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INTRODUCTION

Alcohol-related liver disease (ArLD) is a major cause of liver disease
globally.? Traditionally, ArLD was thought to be more prevalent and
severe in men than in women; however, this sex gap is now nar-
rowing. Recent data demonstrate that alcohol intake is significantly
growing among women, and that female sex is more vulnerable to the
harmful effects of alcohol. Young people and female individuals from
austral Asia, western Europe, and southern Latin America have the
highest rates of harmful alcohol consumption.? This results in an
overall disease burden and substantial health loss, especially in this
population group.® In this review, we summarize the latest findings
on the influence of biological sex on the metabolism of alcohol,
pathogenesis of liver injury, disease progression and therapeutic

options.

PRE-CLINICAL SETTINGS

Hepatic and extrahepatic ethanol metabolism and
differences among sex

Ethanol is a psychoactive compound that acts as a central nervous
system depressant. It is absorbed by the gastrointestinal tract and is
rapidly distributed throughout the body into peripheral tissues.* The
main factors that influence the rate of ethanol absorption include the
amount of ethanol consumed, body composition, gastric emptying,
and enzymatic activity. The enzymes that are responsible for ethanol
metabolization are located throughout the gastrointestinal tract and
the liver, as well as in other tissues including adipose, breast, brain,
and whole blood.* The liver metabolic pathways of ethanol are
summarized in Figure 1.

Non-oxydative pathway

+fatty acids

+ phasphatidylcholine

+ glucuronic acid

Alcohol Acetaldehyde

The sex differences in enzymatic activities are responsible, at
least in part, for the sex differences in alcohol related liver injury.®
Men have a 70%-80% higher gastric alcohol dehydrogenase (ADH)
activity compared with women. Conversely, women have a higher
hepatic ADH activity. A study by Kwo et al.® demonstrated that the
alcohol elimination rate normalized for lean body mass was higher in
women than in men, suggesting a possibly higher concentration of
toxic metabolites, especially acetaldehyde, in the liver.

Although the liver being the principal site of ethanol metabolism
and a target for alcohol-induced injury, important evidence suggests
that ethanol could promote adipose tissue dysfunction, which in turn
results in the progression of liver damage.” Inflammation of adipose
tissue is one of the most important co-factors in ArLD pathogen-
esis.®? The expression of specific Toll-Like Receptors (TLRs)
(including TLR2, TLR3, and TLR9) was found to be higher in alcohol-
fed female mice but not in male mice?, confirming sexual dimorphism
in alcohol-stimulated inflammation in the adipose tissue. The clarifi-
cation of the molecular mechanism of alcohol-associated adipose
tissue dysfunction could be crucial for the identification of efficient

therapeutic agents for the treatment of ArLD.

Different amount of alcohol metabolized among sex

Females are generally smaller than males. Furthermore, females have
smaller body water content per kilogram of body weight, which leads
to a smaller distribution volume.° In addition, alcohol distribution is
influenced by the different composition of total body fat between the
two sexes, that is higher in females.!! Therefore, the same quantity of
alcohol consumption results in higher systemic alcohol levels in fe-
males. The amount of alcohol intake ‘at-risk’ for the development of
hepatitis or cirrhosis is variable between individuals; however, it is
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FIGURE 1 Liver pathways involved in alcohol metabolism. ADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; EtG, ethyl
glucuronide; EtS, ethyl sulfate; FAEE, fatty acid ethyl esters; PEth, phosphatidylethanol; ROS, reactive oxygen species; VLDL, very-low-density

lipoprotein.
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estimated that the consumption of 40 g per day for 10 years is
associated with an increased risk of cirrhosis. The sex-specific defi-
nition of excessive alcohol ingestion is defined as two standard drinks
(20 g ethanol) daily for men and one standard drink (10 g ethanol)
daily for women.

Metabolic alterations resulting from alcohol
metabolism affecting lipid, glucose, and protein
metabolism

Data on alcohol metabolism and lipid, glucose and protein meta-
bolism according to sex difference are scant.

Chronic alcohol consumption increases adipose tissue lipolysis
and liver fat deposition, which leads to the development of fatty liver
disease. Lipid metabolism in response to long-term alcohol intake
promotes adipose tissue loss and free fatty acid release.?

Chronic alcohol intake impairs insulin regulation and glucose
tolerance. Preclinical models suggest that alcohol inhibits insulin
secretion. Therefore, a chronic, excessive alcohol intake can antag-
onize insulin-stimulated glucose disposal in peripheral tissues and the
suppression of hepatic glucose production might promote the
development of type 2 diabetes mellitus.'®> On the other hand, a
moderate alcohol consumption seems associated with a reduced risk
of type 2 diabetes, especially in women.'*

Regarding protein metabolism, the alcohol effect in the skeletal
muscle is associated with an increased expression of alcohol
metabolizing enzymes, including ADH inhibitors.'® Interestingly,
sexual hormones are also responsible for the development of sar-
copenia.’® Low testosterone levels can contribute to more severe
muscle loss in ArLD, especially in men.*> Additionally, alcohol abuse
favors malnutrition, providing futile calories and generating a vicious
cycle ¢

Sex differences in metabolism and alcohol-induced
liver injury

In case of prolonged heavy alcohol consumption, the principal
metabolic pathways responsible for alcohol metabolism become
overwhelmed, affecting mostly the liver. This is particularly relevant
in women in whom the baseline enzymatic activity is lower than in
men, thus leading to a higher alcohol toxicity and liver injury.®

Sex hormones are also involved since estrogen stimulates
the lipopolysaccharide (LPS) activation of Kupffer cells, which leads to
a higher inflammatory response. Indeed, females have a higher in-
flammatory activation in response to enteric endotoxins, the amount
of which is increased by exposure to alcohol compared to males. An-
imal models have demonstrated that increased Kupffer cell activation
causes more severe hepatic injury and necrosis. Additionally, estrogen
blockade in mouse models has been shown to attenuate alcohol-

related injury in females.r” On the other hand, chronic alcohol

ingestion considerably modifies the hormonal milieu in both sexes,
significantly altering both sex hormone levels and functions.®! In
men, alcohol abuse induces hormone imbalance, with a reduction of
serum testosterone and elevation of estrogen levels, with consequent
erectile dysfunction, infertility, loss of muscle mass, gynecomastia. In
women, it was demonstrated that altered ethanol intake induces deep
alterations in hormone homeostasis and reproductive potential.® The
principal alterations seen in women are menstrual cycle disorders,
including amenorrhea, anovulatory, or irregular cycles, and luteal
phase dysfunction, impaired fertility, and earlier menopause.*’

In summary, women are more susceptible to the toxic effects of
ethanol than men. The mechanisms responsible for this increased
susceptibility to ArLD include differences in first-pass metabolism in
the stomach, different enzymatic activities in the liver, differences in
ethanol distribution volumes in the body, differences in gut perme-
ability to endotoxin and estrogen-induced increased susceptibility of

Kupffer cells in the liver to gut-derived LPS (Figure 2).

CLINICAL SETTINGS
Alcohol-related liver disease

Alcohol-driven hepatic injury can be acute, chronic, or acute-on-
chronic. Acute alcohol intake results in a predominantly steatosis-
like injury, whereas chronic intake leads to fibrosis, cirrhosis, and
potentially hepatocellular carcinoma (HCC). Furthermore, alcohol
may lead to significant alterations in cerebral blood flow.2>2* Each of
these conditions can be significantly influenced by biological sex.

Acute alcoholic hepatitis (AAH)

Acute alcoholic hepatitis (AAH) is a clinical syndrome characterized
by jaundice, ascites, hypoalbuminemia, hyperbilirubinemia, pro-
thrombin time prolongation, and mild-to-moderate increase in
transaminases. Severe cases not responding to corticosteroid therapy
have a 6-month mortality rate of 75%.%2

The epidemiology of AAH is poorly understood. However, since
alcohol abuse is increasing sharply, it is expected that the incidence
of AAH will also increase worldwide. A large Spanish cohort of AAH
demonstrated that male sex, older age, model for end-stage liver
disease (MELD) score and failure to withdraw alcohol were inde-
pendently associated with mortality. Interestingly, patients with
recurrent AAH were more frequently men (93% vs. 72%) and there
was a trend towards a lower survival (83% vs. 92%).2°

In a study of the NHANES database on 15,981 subjects, male sex
and Hispanic race were associated with harmful alcohol use. How-
ever, when considering liver disease, female sex was associated with
8% higher risk of acute on chronic liver failure (ACLF). The risk of
ACLF grade >2 was 1.7-fold higher in people <35 years old and 1.5-
fold higher in females.?*
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FIGURE 2 Role of sex differences in alcohol metabolism and its harmful effect. ADH, alcohol dehydrogenase; TBW, total body water.

Alcohol liver disease (ArLD) cirrhosis

A systematic analysis regarding cirrhosis-related mortality and
morbidity due to hepatitis C virus (HCV), hepatitis B virus (HBV), ArLD
and non-alcoholic steatohepatitis (NASH) conducted across 195
countries demonstrated that the global burden of alcohol-related
cirrhosis is 27.3% in males and 20.6% in females, respectively. The
highest age-standardized death rate due to alcohol-related cirrhosis
for both males and females is shown in central Asia (male 38.7%; fe-
male 33.3%), central and eastern Europe (male 44.8%; female 43.6%
and male 40.3%; female 32.8%, respectively), and Latin America (male
42.8% and female 30.7%). These patterns closely follow the distribu-
tion of alcohol consumption in these regions. Furthermore, the risk for
the development of cirrhosis was consistently higher in women than in
men at all levels of alcohol consumption and cirrhosis-driven mortality
is increasing mostly in women than in men.2°

In the US, hospitalizations due to alcoholic cirrhosis increased by
19.8% from 2007 to 2014; notably, the increase was more important
in women than in men (33.5% vs. 14.7%).2¢

Genetic polymorphisms are often advocated among the factors
influencing ArLD progression. A large cohort of studies including twins
has shown heritability for alcohol dependence ranging from —16% to
72%, with higher rates in men. However, a selection bias on including
few women-twins can explain these results.?” Three loci have been
identified which are associated with an increased risk of developing
ArLD, namely, PNPLA3, TM6SF2, and MBOAT7.28 Interestingly, some

of these genetic polymorphisms are shared with the pathogenesis of
non-alcoholic fatty liver disease (NAFLD), suggesting a mutual influ-
ence among alcohol consumption and metabolic disease. A recent
study evaluating alcohol consumption through phosphatidylethanol
(PEth) in blood demonstrated that PEth >48 ng/mL and binge drinking
have the highest risk of significant fibrosis progression in patients with
NAFLD.?? On the other hand, in a study on biopsy-proven ArLD, in-
sulin resistance was found to be the strongest predictor of liver fibrosis
stage and hepatic inflammation among various metabolic markers.°

Additionally, also different patterns of alcohol consumption can
influence ArLD progression. A meta-analysis including data on two
million participants with 5505 cases of cirrhosis showed that there
was no increased risk of ArLD for occasional drinkers. However,
consumption of 1 drink per day in comparison to long-term ab-
stainers showed an increased risk of liver cirrhosis in women but not
in men.?’

Hepatocellular carcinoma (HCC)

HCC is the most common type of primary liver cancer. In 90% of
cases, HCC develops in the context of chronic liver disease. HCC is
the fifth most common cancer in men and the ninth in women.*?

In Europe, 33% and 18% of the total number of HCCs in men and
women, respectively, is caused by past and/or current alcohol
intake.3!
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Alcohol promotes hepatocarcinogenesis indirectly through the
development of cirrhosis, and directly through the formation of
acetaldehyde, reactive oxygen species, DNA damage, up regulation of
the production of cytokines, and alteration of immune surveillance.**

The risk of HCC is 5 times higher in women than in men per the
same amount of alcohol consumption (>80 g/day).3?

Besides epidemiological differences, the role of sex in the carci-
nogenic cascade driven by alcohol is currently under investigation.
Estrogen may play a protective role. In a study by Hassan et al.,>® the
use of estrogenic therapy during menopause was associated with a
reduced risk of HCC and increased overall survival.

In conclusion, biological factors make women more sensitive to
alcohol-mediated liver damage and therefore more at risk of devel-
oping HCC than men. On the other hand, socio-cultural factors make
the prevalence of HCC higher in males.

It should also be highlighted that socio-cultural differences are
evolving, especially in developing countries. Thus, it is likely that the

epidemiological scenario will change in the future.

Therapeutic approach in ArLD

Behavioral and pharmacological treatments for alcohol
use disorders (AUD)

Alcohol use disorder (AUD) is a chronic disease defined by the loss of
control, craving, and failure to fulfill major role obligations related to
alcohol misuse.

Considering the drinking pattern, compared to men, more
women are lifetime abstainers, drink less, and are less likely to
engage in problem-drinking and develop AUD or alcohol withdrawal
symptoms.®* However, evidence shows that racial/ethnic minority
women, sexual minority women, and women belonging to low so-
cioeconomic status (based on education, income, or residence in
disadvantaged neighborhoods) are more likely to experience AUD.
Additionally, when considering these characteristics, harmful drink-
ing patterns, including binge drinking and intoxication, are present.®>
Unfortunately, these psycho-socio-cultural factors have an impact on
morbidity and mortality outcomes.3¢

In general, most patients with ArLD do not receive AUD therapy,
which becomes even more evident when considering alcohol-related
disparities among sexes. In a study by Mellinger et al. women were
less likely to receive a face-to-face visit (HR 0.84, p < 0.001) or an
approved relapse prevention medication (0.89, p = 0.05) than men.®”

Indeed, relatively few studies have examined sex differences in
the effectiveness of specific behavioral or pharmacologic treatment
for AUD. While women may be less likely to undergo alcohol treat-
ment, sex itself is not necessarily a predictor of outcome among
patients receiving alcohol treatment.>®

Several factors might contribute to gender disparities in AUD
access to treatments, and these can be even more pronounced when

ethnical minorities are considered. One factor is the stigma of AUD,

which can be particularly rooted in some cultures. Other deterrents
could be related to the fear of losing child care. Lastly, logistic bar-
riers and inadequate insurance might play a role.

Considering behavioral therapy, despite the small number of sex-
oriented studies, the results are conflicting on adherence to pro-
grams by women. In a study evaluating the effectiveness of the
Network Support group, women fared less well than men, suggesting
that a careful evaluation of the pre-existing social support networks
is necessary prior to propose this approach in female.®? Certainly,
some differences emerge between the risk factors for the failure of
behavioral therapy for AUD in males and females. Failure to initiate
treatment was predicted in women by mental health diagnoses and in
men by less education, whereas treatment completion was predicted
in women by higher income and legal/agency referral, and in men by
older age.*® Sex-related differences emerge in considering pharma-
cological treatment for AUD (Table 1).

A study among alcohol- and cocaine-dependent patients treated
with oral naltrexone demonstrated that, compared with placebo, men
had reductions in cocaine and alcohol use and drug severity; how-
ever, this effect was not observed in women. The addition of psy-
chosocial treatment did not affect the outcome for both sexes.** Suh
et al. showed that in the absence of clear predictors of treatment
discontinuation in men, women were more likely to discontinue
naltrexone treatment because of nausea.*? In contrast, a separate
study of sex differences in naltrexone treatment outcomes among
alcohol-addicted individuals demonstrated that the effect sizes for
naltrexone over placebo were the same for women and men.*®

The COMBINE study (e.g., Combined Pharmacotherapies and
Behavioral Interventions for Alcohol Dependence) investigated
alcohol treatment among 8 groups of patients (378 women, 848
men) who received medical management with 16 weeks of placebo,
naltrexone (100 mg daily), acamprosate (3 g daily), or their combi-
nation with or without a specialist delivered combined behavioral
intervention (CBI).** A ninth group received CBI alone with no pills.
Greenfield and co-authors reported a sex-focused analysis of the
COMBINE study and confirmed that women with AUD responded to
naltrexone similar to the men on a wide range of outcome measures.
We speculate that clinicians can feel reasonably comfortable pre-
scribing naltrexone for alcohol dependence in both men and women.
In a recent trial confirming the efficacy of baclofen in reducing
heavy drinking and increasing abstinent days in individuals with
AUD, an interesting difference among sexes emerged.** Indeed, men
benefit from 90 mg of baclofen/day but not from 30 mg/day, women
show benefit from 30 mg/day of baclofen, marginal benefit from
90 mg/day with increased side effects at this dose, suggesting
that dose adjustment should be considered when baclofen is
prescribed.

To conclude, AUD treatment is a cornerstone in preventing ArLD
progression. Sex unbalance in treatment access exists and has to be
counteracted. Acknowledging sex-differences in both behavioral and
pharmacological treatments is paramount to achieve the best results

and address the most suitable therapeutic choice.
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TABLE 1 Pharmacotherapy agents and behavioral treatment for alcohol use disorders specifically considering gender differences.

Use in advanced

Treatment Recommendation liver disease

Behavioral therapy (i.e., cognitive; First line Yes
motivational enhancement)

Naltrexone First line

class C

Acamprosate Second line Yes

Baclofen NA Yes

Gabapentin Second line Yes

Topiramate Second line

hepatic

encephalopathy

Avoid in Child-Pugh

Avoid in patients with

Hepatotoxicity Special consideration/barriers based on gender

NA Consider for women:
- Cultural stigma; fear of losing childcare
- Depression more than anxiety
- Mental disease
- Lower income

Possible - No difference in efficacy in both sex
- Higher rate of discontinuation in women
possibly due to side effects

Not reported . No difference on any measure of efficacy,
safety, or tolerability in both sex
- Some small experience in pregnant women did
not show poor maternal or neonatal health
outcomes

Not reported - Women my benefit from lower dose than men

Not reported - No data available, apparently no difference.
However, the trials available included men
more than women

Not reported - No data available, apparently no difference.
However, data on smoking cessation on top-
iramate favors men than women

Liver transplantation for ArLD

In recent years, the survival rate of liver transplant (LT) patients with
ArLD has significantly improved, making this etiology one of the most
suitable indications for LT.* Indeed, graft and patient survival at
5 years after LT for ArLD are 74% and 79%, respectively.*”

The relapse rates of alcohol use after LT for ArLD are compa-
rable to those seen in other indications.*® Male sex was one of the
risk factors for relapsing.*’

A UNOS study showed that, among 51,329 adults registered on
LT waiting lists from January 2014 to March 2019, ArLD was the
leading etiology among men without HCC in 2019.%° In Italy, where
the indication to LT is more important in men than in women (76% vs.
24%), a recent study on 18,362 adults listed for LT from January
2004 to December 2020 showed that ArLD was a major cause of
waitlisting for cirrhosis without HCC and that this was more relevant
in men than in women (82% vs. 18%).>* Furthermore, donor-recipient
matching has been recently suggested to influence the long-term
outcome of liver-transplanted patients, independent of indication.>2

Recent data indicate that, among LT candidates with ArLD,
women were less likely to be listed and, once listed, were less likely to
be transplanted. McElroy et al. examined 949 patients with ArLD.
They showed that the listing rate of women with ArLD was signifi-
cantly lower (10% vs. 19%; p < 0.05) and also the LT rate (40% vs. 44%,;
p < 0.05). Despite women represented only 30% of LT recipients, they
were more likely to die on the waiting list than men. There are
different potential factors responsible for these differences. Firstly,
women are disadvantaged by the MELD score. Secondly, there is

a higher prevalence of psychiatric comorbidities and history of

psychiatric pharmacotherapy in women.>® Cullaro et al. recently
found women to be 10% more likely to be delisted than men.>* In a
sub-analysis including only ArLD etiology, delisting was significantly
more common in women than in men (5.4% vs. 2.6% respectively).54

Regarding the post-LT follow-up, no difference in short- and long-
term survival between women and men recipients has been reported.
Legaz et al. showed similar short-term survival and death rates be-
tween men and women (15.8% vs. 18.7%). Liver graft failure was one
of the main causes of death in male recipients (19.5%), followed by
bacterial sepsis (16.8%) and multiple organ failure (15.9%), whereas, in
female recipients, the main cause of death was not related to LT
(77.7%). However, a more recent study found a substantial mortality
risk in women with ArLD aged <40 years who underwent trans-
plantation for ArLD. In this cohort, recurrent disease was the most
important driver for post-transplant mortality®® (Table 2A).

In conclusion, among LT candidates with ArLD, women are less
likely to be listed and, once listed, are less likely to be transplanted
and more likely to be delisted. Post-transplant survival seems com-
parable between sexes. Further efforts to mitigate the sex-related

differences in the field of LT for ArLD are eagerly expected.

Liver transplantation for acute alcoholic hepatitis
(AAH)

Severe AAH is associated with a mortality rate of 75% at 6 months.??
Despite these high mortality rates and the lack of effective therapies,
AAH was traditionally considered an absolute contraindication to LT

worldwide due to the lack of pre-LT abstinence and the postulated
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high risk of post-LT relapse.>® However, if performed under stringent
selection criteria, LT can significantly increase survival rates in pa-
tients with AAH not responding to steroid therapy.>” There is an
ongoing debate as whether to allocate a limited resource, such as
liver grafts, to individuals who have not demonstrated a period of
alcohol abstinence. However, the existing data on LT in these pa-
tients indicate that outcomes, namely survival and relapse, are
acceptable in this subset of patients.”®

No study has yet evaluated the outcome of LT for AAH according
to recipient sex, perhaps reflecting the relatively recent introduction
of AAH as a potential indication for LT (Table 2B). Current data
indicate that LT in AAH is performed mostly in males (58% in
Mathurin et al.>” and 66% in Germani et al.>%). In an independent
cohort from the US®® in early LT for AAH, 49/111 women were
evaluated in the study. In detail, 4/9 (44%) receive early LT. Among
the 45 women who received psychosocial assessment, 36 were

declined for LT for poor psychosocial profile.

CONCLUSION

In patients with ArLD, sex influences not only the different meta-
bolism of alcohol but also the level of hepatic and extra-hepatic injury
and phenotypic expression of diseases. Sex also influences the access
to diagnosis and treatment for many alcohol-related conditions,
including liver transplantation. A better understanding of the impact
of sex in these patients is paramount in order to mitigate the sex-

driven disparities in ArLD.
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