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Abstract

Background: The simultaneous consumption of cocaine and alcohol results in the production of
cocaethylene (CE) in the liver, a highly toxic metabolite. Prior research suggests that cocaine use
contributes to liver disease and its concomitant use with alcohol may increase its hepatotoxicity,
but studies in humans are lacking. We evaluated the role of cocaine, its simultaneous use with
alcohol, and CE on liver fibrosis.

Methods: We performed a cross-sectional analysis of the Miami Adult Studies on HIV (MASH)
cohort. Cocaine use was determined via self-report, urine screen, and blood metabolites, using
liquid chromatography with tandem mass spectrometry. Hazardous drinking was determined with
the AUDIT-C and liver fibrosis with the Fibrosis-4 Index (FIB-4).

Results: Out of 649 participants included in this analysis, 281 (43.3%) used cocaine; of those, 78
(27.8%) had CE in blood. Cocaine users with CE had higher concentrations of cocaine metabolites
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in blood and were more likely to drink hazardously than cocaine users without CE and cocaine
non-users. Overall, cocaine use was associated with liver fibrosis. CE in blood was associated
with 3.17 (95% ClI: 1.61, 6.23; p=0.0008) times the odds of liver fibrosis compared to cocaine
non-users, adjusting for covariates including HIV and HCV infection. The effect of CE on liver
fibrosis was significantly greater than that of cocaine or alcohol alone.

Conclusions: CE is a reliable marker of simultaneous use of cocaine and alcohol that may
help identify individuals at risk of liver disease and aid in the prevention of its development or
progression.
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1. Introduction

Chronic liver disease is a leading cause of morbidity and mortality worldwide (Cheemerla
and Balakrishnan, 2021) and it disproportionately affects people living with HIVV (PLWH)
(Campa et al., 2016; Rockstroh et al., 2014; Sherman et al., 2017). As advances in
antiretroviral therapy (ART) have drastically reduced HIV-related mortality, non-HIV-related
morbidities have become increasingly relevant for PLWH, in whom they occur at higher
rates than in the general population (Bosh et al., 2020; Marcus et al., 2020). Several factors
contribute to liver diseases in PLWH, including liver injury as a result of HIV infection and
use of ART (Kaspar and Sterling, 2017). Co-infections with hepatitis viruses continue to
affect PLWH despite the introduction of effective vaccines and antivirals (Sherman et al.,
2019). In addition, substance misuse, which is disproportionately prevalent among PLWH
(Shiau et al., 2017), may pose a substantial risk for liver disease (Pateria et al., 2013).
Historically, PLWH have had a high burden of alcohol-associated liver disease (AALD),
consistent with the disproportionate prevalence of alcohol use disorders (Duko et al., 2019;
Shiau et al., 2017). Yet, much less is known about the impact of non-prescribed recreational
drugs on liver disease in PLWH (Pateria et al., 2013). Polysubstance use is also common
among PLWH and increases their risk for morbidity and mortality (Hartzler et al., 2016). In
a nationally representative sample of United States (U.S.) adults, PLWH were more likely
than HIV-uninfected persons to report lifetime cocaine use (57.6% vs. 15.9%, p<0.001) and
lifetime alcohol use (94.6% vs. 87.5%, p=0.001), as well as to meet the DSM-IV criteria for
cocaine use disorder (4.6% vs. 0.3%, p<0.0001) and alcohol use disorder (6.1% vs. 3.4%,
p=0.018) (Shiau et al., 2017).

Cocaine remains one of the most widely used recreational drugs in the United States
(Carliner et al., 2017). In vitro and animal models have demonstrated cocaine-induced
hepatotoxicity leading to liver fibrosis (Duysen et al., 2008; Labib et al., 2001; Wang et

al., 1991), but prior observational studies on human subjects have shown contrasting results
(Campa et al., 2016; Martel-Laferriere et al., 2017; Zarini et al., 2020). Liver fibrosis

is a pathological consequence of chronic liver insults, such as oxidative stress, that can
progress to liver cirrhosis and hepatocellular carcinoma. After ingestion, cocaine is rapidly
metabolized largely by hepatic esterase, thus the liver is a primary target for cocaine-induced
toxicity (and may be more susceptible to cocaine’s toxicity than the heart) (Wang et al.,

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tamargo et al.

Page 3

2001). Most cocaine in circulation is converted to benzoylecgonine (BE), which has a longer
half-life than cocaine and serves as the best biomarker of cocaine use (Chen et al., 2016;
Goldstein et al., 2009; Kolbrich et al., 2006). However, cocaine-induced hepatotoxicity is
largely mediated by oxidative stress as the remaining cocaine (<5%) undergoes oxidative
metabolism to norcocaine (NC) and other minor, but active metabolites (Valente et al., 2012;
Wang et al., 2001).

In the presence of ethanol, however, cocaine is transesterified by hepatic carboxylesterase
into cocaethylene (CE), which has a plasma half-life 3 to 5 times that of cocaine

and its toxicity is about 30% greater than that of cocaine or alcohol alone (McCance-

Katz et al., 1993; Ponsoda et al., 1999). Therefore, CE serves as a biomarker of
simultaneous/concomitant alcohol and cocaine consumption. Moreover, ethanol potentiates
the hepatotoxicity of cocaine by depleting antioxidant defenses and making hepatocytes
more susceptible to cocaine (Ponsoda et al., 1999). For people who use cocaine, the
combination of cocaine with alcohol is desirable as it prolongs and increases the euphoric
effects of cocaine while ameliorating some of its negative withdrawal symptoms (McCance-
Katz et al., 1998). Not surprisingly, alcohol consumption is common among cocaine users.
In a meta-analytic study, Liu et al. (2018) estimated that about three-quarters of people who
use cocaine also use alcohol, either simultaneously (74%) or concurrently (77%).

Prior research suggests that cocaine use may contribute to liver disease progression in
PLWH (Campa et al., 2016; Duysen et al., 2008; Labib et al., 2001; Wang et al., 1991,
Zarini et al., 2020), and its concomitant use with alcohol may increase its hepatotoxicity
(McCance-Katz et al., 1993; Ponsoda et al., 1999). To the best of our knowledge, no study
has previously used CE as a marker of simultaneous alcohol-cocaine use to examine its
association with liver fibrosis in human subjects. Consequently, the purpose of this study
was to investigate the associations between cocaine and CE with liver fibrosis.

2. Methodology

We performed a cross-sectional analysis of data obtained between 2016-2018 from the
Miami Adult Studies on HIV (MASH) cohort. The MASH cohort follows people with and
without HIV for substance use, comorbidities, and social determinants of health. Participants
are recruited from neighboring clinics. HIV and viral hepatitis status are confirmed via
medical documentation with participant’s written consent. All participants were 40 years of
age or older and seronegative for hepatitis B at enroliment. MASH participants who used
heroin (N=121) were excluded from this analysis since we have previously reported on the
association of heroin use with liver fibrosis (Baum et al., 2021). The protocols for this study
were approved by the Institutional Review Board at Florida International University.

2.1. Assessments

Demographic data were self-reported during interviewer-assisted interviews. Height and
weight were obtained by trained research assistants and used to calculate body mass

index (BMI) (kg/m?2). Fasting blood samples were drawn to obtain routine biomarkers,
including high-sensitivity C-reactive protein (hs-CRP) and a liver function panel, among
others (LabCorp, Burlington, NC, USA). HIV and HCV serology and viral testing, as well
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as CD4+ cell counts were abstracted from medical charts with participants’ signed releases.
Viral suppression was defined as having an HIV RNA < 50 copies/mL. HCV seropositive
participants with detectable HCV viremia were considered to have an active infection;
otherwise, they were considered cured or to have spontaneously cleared the infection.

2.1.1. Substance use—Substance use was assessed by questionnaire (use in the last 30
days) and urine drug screen. The Alcohol Use Disorders Identification Test—-Consumption
(AUDIT-C) was used to assess current alcohol misuse (scores = 4 for men and = 3 for
women) (Bradley et al., 2007). Participants also reported how many drinks per week they
consumed, on average, in the past 30 days. Urine drug screen was used to test for marijuana,
cocaine, opiates (American Bio Medica, Kinderhook, NY, USA), and fentanyl (AllTest,
Hangzhou, P.R. China).

2.1.2. Cocaine use—In addition to self-report and urine toxicology, cocaine users

were identified by the presence of cocaine (COC) and its metabolites benzoylecgonine

(BE), norcocaine (NC), m-hydrobenzoylecgonine (m-HOBE), and CE in blood. Plasma
samples of all participants were analyzed using a modified liquid chromatography with
tandem mass spectrometry (LC-MS/MS) method (Snozek et al., 2012). The compounds of
interest were separated from endogenous interferences on a Agilent Zorbax Eclipse XDB-C8
column using an Agilent 1200 HPLC system (Agilent Technologies Inc., Santa Clara, CA,
USA). The target analyte and internal standard were identified and quantified using a triple
quadrupole mass spectrometer with a HESI-II probe (TSQ Quantum Ultra, Thermo Fisher
Scientific Inc., San Jose, CA, USA).

Participants with =0.1 ng/mL of any of these metabolites in blood were considered cocaine
users. Given these data, three mutually exclusive groups were formed: cocaine non-using
comparisons (COC-), cocaine users who were negative for CE (COC+/CE-), and cocaine
users with 20.1 ng/mL of CE in blood (COC+/CE+).

2.1.3. Liver fibrosis—Liver fibrosis was determined via the Fibrosis-4 Index (FIB-4)
calculated from age, aspartate transaminase (AST), alanine transaminase (ALT) and platelet
count (Sterling et al., 2006). A FIB-4 < 1.45 has a negative predictive value of 90% for
advanced fibrosis (Ishak fibrosis score 4-6) with a sensitivity of 70%. At =3.25, it identifies
advanced fibrosis with a sensitivity and specificity of 23% and 96.6%, respectively.

2.2. Statistical analysis

Descriptive statistics are reported as No. (percentage, %) and mean + standard deviation
(SD) or median (interquartile range, IQR). Between-group comparisons for categorical
variables consisted of Chi-square tests. Between groups comparisons for normally
distributed continuous variables consisted of Independent Samples T-tests and One-way
Analysis of Variance (ANOVA) with Tukey post hoc multiple comparison. Non-parametric
methods were used for data that violated the assumptions of normality, which included
FIB-4 and cocaine metabolite concentrations in blood; these included Wilcoxon Rank-
Sum and Kruskal-Wallis tests with the Dwass, Steel, Critchlow-Fligner method for post
hoc pairwise comparisons. Binary logistic regressions were performed to calculate the
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odds ratios and 95% confidence intervals (CI) of having liver fibrosis. Multiple logistic
regressions were employed to evaluate the relationship between cocaine use and liver
fibrosis after controlling for sociodemographic characteristics (age, race/ethnicity, sex),
BMI, hypertension (=130 mm Hg systolic or 285 mm Hg diastolic blood pressure),
hyperglycemia (fasting plasma glucose level =100 mg/dL), and hypertriglyceridemia
(triglycerides =150 mg/dL), use of tobacco and alcohol, as well as HIV and HCV infections.
Statistical significance was considered as a p-value<0.05 and two-sided p-values are
reported unless otherwise specified. All statistical analyses were performed in SAS software,
version 9.4, Copyright 2012 SAS Institute Inc.

3. Results

3.1. Participant characteristics

A total of 649 participants were included in this analysis. As seen in Table 1, participants
were 53.6+8.3 years old on average, and mostly Black (61.8%) and male (61.3%). Nearly
a third of participants were Hispanic (29.0%) and most (76.1%) lived below the federal
poverty level. A total of 354 (54.6%) were living with HIV, 205 (31.6%) were HCV
seropositive, with 93 (14.3%) who had active HCV and 39 (6.0%) who were actively
co-infected with HIVV/HCV. The vast majority of PLWH were receiving ART (98.9%) and
were virally suppressed (70.9%) with a median CD4 cell count of 513 (332, 767) cells/L.
Over half (54.4%) of participants smoked cigarettes and 222 (34.2%) participants misused
alcohol.

Other than the exclusion of people who use heroin/fentanyl (N=121), the characteristics of
this sample are representative of the MASH cohort.

3.1.1. Characteristics of cocaine users—A total of 281 (43.3%) participants used
cocaine as determined by self-report, urine, and/or plasma cocaine or metabolites. In total,
138 (21.3%) of participants self-reported use of cocaine, 233 (35.9%) were positive for
cocaine in urine screen, and 336 (51.8%) were positive for cocaine via blood metabolites.
Participants who self-reported cocaine use, as compared to those who denied cocaine use,
were more likely to test positive for cocaine in urine (86.2% vs. 22.3%, respectively;
p<0.0001) and to test positive for cocaine metabolites in blood (94.2% vs. 40.3%,
respectively; p<0.0001). Compared to cocaine non-users, cocaine users were slightly
younger, more likely to be Black but less likely to be Hispanic, had lower educational
achievement, and a greater proportion lived in poverty. Cocaine users had lower BMIs and
a lower prevalence of obesity, but a higher prevalence of hypertension. Cocaine users were
less likely to be HIV-infected than cocaine non-users (p=0.015); yet, cocaine users were less
likely to have a suppressed viral load (p=0.005). Cocaine users were also more likely to
smoke cigarettes, misuse alcohol, and use marijuana than cocaine non-users. All data shown
in Table 1.

3.1.2. Cocaine users with and without CE in blood—Out of 281 participants
who used cocaine, 78 (27.8%) had detectable levels of CE in blood (=0.1 ng/mL). The
differences between cocaine users and non-users described above were accentuated in the
COC+/CE+ group (Table 1). Among cocaine users, those in the COC+/CE+ group had
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significantly higher concentrations of COC, BE, NC, and mHOBE in blood (data shown in
Supplementary Table 1). Notably, participants in the COC+/CE+ group were more likely to
report alcohol misuse and binge drinking, as well as consuming a greater number of drinks
per week than those in the COC+/CE- group (Table 1). Use of marijuana did not differ
between the COC+/CE+ and COC+/CE- groups.

Conversely, CE was found in 22.1% of participants who reported alcohol misuse compared
to 6.8% of those who reported no alcohol misuse (p<0.0001). Compared to cocaine non-
users, the COC+ and COC+/CE+ groups had 1.79 (95% ClI: 1.24, 2.59; p=0.002) and 4.86
(95% CI: 2.90, 8.13; £<0.0001) times the odds of alcohol misuse, respectively.

3.1.3. Cocaine use and CE in people living with HIV or HCV—The prevalence of
cocaine use was significantly lower for PLWH than HIV-uninfected participants (39.0% vs.
61.0%, respectively; p=0.015), but significantly higher among participants with active HCV
infection than those without active HCV (52.7% vs. 41.7%, respectively; p=0.048). On the
other hand, among cocaine users, neither HIV nor HCV status were associated with having
CE in blood.

Among PLWH, cocaine users had lower rates of viral suppression than cocaine non-users,
although use of ART and CD4+ cell counts did not differ (Table 1). Among PLWH who
used cocaine, those with CE in blood had significantly lower CD4+ cell counts than those
without CE in blood.

3.2. Liver fibrosis

One-hundred and eighty-six (28.7%) participants had a FIB-4 = 1.45 and 23 (3.5%) had a
FIB-4 = 3.25. Due to the limited number of participants with FIB-4 = 3.25, we used 1.45 as
the cutoff for the presence of liver fibrosis.

3.2.1. Alcohol, cocaine, CE, and liver fibrosis—Alcohol misuse was not
independently associated with liver fibrosis (OR=1.01, 95% CI: 0.71, 1.45; p=0.945), but the
risk tended to increase by 7% with every 5 drinks per week that were consumed (p=0.077).
Overall, cocaine users had greater odds of liver fibrosis than cocaine non-users (OR=1.51,
95% CI: 1.07, 2.12; p=0.019). As shown in Table 1, 33.5% of cocaine users and 25.0%

of cocaine non-users had liver fibrosis (p=0.018). Yet, 46.2% of COC+/CE+ participants
and 28.6% of COC+/CE- participants had liver fibrosis (p=0.005). The COC+/CE+ group
had over two and a half times the odds of liver fibrosis compared to cocaine non-users
(OR=2.57, 95% CI: 1.55, 4.26; p=0.0002).

3.2.2. Covariates and liver fibrosis—Univariate analyses were performed to
determine whether and how other factors related to liver fibrosis (Supplementary Table

2). Older age, male sex, cigarette smoking, lower BMI, and hypertension were associated
with increased risk for liver fibrosis, while being Hispanic was associated with reduced risk.
HIV infection was independently associated with increased risk for liver fibrosis (OR=1.80,
95% CI: 1.26, 2.55; p=0.001). The highest risk of liver fibrosis was seen among participants
actively infected with HCV (OR=5.16, 95% CI: 3.22, 8.25; p<0.0001), yet those that were
cured or spontaneously cleared the infection were also at higher risk (OR=1.81, 95% ClI:
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1.22, 3.01; p=0.005). HIV/HCV co-infected participants had the highest risk of liver fibrosis
compared to HIV/HCV uninfected participants (OR=10.74, 95% CI: 5.07, 22.74; p<0.0001).

3.2.3. CE and liver fibrosis, controlling for covariates—Multiple logistic
regression was employed to evaluate the relationship between CE and liver fibrosis after
controlling for potential confounders: age, race/ethnicity, sex, cigarette smoking, alcohol
consumption, BMI, hypertension, hyperglycemia, hypertriglyceridemia, HIV, and HCV
infections (Figure 1). After adjustment for covariates, COC+/CE+ was associated with 3.17
(95% CI: 1.61, 6.23; p=0.0008) times the odds of liver fibrosis as compared to cocaine non-
users. In addition to COC+/CE+, older age, male sex, hypertension, HIV, and active HCV
infection were significantly associated with increased risk of liver fibrosis after adjustment
for covariates. BMI remained inversely associated with the risk of liver fibrosis.

3.2.4. Liver fibrosis in PLWH—Since PLWH who used cocaine had lower rates of viral
suppression and those with CE in blood had lower CD4+ cell counts (Table 1), we also
assessed how cocaine and CE would impact PLWH adjusting for HIV-related covariates
(Table 2). Univariate logistic regressions showed that having a non-suppressed viral load
(=50 copies/mL), lower CD4+ cell counts, increased alcohol consumption, and COC+/CE+
were significantly associated with increased odds of liver fibrosis. In multiple regression,
additionally adjusting for ART use, viral suppression, and CD4+ counts, only COC+/CE+
continued to be significantly associated with liver fibrosis (OR=4.50, 95% CI: 1.59, 12.71;
=0.005).

4. Discussion

In this cross-sectional study, we assessed cocaine use, cocaethylene (CE) in blood—a
marker of simultaneous cocaine and alcohol use—and their relationship with liver disease, a
major cause of morbidity and mortality globally and particularly for PLWH. Cocaethylene in
blood was associated with increased odds of liver fibrosis, a precursor to liver cirrhosis,
hepatocellular carcinoma, and numerous extrahepatic complications. The effect of CE
persisted after accounting for relevant covariates, including HIV and active HCV infections.
Few studies have examined the relationship between cocaine use and liver disease. Yet, this
may be particularly relevant for PLWH due to increased substance misuse and vulnerability
to liver disease in this population. Our findings therefore provide valuable insights into how
substance misuse may contribute to liver disease, particularly among PLWH. Screening for
substance misuse in the clinical setting, including the use of CE as a reliable marker of
simultaneous cocaine and alcohol use, may help identify individuals at risk of liver disease
and aid in the prevention of its development or progression.

In vitro and animal models have demonstrated cocaine-induced hepatotoxicity (Duysen et
al., 2008; Labib et al., 2001; Wang et al., 1991). However, evidence of these effects in
humans has been limited. One study of HIV/HCV co-infected individuals did not find a
significant relationship between the use of cocaine and liver fibrosis as measured by APRI
(Martel-Laferriere et al., 2017). However, we have previously reported associations between
cocaine use and liver fibrosis as measured by FIB-4 (Campa et al., 2016; Zarini et al., 2020),
which has similar performance as APRI (Lemoine et al., 2019; Xiao et al., 2017, 2015; Xu et
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al., 2014). In this study, CE in blood was associated with increased odds of liver fibrosis as
measured by FIB-4 after considering relevant covariates. Other observational studies support
the case for cocaine-related hepatotoxicity in humans. In a case-control study of adult liver
transplant recipients, graft survival was poorer among 72 recipients of livers from cocaine
users than 126 controls whose donors were matched for age and had no history of drug

use (Komokata et al., 2006). That said, donors who used cocaine were much more likely
than controls to present with a serum ethanol concentration >50 mg/dL at hospitalization.
Another study found an inverse association between ever snorting/injecting cocaine and liver
fibrosis as measured by FibroScan among 298 individuals who used drugs (Foucher et al.,
2009). However, the study was designed to assess the influence of FibroScan use on HCV
screening and management, and adequate comparisons (drug non-users) were not included.
Ever snorting/injecting cocaine was also associated with a lower prevalence of HCV. Thus,
the findings are likely not generalizable.

At least with regards to liver disease, the effect of cocaine may not be entirely exclusive
from that of alcohol. For one, among cocaine users, concurrent and simultaneous use with
alcohol is exceedingly common (Liu et al., 2018), but also the combination of alcohol

and cocaine may be more hepatotoxic than either substance alone. For example, in human
hepatocytes, the presence of cocaine and alcohol, together, led to greater oxidative stress
than cocaine, alcohol, or CE alone (Ponsoda et al., 1999). It is also possible that cocaine
may heighten the hepatotoxicity of alcohol by altering the activity of cytochrome P-450
(Shimomura et al., 2019). Nevertheless, our findings directly implicate CE as an etiologic
factor in liver fibrosis with greater hepatotoxicity than cocaine or alcohol alone (McCance-
Katz et al., 1993; Ponsoda et al., 1999). In this study, cocaine users had one and a half times
higher odds of liver fibrosis compared to cocaine non-users. Yet, the effect of simultaneous
use of cocaine and alcohol, as measured by CE, largely explained that relationship. In
comparison, cocaine users with CE in blood had over three times the odds of liver fibrosis
as cocaine non-users, adjusted for covariates. All in all, our findings reflect CE-related
hepatoxicity and/or the effect of concomitant consumption of cocaine and alcohol on the
liver.

Prior research has indicated that the majority of people who use cocaine also use

alcohol, either simultaneously or concurrently (Liu et al., 2018). Among the MASH cohort
participants included in this study, 43% used cocaine; of those, 45% reported alcohol
misuse and 28% had CE in blood. People who used cocaine and alcohol simultaneously,

as evidenced by CE in blood (COC+/CE+), demonstrated greater alcohol misuse than both
cocaine users without CE in blood (COC+/CE-) and cocaine non-users (COC-). Moreovetr,
we found greater plasma concentrations of cocaine and its metabolites among COC+/CE+
than COC+/CE-. These findings are consistent with prior reports. Elevated blood levels of
cocaine and norcocaine have been noted when cocaine was consumed with alcohol than
when consumed alone (Farré et al., 1997, 1993; McCance-Katz et al., 1998, 1993; Perez-
Reyes and Jeffcoat, 1992). Moreover, Gossop, et al. (2006) found that when alcohol and
cocaine were used simultaneously, the amounts of alcohol and cocaine that were consumed
were higher than when either was consumed alone. That said, this may only be the case
among individuals who use powdered cocaine, as the opposite effect was seen among those
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who used crack-cocaine. CE concentrations in blood are also increased when cocaine is
administered orally as compared to smoked (Herbst et al., 2011).

Blood concentrations of CE depend on the amount, order, and timing that cocaine and
alcohol are consumed, as well as the route of cocaine administration (Herbst et al., 2011;
Jones, 2019). The highest levels of CE are likely the result of consuming cocaine when
blood alcohol levels are already high. Conversely, no matter how much alcohol is consumed,
low levels of CE in blood would be expected if the concentration of cocaine in blood

was low when alcohol was consumed. The available evidence suggests that individuals

who use cocaine and alcohol simultaneously are most likely to consume cocaine after
alcohol (Gossop et al., 2006a; Macdonald et al., 2015). Reasons for using cocaine after
alcohol include a desire for a longer and more intense high, wanting to be more sociable,
and increased alertness/reducing fatigue (Macdonald et al., 2015). Alternatively, reasons to
consume alcohol after cocaine are mostly related to reducing withdrawal or undesired effects
of cocaine (Macdonald et al., 2015). The use of alcohol after cocaine has been associated
with cocaine dependence (hence, their desire to ameliorate the adverse effects of cocaine
use) and may be more common among people who use crack-cocaine (Gossop et al., 20063,
2006b; Macdonald et al., 2015).

There are several implications from this study’s findings. Cocaine use, due to its addictive
nature and lack of effective treatments for long-term cessation, can become a persistent
trigger of liver fibrogenesis. Chronic use of cocaine also extends its half-life in circulation,
thereby increasing its toxicity (Jufer et al., 2000; Moolchan et al., 2000). In turn, as liver
disease progresses, impaired liver function can delay the metabolism of drugs, such as
cocaine, resulting in increased toxicity. Furthermore, these findings are highly relevant for
PLWH, in whom the use of cocaine and alcohol are disproportionately prevalent compared
to the general population (Shiau et al., 2017), and who have increased vulnerability and
susceptibility to liver diseases (Campa et al., 2016; Rockstroh et al., 2014; Sherman

etal., 2017). For example, alcohol has a greater impact on hepatic fibrosis in PLWH

than HIV-uninfected peers (Lim et al., 2014). Whether the same is true for cocaine or
other drugs remains to be understood. Additionally, substance misuse can interfere with
ART, accelerate HIV disease progression (Desai et al., 2020), and contribute to the high
burden of comorbidities that PLWH experience. Indeed, excessive alcohol consumption and
concomitant alcohol-cocaine use are associated with increased HIV viral loads and lower
CDA4+ cell counts (Baum et al., 2010), which subsequently lead to greater fibrogenesis
(Cooper et al., 2015; Maponga et al., 2018). In this study, cocaine use was associated with
increased HIV viral loads and CE in blood was associated with lower CD4+ cell counts.
Interactions of substances of abuse with ART may also contribute to liver fibrosis. Alcohol
use, for example, is associated with greater liver fibrosis among those taking protease
inhibitors (Bilal et al., 2016). Liver disease is a leading cause of morbidity and mortality in
PLWH with a highly complex etiology (Campa et al., 2016; Rockstroh et al., 2014; Sherman
etal., 2017). In an era when the incidence and prevalence of hepatitis infections are in
decline, the role of substance misuse on liver disease among PLWH may become more
considerable.
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4.1. Strengths and limitations

The findings of this study should be interpreted in consideration of its strengths and
limitations. The use of urine and blood tests provided objective measures of cocaine use;
however, biologic samples can only determine recent use and cannot differentiate between
acute and chronic use. Blood CE is a reliable biomarker of simultaneous alcohol and cocaine
use, but an objective measure of alcohol consumption was not available. Future studies

may consider the use of Phophatidylethanol (Peth) as a biomarker of alcohol consumption
(Arving et al., 2021). Additionally, the FIB-4 does not measure liver fibrosis directly; rather,
it is an index designed to assess the risk of liver fibrosis. On the other hand, it provides
certain advantages such as being non-invasive, cost-effective, and easily applied in clinical
settings. The characteristics of the MASH cohort should also be considered with regards to
the generalizability of the findings. PLWH in the MASH cohort are not representative of the
overall population of adults living with HIV, especially those that are undiagnosed, newly
infected, or not receiving HIV care. PLWH in the MASH cohort have been living with HIV
for an average of 16+9 years and display excellent rates of engagement with HIV care.

5. Conclusion

Cocaethylene, a metabolite produced from the simultaneous use of cocaine and alcohol, was
associated with increased odds of liver fibrosis in Black and Hispanic people living with
and without HIV and/or HCV. The association of CE with liver fibrosis remained significant
after adjusting for relevant covariates including HIV and active HCV infection. The effect
of CE on liver fibrosis was significantly greater than that of cocaine or alcohol alone. These
findings are highly significant as most people who use cocaine also use alcohol, and the use
of these substances is disproportionately prevalent in PLWH, who are especially vulnerable
and susceptible to liver disease. Further research is needed to explore the independent

and interactive effects of alcohol, cocaine, and CE. Cocaethylene is a reliable marker of
simultaneous use of cocaine and alcohol that may help identify individuals at risk of liver
disease and aid in the prevention of its development or progression.
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Highlights
. In vitro and animal models have demonstrated cocaine-induced hepatotoxicity

leading to liver fibrosis, but studies on human subjects are lacking.

. Cocaethylene is a highly toxic metabolite of cocaine produced in the liver in
the presence of alcohol; thus, it serves as a marker of simultaneous use of
cocaine and alcohol.

. Using the Fibrosis-4 Index to assess liver fibrosis, we show that the presence
of cocaethylene in blood was associated with increased risk of liver fibrosis.

. The effect of cocaethylene on liver fibrosis was greater than that of cocaine or
alcohol alone.
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Figure 1. Multiple logistic regression model: Odds of liver fibrosis (FIB-4 = 1.45)2
& A multiple logistic regression was performed to calculate odds ratios for liver fibrosis

(FIB-4 = 1.45). Odds ratios are adjusted for all of the factors shown.
Abbreviations: COC+/CE-, cocaine users without cocaethylene in blood; COC+/CE+,
cocaine users with cocaethylene in blood; FIB-4, Fibrosis-4 Index
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Table 1.
Participant characteristics”
Total Cocaine non- Cocaine user COC+/CE- COC+/CE+
user
N=649 N=368 N=281 P N=203 N=78 (27.8%) P
(56.7%) (43.3%) (72.2%)
Age 53.6+8.3 54.4+8.2 525+8.4 0.005 52.3+85 53381 0.372
Race
Black 401 (61.8%) 189 (51.4%) 212 (75.4%)  <0.0001 143 (70.4%) 69 (88.5%) -
White 202 (31.1%) 146 (39.7%) 56 (19.9%) 47 (23.2%) 9 (11.5%)
Other 46 (7.1%) 33 (9.0%) 13 (4.6%) 13 (6.4%) 0
Hispanic ethnicity 188 (29.0%) 132 (35.9%) 56 (19.9%) <0.0001 47 (23.2%) 9 (11.5%) 0.029
Sex
Female 251 (38.7%) 137 (37.2%) 114 (40.6%) 0.387 77 (37.9%) 37 (47.4%) 0.146
Male 398 (61.3%) 231 (62.8%) 167 (59.4%) 126 (62.1%) 41 (52.6%)
Education
Less than High-School 256 (39.5%) 138 (37.5%) 118 (42.0%) 0.049 87 (42.9%) 31 (39.7%) 0.199
High-School or GED 201 (31.0%) 107 (29.1%) 94 (33.5%) 62 (30.5%) 32 (41.0%)
More than High-School 192 (29.6%) 123 (33.4%) 69 (24.6%) 54 (26.6%) 15 (19.2%)
Income (below poverty) 494 (76.1%) 265 (72.0%) 229 (81.5%) 0.005 160 (78.8%) 69 (88.5%) 0.062
Metabolic
BMI (kg/m2) 29.3+6.6 30.3+6.5 27964 <0.0001 27.8+6.3 28.36.7 0.605
Obese 259 (39.9%) 172 (46.7%) 87 (31.0%)  <0.0001 61 (30.1%) 26 (33.3%) 0.594
Hypertension 259 (55.3%) 189 (51.4%) 170 (60.5%) 0.020 114 (56.2%) 56 (71.8%) 0.016
Hyperglycemia 141 (21.7%) 81 (22.0%) 60 (21.4%) 0.840 46 (22.7%) 14 (18.0%) 0.388
Hypertriglyceridemia 176 (27.1%) 108 (29.4%) 68 (24.2%) 0.144 47 (23.2%) 21 (26.9%) 0.509
HIV 354 (54.6%) 216 (58.7%) 138 (49.1%) 0.015 105 (51.7%) 33 (42.3%) 0.157
onArTY 350 (98.9%) 213 (98.6%) 137 (99.3%) 104 (99.1%) 33 (100%)
HIV RNA <50 copies/ml? 251 (709%) 165 (76.4%) 86 (62.3%) 0.005 66 (62.9%) 20 (60.6%) 0.816
CD4+ cell countb 513 (332,767) 544 (347,792) 474 (300, 721) 0.130 504 (324,812) 433 (247,582) 0.042
HCV 205 (31.6%) 114 (31.0%) 91 (32.4%) 0.703 65 (32.0%) 26 (33.3%) 0.833
Cleared or cured 112 (17.3%) 70 (19.0%) 42 (15.0%) 0.085 32 (15.8%) 10 (12.8%) 0.629
Viremic 93 (14.3%) 44 (12.0%) 49 (17.4%) 33 (16.3%) 16 (20.5%)
HIV/HCV co-infected 39 (6.0%) 19 (5.2%) 20 (7.1%) 0.644 13 (6.4%) 7 (9.0%) 0.762
Substance use
Cigarette smoker 353 (54.4%) 162 (44.0%) 191 (68.0%)  <0.0001 130 (64.0%) 61 (78.2%) 0.023
Alcohol misuse 222 (34.2%) 95 (25.8%) 127 (45.2%)  <0.0001 78 (38.4%) 49 (62.8%) 0.0002
Binge drinking 113 (17.4%) 47 (12.8%) 66 (23.5%) 0.0004 40 (19.7%) 26 (33.3%)  0.0160
Drinks per week 0(0,3) 0(0,2) 1(0, 8) <0.0001 1(0,4) 5(1, 15) <0.0001
Marijuana 205 (31.6%) 75 (20.4%) 46.4%) <0.0001 95 (46.8%) 35 (45.5%) 0.841
Hepatic
Alanine transaminase 19 (14, 28) 19 (15, 29) 18 (13, 28) 0149  18(13,27) 19 (13, 32) 0.258

Drug Alcohol Depend. Author manuscript; available in PMC 2023 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Tamargo et al.

Page 18

Total Cocaine non- Cocaine user COC+/CE- COC+/CE+
user
N=649 N=368 N=281 P N=203 N=78 (27.8%) P
(56.7%) (43.3%) (72.2%)
Aspartate transaminase 22 (17,31) 22 (18, 29) 23 (17, 33) 0.152 22 (16, 31) 29 (19, 36) 0.002
Alkaline phosphatase 79 (66, 96) 79 (66, 96) 80 (66, 94) 0.961 78 (66, 93) 84 (67, 106) 0.133
FIB-421.45 186 (28.7%) 92 (25.0%) 94 (33.5%) 0.018 58 (28.6%) 36 (46.2%) 0.005

Abbreviations: ART, antiretroviral therapy; COC+/CE-, cocaine users without cocaethylene in blood; COC+/CE+, cocaine users with cocaethylene

in blood; FIB-4, Fibrosis 4 Index

a . o . . . .
Data reported as No. (%), mean =+ standard deviation, or median (interquartile range). Between-group differences were tested with Chi-square for

categorical outcomes and T-test (or non-parametric Wilcoxon Rank-Sum) for continuous outcomes.

bAmong HIV+ participants (n=353).
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Table 2.

Logistic regressions for liver fibrosis (FIB-4 21.45) among people living with HIVV (N=354).

Unadjusted Adjusteda

OR 95% ClI Chi-Square P OR 95% ClI Chi-Square P
ART 155 (0.16, 15.01) 0.14 0.708 1.18 (0.09, 16.47) 0.02 0.902
HIV RNA<50 copies/mL 052  (0.32, 0.83) 7.40 0.007 0.60 (0.32,1.12) 2.59 0.107
CD4+ cell count, 100 copies/uL  0.87  (0.81, 0.94) 13.65 0.0002 091 (0.83,1.01) 321 0.073
Drinks per week, 5drinks  1.17  (1.02, 1.34) 471 0.030 1.01  (0.09,1.12) 0.02 0.880
COC+/CE- 130 (0.79,2.14) 1.04 0.309 122 (0.67,2.24) 0.39 0.533
COC+/CE+ 497 (2.27,10.85) 16.16 <0.0001 450 (1.59,12.71) 8.04 0.005

Abbreviations: ART, antiretroviral therapy; COC+/CE—, cocaine users without cocaethylene in blood; COC+/CE+, cocaine users with cocaethylene

in blood

aOdds ratios are adjusted for age, race/ethnicity, sex, cigarette smoking, alcohol consumption, BMI, hypertension, hyperglycemia,
hypertriglyceridemia, HCV, and all the factors shown.
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