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ABSTRACT

Although Hepatitis C virus (HCV) infection can be cured with direct-acting antivirals (DAA), some cured patients face a seri-
ous risk of advanced liver damage and early mortality. In order to avoid these two negative health outcomes, it is important to
identify and assess related risk factors. Little is currently known about socioeconomic and behavioural factors in this context.
Using data from the ANRS CO22 Hepather cohort, we tested for associations between socioeconomic and behavioural factors
and (i) advanced liver fibrosis (defined as an FIB-4 > 3.25) assessed longitudinally using a mixed-effects logistic regression model
(both the whole population and stratified on advanced liver fibrosis status at the time of HCV cure) and (ii) all-cause mortality
(Cox proportional hazards model), during post-HCV cure follow-up. Among 5833 participants cured of HCV, living in poverty
was associated with postcure advanced liver fibrosis in participants without this diagnosis at the time of HCV cure (population
attributable fraction—PAF—of 8.6%) and with mortality in the whole study population (PAF of 10.6%). The detrimental effects
of unhealthy alcohol use and heavy tobacco smoking, as well as the beneficial effect of living with a stable partner were also
highlighted. We highlighted the major role of poverty and behavioural factors in advanced liver fibrosis and all-cause mortality

The ANRS/AFEF Hepather Study group is available in Appendix.
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in patients cured of HCV. Encouraging linkage to social support services and healthy behaviours after successful DAA treatment

could limit morbidity and increase survival in this population.

Clinical Trial Registration: ClinicalTrials.gov: NCT01953458

1 | Introduction

Hepatitis C virus (HCV) infection can now be cured with direct
acting antivirals (DAA) [1]. HCV cure is associated with fibrosis
regression, a lower risk of hepatocellular carcinoma in patients
with advanced fibrosis and fewer extrahepatic manifestations
of hepatitis C [2, 3]. Specifically, DAA treatment is associated
with a substantial reduction in all-cause, liver- and drug-related
mortality [4, 5]. As national DAA programmes continue to scale
up, the public health benefits of HCV cure at the population lev-
els are becoming increasingly evident [6-8]. For instance, in the
DAA era, there has been a sharp decline in liver disease morbid-
ity and mortality in New South Wales, Australia [8].

However, after DA A-related HCV cure, patients still have a high
risk of adverse clinical events, as illustrated by costlier health
management as compared to the general population in France
[9]. One such effect is the serious risk of liver disease progres-
sion, potentially leading to severe complications including death
[10]. A population-based cohort study conducted in British
Columbia, Scotland and England found higher all-cause mortal-
ity risks in DA A-cured patients than in the general population,
the leading causes of death being drug-related mortality, liver
failure and liver cancer [11].

Given this context, it is important to identify and assess risk fac-
tors for post-HCV cure advanced fibrosis and early mortality in
order to optimally monitor patients and avoid these two negative
health outcomes. The most prominent risk factors for postcure
liver disease progression include elevated body weight, metabolic
disorders, unhealthy alcohol use, advanced liver fibrosis and per-
sistently high alanine aminotransferase (ALT) and gammaglu-
tamyltransferase (GGT) levels [10, 12]. Clinical factors associated
with postcure all-cause mortality include high GGT levels [12], he-
patocellular carcinoma development, a low estimated glomerular
filtration rate and a high albumin-bilirubin grade [13].

Socioeconomic and behavioural factors affect liver fibrosis in
people with HCV and/or HIV [14-16]. The importance of be-
havioural factors such as substance use on HCV-related mortal-
ity has already been highlighted for the HCV/HIV population
[17]. Previous work in the US found that half the excess mor-
tality risk for individuals with chronic HCV infection may
be attributed to behavioural factors [18]. This suggests that
modifying habits, such as diet and substance use, may lead to
substantially lower mortality risk in people with HCV. To our
knowledge, no study to date has examined the extent to which
socioeconomic and behavioural factors affect liver fibrosis and
survival in DA A-cured patients.

Using data from the French ANRS CO22 Hepather cohort, we
aimed to identify socioeconomic and behavioural risk factors for
advanced liver fibrosis and all-cause mortality in patients cured
of HCV thanks to DAA.

2 | Material and Methods
2.1 | Study Population

ANRS CO22 Hepather is a French, national, multicentre, pro-
spective, observational cohort of adult patients living with hep-
atitis B virus (HBV) and/or HCV (ClinicalTrials.gov registry
number: NCT01953458). Implemented in 2012, enrolment in the
cohort study took place in 32 hospitals throughout France, with
an expected 10-year follow-up. Persons with HIV coinfection
were not included. Patients with HCV received DAA treatment
after enrolment, if eligible. The cohort design is described exten-
sively elsewhere [19].

Written informed consent was obtained from each participant
before cohort enrolment. The protocol was designed in accor-
dance with the Declaration of Helsinki and French law for bio-
medical research and was approved by the Comité de Protection
des Personnes (CPP) Ile de France 3 Ethics Committee (Paris,
France) and the French Regulatory Authority (ANSM).

The present study population comprised patients with chronic
HCYV infection at cohort enrolment who reached sustained vi-
rologic response (i.e., undetectable HCV RNA) 24 weeks after
completing DAA treatment (SVR24 hereafter). Patients with
HBYV coinfection, those with a missing FIB-4 index data at the
SVR24 visit, and persons with no follow-up data after the SVR24
visit were all excluded.

2.2 | Data Collection

At the cohort enrolment visit, physicians completed a structured
questionnaire during a face-to-face interview with their pa-
tients. Anthropological measurements (i.e., height, weight) and
urine and blood samples were also collected.

The questionnaire collected clinical, socioeconomic and be-
havioural data including sex, age, country of birth, educational
level, civil/marital status, average monthly household income,
number of adults and children in the household, HCV trans-
mission mode, history of HCV treatment, past and current can-
nabis use, lifetime tobacco use (number of pack-years, obtained
by multiplying the number of years the person had smoked by
the average number of packs of cigarettes smoked per day), past
and current drug injection, past and current opioid agonist
therapy, past and current alcohol consumption (number of stan-
dard drinks per day) and current coffee consumption (number
of cups per day).

Detailed clinical (including fibrosis stage and comorbidities) as
well as biological data (including platelet count (platelets/L),
ALT (IU/L) and aspartate aminotransferase (AST, IU/L) levels)
were collected during the enrolment visit using an electronic
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case report form. Follow-up included a visit once a year and sup-
plementary visits for certain clinical events (e.g., decompensated
cirrhosis and HCV treatment initiation). Clinical data were up-
dated annually during follow-up visits. Vital status was ascer-
tained through medical records at clinical centres. No linkage
with a mortality registry was performed.

2.3 | Study Outcomes and Study Period

The baseline was defined as the visit during which SVR24 was
ascertained and entered into the medical record. The study pe-
riod corresponded to the time between baseline and the last
available data point (whether a follow-up visit or death) or the
30th October 2022, or the eighth-year visit, whichever occurred
first. The latter visit was chosen as very few participants had
data beyond the eighth year. The primary study outcome was
advanced liver fibrosis after HCV cure, measured longitudi-
nally for the study period. Advanced fibrosis was defined as an
FIB-4> 3.25, based on the FIB-4 index calculated using the AST
level, ALT level, age and platelet count [20, 21].

The secondary study outcome was the time between the SVR24
visit and all-cause deaths during the post-HCV cure study period.

2.4 | Explanatory Variables

The explanatory variables were assessed, as described in the fol-
lowing paragraphs.

Living in poverty was defined as a standard of living lower than
the 2015 French poverty threshold (1015 euros per month) [22].
Standard of living was calculated as the disposable monthly in-
come divided by the number of consumption units in the house-
hold. Educational level was dichotomised into having at least an
upper secondary school certificate or not.

Tobacco smoking was quantified by a four-category variable,
with the value 0 for people who had never smoked, and 1, 2 and
3 for lifetime smoking of 1-9, 10-19 and >20 pack-years, respec-
tively. Cannabis use was coded into three categories: ‘current’,
‘former’ and ‘never’. Alcohol consumption was also coded into
three categories as follows: ‘abstinent with no history of un-
healthy alcohol use’, ‘current moderate alcohol use’ (i.e., non-
abstinent and nonunhealthy use) and ‘current or past unhealthy
alcohol use’. Unhealthy alcohol use was defined as >2 and >3
standard drinks per day for women and men, respectively, in
accordance with the French National Authority for Health's
guidelines [23]. A dichotomous variable was created to test for
a potential relationship between coffee consumption and both
study outcomes. The three cups/day threshold was chosen based
on previous results showing a potential protective effect of ele-
vated coffee consumption on liver stiffness and mortality in pa-
tients likely to develop liver disease [17, 24].

To take into account the history of drug injection, we created
a binary composite variable defined as follows: HCV infec-
tion through drug injection or reporting past or current opioid
agonist therapy or past or current drug injection versus none
of these. HCV treatment naivety was defined as not having

received HCV treatment before the DAA which cured the par-
ticipant. Body mass index was categorised according to WHO
cutoffs [25].

All explanatory variables were measured at cohort inclusion,
except for treatment status, advanced liver fibrosis (for mortal-
ity analyses) and age, all three of which were assessed at the
SVR24 visit.

2.5 | Statistical Analyses

Study population characteristics were compared according
to advanced fibrosis status (yes/no) at the SVR24 visit using
Pearson's chi-squared test for categorical variables, and the
Kruskal-Wallis test for continuous variables. We also compared
persons included in the study population with those excluded
because of no post-SVR24 follow-up visit, using similar statisti-
cal tests. Moreover, we compared participants lost to follow-up
with those who were not. A participant was considered to be lost
to follow-up if he/she had not died during the study period and
his/her last follow-up visit was more than 3years from the cen-
soring date (30 October 2022).

The mortality rate was computed as the number of deaths re-
corded during the study period divided by the number of person-
years (computed as the sum, for all patients, of the number of
years between the SVR24 visit and the last available data point).

Factors associated with advanced liver fibrosis during post-HCV
cure follow-up were identified using a mixed-effects logistic re-
gression model. This choice of model ensured that the correla-
tion of repeated measurements for individuals could be taken
into account. The model included a single random effect (random
intercept for patients), a fixed slope (time since HCV cure) and
fixed effects for the other covariates. As participants’ character-
istics and risk factors for advanced liver fibrosis post-HCV cure
were likely to differ between persons with and without advanced
liver fibrosis at baseline, we conducted stratified analyses by
separating the study population into these two subpopulations.
The baseline visit, which was used as the stratification criterion,
was excluded from the stratified analyses. Nonstratified analyses
were also performed on the whole study population and on the
whole study period (including the baseline visit).

Factors associated with post-HCV cure mortality were iden-
tified using a Cox proportional hazards model. For both study
outcomes (i.e., advanced liver fibrosis and mortality), explana-
tory variables were first tested in univariable analyses. Variables
with a p value <0.20 (Wald test) were eligible for the multivari-
able analyses. Backward selection procedures were used to
build the final multivariable models (significance threshold of
p <0.05). For both outcomes, we tested for an interaction effect
between educational level and poverty.

The population attributable fractions (PAF) for the factors of
the final multivariable models were computed (Stata commands
punaf for advanced liver fibrosis and punafcc for mortality [26])
as the percentages of the outcomes that could have been avoided
had no individual been exposed to each risk factor. To avoid neg-
ative PAF, protective effects were quantified with the prevented
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fraction (PF), computed as PF = — PAF /(1 — PAF). PF corre-
sponded to the percentage of outcomes that could be avoided if
it were possible to expose everyone to this protective factor. The
PAF for continuous variables are not provided here as they may
be statistically biased and highly variable [27].

We tested for potential selection bias related to missing data
on the advanced liver fibrosis outcome (i.e., missing data on
the FIB-4 index) using a two-step Heckman method [28]. In
the first step, we identified the factors associated with longi-
tudinal missing data, using a multivariable mixed-effects pro-
bit model. We used the residuals of this model to calculate the
inverse Mills ratio (IMR). Then, in the second step, we built
a mixed-effects probit model for the outcome advanced liver
fibrosis, adjusting for associated factors with a p value <0.05
and the IMR term (irrespective of the p value of this latter).
Bias-corrected confidence intervals and p values based on 500
bootstrap replicates were used in the second step of the model.
Here, a p value <0.05 for the IMR term indicated the presence
of selection bias.

To assess the robustness of the findings in terms of the effects
of the two main markers of socioeconomic deprivation (i.e.,
low education level and living in poverty), we estimated the
corresponding E-values. The latter is defined as the minimum
strength of association on the risk ratio scale that an unmeasured
confounder would need to have with both the covariate and the
outcome, in order to fully explain away their (i.e., covariate and
outcome) association, conditional on the other measured covari-
ates. For both covariates, we measured an E-value for the point
estimate, and an E-value for the limit of the confidence interval
(CI) closest to null [29, 30]. We used the Stata evalue package to
do this [31].

All analyses were performed with Stata version 17.0 for Windows
(StataCorp LP, College Station, TX).

3 | Results

3.1 | Study Population Characteristics

The study population comprised 5833 participants (Figure 1),
of whom 54.1% were men (Table 1). A comparison of included

participants vs. individuals excluded because of no post-SVR24
follow-up visit is provided in Table S1.

Patients with chronic HCV infection
(N =11,894)

The median [interquartile range (IQR)] age of study participants
at SVR24 was 58 [52-67] years. The median [IQR] follow-up
time was 4.25 [2.71-5.51] years (corresponding to 27,136 visits
and 23,740.46 person-years).

More than half (56.8%) the study population did not have an
upper secondary school certificate (‘lower educational level,
hereafter), and 28.7% lived in poverty. Participants cumulating
a lower educational level and poverty represented 20.2% of the
study population. Fifteen percent (15.3%) presented advanced
liver fibrosis at baseline, and 22.2% at least once during the
study period. A total of 584 deaths occurred during the study pe-
riod. The mortality rate [95% confidence interval (CI)] was 2.46
[2.27-2.67] per 100 person-years in the whole study population,
6.43 [5.66-7.30] in participants with advanced liver fibrosis at
baseline, and 1.73 [1.56-1.92] in participants without advanced
liver fibrosis at baseline (p <0.001 between the two latter rates).

At the censoring date, 16.1% of the study participants were con-
sidered lost to follow-up. Their characteristics are provided in
Table S2.

3.2 | Factors Associated With Post-HCV Cure
Advanced Liver Fibrosis

In participants with advanced liver fibrosis at baseline, after
multivariable adjustment, having advanced liver fibrosis was as-
sociated with (i) previously (i.e., prior to baseline) experiencing
HCV treatment failure (adjusted odds ratio (aOR) [95% CI] 2.02
[1.12-3.65], p=0.019, PAF=7.6%) and (ii) the time since HCV
cure (aOR [95% CI] 0.75 [0.68-0.82] per year, p <0.001; Table 2).
No socioeconomic or behavioural factors were associated with
this outcome.

In participants without advanced liver fibrosis at baseline,
after multivariable adjustment, the following socioeconomic
and behavioural factors were associated with advanced liver
fibrosis: male sex, being over 70years old, being born in sub-
Saharan Africa/Caribbean, living in poverty (aOR [95% CI] 1.64
[1.09-2.47], p=0.017) and unhealthy alcohol use (aOR [95% CI]
2.09 [1.29-3.37], p=0.003). Diabetes and time since HCV cure
were also associated with this outcome (Table 2). The highest
PAF (or PF) were observed, in decreasing order, in persons aged
over 70years (PAF=20.2%), persons of female sex (PF=13.0%),
those living in poverty and participants with unhealthy alcohol

Patients with hepatitis B co-infection (N = 1,888)

Patients who did not receive DAA treatment (N = 1,563)

» Patients who did not achieve SVR24 (N = 300)

Patients with no available FIB-4 index at SVR24 visit (N = 1,775)
Patients with no follow-up data after SVR24 visit (N = 535)

A 4

Study population
(N =5,833)

FIGURE1 | Flow chart of the study population (ANRS CO22 Hepather cohort). DAA, direct-acting antivirals; HCV, hepatitis C virus; SVR24,

sustained virologic response at Week 24.

40f 17

Journal of Viral Hepatitis, 2024

95U8017 SUOWWIOD aA 81D 3|qeal|dde ay) Aq peusenob afe sejo 1L YO ‘esn Jo Sajni Joj Akeiqi8uljuQ A1 U (SUONIPUOD-pUe-SWLBIW0Y A8 | 1M Alelq 1 RUT|UO//:SdNY) SUONIPUOD Pue SWwie | 8Y1 &8s *[202/60/.T] Uo Arigiauluo A3 |Im ‘INIISNI AQ 900K T UAITTTT OT/10p/wod Ao 1M Aelgijpul|uo//Sdny wouy pepeo|umod ‘0 ‘€68ZS9ET



13652893, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jvh.14006 by INSERM, Wiley Online Library on [17/09/2024]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(senunuoD) 5
Gy
o
9JBOIJ11ID N
(T°L9) 165 (6'%5) 989¢ (S°L9) 06€ (899) LLTE [0oyos Arepuodas zoddn>
100°0> (0°T) 19A9] [RUONRONPH
(F'€€) 06T (6'L7) sg€T1 (T'9¢) soz (L'82) ST91 SOX
(9'99) LLS (TzL) LSye (8'€9) 19¢ (€1L) vEOr ON
100°0 (0°€) s5110A0d Ut UTAIT
(6°SS) 961 (8'65) 9¥6C (T¥S) ST¢ (T'65) Thye SoK
(T'v¥) T6¢ (Tov) 6L61 (6'St) L9T (8'0v) 1L£T ON
(£°0) prouwred
L2070 9[qeIs ® YIim SuIArg
(02 81 #0911 (CRNS (€D rer BISY
ueaqqrre)
(s9) 6¥ (Ts) LSt (6¢) €T (€75) 90¢ ‘@Ol V ueIRyRS-qNS
(#01) €6 (1°6) 0S¥ (€°11) 99 (€°6) €¥S ISeH S[PPIA ‘B Y YIION
eljensny ,NUCQE< une]
‘edLIowWY YLIoN ‘(dourig
0'6) 08 (6°9) 65€ L)y (TL) 61v Surpnpoxs) adoing
(T°¢L) 159 FoL)1LLE (0'9L) Ty (6°SL) TTvy aouelq
¥0T°0 (2°0) 5y¥Iq Jo o[
(6'60) L9T (€'91) 08 (T9¢) T1C (¥'81) TLOT 0.3
(6'82) 8ST (0'97) 9821 (9°60) L1 (S'92) ¥¥ST 69-09
(T18) 8LT (6'8€) vT61 (6'97) LST (8'LE) 20T 65-0S
100°0> (0°01) 68 (L81) 926 L) e (#'LT) STOT 05>
(0) s1eaA ur 93y
(L'2h) 18¢ (S'9%) L6TT (8'9¢)ST1C (6°S¥) 8L9T S[ewa
(€°L9) 118 (S°€9) ¥¥9T (T°€9) 69¢ (T'+S) sst1¢ AeN
L£0'0 (0) xS
qod [90I1] uerpajA 10 (%) N [40I1] uerpaA 10 (%) N [901] uerpsN 10 (%) N [JOI] ueIpaA 10 (%) N (Surssrux %) sa[qerIen
(268 =N) duI[3skq I ,SISOIqLY (Iv6v = N) dUI[astq J® ,SISOIqLY ¥8S=N) syreaa (€€8S=N)
JI9AI] pooueApe (M sjuedidnaed  I9AI[ padurape noyim syuedronied uonyerndod Apnmig
"(€€8S =N 110702 121edoH 220D SYNV) NSIA $TYAS Je SNJe)S SIS0IqIJ I9AT] 91} 0) SUTPIOIIE ‘SYIBIP 2INd ADH-Isod pue sonstsioereyod uonendod Apnis | T ATIV.L



13652893, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jvh.14006 by INSERM, Wiley Online Library on [17/09/2024]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

I
S
(senunuo)) .,.pmn
=
(T'80) 65C (T'60) 1LET (9'8¢) Tic (0'67) 0191 0T< E
~
(€sT)0€T (S91) ¥LL (Ten) L9 (€91) +06 61-01 M
s
(€21 o1 (6'¥1) 00L (9'01) 8 (S+1) +08 6-1 m
(%2R 723 (S'6€) SS81 (9°8¢) 1t (T'o¥) 6TCC 0
(6'%) gs1BaK
10°0 -yoed ur ‘urjows 00oeqO],
(t'6) C8 (9°11) €95 (6°11) 89 (€°1T) S¥9 a1y
(9°sT) 9¢1 (107) LL6 (S9M) +6 (F'61) €TTT IoULIO
(0°SL) 759 (€°89) L1€€ (9'12) 80% (€69) TL6€ REVEI\
100°0> (8°1) asn siqeuue)
(Ton) Tr1 (F'2e) €8ST (8% £v1 (0'0¢) sTLt €<
(8°€8) s€L (9'29) 662€ @SL) vy (0'0L) v€ot >
(¢'1) Lep 12d sdno
100°0> ur ‘uoridwnsuod 933J0)
(Juazrind
(Tvo)sic (9°97) L18 (Iv2) 1 (8°L1) T€0T I0 Lx03s1y) 9sn Ayjedyun
(8'87) 95T (8'0%) 900¢ (6'1€) 981 (6'8€) 79tT 9SN 9)BISPOIN
asn Ayjreayun jo
(1'Ly) 610 (9°2¥) S60T (0'v¥) LST (€eh) ¥1ST K101814 OU YIIM JUSUNISqY
100°0> (¥°0) josn [0YOJ[Y
r'so) LT (€°87) 96€1 (0'92) ST (8'L0) €291 Sax
(9'%L) $99 (L'TL) v¥se O¥L) Ter (T'eL) 60Ty ON
(0°0) uonoafur
G800 3nip jua1Inog 10 IsBJ
9)ed1J 111D
(6'2€) 06T (T'sv) soce (S'z€) 881 (Tev) seve [ooyods Arepuodas 1eddn<
qd [40I1] uerpajA 10 (%) N [40I1] uerpaA 10 (%) N [401] uerpsA 10 (%) N [JOI] ueIpaN 10 (%) N (Surssru %) sa[qerIeA
(268 =N) auI[aseq Je ,SISOIqLY (Iv6t =N) dUI[aseq Je ,SIS0IqIy (¥8S=N) syread (€€8S=N)
JOAT[ PaoueApe [Im sjuedionaed  JI9AI[ padueApe noym syuedronaed uonyerndod Apnyg =
Gy
o
(penupuo)) | TATIVL ©



13652893, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jvh.14006 by INSERM, Wiley Online Library on [17/09/2024]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

7 of 17

‘[S] ;w/3 0€= :£3182q0 {,w/3Y 0€> puB ST :IYSIOMIIAO [SJJO-INd OH M Y} 03 SUIPIOOOE PasLI03a)ed Sem Xopul SSBW Apogy

‘Kep 1ad payyours sa3301€310 Jo syoed Jo roquunu age1aAe ay) Aq payows pey uosiad ay) s1eak jo roquinu ay) JurAidninur £q paureiqo sem siedak-yoed jo roquinu oy L5

‘[¥] WesH 10§ A1110YINY [BUOHEN YOUSL Y3 YIIM SOUBPIOIOR U ‘A[9A10adSaI ‘USW PUB USWOM 10 Aep 19d SYULIP PIBPUR)S €< PUB < SB PIUIISP SBM SN [0Y0O[€ AYI[Bdy U,

‘[€] proyesnoy sy ut sjrun uondwnsuod

Jo 1equinu 3y} Aq papIAIp dwodul A[yjuowt ajqesodsIp ay) st paje[nojed sem SuIAl] Jo prepuels oy I, “(yuour 1ad so1na TOT) proysaiy) £110a0d youalf STOZ oY) uey) 1omof SUIAI] JO pIepuels & se paurjop sem Aj1aaod ur SUIAIg,,
“drysiouyaed (110 © Ul Sureq pue dasnods e Suiaey Ioulred s,9uo yim Sulal] papnpoul Joulred 9[qeIs B yiim SUIAIT,,

‘uBaqqLIED 9} WIOIJ § PUR BISSNY WOIJ 97 ‘BOLIDWY [BIJUID) WOIJ 7 ‘BOLIDWY [}ION WOIJ § ‘BoLIaWY YInos woy syuedionied 71 o1om 219y I,

*S9[RLIBA SNONUIIUOD 10 I53) SI[[BA\—[BYSNIY PUE ‘SI[qRIIBA [D1I039]RD 10] 159} Parenbs-14Dq

*[2 ‘1] ST'€< XOpUI $-g.] UB S PAUIJIP SEM SISOIqLJ JOAI] PAOUBAPY

*9su0dsa1 9130[0I1A PAUTRISNS YIOM-HT ‘bTYAS P8uel a[naenbiajur YOI snaia J snneday ‘ADH :SUONRIAIQQY

(z'2) s1e2A U1 “9Ind ADH 0}

¥18°0 [sTz-T01] 99T [zze-9'6] s91 [+ ¥2-+'11] 0'61 [T'2T-9'6] S791 sisoudeIp ADH WOLJ dWL],
(Lze)Tet (0'Lv) 91€T (9°5¢) LOT (8v¥) 8092 S
(€°£9) 009 (0°€5) €192 'v9) SLE (T'ss) €1ee ON
100°0> (2°0) dATRU-JUSW)BAL ],
(T'zo) L6T e €19 (099) TST (6°€1) 018 SO
(6°LL) S69 (9°L8) 8TeY (R 7hK454 (1'98) €20S ON
T00°0> (0°0) sa1pqRIq
(€91 S¥1 (r"€T) 659 (T6D) TTT (6'€T) ¥08 £1saq0
(#'s€) STE (Teg) 091 (s€€) 961 (s€9) sv61 1y3romIan0
JySromIispun
(€'8%) 621 (¥'€S) 029T Ly)sLe (9°29) 6%0¢ 10 1Y S1oM [RWLION
6000 (9°0) yxoput ssew Apog
od [901] uerpap 10 (%) N [401] werpap 10 (%) N [901] uerpan 10 (%) N [JOI] URIPSIA 10 (%) N (SurssTwx %) sa[qerTes
(268 =N) duraseq e  sIsoxqyy (Tv6v =N) dul[aseq Je ,SIsoIqyy (¥8s=N) syreaq (€€8S=N)
JOAT[ PaoueApe [Im sjuedionaed  JI9AI[ padueApe noym syuedronaed uonyerndod Apnyg

(ponunuo)) | TATIVL



TABLE 2 | Factors associated with post-HCV cure advanced liver fibrosis, stratified on liver fibrosis status at baseline, mixed-effects logistic

regression model, multivariable analyses.

Participants with advanced liver
fibrosis at baseline® (N=2827)

PAF or
aOR [95% CI] 4] PF® (%)

Participants without advanced liver
fibrosis at baseline® (N=4108)

PAF or
aOR [95% CI] 4] PF® (%)

Sex
Male (ref.)
Female

Age, in years
<50 (ref.)
50-59
60-69
>70

Place of birth
France (ref.)

Europe (excluding France),
North America, Latin
America, Australia

North Africa, Middle East

Sub-Saharan Africa,
Caribbean

Asia
Living with a stable partner®
No (ref.)
Yes
Living in poverty!
No (ref.)
Yes
Educational level

<Upper secondary school
certificate

>Upper secondary school
certificate (ref.)

Past or current drug injection
No (ref.)
Yes

Alcohol use®

Abstinent with no history of
unhealthy use (ref.)

Moderate use

Unhealthy use (history or
current)

1
0.58 [0.40-0.85] 0.005 13.0°
<0.001
1
1.17 [0.68-2.01] 0.570 3.1
1.37[0.77-2.42] 0.283 4.3
5.45[3.01-9.85]  <0.001 20.2
0.034
1
1.75 [0.92-3.33] 0.088 2.5

0.85 [0.47-1.53] 0.592 1.02
2.74 [1.30-5.79] 0.008 33

0.90 [0.25-3.20] 0.875 0.12

1
1.64 [1.09-2.47] 0.017 8.6

0.001

0.84 [0.56-1.26] 0.397 3.4
2.09 [1.29-3.37] 0.003 8.6

(Continues)
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TABLE 2 | (Continued)

Participants with advanced liver
fibrosis at baseline? (N=3827)

Participants without advanced liver
fibrosis at baseline* (N=4108)

aOR [95% CI] p

PAF or
PFY (%)

PAF or

aOR [95% CI] p PF® (%)

Coffee consumption, in cups per day
<3 (ref)
>3
Cannabis use
Never (ref.)
Former
Current
Tobacco smoking, in pack-years!
0 (ref.)
1-9
10-19
>20
Body mass index®

Normal weight or
underweight (ref.)

Overweight
Obesity
Diabetes
No (ref.)
Yes
Treatment-naive
No 2.02 [1.12-3.65] 0.019
Yes (ref.) 1

Time from HCV diagnosis to
HCV cure, in years

Time since HCV cure, in 0.75 <0.001

years [0.68-0.82]

1
1.88 [1.20-3.97] 0.006 6.5

7.6

— 1.18 [1.10-1.28]  <0.001 —

Note: Bold values indicate global p-values for variables with more than two modalities.

Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; HCV, hepatitis C virus; PAF, population attributable fraction; PF, prevented fraction.

2Advanced liver fibrosis was defined as an FIB-4 index >3.25[1, 2].

Marked values are PF (not PAF). The prevented fraction (PF) was computed as PF = — PAF /(1 — PAF). PAF for continuous variables are not provided as it may

be both statistically biased and highly variable [6].

“Living with a stable partner’ included living with one’s partner, having a spouse and being in a civil partnership.

4“Living in poverty’ was defined as a standard of living lower than the 2015 French poverty threshold (1015 euros per month). The standard of living was calculated as
the disposable monthly income divided by the number of consumption units in the household [3].

“Unhealthy alcohol use was defined as >2 and >3 standard drinks per day for women and men, respectively, in accordance with the French National Authority for

Health [4].

fThe number of pack-years was obtained by multiplying the number of years the person had smoked by the average number of packs of cigarettes smoked per day.
£Body mass index was categorised according to the WHO cut-offs: overweight: >25 and <30kg/m?; obesity: >30kg/m? [5].

use (PAF=38.6% for both the latter). The E-value for the point
estimate for living in poverty was 2.68 and 1.42 for the limit of
the CI closest to null.

Results from the nonstratified analyses are provided in
Table S3. Advanced liver fibrosis was associated with the

following socioeconomic and behavioural factors: being born
in Europe (excluding France), North America, Latin America,
Australia, not living with a stable partner, living in poverty,
a lower educational level, unhealthy alcohol use (moderate
use was protective compared with abstinence) and no elevated
coffee consumption.
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No selection bias related to missing data on the FIB-4 index was
identified in the Heckman mixed-effects probit models (data not
shown).

3.3 | Factors Associated With Post-HCV Cure
All-Cause Mortality

The following socioeconomic and behavioural factors were as-
sociated with all-cause mortality after multivariable adjustment:
not living with a stable partner (adjusted hazard ratio (aHR) [95%
CI] 0.81 [0.68-0.98], p=0.027 for living with a stable partner),
living in poverty (aHR [95% CI] 1.42 [1.17-1.72], p<0.001) and
heavy tobacco smoking (aHR [95% CI] 1.65 [1.33-2.06], p <0.001;
Table 3). The E-value for the point estimate of living in poverty
was 2.20 and 1.63 for the limit of the CI closest to null. Male
sex, being aged over 59, obesity, diabetes and advanced liver fi-
brosis were also associated with this outcome. The highest PAF
(or PF) were observed, in decreasing order, for advanced liver
fibrosis (PAF =28.9%), being aged over 70years (PAF=20.5%),
heavy tobacco smoking (>20 pack-years, PAF=15.5%), female
sex (PF=14.9%), living with a stable partner (PF=11.0%) and
living in poverty (PAF =10.6%).

4 | Discussion

In this large national French cohort, we found that socioeco-
nomic and behavioural factors weighed heavily on the risk
of advanced liver fibrosis and all-cause mortality after HCV
cure. Specifically, living in poverty was associated with both
outcomes.

The relationship between socioeconomic deprivation and poor
liver outcomes has already been documented [32-36]. For in-
stance, in their meta-analysis, Lu et al. concluded that socio-
economic risk factors greatly impact hepatocellular carcinoma
incidence [37]. In HCV populations in various countries, deter-
minants such as neighbourhood poverty, lower educational level
and language barriers, have been consistently linked to poorer
HCV-related outcomes [38]. Our results on poverty and mortal-
ity are also consistent with previous findings in the general pop-
ulation [39-41].

After adjusting for behavioural factors, living in poverty was
associated with both liver fibrosis and mortality. This might
be partly explained by preexisting health problems acting as
a barrier to employment and therefore causing both poverty
and health issues. Another hypothesis is that a lack of dispos-
able financial means impacts the health expenditure burden
for people living in poverty and fosters inequality in the use of
healthcare providers [42, 43]. More specifically, despite the low
out-of-pocket payments for health care in France [44], people
with the lowest disposable income may not have enough means
to seek appropriate care. Although all our cohort participants
were followed in hospital hepatology services, unequal access
to care prior to their enrolment in the cohort may have had det-
rimental effects [45]. Furthermore, socioeconomic deprivation
is likely to be associated with poorer diet [46, 47], a known risk
factor for both liver fibrosis and mortality. In addition, people
living in poverty are more likely to be exposed to the detrimental

effects of stress [48-50]. Finally, the protective effect of being in
arelationship which we found on mortality, and the detrimental
effect of social isolation, echo previous findings in the general
population [51, 52].

Contrary to what was found in a Spanish study [53], in our
study, people with a lower educational level (versus those with
a higher level) who were cured of HCV through DAA did not
have a higher postcure mortality risk. This may be because the
effect of a lower educational level was captured by the living in
poverty and behavioural variables [54].The fact that the associa-
tion between advanced liver fibrosis and lower educational level
was only found in the unstratified analyses (which included
more visits and more cases of advanced fibrosis) suggests that
greater statistical power was needed to identify this association.
Similarly, the protective effect of elevated coffee consumption
on advanced liver fibrosis was highlighted in the unstratified
analyses only. This effect was previously highlighted in meta-
analyses in patients with nonalcoholic fatty liver disease [16, 55],
alcoholic liver disease, hepatitis B virus [56] and HCV infec-
tion [57].

In participants with advanced liver fibrosis at the time of HCV
cure, no socioeconomic or behavioural factors were associated
with postcure advanced liver fibrosis. In terms of mortality, ad-
vanced liver fibrosis displayed the highest aHR and PAF. Our
results therefore emphasise the prominent role of liver fibrosis
prevention and management, as well as the importance of mon-
itoring it post-HCV cure [55]. After adjusting for liver fibrosis,
some socioeconomic and behavioural factors were still associ-
ated with our outcome.

In people without advanced liver fibrosis at the time of HCV
cure, living in poverty and unhealthy alcohol use were as
strongly associated (according to aOR) with postcure advanced
liver fibrosis as diabetes, and all three variables had comparable
PAF. The same was true for the mortality analyses in the whole
study population. For mortality, heavy (>20 pack-years) smok-
ing was associated with a higher absolute PAF than for diabetes.

Tobacco and alcohol use can be readily targeted by prevention
interventions, and HCV cure may represent a teachable moment
to do so [56, 57]. However, because of sociodemographic char-
acteristics, substance use pattern, comorbidities and tobacco-
related beliefs, the implementation of effective tobacco treatment
in this population is challenging and may require specific tai-
loring [58-60]. Our results therefore advocate integrated HCV
care including substance use-related services [61], as previous
results showed a favourable impact on alcohol-related outcomes
in people living with HCV [62, 63]. In Australia, social workers
identified support for access to substance and alcohol services as
one of the needs of people attending HCV treatment centres [64].

While poverty cannot directly be addressed by medical staff,
linkage with social workers could help patients to better deal
with issues interlinked and related to it, such as poor housing
conditions, asylum-seeking, difficulties in accessing financial
support and social isolation [65]. All these factors may directly
impact the continuum of care and health status. Better link-
age with social workers could be integrated in comprehensive
and/or community-based care systems [66-68].
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TABLE 3 | Factors associated with post-HCV cure all-cause mortality, Cox proportional hazard model, univariable and multivariable analyses
(ANRS CO22 Hepather cohort, N=5833).

Univariable analyses Multivariable

(N=5833)

analysis (N=5371)

HR [95% CI] p aHR [95% CI| p PAF or PF? (%)

Sex

Male (ref.) 1 1

Female 0.72[0.61-0.85]  <0.001  0.68[0.56-0.84]  <0.001 14.92
Age, in years <0.001 <0.001

<50 (ref.) 1 1

50-59 1.23[0.93-1.63] 0.152 1.20 [0.88-1.63] 0.253 5.2

60-69 1.50 [1.12-2.00] 0.007 1.44 [1.04-1.98] 0.026 7.7

>70 2.63 [1.98-3.49] <0.001 2.75[1.98-3.82] <0.001 20.5
Place of birth 0.237

France (ref.) 1

Europe (excluding France), North 1.01 [0.73-1.38] 0.966

America, Latin America, Australia

North Africa, Middle East 1.18 [0.91-1.53] 0.207

Sub-Saharan Africa, Caribbean 0.75[0.50-1.15] 0.189

Asia 0.64 [0.34-1.22] 0.174
Living with a stable partner®

No (ref) 1 1

Yes 0.77 [0.66-0.91] 0.002 0.81 [0.68-0.98] 0.027 11.02
Living in poverty®

No (ref.) 1 1

Yes 1.45[1.22-1.72] <0.001 1.42 [1.17-1.72] <0.001 10.6
Educational level

<Upper secondary school certificate 1.53 [1.29-1.82] <0.001

>Upper secondary school certificate 1

(ref.)
Past or current drug injection

No (ref) 1

Yes 0.94 [0.78-1.12] 0.477
Alcohol use? <0.001

Abstinent with no history of unhealthy 1

use (ref.)

Moderate use 0.88[0.73-1.06] 0.188

Unhealthy use (history or current) 1.41 [1.15-1.73] 0.001
Coffee consumption, in cups per day

<3 (ref) 1

>3 0.83 [0.69-1.00] 0.055
Cannabis use 0.197

(Continues)
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TABLE 3 | (Continued)

Univariable analyses

Multivariable

(N=5833) analysis (N=5371)
HR [95% CI] p aHR [95% CI] p PAF or PF* (%)
Never (ref.) 1
Former 0.84[0.68-1.06] 0.138
Current 1.11 [0.86-1.43] 0.441
Tobacco smoking, in pack-years® <0.001 <0.001
0 (ref) 1 1
1-9 0.80 [0.60-1.06] 0.121 1.00 [0.74-1.36] 0.983 0.0
10-19 0.79 [0.60-1.03] 0.086 1.02 [0.76-1.37] 0.895 0.2
>20 1.43[1.18-1.73] <0.001 1.65 [1.33-2.06] <0.001 15.5
Body mass index’ 0.003 0.046
Normal weight or underweight (ref.) 1 1
Overweight 1.05 [0.88-1.27] 0.568 0.97 [0.79-1.18] 0.744 1.12
Obesity 1.47 [1.18-1.83] 0.001 1.31 [1.03-1.67] 0.030 4.5
Diabetes
No (ref.) 1 1
Yes 2.08[1.73-2.51]  <0.001  1.55[1.25-1.91]  <0.001 9.2
Treatment-naive
No 1.22[1.03-1.45] 0.021
Yes (ref.) 1
Time from HCV diagnosis to HCV cure, 1.01 [1.00-1.02] 0.150
in years
Advanced liver fibrosisé
No (ref) 1 1
Yes 3.66 [3.09-4.32] <0.001 3.24[2.69-3.90] <0.001 28.9

Note: Bold values indicate global p-values for variables with more than two modalities.

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HCV, hepatitis C virus; PAF, population attributable fraction; PF, prevented fraction.

aMarked values are PF (not PAF). The prevented fraction (PF) was computed as PF = — PAF /(1 — PAF).

YLiving with a stable partner’ included living with one's partner, having a spouse and being in a civil partnership.

“Living in poverty’ was defined as a standard of living lower than the 2015 French poverty threshold (1015 euros per month). The standard of living was calculated as
the disposable monthly income divided by the number of consumption units in the household [3].

dUnhealthy alcohol use was defined as >2 and >3 standard drinks per day for women and men, respectively, in accordance with the French National Authority for

Health [4].

°The number of pack-years was obtained by multiplying the number of years the person had smoked by the average number of packs of cigarettes smoked per day.
fBody mass index was categorised according to the WHO cut-offs: overweight: >25 and <30kg/m?; obesity: >30kg/m? [5].

¢Advanced liver fibrosis was defined as an FIB-4 index >3.25[1, 2].

Our results indicate that the social inequalities in health out-
comes among people with HCV exist even after HCV cure.
Markers of deteriorated health status at the SVR24 visit were
strongly associated with our outcomes (i.e., previous treatment
failure for the advanced liver fibrosis outcome and advanced
liver fibrosis for the mortality outcome). We can hypothesise
that poverty, and more broadly, socioeconomic deprivation,
leads to late presentation for HCV care (defined as presenting
with advanced liver fibrosis at first consultation for HCV care
[69])—a risk factor for mortality [70]—through unequal access
to care [45]. The same is true for diabetes [71]. Although mul-
tiple adjustment partly took into account pretreatment effects

of socioeconomic deprivation, potential posttreatment effects
cannot be excluded (as indicated by the presence of the living in
poverty variable in our multivariable results).

We showed that screening for substance use is essential for
patients with HCV, even after HCV cure, as tobacco and alco-
hol use were associated with detrimental outcomes. Clinicians
should be made aware that HCV cure may provide a suitable
opportunity to encourage individuals to reduce or stop addictive
behaviours [56, 72]. Screening for socioeconomic deprivation by
medical staff may be of clinical usefulness if linkage to social
services is implemented.
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The main strength of our study is its large sample size. Moreover,
the fact that we collected a range of demographic, socioeco-
nomic, behavioural and clinical factors is very valuable, as clin-
ical factors alone fail to capture major health determinants. In
terms of limitations, some behavioural factors, such as dietary
habits and physical activity level [73] were not collected. While
we can suppose that the factors we did investigate partially
captured their effects [46, 74, 75], confounding effects of un-
measured variables cannot be ruled out, as indicated by the E-
values we provided. Moreover, data on behavioural factors were
only collected at cohort inclusion, and may not have reflected
participants’ long-term habits. Participants in Hepather were,
by design, already in care, and had already agreed to medical
follow-up in hospital centres. Our results may therefore not be
generalisable to individuals who were cured with DAA through
other care pathways, such as community-based programmes.
Postcure follow-up in the Hepather cohort lasted only 4.25years
in median. The lack of linkage with mortality registry may
have led to some deaths being missed, especially patients lost
to follow-up. The characteristics of individuals lost to follow-up
differed slightly (in magnitude) from others, which may have in-
troduced bias. For instance, the former were slightly more likely
to have ever smoked, which may have led to an underestimation
of the tobacco-related mortality risks. Additionally, people with
no follow-up data available after SVR24 were excluded from the
analyses, which may have introduced selection bias within the
Hepather population. Future studies should consider liver- and
nonliver-related mortality separately. This could provide a more
precise picture of the mechanisms involved in the socioeconomic
deprivation-mortality relationship which we observed.

5 | Conclusion

We highlighted the major role of poverty and behavioural
factors in advanced liver fibrosis and all-cause mortality in
patients cured of HCV. Encouraging healthy behaviours after
successful DAA treatment and linkage to social support ser-
vices could help limit morbidity and increase survival in this
population.

Acknowledgements

We would like to thank the study participants and participating clini-
cians at each site. We also thank the INSERM-ANRS MIE for spon-
soring, funding and conducting the ANRS CO22 Hepather cohort in
collaboration with the French Association for the Study of the Liver
(Association Francaise pour l'Etude du Foie: AFEF). Finally, our
thanks to Jude Sweeney for the English revision and copyediting of
our manuscript. Laurent Alric, Delphine Bonnet, Virginie Payssan-
Sicart, Chloe Pomes, Fabien Zoulim, Marianne Maynard, Roxane Bai,
Lucie Hucault, Francois Bailly, Francois Raffi, Eric Billaud, David
Boutoille, Maeva Lefebvre, Elisabeth André-Garnier, Paul Cales,
Isabelle Hubert, Adrien Lannes, Francoise Lunel, Jérome Boursier,
Tarik Asselah, Nathalie Boyer, Nathalie Giuily, Corinne Castelnau,
Giovanna Scoazec, Stanislas Pol, Héléne Fontaine, Emilie Rousseaud,
Anais Vallet-Pichard, Philippe Sogni, Victor de Ledinghen, Juliette
Foucher, Jean-Baptiste Hiriart, Jancell M’Bouyou, Marie Irlés-Depé,
Marc Bourliére, Si Nafa Si Ahmed, Valérie Oules, Albert Tran,
Rodolphe Anty, Eve Gelsi, Régine Truchi, Dominique Thabut, Saloua
Hammeche, Joseph Moussali, Xavier Causse, Barbara De Dieuleveult,
Brahim Ouarani, Damien Labarriére, Nathalie Ganne, Véronique

Grando-Lemaire, Pierre Nahon, Séverine Brulé¢, Dominique
Guyader, Caroline Jezequel, Audrey Brener, Anne Laligant, Aline
Rabot, Francois Habersetzer, Thomas F. Baumert, Michel Doffoel,
Catherine Mutter, Pauline Simo-Noumbissie, Esma Razi, Jean-Pierre
Bronowicki, Héléne Barraud, Mouni Bensenane, Abdelbasset Nani,
Sarah Hassani-Nani, Marie-Albertine Bernard, Georges-Philippe
Pageaux, Dominique Larrey, Magda Meszaros, Sophie Metivier,
Christophe Bureau, Thibault Morales, Jean Marie Peron, Marie Angéle
Robic, Thomas Decaens, Marine Faure, Bruno Froissart, Marie-Noelle
Hilleret, Jean-Pierre Zarski, Ghassan Riachi, Odile Goria, Fatima
Paris, Hélene Montialoux, Vincent Leroy, Giuliana Amaddeo, Anne
Varaut, Mélanie Simoes, Rachida Amzal, Olivier Chazouilliéres, Tony
Andreani, Bénédicte Angoulevant, Azeline Chevance, Lawrence
Serfaty, Didier Samuel, Teresa Antonini, Audrey Coilly, Jean-Charles
Duclos Vallée, Mariagrazia Tateo, Armand Abergel, Maud Reymond,
Chanteranne Brigitte, Buchard Benjamin, Léon Muti, Claire Geist,
Guillaume Conroy, Raphaélle Riffault, Isabelle Rosa, Camille
Barrault, Laurent Costes, Hervé Hagege, Véronique Loustaud-
Ratti, Paul Carrier, Maryline Debette-Gratien, Philippe Mathurin,
Guillaume Lassailly, Elise Lemaitre, Valérie Canva, Sébastien
Dharancy, Alexandre Louvet, Anne Minello, Marianne Latournerie,
Marc Bardou, Thomas Mouillot, Louis D’Alteroche, Didier Barbereau,
Charlotte Nicolas, Laure Elkrief, Anais Jaillais, Jérome Gournay,
Caroline Chevalier, Isabelle Archambeaud, Sarah Habes, Isabelle
Portal, Moana Gelu-Simeon, Eric Saillard, Marie-Josée Lafrance, Lucie
Catherine, Fabrice Carrat, Frederic Chau, Céline Dorival, Isabelle
Goderel, Clovis Lusivika-Nzinga, Jonathan Bellet, Jessica Chane-
Teng, Grégory Pannetier, Jérome Nicol, Florian Sebal, Rafika Bekhti,
Carole Cagnot, Anais Boston, Laura Nailler, Guillaume Le Meut,
Alpha Diallo, Ventzislava Petrov-Sanchez, Marc Bourliére, Jérome
Boursier, Fabrice Carrat, Patrizia Carrieri, Elisabeth Delarocque-
Astagneau, Victor De Ledinghen, Céline Dorival, Héléne Fontaine,
Slim Fourati, Chantal Housset, Dominique Larrey, Pierre Nahon,
Georges-Philippe Pageaux, Ventzislava Petrov-Sanchez, Stanislas Pol,
Mathias Bruyand, Linda Wittkop, Fabien Zoulim, Jessica Zucman-
Rossi, Marianne L’hennaff, Michéle Sizorn, Carole Cagnot.

Ethics Statement

The study protocol was designed in accordance with the Declaration
of Helsinki and with French law for biomedical research. It was ap-
proved by the Comité de Protection des Personnes (CPP) Ile de France 3
Ethics Committee (Paris, France) and the French Regulatory Authority
(ANSM).

Consent

Participate: Written informed consent was obtained from each cohort
participant before enrolment. Publication: The authors have nothing to
report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data are available upon request to tangui.barre@inserm.fr, due to pri-
vacy/ethical restrictions.

References

1. T. Asselah, P. Marcellin, and R. F. Schinazi, “Treatment of Hepatitis
C Virus Infection With Direct-Acting Antiviral Agents: 100% Cure?”
Liver International 38, no. Suppl 1 (2018): 7-13, https://doi.org/10.1111/
liv.13673.

2.D. C. Rockey and S. L. Friedman, “Fibrosis Regression After Eradi-
cation of Hepatitis C Virus: From Bench to Bedside,” Gastroenterology

13 of 17

95U8017 SUOWWIOD aA 81D 3|qeal|dde ay) Aq peusenob afe sejo 1L YO ‘esn Jo Sajni Joj Akeiqi8uljuQ A1 U (SUONIPUOD-pUe-SWLBIW0Y A8 | 1M Alelq 1 RUT|UO//:SdNY) SUONIPUOD Pue SWwie | 8Y1 &8s *[202/60/.T] Uo Arigiauluo A3 |Im ‘INIISNI AQ 900K T UAITTTT OT/10p/wod Ao 1M Aelgijpul|uo//Sdny wouy pepeo|umod ‘0 ‘€68ZS9ET


mailto:tangui.barre@inserm.fr
https://doi.org/10.1111/liv.13673
https://doi.org/10.1111/liv.13673

160, no. 5 (2021): 1502-1520.e1, https://doi.org/10.1053/j.gastro.2020.
09.065.

3. V. Calvaruso and A. Craxi, “Hepatic Benefits of HCV Cure,” Journal
of Hepatology 73, no. 6 (2020): 1548-1556, https://doi.org/10.1016/j.jhep.
2020.08.006.

4.N.Z.Janjua, S. Wong, Y. Abdia, et al., “Impact of Direct-Acting Anti-
virals for HCV on Mortality in a Large Population-Based Cohort Study,”
Journal of Hepatology 75, no. 5 (2021): 1049-1057, https://doi.org/10.
1016/j.jhep.2021.05.028.

5.E. Ogawa, N. Chien, L. Kam, et al., “Association of Direct-Acting
Antiviral Therapy With Liver and Nonliver Complications and Long-
Term Mortality in Patients With Chronic Hepatitis C,” JAMA Internal
Medicine 183 (2022): 97-105, https://doi.org/10.1001/jamainternmed.
2022.5699.

6. J. Politi, J. M. Guerras, M. Donat, et al., “Favorable Impact in Hepa-
titis C-Related Mortality Following Free Access to Direct-Acting Anti-
virals in Spain,” Hepatology 75, no. 5 (2022): 1247-1256, https://doi.org/
10.1002/hep.32237.

7.S. J. Hutchinson, H. Valerio, S. A. McDonald, et al., “Population Im-
pact of Direct-Acting Antiviral Treatment on New Presentations of Hep-
atitis C-Related Decompensated Cirrhosis: A National Record-Linkage
Study,” Gut 69, no. 12 (2020): 2223-2231, https://doi.org/10.1136/gutjn
1-2019-320007.

8. M. Alavi, M. G. Law, H. Valerio, et al., “Declining Hepatitis C Virus-
Related Liver Disease Burden in the Direct-Acting Antiviral Therapy
era in New South Wales, Australia,” Journal of Hepatology 71, no. 2
(2019): 281-288, https://doi.org/10.1016/j,jhep.2019.04.014.

9.L. Lam, P. Carrieri, G. Hejblum, J. Bellet, M. Bourliére, and F. Car-
rat, “Real-World Economic Burden of Hepatitis C and Impact of Direct-
Acting Antivirals in France: A Nationwide Claims Data Analysis,” Liver
International 44, no. 5 (2024): 1233-1242, https://doi.org/10.1111/liv.
15872.

10. F. Negro, “Residual Risk of Liver Disease After Hepatitis C Virus
Eradication,” Journal of Hepatology 74, no. 4 (2021): 952-963, https://
doi.org/10.1016/j.jhep.2020.11.040.

11. V. Hamill, S. Wong, J. Benselin, et al., “Mortality Rates Among Pa-
tients Successfully Treated for Hepatitis C in the era of Interferon-Free
Antivirals: Population Based Cohort Study,” BMJ 382 (2023): e074001,
https://doi.org/10.1136/bmj-2022-074001.

12. F. Tacke, H. Klinker, K. H. W. Boeker, et al., “Elevated Liver En-
zymes Predict Morbidity and Mortality Despite Antiviral Cure in
Patients With Chronic Hepatitis C: Data From the German Hepatitis
C-Registry,” Hepatology Communications 6, no. 9 (2022): 2488-2495,
https://doi.org/10.1002/hep4.2015.

13. R. Kozuka, A. Tamori, M. Enomoto, et al., “Risk Factors for Liver-
Related and Non-Liver-Related Mortality Following a Sustained Viro-
logical Response After Direct-Acting Antiviral Treatment for Hepatitis
C Virus Infection in a Real-World Cohort,” Journal of Viral Hepatitis 30
(2022): 374-385, https://doi.org/10.1111/jvh.13795.

14. P. Carrieri, F. Carrat, V. D. Beo, et al., “Severe Liver Fibrosis in the
HCV Cure Era: Major Effects of Social Vulnerability, Diabetes, and Un-
healthy Behaviors,” JHEP Report 4 (2022): 100481, https://doi.org/10.
1016/jjhepr.2022.100481.

15. 1. Yaya, F. Marcellin, M. Costa, et al., “Impact of Alcohol and Coffee
Intake on the Risk of Advanced Liver Fibrosis: A Longitudinal Analy-
sis in HIV-HCV Coinfected Patients (ANRS HEPAVIH CO-13 Cohort),”
Nutrients 10, no. 6 (2018), https://doi.org/10.3390/nu10060705.

16. K. Wijarnpreecha, C. Thongprayoon, and P. Ungprasert, “Coffee
Consumption and Risk of Nonalcoholic Fatty Liver Disease: A System-
atic Review and Meta-Analysis,” European Journal of Gastroenterology
& Hepatology 29, no. 2 (2017): e8-el2, https://doi.org/10.1097/MEG.
0000000000000776.

17. M. E. Santos, C. Protopopescu, P. Sogni, et al., “HCV-Related Mor-
tality Among HIV/HCV Co-Infected Patients: The Importance of Be-
haviors in the HCV Cure era (ANRS CO13 HEPAVIH Cohort),” AIDS
and Behavior 24, no. 4 (2020): 1069-1084, https://doi.org/10.1007/s1046
1-019-02585-7.

18. H. Innes, A. McAuley, M. Alavi, H. Valerio, D. Goldberg, and S. J.
Hutchinson, “The Contribution of Health Risk Behaviors to Excess
Mortality in American Adults With Chronic Hepatitis C: A Population
Cohort-Study,” Hepatology 67, no. 1 (2018): 97-107, https://doi.org/10.
1002/hep.29419.

19.S. Pol, M. Bourliere, S. Lucier, et al., “Safety and Efficacy of
Daclatasvir-Sofosbuvir in HCV Genotype 1-Mono-Infected Patients,”
Journal of Hepatology 66, no. 1 (2017): 39-47, https://doi.org/10.1016/j.
jhep.2016.08.021.

20. R. K. Sterling, L. Eduardo, C. Nathan, et al., “Development of a Sim-
ple Noninvasive Index to Predict Significant Fibrosis in Patients With
HIV/HCV Coinfection,” Hepatology 43, no. 6 (2006): 1317-1325, https://
doi.org/10.1002/hep.21178.

21. A. Vallet-Pichard, V. Mallet, B. Nalpas, et al., “FIB-4: An Inexpen-
sive and Accurate Marker of Fibrosis in HCV Infection. Comparison
With Liver Biopsy and Fibrotest,” Hepatology 46, no. 1 (2007): 32-36,
https://doi.org/10.1002/hep.21669.

22. Institut National de la Statistique et des Etudes Economiques, “Défi-
nition - Pauvreté Monétaire / Seuil de Pauvreté / Seuil de Pauvreté,
Insee,” (2021), https://www.insee.fr/fr/metadonnees/definition/c1653.

23. Haute Autorité de Santé (French National Authority for Health),
“Screening Tool for Early Detection and Brief Intervention (Outil d'aide
au Repérage Précoce et a L'intervention Bréve),” 2014, https://www.has-
sante.fr/jcms/c_1795221/fr/outil-d-aide-au-reperage-precoce-et-inter
vention-breve-alcool-cannabis-tabac-chez-1-adulte.

24. M. P. Carrieri, C. Protopopescu, F. Marcellin, et al., “The Impact of
Coffee Consumption on Fibrosis and Steatosis in HIV-HCV Co-Infected
Patients,” Journal of Hepatology 68 (2017): 845-847, https://doi.org/10.
1016/j.jhep.2017.10.025.

25. World Health Organization, “Body Mass Index - BMI,” 2019, http://
www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-
healthy-lifestyle/body-mass-index-bmi.

26. R. B. Newson, “Attributable and Unattributable Risks and Fractions
and Other Scenario Comparisons,” Stata Journal 13, no. 4 (2013): 672—
698, https://doi.org/10.1177/1536867X1301300402.

27.]. Ferguson, F. Maturo, S. Yusuf, and M. O'Donnell, “Population
Attributable Fractions for Continuously Distributed Exposures,” Epi-
demiological Methods 9, no. 1 (2020): 20190037, https://doi.org/10.1515/
em-2019-0037.

28.J. M. Wooldridge, Econometric Analysis of Cross Section and Panel
Data, 2nd ed. (Cambridge, MA: MIT Press, 2010).

29.T. J. VanderWeele and P. Ding, “Sensitivity Analysis in Observa-
tional Research: Introducing the E-Value,” Annals of Internal Medicine
167, no. 4 (2017): 268-274, https://doi.org/10.7326/M16-2607.

30. W. T. Chung and K. C. Chung, “The Use of the E-Value for Sensi-
tivity Analysis,” Journal of Clinical Epidemiology 163 (2023): 92-94,
https://doi.org/10.1016/j.jclinepi.2023.09.014.

31. A. Linden, M. B. Mathur, and T. J. VanderWeele, “Conducting Sensi-
tivity Analysis for Unmeasured Confounding in Observational Studies
Using E-Values: The Evalue Package,” Stata Journal 20, no. 1 (2020):
162-175, https://doi.org/10.1177/1536867X20909696.

32.C. Borrell, L. Paléncia, L. Bosakova, et al.,, “Socioeconomic In-
equalities in Chronic Liver Diseases and Cirrhosis Mortality in Euro-
pean Urban Areas Before and After the Onset of the 2008 Economic
Recession,” International Journal of Environmental Research and Public
Health 18, no. 16 (2021): 8801, https://doi.org/10.3390/ijerph18168801.

14 of 17

Journal of Viral Hepatitis, 2024

95U8017 SUOWWIOD aA 81D 3|qeal|dde ay) Aq peusenob afe sejo 1L YO ‘esn Jo Sajni Joj Akeiqi8uljuQ A1 U (SUONIPUOD-pUe-SWLBIW0Y A8 | 1M Alelq 1 RUT|UO//:SdNY) SUONIPUOD Pue SWwie | 8Y1 &8s *[202/60/.T] Uo Arigiauluo A3 |Im ‘INIISNI AQ 900K T UAITTTT OT/10p/wod Ao 1M Aelgijpul|uo//Sdny wouy pepeo|umod ‘0 ‘€68ZS9ET


https://doi.org/10.1053/j.gastro.2020.09.065
https://doi.org/10.1053/j.gastro.2020.09.065
https://doi.org/10.1016/j.jhep.2020.08.006
https://doi.org/10.1016/j.jhep.2020.08.006
https://doi.org/10.1016/j.jhep.2021.05.028
https://doi.org/10.1016/j.jhep.2021.05.028
https://doi.org/10.1001/jamainternmed.2022.5699
https://doi.org/10.1001/jamainternmed.2022.5699
https://doi.org/10.1002/hep.32237
https://doi.org/10.1002/hep.32237
https://doi.org/10.1136/gutjnl-2019-320007
https://doi.org/10.1136/gutjnl-2019-320007
https://doi.org/10.1016/j.jhep.2019.04.014
https://doi.org/10.1111/liv.15872
https://doi.org/10.1111/liv.15872
https://doi.org/10.1016/j.jhep.2020.11.040
https://doi.org/10.1016/j.jhep.2020.11.040
https://doi.org/10.1136/bmj-2022-074001
https://doi.org/10.1002/hep4.2015
https://doi.org/10.1111/jvh.13795
https://doi.org/10.1016/j.jhepr.2022.100481
https://doi.org/10.1016/j.jhepr.2022.100481
https://doi.org/10.3390/nu10060705
https://doi.org/10.1097/MEG.0000000000000776
https://doi.org/10.1097/MEG.0000000000000776
https://doi.org/10.1007/s10461-019-02585-7
https://doi.org/10.1007/s10461-019-02585-7
https://doi.org/10.1002/hep.29419
https://doi.org/10.1002/hep.29419
https://doi.org/10.1016/j.jhep.2016.08.021
https://doi.org/10.1016/j.jhep.2016.08.021
https://doi.org/10.1002/hep.21178
https://doi.org/10.1002/hep.21178
https://doi.org/10.1002/hep.21669
https://www.insee.fr/fr/metadonnees/definition/c1653
https://www.has-sante.fr/jcms/c_1795221/fr/outil-d-aide-au-reperage-precoce-et-intervention-breve-alcool-cannabis-tabac-chez-l-adulte
https://www.has-sante.fr/jcms/c_1795221/fr/outil-d-aide-au-reperage-precoce-et-intervention-breve-alcool-cannabis-tabac-chez-l-adulte
https://www.has-sante.fr/jcms/c_1795221/fr/outil-d-aide-au-reperage-precoce-et-intervention-breve-alcool-cannabis-tabac-chez-l-adulte
https://doi.org/10.1016/j.jhep.2017.10.025
https://doi.org/10.1016/j.jhep.2017.10.025
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://doi.org/10.1177/1536867X1301300402
https://doi.org/10.1515/em-2019-0037
https://doi.org/10.1515/em-2019-0037
https://doi.org/10.7326/M16-2607
https://doi.org/10.1016/j.jclinepi.2023.09.014
https://doi.org/10.1177/1536867X20909696
https://doi.org/10.3390/ijerph18168801

33. W. Li, P. Kemos, J. D. Salciccioli, D. C. Marshall, J. Shalhoub, and W.
Alazawi, “Socioeconomic Factors Associated With Liver-Related Mor-
tality From 1985 to 2015 in 36 Developed Countries,” Clinical Gastroen-
terology and Hepatology 19, no. 8 (2021): 1698-1707.e13, https://doi.org/
10.1016/j.cgh.2020.08.047.

34.T. H. Karlsen, N. Sheron, S. Zelber-Sagi, et al., “The EASL-Lan-
cet Liver Commission: Protecting the Next Generation of Europeans
Against Liver Disease Complications and Premature Mortality,” Lancet
399 (2021): 61-116, https://doi.org/10.1016/S0140-6736(21)01701-3.

35.S. H. Wild, J. R. Morling, D. A. McAllister, et al., “Type 2 Diabetes
and Risk of Hospital Admission or Death for Chronic Liver Diseases,”
Journal of Hepatology 64, no. 6 (2016): 1358-1364, https://doi.org/10.
1016/j.jhep.2016.01.014.

36. A. M. Giammarino, H. Qiu, K. Bulsara, et al., “Community Socio-
economic Deprivation Predicts Nonalcoholic Steatohepatitis,” Hepatol-
ogy Communications 6, no. 3 (2022): 550-560, https://doi.org/10.1002/
hep4.1831.

37.W. Lu, F. Zheng, Z. Li, et al., “Association Between Environmen-
tal and Socioeconomic Risk Factors and Hepatocellular Carcinoma: A
Meta-Analysis,” Frontiers in Public Health 10 (2022): 741490.

38. A. Kardashian, J. Wilder, N. A. Terrault, and J. C. Price, “Addressing
Social Determinants of Liver Disease During the COVID-19 Pandemic
and Beyond: A Call to Action,” Hepatology 73, no. 2 (2021): 811-820,
https://doi.org/10.1002/hep.31605.

39.S. Stringhini, C. Carmeli, M. Jokela, et al., “Socioeconomic Status
and the 25 x 25 Risk Factors as Determinants of Premature Mortality: A
Multicohort Study and Meta-Analysis of 1.7 Million men and Women,”
Lancet 389, no. 10075 (2017): 1229-1237, https://doi.org/10.1016/S0140
-6736(16)32380-7.

40. D. Brady, U. Kohler, and H. Zheng, “Novel Estimates of Mortality
Associated With Poverty in the US,” JAMA Internal Medicine 183, no. 6
(2023): 618-619, https://doi.org/10.1001/jamainternmed.2023.0276.

41.J. P. Mackenbach, M. Bopp, P. Deboosere, et al., “Determinants of
the Magnitude of Socioeconomic Inequalities in Mortality: A Study of 17
European Countries,” Health & Place 47 (2017): 44-53, https://doi.org/
10.1016/j.healthplace.2017.07.005.

42. 1. Stirbu, A. E. Kunst, A. Mielck, and J. P. Mackenbach, “Inequalities
in Utilisation of General Practitioner and Specialist Services in 9 Euro-
pean Countries,” BMC Health Services Research 11, no. 1 (2011): 288,
https://doi.org/10.1186/1472-6963-11-288.

43. B. Loef, I. Meulman, G. C. M. Herber, et al., “Socioeconomic Differ-
ences in Healthcare Expenditure and Utilization in The Netherlands,”
BMC Health Services Research 21, no. 1 (2021): 643, https://doi.org/10.
1186/s12913-021-06694-9.

44.Z.0r, C. Gandré, A. V. Seppénen, et al., “France: Health System Re-
view,” Health Systems in Transition 25, no. 3 (2023): 1-276.

45.]. L. Marcus, L. B. Hurley, S. Chamberland, et al., “Disparities in
Initiation of Direct-Acting Antiviral Agents for Hepatitis C Virus Infec-
tion in an Insured Population,” Public Health Reports 133, no. 4 (2018):
452-460, https://doi.org/10.1177/0033354918772059.

46.N. Darmon and A. Drewnowski, “Does Social Class Predict Diet
Quality?” American Journal of Clinical Nutrition 87, no. 5 (2008): 1107-
1117, https://doi.org/10.1093/ajcn/87.5.1107.

47. A. Drewnowski and N. Darmon, “Food Choices and Diet Costs: An
Economic Analysis,” Journal of Nutrition 135, no. 4 (2005): 900-904,
https://doi.org/10.1093/jn/135.4.900.

48. P. M. Lantz, J. S. House, R. P. Mero, and D. R. Williams, “Stress, Life
Events, and Socioeconomic Disparities in Health: Results From the
Americans’ Changing Lives Study,” Journal of Health and Social Behavior
46, no. 3 (2005): 274-288, https://doi.org/10.1177/002214650504600305.

49. A. Prior, M. Fenger-Gron, K. K. Larsen, et al.,, “The Associa-
tion Between Perceived Stress and Mortality Among People With

Multimorbidity: A Prospective Population-Based Cohort Study,” Amer-
ican Journal of Epidemiology 184, no. 3 (2016): 199-210, https://doi.org/
10.1093/aje/kwv324.

50. P. M. Krueger and V. W. Chang, “Being Poor and Coping With Stress:
Health Behaviors and the Risk of Death,” American Journal of Public
Health 98, no. 5 (2008): 889-896, https://doi.org/10.2105/AJPH.2007.
114454.

51. L. Manzoli, P. Villari, G. M. Pirone, and A. Boccia, “Marital Status
and Mortality in the Elderly: A Systematic Review and Meta-Analysis,”
Social Science & Medicine 64, no. 1 (2007): 77-94, https://doi.org/10.
1016/j.socscimed.2006.08.031.

52. K. Laugesen, L. M. Baggesen, S. A. J. Schmidt, et al., “Social Isola-
tion and all-Cause Mortality: A Population-Based Cohort Study in Den-
mark,” Scientific Reports 8, no. 1 (2018): 4731, https://doi.org/10.1038/
$41598-018-22963-w.

53.7J. Politi, E. Regidor, M. Donat, et al., “Free Access to Direct-Acting
Antivirals in Spain: More Favorable Impact on Hepatitis C Mortality
Among Highly Educated People,” Clinical Infectious Diseases 76, no. 8
(2023): 1423-1430, https://doi.org/10.1093/cid/ciac928.

54.T. M. Marteau, H. Rutter, and M. Marmot, “Changing Behaviour:
An Essential Component of Tackling Health Inequalities,” BMJ 372
(2021): n332, https://doi.org/10.1136/bmj.n332.

55. H. D. Trivedi, S. C. Lin, and D. T. Y. Lau, “Noninvasive Assess-
ment of Fibrosis Regression in Hepatitis C Virus Sustained Virologic
Responders,” Gastroenterology and Hepatology (N'Y) 13, no. 10 (2017):
587-595.

56.T. Barré, P. Mercié, F. Marcellin, et al., “HCV Cure and Cannabis
Abstinence Facilitate Tobacco Smoking Quit Attempts in HIV-HCV
Co-Infected Patients (ANRS CO13 HEPAVIH Cohort Study),” AIDS
and Behavior 27 (2021): 4141-4153, https://doi.org/10.1007/s10461-021-
03277-x.

57. F. Marcellin, V. Di Beo, L. Esterle, et al., “Post-HCV Cure Self-
Reported Changes in Physical Activity, Eating Behaviours, and Fa-
tigue in People Living With HIV (ANRS CO13 HEPAVIH),” Journal of
Viral Hepatitis 28, no. 11 (2021): 1665-1667, https://doi.org/10.1111/jvh.
13605.

58.R. S. Kim, A. H. Weinberger, G. Chander, M. S. Sulkowski, B. Nor-
ton, and J. Shuter, “Cigarette Smoking in Persons Living With Hepatitis
C: The National Health and Nutrition Examination Survey (NHANES),
1999-2014,” American Journal of Medicine 131, no. 6 (2018): 669-675,
https://doi.org/10.1016/j.amjmed.2018.01.011.

59.J. Shuter, A. H. Litwin, M. S. Sulkowski, et al., “Cigarette Smoking
Behaviors and Beliefs in Persons Living With Hepatitis C,” Nicotine &
Tobacco Research 19, no. 7 (2017): 836-844, https://doi.org/10.1093/ntr/
ntw212.

60. J. F. Cohen, K. M. Ward, J. Gittleman, et al., “Hepatitis C and Cig-
arette Smoking Behavior: Themes From Focus Groups,” Nicotine &
Tobacco Research 26 (2024): 1029-1037, https://doi.org/10.1093/ntr/
ntae032.

61. S. Bajis, G. J. Dore, B. Hajarizadeh, E. B. Cunningham, L. Maher,
and J. Grebely, “Interventions to Enhance Testing, Linkage to Care
and Treatment Uptake for Hepatitis C Virus Infection Among People
Who Inject Drugs: A Systematic Review,” International Journal on
Drug Policy 47 (2017): 34-46, https://doi.org/10.1016/j.drugpo.2017.
07.002.

62. R. J. Proeschold-Bell, A. A. Patkar, S. Naggie, et al., “An Integrated
Alcohol Abuse and Medical Treatment Model for Patients With Hep-
atitis C,” Digestive Diseases and Sciences 57, no. 4 (2012): 1083-1091,
https://doi.org/10.1007/s10620-011-1976-4.

63. R. J. Proeschold-Bell, D. M. Evon, J. Yao, et al., “A Randomized Con-
trolled Trial of an Integrated Alcohol Reduction Intervention in Patients
With Hepatitis C Infection,” Hepatology 71, no. 6 (2020): 1894-1909,
https://doi.org/10.1002/hep.31058.

150f 17

95U8017 SUOWWIOD aA 81D 3|qeal|dde ay) Aq peusenob afe sejo 1L YO ‘esn Jo Sajni Joj Akeiqi8uljuQ A1 U (SUONIPUOD-pUe-SWLBIW0Y A8 | 1M Alelq 1 RUT|UO//:SdNY) SUONIPUOD Pue SWwie | 8Y1 &8s *[202/60/.T] Uo Arigiauluo A3 |Im ‘INIISNI AQ 900K T UAITTTT OT/10p/wod Ao 1M Aelgijpul|uo//Sdny wouy pepeo|umod ‘0 ‘€68ZS9ET


https://doi.org/10.1016/j.cgh.2020.08.047
https://doi.org/10.1016/j.cgh.2020.08.047
https://doi.org/10.1016/S0140-6736(21)01701-3
https://doi.org/10.1016/j.jhep.2016.01.014
https://doi.org/10.1016/j.jhep.2016.01.014
https://doi.org/10.1002/hep4.1831
https://doi.org/10.1002/hep4.1831
https://doi.org/10.1002/hep.31605
https://doi.org/10.1016/S0140-6736(16)32380-7
https://doi.org/10.1016/S0140-6736(16)32380-7
https://doi.org/10.1001/jamainternmed.2023.0276
https://doi.org/10.1016/j.healthplace.2017.07.005
https://doi.org/10.1016/j.healthplace.2017.07.005
https://doi.org/10.1186/1472-6963-11-288
https://doi.org/10.1186/s12913-021-06694-9
https://doi.org/10.1186/s12913-021-06694-9
https://doi.org/10.1177/0033354918772059
https://doi.org/10.1093/ajcn/87.5.1107
https://doi.org/10.1093/jn/135.4.900
https://doi.org/10.1177/002214650504600305
https://doi.org/10.1093/aje/kwv324
https://doi.org/10.1093/aje/kwv324
https://doi.org/10.2105/AJPH.2007.114454
https://doi.org/10.2105/AJPH.2007.114454
https://doi.org/10.1016/j.socscimed.2006.08.031
https://doi.org/10.1016/j.socscimed.2006.08.031
https://doi.org/10.1038/s41598-018-22963-w
https://doi.org/10.1038/s41598-018-22963-w
https://doi.org/10.1093/cid/ciac928
https://doi.org/10.1136/bmj.n332
https://doi.org/10.1007/s10461-021-03277-x
https://doi.org/10.1007/s10461-021-03277-x
https://doi.org/10.1111/jvh.13605
https://doi.org/10.1111/jvh.13605
https://doi.org/10.1016/j.amjmed.2018.01.011
https://doi.org/10.1093/ntr/ntw212
https://doi.org/10.1093/ntr/ntw212
https://doi.org/10.1093/ntr/ntae032
https://doi.org/10.1093/ntr/ntae032
https://doi.org/10.1016/j.drugpo.2017.07.002
https://doi.org/10.1016/j.drugpo.2017.07.002
https://doi.org/10.1007/s10620-011-1976-4
https://doi.org/10.1002/hep.31058

64. M. Mouton, ““More Than a Liver”: Social Work's Contribution to the
Well-Being of People Undergoing Treatment for Hepatitis C,” Journal of
Social Work Practice in the Addictions 24 (2011): 40-59.

65. H. Mack and I. Paylor, “Hepatitis C and Social Work,” British Jour-
nal of Social Work 46, no. 4 (2016): 1115-1130, https://doi.org/10.1093/
bjsw/bcv016.

66.J. Grebely, M. Alavi, M. Micallef, et al., “Treatment for Hepatitis
C Virus Infection Among People Who Inject Drugs Attending Opioid
Substitution Treatment and Community Health Clinics: The ETHOS
Study,” Addiction (Abingdon, England) 111, no. 2 (2016): 311-319,
https://doi.org/10.1111/add.13197.

67. G. S. Birkhead, S. J. Klein, A. R. Candelas, et al., “Integrating Mul-
tiple Programme and Policy Approaches to Hepatitis C Prevention and
Care for Injection Drug Users: A Comprehensive Approach,” Interna-
tional Journal on Drug Policy 18, no. 5 (2007): 417-425, https://doi.org/
10.1016/j.drugpo.2007.01.013.

68. B. L. Harney, B. Whitton, E. Paige, et al., “A Multi-Site, Nurse-
Coordinated Hepatitis C Model of Care in Primary Care and Commu-
nity Services in Melbourne, Australia,” Liver International 42, no. 3
(2022): 522-531, https://doi.org/10.1111/1iv.15107.

69.J. F. Hansen, S. Hallager, A. @vrehus, N. Weis, P. Brehm Christensen,
and C. Pedersen, “Late Presentation for Care Among Patients With
Chronic Hepatitis C: Prevalence and Risk Factors,” Open Forum Infectious
Diseases 5, no. 1 (2017): ofx257, https://doi.org/10.1093/ofid/ofx257.

70.J. V. Lazarus, C. Picchio, J. F. Dillon, J. K. Rockstroh, N. Weis,
and M. Buti, “Too Many People With Viral Hepatitis Are Diagnosed
Late - With Dire Consequences,” Nature Reviews. Gastroenterology
& Hepatology 16, no. 8 (2019): 451-452, https://doi.org/10.1038/s4157
5-019-0177-z.

71. E. Agardh, P. Allebeck, J. Hallgvist, T. Moradi, and A. Sidorchuk,
“Type 2 Diabetes Incidence and Socio-Economic Position: A Systematic
Review and Meta-Analysis,” International Journal of Epidemiology 40,
no. 3 (2011): 804-818, https://doi.org/10.1093/ije/dyr029.

72.T. Barré, P. Mercié, C. Lions, et al., “HCV Cure: An Appropriate
Moment to Reduce Cannabis Use in People Living With HIV? (ANRS
CO13 HEPAVIH Data),” AIDS Research and Therapy 19, no. 1 (2022): 15,
https://doi.org/10.1186/s12981-022-00440-9.

73.P. D. Loprinzi and L. B. VanWagner, “Survival Effects of Physical
Activity on Mortality Among Persons With Liver Disease,” Preventive
Medical Reports 3 (2016): 132-134, https://doi.org/10.1016/j.pmedr.2015.
12.011.

74. S. Policarpo, S. Carvalhana, A. Craciun, R. R. Crespo, and H. Cortez-
Pinto, “Do MAFLD Patients With Harmful Alcohol Consumption Have
a Different Dietary Intake?” Nutrients 14, no. 7 (2022): 1335, https://doi.
0rg/10.3390/nu14071335.

75. P. Braveman and L. Gottlieb, “The Social Determinants of Health:
It's Time to Consider the Causes of the Causes,” Public Health Reports
129, no. Suppl 2 (2014): 19-31.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

APPENDIX

ANRS/AFEF Hepather Study Group

Investigators

Laurent Alric, Delphine Bonnet, Virginie Payssan-Sicart, Chloe Pomes
(CHU Purpan, Toulouse, France), Fabien Zoulim, Marianne Maynard,

Roxane Bai, Lucie Hucault, Francois Bailly (Hospices Civils de Lyon,
Lyon, France), Francois Raffi, Eric Billaud, David Boutoille, Maeva
Lefebvre, Elisabeth André-Garnier (Hopital Hotel-Dieu, Nantes,
France), Paul Cales, Isabelle Hubert, Adrien Lannes, Francoise Lunel,
Jérome Boursier (CHU Angers, Angers, France), Tarik Asselah,
Nathalie Boyer, Nathalie Giuily, Corinne Castelnau, Giovanna
Scoazec (Hopital Beaujon, Clichy, France), Stanislas Pol, Héléne
Fontaine, Emilie Rousseaud, Anais Vallet-Pichard, Philippe Sogni
(Hopital Cochin, Paris, France), Victor de Ledinghen, Juliette Foucher,
Jean-Baptiste Hiriart, Jancell M'Bouyou, Marie Irles-Depé (Hopital
Haut-Lévéque, Pessac, Bordeaux, France), Marc Bourliére, Si Nafa Si
Ahmed, Valérie Oules (Hopital Saint Joseph, Marseille, France), Albert
Tran, Rodolphe Anty, Eve Gelsi, Régine Truchi (CHU de Nice, Nice,
France), Dominique Thabut, Saloua Hammeche, Joseph Moussali
(Hopital de la Pitié Salptétriére, Paris, France), Xavier Causse, Barbara
De Dieuleveult, Brahim Ouarani, Damien Labarriére (CHR La Source,
Orléans, France), Nathalie Ganne, Véronique Grando-Lemaire,
Pierre Nahon, Séverine Brulé, Betul ULKER (Hopital Jean Verdier,
Bondy, France), Dominique Guyader, Caroline Jezequel, Audrey
Brener, Anne Laligant, Aline Rabot, Isabelle Renard (CHU Rennes,
Rennes, France), Francois Habersetzer, Thomas F. Baumert, Michel
Doffoel, Catherine Mutter, Pauline Simo-Noumbissie, Esma Razi
(Hopitaux Universitaires de Strasbourg, Strasbourg, France), Jean-
Pierre Bronowicki, Héléne Barraud, Mouni Bensenane, Abdelbasset
Nani, Sarah Hassani-Nani, Marie-Albertine Bernard (CHU de Nancy,
Nancy, France), Georges-Philippe Pageaux, Dominique Larrey, Magda
Meszaros (Hopital Saint Eloi, Montpellier, France), Sophie Metivier,
Christophe Bureau, Thibault Morales, Jean Marie Peron, Marie
Angele Robic (CHU Purpan, Toulouse, France), Thomas Decaens,
Marine Faure, Bruno Froissart, Marie-Noelle Hilleret, Jean-Pierre
Zarski (CHU de Grenoble, Grenoble, France), Ghassan Riachi, Odile
Goria, Fatima Paris, Hélene Montialoux (CHU Charles Nicolle, Rouen,
France), Vincent Leroy, Giuliana Amaddeo, Anne Varaut, Mélanie
Simoes, Rachida Amzal (Hépital Henri Mondor, Créteil, France),
Olivier Chazouillieres, Tony Andreani, Bénédicte Angoulevant,
Azeline Chevance, Lawrence Serfaty (Hopital Saint-Antoine, Paris,
France), Didier Samuel, Teresa Antonini, Audrey Coilly, Jean-Charles
Duclos Vallée, Mariagrazia Tateo (HOpital Paul Brousse, Villejuif,
France), Armand Abergel, Maud Reymond, Chanteranne Brigitte,
Buchard Benjamin, Léon Muti (Hopital Estaing, Clermont-Ferrand,
France), Claire Geist, Guillaume Conroy, Raphaélle Riffault (Centre
Hospitalier Régional, Metz, France), Isabelle Rosa, Camille Barrault,
Laurent Costes, Hervé Hagége (Centre Hospitalier Intercommunal,
Créteil, France), Véronique Loustaud-Ratti, Paul Carrier, Maryline
Debette-Gratien, (CHU Limoges, Limoges, France), Philippe Mathurin,
Guillaume Lassailly, Elise Lemaitre, Valérie Canva, Sébastien
Dharancy, Alexandre Louvet (CHRU Claude Huriez, Lille, France),
Anne Minello, Marianne Latournerie, Marc Bardou, Thomas Mouillot
(Dijon University Hospital, Dijon, France), Louis D'Alteroche, Didier
Barbereau, Charlotte Nicolas, Laure Elkrief, Anais Jaillais (CHU
Trousseau, 37044 Tours, France), Jérome Gournay, Caroline Chevalier,
Isabelle Archambeaud, Sarah Habes (CHU de Nantes, Nantes, France),
Isabelle Portal (CHU Timone, Marseille, France), Moana Gelu-Simeon,
Eric Saillard, Marie-Josée Lafrance, Lucie Catherine (CHU de Pointe-
a-Pitre, Pointe-a-Pitre, Guadeloupe).

Methodology and Coordinating Centre

Fabrice Carrat (coordinator), Frederic Chau, Céline Dorival, Isabelle
Goderel, Clovis Lusivika-Nzinga, Jonathan Bellet, Jessica Chane-
Teng, Grégory Pannetier, Jérome Nicol, Florian Sebal, Rafika Bekhti
(Sorbonne University & INSERM U1136—IPLESP, Paris, France).

Sponsor

Carole Cagnot, Anais Boston, Laura Nailler, Guillaume Le Meut
(INSERM-ANRS-MIE, Paris, France), Alpha Diallo (Pharmacovigilance
coordinator), Ventzislava Petrov-Sanchez (coordinator).

16 of 17

Journal of Viral Hepatitis, 2024

95U8017 SUOWWIOD aA 81D 3|qeal|dde ay) Aq peusenob afe sejo 1L YO ‘esn Jo Sajni Joj Akeiqi8uljuQ A1 U (SUONIPUOD-pUe-SWLBIW0Y A8 | 1M Alelq 1 RUT|UO//:SdNY) SUONIPUOD Pue SWwie | 8Y1 &8s *[202/60/.T] Uo Arigiauluo A3 |Im ‘INIISNI AQ 900K T UAITTTT OT/10p/wod Ao 1M Aelgijpul|uo//Sdny wouy pepeo|umod ‘0 ‘€68ZS9ET


https://doi.org/10.1093/bjsw/bcv016
https://doi.org/10.1093/bjsw/bcv016
https://doi.org/10.1111/add.13197
https://doi.org/10.1016/j.drugpo.2007.01.013
https://doi.org/10.1016/j.drugpo.2007.01.013
https://doi.org/10.1111/liv.15107
https://doi.org/10.1093/ofid/ofx257
https://doi.org/10.1038/s41575-019-0177-z
https://doi.org/10.1038/s41575-019-0177-z
https://doi.org/10.1093/ije/dyr029
https://doi.org/10.1186/s12981-022-00440-9
https://doi.org/10.1016/j.pmedr.2015.12.011
https://doi.org/10.1016/j.pmedr.2015.12.011
https://doi.org/10.3390/nu14071335
https://doi.org/10.3390/nu14071335

Scientific Committee

Voting Members

Marc Bourliére (Hopital St Joseph, Marseille), Jérome Boursier (CHU
Angers, Angers, France), Fabrice Carrat (Scientific Coordinator,
Hopital Saint-Antoine, Paris, France), Patrizia Carrieri (INSERM
U912, Marseille, France), Elisabeth Delarocque-Astagneau (Inserm
UMRI1181, Paris), Victor De Ledinghen (Hépital Haut-Lévéque,
Pessac, Bordeaux, France), Céline Dorival (UPMC & INSERM U1136,
Paris, France), Hélene Fontaine (Hopital Cochin, Paris, France), Slim
Fourati (Hopital Henri Mondor, Créteil, France), Chantal Housset
(Inserm UMR-S938 1 IFR65, Paris), Dominique Larrey (Hopital Saint
Eloi, Montpellier, France), Pierre Nahon (Hopital Jean Verdier, Bondy,
France), Georges-Philippe Pageaux (Hopital Saint Eloi, Montpellier,
France), Ventzislava Petrov-Sanchez (ANRS, Paris, France), Stanislas
Pol (Principal Investigator, Hopital Cochin, Paris, France), Mathias
Bruyand (Agence Nationale de Santé Publique, Saint Maurice, France),
Linda Wittkop (ISPED-INSERM U897, Bordeaux, France), Fabien
Zoulim (Hospices Civils de Lyon, Lyon, France), Jessica Zucman-Rossi
(Inserm U674/1162, Paris).

NonVoting Members

Marianne L'hennaff (ARCAT-TRT-5-CHV, France), Michéle Sizorn
(SOS hépatites, France); one representative from the INSERM-ANRS-
MIE Pharmacovigilance team, Paris, France (Anais Boston, Alpha
Diallo), Carole Cagnot (INSERM-ANRS-MIE, Paris, France), one mem-
ber from Inserm Transfert, Paris, France (Alice Bousselet, Mireille
Caralp) and one representative from each pharmaceutical company
(MSD, Gilead, Abbvie).

17 of 17

95U8017 SUOWWIOD aA 81D 3|qeal|dde ay) Aq peusenob afe sejo 1L YO ‘esn Jo Sajni Joj Akeiqi8uljuQ A1 U (SUONIPUOD-pUe-SWLBIW0Y A8 | 1M Alelq 1 RUT|UO//:SdNY) SUONIPUOD Pue SWwie | 8Y1 &8s *[202/60/.T] Uo Arigiauluo A3 |Im ‘INIISNI AQ 900K T UAITTTT OT/10p/wod Ao 1M Aelgijpul|uo//Sdny wouy pepeo|umod ‘0 ‘€68ZS9ET



	Socioeconomic Deprivation Weighs Heavily on Liver Fibrosis and Mortality After Hepatitis C Cure (ANRS CO22 Hepather)
	ABSTRACT
	1   |   Introduction
	2   |   Material and Methods
	2.1   |   Study Population
	2.2   |   Data Collection
	2.3   |   Study Outcomes and Study Period
	2.4   |   Explanatory Variables
	2.5   |   Statistical Analyses

	3   |   Results
	3.1   |   Study Population Characteristics
	3.2   |   Factors Associated With Post-­HCV Cure Advanced Liver Fibrosis
	3.3   |   Factors Associated With Post-­HCV Cure All-­Cause Mortality

	4   |   Discussion
	5   |   Conclusion
	Acknowledgements
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement

	References


