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Abstract

Background: Data regarding marijuana (MJ) use among liver transplant (LT) candidates are limited. We set 

out to determine the incidence and pre- and post-LT outcomes of adult LT candidates with a self-reported 

history of MJ use. 

Methods: Baseline clinical characteristics, waitlist, and post-LT outcomes of adult LT candidates from January 

2010 to March 2017 were compared. 

Results: Amongst 2,690 LT candidates, 630(23%) and 298(11%) reported a history of MJ use and use within 

the past 12 months, respectively. Although the proportion of MJ users increased over time(β=0.76, p=0.03), 

the proportion listed and transplanted did not change. Listing for LT increased with male (OR 1.24, 95%CI 

11.01–1.52), MELD score (OR 1.08, 95%CI 1.01–1.15), HCC (OR 1.83, 95%CI 1.39-2.41) but decreased 

among MJ users (OR 0.67, 95%CI 0.50–0.91, p=0.01). The median time to listing was longer among MJ users 

compared to non-users (115 vs 87 days, p < 0.0005). Post-LT survival was similar in 83 MJ users and 306 

non-users. 

Conclusion: The proportion of MJ users among LT candidates is increasing. MJ users have a greater burden 

of psychosocial issues which may contribute to longer evaluations and lower rate of LT listing.  Post-LT 

survival was not impacted by self-reported MJ use history.
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INTRODUCTION

Marijuana (MJ) is the most commonly used illicit drug in the United States with an estimated 10% of US 

adults reporting active MJ use in the past month(1). The prevalence of MJ use in the US has significantly 

increased over the past 15 years(1). Touted clinical uses of MJ include the treatment of pain, muscle spasticity, 

refractory epilepsy, and nausea(2).  However, MJ use has also been associated with various adverse effects 

including infection, cardiopulmonary disease, neuropsychiatric, and behavioral problems(3). 

More than 50% of LT candidates have substance use disorder (SUD) including alcohol-related liver 

disease (ALD) and injection drug use associated with viral hepatitis(4). MJ use among solid organ transplant 

patients is an area of little policy uniformity.  Many studies have demonstrated adverse effects of tobacco use 

in LT candidates and recipients resulting in many US programs prohibiting tobacco use in their LT candidates 

(5-7).  Only a few studies have investigated the potential harm of MJ use in LT candidates and recipients and 

risks remain largely unknown.  As such, national MJ-related policies and procedures for the evaluation and 

listing of transplant patients remain highly variable(8-9).  

MJ use remains illegal under federal law but state-based decriminalization and legalization of MJ use 

are increasing.  As of January 2020, medical MJ use has been legalized in 33 states, and recreational MJ use 

is legal in 14 states (10).  In Michigan, medical marijuana was approved in 2008 and recreational MJ in 2018.  

A substance use policy at the University of Michigan has proscribed alcohol, tobacco and other 

recreational substance use, including MJ, in all adult LT candidates over the past 25 years.  No explicit period 

of MJ abstinence was required but a negative urine drug screen was mandatory for listing.  In this study, we 

aimed to determine 12-month and self-reported lifetime MJ use in consecutive adult LT candidates evaluated 

between 2010 to 2017.  Clinical endpoints of interest included baseline clinical features, time to listing, and 

listing frequency between self-reported MJ users and never-users as well as post-LT outcomes.

METHODS

Patient Cohort

The University of Michigan Institutional Review Board reviewed and approved this retrospective chart 

review study.  All adult LT candidates over 18 years of age evaluated at the University of Michigan from 

January 1, 2010 to March 1, 2017 were included. All patients were evaluated by a multidisciplinary team of 
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hepatologists, transplant surgeons and social workers. Decisions regarding listing for LT versus additional 

treatment for medical or SUD issues were made via a multidisciplinary selection committee. Living donor 

recipients, repeat evaluations and patients with missing data points were excluded. 

Data Collection

Abstracted demographic data included patient age, sex, race, etiology of liver disease, presence of 

HCC, and Model for End-Stage Liver Disease (MELD) score at evaluation and at transplantation. In addition, 

marital, insurance, and employment status as well as education levels were determined. Self-reported tobacco, 

alcohol, MJ, and other substance use history were coded after medical chart review as never used, any prior 

use, or within the past 12 months. In addition, toxicology test results at LT evaluation, psychiatric histories, past 

SUD treatment, and substance abuse related health or legal consequences were collected.  Stanford 

Integrated Psychosocial Assessment for Transplantation (SIPAT) scores were assessed in candidates 

beginning in 2015 and were included in the analysis for these patients (11). 

Definitions

MJ users included those with use in the last 12 months or at any point in the past per self-report in their 

medical chart and evaluation notes.  Urine drug screens confirmed active MJ use.  Serum ethanol and 

phosphatidylethanol and urine ethyl glucuronide were used as alcohol biomarkers(12) Urine cotinine was used 

to screen for any nicotine use with urine anabasine and nornicotine confirming tobacco exposure(13).

Outcome Measures

The primary outcome of interest was the proportion of MJ users who were listed, transplanted or de-

listed compared to non-users. Secondary outcomes of interest included discrete factors associated with MJ 

users being listed, and graft and patient survival post-LT. 

Statistical Analysis

Continuous variables were expressed as mean (range).  Categorical variables were expressed as 

percentages. Baseline characteristics at LT evaluation were compared using independent sample T-test for 

continuous variables and Chi-squared tests for categorical data. Univariate logistic regression analysis was 

performed. Multivariable logistic regression analysis included variables with p < 0.05. Variables were tested for 

co-linearity and multi-step regressions until a good fit was established to assess candidate factors associated 

with MJ use and LT listing. The proportions of MJ users between 2010 and 2017 were plotted and linear 

regression was used for time trend analysis, beta coefficient and p-value were reported. Kaplan-Meier analysis 

was used to assess graft and patient survival. SPSS version 25.0 (IBM Corp, Armonk, NY) was used for all 

analyses.
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RESULTS 

Patient Characteristics

During the study period, 3,045 patients were evaluated for LT at our center with 2690 patients meeting 

study inclusion criteria (Figure 1).  A total of 630 (23%) self-reported MJ use while 298 (11%) had used MJ in 

the last 12 months. MJ users were significantly younger (OR 0.98, 95% CI 0.97 – 0.98), male (OR 2.03, 1.67 – 

2.46), and more likely to be diagnosed with ALD (OR 1.52, 95% CI 1.25 – 1.84), viral hepatitis (OR 2.62, 95% 

CI 2.17 – 3.15), or HCC (OR 1.88, 95% CI 1.46 – 2.43) (Table 1).  Self-reported MJ users were also 

significantly more likely to be unemployed (OR 1.78, 95% CI 1.48 – 2.15), single (OR 1.39, 95% CI 1.16 – 

1.66) and have Medicaid insurance (OR 2.04, 95% CI 1.66 – 2.51).  As a group they had lower levels of 

education (OR 1.42, 95% CI 1.19 – 1.70).  MJ users also reported more prior and last 12-month use of tobacco 

alcohol, opioids, and illicit substances, substance-related health or legal consequences, prior SUD treatment, 

underlying psychiatric comorbidities, and use of psychiatric medications compared with non-users (Table 1). 

The median SIPAT score was significantly higher in the 102 MJ users compared to the 208 non-users 

(33 vs 10; p = 0.002, OR 1.05, 95% CI 1.04 – 1.07). The SIPAT scores were also more likely to be in the poor 

or high-risk candidate in 36% of the MJ users vs 13.5% of the non-users.  Supplemental Table 1 compares 

characteristics between the subgroup of MJ users with recent 12-month use and the non-users and the results 

were similar to Table 1. 

Toxicology Results and SUD Treatment

Tobacco, alcohol, MJ and illicit substance metabolites were significantly more likely to be detected at 

evaluation in self-reported MJ users compared to non-users (Table 1). In addition, SUD treatment 

recommendations including local counseling referrals or to intramural psychology or psychiatry were more 

common in MJ users (p < 0.005).  There was no difference between groups in terms of the use of SUD 

pharmacotherapy. The results were similar in the recent 12-month MJ users (Supplemental Table 1).

Baseline features in self-reported MJ users

Multivariable models were constructed to determine the baseline features associated with MJ use 

adjusted for age, diagnosis of ALD and viral hepatitis, presence of HCC, insurance status, marital status, 

employment status, alcohol use history, tobacco use history, substance use history, and SUD health or legal 

consequences. Self-reported MJ users were more likely to have a diagnosis of viral hepatitis (OR 2.62 95% CI 

1.95 – 3.51), ALD (OR 1.92 95% CI 1.44 – 2.57), HCC (OR 1.51 95% CI 1.11 – 2.05), be unemployed (OR 
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1.32 95% CI 1.06 – 1.64), and report a history of tobacco (OR 2.11 95% CI 1.68 – 2.64), alcohol (OR 2.59 95% 

CI 1.88 – 3.57), opioid (OR 2.08 95% CI 1.62 – 2.7) or other illicit substance use (OR 2.74 95% CI 2.06 – 

3.64), and prior history of health or legal consequences (OR 95% 1.96 CI 1.47 – 2.61) (Supplemental Table 2).

Liver Transplant Selection Outcomes

The proportion of MJ users among LT candidates significantly increased over time (20% in 2010 to 

30% in 2017; β = 0.76, p = 0.03) (Supplemental Figure 1).  However, the proportion of MJ users being listed or 

transplanted remained stable over time (p = 0.93 and 0.65, respectively). The median time from LT evaluation 

to listing was significantly longer for MJ users compared to non-users (115 vs 87 days; p < 0.005). In addition, 

a significantly lower proportion of MJ users were listed for LT compared to non-users (21% vs 26%, OR 0.75, 

95% CI 0.61 – 0.94, p = 0.01,) (Table 2). The proportion of MJ users not being listed due to active tobacco and 

MJ use was higher (4.3% vs 2% and 5.4% vs 0.6% respectively, p<0.05. Similarly, the proportion of MJ users 

not listed due to being too well or having medical contraindications was lower than non-users (19.4% vs 25%, 

p=0.002 and 16% vs 20%, p=0.07 respectively (Table 2). 

Among 2690 LT candidates, 668 (25%) were listed for LT. Listed patients were more likely to be male 

(OR 1.36 95% CI 1.13 – 1.63), have higher MELD at evaluation (OR 1.02, 95% CI 1.01 – 1.03), less likely to 

be diagnosed with ALD (OR 0.50, 95% CI 0.40 – 0.62), but more likely diagnosed with other liver diseases (OR 

1.85, 95% CI 1.54 – 2.22) or HCC (OR 1.96, 95% CI 1.53 – 2.52) (Supplemental Table 3). The listed patients 

were less likely to be single, unemployed, have lower education, no children, and have Medicaid or be 

uninsured. Prior history of tobacco, MJ, opioid use, psychiatry comorbidities, prior SUD consequences and 

treatment, positive alcohol, tobacco, MJ metabolites were more frequent in non-listed patients. Marijuana use 

or use of Marijuana within 12 months were less frequent in listed patients (OR 0.75, 95% CI 0.61 – 0.94 and 

OR 0.44, 95% CI 0.31 – 0.62, respectively).  

In multivariate models, listed patients were more likely to be male (OR 1.24 95% CI 1.01 – 1.52), have 

higher MELD at evaluation (OR 1.08, 95% CI 1.01 – 1.15), with presence of HCC (OR 1.83, 95% CI 1.39 – 

2.41) (Table 3). Marijuana use history was associated with lower likelihood of LT listing (OR 0.67, 95% CI 0.50 

– 0.91, p=0.01). In addition, a diagnosis of ALD, being single, having Medicaid or being uninsured, and 

presence of psychiatric disorder were associated with not being listed (Table 3).

Liver transplant candidate Waitlist Outcomes

Among the 132 listed MJ users, 83 (63%) underwent LT during follow-up, compared to 306 (58%) listed 

non-users (p = 0.23; Table 2).  Median MELD scores at LT were similar in the two patient groups (22 vs 23; p = 

0.68).  Among listed self-reported MJ users, 7 were de-listed due to recurrent MJ use; 5 of them were relisted 

after MJ abstinence was established while 2 were closed due to non-adherence and active use.  In contrast, 

only 2 of the 536 listed non-users were temporarily de-listed due to active MJ use and both were relisted after 
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receiving counseling and MJ abstinence was confirmed. The reasons for not undergoing LT among MJ users 

and non-users were similar (p > 0.05). However, SUD-related issues were more frequent among MJ users 

(10% vs 4%; P = 0.07). 

Posttransplant Outcomes

Table 4 shows similar 1-year patient and graft survival rates in the 83 MJ users and 306 non-users 

undergoing LT (OR 1.17, 95% CI 0.38 – 3.57 p=0.79 and OR 1.29, 95% CI 0.43 – 3.91 p=0.6, respectively). 

Overall graft and patient survival rates were also similar (OR 0.84, 95% CI 0.36 – 1.94 p=0.68 and OR 0.90, 

95% CI 0.46 – 1.77 p=0.77) between MJ users and non-users during median follow-up times of 1338 days (1-

2986) for users and 1156 days (0-3038) for non-users. The OR after adjusting for employment status, history 

of tobacco use, parental status, and initial toxicology testing, demonstrated that the survival outcomes were not 

different by MJ use (Table 3). In addition, age, gender, and presence of HCC were not associated with post-LT 

survival. Kaplan-Meier analysis in Figure 2 showed that graft and patient survival were similar between MJ 

users and non-users (log rank p = 0.11 and 0.65, respectively).  Reasons for graft loss were also similar 

between MJ users and non-users. Graft and patient survival among patient reported using vs not using MJ 

within 12 months were compared. Self-reported MJ users within the past 12-months had similar graft survival 

(Supplemental Figure 2A) (p=0.10 log rank) and (Supplemental Figure 2B) patient survival (p=0.29, log rank) 

compared to non-users. However, the data were very limited with only 23 MJ users within 12 months 

undergoing transplantation.

DISCUSSION

This large retrospective study of a single Midwestern liver transplant center’s experience with MJ use 

reveals the inherent medical and psychosocial complexity of MJ use in this population. Self-reported MJ users 

in this cohort tended to be younger and male with a higher psychosocial complexity in terms of their psychiatric 

comorbidity, relationship and socioeconomic status, and comorbid substance use disorders.  This complexity 

correlated with longer evaluation times in the context of an increasing incidence of MJ use in the LT population 

(Figure 1).  With an increasing prevalence of MJ use disorders in the United States over the past decade (14), 

MJ use will continue to be a challenge for LT centers for the foreseeable future. 

In the United States, MJ is still considered an illegal Schedule 1 drug under the Controlled Substances 

Act(1), which means its study and the evidence for its use lag behind its burgeoning medical and recreational 

use.  This also means that the MJ laws in the areas where the LT center and patients are located could be 

widely disparate.  Thus far, 8 states have passed laws protecting patients from denial of organ transplantation 

solely on the basis of MJ use(15). Nonetheless, MJ policies in organ transplantation are highly heterogenous 

between and within institutions and without broad consensus(9,16).  Whether or not MJ use should be 

considered a relative or absolute contraindication for solid organ transplantation is controversial(2,17). Uniform 
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national policy will be difficult to develop and adopt given the variability in state regulations and institutional 

policies.  Therefore, it will continue to fall to the judgment of clinicians, teams, and individual centers to 

evaluate patients with a history of MJ use.

The content, potency, and purity of MJ and other cannabinoid products and preparations are highly 

variable.  How patients use them is also inconsistent (smoking, vaping, eating, etc.) and difficult to standardize 

and quantify (18). Furthermore, how MJ interacts with the pharmacology, physiology, and psychology of the LT 

population remains unclear.  MJ is increasingly potent in terms of the level of tetrahydrocannabinol (THC) it 

contains and case reports exist regarding interactions between cannabinoids and immunosuppressants(19-

22). Furthermore, MJ products have been contaminated with fungal spores, heavy metals, pesticides, opioids, 

glass beads, phencyclidine, and tobacco (16,23-27). Occasional and low level MJ use has not been associated 

with worsening pulmonary function or development of lung cancer (28,29). However, invasive aspergillosis 

remains a significant cause of morbidity and mortality in transplant recipients including those who use MJ (30-

32). Severe lung injuries in patients using vaping products have been reported including the need for a double 

lung transplant (33,34). The increasing prevalence of MJ use in LT patients will require LT clinicians to 

carefully weigh medical risks and benefits of MJ use.  

In our adjusted model, self-reported MJ use was associated with a 33% lower likelihood of LT listing. 

The median time from LT evaluation to listing was also significantly longer amongst self-reported MJ users 

compared to non-users and median SIPAT scores were higher in MJ users compared to non-users likely 

reflecting this complexity.  The results of these analyses also did not substantially change if the 38 and 8 non-

MJ users in Tables 1 and 2 with detectable MJ metabolites, respectively, were reclassified as MJ users (Data 

not shown).   Numerous studies document the association of MJ use and mood disorders, psychosis, 

personality problems, and anxiety (3).  Since pre-transplant substance use has been associated with post-

transplant non-adherence to immunosuppression, it is not surprising that cases of graft loss after kidney 

transplant from immunosuppression non-adherence in the context of high dose MJ use have been 

reported(35,36).  In the current retrospective series, none of the graft loss cases were attributable to non-

adherence.  The cognitive risks of MJ and its impact on life satisfaction scores and motivation may be 

particularly detrimental in a post-LT population returning to life and caring for their grafts.  Relevant to LT post-

operative pain management, MJ has been linked with lower opioid-related overdoses though this has since 

been disputed(37).  

Our study did not show differences between self-reported MJ users and non-users in terms of 1-year or 

overall patient or graft survival rates which is in line with prior studies(16,38). While tobacco users were 3 times 

more likely to die within 5 years compared with never users, there was no difference in these outcomes among 

current, former MJ users and non-users(38).  In our current study of a more recent cohort of LT candidates, 

23% reported a history of MJ use and 11% within the last 12 months.  Along with national data, our current 
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study supports the finding that MJ use in the LT population is on the rise. Furthermore, 2% (38 patients) of the 

patients who denied any MJ use had positive MJ metabolites (Table 1). This result reflects potential deceptive 

reporting of MJ use by these patients. Among patient who denies MJ history of use 0.6% (12 patients) were 

not listed due to the detected marijuana metabolites (Table 2). 

The growing acceptance and legalization of MJ use in society including LT patients means that LT 

programs need to have adequate psychosocial personnel and resources to evaluate and treat their patients.  

The longer evaluation times and lower listing rates identified in our study indicate the need for such 

psychosocial expansion.  As our study identified a higher rate of waitlist removal in MJ users for substance 

use, a reduction in stigma is also important to improve LT access to MJ users.  High levels of collaboration 

among psychosocial providers and among the broader LT team members may also facilitate working through 

the substantial MJ-related complexity.  Regular and thoughtful use of toxicology testing can be a useful 

objective tool in these efforts since the nature of the LT environment can motivate some patients to conceal 

their substance use(39).

There are several limitations of our study.  First, this is a retrospective single center study wherein the 

reported history of MJ, tobacco, alcohol, and substance uses were collected from medical records without 

direct patient interviews. Data regarding the whether MJ was used for medical or recreational purposes could 

not be reliably determined. Second, the amount and route of MJ use could not be reliably quantified.  Third, a 

formal assessment of immunosuppression adherence and psychosocial outcomes post-LT was not feasible in 

this retrospective study.  Finally, the generalizability of our single center study may be limited however our 

cohort was large and spanned an 8-year period.  To address these limitations, future prospective multicenter 

studies using standardized instruments, definitions, and treatment paradigms in LT candidates are needed.  

Also, studies looking at “softer” transplant outcomes like mental health metrics, quality of life measures, and 

SUD treatment engagement both before and after LT are needed. 

In conclusion, the proportion of MJ users being evaluated for LT is significantly increasing while the rate 

of listing and transplantation has remained stable placing an increasing burden of psychosocial nuance on LT 

teams.  Our data and those from others demonstrate that prior MJ use should not uniformly preclude patients 

from being listed or undergoing LT.  Many LT programs may need to invest in additional psychiatric and SUD 

resources including the incorporation of a transplant psychiatrist and/or psychologist, addiction specialist, and 

social workers with mental health training.  Rates of graft and patient survival are similar in self-reported MJ 

users and non-users separating the transplant decision from any stigma of use.  Going forward, evidence 

based, consensus guidelines may help to standardize the approach to the evaluation and management of LT 

candidates with a prior or current history of MJ use.
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Figure legends

Figure 1. Liver Transplant Candidates included in this study. Amongst the 630 self-reported MJ users, 132 

(21%) were listed for LT while 536 (26%) of the 2060 non-users were listed for LT. As of June 1st, 2017, 83 and 

306 of the self-reported MJ users and non-users have undergone LT, respectively. 

Figure 2. Graft and patient survival among Self-reported MJ users and non-users. A) Actuarial graft 

survival was similar in MJ users and non-users (p=0.11) and B) Actuarial patient survival was also similar 

between patients with and without a MJ use history (p=0.65). 
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Table 1. Characteristics of 2690 patients evaluated for LT stratified by self-reported MJ use 

N=2690 
MJ user Non-user 

OR (95% CI)  p-value 
n=630 n=2060 

Median age at evaluation (year) 54 (19-75) 57 (18-79) 0.98 (0.97 – 0.98) <0.005* 

Male (%) 446 (71) 1122 (55) 2.03 (1.67 – 2.46) <0.005* 

Caucasian (%) 518 (82) 1713 (84) 0.94 (0.74 – 1.19) 0.25 

Median MELD# at evaluation 13 (6-40) 13 (6-40) 0.99 (0.98 – 1.05) 0.23 

Diagnosis 
  

 
 

Viral hepatitis (%) 289 (46) 504 (25) 2.62 (2.17 – 3.15) <0.005* 

ALD (%) 221 (35) 541 (26) 1.52 (1.25 – 1.84) <0.005* 

NASH (%) 20 (3) 287 (14) 0.20 (0.13 – 0.32) <0.005* 

Others (%) 100 (16) 728 (35) 0.35 (0.27 – 0.44) <0.005* 

Presence of HCC (%) 107 (17) 202 (10) 1.88 (1.46 – 2.43) <0.005* 

Insurance status (% Medicaid) 180 (29) 338 (16) 2.04 (1.66 – 2.51) <0.005* 

Education level (% K-12 or lower) 302 (48) 810 (39) 1.42 (1.19 – 1.70) 0.01* 

Employment status (% unemployed) 419 (71) 1086 (57) 1.78 (1.48 – 2.15) <0.005* 

Marital status (% single/separate/divorced) 277 (44) 750 (36) 1.39 (1.16 – 1.66) 0.001* 

Parental status (% has children) 447 (70) 1506 (73) 0.80 (0.66 – 1.01) 0.06 

Reported history of (%) 
  

 
 

Marijuana use within 12 months 298 (47) 0 NA <0.005* 

Tobacco ever use 473 (75) 912 (44) 3.82 (3.12 – 4.67) <0.005* 

Tobacco use within 12 months 300 (48) 464 (23) 3.13 (2.60 – 3.78) <0.005* 

Alcohol ever use 569 (90) 1313 (64) 5.31 (4.02 – 7.01) <0.005* 

Alcohol use within 12 months 257 (41) 523 (25) 2.03 (1.68 – 2.45) <0.005* 

Opioid ever use 178 (28) 223 (11) 3.26 (2.61 – 4.07) <0.005* 

Opioid use within 12 months 152 (23) 209 (10) 2.83 (2.24 – 3.56) <0.005* 

Other illicit substance ever use 193 (30) 130 (6) 6.60 (5.17 – 8.44) <0.005* 

Other illicit substance use within 12 months 12 (2) 12 (0.6) 3.33 (1.49 – 7.45) 0.002* 

SIPAT score available 102 (16) 208 (10)    

Median SIPAT score** 33 (0-80) 10 (0-82) 1.05 (1.04 – 1.07) <0.005* 

SIPAT score category**     

Good or excellent candidate (0-20) 21 (21) 108 (52) 0.64 (0.40 – 1.04) 0.07 

Minimal acceptable (21-39) 44 (43) 73 (35) 2.56 (1.72 – 3.82) <0.005* 

Poor candidate (40-69) 32 (31) 26 (13) 4.36 (2.56 – 7.41) <0.005* 

High risk (>70) 5 (5) 1 (0.5) 
8.23 (1.59 – 42.53)  <0.005

* 
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Presence of psychiatric comorbidity (%) 266 (42) 498 (24) 2.29 (1.90 – 2.76) <0.005* 

On psychiatric medications (%) 175 (28) 352 (17) 1.87 (1.51 – 2.30) <0.005* 

Prior SUD health/legal consequences (%) 159 (25) 139 (7) 4.71 (3.67 – 6.04) <0.005* 

Prior SUD treatment (%) 175 (28) 196 (10) 3.70 (2.95 – 4.65) <0.005* 

Toxicology screen 
  

 
 

Toxicology screening (% completed) 541 (85) 1430 (70) 2.65 (2.07 – 3.36) <0.005* 

Alcohol metabolites (% positive) 32 (5) 43 (2) 2.03 (1.27 – 3.24) 0.003* 

Tobacco metabolites (% positive) 191 (30) 242 (12) 2.68 (2.14 – 3.35) <0.005* 

Marijuana metabolites (% positive) ^ 162 (26) 38 (2) 15.66 (10.80 – 22.69) <0.005* 

Opioid metabolites (% positive) 118 (19) 273 (13) 1.18 (0.93 – 1.51) 0.18 

Other illicit substances metabolites (% 

positive) 
70 (11) 95 (5) 1.48 (0.78 – 2.81) <0.005* 

Counseling/referral 208 (33) 301 (15) 2.96 (2.40 – 3.70) <0.005* 

SUD Pharmacotherapy 4 (0.6) 11 (0.5) 1.14 (0.36 – 3.60) 0.82 

 *univariate analysis p< 0.05. #Calculated MELD score, not MELD-Na.   

 ** SIPAT score was implemented in LT evaluation process in 2015 

^ Results did not substantially change if the 38 self-reported non-MJ users with detectable MJ metabolites 

were recategorized as MJ users (Data not shown) 

 ALD, alcoholic liver disease, HCC, hepatocellular carcinoma; MELD, Model for End-stage Liver Disease; 

MJ, marijuana; NASH, non-alcoholic steatohepatitis; SUD, substance use disorder 

 
 

Table 2. Liver Transplant selection and transplantation outcomes in MJ users and non-MJ users 

N=2690 
MJ users Non-users 

OR (95% CI) p-value 
n=630 n=2060 

Selection results (% listed) ^ 132 (21) 536 (26) 0.75 (0.61 – 0.94) 0.01* 

Median time to list (days) 115 (0-519) 87 (0-546) 1.003 (1.001 – 1.006) <0.005* 

Reason not listed; n (%) 
   

 

Clinically too well 122 (19.4) 525 (25) 0.62 (0.49 – 0.78) 0.002* 

Deceased 26 (4.1) 124 (6) 0.62 (0.40 – 0.96) 0.07 

Medical issue 101 (16) 411 (20) 0.69 (0.54 – 0.88) 0.03* 

Alcohol use 64 (10.2) 176 (9) 1.13 (0.83 – 1.53) 0.21 

Tobacco use 27 (4.3) 45 (2) 1.88 (1.16 - 3.07)  0.004* 

Active MJ use 34 (5.4) 12 (0.6) 9.23 (4.74 – 17.98) <0.005* 

Other substance use 4 (0.6) 9 (0.4) 1.36 (0.42 – 4.45) 0.53 

Others** 120 (19) 222 (11) 1.03 (0.76 – 1.41) 0.05 
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Transplanted (% of listed) 83 (63) 306 (58) 0.79 (0.53 – 1.16) 0.23 

Median MELD# at LT 22 (13-40) 23 (12-40) 0.99 (0.95 – 1.04) 0.68 

*Univariate analysis p< 0.05. #Calculated or exceptional MELD score, not MELD-Na  

**Others including insurance concern, transfer care to other facility or patient decline for LT 

^ Results not substantially changed if the 8 non-users with detectable MJ metabolites were 

recategorized as MJ user (Data not shown) 

 

LT, liver transplantation; MELD, Model for End-stage Liver Disease; MJ; Marijuana.  

 

Table 3. Baseline factors associated with LT listing in 2690 LT candidates. 

Variable Odds ratio* (95% confidence interval) P-value 

Male  1.24 (1.01 – 1.52) 0.04 

Higher MELD  1.08(1.01 – 1.15) 0.02 

Presence of HCC  1.83 (1.39 – 2.41) <0.005 

Diagnosis of ALD 0.50 (0.39 – 0.64) <0.005 

Medicaid or uninsured status  0.52 (0.39 – 0.69) <0.005 

Single status  0.64 (0.52 – 0.78) <0.005 

History of Marijuana use 0.67 (0.50 – 0.91) 0.01 

Underlying psychiatric disorder 0.69  (0.55– 0.88) 0.002 

*Adjusted for gender, MELD at evaluation, diagnosis of ALD, presence of HCC, insurance, marital, 

employment status, history of alcohol, tobacco, marijuana use, psychiatry comorbidities. 

ALD, alcohol-related liver disease; CI, Confidence Interval; HCC, hepatocellular carcinoma; LT, liver 

transplantation; SUD, substance use disorder. 
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Table 4:  Post-transplant outcomes stratified by MJ use history. 

 

MJ users Non-users 
OR (95% CI) p-value 

Adjusted OR 

(95% CI) 
p-value 

n=78 n=291   

Median post-LT 

follow up (days) 
1338 (1-2986) 1156 (0-3038) 1.00 0.78   

1-year graft 

survival (%) 
75 (96) 262 (90) 1.17 (0.38 – 3.57) 0.79 1.28 (0.42 – 3.85) 0.66 

1-year patient 

survival (%) 
72 (92) 263 (90) 1.29 (0.43 – 3.91) 0.6 1.32 (0.43 – 4.0) 0.64 

Overall graft 

survival (%) 
72 (92) 271 (93) 0.84 (0.36 – 1.94) 0.68 0.87 (0.36 – 2.11) 0.76 

Overall patient 

survival (%) 
70 (89) 262 (90) 0.90 (0.46 – 1.77) 0.77 0.93 (0.46 – 1.88) 0.85 

Total graft loss  6 (8) 20 (7)  0.33   

Primary graft 

non-function 
1 (17) 5 (25) 

 

   

Acute rejection 1 (17) 3 (15) 
 

   

Chronic rejection 0 3 (15) 
 

   

HAT or 

aneurysm 
1 (17) 5 (25) 

 

   

Biliary stricture 3 (50) 4 (20)      

*20 patients were excluded due to incomplete survival data. 

**Adjusted for employment status, history of tobacco use, parental status or toxicology test completed at the initial 

evaluation base on univariate analysis with p < 0.05. 

HAT, hepatic artery thrombosis; LT, liver transplantation; MJ, marijuana. 
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