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Highlights Lay summary

� Liver fibrosis assessment is a key prognostic tool in

the hepatitis C cure era.

� Significant liver fibrosis regression does not always
occur after hepatitis C cure.

� Coffee intake displays protective effects on severe
fibrosis even after HCV cure.

� Social vulnerability, diabetes, and unhealthy alcohol
use predict severe fibrosis.

� Socio-behavioral factors are associated with severe
fibrosis even after HCV cure.
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After hepatitis C virus (HCV) cure, not all patients achieve sig-
nificant liver fibrosis regression. Herein, we studied the effects
of clinical and socio-behavioral factors on the risk of severe
liver fibrosis. Coffee consumption was strongly inversely
associated with severe fibrosis, while diabetes, previous and
current unhealthy alcohol usewere associatedwith a 4.3-, 3.6-
and 4.6-fold higher risk of severe fibrosis, respectively. Un-
employment and low educational level were also associated
with a higher risk of severe fibrosis. All these associations
remained valid after HCV cure. These results demonstrate the
need to continue liverfibrosismonitoring in at-riskgroups, and
to facilitate healthier lifestyles after HCV cure as a clinical and
public health priority.
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Background & Aims: After HCV cure, not all patients achieve significant liver fibrosis regression. We explored the effects of
clinical and socio-behavioral factors on liver fibrosis, before and after HCV cure with direct-acting antivirals.
Methods: We analyzed data from the ongoing ANRS CO22 HEPATHER cohort, which prospectively collects clinical and socio-
behavioral data on HCV-infected patients. Mixed-effects logistic regression models helped identify predictors of longitudinal
measures of severe liver fibrosis, defined as a fibrosis-4 index >3.25. We also estimated the adjusted population attributable
fractions (PAFs) for modifiable risk factors.
Results: Among the 9,692 study patients (accounting for 24,687 visits over 4 years of follow-up, 48.5% of whichwere post-HCV
cure), 26% had severe fibrosis at enrolment. Aftermultivariable adjustment, HCV-cured patients had an 87% lower risk of severe
fibrosis. An inverse dose-response relationshipwas found for coffee consumption,with the risk of severefibrosis diminishing by
58% per additional cup/day (adjusted odds ratio (aOR 0.42; 95% CI 0.38-0.46). Unemployment, low educational level, and dia-
beteswere associatedwith a higher severefibrosis risk (aOR 1.69; 95% CI 1.32-2.16, aOR 1.50; 95% CI 1.20-1.86, and aOR 4.27; 95%
CI 3.15-5.77, respectively). Severefibrosis riskwas 3.6/4.6-fold higher in individualswith previous/current unhealthyalcohol use
than inabstinent patients. All these associations remainedvalid afterHCVcure. The risk factors accounting for thegreatest severe
fibrosis burden were unemployment, low education level, and diabetes (PAFs: 29%, 21%, and 17%, respectively).
Conclusions: Monitoring liver fibrosis after HCV cure is crucial for patients with low socioeconomic status, previous/current
unhealthy alcohol use, and diabetes. Innovative HCV care models for the most socially vulnerable individuals and in-
terventions for healthier lifestyles are needed to reinforce the positive effects of HCV cure on liver health.
Lay summary: AfterhepatitisCvirus (HCV) cure,not all patients achieve significant liverfibrosis regression.Herein,westudied the
effects of clinical and socio-behavioral factors on the risk of severe liver fibrosis. Coffee consumption was strongly inversely
associated with severe fibrosis, while diabetes, previous and current unhealthy alcohol use were associated with a 4.3-, 3.6- and
4.6-foldhigher risk of severefibrosis, respectively.Unemployment and loweducational levelwerealsoassociatedwithahigher risk
of severefibrosis. All these associations remainedvalid afterHCV cure. These results demonstrate the need to continue liverfibrosis
monitoring in at-risk groups, and to facilitate healthier lifestyles after HCV cure as a clinical and public health priority.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Keywords: coffee; direct-acting antivirals; FIB-4; hepatitis C; alcohol; social status;
diabetes; socio-behavioral factors.
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Introduction
Of the estimated 71 million people infected with HCV world-
wide,1 75-85% have chronic infection. This constitutes a silent
underdiagnosed epidemic, especially as its early stages are
asymptomatic.1 If not cured, chronic infection can lead to liver
fibrosis progression, cirrhosis, liver cancer, and other liver
disease-associated complications.2
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HCV cure with direct-acting antiviral (DAA) treatments has
contributed to a dramatic reduction in the risk of end-stage liver
disease-associated complications in recent years.3 However,
clinical progression of liver disease after HCV cure can vary ac-
cording to the severity of the disease.4 This is why evaluating
fibrosis and/or cirrhosis is a key prognostic tool in the HCV cure
era.

Although regression of both inflammation and liver fibrosis is
expected after HCV cure,5 not all patients obtain these benefits,6

suggesting that other factors may influence the stage and the
evolution of liver fibrosis after HCV cure.

Late HCV diagnosis and advanced liver disease at treatment
initiation have been associated with liver fibrosis progression.7

Other specific behaviors and lifestyles may also have a consid-
erable effect on liver fibrosis before and after HCV cure. Among
these, coffee consumption and alcohol abstinence or very low
alcohol consumption are known to have anti-inflammatory ef-
fects and/or anti-fibrotic properties.8 Although the effects of
unhealthy alcohol use on liver fibrosis are widely documented in
people living with HCV,9 results showing its effect on liver
fibrosis after HCV cure in the DAA era are lacking. With regard to
coffee, elevated consumption was recently associated with
slower liver disease progression (including reduced hepatocel-
lular carcinoma (HCC) incidence in patients with hepatitis C,
alcohol-related liver disease, or non-alcoholic fatty liver dis-
ease10,11) and with reduced mortality (in HIV-HCV co-infected
patients).12

Social vulnerability plays a major role in shaping people’s
health; this is also observed in the field of liver disease in terms
of prevalence, outcomes and access to care. However, data about
the effect of social vulnerability on liver-related outcomes before
and after HCV cure remain sparse.13

The French nationwide ANRS CO22 HEPATHER cohort study of
chronic HCV-infected patients gave us the opportunity to
conduct a longitudinal exploration of the effects of antifibrotic
lifestyle-related factors (in particular coffee consumption), spe-
cific addictive behaviors (tobacco smoking, cannabis use and
unhealthy alcohol use), and social conditions (employment,
educational level) on severe liver fibrosis in chronic HCV-
infected patients. We also aimed to verify whether these ef-
fects were the same during both periods before and after HCV
cure.

Materials and methods
Study setting
ANRS CO22 HEPATHER is an ongoing French nationwide multi-
center observational prospective cohort study, which enrolled
patients with chronic HCV or HBV infections (ClinicalTrials.gov
number NCT01953458). Its main aim is to assess the benefits and
risks associated with various treatment strategies for HCV
(including DAA) and HBV, and to identify the virological, envi-
ronmental and social factors predicting the clinical evolution of
patients with chronic hepatitis infection.

Data collection
In the present study, we only focused on patients with chronic
HCV infection at enrolment in ANRS CO22 HEPATHER, defined as
detectable HCV RNA and positive anti-HCV antibodies. The
following patients were excluded from the cohort: HIV co-
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infected patients, patients already receiving HCV therapy or
who had discontinued HCV therapy for less than 3 months at
enrolment, minors, persons under legal protection or guardian-
ship, persons prevented from making judicial or administrative
decisions, patients with a life expectancy of less than 1 year, and
pregnant women.

Patients were enrolled from August 2012 to December 2015 in
32 centers and will be followed until 2024. For the present study,
we used data collected in ANRS CO22 HEPATHER until 2018 (i.e.,
during the first 4 years of follow-up). At the enrolment visit,
patients underwent a clinical examination with urine and blood
sampling. Their HCV physician also collected sociodemographic
and behavioral characteristics using a structured questionnaire.
All socio-behavioral, clinical and biological information was
recorded using a dedicated electronic case-report form. Clinical
and biological data are updated during clinical visits, which are
scheduled once a year during the follow-up. Other clinical data
(e.g., HCV genotype, diabetes) were retrieved from medical re-
cords. More detailed information about the cohort can be found
elsewhere.3
Study outcome
Data derived from blood samples during follow-up included
platelet count, aspartate aminotransferase and alanine amino-
transferase (ALT) levels, which enabled the FIB-4 index14 to be
computed at each visit during follow-up. The study outcome was
the presence of severe liver fibrosis – defined as an FIB-4 >3.25 –

as a binary time-varying variable.14 The choice to use the FIB-4
index was based on its capacity to accurately predict advanced
stages of liver fibrosis even after HCV cure,15,16 and its ability to
predict complications such as hepatic decompensation and HCC
in HCV-infected patients.17
Explanatory variables
The following variables were tested as potential predictors of the
study outcome: sex, age, educational level (>− secondary school
certificate, < secondary school certificate), employment, living
with a partner, living in poverty, migrant status, HCV genotype,
HCV cure, BMI, diabetes, current and previous tobacco smoking,
alcohol consumption, cannabis use, psychoactive substance use
(other than cannabis), and coffee consumption (number of cups
per day). For the latter, we also created a 5-category variable (0, 1,
2, 3, >−4 cups/day) to test for a dose-response relationship.

Living in poverty was defined as reporting an average
monthly household income <1,015 euros per adult equivalent,
which corresponds to the poverty line for France in 2015, as
defined by the French National Institute for Statistical and Eco-
nomic Studies (INSEE).18 Migrant status was defined as being not
born in France and having at least 1 parent of non-French
origin19. A BMI of <18.5, >−18.5 and <25, >−25 and <30, >−30, was
classified as underweight, normal weight, overweight, and
obesity, respectively.20 Alcohol consumption was classed into 4
categories: abstinent with no history of unhealthy use; abstinent
with a history of unhealthy use; moderate use; unhealthy use.
Unhealthy alcohol use was defined as >2 and >3 standard drinks
per day for women and men, respectively.21 HCV cure status was
assessed at each follow-up visit and was defined as having a
sustained virological response at least 12 weeks after the end of
DAA treatment.
2vol. 4 j 100481



Table 1. Factors associated with severe liver fibrosis (FIB-4 >3.25) in longitudinal analysis, univariable and multivariable mixed-effects logistic regression models, ANRS CO22 HEPATHER cohort (9,692
patients, 24,687 visits).

Descriptive statistics1 Univariable analyses

Multivariable analysis

Model 1 Model 2

n (%) or median (IQR) OR (95% CI) p value aOR (95% CI) p value PAF % (95% CI) aOR (95% CI) p value

Coffee consumption (number of cups/day)
(continuous)

1 (0-3) 0.50 (0.47-0.53) <0.001 0.42 (0.38-0.46) <0.001

Coffee consumption (number of cups/day) (categories) <0.001 <0.001
0 (ref.) 2,781 (28.7) 1 1
1 2,120 (21.9) 0.74 (0.58-0.94) 0.013 0.47 (0.35-0.63) <0.001
2 1,811 (18.7) 0.30 (0.24-0.39) <0.001 0.18 (0.13-0.25) <0.001
3 1,209 (12.5) 0.12 (0.09-0.17) <0.001 0.07 (0.05-0.11) <0.001
4 1,771 (18.3) 0.07 (0.05-0.09) <0.001 0.04 (0.03-0.06) <0.001

HCV cure status
No (ref.) 3,977 (41.0) 1 1 1
Yes 5,715 (59.0) 0.12 (0.10-0.14) <0.001 0.13 (0.11-0.15) <0.001 0.10 (0.08-0.13) <0.001

Interaction: Coffee consumption (number of cups/day) (continuous) * HCV
cure

1.19 (1.08-1.31) 0.001

Cannabis use
No (ref.) 6,190 (63.9) 1
Yes 3,502 (36.1) 0.65 (0.54-0.79) <0.001

Tobacco smoking
No (ref.) 3,474 (35.9) 1
Yes 6,216 (64.1) 0.80 (0.66-0.96) 0.017

Current alcohol consumption2 <0.001 <0.001 <0.001
Abstinent, no history of unhealthy use (ref.) 4,008 (41.4) 1 1 1
Abstinent, with history of unhealthy use 1,467 (15.1) 2.15 (1.65-2.80) <0.001 3.63 (2.61-5.03) <0.001 15 (13 ; 17) 3.63 (2.62-5.04) <0.001
Moderate use 3,788 (39.1) 0.48 (0.39-0.58) <0.001 0.74 (0.58-0.95) 0.019 -11 (-21 ; -1) 0.74 (0.58-0.95) 0.019
Unhealthy use 429 (4.4) 2.14 (1.38-3.31) 0.001 4.63 (2.75-7.80) <0.001 5 (4 ; 5) 4.66 (2.77-7.85) <0.001

Current or previous use of psychoactive substance (other than cannabis)
No (ref.) 6,257 (64.6) 1
Yes 3,435 (35.4) 0.79 (0.65-0.95) 0.013

Diabetes
No (ref.) 8,380 (86.5) 1 1 1
Yes 1,312 (13.5) 5.68 (4.41-7.32) <0.001 4.28 (3.16-5.79) <0.001 17 (15 ; 18) 4.27 (3.15-5.77) <0.001

BMI <0.001
Normal weight (ref.) 4,884 (50.7) 1
Underweight 329 (3.4) 0.91 (0.55-1.53) 0.730
Overweight 3,117 (32.4) 1.36 (1.12-1.67) 0.003
Obesity 1,297 (13.5) 1.91 (1.45-2.50) <0.001

HCV genotype <0.001 <0.001 <0.001
1 (ref.) 6,302 (65.0) 1 1 1
2 644 (6.6) 0.76 (0.53-1.10) 0.151 0.56 (0.36-0.87) 0.010 0.55 (0.35-0.86) 0.009
3 1,280 (13.2) 2.77 (2.12-3.61) <0.001 7.27 (5.26-10.1) <0.001 7.25 (5.24-10.03) <0.001
4 1,248 (12.9) 0.80 (0.61-1.06) 0.120 1.04 (0.75-1.46) 0.795 1.04 (0.74-1.45) 0.822
5/6/7 218 (2.2) 0.97 (0.53-1.76) 0.912 0.54 (0.27-1.10) 0.089 0.53 (0.26-1.08) 0.079

Sex
Man (ref.) 5,412 (55.8) 1 1 1
Woman 4,280 (44.2) 0.68 (0.57-0.82) <0.001 0.33 (0.26-0.42) <0.001 0.33 (0.26-0.42) <0.001

(continued on next page)
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All the explanatory variables were measured at enrolment,
except for HCV cure, which was used as a time-varying variable
in the analysis.

Study population
The study population comprised chronic HCV-infected patients
enrolled in the ANRS CO22 HEPATHER cohort, who had at least
one FIB-4 assessment during the 4 years of follow-up and for
whom data on the study’s main socio-behavioral explanatory
variables (coffee and alcohol consumption, employment, and
educational level) were collected at enrolment.

Ethical considerations
The ongoing ANRS CO22 HEPATHER cohort study is conducted
according to the ethical principles set out in the Helsinki
Declaration (59th General Assembly of the World Medical Asso-
ciation, Seoul, Korea; October 2008) and French law for
biomedical research. It was approved by the ‘CPP Ile de France 3’
Ethics Committee (Paris, France) and the French National Agency
for the Safety of Medicines and Health Products (ANSM). Patients
could be enrolled only after providing written informed consent,
and collected data were centralized using a dedicated informa-
tion system.

Statistical analyses
We described the characteristics of the study population at
cohort enrolment visit using medians (IQR) or frequencies and
percentages, according to the type of variable analyzed (i.e.,
continuous or categorical). The main sociodemographic charac-
teristics at enrolment were compared between patients included
in the study population and those not included, using a Chi-
square test (for categorical variables) or Student’s t test (for
continuous variables).

Univariable and multivariable mixed-effects logistic regres-
sion models were used to estimate the associations between the
potential predictors and the longitudinal measures of severe
liver fibrosis, while accounting for the possible correlation be-
tween these repeated measures. All visits with an available
assessment of the study outcome during follow-up were
included in the analyses.

We built 2 multivariable models: the first tested coffee con-
sumption as a categorical variable, to assess whether a dose-
response relationship existed (Model 1); the second tested cof-
fee consumption as a continuous variable (Model 2). We chose
not to include the variable ‘living in poverty’ in either model, in
favor of the other proxies of social conditions - employment and
educational level - as they had fewer missing values. Potential
predictors with a liberal p value <0.20 (Wald test) in the uni-
variable analyses were considered eligible to enter the multi-
variable models. The final multivariable models were built using
a backward stepwise selection procedure with a significance
threshold for p values of 0.05 (Wald test).

In the second multivariable model, we tested for significant
interactions between HCV cure and the following variables:
coffee and alcohol consumption, employment, educational level,
diabetes, HCV genotype. Interactions between coffee consump-
tion and the other significant predictors were also tested for.

We also estimated the adjusted population attributable frac-
tions (PAFs) for the modifiable clinical and socio-behavioral risk
factors, which were included in Model 1 (see above). For each of
these factors, we used the punafcc Stata command,22 which al-
lows the baseline observed scenario ("Scenario 0") and a fantasy
4vol. 4 j 100481



0.47

0.18

0.07

0.04

1 cup/day

2 cups/day

3 cups/day

≥4 cups/day

Coffee consumption
(Ref. "less than 1 cup/day")

Adjusted OR [95% CI]

0.1 0.2
5 0.5 0.7
5 1 2
scenario ("Scenario 1") to be compared. In this scenario, the
factor in question is assumed to be set to the reference value,
while all other explanatory variables in the multivariable model
are assumed to remain the same. The PAF represents the fraction
of the severe fibrosis burden attributable to being in Scenario
0 instead of Scenario 1.

We also performed stratified analyses according to HCV cure
status (i.e., cured or not cured), to compare the effects of the
predictors included in Model 2 (see above) on severe fibrosis
before and after HCV cure. All visits (i.e., pre- and post-cure) of
patients cured during follow-up were included in these 2 ana-
lyses, respectively. All visits of patients not cured during the 4
years of follow-up were included in the ‘before HCV cure’
analysis.

All statistical analyses were performed using Stata software,
version 14.2 for Windows (StataCorp, College Station, Texas,
USA).
Fig. 1. Relationship between coffee consumption and severe liver fibrosis
(FIB-4 >3.25), ANRS CO22 HEPATHER cohort (9,692 patients, 24,390 visits).
Adjusted for variables presented in Table 1, Model 1. FIB-4, fibrosis-4; OR, odds
ratio.
Results
Of the 10,698 patients with chronic HCV infection enrolled in the
ANRS CO22 HEPATHER cohort, 9,692 were included in the pre-
sent study population, accounting for 24,687 visits over the first
4 years of follow-up. Of these, 48.5% took place after HCV cure.
The median (IQR) number of follow-up visits per patient was 2
(1-3).

No significant differences were found between patients
included in the study population and those not included, in
terms of the main sociodemographic characteristics at enrol-
ment, except for age (included patients were 2 years older on
average, data not shown).

At enrolment, median (IQR) age was 56 (50-64) years, 44.2%
of the study population were women, 30.7% reported drinking >−3
cups of coffee/day, and 57.0% were unemployed (Table 1). With
regard to alcohol consumption, 5.9% of men reported unhealthy
alcohol use vs. 2.6% of women, and 41.2% of men reported
moderate alcohol use vs. 36.5% of women. More than half (59.0%)
had received DAAs during follow-up, with a sustained virological
response rate of 96.2%. The distribution of patients according to
the 3 categories: FIB-4 >3.25 (severe liver fibrosis stage),
1.45<−FIB-4<−3.25 (indeterminate fibrosis stage), and FIB-4 <1.45
(low fibrosis stage) was, respectively, 26.0%, 40.1% and 33.9% at
enrolment and 16.9%, 41.3% and 41.8% at the last available visit.
The results of the univariable and multivariable analyses of the
associations of potential predictors with severe fibrosis are pre-
sented in Table 1.

After multivariable adjustment, a significant inverse dose-
response relationship was found between the 5-category coffee
consumption variable (with no consumption as the reference
category) and severe fibrosis (Table 1 and Fig. 1). More specif-
ically, the risk of severe fibrosis significantly diminished as the
number of cups consumed per day increased: from a 53%
reduced risk (adjusted odds ratio (aOR) 0.47; 95% CI 0.35-0.63)
for 1 cup/day to 96% (aOR 0.04; 95% CI 0.03-0.06) for >−4 cups/day
(Table 1, Model 1). When coffee consumption was alternatively
used as a continuous variable in the second multivariable model,
the risk of severe fibrosis decreased by 58% for each additional
cup (aOR 0.42; 95% CI 0.38-0.46) (Table 1, Model 2).

Men and individuals with HCV genotype 3 (vs. genotype 1)
had a 3- and 7-fold higher risk of severe fibrosis, respectively
(Table 1, Model 1). Persons who were unemployed (aOR 1.69;
95% CI 1.32-2.16) and those with a lower educational level (<
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secondary school certificate) (aOR 1.50; 95% CI 1.20-1.86) were
both at higher risk of severe fibrosis. Compared with alcohol
abstinent individuals, the risk of severe fibrosis was 3.6/4.6-fold
higher in individuals with previous/current unhealthy alcohol
use (aOR 3.63; 95% CI 2.61-5.04 and aOR 4.66; 95% CI 2.77-7.85,
respectively). HCV-cured patients had an 87% lower risk of se-
vere fibrosis (aOR 0.13; 95% CI 0.11-0.15), while those with dia-
betes had a 4-fold greater risk (aOR 4.28; 95% CI 3.16-5.79).

Although smoking was identified as a ‘protective’ factor in the
univariable analysis, it was no longer significant in the multi-
variable analysis, perhaps because it was correlated to coffee
consumption (p <0.001).

None of the interactions tested in the second multivariable
model were significant, except that between the number of cups
of coffee per day and HCV cure (Table 1, Model 2). The fact that
no other interaction was statistically significant suggests that the
effects of the other predictors on severe fibrosis were similar
before and after HCV cure.

The estimated adjusted PAFs highlighted that the risk factors
accounting for the greatest severe fibrosis burden were unem-
ployment (PAF 29%; 95% CI 18%-39%), low education level (PAF
21%; 95% CI 11%-30%), diabetes (PAF 17%; 95% CI 15%-18%), his-
tory of unhealthy alcohol use (PAF 15%; 95% CI 13%-17%), and
current unhealthy alcohol use (PAF 5%; 95% CI 4%-5%) (Table 1,
Model 1).

The stratified analysis (data not shown) highlighted that the
protective effect of coffee consumption on severe fibrosis was
significantly greater before HCV cure than after it (aOR 0.34; 95%
CI 0.30-0.38 vs. aOR 0.48; 95% CI 0.43-0.55 per 1 cup/day in-
crease). This can also be seen in the dose-response relationship
(from 0 to >−4 cups/day) in Fig. 2, which was more significant
before HCV cure, mainly due to the lack of additional benefits on
regression of severe fibrosis from drinking >−4 cups/day after HCV
cure.
Discussion
Using longitudinal data from a very large French nationwide
prospective cohort implemented at the beginning of the DAA era,
5vol. 4 j 100481
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the present study explored the associations between severe liver
fibrosis (as measured by an FIB-4 >3.25) and lifestyle-related
factors, unhealthy behaviors, social conditions, and HCV cure in
chronic HCV-infected patients. There are 3 main results: first, a
very strong inverse dose-response relationship between coffee
consumption and severe fibrosis was observed, with the risk of
severe fibrosis halving for each additional cup of coffee
consumed per day. In addition, the antifibrotic activity of coffee
consumption continued even after HCV cure with major effects
observed for >−3 cups/day. Second, low socioeconomic status,
diabetes, and previous and current unhealthy alcohol use were
the 3 predictors which accounted for the greatest severe fibrosis
burden, and had similar effects before and after HCV cure. These
associations probably reflect fewer opportunities for timely HCV
screening and referral to HCV care for these vulnerable groups.
Third, HCV cure was the main clinical factor; it was associated
with an 87% lower risk of severe fibrosis.

In patients with liver disease, there is compelling evidence for
the hepatoprotective effects of coffee consumption, specifically
better liver function (ALT activity in particular), and a reduced risk
of fibrosis and cirrhosis,23 liver cancer,11 and mortality.24 Estimates
from a meta-analysis indicate that the risk of liver cancer is 40%
lower in individuals with elevated coffee consumption.11 Most
studies to date have found that the consumption threshold for
significant benefits on liver health and mortality is >−3 cups per
day. The dose-response relationship in our study is consistent
with those found in a previous study showing an inverse associ-
ation between coffee consumption and both elevated levels of
serum ALT and gamma glutamyltransferase in the general popu-
lation.25 This relationship was also suggested by various meta-
analyses which found that increasing coffee consumption may
substantially reduce the risk of cirrhosis26 and of liver cancer, the
latter by 15% per 1 cup/day increase.27

The dose-response relationship observed persisted after HCV
cure, with a daily consumption of >−3 cups bringing the greatest
protective effects against severe liver fibrosis (Fig. 2). We wonder
whether this relationship existed because the FIB-4 index is
more predictive of liver cancer than other markers of fibrosis,28

especially given that the risk of liver cancer also has a dose-
response relationship to coffee consumption.
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Fig. 2. Relationship between coffee consumption and severe liver fibrosis
(FIB-4 >3.25) stratified by HCV cure status, ANRS CO22 HEPATHER cohort
(9,692 patients, 24,390 visits). Adjusted for variables presented in Table 1,
Model 1. FIB-4, fibrosis-4; OR, odds ratio.
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The benefits observed with increased levels of coffee con-
sumption may be attributable to caffeine and other polyphenols,
which display multiple hepatoprotective effects. The main
mechanism involved in the protective effect of coffee extracts on
liver fibrosis and the onset of cirrhosis, is the inhibition of he-
patic stellate cell activation. Indeed, coffee, or more particularly
its specific compounds (such as caffeine, chlorogenic acids,
phenolic compounds and diterpenes) appear to reduce not only
hepatic stellate activation, which is involved in fibrogenesis and
hepatic inflammation, but also fatty acid synthesis, which is
implicated in steatogenesis.29 Moreover, coffee has been found to
induce apoptosis and increased hepatic antioxidant capacity,
both of which are involved in carcinogenesis.30 Another mech-
anism through which coffee presents its antifibrotic activity, is its
potential to predict a higher microbial diversity, which is asso-
ciated with better liver function.31

Coffee drinking has also been associated with a lower risk of
all-cause death,32 including in patients with HIV and hepatitis
C.12,33 Moreover, it seems to reduce the negative effects of un-
healthy alcohol use on liver fibrosis in HCV-infected
individuals.34

Consistent with previous research, we found that unhealthy
alcohol use9 and social condition proxies35 – expressed in our
study by unemployment and a low educational level – were also
significant independent predictors of severe fibrosis. This sug-
gests that negative social conditions, as well as current or past
unhealthy alcohol use, constitute missed opportunities for
prompt HCV screening and referral for HCV care, resulting in
more advanced liver disease by the time treatment is initiated.
Negative social conditions may also capture unmeasured effects
of specific lifestyles associated with social vulnerability, such as
unhealthy nutrition, alcohol consumption, underweight, and
overweight.36 The lack of any interaction between HCV cure and
these variables in our study suggests that such missed oppor-
tunities may continue to negatively impact liver fibrosis pro-
gression even after HCV cure.

Furthermore, we found that moderate alcohol consumption
was associated with a lower risk of severe fibrosis. A possible
explanation for this is that low/moderate alcohol consumption
can be regarded as a proxy of healthier lifestyle-related behav-
iors (e.g. high-quality food, exercise) and high social status,
which were not completely captured by the variables included in
our models.37 In our study population, moderate users of alcohol
were less likely to have type 2 diabetes (10.5%) than abstinent
participants with or without a history of unhealthy alcohol use
(16.0%). Furthermore, the percentage of tobacco smokers was
lower than that of persons with unhealthy alcohol use (42.8% vs.
73.9%) and lower than the percentage of abstinent participants
with a history of unhealthy alcohol use (58.0%).

The association we found between HCV cure following DAAs
and an 87-90% (Model 1-Model 2, Table 1) lower risk of severe
fibrosis was expected, and is consistent with previous research
showing that HCV cure significantly reduces liver stiffness after
virological response to DAAs.38 Moreover, HCV cure following
DAAs was associated with a lower risk of HCC and mortality,
which reflects findings in a previous study of the same cohort.3

The association between diabetes and severe fibrosis in our
study reflects previous results showing that diabetes can accel-
erate fibrosis progression.39 Furthermore, the lack of interaction
between diabetes and HCV cure confirms that its effect on severe
fibrosis persists after sustained virological response. Just as for
patients with past or current unhealthy alcohol use, this
6vol. 4 j 100481



underlines the importance of scheduling regular clinical follow-
up and liver function assessment for diabetic patients even after
HCV cure.

The association between being a woman and a lower risk of
severe fibrosis, has not been clearly identified in other studies,
although it has previously been shown that women may be
protected from liver fibrosis progression during the pre-
menopausal period.40 Although the average age of women in
our study corresponded to the post-menopausal period, we hy-
pothesize that the benefits of the pre-menopausal period on liver
fibrosis persist for a relatively long period, leading to less pro-
gression of severe fibrosis in women than in men.

HCVgenotype3was associatedwith severefibrosis in our study,
which is consistent with recent research showing that individuals
with this genotype have almost a 7-fold greater risk of severe
fibrosis.41 This genotype is alsomore frequent in peoplewho inject
drugs, apopulation that generallyexperiencesdelayedengagement
in HCV care, and that has higher prevalences of unhealthy alcohol
use and severe fibrosis before treatment initiation.42

This study has several strengths, including the large size of
the study population and the longitudinal collection of data in
the real-world setting of an observational hospital-based cohort.
Moreover, it is the first study to explore modifiable socio-
behavioral risk factors (such as socioeconomic indicators and
lifestyle-related unhealthy behaviors) as potential correlates of
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severe liver fibrosis, both before and after HCV cure. The study’s
main limitation is that behaviors were self-reported. Accordingly,
behaviors perceived as less socially acceptable (e.g., alcohol
consumption) may have been under-reported, causing a pro-
portion of those with unhealthy behaviors to be unidirectionally
misclassified as having healthy behaviors. However, the effect of
any such underreporting would only lead to an underestimation
of the strength of the association between each behavior and the
outcome. Moreover, thanks to the large size of the study popu-
lation, significant effects were revealed even if they may have
been underestimated.

To conclude, promoting coffee consumption and monitoring
liver fibrosis progression even after HCV cure are crucial strate-
gies for patients with low socioeconomic status, current or past
unhealthy alcohol use and diabetes. It is not known whether
fibrosis regression after HCV cure results in a lower risk of HCC
over the long term. As the risk of HCC can change over time
because of non-HCV-related risk factors, such as older age, un-
healthy alcohol use, obesity and diabetes, we believe that liver
fibrosis monitoring – using the FIB-4 index, which is a simple
and easy-to-use fibrosis marker – should be offered to all pa-
tients with these factors, irrespective of their fibrosis stage at the
end of treatment. Innovative HCV care models for the most so-
cially vulnerable individuals and interventions for healthier
lifestyles are needed to reinforce HCV cure effects on liver health.
Abbreviations
ALT, alanine aminotransferase; aOR, adjusted odds ratio; DAA, direct-
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