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Introduction

Currently, 33 states in the United States have approved 
medical marijuana laws while 11 states have approved 
recreational use of marijuana (1). From a federal standpoint, 
marijuana is the most commonly used illicit drug (2) and as 
usage is projected to increase, physicians will be challenged 
to appropriately counsel their patients on the health effects 
of marijuana. This is a formidable challenge as the medical 
literature is still expanding and there is a lack of guidance 
from professional organizations. 

The  two  mos t  common ac t i ve  compounds  in 
marijuana are delta-9-tetrahydrocannabinol (THC) and 
cannabidiol (CBD). THC acts on CB1 and CB2 receptors 

(endocannabinoid receptors) and is commonly used to 
measure the potency of a marijuana formulation and is 
responsible for its psychoactive effects, a result of CB1 
receptor activation in the brain leading to increased release 
of dopamine. CBD, in contrast lacks the psychoactive high 
associated with marijuana usage (3). Current FDA approved 
indications for THC-based medications (dronabinol, 
nabi lone)  include nausea in pat ients  undergoing 
chemotherapy and appetite stimulation in AIDS cachexia, 
while the CBD-based medication cannabinol (epidiolex, 
Greenwich Biosciences, Inc., Carlsbad, CA) is approved for 
Dravet and Lennox-Gastaut syndrome, severe childhood 
epilepsy syndromes (4). Data also support clinically 
significant reduction in pain in chronic pain patients and 
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improvement in patient-reported spasticity symptoms in 
multiple sclerosis (5). While the potential of marijuana-
based therapies for various conditions is appealing, it must 
be balanced against data that suggest an association with 
lower educational attainment, acute impact on cognitive 
function and increased risk of motor-vehicle accidents and 
development of schizophrenia (6-9).

What then, should the approach be for patients 
undergoing or post-liver transplantation? A recent study 
surveying 49 United Network for Organ Sharing (UNOS) 
transplant centers in North America found that 14% of 
programs transplanted patients actively using marijuana 
while 28% additionally transplanted patients as long 
as cessation was achieved by time of transplant (10). 
Furthermore, 7 US states (Arizona, California, Delaware, 
Illinois, Maine, New Hampshire, Washington) have recently 
introduced laws that prohibit denial of transplantation 
based on marijuana use (11). Governing organizations such 
as the American Association for the Study of Liver Diseases 
(AASLD) leave the decision to transplant or not up to 
each transplant center (12). Data that suggest cannabinoids 
can possibly lead to increased immunosuppression drug 
(tacrolimus) levels in the blood are also concerning given 
known systemic toxicities such as nephrotoxicity and 
neurotoxicity (13). As each organ is a precious resource, 
concerns regarding marijuana’s impact on the allograft, 
treatment non-adherence, increased risk of infections, and 
drug-drug interactions are most cited as prohibiting factors 
for transplant. 

More data on marijuana usage in the liver transplant 
population is needed. In our study, we aim to characterize 
patients in our center who screened positive for marijuana 
usage to delineate the demographics, biochemical status 
and other comorbidities that these patients face with the 
goal of identifying data that may impact post-transplant 
success. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/dmr-20-120).

Methods 

We performed a retrospective chart review of all patients 
>18 years of age who underwent liver transplantation at 
the University of California Los Angeles Medical Center 
(UCLA) between 1985 to 2019. Inclusion criteria included 
patients that were actively being followed post-transplant 
and known usage of marijuana at any point post-transplant 
defined as a positive screen on urine drug. Exclusion criteria 

were lack of blood chemistries at time of positive marijuana 
screen and a positive marijuana screen obtained only before 
transplant. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the UCLA Institutional Review Board (IRB 
#19-001546) and individual consent for this retrospective 
analysis was waived.

Analysis of the UCLA Liver transplant database identified 
22 patients who met our inclusion criteria (Table 1).  
Data were obtained by review of the patients’ electronic 
medical record (EMR). Data collected include age, sex, 
date of transplant, age at transplant, race, indication 
for transplantation, concurrent drug usage, reason for 
marijuana usage, type of marijuana used, reason for urine 
drug screen, liver enzymes at time of positive marijuana 
screen, immunosuppression regimen and level at time of 
marijuana usage, abdominal ultrasound and liver biopsy 
pathology at time of usage. Elevated liver enzymes were 
defined as an elevation above normal range in either AST, 
ALT, total bilirubin, or alkaline phosphatase. For patients 
that were documented to have elevated liver enzymes, 
electronic medical records were reviewed for an identified 
cause of elevated enzymes and subsequent management. 
Of note, the majority of data collected relied on objective 
measurements which decreased recall bias that could be 
associated with our study design. Given the descriptive 
nature of the study, the patients with minimal missing data 
related to reason for marijuana usage and reason for urine 
drug screen were not removed from data analysis. 

Statistical analysis 

All analyses were performed using Excel and Graphpad 
Prism (GraphPad Prism version 7.00 for Mac, GraphPad 
Software, La Jolla California USA, www.graphpad.com). 
Categorical variables were analyzed using Fisher’s exact test 
and numerical variables were analyzed using unpaired two-
tailed t-tests. P values <0.05 were considered significant. 

Results

Of our 22 patients (Table 1), 16 (72.7%) were male 
and average age at transplant was 39.9 years. Racial 
breakdown is as follows: Hispanic (8/22, 36.4%), White 
(6/22, 27.3%), Black (5/22, 22.7%), Asian (1/22, 4.5%) 
and Other (2/22, 9.1%). Indications for transplant in 
this population included End stage liver disease (ESLD) 
secondary to alcoholic cirrhosis (9/22, 40.9%), Hepatitis 
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C (4/22, 18.2%), acetaminophen overdose (3/22, 13.6%), 
Hepatitis B (2/22, 9.1%), fulminant Wilson’s disease (2/22, 
9.1%), Cryptogenic cirrhosis (2/22, 9.1%), Non-alcoholic 
steatohepatitis (NASH) (1/22, 4.5%), biliary atresia 
(1/22, 4.5%), alpha-1 anti-trypsin disease (1/22, 4.5%), 
autoimmune hepatitis (1/22, 4.5%) and fibrosing cholestatic 
hepatitis (1/22, 4.5%). The type of marijuana used included 
smoking THC (16/22, 72.7%), edible THC (4/22, 18.2%), 
CBD chews (1/22, 4.5%) and CBD oil (1/22, 4.5%). 
Interestingly, 3 (13.6%) patients denied marijuana usage. 
The reasons for marijuana usage were highly varied and 
most commonly included chronic pain, nausea, insomnia, 
appetite enhancement and depression. Reasons for why 
patients underwent a urine drug screen included evaluation 
of transaminitis (6/22, 27.3%), evaluation of non-specific 
GI symptoms (6/22, 27.3%), random drug screen (3/22, 
13.6%), evaluation of psychiatric symptoms (2/22, 9.1%) 
and hospital evaluation for non-transplant related reasons 
(4/22, 18.2%). Concurrent drug usage was found in 9 
(40.9%) patients, with most common drugs including 
alcohol (5/22, 22.7%), opiates (5/22, 22.7%), tobacco (4/22, 
18.2%%), vaping (2/22, 9.1%), methamphetamine (1/22, 
4.5%), amphetamine (1/22, 4.5%), cocaine (1/22, 4.5%) and 
benzodiazepines (1/22, 4.5%). Four patients did not have 
documented reasons for why marijuana was being used, and 
one patient did not have a documented reason for urine 
drug screen. 

Elevated liver enzymes were present in 14 patients 
(63.6%), with a cause identified in eight patients (Tables 2,3). 
The most commonly identified cause was noncompliance 
with immunosuppressive regimen (6/8, 75%), while other 
causes included biliary obstruction secondary to stone (1/8, 
12.5%) and alcoholic hepatitis (1/8, 12.5%). Comparing 
the patients with elevated liver enzymes to those without  
(Table 4), there was no statistically significant difference in 
the percentage of patients who smoked THC (11/14, 78.6% 
vs. 7/8, 87.5%, P=1.0), or used CBD products (0/14, 0% vs. 
1/8, 12.5%, P=0.36). Similarly, when comparing patients 
by the type of marijuana used (THC vs. CBD), there was 
no significant difference in rates of concurrent drug usage 
(8/15, 60% vs. 3/6, 50%, P=1.0) or presence of elevated 
liver enzymes (8/15, 60% vs. 4/6, 66.7%, P=0.66). 

Discussion 

This  s tudy at tempted to  better  character ize  the 
demographics and hepatocellular function of patients that 
screened positive for marijuana usage post-liver transplant. 

Our population was male predominant with transplants 
indicated most commonly for ESLD secondary to alcohol 
usage and hepatitis C. The majority of patients were 
screened for urine toxicology during evaluation of elevated 
liver enzymes, non-specific GI symptoms or psychiatric 
issues. Reasons for marijuana usage were varied but most 
commonly included chronic pain, psychiatric comorbidities 
such as anxiety and depression, and insomnia. Interestingly, 
comorbid drug usage was not as common as expected 
in this population. A possible explanation is that the 
majority of these patients were using marijuana for medical 
comorbidities. Although several of our study patients were 
concurrently using drugs of abuse, it is likely that the 
majority of patients with significant substance abuse habits 
did not pass pre-transplant evaluation. 

Marijuana’s impact on liver function is controversial. 
One animal study investigating oral CBD usage in mice 
demonstrated hepatotoxicity of a cholestatic nature 
secondary to high dose CBD (14). In contrast, CBD may 
have anti-inflammatory and antioxidant effects (15), with 
one study by Avraham et al. demonstrating improvement in 
liver function after CBD administration in mice with liver 
failure (16). The data on THC’s effect on liver function 
are similarly varied, with data implicating worsening 
fibrogenesis in patients with chronic hepatitis C (17) and 
hepatomegaly/splenomegaly with elevations in AST, ALT 
and Alkaline Phosphatase, although this may have been 
confounded by numerous factors. Clinically significant 
hepatotoxicity to our knowledge has only been reported 
in several case reports (18-21). In contrast, THC has also 
been linked to a decreased prevalence of nonalcoholic fatty 
liver disease (22) and to have antifibrinogenic properties 
through apoptosis of pro-inflammatory hepatic stellate 
cells (23). While our study cannot make conclusions on 
marijuana’s impact on hepatotoxicity, our data suggest that 
a sizeable portion of our study population presented with 
liver dysfunction. In our study, there was no significant 
difference in the presence of elevated liver enzymes between 
patients using CBD vs. THC or a difference in the rates of 
concurrent drug usage. Significant headway has been made 
investigating the impact of marijuana on liver function, but 
further research is necessary given contradictory findings 
thus far. 

Despite the increase of marijuana usage in the US, the 
data on marijuana usage in relation to liver transplantation 
is sparse. In the few studies that examine marijuana 
consumption in liver transplant recipients, survival between 
users and non-users does not appear to be significant 
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Table 4 Comparing patients with identified cause of elevated liver enzymes vs. no identified cause of elevated liver enzymes

Identified cause of liver 
enzymes (n=8) 

Confidence 
interval (95%)

No identified cause of liver 
enzymes (n=6)

Confidence 
interval (95%)

P value 

Mean AST (SD) 340 (333.9) 60.9–619.1 129 (154.6) −33.2–291.2 0.18

Mean ALT (SD) 339 (284.9) 100.8–577.2 152 (169.9) −26.3–330.3 0.18

Mean Total Bilirubin (SD) 2.5 (2.9) 0.08–4.92 1.1 (1.0) 0.05–2.1 0.28

Mean Alkaline Phosphatase 
(SD) 

233 (144.4) 112.3–353.7 408 (394.1) −5.6–821.6 0.26

Biopsy performed 5/8 (62.5%) 30.4–86.5% 2/6 (33.3%) 9.3–70.4% 0.59 

Received steroid pulse 
treatment 

5/8 (62.5%) 30.4–86.5% 1/6 (16.7%) 1.1–58.2% 0.14

different (24), nor do users have increased rates of post-
transplant inpatient complications or overall adverse 
outcomes (25). This suggests that it may be unwarranted 
to deny marijuana users transplant evaluation strictly based 
on marijuana usage, indeed Rai et al. encourages a holistic 
evaluation of transplant candidates who use marijuana 
rather than automatically excluding these patients from 
evaluation (11).

Interestingly, the most commonly identified cause of 
liver enzyme elevation in our study was non-adherence with 
immunosuppression. In a large meta-analysis, Dew et al. 
found that the overall immunosuppressant non-adherence 
rate among all types of transplants was 22.6 cases per 100 
persons per year (PPY). Liver transplant recipients had a 
lower non-adherence rate to immunosuppressants (6.7 cases 
per 100 PPY) and illicit drugs (0.2 cases per 100 PPY) (26),  
which is possibly explained by stricter psychosocial criteria 
for candidate selection (liver vs. kidney) and more severe 
consequences of graft loss in liver transplant vs. kidney 
transplant. In a multi-site study examining only liver 
transplant recipients, Rodrigue et al. found that risk factors 
for nonadherence included male sex, time elapsed since 
transplant and pre-transplant mood disorders and social 
support instability (27). Unfortunately, substance abuse was 
not included in that analysis. Lieber found pre-transplant 
substance abuse to be an independent predictor of post-
transplant non-adherence to medical therapy (28). Although 
our study cannot show causation, our data suggest that liver 
transplant recipients that use marijuana may be at risk for 
non-adherence with immunosuppression. 

Although this study to our knowledge is the first to 
characterize marijuana usage post-liver transplant and liver 

enzymes at time of drug usage, there are several limitations 
to this study. First, this data is retrospective in nature and 
cannot be used to determine causation. Secondly, this was 
a single center study with a small study population meeting 
our inclusion criteria. Due to our sample size, statistical 
analysis would likely be underpowered to detect differences 
between the different sub-populations (elevated liver 
enzymes vs. not, cause identified vs. not), and thus we kept 
our study descriptive. Lastly, although it appears that non-
adherence to immunosuppression was common in our study 
population, an alternate explanation is that males overall 
are more likely to use marijuana (29), and thus the rate of 
non-adherence may be more reflective of male sex as a risk 
factor. Further consideration will be given to expanding the 
size of this cohort along with non-marijuana users with the 
goal of comparing these two populations to find statistically 
significant clinical differences between them. However, the 
strengths of this study include strict criteria for inclusion 
(positive UDS), generalizability to other major academic 
transplant centers and detailed examination of how elevated 
liver enzymes were managed in these patients. 

Understanding how marijuana usage can impact post-
liver transplant recipients is of the utmost importance 
as marijuana usage becomes more common from both a 
medical and recreational standpoint. We found that liver 
transplant recipients who use marijuana post-transplant and 
had elevated liver chemistries were often found to be non-
compliant with immunosuppression, leading to transplant 
rejection in most cases. Although this is concerning, it 
is not possible to conclude currently whether marijuana 
usage should be prohibited in pre/post-transplant patients; 
further studies are needed to determine long term adverse 
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effects of marijuana usage and its impact on the graft. 
Our study suggests that further work should be done to 
establish if there is a link between marijuana usage and 
immunosuppression non-compliance, as this has significant 
implications for post-transplant health and longevity of the 
graft. 

Acknowledgments

Thanks to Pfleger Liver Center staff and NPs for their 
assistance with this project.
Funding: None.

Footnote

Reporting Checklist: The authors have completed the 
STROBE reporting checklist Available at http://dx.doi.
org/10.21037/dmr-20-120

Data Sharing Statement: Available at http://dx.doi.
org/10.21037/dmr-20-120

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/dmr-20-120). Dr. Saab serves as an unpaid 
editorial board member of Digestive Medicine Research from 
Apr 2020 to Mar 2022. The other authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the UCLA 
Institutional Review Board (IRB #19-001546) and individual 
consent for this retrospective analysis was waived.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Hanson K, Garcia A. Marijuana Overview. State Medical 
Marijuana Laws. Available online: http://www.ncsl.org/
research/health/state-medical-marijuana-laws.aspx#Table 

2. Results from the 2015 National Survey on Drug Use and 
Health: Detailed Tables, SAMHSA, CBHSQ. Available 
online: http://www.samhsa.gov/data/sites/default/files/
NSDUH-DetTabs-2015/NSDUH-DetTabs-2015/
NSDUH-DetTabs-2015.htm.

3. Solinas M, Goldberg SR, Piomelli D. The 
endocannabinoid system in brain reward processes. Br J 
Pharmacol 2008;154:369-83. 

4. National Institute on Drug Abuse. Is marijuana safe and 
effective as medicine? NIDA. Available online: https://
www.drugabuse.gov/publications/research-reports/
marijuana/marijuana-safe-effective-medicine. 

5. Whiting PF, Wolff RF, Deshpande S, et al. Cannabinoids 
for medical use: A systematic review and meta-analysis. 
JAMA 2015;313:2456-73. 

6. Macleod J, Oakes R, Copello A, et al. Psychological and 
social sequelae of cannabis and other illicit drug use by 
young people: a systematic review of longitudinal, general 
population studies. Lancet 2004;363:1579-88.

7. Crane NA, Schuster RM, Fusar-Poli P, et al. Effects of 
cannabis on neurocognitive functioning: recent advances, 
neurodevelopmental influences, and sex differences. 
Neuropsychol Rev 2013;23:117-37. 

8. Calabria B, Degenhardt L, Hall W, et al. Does cannabis 
use increase the risk of death? Systematic review of 
epidemiological evidence on adverse effects of cannabis 
use. Drug Alcohol Rev 2010;29:318-30. 

9. Gage SH, Hickman M, Zammit S. Association between 
cannabis and psychosis: Epidemiologic evidence. Biol 
Psychiatry 2016;79:549-56.

10. Zhu J, Chen PY, Frankel M, et al. Contemporary Policies 
Regarding Alcohol and Marijuana Use Among Liver 
Transplant Programs in the United States. Transplantation 
2018;102:433-9.

11. Rai HS, Winder GS. Marijuana Use and Organ 
Transplantation: a Review and Implications for Clinical 
Practice. Curr Psychiatry Rep 2017;19:91.

12. Martin P, Dimartini A, Feng S, et al. Evaluation for liver 
transplantation in adults: 2013 practice guideline by the 
American Association for the Study of Liver Diseases and 
the American Society of Transplantation. Hepatology 
2014;59:1144-65.

13. Hauser N, Sahai T, Richards R, et al. High on Cannabis 

http://dx.doi.org/10.21037/dmr-20-120
http://dx.doi.org/10.21037/dmr-20-120
http://dx.doi.org/10.21037/dmr-20-120
http://dx.doi.org/10.21037/dmr-20-120
http://dx.doi.org/10.21037/dmr-20-120
http://dx.doi.org/10.21037/dmr-20-120
https://creativecommons.org/licenses/by-nc-nd/4.0/


Digestive Medicine Research, 2020Page 10 of 10

© Digestive Medicine Research. All rights reserved. Dig Med Res 2020;3:36 | http://dx.doi.org/10.21037/dmr-20-120

and Calcineurin Inhibitors: A Word of Warning in 
an Era of Legalized Marijuana. Case Rep Transplant 
2016;2016:4028492.

14. Ewing LE, Skinner CM, Quick CM, et al. Hepatotoxicity 
of a Cannabidiol-Rich Cannabis Extract in the Mouse 
Model. Molecules 2019;24:1694.

15. Izzo, A. A., Borrelli, F., Capasso, R., et al. Non-
psychotropic plant cannabinoids: new therapeutic 
opportunities from an ancient herb. Trends Pharmacol Sci 
2009;30:515-27.

16. Avraham Y, Grigoriadis N, Poutahidis T, et al. Cannabidiol 
improves brain and liver function in a fulminant hepatic 
failure-induced model of hepatic encephalopathy in mice. 
Br J Pharmacol 2011;162:1650-8. 

17. Hezode C, Zafrani ES, ROudot-Thoraval F, et al. Daily 
cannabis smoking as a risk factor for progression of fibrosis 
in chronic hepatitis C. Hepatology 2005;42:63-71.

18. Borini P, Guimarães RC, Borini SB. Possible 
hepatotoxicity of chronic marijuana usage. Sao Paulo Med 
J 2004;122:110-6.

19. Ansari M, Arshed S, Islam M, et al. A case of reversible 
drug-induced liver failure. Clin Case Rep 2017;5:1181-3.

20. Sheikh IA, Luksic M, Ferstenberg R, et al. Spice/K2 
synthetic marijuana-induced toxic hepatitis treated with 
N-acetylcysteine. Am J Case Rep 2014;15:584-8. 

21. Swarnalatha G, Pai S, Ram R, et al. Fulminant hepatic 
failure following marijuana drug abuse: molecular 
adsorbent recirculation system therapy. Indian J Nephrol 
2013;23:384-6.

22. Adejumo AC, Alliu S, Ajayi TO, et al. Cannabis use is 
associated with reduced prevalence of non-alcoholic 

fatty liver disease: A cross-sectional study. PLoS One 
2017;12:e0176416. 

23. Lim MP, Devi LA, Rozenfeld R. Cannabidiol causes 
activated hepatic stellate cell death through a mechanism 
of endoplasmic reticulum stress-induced apoptosis. Cell 
Death Dis 2011;2:e170. 

24. Ranney DN, Acker WB, Al-Holou SN, et al. Marijuana 
use in potential liver transplant candidates. Am J 
Transplant 2009;9:280-5. 

25. Serrano Rodriguez P, Strassle PD, Barritt AS 4th, et al. 
Marijuana Consumption in Liver Transplant Recipients. 
Liver Transpl 2019;25:734-40.

26. Dew MA, DiMartini AF, De Vito Dabbs A, et al. Rates 
and risk factors for nonadherence to the medical regimen 
after adult solid organ transplantation. Transplantation 
2007;83:858-73.

27. Rodrigue JR, Nelson DR, Hanto DW, et al. Patient-
reported immunosuppression nonadherence 6 to 
24 months after liver transplant: association with 
pretransplant psychosocial factors and perceptions of 
health status change. Prog Transplant 2013;23:319-28.

28. Lieber SR, Volk ML. Non-adherence and graft 
failure in adult liver transplant recipients. Dig Dis Sci 
2013;58:824-34. 

29. Center for Behavioral Health Statistics and Quality. 
Results from the 2016 National Survey on Drug Use 
and Health: Detailed Tables. Rockville, MD: Substance 
Abuse and Mental Health Services Administration; 
2017. Available online: https://www.samhsa.gov/data/
sites/default/files/NSDUH-DetTabs-2016/NSDUH-
DetTabs-2016.pdf. Accessed November 7, 2017.

doi: 10.21037/dmr-20-120
Cite this article as: Wu EM, Meneses KG, Kang S, Lee AK, 
Neogi S, Saab S. Clinical impact of marijuana usage in liver 
transplant recipients. Dig Med Res 2020;3:36.


