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� Coffee has anti-inflammatory and hepato-protective

properties.

� Drinking three or more cups/day halves mortality risk in
HIV-HCV co-infected patients.

� While curing HCV is fundamental, not smoking further
improves survival in this group.

� Healthy behavior change should also be promoted after HCV
clearance.
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Lay summary
Coffee has anti-inflammatory and hepato-
protective properties but its effect on
mortality risk has never been investigated
in patients co-infected with human
immunodeficiency virus (HIV) and hep-
atitis C virus (HCV). This study shows
that elevated coffee consumption
(≥3 cups/day) halves all-cause mortality
risk in patients co-infected with HIV-HCV.
The benefits of coffee extracts and sup-
plementing dietary intake with other
anti-inflammatory compounds need to
be evaluated in this population.
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Background & Aims: Coffee has anti-inflammatory and hepato- of all-cause mortality (hazard ratio 0.5; CI 0.3–0.9; p = 0.032),

protective properties. In the general population, drinking ≥3 cups after adjustment for gender and psychosocial, behavioral and

of coffee/day has been associated with a 14% reduction in the risk
of all-cause mortality. The aim of this study was to investigate the
relationship between coffee consumption and the risk of all-
cause mortality in patients co-infected with human immunodefi-
ciency virus (HIV) and hepatitis C virus (HCV).
Methods: ANRS CO13 HEPAVIH is an ongoing French nationwide
prospective cohort of patients co-infected with HIV-HCV collect-
ing both medical and psychosocial/behavioural data (annual self-
administered questionnaires). We used a Cox proportional haz-
ards model to estimate the effect of elevated coffee consumption
(≥3 cups/day) at baseline on all-cause mortality during the
cohort’s five-year follow-up.
Results: Over a median [interquartile range] follow-up of 5.0
[3.9–5.9] years, 77 deaths occurred among 1,028 eligible patients
(mortality rate 1.64/100 person-years; 95% confidence interval
[CI] 1.31–2.05). Leading causes of death were HCV-related
diseases (n = 33, 43%), cancers unrelated to AIDS/HCV (n = 9,
12%), and AIDS (n = 8, 10%). At the first available visit, 26.6% of
patients reported elevated coffee consumption. Elevated coffee
consumption at baseline was associated with a 50% reduced risk
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Conclusions: Drinking three or more cups of coffee per day
halves all-cause mortality risk in patients co-infected with HIV-
HCV. The benefits of coffee extracts and supplementing dietary
intake with other anti-inflammatory compounds need to be eval-
uated in this population.
Lay summary: Coffee has anti-inflammatory and hepato-
protective properties but its effect on mortality risk has never
been investigated in patients co-infected with human immunod-
eficiency virus (HIV) and hepatitis C virus (HCV). This study
shows that elevated coffee consumption (≥3 cups/day) halves
all-cause mortality risk in patients co-infected with HIV-HCV.
The benefits of coffee extracts and supplementing dietary intake
with other anti-inflammatory compounds need to be evaluated in
this population.
� 2017 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.
Introduction

Patients co-infected with human immunodeficiency virus (HIV)
and hepatitis C virus (HCV) are particularly vulnerable to devel-
oping liver disease due to immune activation/inflammation,
exposure to antiretroviral therapy (ART) and evolution of HCV
co-infection.1,2 In addition, HIV infection modifies the natural
course of chronic hepatitis C infection, resulting in a more rapid
progression to fibrosis and development of cirrhosis and end-
stage liver disease.3,4 The impressive reduction in mortality rates
since the introduction of ART has led to HCV-related causes of
mortality, including end-stage liver disease, being more frequent
17 vol. xxx j xxx–xxx
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than HIV-related causes in patients co-infected with HIV-HCV.5,6

Potent HCV therapeutic strategies based on direct-acting antiviral
agents (DAAs) have been developed in recent years, making HCV
clearance possible for nearly all treated patients.7 HCV clearance
following successful HCV treatment is often accompanied by a
regression of histologic lesions in co-infected patients – even
with suboptimal interferon-based treatment8–10 – and therefore
reduces progression to end-stage liver disease. Accordingly,
improving access to HCV treatment is crucial in reducing the bur-
den of end-stage liver disease in patients co-infected with HIV-
HCV.

Nevertheless, this population, even when cured of HCV,
remains at an increased risk of death because of an accelerated
aging process, which may result in cardiovascular events, can-
cers, and complications related to diabetes and to liver disease,
for example esophageal bleeding.11

Polyphenols and caffeine in coffee have several hepato-
protective properties. In people at risk of liver disease, previous
research has shown that coffee consumption is associated with
better liver function,12 and less fibrosis,13 cirrhosis and liver
cancer.14

In patients co-infected with HIV-HCV, individuals with ele-
vated coffee consumption (defined as drinking three cups or
more per day) have a reduced risk of insulin resistance and lower
levels of liver enzymes.15,16

In the general population, there is also strong evidence that
coffee consumption is associated with a 13–14% risk reduction
in all-cause mortality, as well as a reduced risk of cancer and dia-
betes.17–22 However, the extent to which coffee consumption
may be associated with a reduced risk of all-cause mortality in
patients co-infected with HIV-HCV, a population where liver-
associated complications and alcohol use are often present,11,23

remains unknown.
We used five-year follow-up data from the French ANRS CO13

HEPAVIH cohort to investigate the effect of coffee consumption
on mortality risk in this population, after adjusting for clinical
status (including HCV clearance) and psychosocial/behavioural
factors.
Materials and methods

Study design

ANRS CO13 HEPAVIH is a multicenter prospective cohort that started in 2005 and
enrolled HIV-HCV co-infected adults from 21 centres throughout France, repre-
sentative of the French population living with these two viruses and in care.24

Inclusion criteria in the cohort were as follows: aged 18 years or more, HIV-1
infection and chronic HCV co-infection. Patients who had already cleared HCV
i.e. those who had a sustained virological response (SVR) to previous HCV treat-
ment and (in a second enrolment phase) those who had spontaneously cleared
HCV could also be included if eligible. Clinical follow-up of patients was at enrol-
ment (M0) and yearly thereafter (every six months for patients with cirrhosis)
until the end of the study (60 months, M60). All patients provided written
informed consent at enrolment. The study was designed and implemented in
accordance with the Declaration of Helsinki, and the protocol was approved by
the ethics committee of the Cochin University Hospital in Paris.

Data collection

Medical data
A standardized medical questionnaire, completed by physicians at each clinical
visit, collected biological and clinical parameters related to HIV and HCV infec-
tion, including CD4 cell count, HIV plasma RNA level, HIV CDC clinical stage,
Please cite this article in press as: Carrieri MP et al. Protective effect of coff
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HIV transmission category, ART use, HCV treatment status and virological
response, HCV genotype, serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels, and platelet counts. Any history of liver problems
such as hepatocellular carcinoma, liver transplantation, or the presence of indi-
rect clinical signs of cirrhosis (ascites, esophageal varices with or without bleed-
ing, hepatic encephalopathy) was recorded at enrolment. Information about
mortality and causes of death were recorded for the entire cohort and validated
by an expert committee.

Data concerning patients’ tobacco use were recorded at each visit during
face-to-face medical interviews with physicians. Patients were asked about their
experience of smoking (non-smoker, former smoker, or current smoker).

Psychosocial/behavioural data
Patients enrolled in the cohort answered a self-administered questionnaire at
enrolment and yearly thereafter until M60. This questionnaire collected socio-
demographic data including gender, age, having a steady partner (or not), having
children (or not), employment status, and housing type. It also included beha-
vioural characteristics such as adherence to ART and depressive symptoms,
assessed using the Center for Epidemiological Studies Depression Scale (CES-
D).25 In addition, the questionnaire contained items on the occurrence of 39
self-reported symptoms over the previous four weeks. Alcohol consumption in
the six months prior to the visit were assessed using the AUDIT-C question-
naire.26 Coffee intake was investigated using a question referring to the six
months prior to the visit, with the following five possible answers: never, occa-
sionally, one cup/day, two cups/day, more than two cups/day (one cup corre-
sponding to 150–200 ml).

Statistical analyses

Selection of the study population (patients and visits)
We first selected all available annual follow-up visits between M0-M60 for
patients with at least one completed self-administered questionnaire. Of these
patients, those who had a latest news date (corresponding either to a follow-up
visit or to death) after their entry date (i.e. having at least two time points with
available information during the cohort follow-up) were selected for this study.
Moreover, among these patients, only those who reported their coffee consump-
tion at baseline (i.e. at the first visit with available data from a self-administered
questionnaire) were considered eligible for this analysis. The follow-up period for
each eligible patient was defined as follows: the duration between the first
follow-up visit with an available self-administered questionnaire (entry date)
and the latest news date (corresponding either to the last visit with an available
self-administered questionnaire, or to a follow-up visit without a self-
administered questionnaire, or to death) with censoring at 72 months after the
M0 visit.

Outcome
The study outcome was deaths from all causes occurring between M0 and M72
among eligible patients.

Explanatory variables
The following explanatory variables were tested in the multivariable analysis to
adjust for known predictors of mortality and possible confounders. The AUDIT-C
questionnaire was used to calculate the number of alcohol units (AU) consumed
per day for individuals who reported current alcohol consumption. One AU was
defined as a standard drink, containing 11–14 g of alcohol and corresponding to
one small bottle of beer, one medium glass of wine, or a shot of distilled spirits.
We used the following categories for average daily alcohol consumption: no con-
sumption, low consumption (≤1 AU/day), moderate consumption (1–3 AU/day for
women and 1–4 AU/day for men), and elevated consumption (>3 AU/day for
women and >4 AU/day for men).27 Regular binge drinking was defined as
drinking at least 5 AU on one occasion at least once a week. We defined the
following categories for coffee consumption: low consumption (one cup/day of
coffee or occasional consumption or no consumption), moderate consumption
(two cups/day of coffee) and elevated consumption (at least three cups/day of
coffee). Individuals with depressive symptoms were identified using gender-
specific cut-off values for the CES-D score (17 for men and 23 for women).25 A
score above these cut-off values was taken to be indicative of having depressive
symptoms. Patients who reported living in hotels, accommodation centers, on the
street or in therapeutic apartments were considered to have unstable housing.

Adherence to ART was assessed according to the methodology established by
the AIDS Clinical Trial Group28 using a three-level score (high, moderate and low
adherence) based on a validated algorithm using ART doses – both those
prescribed and those actually taken – during the previous four days, as described
ee consumption on all-cause mortality of French HIV-HCV co-infected
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Fig. 1. Flow chart of the study population (ANRS CO13 HEPAVIH patients
enrolled between 2005 and November 2014).

Table 1. Causes of deaths (ANRS CO13-HEPAVIH patients enrolled between
2005 and November 2014).

Causes of deaths Eligible patients*

(N = 1,028)
n (%)

All patients
(N = 1,246)

n (%)

HCV-related cause
(including hepatocellular
carcinoma)

33 (42.8) 40 (41.2)

Unknown 11 (14.3) 13 (13.4)
Non AIDS/HCV-related cancer 9 (11.7) 12 (12.4)
AIDS-related cause 8 (10.4) 13 (13.4)
Cardiovascular disease 3 (3.9) 5 (5.2)
Overdose 3 (3.9) 3 (3.1)
Suicide 3 (3.9) 3 (3.1)
Respiratory diseases 2 (2.6) 3 (3.1)
Unexplained sudden death 2 (2.6) 2 (2.1)
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elsewhere.29 The fibrosis-4 (FIB-4) index, which is calculated by age, AST, ALT and
platelet count, was used as a non-invasive marker of liver fibrosis, using the inter-
vals defined by the cut-off values 1.45 and 3.25 which corresponding to F0-F1, F2
and F3-F4 Metavir stages, respectively.30

Except for gender, HCV genotype, HIV transmission category, smoking status,
coffee and alcohol consumption (which were measured at baseline), all the other
explanatory variables were evaluated at each visit and used as time-varying
covariates in the statistical analyses.

Statistical methods
The all-cause mortality rate was computed as the number of deaths occurring
between M0 and M72 divided by the number of person-years during the study
period (computed as the sum, for all patients, of the number of years between
entry date and latest news date, i.e., death, latest news visit or censoring). The
‘last observation carried forward’ method was used to impute the values for
the explanatory variables when they were missing (i.e., at clinical visits without
self-administered questionnaires).

The association between baseline coffee consumption and mortality was
assessed after adjustment for potential predictors and confounding factors,
using a Cox proportional hazards model with robust standard errors. Potential
adjustment variables with a p value <0.20 (Wald test) in the univariate analyses
were considered eligible for inclusion in the multivariable analysis. A backward
selection procedure, based on the Wald test, was then used to identify the
adjustment variables in the final multivariable model (variables were consid-
ered significantly associated with the outcome if the p value ≤0.05). The final
multivariable model was adjusted for gender and age, irrespective of their p val-
ues. The presence of confounding factors was evaluated by removing each non-
significant variable, one at a time, and noting the effect on the coefficients for
the remaining variables (the eliminated variable was considered to be a con-
founder and included in the final model if at least one of the coefficients for
the remaining variables changed by more than 25%). The proportional hazards
assumption was tested in the final multivariable Cox model by examining the
rescaled Schoenfeld residuals.31

In order to verify whether different follow-up durations could have an impact
on our results, we identified two subgroups of patients with different follow-up
durations (last follow-up visit <48 months vs. last follow-up visit ≥48 months)
and performed a secondary analysis using a shared-frailty Cox model, each sub-
group having a specific baseline hazard ratio (HR). Further details about the
shared-frailty Cox model are provided elsewhere.32

Stata/SE 12.1 software (StataCorp LP, College Station, USA) was used for all
the analyses.

For further details regarding the materials used, please refer to the CTAT
table.
Infectious and parasitic diseases 1 (1.3) 1 (1.0)
Digestive diseases 1 (1.3) 1 (1.0)
Endocrine, nutritional and
metabolic diseases

1 (1.3) 1 (1.0)

Total 77 (100) 97 (100)
* Eligible patients comprised all individuals who completed at least one self-
administered questionnaire, reported coffee consumption at baseline and had a
latest news date posterior to their first available questionnaire (i.e., latest news
date after entry date).
AIDS, acquired immune deficiency syndrome; HCV, hepatitis C virus.
Results

Study population

The selection of the study population (patients and visits) is pre-
sented in the flow chart in Fig. 1. Among the 1,246 patients
included in the cohort between 2005 and November 2014,
1,051 completed at least one self-administered questionnaire
during follow-up. Of these, 1,028 had both a latest news date
after their entry date and available coffee consumption data at
baseline, and were thus eligible for analyses (study population).
Causes of death

In the 72 months from enrolment, a total of 97 deaths were
notified in the cohort, 77 of these occurring in the 1,028
patients of the present study. The distribution of causes of
death was similar between patients in the study and all the
patients included in the cohort (Table 1). Median (interquartile
range [IQR]) follow-up duration for study patients was 5.0
(3.9–5.9) years, representing 4,700 person-years. The mortality
rate was 1.64/100 person-years (95% confidence interval [CI]
1.31–2.05).
Please cite this article in press as: Carrieri MP et al. Protective effect of coff
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Among patients with documented causes of death, the main
underlying causes were (Table 1): HCV-related (42.8%, n = 33,
including hepatocellular carcinoma: 14.3%, n = 11), cancer not
related to AIDS or hepatitis (11.7%, n = 9), AIDS-related (10.4%,
n = 8), cardiovascular disease (3.9%, n = 3), overdose (3.9%,
n = 3), suicide (3.9%, n = 3), and respiratory diseases (2.6%,
n = 2). The cause of death was unknown in 14.3% (n = 11) of the
notified cases among the study patients.

Characteristics of the study patients

The study patients’ main characteristics at their last available
follow-up visit are presented in Table 2. The median age of par-
ticipants was 49 years (IQR: 46–52 years) and most were males
ee consumption on all-cause mortality of French HIV-HCV co-infected
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Table 2. Characteristics of the study population at last available follow-up visit and factors associated with mortality (Cox proportional hazards models, the ANRS
CO13 HEPAVIH cohort, n = 1,028).

n (%) No. of deaths Univariate analyses* Multivariable analysis*

HR [95% CI] p value AHR [95% CI] p value

Coffee consumption at baseline1,§§

Low 527 (51.3) 45 1
Moderate 227 (22.1) 21 1.1 [0.6–1.9] 0.650
Elevated 274 (26.6) 11 0.5 [0.2–0.9] 0.022

Coffee consumption at baseline1,§§

Low/moderate 754 (73.3) 66 1 1
Elevated 274 (26.6) 11 0.4 [0.2–0.8] 0.013 0.5 [0.3–0.9] 0.032

Gender
Male 722 (70.2) 61 1 1
Female 306 (29.8) 16 0.6 [0.3–1.0] 0.077 0.7 [0.4–1.2] 0.226

Age (years)§

18-39 50 (4.9) 2 0.3 [0.1–1.4] 0.130 0.6 [0.1–2.7] 0.544
40-49 531 (51.6) 48 1 1
50+ 447 (43.5) 27 1.0 [0.6–1.6] 0.998 0.8 [0.5–1.3] 0.371

Having a steady partner§

No 395 (38.4) 40 1 1
Yes 628 (61.1) 37 0.5 [0.3–0.8] 0.007 0.5 [0.3–0.9] 0.012

Having children§

No 715 (69.5) 60 1
Yes 310 (30.2) 16 0.5 [0.3–0.9] 0.034

Being employed§

No 536 (52.1) 54 1
Yes 487 (47.4) 23 0.4 [0.3–0.7] 0.001

Unstable housing2,§

No 1,006 (97.9) 71 1
Yes 18 (1.7) 6 4.9 [2.2–10.7] <10�3

HCV genotype
1 549 (53.4) 42 1
2 41 (4.0) 5 1.5 [0.6–4.0] 0.359
3 219 (21.3) 11 0.6 [0.3–1.3] 0.220
4 206 (20.0) 19 1.2 [0.7–2.0] 0.527

HCV treatment status§

Not yet treated/on treatment 620 (60.3) 65 1 1
Treated but not cured 161 (15.7) 8 0.6 [0.3–1.3] 0.191 0.4 [0.2–0.9] 0.036
Treated and cured 247 (24.0) 4 0.2 [0.1–0.5] 0.001 0.2 [0.1–0.7] 0.011

FIB-4 index (correspondence with Metavir score)§

≤3.25 (F0-F2) 848 (82.5) 40 1 1
>3.25 (F3-F4) 179 (17.4) 37 4.9 [3.1–7.5] <10�3 2.3 [1.3–3.9] 0.002

History of hepatocellular carcinoma and/or liver
transplantation at enrolment§§

No 1,015 (98.7) 67 1 1
Yes 13 (1.3) 10 13.5 [7.1–25.9] <10�3 4.4 [1.9–9.9] <10�3

History of indirect clinical signs of cirrhosis at
enrolment6,§§

No 998 (97.1) 64 1 1
Yes 30 (2.9) 13 8.4 [4.7–15.1] <10�3 3.3 [1.7–6.2] <10�3

HIV transmission category
IDU 650 (63.2) 55 1
Homosexual/bisexual 117 (11.4) 5 0.5 [0.2–1.2] 0.142
Heterosexual 144 (14.0) 10 0.8 [0.4–1.6] 0.509
Other 114 (11.1) 7 0.7 [0.3–1.5] 0.340

HIV clinical stage§

A/B 728 (70.8) 39 1 1
C 297 (29.0) 37 2.5 [1.6–3.9] <10�3 2.2 [1.4–3.5] <10�3

ART-treated§

No 52 (5.1) 6 1
Yes 972 (94.5) 71 0.7 [0.3–1.7] 0.480

Research Article

Please cite this article in press as: Carrieri MP et al. Protective effect of coffee consumption on all-cause mortality of French HIV-HCV co-infected
patients. J Hepatol (2017), http://dx.doi.org/10.1016/j.jhep.2017.08.005

4 Journal of Hepatology 2017 vol. xxx j xxx–xxx

http://dx.doi.org/10.1016/j.jhep.2017.08.005


Adherence to ART§

Low 140 (13.6) 9 1
Moderate 175 (17.0) 12 0.7 [0.3–1.8] 0.521
High 652 (63.4) 50 0.9 [0.4–1.8] 0.768
Not treated 52 (5.1) 6 1.2 [0.4–3.3] 0.741

Undetectable plasma HIV RNA level§

No 180 (17.5) 25 1
Yes 848 (82.5) 52 0.5 [0.3–0.8] 0.005

CD4 count ≤200 cells/mm3,§

No 944 (91.8) 58 1 1
Yes 84 (8.2) 19 3.9 [2.3–6.4] <10�3 1.8 [1.1–2.9] 0.021

Depressive symptoms3,§

No 612 (59.5) 38 1
Yes 375 (36.5) 33 1.4 [0.9–2.2] 0.171

Smoking status at baseline§§

Past/current 900 (87.5) 73 1 1
Never 120 (11.7) 3 0.3 [0.1–0.9] 0.028 0.3 [0.1–1.0] 0.051

Alcohol consumption at baseline4,§§

No consumption 256 (24.9) 24 1
Low 502 (48.8) 28 0.6 [0.3–1.0] 0.056
Moderate 183 (17.8) 13 0.7 [0.4–1.5] 0.395
Elevated 61 (5.9) 10 1.8 [0.9–3.8] 0.110

Regular binge drinking at baseline5,§§

No 842 (81.9) 55 1
Yes 143 (13.9) 18 1.9 [1.1–3.3] 0.014

Number of self-reported symptoms (excluding
lipodystrophy), median [IQR]§

8 [4–14] 1.0 [1.0–1.1] 0.105

Number of self-reported lipodystrophy symptoms,
median [IQR]§

2 [0–5] 1.0 [0.9–1.1] 0.729

§ Time-varying variable, descriptive statistics are given at last available visit of each patient.
§§ Fixed variable, measured at baseline (i.e. at the first available visit of each patient).
* With robust standard errors.
1 We used the following categories for average daily coffee consumption: low consumption (≤1 cups/day), moderate consumption (2 cups/day), and elevated consumption
(≥3 cups/day).
2 Patients who reported living in hotels, accommodation centres, on the street or in therapeutic apartments were considered to have unstable housing.
3 Patients with a CES-D25 score ≥17(23) for men (women) were considered to have depressive symptoms.
4 We used the following categories for average daily alcohol consumption: no consumption, low consumption (≤1 AU/day), moderate consumption (1–3 AU/day for
women and 1–4 AU/day for men), and elevated consumption (>3 AU/day for women and >4 AU/day for men).27
5 Regular binge drinking was defined as drinking at least 5 AU on one occasion at least once a week.
6 The presence of indirect clinical signs of cirrhosis was defined by one of the following: ascites, esophageal varices with or without bleeding, hepatic encephalopathy.
(A)HR, (adjusted) hazard ratio; AU, alcohol units; CI, confidence interval; IDU, intravenous drug use; IQR, interquartile range.
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(70.2%). The main HIV transmission category was intravenous
drug use (63.2%) and HCV genotype 1 was predominant
(53.4%). At the end of follow-up, more than half of the study
patients had not yet started HCV treatment (53.3%), a minority
(7%) were on treatment, while the remaining patients had com-
pleted treatment (15.7% were not cured and 24% were sustained
responders). Seventeen percent had a F3-F4 fibrosis stage
according to the FIB-4 index. At enrolment, 1.3% of the patients
had experienced hepatocellular carcinoma and/or liver trans-
plantation, and 2.9% had experienced indirect clinical signs of
cirrhosis. With respect to HIV-related characteristics, 94.5%
were receiving ART and most (82.5%) had an undetectable HIV
RNA plasma viral load. Elevated coffee consumption was
reported by 26.6% of the study patients at baseline, half of them
(51.3%) reported low coffee consumption, and 48.8%, 17.8%, 5.9%
and 24.9% reported low, moderate, elevated, and no alcohol
consumption at baseline, respectively. The prevalence of regular
binge drinking was 13.9%. Twelve percent of the patients had
never smoked and more than a third (36.5%) reported
depressive symptoms.
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The characteristics of the study population according to the
three categories of coffee consumption at first available patient
follow-up visit are presented in Table 3.

Factors associated with mortality

The crude and adjusted HR for the factors associated with mortal-
ity are reported in Table 2.

In the multivariable model adjusted for socio-demographic,
behavioural and clinical factors (including severe fibrosis and
HCV treatment status), elevated coffee consumption at baseline
(≥3 cups/day) (HR 0.5; CI 0.3–0.9; p = 0.032) was associated with
a lower mortality risk, along with reporting never smoking
(HR 0.3; CI 0.1–1.0; p = 0.051). After multivariable adjustment,
an 80% and 60% reduction in mortality risk was observed, respec-
tively, in individuals who cleared HCV post-treatment (HR 0.2; CI
0.1–0.7; p = 0.011) and individuals treated but not cured (HR 0.4;
CI 0.2–0.9; p = 0.036), compared with those not yet treated and
those on treatment. The other factors independently associated
with higher mortality risk were: not having a steady partner,
ee consumption on all-cause mortality of French HIV-HCV co-infected

7 vol. xxx j xxx–xxx 5

http://dx.doi.org/10.1016/j.jhep.2017.08.005


Table 3. Characteristics of the study population according to coffee consumption at first available patients’ follow-up visit (baseline) (the ANRS CO13 HEPAVIH
cohort, n = 1,028).

Coffee consumption at baseline1

Variable, % or median (IQR) Low (n = 527) Moderate (n = 227) Elevated (n = 274) p value*

Gender
Male 66.2 72.2 76.3 0.010
Female 33.8 27.7 23.7

Age (years)
18-39 15.7 11.4 12.0 0.014
40-49 64.7 70.5 75.9
50+ 19.5 18.1 12.0

Having a steady partner
No 38.8 37.3 38.2 0.934
Yes 61.2 62.7 61.8

Having children
No 67.4 70.0 63.5 0.292
Yes 32.6 30.0 36.5

Being employed
No 53.3 48.0 48.7 0.283
Yes 46.7 52.0 51.3

Unstable housing2

No 96.6 98.2 98.5 0.234
Yes 3.4 1.8 1.5

HCV genotype
1 52.6 56.0 55.3 0.948
2 4.0 4.5 3.7
3 21.9 20.2 22.1
4 21.5 19.3 18.8

FIB-4 index (correspondence with Metavir score)
<1.45 (F0-F1) 41.8 43.7 54.4 0.002
1.45–3.25 (F2) 38.5 42.0 34.8
>3.25 (F3-F4) 19.7 14.3 10.7

History of hepatocellular carcinoma and/or liver transplantation at enrolment
No 95.3 98.7 98.9 0.005
Yes 4.7 1.3 1.1

History of indirect clinical signs of cirrhosis at enrolment6

No 95.6 97.8 99.3 0.008
Yes 4.4 2.2 0.73

HIV transmission category
IDU 57.6 65.5 72.9 0.027
Homosexual/bisexual 12.0 12.4 9.5
Heterosexual 16.0 12.4 11.7
Other 14.4 9.7 5.9

HIV clinical stage
A 45.3 45.8 50.9 0.270
B 25.1 25.3 26.7
C 29.6 28.9 22.3

ART-treated
No 8.5 8.9 8.7 0.977
Yes 91.5 91.1 91.3

Adherence to ART
Low 6.0 8.5 7.2 0.870
Moderate 21.9 23.3 21.2
High 63.6 59.2 62.9
Not treated 8.5 9.0 8.7

Undetectable plasma HIV RNA level
No 26.7 33.3 27.4 0.177
Yes 73.3 66.7 72.6

CD4 count ≤200 cells/mm3

No 88.6 90.2 91.5 0.427
Yes 11.4 9.8 8.5
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Depressive symptoms3

No 59.2 65.3 56.1 0.128
Yes 40.8 34.7 43.9

Smoking status
Past/current 19.1 6.2 4.0 <10�3

Never 80.9 93.7 96.0
Alcohol consumption4

No consumption 27.3 19.6 27.1 0.348
Low 50.0 52.2 48.4
Moderate 17.3 21.0 17.8
Elevated 5.4 7.1 6.6

Regular binge drinking5

No 86.2 85.5 84.1 0.727
Yes 13.8 14.5 15.9

Number of self-reported symptoms (excluding lipodystrophy) 9 (4–14) 8 (4–13) 8.5 (3–14) 0.781
Number of self-reported lipodystrophy symptoms 2 (0–5) 2 (0–5) 2 (0–5) 0.497
* Fisher’s exact test or Kruskal-Wallis rank test; IQR, interquartile range.
1 We used the following categories for average daily coffee consumption: low consumption (≤1 cups/day), moderate consumption (2 cups/day), and elevated consumption
(≥3 cups/day).
2 Patients who reported living in hotels, accommodation centres, on the street or in therapeutic apartments were considered to have unstable housing.
3 Patients with a CES-D25 score ≥17(23) for men (women) were considered to have depressive symptoms.
4 We used the following categories for average daily alcohol consumption: no consumption, low consumption (≤1 AU/day), moderate consumption (1–3 AU/day for
women and 1–4 AU/day for men), and elevated consumption (>3 AU/day for women and >4 AU/day for men).27
5 Regular binge drinking was defined as drinking at least 5 AU on one occasion, at least once a week.
6 The presence of indirect clinical signs of cirrhosis was defined by one of the following: ascites, esophageal varices with or without bleeding, hepatic encephalopathy.
ART, antiretroviral therapy; FIB-4, fibrosis-4; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IDU, intravenous drug use; IQR, interquartile range.
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severe fibrosis (FIB-4 >3.25), HIV clinical stage C, and CD4 cell
count ≤200 cells/mm3, a history of hepatocellular carcinoma
and/or liver transplantation at enrolment, and a history of indi-
rect clinical signs of cirrhosis at enrolment.

In the secondary analysis using the shared-frailty Cox model
with different baseline HR according to follow-up duration, we
found similar results concerning the association between ele-
vated coffee consumption and reduced mortality risk (data not
shown).
Discussion

In this large prospective nationwide cohort of patients
co-infected with HIV-HCV followed-up in French hospital depart-
ments, we found that elevated coffee consumption had an inde-
pendent protective effect on all-cause mortality risk. This is the
first time that such an association has been found in a population
at high risk of death because of the double burden of two con-
comitant diseases and associated conditions. It is worth noting
that HCV-related mortality was four times higher than HIV-
related mortality in the study population, and that AIDS was
the third largest cause of mortality in this population after non-
HIV- and non-HCV-related cancer. One additional key result of
our study is that an 80% reduction in mortality risk was observed
in individuals who cleared HCV post-treatment compared with
those not yet treated.

Coffee and mortality

In recent years, the number of experimental and clinical research
studies exploring the association between coffee consumption
and clinical conditions has increased exponentially. The effect
of coffee or coffee compounds has been studied on a series of
pathologies, including Alzheimer’s disease,33 inflammatory-
related diseases including cancer, cardiovascular diseases, and
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metabolic and liver-related diseases22,34–36 and also on total
and cause-specific mortality.17–22 Three or more cups of coffee
per day was the threshold for coffee consumption most often
associated with a lower morbidity and mortality. Although a
recent meta-analysis did not show any association between cof-
fee consumption and cancer mortality, its findings did suggest an
inverse relationship between coffee consumption and all-cause
mortality, as well as mortality from cardiovascular diseases.19

Cardiovascular diseases were the second largest non-HIV/
non-HCV-related causes of mortality after cancer in our popula-
tion. One meta-analysis showed a non-linear association between
coffee consumption and the risk of cardiovascular diseases, with
the lowest risk being observed in the second highest category of
coffee consumption (median: 3.5 cups per day), and no associa-
tion between elevated risk of cardiovascular diseases and the
highest consumption category (median: 5 cups per day).36 Previ-
ous research using data from long-term follow-up prospective
cohort studies showed no significant association between daily
coffee consumption and coronary heart disease.37 In another
meta-analysis, moderate coffee consumption was inversely asso-
ciated with the risk of heart failure, the largest inverse associa-
tion being observed for consumption of four servings per day.38

Moderate coffee consumption has also been shown to be weakly
inversely associated with the risk of stroke.39

In addition, there is growing evidence for the hepato-
protective role of coffee intake in patients with liver disease,
including patients co-infected with HIV-HCV. It has already been
shown that coffee consumption is associated with a reduced risk
of elevated serum ALT activity12 and with a dose-dependent
improvement in serum gamma glutamyltransferase and AST val-
ues, in populations at risk of liver disease.40 Coffee intake has
been associated with a reduced risk of fibrosis and cirrho-
sis21,41,42 and with a reduced risk of death in patients with cirrho-
sis,43 even after transplantation.44 Meta-analyses also suggest a
protective effect of coffee intake on the risk of hepatocellular car-
cinoma in different populations, with a reduction in the risk by
ee consumption on all-cause mortality of French HIV-HCV co-infected
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approximately 40%.14 It has also been hypothesized that polyphe-
nols contained in coffee15 and chocolate45 may play a protective
role in liver injury through a reduced risk of insulin resistance
and reduced inflammation.46 Coffee consumption has also been
shown to be inversely associated with the risk of type 2 diabetes
in a dose-response meta-analysis.47

Several studies have identified preventive effects of coffee and
caffeine extracts on hepatic fibrosis in standard rodent models
and on the development of hepatic cirrhosis,48,49 for example
through the inhibition of hepatic stellate cell activation.50,51 Caf-
feinated and decaffeinated coffee are similarly associated with
improved liver function indicators, irrespective of the underlying
disease.52 Moreover, recent reports have indicated that pure caf-
feine at non-toxic concentrations53 and caffeic acid54 can inhibit
HCV replication in vitro.

Although HCV infection remained the most prevalent cause of
death in our study population, cancer and cardiovascular diseases
are becoming increasingly common causes of deaths in patients
co-infected with HIV-HCV. This underlines the need to imple-
ment specific measures for the screening and management of
cancer and cardiovascular diseases in this population.

HCV clearance and mortality

The effectiveness of HCV clearance on reducing mortality risk,
found in this study, is consistent with results from previous
research in patients with HCV and HIV-HCV co-infection. It is
important to note that exposure to HCV treatment without
achieving HCV clearance has also been significantly associated
with reduced mortality risk, but that the reduction observed
was not as great as for HCV clearers. In a multicenter cohort of
920 Italian patients with HCV-related cirrhosis, a significant
reduction in the rates of liver-related complications, hepatocellu-
lar carcinoma, and liver-related mortality was found in those who
achieved SVR compared with those who did not.55 A recent study
including 2,743 patients with chronic HCV infection identified a
significant reduction of all-cause mortality in patients who
achieved HCV clearance as a result of successful treatment.56 In
HIV-HCV co-infected patients, a previous study using data from
the ANRS CO13 HEPAVIH cohort showed a significant association
between HCV clearance and a reduction in liver stiffness, a mar-
ker of liver fibrosis.10 This result may partially explain the
decrease in HCV-related mortality observed in HCV clearers. In
addition, elevated coffee consumption has already been shown
to increase adherence to HCV treatment and to reduce side
effects57 but also to reduce self-reported symptoms.58

It is worth noting that when analysing HCV-related mortality
as an outcome using a competing risk model which took into
account causes of death other than HCV, elevated coffee con-
sumption remained significantly associated with a reduced risk
of HCV-related mortality (subHR 0.27; CI 0.08–0.89; p = 0.031).

Study limitations

One limitation of the present study was the difficulty of stan-
dardizing self-reported coffee intake and the lack of data about
other caffeine sources and/or polyphenols. Nevertheless, our
results are consistent with those obtained in the general popula-
tion, which suggest a lower mortality risk from all causes in cof-
fee drinkers compared with non-consumers.
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Another limitation of the study is that the questionnaire only
explored coffee intake and consequently we were not able to
address the impact of individual genetic diversity on the metabo-
lism of coffee and related ingredients,59,60 or the effect of other
caffeine sources and polyphenols.

Finally, it is important to note that this study is observational
in nature and the associations found cannot be interpreted in
terms of causality.
Conclusions

Our findings indicate that elevated coffee consumption (≥3 cups/
day) has a protective effect on all-cause mortality in patients
co-infected with HIV-HCV, a population at specific risk of end-
stage liver disease and greater risk of cardiovascular diseases
and cancer. This would also suggest that the benefits of elevated
coffee are more relevant in patients with HIV-HCV than in the
general population. The benefits of coffee extracts and supple-
menting dietary intake with other anti-inflammatory compounds
need to be evaluated in this population. Further research will
help to better elucidate the causal mechanisms of this relation-
ship and reveal whether polyphenols contained in coffee are also
implicated.
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