∆8-THC exposures in 2021–2022 were analyzed, including comparisons of 
state and regional population-based exposure rates.
Results  There were 4,925 exposures involving ∆8-THC as the primary substance reported to US PCs from January 1, 
2021, to December 31, 2022, with 69.8% of these reported in the US South. The rate of exposure per 100,000 US popula-
tion increased by 79.2% from 0.53 in 2021 to 0.95 in 2022. In 2022, the mean rate of ∆8-THC exposures in states where 
cannabis use was illegal was 1.64 per 100,000 population (95% CI: 1.08–2.20) compared with 0.52 (95% CI: 0.29–0.76) in 
states where cannabis use was legal (P = 0.0010). In 2022, the mean rate of ∆8-THC exposures in states where ∆8-THC was 
unregulated was 1.36 per 100,000 population (95% CI: 0.95–1.77) compared with 0.17 (95% CI: 0.06–0.27) in states where 
∆8-THC was banned (P < 0.0001).
Conclusions  The rate of ∆8-THC exposures reported to US PCs increased by 79% from 2021 to 2022, with the US South 
accounting for more than two-thirds of exposures. The rate of ∆8-THC exposures reported to PCs was significantly lower 
among states where ∆8-THC was banned and among states where cannabis use was legal. Consistent regulation of ∆8-THC 
across all states should be adopted.
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Introduction

The Agriculture Improvement Act (known as the Farm 
Bill) of 2018 legalized hemp and hemp compounds and 
derivatives containing < 0.3% ∆9-tetrahydrocannabinol 
(∆9-THC), which is the main psychoactive substance in 
cannabis [1, 2]. Following passage of the Farm Bill, hemp 
production increased by 445%, leading to a hemp surplus 
and decrease in cannabidiol (CBD) prices [3] These cir-
cumstances resulted in a rapid increase in the manufac-
ture of synthetic tetrahydrocannabinol (THC) substances 
from CBD that have psychoactive effect profiles similar to 
∆9-THC [3]. One of these substances is ∆8-tetrahydrocan-
nabinol (∆8-THC), which is available in edibles, beverages, 
vaping products, and other goods widely sold in stores, gas 
stations, and online, often without minimum age or age 
verification requirements [4–7]. Clinical effects of ∆8-THC 
include bradycardia, respiratory depression, slurred speech, 
lethargy, and coma [4, 5].

In a 2023 cross-sectional survey using a national prob-
ability sample of United States (US) adults, the prevalence 
of ∆8-THC use was estimated to be 11.9% [8]. Another 
national survey of twelfth grade students in 2023 found that 
11.4% self-reported use of ∆8-THC in the past year, and 
more than one-third of those reported that they used it more 
than ten times during that period [9]. In part, because the 
manufacturing, labeling, and packaging of ∆8-THC are not 
regulated by the US Food and Drug Administration, a host 
of safety issues associated with ∆8-THC products has been 
documented, including contamination with other cannabi-
noids, heavy metals, solvents, and pesticides; inaccurate 
or incomplete product labeling; and lack of child-resistant 
packaging [3, 5–7, 10, 11]. The absence of federal regulatory 
oversight and the growing popularity and use of ∆8-THC 
have led 15 states to ban ∆8-THC and an additional 9 states 
to restrict its use [2, 5, 9, 12, 13].

Despite public health concerns, there has been relatively 
little research on ∆8-THC [5, 14], including on US state 
and regional variations and how state regulations may influ-
ence the public health impact of ∆8-THC. Two studies have 
reported on the associations between state regulation of 
∆8-THC or ∆9-THC and self-reported ∆8-THC use; how-
ever, their study designs had limitations related to potential 
bias and poor generalizability [8, 9]. One of these studies 
included only twelfth grade students in a sample that did not 
include all US states [9], and the other study was a survey of 
adults 18 years or older (median age: 48; interquartile range: 
33–63 years) with a completion rate of 17.5% [8]. The 
objective of our study was to investigate exposures involv-
ing ∆8-THC reported to US poison centers (PCs), with an 
emphasis on state and regional variations. We hypothesized 
that the rate of reported ∆8-THC exposures was lower 

among states with ∆8-THC regulations and among states 
where cannabis (∆9-THC) use was legal.

Methods

Data Sources

Data from the National Poison Data System (NPDS) were 
analyzed in this retrospective observational study. The 
NPDS is maintained by America’s Poison Centers and com-
prises data from calls to regional PCs that are uploaded in 
near real-time. Product codes for ∆8-THC were introduced 
into the NPDS in late 2020. Population estimates for 2021 
and 2022 were obtained from the US Census Bureau and 
were used to calculate ∆8-THC exposure rates (including 
state-specific and US region-specific exposure rates) per 
100,000 US population. This study was determined to be 
exempt from approval by the institutional review board at 
the authors’ institution.

Inclusion and Exclusion Criteria

This study included exposures involving ∆8-THC as the pri-
mary substance reported to the NPDS from the 50 US states 
and District of Columbia from January 1, 2021, through 
December 31, 2022. The primary substance is the substance 
that was most likely to be responsible for the observed clini-
cal effects, based on the judgment of Specialists in Poison 
Information at a PC. Exposures with a medical outcome of 
“confirmed non-exposure” or a reason for exposure identi-
fied as “adverse reaction - food” were excluded from the 
study. One fatality involving ∆8-THC was excluded from 
analyses by consensus reached by our study team because 
it was unlikely to be related to the death based on informa-
tion included in the de-identified case narrative provided by 
America’s Poison Centers from the reporting PC. It involved 
the single-substance ingestion of a ∆8-THC gummy two 
days prior to contacting the PC and hospital admission, 
and NPDS records indicated that all clinical effects were 
“unknown if related” to ∆8-THC.

Variables

Study variables included year, age group, sex, route of 
exposure (ingestion, inhalation, or other), reason for expo-
sure, exposure type (single-substance or multiple-substance 
exposure), US region (Northeast, Midwest, South, and West) 
[15] (Appendix 1), highest level of health care received, and 
medical outcome. Age groups were categorized as 1) < 6 
years (young children), 2) 6–19 years (children/teenagers), 
3) 20–59 years (adults), and 4) > 59 years (older adults). 
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We used the NPDS [16] categories for reason for exposure: 
(1) unintentional-general, (2) unintentional-other (includes 
environmental/occupational/misuse), (3) unintentional-
unknown, (4) intentional-suspected suicide, (5) intentional-
misuse, (6) intentional-abuse, (7) intentional-unknown, (8) 
other, and (9) unknown.

We also used the NPDS [16] categories for highest level 
of health care received:1) no healthcare facility (HCF) treat-
ment received, 2) treated/evaluated and released, 3) admit-
ted to a critical care unit (CCU), 4) admitted to a non-CCU, 
5) admitted to a psychiatric facility, 6) patient refused refer-
ral/did not arrive at a HCF, or 7) patient lost to follow-up/
left against medical advice/unknown. Exposures with man-
agement site coded as “unknown” were included in the “lost 
to follow-up/left against medical advice/unknown” cat-
egory, and this category was considered as unknown during 
analyses.

We analyzed medical outcomes as defined by the NPDS 
[16]: (1) no effect, (2) minor effect (minimal symptoms 
that generally resolve rapidly), (3) moderate effect (more 
pronounced, prolonged, or systemic symptoms than minor 
effect), (4) major effect (symptoms are life-threatening or 
result in significant disability or disfigurement), (5) death, 
(6) not followed (minimal clinical effects possible), (7) unre-
lated effect, or (8) unable to follow (judged as potentially 
toxic exposure). The category, “unable to follow (judged as 
potential toxic exposure),” was considered unknown during 
analyses.

Consistent with the categorization by Harlow, et al. [9], 
the 50 US states and District of Columbia were grouped 
according to the status of their ∆8-THC regulations prior to 
January 1, 2023, which yielded three groups: (1) ∆8-THC 
unregulated by the state, (2) ∆8-THC banned by the state, 
and (3) ∆8-THC restricted (but not banned) by the state, 
including restriction of legal use to individuals 21 years and 
older and banning products containing > 0.3% of any form 
of THC (Appendix 2). In addition, based on the categories 
used by the National Conference of State Legislatures [17], 
the status of cannabis (∆9-THC) legalization for the 50 
US states and District of Columbia was stratified into six 
groups: (1) cannabis use is illegal, (2) low ∆9-THC, high 
CBD product use is legal, (3) only medical cannabis use 
is legal, (4) transitioning to legal medical cannabis use, (5) 
transitioning from legal medical cannabis use to legal recre-
ational cannabis use, and (6) both medical and recreational 
cannabis use is legal. The definition of “low ∆9-THC, high 
CBD product” varies among state laws. In this study, “tran-
sitioning” to a new cannabis legalization status means that a 
new law went into effect during the study period. For analy-
ses, these six groups were combined into the categories: (1) 
“cannabis use illegal,” which included states where canna-
bis use was illegal and states where only low ∆9-THC, high 

CBD product use was legal and (2) “cannabis use legal,” 
which included states where medical cannabis use was 
legal, states transitioning from legal medical cannabis to 
legal recreational cannabis use, and states where both medi-
cal and recreational cannabis use was legal. States that were 
transitioning to legal medical cannabis use were grouped in 
a third category, called “transition states,” that represented 
states moving from illegal to legal medical cannabis use 
during the study period. This transition category was used 
in sensitivity analyses (Appendix 3).

Statistical Analysis

Statistical analyses were performed using SAS 9.4 (SAS 
Institute, Inc. Cary, North Carolina) and IBM SPSS Statis-
tics 28.0 (IBM Corporation, Armonk, New York) software. 
Initially, descriptive statistics were used to characterize the 
data prior to performing inferential statistics. ∆8-THC expo-
sure rates were compared between groups of states based on 
their ∆8-THC regulation status and their ∆9-THC legaliza-
tion status. First, the mean rate of exposure to Δ8-THC per 
100,000 US population was compared between states where 
Δ8-THC was unregulated versus states where it was banned 
using the Mann Whitney U-test for each year in our study. 
Sensitivity analyses were performed by repeating the com-
parisons while adding states where Δ8-THC was restricted 
to either the unregulated states or states that banned 
Δ8-THC. Second, the mean rate of exposure to Δ8-THC per 
100,000 US population was compared between states where 
cannabis (Δ9-THC) use was illegal versus states where it 
was legal during the study period using the Mann-Whitney 
U-test for each year in our study. Sensitivity analyses were 
performed by repeating the comparisons while adding tran-
sition states to either the cannabis illegal or cannabis legal 
categories. The non-parametric Mann-Whitney U-test was 
used because the mean rates of exposure from these inde-
pendent samples of states were not normally distributed 
based on the Shapiro-Wilk test for normality. The level of 
significance for all comparisons was a = 0.05.

Results

There were 4,925 exposures involving ∆8-THC as the 
primary substance reported to US PCs during 2021 and 
2022. The number of exposures increased by 82.1% from 
1,746 exposures in 2021 to 3,179 in 2022, and the rate of 
∆8-THC exposures per 100,000 US population increased by 
79.2% from 0.53 in 2021 to 0.95 in 2022. The 20-59-year-
old age group accounted for 40.5% of exposures, followed 
by < 6-year-olds (30.4%) and 6-19-year-olds (24.4%). 
Most cases were single-substance exposures (94.3%) or 
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moderate effects were proportionately less common in 
the West (22.0%) than in the Midwest (32.4%), Northeast 
(34.5%), or South (37.3%) regions. Individuals experi-
encing major effects demonstrated a similar pattern, with 
a slightly lower proportion in the West (1.1%) than in the 
Midwest (2.5%), Northeast (2.6%), or South (3.1%) regions 
(Table 2).

The rate of ∆8-THC exposures per 100,000 US popula-
tion increased in all four US regions from 2021 to 2022, 
with the highest rate observed in the South, followed by 
the Midwest (Appendix 4). However, the greatest percent-
age increase in the rate occurred in the West (100.0%; 0.01 
in 2021 to 0.02 in 2022) and the Northeast (100.0%; 0.03 
in 2021 to 0.06 in 2022), followed by a 90.9% increase in 
the Midwest (0.11 in 2021 to 0.21 in 2022) and a 71.1% 
increase in the South (0.38 in 2021 to 0.65 in 2022).

State Comparisons Based on ∆8-THC Regulation 
Status

In 2022, the mean rate of exposures involving ∆8-THC in 
states where ∆8-THC was unregulated was 1.36 per 100,000 
population (95% CI: 0.95–1.77), with a median of 1.28 
(95% CI: 0.53–2.22); the mean rate of exposures in states 
where ∆8-THC was banned was 0.17 (95% CI: 0.06–0.27), 
with a median of 0.08 (95% CI: 0.06–0.18). There was a sta-
tistically significant difference in the mean rate of exposures 
between states where ∆8-THC was unregulated and states 
where ∆8-THC was banned (Mann-Whitney, P < 0.0001). 
During a sensitivity analysis, there was relatively minor 
change in these values when the states where ∆8-THC was 
restricted (but not banned) were added to either the states 
where ∆8-THC was unregulated or states where ∆8-THC 
was banned. The analyses involving rates for 2021 did not 
differ substantially from those for 2022, although the rates 
in 2021 were lower than in 2022 (Table 3).

The rate of ∆8-THC exposures increased from 2021 
to 2022 among all three state groups irrespective of their 
∆8-THC regulation status. There was a 77.8% increase 
in the rate among states where ∆8-THC was unregulated, 
200.0% increase among states where ∆8-THC was banned, 
and 100.0% increase among states where ∆8-THC was 
restricted (but not banned) (Appendix 5).

State Comparisons Based on Cannabis (∆9-THC) 
Legalization Status

In 2022, the mean rate of exposures involving ∆8-THC in 
states where cannabis (∆9-THC) use was illegal was 1.64 
per 100,000 population (95% CI: 1.08–2.20), with a median 
of 1.88 (95% CI: 0.34–2.46); the mean rate of ∆8-THC 
exposures in states where cannabis use was legal was 0.52 

ingestions (94.3%) (Table  1). The reason for exposure 
was most commonly unintentional-general (39.8%), fol-
lowed by abuse (33.3%); however, this varied by age with 
the unintentional-general category accounting for 99.2% 
of exposures among < 6-year-olds and intentional reasons 
accounting for most exposures among older age groups. 
Most ∆8-THC exposures (52.4%) were treated/evaluated 
and released, although 15.5% were admitted to either a non-
CCU or CCU. Children < 6 years old accounted for 50.0% 
of non-CCU admissions and 57.8% of CCU admissions, 
as well as 27.7% of moderate and 32.5% of major medical 
outcome effects. Individuals most commonly experienced 
the medical outcomes of minor effect (38.6%), followed by 
moderate effect (35.6%) and major effect (2.9%) in associa-
tion with ∆8-THC exposures. The one reported fatality was 
a 2-year-old boy with a single-substance, unintentional-gen-
eral exposure. A case narrative was requested, but not avail-
able, from the reporting PC, and the relative contribution to 
fatality determination awaits completion of review by the 
America’s Poison Centers.

Variations Among US States and Regions

Figure 1 illustrates the variation in ∆8-THC exposure rates 
among states and the increases in rates from 2021 to 2022. 
There were exposures reported from every state and the Dis-
trict of Columbia during the study period. In 2021, South 
Dakota was the state with the highest exposure rate per 
100,000 population (2.12), followed by Minnesota (2.00), 
Alabama (1.90), and West Virginia (1.90). In 2022, Ala-
bama was the state with the highest exposure rate (3.35), 
followed by South Dakota (3.19), Tennessee (2.82), and 
West Virginia (2.82). More than two-thirds (69.8%) of 
reports to US PCs involving ∆8-THC were in the South, fol-
lowed by the Midwest (22.2%), Northeast (5.8%), and West 
(2.2%) (Table 2). Adults 20–59 years old accounted for the 
most reported exposures in the South (41.1%) and Midwest 
(42.4%) regions, while < 6-year-olds accounted for the most 
exposures in the West (41.4%). Ingestions accounted for 
most exposures in all regions (95.6% South, 92.5% Mid-
west, 95.1% Northeast, and 91.6% West). More than half 
of the exposures (70.5%) associated with ingestion were 
reported in the South, followed by the Midwest (21.6%) 
(Table 2). Abuse was the most common reason for exposure 
in the Midwest (40.4%), whereas unintentional-general was 
the most common in the other regions (Northeast 43.2%, 
South 41.3%, and West 50.5%).

The proportion of individuals admitted to either a non-
CCU or CCU in association with a reported ∆8-THC expo-
sure was lower in the West (6.6%) than in the Midwest 
(15.7%), Northeast (13.4%), or South (15.9%) regions. 
Among medical outcomes, individuals experiencing 
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Characteristics Age Groups
< 6 Years 6–19 Years 20–59 Years > 59 Years Unknown Total
n (%)a n (%)a n (%)a n (%)a n n (%)a

Sex
  Male 748 (52.4) 577 (50.4) 920 (48.1) 88 (39.6) 94 2,427 (49.7)
  Female 679 (47.6) 568 (49.6) 994 (51.9) 134 (60.4) 84 2,459 (50.3)
  Unknown 11 13 5 1 9 39
Type of Exposure
  Single-substance 1,406 (97.8) 1,112 (96.0) 1,736 (90.5) 208 (93.3) 180 4,642 (94.3)
  Multiple-substance 32 (2.2) 46 (4.0) 183 (9.5) 15 (6.7) 7 283 (5.7)
Route of Exposureb

  Ingestion 1,370 (95.5) 1,075 (93.3) 1,813 (95.1) 219 (98.6) 169 4,646 (94.8)
  Inhalation/nasal 74 (5.2) 90 (7.8) 123 (6.4) 5 (2.3) 16 308 (6.3)
  Other c 52 (3.6) 51 (4.4) 103 (5.4) 14 (6.3) 8 228 (4.7)
  Unknown 3 6 12 1 3 25
Reason for Exposure
  Unintentional 1,431 (99.9) 498 (44.0) 200 (10.6) 67 (30.6) 41 2,237 (46.0)
    Unintentional - General 1,421 (99.2) 374 (33.0) 92 (4.9) 24 (11.0) 24 1,935 (39.8)
    Unintentional – Other d 8 (0.6) 121 (10.7) 107 (5.6) 42 (19.2) 17 295 (0.1)
    Unintentional - Unknown 2 (0.1) 3 (0.3) 1 (0.1) 1 (0.5) 0 7 (0.1)
  Intentional 0 (0.0) 586 (51.8) 1,327 (70.0) 88 (40.2) 88 2,089 (42.9)
    Intentional - Suspected suicide 0 (0.0) 32 (2.8) 66 (3.5) 4 (1.8) 0 102 (2.1)
    Intentional - Misuse 0 (0.0) 82 (7.2) 173 (9.1) 15 (6.8) 10 280 (5.8)
    Intentional - Abuse 0 (0.0) 447 (39.5) 1,030 (54.4) 68 (31.1) 77 1,622 (33.3)
    Intentional - Unknown 0 (0.0) 25 (2.2) 58 (3.1) 1 (0.5) 1 85 (1.7)
  Other e 2 (0.1) 48 (4.2) 368 (19.4) 64 (29.2) 56 538 (11.1)
  Unknown reason 5 26 24 4 2 61
Highest Level of Health Care Received
  No HCF treatment received 186 (14.6) 186 (17.9) 462 (26.5) 68 (32.7) 105 1,007 (22.8)
  Treated/ evaluated and released 585 (45.9) 627 (60.2) 981 (56.2) 103 (49.5) 15 2,311 (52.4)
  Admitted to a HCF 358 (28.1) 152 (14.6) 182 (10.4) 28 (13.5) 2 722 (16.4)
    Admitted to a CCU 133 (10.4) 45 (4.3) 45 (2.6) 7 (3.4) 1 231 (5.2)
    Admitted to a non-CCU 225 (17.6) 99 (9.5) 111 (6.4) 21 (10.1) 0 456 (10.3)
    Admitted to psychiatric facility 0 (0.0) 8 (0.8) 26 (1.5) 0 (0.0) 1 35 (0.8)
  Patient refused referral/ did not arrive at HCF 146 (11.5) 76 (7.3) 121 (6.9) 9 (4.3) 18 370 (8.4)
  Patient lost to follow-up/ left against medical 
advice/unknown

163 117 173 15 47 515

Medical Outcome
  No effect 159 (13.3) 62 (6.2) 19 (1.1) 4 (1.9) 9 253 (5.9)
  Minor effect 465 (38.8) 452 (45.2) 599 (35.1) 94 (44.8) 32 1,642 (38.6)
  Moderate effect 416 (34.7) 333 (33.3) 691 (40.5) 62 (29.5) 14 1,516 (35.6)
  Major effect 40 (3.3) 24 (2.4) 55 (3.2) 4 (1.9) 0 123 (2.9)
  Death 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 1 (0.0)
  Not followed f 112 (9.3) 117 (11.7) 312 (18.3) 40 (19.0) 80 661 (15.5)
  Unrelated effect 6 (0.5) 13 (1.3) 30 (1.8) 6 (2.9) 3 58 (1.4)

Table 1  Characteristics of exposures involving delta-8 THC reported to the national poison data system by united states region 2021–2022

1 3

393



Journal of Medical Toxicology (2024) 20:389–400

Although ∆8-THC products are intended for use by 
adults, children represented more than half of exposures 
(30% were < 6 years old and 24% were 6–19 years old), 
and children < 6 years old accounted for half of non-CCU 
admissions and 58% of CCU admissions, as well as 28% 
of moderate and approximately one-third of major medi-
cal outcomes. The high proportion of hospital admissions 
and serious medical outcomes among young children may 
be attributable, in part, to the relatively greater ∆8-THC 
dose per body weight among pediatric exposures compared 
with adult exposures [20, 21]. This is likely exacerbated 
by young children mistaking edible ∆8-THC products for 
food or candy, the presence of multiple doses in one prod-
uct package (some totaling hundreds of milligrams), and the 
delay in onset of clinical effects that allows continued con-
sumption of the product before the child or caregivers notice 
that something is wrong [21, 22]. In addition, minors can 
readily access ∆8-THC, which is often marketed in ways 
that appeal to teenagers, can often be obtained without age 
verification, and typically costs less than ∆9-THC [6, 7, 23].

The number and characteristics of ∆8-THC exposures 
reported to PCs varied widely by US region. The South 
accounted for 70% of exposures, followed by the Midwest 
(22%), while the Northeast and West represented only 6% 
and 2%, respectively. These findings are consistent with 
those of a survey of selected twelfth grade students, which 
found that reported ∆8-THC use was higher in the South 
and Midwest [9]. The age distribution of exposed individu-
als and the reason for exposure also varied by region in our 
study, with children < 6 years old and the exposure reason 
“unintentional – general” (which represents exploratory 
behavior in this age group) more common in the West, while 
20-59-year-olds and “abuse” more common in the Midwest 
and South. The proportion of exposures that were admitted 

(95% CI: 0.29–0.76), with a median of 0.21 (95% CI: 0.14–
0.53). There was a statistically significant difference in the 
mean rate of exposures between states where cannabis use 
was illegal and states where cannabis use was legal (Mann-
Whitney, P = 0.0010). During a sensitivity analysis, there 
was relatively minor change in these values when transi-
tion states were added to either group of states where can-
nabis use was illegal or legal. The analyses involving rates 
for 2021 did not differ substantially from those for 2022, 
although the rates in 2021 were lower than in 2022 (Table 4).

The rate of ∆8-THC exposures increased from 2021 to 
2022 for each of the three groups of states based on cannabis 
legalization status, with the greatest increase (100.0%) seen 
among transition states, followed by 78.6% in states where 
cannabis use was illegal and 76.2% in states where cannabis 
use was legal (Appendix 6).

Discussion

The US Drug Enforcement Administration issued an interim 
final rule in August 2020 to clarify the Farm Bill, indicating 
that ∆8-THC and other synthetically derived tetrahydrocan-
nabinols were Schedule I controlled substances; however, 
there continues to be widespread sale and use of ∆8-THC 
[4, 18, 19]. Our study demonstrated a 79% increase in the 
rate of reported ∆8-THC exposures to US PCs from 2021 
to 2022. Although most ∆8-THC exposures (52%) were 
treated/evaluated and released, a notable 16% were admit-
ted to either a non-CCU or CCU. ∆8-THC exposures were 
commonly associated with a minor effect (39%) or moder-
ate effect (36%), with a minority experiencing a major effect 
(3%).

Characteristics Age Groups
< 6 Years 6–19 Years 20–59 Years > 59 Years Unknown Total
n (%)a n (%)a n (%)a n (%)a n n (%)a

  Unknown g 239 157 213 13 49 671
Total (%)h 1,438 (30.4) 1,158 (24.4) 1,919 (40.5) 223 (4.7) 187 4,925 

(100.0)
Abbreviations: CCU - critical care unit, HCF - healthcare facility, THC - tetrahydrocannabinol
a Column percentages may not sum to 100.0% because of rounding error
b Multiple routes of exposures may be reported for each case; therefore, double-counting occurred and column percentages for this variable 
summed to > 100.0%
c Includes dermal, parenteral, and other
d Includes environmental, therapeutic error, and unintentional - misuse
e Includes contamination/tampering, malicious intent, withdrawal, and adverse reaction (drug and other)
f Includes “not followed (minimal clinical effects possible)” and “not followed (judged as non-toxic exposure)”
g Includes “unable to follow (judged as a potentially toxic exposure)”
h Row percentages may not sum to 100.0% because of rounding error

Table 1  (continued) 
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be answered by this study but represent areas of future 
research. Prevention strategies are different for exposures 
among young children associated with exploratory behavior 
than intentional exposures among teenagers and adults, and 

to a non-CCU or CCU was lower in the West than in other 
regions. Likewise, the proportion of exposures associated 
with moderate or major effects was lower in the West than 
in other regions. The reasons for these variations cannot 

Fig. 1  Rates of exposures involving delta-8 THC reported to the national poison data system by state for 2021 and 2022
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Characteristics United States Regions
Midwest Northeast South West Total
n (%)a n (%)a n (%)a n (%)a n (%)a

Sex
  Male 551 (51.1) 144 (50.7) 1,663 (48.8) 61 (57.0) 2,419 (49.6)
  Female 528 (48.9) 140 (49.3) 1,742 (51.2) 46 (43.0) 2,456 (50.4)
  Unknown 11 2 26 0 39
Age Group (Years)
  <6 288 (27.6) 84 (32.3) 1,019 (30.7) 41 (41.4) 1,432 (30.3)
  6–19 254 (24.3) 79 (30.4) 799 (24.0) 22 (22.2) 1,154 (24.4)
  20–59 443 (42.4) 83 (31.9) 1,365 (41.1) 28 (28.3) 1,919 (40.6)
  >59 60 (5.7) 14 (5.4) 141 (4.2) 8 (8.1) 223 (4.7)
  Unknown 45 26 107 8 186
Type of Exposure
  Single-substance 1,009 (92.6) 267 (93.4) 3,252 (94.8) 103 (96.3) 4,631 (94.2)
  Multiple-substance 81 (7.4) 19 (6.6) 179 (5.2) 4 (3.7) 283 (5.8)
Route of Exposureb

  Ingestion 1,000 (92.5) 271 (95.1) 3,267 (95.6) 98 (91.6) 4,636 (94.8)
  Inhalation/nasal 100 (9.3) 16 (5.6) 181 (5.3) 10 (9.3) 307 (6.3)
  Other c 19 (1.8) 8 (2.8) 196 (5.7) 5 (4.7) 228 (4.7)
  Unknown 9 1 15 0 25
Reason for Exposure
  Unintentional 416 (38.7) 140 (49.1) 1,603 (47.3) 69 (64.5) 2,228 (45.9)
    Unintentional - General 351 (32.7) 123 (43.2) 1,399 (41.3) 54 (50.5) 1,927 (39.7)
    Unintentional – Other d 63 (5.9) 16 (5.6) 200 (5.9) 15 (14.0) 294 (6.1)
    Unintentional - Unknown 2 (0.2) 1 (0.4) 4 (0.1) 0 (0.0) 7 (0.1)
  Intentional 552 (51.4) 111 (38.9) 1,401 (41.4) 24 (22.4) 2,088 (43.0)
    Intentional - Suspected suicide 27 (2.5) 7 (2.5) 68 (2.0) 0 (0.0) 102 (2.1)
    Intentional - Misuse 61 (5.7) 17 (6.0) 195 (5.8) 7 (6.5) 280 (5.8)
    Intentional - Abuse 434 (40.4) 84 (29.5) 1,087 (32.1) 16 (15.0) 1,621 (33.4)
    Intentional - Unknown 30 (2.8) 3 (1.1) 51 (1.5) 1 (0.9) 85 (1.8)
  Other e 106 (9.9) 34 (11.9) 384 (11.3) 14 (13.1) 538 (11.1)
  Unknown Reason 16 1 43 0 60
Highest Level of Health Care Received
  No HCF treatment received 249 (24.5) 67 (27.9) 648 (21.2) 40 (44.4) 1,004 (22.8)
  Treated/ evaluated and released 521 (51.3) 120 (50.0) 1,627 (53.2) 41 (45.6) 2,309 (52.4)
  Admitted to a HCF 169 (16.7) 33 (13.8) 514 (16.8) 6 (6.7) 722 (16.4)
    Admitted to a CCU 38 (3.7) 9 (3.8) 182 (5.9) 2 (2.2) 231 (5.2)
    Admitted to a non-CCU 122 (12.0) 23 (9.6) 307 (10.0) 4 (4.4) 456 (10.4)
    Admitted to psychiatric facility 9 (0.9) 1 (0.4) 25 (0.8) 0 (0.0) 35 (0.8)
  Patient refused referral/ did not arrive at HCF 76 (7.5) 20 (8.3) 270 (8.8) 3 (3.3) 369 (8.4)
  Patient lost to follow-up/ left against medical advice/ unknown 75 46 372 17 510
Medical Outcome
  No effect 49 (4.9) 18 (7.8) 179 (6.1) 5 (5.5) 251 (5.9)
  Minor effect 493 (49.6) 61 (26.3) 1,050 (35.8) 37 (40.7) 1,641 (38.6)
  Moderate effect 322 (32.4) 80 (34.5) 1,092 (37.3) 20 (22.0) 1,514 (35.6)
  Major effect 25 (2.5) 6 (2.6) 91 (3.1) 1 (1.1) 123 (2.9)
  Death 0 (0.0) 0 (0.0) 1 (0.0) 0 (0.0) 1 (0.0)
  Not followed f 85 (8.6) 65 (28.0) 482 (16.5) 27 (29.7) 659 (15.5)
  Unrelated effect 20 (2.0) 2 (0.9) 35 (1.2) 1 (1.1) 58 (1.4)

Table 2  Comparison of exposure rates involving delta-8 THC reported to the national poison data system by the status of state regulation of delta-8 
THC and by year, 2021 and 2022
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Table 3  Comparison of exposure rates involving delta-8 THC reported to the national poison data system by the status of state legislation on can-
nabis (delta-9 THC) and by year, 2021 and 2022
State Delta-8 THC Regulation Status Category Rate of Delta-8 THC Exposures 

in 2021
Rate of Delta-8 THC Expo-
sures in 2022

Mean a
(95% CI)

Median b
(95% CI)

Mean a
(95% CI)

Median b
(95% CI)

Delta-8 THC unregulated by state 0.74 (0.47–1.01) 0.45 
(0.24–0.89)

1.36 (0.95–1.77) 1.28 
(0.53–
2.22)

Delta-8 THC banned by state 0.09 (0.00-0.20) 0.02 
(0.00-0.13)

0.17 (0.06–0.27) 0.08 
(0.06–
0.18)

Delta-8 THC restricted by state 0.56 (0.03–1.10) 0.22 
(0.06–1.14)

0.99 (0.19–1.79) 0.60 
(0.14–
1.91)

Delta-8 THC unregulated or restricted by state 0.69 (0.46–0.93) 0.39 
(0.22–0.85)

1.27 (0.92–1.62) 1.14 
(0.53–
1.91)

Delta-8 THC banned or restricted by state 0.27 (0.06–0.48) 0.08 
(0.02–0.17)

0.48 (0.16–0.79) 0.15 
(0.08–
0.49)

State Category Comparisons 2021
P-valuec

2022
P-valuec

Delta-8 THC unregulated by state versus Delta-8 THC banned by state < 0.0001 < 0.0001
Delta-8 THC unregulated or restricted by state versus Delta-8 THC 
banned by state

< 0.0001 < 0.0001

Delta-8 THC unregulated by state versus Delta-8 THC banned or 
restricted by state

0.0010 0.0005

Abbreviations: CI - confidence interval, THC - tetrahydrocannabinol
a Mean rate of exposure to Delta-8 THC per 100,000 US population
b Median rate of exposure to Delta-8 THC per 100,000 US population
cP-value is from the Mann-Whitney U-test to compare the difference in the mean rate of exposure to Δ8-THC per 100,000 US population 
between the two state categories

Characteristics United States Regions
Midwest Northeast South West Total
n (%)a n (%)a n (%)a n (%)a n (%)a

  Unknown g 96 54 501 16 667
Total (Row %)h 1,090 (22.2) 286 (5.8) 3,431 (69.8) 107 (2.2) 4,914 (100.0)
Abbreviations: CCU - critical care unit, HCF - healthcare facility, THC – tetrahydrocannabinol
The state was unknown for 11 cases
a Column percentages may not sum to 100.0% because of rounding error
b Multiple routes of exposures may be reported for each case; therefore, double-counting occurred and column percentages for this variable 
summed to > 100.0%
c Includes dermal, parenteral, and other
d Includes environmental, therapeutic error, and unintentional – misuse
e Includes contamination/tampering, malicious intent, withdrawal, and adverse reaction (drug and other)
f Includes “not followed (minimal clinical effects possible)” and “not followed (judged as non-toxic exposure)”
g Includes “unable to follow (judged as a potentially toxic exposure)”
h Row percentages may not sum to 100.0% because of rounding error

Table 2  (continued) 
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In addition, as hypothesized, there was a statistically sig-
nificant lower rate of ∆8-THC exposures reported to PCs 
among states where ∆8-THC was banned than states where 
it was unregulated. This reflects the potential for regulation 
to reduce potentially harmful exposures and is consistent 
with the findings from a survey of selected twelfth grade 
students, who reported higher ∆8-THC use prevalence in 
states without ∆8-THC regulations [9]. Although, to-date, 
public policy efforts have focused more on ∆9-THC, our 
study’s findings support the need for adoption of consistent 
regulation of ∆8-THC across all states.

Study Limitations

This study has several limitations. This study underesti-
mates the number of ∆8-THC exposures because not all 
these exposures are reported to US PCs, rather, they may 
be cared for in emergency departments or other healthcare 
settings without PC involvement, or not require health care 
at all. Reporting to a PC may be biased related to such fac-
tors as severity or age. As in any large database, miscod-
ing may occur. The NPDS contains self-reported data that 

findings from this study suggest that target populations and 
the types of population-based prevention interventions may 
need to vary by region.

Cannabis (∆9-THC) is the most commonly used illicit 
drug in the world; [24] however, legal access to cannabis 
for recreational use has increased rapidly in the US with 
changes in state laws during recent years. As hypothesized, 
our findings showed a statistically significant lower rate of 
∆8-THC exposures reported to PCs among states where 
medical or recreational cannabis use was legal than states 
where cannabis use was illegal. This is likely attributable, 
in part, to less market competition from ∆9-THC products 
in states where their use was illegal, and that ∆8-THC was 
likely being used as a substitute for ∆9-THC. This is consis-
tent with studies that found a higher proportion of internet 
queries about ∆8-THC in states where recreational canna-
bis was illegal than in states where it was legal [25, 26]. 
This is also consistent with research that showed greater 
self-reported ∆8-THC use among surveyed twelfth grade 
students in states without cannabis legislation [9] and lower 
reported use of ∆8-THC by adults who lived in states with 
medical or recreational cannabis laws [8].

Table 4  Comparison of exposure rates involving delta-8 thc reported to the national poison data system by the status of state legislation on can-
nabis (delta-9 THC) and by year, 2021 and 2022
State Cannabis Use Legislative Status Category Rate of Delta-8 THC Exposures 

in 2021
Rate of Delta-8 THC Expo-
sures in 2022

Mean a
(95% CI)

Median b
(95% CI)

Mean a
(95% CI)

Median b
(95% CI)

Cannabis use illegal states 0.90 (0.53–1.27) 0.85 
(0.17–1.54)

1.64 (1.08–2.20) 1.88 
(0.34–
2.46)

Cannabis use legal states 0.29 (0.13–0.46) 0.12 
(0.06–0.22)

0.52 (0.29–0.76) 0.21 
(0.14–
0.53)

Transition states 1.44 (0.00-3.89) 1.90 
(0.31–2.12)

2.89 (1.26–4.53) 3.19 
(2.14–
3.35)

Cannabis use illegal states and transition states 1.00 (0.63–1.37) 0.85 
(0.67–1.79)

1.87 (1.34–2.41) 2.17 
(1.40–
2.50)

Cannabis use legal states and transition states 0.39 (0.19–0.59) 0.13 
(0.07–0.28)

0.71 (0.40–1.02) 0.30 
(0.14–
0.60)

State Category Comparisons 2021
P-valuec

2022
P-valuec

Cannabis use illegal states versus cannabis use legal states 0.0029 0.0010
Cannabis use illegal states and transition states versus cannabis use legal 
states

0.0005 < 0.0001

Cannabis use illegal states versus cannabis use legal states and transition 
states

0.0103 0.0055

Abbreviations: CI - confidence interval, THC - tetrahydrocannabinol
a Mean rate of exposure to Delta-8 THC per 100,000 US population
b Median rate of exposure to Delta-8 THC per 100,000 US population
cP-value is from the Mann-Whitney U-test to compare the difference in the mean rate of exposure to Δ8-THC per 100,000 US population 
between the two state categories
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