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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 
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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: Clini​calTr​ials.​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 DAA-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 DAA-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 DAA-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 (Clini​calTr​ials.​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 
HCV 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 
HBV 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 3 years 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.

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 70 years 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 70 years (PAF = 20.2%), persons of female sex (PF = 13.0%), 
those living in poverty and participants with unhealthy alcohol 

FIGURE 1    |    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.
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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 baselinea (N = 827)

Participants without advanced liver 
fibrosis at baselinea (N = 4108)

aOR [95% CI] p
PAF or 
PFb (%) aOR [95% CI] p

PAF or 
PFb (%)

Sex

Male (ref.) 1

Female 0.58 [0.40–0.85] 0.005 13.0a

Age, in years <0.001

<50 (ref.) 1

50–59 1.17 [0.68–2.01] 0.570 3.1

60–69 1.37 [0.77–2.42] 0.283 4.3

≥70 5.45 [3.01–9.85] <0.001 20.2

Place of birth 0.034

France (ref.) 1

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

1.75 [0.92–3.33] 0.088 2.5

North Africa, Middle East 0.85 [0.47–1.53] 0.592 1.0a

Sub-Saharan Africa, 
Caribbean

2.74 [1.30–5.79] 0.008 3.3

Asia 0.90 [0.25–3.20] 0.875 0.1a

Living with a stable partnerc

No (ref.)

Yes

Living in povertyd

No (ref.) 1

Yes 1.64 [1.09–2.47] 0.017 8.6

Educational level

<Upper secondary school 
certificate

≥Upper secondary school 
certificate (ref.)

Past or current drug injection

No (ref.)

Yes

Alcohol usee 0.001

Abstinent with no history of 
unhealthy use (ref.)

1

Moderate use 0.84 [0.56–1.26] 0.397 3.4a

Unhealthy use (history or 
current)

2.09 [1.29–3.37] 0.003 8.6

(Continues)
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use (PAF = 8.6% 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.

Participants with advanced liver 
fibrosis at baselinea (N = 827)

Participants without advanced liver 
fibrosis at baselinea (N = 4108)

aOR [95% CI] p
PAF or 
PFb (%) aOR [95% CI] p

PAF or 
PFb (%)

Coffee consumption, in cups per day

<3 (ref.)

≥3

Cannabis use

Never (ref.)

Former

Current

Tobacco smoking, in pack-yearsf

0 (ref.)

1–9

10–19

≥20

Body mass indexg

Normal weight or 
underweight (ref.)

Overweight

Obesity

Diabetes

No (ref.) 1

Yes 1.88 [1.20–3.97] 0.006 6.5

Treatment-naive

No 2.02 [1.12–3.65] 0.019 7.6

Yes (ref.) 1

Time from HCV diagnosis to 
HCV cure, in years

Time since HCV cure, in 
years

0.75 
[0.68–0.82]

<0.001 — 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.
aAdvanced liver fibrosis was defined as an FIB-4 index >3.25 [1, 2].
bMarked 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].
c‘Living with a stable partner’ included living with one's partner, having a spouse and being in a civil partnership.
d‘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].
eUnhealthy 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.
gBody mass index was categorised according to the WHO cut-offs: overweight: ≥25 and <30 kg/m2; obesity: ≥30 kg/m2 [5].

TABLE 2    |    (Continued)
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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 70 years (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 
a relationship 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 
(N = 5833)

Multivariable 
analysis (N = 5371)

PAF or PFa (%)HR [95% CI] p aHR [95% CI] p

Sex

Male (ref.) 1 1

Female 0.72 [0.61–0.85] <0.001 0.68 [0.56–0.84] <0.001 14.9a

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 
America, Latin America, Australia

1.01 [0.73–1.38] 0.966

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 partnerb

No (ref.) 1 1

Yes 0.77 [0.66–0.91] 0.002 0.81 [0.68–0.98] 0.027 11.0a

Living in povertyc

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 
(ref.)

1

Past or current drug injection

No (ref.) 1

Yes 0.94 [0.78–1.12] 0.477

Alcohol used <0.001

Abstinent with no history of unhealthy 
use (ref.)

1

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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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.

Univariable analyses 
(N = 5833)

Multivariable 
analysis (N = 5371)

PAF or PFa (%)HR [95% CI] p aHR [95% CI] p

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-yearse <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 indexf 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 1.1a

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, 
in years

1.01 [1.00–1.02] 0.150

Advanced liver fibrosisg

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).
b‘Living with a stable partner’ included living with one's partner, having a spouse and being in a civil partnership.
c‘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].
eThe 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 <30 kg/m2; obesity: ≥30 kg/m2 [5].
gAdvanced liver fibrosis was defined as an FIB-4 index >3.25 [1, 2].

TABLE 3    |    (Continued)
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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 4.25 years 
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.
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