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Visual Abstract
IMPORTANCE The wide use of unregulated cannabidiol (CBD) products among consumers [ Editorial page 1067
raises safety concerns. Most research on CBD has studied the relatively high doses used by

patients taking prescription CBD. However, limited safety data are available at lower doses. Supplemental content

OBJECTIVE To study the effects of 4-weeks of twice-daily CBD use on the liver and endocrine
hormones using a dose within the range consumers are taking with unregulated CBD
products.

DESIGN, SETTING, AND PARTICIPANTS This randomized double-blinded placebo-controlled trial
from January to August 2024, using per protocol analysis, included healthy adults recruited
from a clinical pharmacology unit (Spaulding Clinical Research in West Bend, Wisconsin).

INTERVENTIONS Healthy participants were randomized to CBD, 5 mg/kg/d (2.5 mg/kg/d twice
daily), or placebo for 28 days with weekly laboratory assessments.

MAIN OUTCOMES AND MEASURES The primary end point was the percentage of participants
with an alanine aminotransferase or aspartate aminotransferase level elevation greater than 3
times the upper limit of normal during the study.

RESULTS In 201 healthy participants (median age, 36 years [IQR, 30-43 years]; 89 women
[44%]), 8 participants (5.6%; 95% Cl, 1.8%-9.3%) in the CBD group and O participants (0%;
95% Cl, 0%-7.6%) in the placebo group had liver enzyme level elevation greater than 3 times
the upper limit of normal. Seven participants met withdrawal criteria for potential
drug-induced liver injury, detected at day 21in 2 participants and day 28 in 5 participants. No
differences in change from baseline were observed between the CBD and placebo groups for
total testosterone and inhibin B in male participants or thyrotropin, total triiodothyronine,
and free thyroxine in all participants.

CONCLUSIONS AND RELEVANCE In this study, the incidence of elevated alanine
aminotransferase or aspartate aminotransferase coupled with the finding of increased
eosinophilia, underscores the need for further investigation on the long-term effects of CBD
use, its impact on various populations, and the safety of lower doses commonly used by

consumers. Author Affiliations: Division of
Applied Regulatory Science, Office of
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO6192589 Clinical Pharmacology, Office of

Translational Sciences, Center for
Drug Evaluation and Research,

US Food and Drug Administration,
Silver Spring, Maryland (Florian,
Salcedo, Burkhart, Shah, Chekka,
Keshishi, Patel, Yang, DePalma,
Matta, Strauss, Rouse); Now with
Los Angeles General Medical Center
(Yang); Spaulding Clinical Research,
West Bend, Wisconsin (Fein);

Now with Merck, Lansdale,
Pennsylvania (Matta); Now with
Translational Cures, Washington, DC
(Strauss); Now with

Nurix Therapeutics,

San Francisco, California (Keshishi).

Corresponding Author: Jeffry
Florian, PhD, 10903 New Hampshire

JAMA Intern Med. 2025;185(9):1070-1078. doi:10.1001/jamainternmed.2025.2366 Ave, WO64-2020, Silver Spring, MD
Published online July 7, 2025. Corrected on August 11, 2025. 20993 (jeffry.florian@fda.hhs.gov).
1070 jamainternalmedicine.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

Downloaded from jamanetwork.com by Upstate Medical University user on 01/09/2026


https://clinicaltrials.gov/search?term=NCT06192589
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.2366?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.2366
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.2366?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.2366
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.2363?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.2366
https://jamanetwork.com/journals/imd/fullarticle/10.1001/jamainternmed.2025.2366?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.2366
mailto:jeffry.florian@fda.hhs.gov
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.2366

Cannabidiol and Liver Enzyme Level Elevations in Healthy Adults

he availability and consumer use of cannabidiol (CBD)

products have increased in recent years.> The cannabis

plant contains bioactive compounds known as cannabi-
noids; delta-9 tetrahydrocannabinol (psychoactive compo-
nent) and CBD (nonpsychoactive component) being the most
prevalent in most varieties of cannabis.® The Agricultural
Improvement Act (Farm Bill) of 2018 removed hemp, defined as
cannabis and derivatives of cannabis with extremely low con-
centrations of delta-9 tetrahydrocannabinol, from the defini-
tion of marijuana in the Controlled Substances Act.® Following
this, many unregulated hemp-derived cannabinoid products be-
came widely available to consumers, often containing CBD, a pre-
dominant cannabinoid in hemp that is bioactive and raises vari-
ous safety concerns.®”

Only one CBD human drug product (Epidiolex; Greenwich
Biosciences) is approved by the US Food and Drug Administra-
tion (FDA) for the treatment of seizures associated with Lennox-
Gastaut syndrome, Dravet syndrome, or tuberous sclerosis
complex.® At labeled doses up to 25 mg/kg/d, an increased risk
of liver enzyme level elevation was observed.®° Liver enzyme
level elevations typically occurred after 2 weeks and were dose
dependent. Limited liver safety data available for lower CBD
doses are inconsistent regarding the occurrence and severity of
liver enzyme level elevations at 200 to 400 mg a day.>:!°
Consumer self-reporting on CBD use indicates upwards of 200
mg daily,'"* so additional safety information at these doses is
needed. Further, multiple animal studies have reported CBD ef-
fects on the endocrine system, but limited human data exist.'>1°

This study evaluated the effects of daily CBD on liver en-
zymes with a dosage similar to reported consumer use in un-
regulated products. The FDA-approved drug was used to avoid
confounding effects from contaminants found in unregu-
lated CBD products.?%-2! We selected a dose toward the upper
end of reported consumer CBD use with sufficient dosing du-
ration and monitoring to observe liver enzyme level eleva-
tions should they occur.

Methods

Study Design, Oversight, and Participants
We conducted a randomized double-blinded placebo-
controlled trial in healthy participants at a clinical pharmacol-
ogy unit (Spaulding Clinical Research in West Bend, Wisconsin)
evaluating the effects of daily CBD use on liver enzyme level el-
evations and endocrine measures at a dose within the reported
range of consumers use with unregulated CBD products from
January 2024 through August 2024. This study was approved
by the local institutional review board (Advarra). All partici-
pants provided written informed consent. The authors de-
signed and implemented the trial, managed all aspects of data
collection and analysis, and verified both the completeness and
accuracy of the data, as well as adherence to the study proto-
col. The trial protocol and statistical analysis plan are available
in Supplement 1. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.
Participants were recruited by standard approaches for
healthy volunteer clinical pharmacology studies (ie, online ad-
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Key Points

Question What are the effects of daily cannabidiol (CBD) use in
healthy adults at doses representative of consumer use on liver
safety and endocrine hormone levels?

Findings In this randomized clinical trial of 201 healthy
participants, 8 of 151 participants in the CBD group and O of 50
participants in the placebo group had liver enzyme level elevations
greater than 3 times the upper limit of normal. No differences
were observed between CBD and placebo groups on endocrine
hormones.

Meaning These results document hepatic transaminase
elevations and eosinophilia in healthy adults exposed to CBD
doses representative of consumer use of unregulated CBD
products.

vertising and emails or texts to individuals in the site’s
database). Key inclusion criteria were age 18 to 55 years
(inclusive), nonsmoking, weight of at least 50 kg (110 Ib), and
normal medical history findings, clinical laboratory results,
and physical examination at screening and check-in (eTable 1
in Supplement 2). Negative test results for misuse of drugs and
alcohol were required at screening and check-in days. Partici-
pants were excluded if they had abnormal liver chemistry test
results defined as a serum alanine aminotransferase (ALT) level
or aspartate aminotransferase (AST) level greater than 1.5 times
the upper limit of normal (ULN), a total bilirubin greater than
the ULN, and/or an international normalized ratio greater than
1.3. Participants were excluded if they consumed more
than 14 units of alcoholic beverages in preceding 6 months or
had a history of alcoholism or drug/substance misuse within
2 years of screening. Participants were also excluded if they
used any medications within 14 days of study check-in or could
not stop the use of nicotine for the study. Race and ethnicity
were self-reported from participants as recommended by FDA
guidance.?? Race and ethnicity were collected for descriptive
purposes to characterize the study population; no analyses by
race and ethnicity were planned or conducted.

Participants were randomized to 1 of 2 treatments using
a random number generator in R statistical software, ver-
sion 4.1.2 (R Project for Statistical Computing). The study al-
lowed enrollment of additional participants to account for
discontinuations.

Study Procedures and Interventions

Oral solution CBD dosage of 2.5 mg/kg twice a day (total 5 mg/kg
CBD daily) was administered to 151 participants during this
28-day single-period study. The placebo control group
(50 participants) received an inactive oral solution. Partici-
pants reported to the study site for screening and returned on
day -1 for check-in and baseline assessments. After an over-
night stay, participants checked out (day 1) with sufficient take-
home doses of oral CBD or placebo solution for 28 days return-
ing on day 28 for a single in-house day with check-out on day
29 (Figure 1). Participants had clinic visits (days 7, 14, 21) and
a day 35 follow-up visit. The clinical site provided daily re-
minders to participants during outpatient days. Chemistry and
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Figure 1. Participant Flow and Study Design

@ Participant flow

408 Healthy participants assessed for eligibility

208 Not randomized
207 Excluded for not meeting inclusion
or exclusion criteria
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Panel A shows the flow of
participants in the study. Panel B
shows the overall study design,
including days of cannabidiol dosing
and laboratory collection. eTable 1in
Supplement 2 lists inclusion and
exclusion criteria failed during
screening. CBD indicates cannabidiol.

>

hematology assessments were performed on days -1, 1, 7, 14,
21, 28, 29, and 35. Endocrine assessments (total testosterone
and inhibin B in male participants; thyrotropin, total triiodo-
thyronine, and free thyroxine in all participants) were per-
formed on days 1 and 29. Plasma concentrations of CBD were
measured by validated liquid chromatography and tandem
mass spectrometry (eMethods 1 in Supplement 2). The ap-
proved prescription drug product was used to avoid potential
confounders of contaminants.

Outcomes

The primary study end point was the percentage of partici-
pants with an ALT or AST liver enzyme level elevation level
greater than 3 times the ULN (consensus criteria for eleva-
tion: ULN for alanine aminotransferase ALT is 33 U/L for males
and 25 U/L for females [to convert ALT and AST to micro-
katals per liter, multiply by 0.01671).22 The secondary liver
safety end point was the percentage of participants meeting
withdrawal criteria for potential drug-induced liver injury
(DILI), which was defined in this study as an ALT or AST greater

JAMA Internal Medicine September 2025 Volume 185, Number 9

Downloaded from jamanetwork.com by Upstate Medical University user on 01/09/2026

than or equal to 3 times the ULN with the presence of clinical
symptoms and/or eosinophilia (>5%) or an ALT or AST level
greater than or equal to 5 times the ULN or an ALP greater than
or equal to 2 times the ULN with accompanying elevations of
GGT or an ALT greater than or equal to 3 times the ULN and
simultaneous elevation of bilirubin concentration exceeding
2 times the ULN.2* Meeting criteria for potential DILI alone does
not translate to clinically apparent liver injury. When poten-
tial DILI criteria were met, repeat liver serum levels were col-
lected every 24 to 48 hours until laboratory values stabilized
or began a steady decrease, after which laboratory testing was
performed weekly until resolution. Due to variations in the time
it took for complete liver enzyme level resolution, partici-
pants had varying lengths of study follow-up. In addition, vi-
ral confounders were evaluated using immunoglobulin and an-
tigen-based viral serological testing.

Additional secondary outcomes included the change from
baseline in total testosterone, inhibin B, thyrotropin, total tri-
iodothyronine, and free thyroxine after CBD administration
compared with placebo (eMethods 2 in Supplement 2). Mul-
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Table 1. Study Participant Demographic and Baseline Characteristics

Characteristic

Cannabidiol (n = 151)

Placebo (n = 50)

Total (N = 201)

Age, median (IQR), y
Sex, No. (%)
Female
Male
Race, No. (%)?
American Indian
Asian
Black or African American
White
More than 1 race®
Unknown or not reported®
Hispanic or Latino ethnicity, No. (%)?
Body weight, median (range), kg
Height, median (range), m
BMI, median (range)

36 (31-44)

68 (45)
83 (55)

1(1)

3(2)

64 (42)

77 (51)

2(1)

4(3)

22 (15)

80.2 (50.6-110.0)
1.71 (1.53-1.94)
27.1(18.6-33.0)

35(29-41)

21 (42)
29 (58)

0(0)

3(6)

23 (46)

22 (44)

1(2)

1(2)

6(12)

75.9 (53.0-103.0)
1.72 (1.52-1.87)
26 (19.2-32.0)

36 (30-43)

89 (44)
112 (56)

1(0.5)

6(3)

87 (43)

99 (49)

3(1.5)

5(2.5)

28 (14)

79.4 (50.6-110.0)
1.7 (1.52-1.94)
26.9(18.6-33.0)

Original Investigation Research

Abbreviation: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared).

@ Race and ethnicity were
self-reported from participants as
recommended by US Food and Drug
Administration guidance.*!

® For participants who reported more
than 1race: cannabidiol treatment
arm (1 American Indian and Black, 1
Asian and White) and placebo arm (1
Black and White).

 No further breakdown is available
for this category.

Table 2. Primary and Secondary Liver Outcomes

Abbreviations: ALT, alanine

Outcome

aminotransferase; AST, aspartate

Primary: serum ALT
or AST >3 x the ULN

Secondary: meeting withdrawal criteria
for potential DILI

aminotransferase; DILI, drug-induced
liver injury; ULN, upper limit

Product Participants, No. % (95% ClI)? Participants, No. % (95% Cl)? of normal.
a Mai '
Cannabidiol (n = 141)° 8 5.6 (1.8-9.3) 7 49(1.3-8.4) Based on Kaplan-Meier estimates.
b Py .
Placebo (n = 47)° 0 0(0-7.6) 0 0(0-7.6) Number of participants at risk at

tiple exploratory outcomes were assessed as specified in the
protocol and statistical analysis plan (Supplement 1). Partici-
pant safety was monitored with clinical laboratory tests, vital
signs, electrocardiograms, and physical examinations.

Statistical Analysis

Sample size was based on the primary end point of percent-
age of CBD administered participants with an aminotrans-
ferase elevation greater than 3 times the ULN. Assuming a
true event rate of 6%, the study had a 95% probability of
observing 5 or more events. For the secondary end point,
assuming the true observed drug-induced liver injury event
rate was 2%, the study had a 93% probability of observing 1
or more events. Change from baseline comparisons were
performed for various endocrine laboratory measures.
Sample size for the study was not powered for any of these
comparisons. No adjustments were made for multiplicity
for these exploratory end points.

All participants who received at least 1 dose of the study
drug and at least 1 laboratory assessment were included in
the analyses. The proportions of participants exceeding 3
times the ULN for ALT and AST are summarized. Results are
reported as percentages with a 2-sided 95% CI based on a
Kaplan-Meier analysis. Separate percentages are reported
for both treatment groups. Endocrine end points included
the change from baseline in serum total testosterone and
inhibin B in males, and in thyroid-stimulating hormone,
total trilodothyronine, and free thyroxine in both males and
females after CBD administration compared with placebo.
Analyses were conducted using a linear mixed-effect model
and results are presented as point estimates with associated
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week 4 of the study.

95% ClIs. Statistical analyses were performed in R version
4.1.2 (R Project for Statistical Computing). Additional liver
analysis details are specified in the statistical analysis plan
in Supplement 1.

. |
Results

Study Participants

Of the 408 healthy volunteers eligible for screening, 201
participants were enrolled and randomized into 2 groups
with 151 participants taking CBD solution and 50 taking
matching placebo (median age, 36 years [IQR, 30-43 years];
89 women [44%]; 87 African American [43%], 6 Asian [3%],
28 Hispanic or Latino ethnicity [14%], 99 White [49%])
(Table 1). A total of 188 participants completed the trial
(Figure 1).

Primary Outcome

Among participants receiving CBD, 8 (5.6% [95% CI, 1.8%-
9.3%]) experienced ALT elevations exceeding 3 times the ULN,
as determined by Kaplan-Meier analysis after 4 weeks of CBD
dosing (Table 2, Figure 2). In contrast, no participants in the pla-
cebo arm exhibited ALT elevations meeting this threshold (0%
[95% CI, 0%-7.6%]).

Secondary Outcomes

Liver Enzymes

Based on Kaplan-Meier analysis, 7 participants (4.9% [95% CI,
1.3%-8.4%]) receiving CBD met withdrawal criteria (Table 2),
with discontinuation of CBD dosing occurring on day 21 for 2

JAMA Internal Medicine September 2025 Volume 185, Number 9
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Figure 2. Kaplan-Meier Curve for Primary End Point
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1 7 14 21 2829 35
Time, d
No. at risk (events)
Cannabidiol 151 (0) 148 (0) 145 (0) 143 (2) 140 (5) 134(1) 133 (0)
Placebo 50 (0) 50 (0) 49 (0) 48 (0) 47 (0) 47 (0) 47 (0)

Kaplan-Meier estimates of liver enzyme level elevations in participants receiving
cannabidiol (n = 151) or placebo (n = 50) over the study duration of 35 days. The
blue line represents the cannabidiol group with a 95% Cl (shaded area), while
the orange line represents the placebo group. The risk values show the number
of participants at risk and events observed at the following time points: days 1,

7,14, 21,28, 29, and 35. Liver enzyme level elevations were first observed in the
cannabidiol group on day 21, with occurrences observed in 5.6% of participants
by day 35. No events were observed in the placebo group during the study
period.

participants and on day 28 for 5 participants. Two of these 7
participants experienced ALT elevations greater than 3 times
the ULN but less than 5 times the ULN with accompanying eo-
sinophilia (>5%) and 5 experienced ALT elevations greater than
5 times the ULN with accompanying eosinophilia. No partici-
pantsin the placebo group (0% [95% CI, 0%-7.6%]) met these
criteria.

Endocrine

No substantial differences in change from baseline were
observed between the CBD and placebo groups in male par-
ticipants for total testosterone and inhibin B. Similarly,
no substantial differences were observed between the CBD
and placebo groups for thyroid stimulating hormone, total
trilodothyronine, and free thyroxine in all participants (eTable 2
in Supplement 2).

Exploratory Outcomes

The 8 individuals in the CBD group who experienced ALT eleva-
tions greater than 3 times the ULN demonstrated a range of se-
verity with 5 individuals (3.3%) experiencing peak ALT levels
greater than 5 times the ULN and 2 individuals (1.3%) with ALT
levels greater than 10 times the ULN, with the highest greater
than 18 times the ULN (Figure 3). One participant (0.7%) expe-
rienced an ALT elevation with concurrent symptoms (tempo-
rary epigastric discomfort). Three participants (2.0%) in the CBD
group and 1 participant (2%) in the placebo group experienced
elevationsin alkaline phosphatase greater than 1.5 times the ULN
(eTable 3 in Supplement 2). Pharmacokinetics from weekly
trough samples are summarized in eTable 4 in Supplement 2.
Based on all available information, all events were considered
probable or definite with regard to the study drug.

Safety
No serious or life-threatening adverse events occurred.?® A total
of 52 participants (26%) experienced undesirable or adverse
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events: 43 (29%) in the CBD group and 9 (18%) in the placebo
group. The most common adverse events in the CBD group
were hepatic enzyme increase (11%), eosinophilia (9%), som-
nolence (8%), and diarrhea (8%) while in the placebo group they
were insomnia (27%) and upper respiratory tract infection
(18%). eTable 5 in Supplement 2 contains the incidence and
number of adverse events. Immunoglobulin and antigen
viral serology results revealed prior viral infections among 6
ofthe 8 participants with elevated liver enzymes: 5 (63%) had
prior Epstein-Barr virus exposure, 4 (50%) prior cytomegalo-
virus infection, and 2 (25%) prior herpes simplex virus 2 in-
fection. None of these infections was active at the time of test-
ing or was considered contributory to enzyme level elevations
(eTable 6 in Supplement 2).

|
Discussion

In this randomized double-blinded placebo-controlled trial,
5.6% of healthy adults administered CBD 5 mg/kg/d for up to
28 days experienced liver enzyme level elevations greater than
3 times the ULN. While hepatic enzyme level elevations were
observed, participants did not experience clinical symptoms
related to liver function during this 28-day study and hepatic
enzymes returned to normal within 1to 2 weeks following dis-
continuation.

Rates of consumer use of unregulated CBD-containing
products continue to grow. According to the 2022 National
Survey on Drug Use and Health (NSDUH), 20% of adults re-
ported using CBD products within the past year.?® In a 2023
survey of 1142 US adults conducted by the National Opinion
Research Center, 21.1% of respondents reported past-year CBD
use.! While most self-dosing CBD users report consuming O to
100 mg per day, many consumers use higher doses.?* A 2023
survey of 5635 CBD users found that 23% reported consum-
ing more than 200 mg daily." Two online surveys on CBD use
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Figure 3. Participants Showing Liver Enzyme Level Elevations

AST

® Alkaline phosphate

®G

GT

@ Total bilirubin

X Absolute eosinophil x  Absolute neutrophil

M ALT (ULN: female,

(ULN, 39 U/L) (ULN, 104 U/L) (ULN, 64 U/L) (ULN, 1 U/L) (ULN, 0.54 U/L) (ULN, 7.7 U/L) 25 U/L; male, 33 U/L)
[A] Participant 16044 Participant 16005
184 r450 18+ r450
164 Cannabidiol dosing L 200 164 Cannabidiol dosing L 200
14+ 14
S 124 2 124
5 5
s 104 E 5 104 E
o 4 - o 4 -
s°® s 328 S
=z 6 - = 6 —
- )
o 4 ) 4
24 24
= 0 =
0 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Time, d Time, d
Participant 16172 E‘ Participant 16186
18+ - - r450 18+ - - 450
164 Cannabidiol dosing L 400 164 Cannabidiol dosing L 400
14+ 350 14 350
S 12 300 & 12 k300
5 5
s 104 250 E 5 104 F250 E
= 84 F200 <= 2 84 200 =
2 = k= =
=z 6 F150 ™ =z 6 F150 ™
- -
IS 100 244 [ 100
2 50 2 50
&~ =3 —
04 o 0 F0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Time, d Time, d
[E] Participant 16101 [F] Participant 16021
18 - _ r450 18 = _
16 Cannabidiol dosing L 400 164 Cannabidiol dosing
500
144 350 144
& 12 300 & 12 400
5 10+ F250 = 5 10+ =
S g S L300 5
2 8| 200 < g 8 <
=z 67 F150 © =z 67 F200 ™
S S
= 44 - 100 =44
100
24 L 50 24 M\‘/F\‘\_’M
0 5 Lo 04 H= $re= Lo
0 5 10 15 20 25 30 0 5 10 15 20 25 30 35 40 45 50
Time, d Time, d
[G] Participant 16068 [H] Participant 16144
184 18+
16+ Cannabidiol dosing 16+ Cannabidiol dosing
500 500
144 144
S 12 400 S 12 400
& 104 = 5 10+ =
S L300 5 S L300 5
= 84 . =8 p
k= = e =
=z 6 F200 ™ = 6 F200 ™
) —
=l 4 ) 4
100 100
21 21 -H——/'“'/./\\,
0+ o 0] B=F =% o
0 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35
Time, d Time, d

Serial liver chemistry values for the 8 participants with ALT =3 x the ULN.
Eosinophil and neutrophil measurements are also depicted. Participant 16044

ALT and AST to microkatals per liter, multiply by 0.0167. ALT indicates alanine
aminotransferase, AST, aspartate aminotransferase; GGT, gamma-glutamyl

transferase; ULN, upper limit of normal.

experienced epigastric discomfort on day 28. Sl conversion factors: To convert
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reported 4.5% and 7.2% of participants consuming more than
200 mg/d.'?>'* An observational study conducted remotely in
1160 self-dosing CBD users reported doses as high as 390 mg/d
in some individuals.™*

There are knowledge gaps surrounding potential health
risks associated with CBD at doses consistent with unregu-
lated consumer products, including liver damage and male
reproductive harm. In this study, the observed liver enzyme
level elevation event rate of 5.6% was consistent with that ob-
served in a previous open-label study with 150 mg twice daily
(ie, 300 mg/d) CBD for 4 weeks, where 4 of 59 participants had
aminotransferase levels greater than 3 times the ULN (6.8%)
and 2 of 59 participants met criteria for DILL.!C Healthy vol-
unteer studies evaluating CBD doses up to 1500 mg/d over mul-
tiple weeks observed aminotransferase levels greater than 3
times the ULN in 7% to 38% of study participants.?”-2® An in-
vestigation with doses of 300 to 600 mg daily over 12 weeks
did not report any liver enzyme level elevations but included
no laboratory analyses.2° Investigations with lower doses of
CBD (less than 50 mg/d) have not reported aminotransferase
elevations greater than 3 times the ULN, but sample sizes for
these studies may not have been sufficient for observing a lower
incidence rate.® It is notable that this study’s dosage of 5 mg/
kg/d (approximately 400 mg/d) falls between the range of
higher doses where enzyme level elevations (150-1500 mg/d)
were previously reported and lower doses (<50 mg/d) where
elevations were not previously observed, suggesting that mod-
erate CBD doses, such as those used in this study, may carry
hepatic risks.

Observed liver enzyme level elevations took 3 weeks or
more to occur in this study, peaked 1 to 2 days after CBD
dosing was discontinued, and returned to baseline within 1to
2 weeks (Figure 3). Enzyme level elevations did not result in
clinically significant liver function changes and were associ-
ated with symptoms (abdominal discomfort) in only one case
over the 1-month time course of CBD use. This short-term find-
ing does not exclude the potential for hepatic harm or dam-
age with longer-term CBD use at 5 mg/kg/d or lower doses. The
delayed onset of liver enzyme level elevation without accom-
panying symptoms suggests that there is the potential for he-
patic harm with CBD use to go undetected without routine clini-
cal monitoring or discontinuation of CBD dosing.

Five of the 8 aminotransferase elevations occurred in
females as did the highest observed elevations (eTable 6 in
Supplement 2). As the study used weight-based dosing and no
differences were observed with CBD or metabolite exposure
in males or females, these differences would not be ex-
plained by drug exposure and warrant further study. In-
creased female susceptibility to DILI has been reported in the
literature.>° In a prospective study of 899 individuals con-
ducted from 2004 to 2013 by the DILI Network, a higher preva-
lence of DILI was observed in females (59% female vs 41%
male).>!

The presence of eosinophilia?* was observed in 7 of 8 of
the elevated ALT cases (88%). Further investigation into
this finding of eosinophilia and its potential relationship to
hepatic transaminase elevations is warranted, as it could
provide more insight into underlying mechanisms. In most
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patients, the eosinophil counts increased and decreased in
parallel with the transaminase levels, with a subset of par-
ticipants experiencing increases in eosinophil counts imme-
diately preceding transaminase elevations.

Previous animal studies have documented testicular toxic
effects, impaired spermatogenesis, and thyroid hormone
modulation with CBD exposure.'>':32 Lower testosterone
and inhibin B levels would be biomarkers of the testes/
spermatogenic toxic effects.®? There was a lack of effect of CBD
on endocrine hormones in this study that might be attributed
tolimited monitoring or the relatively low CBD exposure com-
pared with toxicology studies described above. Further inves-
tigation into the impact of CBD on the endocrine system may
be warranted.

This clinical trial is part of the FDA efforts to understand
the safety of CBD products and inform discussions about
safeguards and oversight to manage and minimize risks
with CBD products. These findings may have important
implications for consumers who may otherwise be unaware
of potential safety risks. This study utilized healthy partici-
pants without comorbidities or concomitant medication use
and therefore may underestimate risk in the general popula-
tion. Hepatic effects of CBD use may have greater incidence
and severity in some populations that use CBD products,
including those with neurological disorders, pulmonary
conditions, gastrointestinal disorders, and chronic pain.3*
Furthermore, increased occurrence of liver enzyme level
elevations may be observed in populations taking concur-
rent medications or recreational drugs, alcohol, or
nicotine.?>->¢ CBD has been shown to inhibit cytochrome
P450 enzymes and increase in liver enzymes has been docu-
mented when CBD is concurrently taken with other medica-
tions, such as valproate.3”-3°

Given the growing popularity of unregulated CBD-
containing products in the market and the ability of CBD to
cause liver enzyme level elevations, inclusion of CBD use as
part of routine medical screening could be considered, par-
ticularly in patients with existing liver conditions or those
taking medications metabolized by the liver. For patients
presenting with elevated liver enzymes, CBD use could be con-
sidered in the differential diagnosis.*® Additional research is
needed to understand the safety of lower CBD doses typically
used by consumers and continued use after initial enzyme level
elevations, as well as the effects on endocrine or reproduc-
tive systems.

Limitations

The CBD dosing of this study was within the range of re-
ported consumer use, but on the higher end and adminis-
tered twice daily. While many consumers report taking un-
regulated CBD more than once daily, most consume it less
frequently." In addition, given the reports of inaccurate label-
ing of some over-the-counter CBD products, it is possible that
individuals self-dosing CBD are consuming different doses than
expected.”® The incidence of liver enzyme level elevations may
be lower with reduced dosage and less frequent use. The age
range of the study’s population was 18 to 55 years. Hepatic and
endocrine effects in older adult CBD users were not captured,
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although CBD is frequently used by older adults, particularly
for conditions such as pain, anxiety, insomnia, and arthritis.*!

Participants were also dosed for 1 month. This duration is
not sufficient to inform the potential for longer-term health im-
pacts. Monitoring was not frequent enough to capture initial el-
evationsin all cases. As dosing was discontinued when liver en-
zyme level elevations were observed, it remains unknown
whether these events would have resolved on their own de-
spite continued use or have further escalated. In a systematic re-
view of clinical trials initiating daily CBD treatment, 25% or 32
of 128 cases of liver enzyme level elevations resolved sponta-
neously with continued CBD use.® Furthermore, healthy vol-
unteers were evaluated who were not taking concomitant medi-
cations and who had no comorbidities that may increase an
individual’s susceptibility to hepatic enzyme level elevations.
Given this, the study may underestimate hepatic enzyme level
elevation in the general population.

Most CBD dosing was self-administered, with daily
reminders, a diary to record dosing, and accountability
checks. There is a possibility that participants may not have
followed instructions. However, pharmacokinetic exposure
data fell within the expected range and the study included a
placebo control arm where no events were observed

Original Investigation Research

increasing confidence that the observed events were related
to CBD.

. |
Conclusions

In this randomized double-blind clinical trial of healthy adults
administered CBD, 5 mg/kg/d for 28 days, 8 (5.6%) experi-
enced liver enzyme level elevations and 7 (4.9%) met proto-
col defined criteria for potential DILI. This research has im-
portant implications for consumer safety. The findings suggest
that CBD use at doses representative of currently available un-
regulated consumer products can lead to liver enzyme level
elevationsin healthy adults. As CBD users may not notice these
changes on their own, this study highlights the need for cau-
tion and potentially routine monitoring in CBD users. The in-
cidence of elevated alanine aminotransferase or aspartate ami-
notransferase, with a notably higher prevalence among female
participants, coupled with the finding of increased eosino-
philia, underscores the need for further investigation on the
long-term effects of CBD use, its impact on various popula-
tions, and the safety of lower doses commonly used by
consumers.
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