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Background & Aims: We used longitudinal data from the ANRS
CO13 HEPAVIH cohort study of HIV-HCV co-infected individuals
to investigate whether polyphenol rich food intake through coffee and/or daily chocolate consumption could play a role in
reducing liver enzymes levels.
Methods: Longitudinal data collection included self-administered questionnaires and medical data (aspartate aminotransferase (AST) and alanine aminotransferase (ALT) liver enzymes).
Two analyses were performed to assess the association between
coffee (P3 cups a day) and daily chocolate intake and abnormal
values of AST and ALT (AST or ALT >2.5  upper normal limit
(UNL)) (N = 990) over time, after adjustment for known correlates. Logistic regression models based on generalized estimating
equations were used to take into account the correlations
between repeated measures and estimate adjusted odds ratio.
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Results: After adjustment, patients reporting elevated coffee consumption and daily chocolate intake were less likely to present
abnormal ALT (OR = 0.65; p = 0.04 and OR = 0.57; p = 0.04, for coffee and chocolate respectively), while only patients reporting elevated coffee consumption were less likely to have abnormal AST
values (p = 0.05). Nevertheless, the combined indicator of coffee
and chocolate intake was most signiﬁcantly associated with
approximately 40% reduced risk of abnormal liver enzymes
(p = 0.003 for AST; p = 0.002 for ALT).
Conclusions: Elevated coffee consumption and daily chocolate
intake appear to be associated with reduced levels of liver
enzymes in HIV-HCV co-infected patients. Further experimental
and observational research is needed to better understand the
role that polyphenol intake or supplementation can play on liver
disease and liver injury.
Ó 2013 European Association for the Study of the Liver. Published
by Elsevier B.V. All rights reserved.

Introduction
It is estimated that 170 million people are living with chronic
hepatitis C (HCV) in western Europe and the United States
[1,2]. The burden of HCV disease is undeniable in many countries
all over the world, particularly where drug use is highly prevalent
and where the implementation of HCV preventive measures is
either inadequate or not prompt enough [3].
HIV-HCV co-infected individuals constitute per se a population at higher risk of abnormal liver enzymes due to liver injury
often determined by previous exposure to speciﬁc antiretroviral
agents [4] but also to speciﬁc behaviors. While the role that
caffeine, coffee or other caffeinated beverages can play in liver
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function [5], ﬁbrosis [6], cirrhosis [7] and liver cancer [8] is
widely recognized, the extent to which elevated coffee consumption may be particularly beneﬁcial for patients with HIV-HCV coinfection is less evident.
Cocoa and its derivatives contain a speciﬁc class of polyphenols, named ﬂavonols, which are recognized as having important
anti-inﬂammatory properties, and which reduce the risk of coronary heart disease, cancer and other inﬂammatory-related diseases [9]. A recent study [10] has shown that catechin (a
polyphenol contained in cocoa) can have an antiﬁbrotic effect
as it decreases the production of TGF-beta by GRX liver cells.
Indeed, one randomized study conducted in pregnant women
[11] receiving either a placebo or 30 mg of dark chocolate per
day, showed signiﬁcantly lower levels of liver enzymes in the latter group.
We used the longitudinal data of the ANRS CO13 HEPAVIH
cohort to investigate, whether polyphenol intake through coffee
and daily chocolate consumption could play a protective role
on serum ALT AST activity.

Materials and methods
Study design
The French ANRS CO13 HEPAVIH cohort was designed to study the clinical,
immunological, virological and socio-behavioral course of HIV-HCV co-infected
individuals.
From October 2006 to June 2008, this prospective cohort study recruited
1175 HIV-HCV co-infected individuals in 17 outpatient hospital clinics delivering
care to HIV and HCV infected individuals in France [12]. Enrolled individuals had
to meet the following inclusion criteria: aged 18 years or more, HIV-1/HCV chronically co-infected as conﬁrmed by a positive HIV antibody test and an HCV RNA
assay (regardless of clinical stage, gender or transmission group). In addition to
these chronically co-infected patients, HIV/HCV co-infected patients who had
cleared their HCV after successful anti-HCV therapy, as evaluated by a negative
HCV RNA six months after the end of anti-HCV treatment (HCV-sustained
responders [12]) could also be enrolled.
Patients on HCV treatment at enrolment, with undetectable HCV-RNA but not
yet classiﬁed as sustained responders were included in the cohort at the end of
their treatment phase.
Medical follow-up visits were scheduled according to both clinical practice
and recommendations from the European consensus conferences on hepatitis C
[13,14], i.e., every six months for cirrhotic patients and every year for non-cirrhotic ones. Clinical and histological/biological data were collected from medical
records and updated during the follow-up by medical staff in outpatient hospital
services. A self-administered questionnaire was ﬁlled-in at the enrolment visit
and at any annual medical visit scheduled for the whole cohort follow-up period.
All patients who agreed to participate in the cohort provided written informed
consent. The study was approved by the institutional review board of the Cochin
Hospital (Paris, France).
Data collection and analysis
Clinical variables
Clinical variables considered in the analyses included HIV plasma viral load, CD4
cell count, CDC clinical HIV stage, HCV genotype and time since antiretroviral
therapy (ART) initiation at each follow-up visit. A detectable HIV viral load was
deﬁned as having an HIV RNA level higher than the assay’s threshold. Information
on current ART and of past history of nevirapine treatment was also available at
each follow-up visit.
Liver biochemistry including serum alanine aminotransferase (ALT, normal
range 27–65 IU/L) and aspartate aminotransferase level (AST, normal range 19–
65 IU/L) were collected at each follow-up visit.
We used the body mass index (BMI = weight divided by height squared) to
classify patients as overweight or obese (BMI >25 kg/m2). We also recorded information about exposure to HCV treatment before enrollment and during follow-up
and whether individuals cleared the virus after HCV treatment.
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Data concerning patients’ tobacco use were recorded during face-to-face
medical interviews with physicians. Patients were asked about their experience
of smoking (non-smoker, former smoker, current smoker).
Variables from the self-administered questionnaire
Data on patients’ socio-demographic characteristics, food and drug consumption
habits (including coffee, chocolate and red wine intake) were collected using a
self-administered questionnaire, which, as previously indicated, was scheduled
at enrolment and yearly thereafter.
Alcohol consumption habits focused on consumption in the six months prior
to the visit. The AUDIT-C questionnaire was used to calculate the number of alcohol units (AU) per day [a standard drink, deﬁned as one AU contains 11–14 g of
alcohol and corresponds to one small bottle of beer, one medium glass of wine,
or a shot of distilled spirits] for those who reported being current consumers.
Excessive alcohol consumption was deﬁned as reporting to drink at least 3 AU
(for men) or 2 AU (for women) per day.
Coffee intake was investigated using a question referring to the 6 months
prior to the visit. Five answers were possible: never, occasionally, one cup/day,
2 cups/day, more than two cups/day (a cup corresponding to 150–200 ml). The
chocolate intake question also referred to the 6 months prior to the visit. The possible answers were: never, once a week, more than once a week, once a day, more
than once a day.
Patients were classiﬁed as having elevated coffee consumption if they drank
three cups of coffee or more per day at a given visit [15]. Patients were classiﬁed
as daily chocolate consumers or not. Moderate red wine consumption was
deﬁned as 1–2 AU for women and 1–3 alcohol units per day for men. In order
to obtain a more ‘‘sensitive’’ variable to capture polyphenol rich food intake, an
indicator combining daily chocolate consumers and/or individuals drinking 3 or
more cups of coffee per day was also created. Among individuals exposed to polyphenol rich food, a second variable to describe polyphenol rich food intake adding a moderate consumption of red wine (1–2 AU for women and 1–3 alcohol
units/day for men) was built.
The self-administered questionnaire also collected information about drug
consumption (cocaine, heroin, crack, ecstasy, street buprenorphine, amphetamines and other drugs) in the months prior to the interview, as well as any history of drug use and access to opioid substitution treatment for those with a
history of intravenous drug use (IDU). Patients were asked about their presumed
mode and date of HCV infection. HIV-HCV individuals infected via injecting drug
use were compared with the rest of the cohort. For those who reported a history
of drug injection, the presumed year of HCV acquisition was taken to be the year
of ﬁrst injection. For the rest of the study population, it was the self-reported year
of HCV infection.
Study population
From the 1175 patients included in the HEPAVIH cohort, 1173 had at least one
medical visit with both AST and ALT measurements. Among these, 990 had completed at least one self-administrated questionnaire during a medical visit at follow-up.
These 990 patients became our study group and only follow-up visits, where
both AST and ALT measurements as well as the self-administered questionnaire
were all available, were considered in the statistical analysis (N = 1684 visits).
Outcomes
The AST and ALT cut-offs were chosen according to the WHO grading system for
the monitoring of laboratory toxicities adopted in the French National HIV treatment guidelines, as follows: Grade I (Mild) 1.23–2.5 times UNL, Grade II (Moderate) 2.5–5.0 times UNL, Grade III (Severe) 5.0–10.0 times UNL and Grade IV
(Potentially life threatening) 10.0 times (UNL) [16].
In order to explore the association between coffee and chocolate intake on
abnormal liver enzymes two different outcomes were considered:
(1) WHO grade II
(>2.5 times the
(2) WHO grade II
(>2.5 times the

or higher liver injury, deﬁned as AST liver enzymes
upper normal limit (UNL)) (N = 990, 1694 visits)
or higher liver injury, deﬁned as ALT Liver enzymes
UNL) (N = 990, 1694 visits)

We did not combine AST with ALT as we wished to better understand the role
that intake of speciﬁc polyphenol-containing food could play on each liver
enzyme.
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Statistical methods
As we used complete data for both AST and ALT measurements and for the selfadministered questionnaire, we compared characteristics of the included and
excluded individuals using a Mann Whitney U test for continuous variables or
a Chi-square test for dichotomous variables.
Logit models based on generalized estimating equations (GEE) were used to
identify correlates of each outcome (AST and ALT >2.5 times UNL) and estimate
ORs and their 95% conﬁdence intervals.
The GEE model permits the presence of missing data in the repeated measure
design (i.e., missing data in the self-administered questionnaire) under the
hypothesis that missing data occur completely at random. Moreover, using the
GEE approach means that the correlation existing between repeated observations
for the same individual can be taken into account [17]. Because of their robustness, these methods are typically used to estimate the degree of association
between potential explanatory variables and outcomes in repeated measure
designs (i.e., repeated observations of the same individual during follow-up [18]).
The following potential correlates and confounders were considered in the
analyses: (1) age and sex; (2) clinical variables: CD4 cell count <200 mm3, detectable HIV viral load, CDC clinical stage >1, HCV genotype, recovery after HCV treatment, BMI >25 kg/m2; (3) treatment variables: exposure to HCV treatment
(PegIFN + ribavirin), time since ART initiation and past history of nevirapine; (4)
consumption variables: smoking, current excessive alcohol consumption,
elevated coffee consumption (at least 3 cups a day), daily chocolate intake, the
combined indicator of polyphenol rich food intake (at least 3 cups of coffee per
day or daily chocolate consumption); (5) history of drug use: history of injection,
history of substitution treatment; (6) HCV transmission group (injecting drug
user vs. other) and time since HCV infection.
A univariate analysis (one explanatory variable at a time) enabled us to identify major correlates, which were considered candidates to enter the multivariate
model if p <0.25. These models were built using an approach, which was based on
the log-likelihood ratio test (p <0.05), and which tested whether the relationship
between polyphenol-containing food intake and the study outcomes were conﬁrmed after adjustment for possible correlates or confounders selected in the univariate analysis. Plausible interactions were also tested. The relationships between
daily chocolate intake and elevated coffee consumption and AST or ALT were ﬁrst
tested together (Model 1) and then as a combined indicator of both (Model 2).
We also used the linear models based on GEE to evaluate the linear relationship between AST and ALT based on four categories reﬂecting the WHO’s grading
of liver injury and the ﬁve-level variable of chocolate and coffee consumption.
A sensitivity analysis was performed to study whether including the red wine
consumption in the combined indicator changes the association with abnormal
AST and ALT.

Results
The 990 included individuals did not signiﬁcantly differ from the
others at enrolment; except that the latter group’s HIV plasma
viral load was more often undetectable and the percentage of
HIV transmission by non-IDU means was lower (Table 1).
Median interquartile range [IQR] age was 45 [42–48] years,
70% were males, 49% were employed and 37% had a high school
certiﬁcate. The majority (80%) were HIV-HCV infected through
IDU. At baseline, 13% and 17% had AST and ALT counts >2.5 times
UNL, respectively. At enrolment, median [IQR] CD4 cell count was
448 [307–646] cells/mm3, 689 (71%) had an undetectable HIV
viral load, 898 (91%) were receiving ART.
During the study period, AST and ALT >2.5 times UNL were
documented for 157 (15.86%) and 192 (19.39%) individuals over
201 (11.94%) and 252 (14.96%) visits, respectively.
Median (IQR) duration of follow-up was 40 [34–49] months.
Table 2 shows the distribution of factors potentially associated with AST or ALT >2.5 times UNL in the univariate analysis.
Common risk factors for both outcomes included excessive
alcohol consumption, smoking, obesity, and HCV genotype 3.
Individuals who recovered from HCV or who were receiving
HCV treatment were more likely to have values lower than
2.5 times UNL for both AST and ALT. These two categories

(recovery and ongoing treatment) were collapsed together in
subsequent analyses as they had comparable OR estimates.
HIV-related characteristics and duration of HIV infection or ART
seemed to have a negative impact mainly on AST values as individuals with CD4 <200 cells/mm3 had twice the risk of having
AST >2.5 times UNL. Individuals reporting elevated coffee consumption or daily intake of chocolate had approximately 40%
reduced risk of presenting elevated AST or ALT. The combined
indicator based on elevated coffee and daily chocolate consumption, was even more signiﬁcantly associated with both outcomes
in univariate analysis.
The relationships between coffee and chocolate consumption,
both as categorial and dichotomous variables and abnormal values of AST and ALT, are reported in Table 2. However, for the ALT
measure, only the dichotomous ones remained statistically signiﬁcant after multiple adjustments.
It is worth noting that when categorizing ALT and AST according to the WHO classiﬁcation of liver injury (grades I, II, III+IV)
and considering all categories of coffee and chocolate intake as
explanatory variables, a signiﬁcant linear trend was found
between coffee and chocolate consumption and the severity of
liver injury, measured using AST (p <103, p = 0.01 for coffee
and chocolate, respectively). Although no linear relationship
was found for ALT, a threshold effect was observed when using
a cut-off daily intake of three cups or more of coffee (p = 0.04).
Exposure to nevirapine was not found to be associated with
abnormal AST and ALT values in the univariate analysis
OR = 0.51; 95% CI = 0.20–1.29; for AST >2.5  UNL; OR = 0.67;
95% CI = 0.32–1.42; for ALT >2.5  UNL).
The multivariate analysis (Table 3, left columns) using AST
>2.5 times UNL as the outcome showed that after adjustment
for excessive alcohol consumption, HCV clearance and CD4
<200 cells/mm3, elevated coffee consumption remained associated with the outcome (p = 0.05) and the association with daily
chocolate consumption was close to statistical signiﬁcance
(p = 0.08) (Model 1). When replacing daily chocolate consumption and elevated coffee consumption with the combined indicator, the latter showed similar OR values but increased
signiﬁcance (p = 0.003) (Model 2). The association with the outcome was not increased if the indicator also included moderate
red wine consumption (OR = 0.52; 95% CI = 0.36–0.76).
The multivariate model for ALT (Table 3, right columns) highlighted that age, daily chocolate intake (p = 0.04) and elevated
coffee consumption (p = 0.04) remained independently inversely
correlated with ALT >2.5 times UNL after adjustment for recovery
from HCV or ongoing HCV treatment. Individuals with genotype 3
exhibited a higher risk of abnormal ALT values. When replacing
daily chocolate consumption and elevated coffee consumption
with the combined indicator, similar signiﬁcant ORs were
observed in both models (OR = 0.57; p = 0.002) (Table 3).
The association with the outcome was not increased if the
indicator also included moderate red wine consumption
(OR = 0.59; 95% CI = 0.42–0.82).
No signiﬁcant differences were observed between past or current smokers and non-smokers for either abnormal AST or ALT
values. Even after multiple adjustments, smoking was not associated with either outcome and was not retained in the model.
Discussion
This study, conducted on a population of HIV-HCV infected
patients, is the ﬁrst to highlight the potential beneﬁts of regular
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Table 1. Comparisons of excluded and included patients at ﬁrst available visit in the two analyses using either AST/ALT (N = 1175) as outcomes.

Sex
Male
Female
Age
HIV clinical stage
1
2
3
CD4 cell count
≥200 cells/mm3
<200 cells/mm3
HIV plasma viral load
Undetectable
Detectable
AST >2.5 times ULN
Yes
No
ALT >2.5 times ULN
Yes
No
Injecting drug use transmission group
No
Yes
⁄

Excluded (n = 185)

Included (n = 990)

Total (n = 1175)

135 (73.0)
50 (27.0)
45 (42-49)

693 (70.0)
297 (30.0)
45 (42-48)

828 (70.5)
347 (29.5)
45 (42-48)

79 (43.2)
50 (27.3)
54 (29.5)

451 (45.8)
262 (26.6)
272 (27.6)

530 (45.4)
312 (26.7)
326 (27.9)

160 (88.4)
21 (11.6)

872 (89.1)
107 (10.9)

1032 (89.0)
128 (11.0)

110 (61.1)
70 (38.9)

689 (70.7)
285 (29.3)

799 (69.2)
355 (30.8)

20 (11.4)
155 (88.6)

126 (12.8)
858 (87.2)

146 (12.6)
1013 (87.4)

23 (12.8)
157 (87.2)

163 (16.5)
823 (83.5)

186 (16.0)
980 (84.0)

20 (13.1)
133 (86.9)

178 (19.9)
715 (80.1)

198 (19.1)
848 (81.1)

0.62
0.79

0.79

0.01

0.61

0.21

0.05

Chi-square test for qualitative variables, Mann Whitney U test for quantitative variables.

intake of cocoa-containing products on markers of inﬂammation
(ALT). Consistent with international literature, this study conﬁrms the positive association of elevated coffee consumption
on liver enzymes in HIV-HCV infected individuals.
It is interesting to note that, when individuals with elevated
coffee consumption or daily chocolate intake were aggregated
to better classify those exposed to regular polyphenol rich food
intake, the association with liver enzymes was reinforced. We
combined elevated coffee consumption and daily chocolate
intake together in order to better identify any possible association with liver enzymes, if any, by using a more sensitive indicator of intake of food containing similar types of polyphenols.
Both coffee and chocolate contain a similar class of polyphenols, which have a signiﬁcant anti-inﬂammatory activity [19]
and have an indirect effect on occurrence and evolution of those
diseases, whose pathogenesis may be related to an inﬂammatory
process. Previous experiments conducted on rats have shown
that polyphenol compounds present in cocoa liquor have the
potential to decrease the severity of hepatocarcinogenesis [20].
It is probably not by chance that abnormal ALT values, which
are more indicative of the presence of inﬂammation, are most
inversely correlated with daily cocoa intake. This association
indirectly conﬁrms previous results obtained in vitro, suggesting
that the mechanism, through which cocoa may be beneﬁcial to
liver cells, is more related to its anti-inﬂammatory effect and to
cell cycle arrest than to apoptosis or autophagy [10].
The association we found between elevated coffee consumption and abnormal levels of liver enzymes is consistent with the
literature in the ﬁeld of liver disease regarding HCV and

4

p value*
0.42

HIV-HCV co-infected patients. Indeed, an increasing body of evidence exists, highlighting the hepatoprotective role of caffeine/
coffee intake in patients with liver disease. It has already been
shown that caffeine and coffee consumption are associated with
a reduced risk of high serum ALT activity in populations at risk
of liver disease [5], with a reduced risk of ﬁbrosis and cirrhosis
[7,21], and with death in cirrhotic patients [22]. Two meta-analyses have also suggested an inverse relationship between coffee
drinking and the risk of hepatocellular carcinoma in cirrhotic
patients [8]. Furthermore, it has been shown that elevated
coffee consumption is associated with better patient response
to HCV therapy in individuals with chronic HCV infection [23].
More recently, it has also been hypothesized that polyphenols
contained in coffee [24] and chocolate [25] may also play a
protective role in liver injury through a reduced risk of insulin
resistance.
The association we found between excessive alcohol consumption and higher levels of liver enzymes is consistent with
overwhelming evidence highlighting the detrimental impact of
excessive alcohol consumption on liver enzymes in HCV and
HIV-HCV co-infected patients [26]. It is important to remember
that one of the results of our analysis is that clearing the HCV
virus or indeed simply receiving HCV treatment is positively
associated with lower levels of liver enzymes. Prompt access to
HCV treatment, for patients who present with hazardous or
harmful alcohol consumption, can even result in greater beneﬁts
than for patients who are abstinent or with moderate consumption, given that excessive alcohol consumption can accelerate the
course of HCV disease [27].
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Table 2. Factors associated with AST >2.5 UNL or ALT >2.5 UNL in the HEPAVIH ANRS CO13 cohort (N = 990 patients, 1684 visits); univariate analysis with OR
estimates based on GEE logistic regression analyses.

No. of visits (%) or
median (IQR)
Sex
Male
1197 (71.08)
Female
487 (28.92)
Age
45 (42-48)
Overweight or obese (BMI >25 kg/m2)
No
1336 (81.02)
Yes
313 (18.98)
Coffee consumption
Never
194 (11.69)
Occasionally
320 (19.29)
One cup per day
345 (20.80)
Two cups per day
377 (22.72)
More than two cups per day
423 (25.50)
Consuming at least 3 cups of coffee per day
No
1236 (74.50)
Yes
423 (25.50)
Chocolate consumption
Never
204 (12.41)
Once a week or less
792 (48.18)
Several times per week
428 (26.03)
Once a day
128 (7.79)
Several times per day
92 (5.60)
Daily chocolate intake
No
1424 (86.62)
Yes
220 (13.38)
Combined indicator of polyphenol rich foods intake
No
1077 (64.68)
Yes
588 (35.32)
Current excessive alcohol consumption
No
1464 (89.65)
Yes
169 (10.35)

AST >2.5 x UNL
OR (95% CI)
p value

ALT >2.5 x UNL
OR (95% CI)
p value

693 (70.00)
297 (30.00)

1
1.05 (0.72-1.54)
1.02 (0.99-1.05)

0.79
0.10

1
0.85 (0.59-1.23)
0.99 (0.96-1.01)

0.39
0.18

804 (82.72)
200 (20.58)

1
1.52 (0.99-2.35)

0.06

1
1.45 (0.97-2.15)

0.07

133 (13.46)
249 (25.20)
253 (25.61)
287 (29.05)
304 (30.77)

1
0.77 (0.46-1.30)
0.76 (0.44-1.31)
0.51 (0.29-0.90)
0.44 (0.25-0.76)

0.34
0.32
0.02
0.003

1
0.97 (0.57-1.65)
0.97 (0.57-1.63)
0.91 (0.53-1.54)
0.62 (0.36-1.08)

0.90
0.90
0.71
0.09

770 (77.94)
304 (30.77)

1
0.61 (0.40-0.91)

0.002

1
0.66 (0.46-0.94)

0.02

166 (16.90)
572 (58.25)
342 (34.83)
107 (10.90)
75 (7.64)

1
0.60 (0.38-0.94)
0.57 (0.34-0.95)
0.42 (0.19-0.93)
0.26 (0.08-0.81)

0.03
0.03
0.03
0.02

1
0.94 (0.59-1.50)
0.99 (0.60-1.65)
0.74 (0.37-1.47)
0.30 (0.10-0.93)

0.81
0.99
0.39
0.04

891 (90.73)
172 (17.52)

1
0.55 (0.31-0.98)

0.04

1
0.57 (0.34-0.93)

0.03

698 (70.58)
418 (42.26)

1
0.54 (0.37-0.78)

0.001

1
0.59 (0.42-0.81)

0.001

887 (91.07)
125 (12.83)

1
1.90 (1.17-3.07)

0.01

1
1.47 (0.92-2.36)

0.11

No. of patients (%)

Immunosuppression, deﬁned as CD4 <200 cells/mm3, seems
to be associated with higher values of liver enzymes. Previous
research has widely documented that HIV infection can accelerate the course of liver disease in HIV-HCV co-infected patients
[28]. The lack of association between nevirapine and abnormal
levels of liver enzymes may be explained by the fact that this
antiretroviral drug is now under-prescribed in patients at risk
of hepatotoxicity.
The study population may be considered representative of the
general HIV/HCV co-infected population in France, because the
French health insurance system provides even marginalized
populations, including individuals with co-infection and drug
dependence, with free access to care [29].
One limitation of the study is that alcohol consumption, coffee
and chocolate intake are based on self-reports, which may be
affected by social desirability bias. For alcohol use, data collection
was based on a self-administered questionnaire instead of
face-to-face interviews and in the same cohort it was shown that
alcohol under-reporting was affected by the characteristics of the
physician [30]. However, the validity of using self-reports of alcohol consumption has already been demonstrated in previous

studies [31]. Furthermore, in the present study, this validity is
also indirectly conﬁrmed by the fact that excessive alcohol consumption remained a signiﬁcant independent predictor of higher
levels of both AST and ALT.
It is also possible that chocolate consumption may have been
under-reported, especially by overweight individuals. Moreover,
we were unable to assess the type of chocolate intake, i.e., milk
or dark chocolate bars or chocolate cakes. As cocoa is the main
source of polyphenols in chocolate, the lack of this information
may result in an overestimation of cocoa intake and this may
affect the ORs towards unity. On the other side, it is possible that
this association is more readily observed in France because the
proportion of dark chocolate consumers among chocolate
consumers is higher than in other countries (30% in France vs.
5% in the other European countries [http://www.vfc.fr/syndicatdu-chocolat/]). Accordingly, the average cocoa intake in French
daily consumers of chocolate is likely to be higher than in daily
users in other countries. Under-reporting alcohol or chocolate
consumption may have tended to misclassify consumers as
non-consumers and thus was more likely to produce an underestimation of the true effect.
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Table 2. (continued)

No. of visits (%) or
median (IQR)
Tabaco consumption
Never
216 (13.43)
Past
253 (15.73)
Current
1139 (70.83)
Injecting drug use transmission group
No
341 (22.13)
Yes
1200 (77.87)
Current opioid substitution treatment
No
754 (71.40)
Yes
302 (28.60)
History of opioid substitution treatment
No
675 (40.47)
Yes
463 (27.76)
Never used opioids
530 (31.77)
Clinical HIV stage
1
745 (45.02)
>1
910 (54.98)
CD4 cell count <200 cells/mm3
No
1460 (90.63)
Yes
151 (9.37)
Undetectable HIV plasma viral load
Yes
401 (25.09)
No
1197 (74.91)
History of antiretroviral therapy (ART)
No
115 (6.83)
Yes
1568 (93.17)
Time since ART initiation, yr
3 (2-6)
HCV: Treated and cleared
Never treated
787 (49.06)
Cleared or in HCV treatment
502 (31.30)
Treated not cured
315 (19.64)
HCV genotype
1,2,4,5
1138 (81.69)
3
255 (18.31)
Time since HCV infection, yr
25 (20-28)

No. of patients (%)

AST >2.5 x UNL
OR (95% CI)
p value

ALT >2.5 x UNL
OR (95% CI)
p value

127 (13.15)
171 (17.70)
706 (73.08)

1
1.79 (0.94-3.41)
1.28 (0.73-2.25)

0.08
0.38

1.74 (0.97-3.12)
1.34 (0.81-2.21)

0.06
0.25

178 (19.93)
715 (80.07)

1
1.42 (0.89-2.25)

0.14

1
1.48 (0.96-2.27)

0.07

490 (73.68)
195 (29.32)

1
0.95 (0.59-1.54)

0.85

1
0.69 (0.43-1.12)

0.13

417 (42.68)
259 (26.51)
301 (30.81)

1
0.91 (0.59-1. 04)
0.57 (0.37-0.87)

0.66
0.01

1
0.87 (0.58-1.30)
0.62 (0.43-0.91)

0.50
0.02

448 (45.57)
539 (54.83)

1
0.76 (0.53-1.08)

0.13

1
0.80 (0.58-1.11)

0.17

905 (92.44)
120 (12.26)

1
1.99 (1.26-3.13)

0.003

1
1.07 (0.67-1.71)

0.78

316 (32.44)
775 (79.57)

1
1.27 (0.88-1.82)

0.20

1
1.28 (0.93-1.76)

0.13

92 (9.29)
920 (92.93)

1
0.83 (0.45-1.53)
0.93 (0.87-0.99)

0.54
0.04

1
0.88 (0.51-1.53)
0.93 (0.87-0.99)

0.65
0.04

518 (54.41)
307 (32.25)
219 (23.00)

1
0.09 (0.03-0.25)
1.56 (1.08-2.24)

<10-3
0.02

1
0.09 (0.03-0.25)
1.56 (1.08-2.24)

<10-3
0.02

628 (80.72)
150 (19.28)

1
1.37 (0.90-2.08)
1.02 (0.99-1.04)

0.15
0.07

1
1.54 (1.03-2.30)
0.99 (0.98-1.02)

0.03
0.89

Because this cohort study was not designed to investigate the
role of nutrients in HCV disease, the questionnaire detailed only
few dietary habits, which are common in the French population.
Therefore we only focused on intake of coffee and chocolate, which
are sources of a similar class of polyphenols. So, one further limitation is that the study could not investigate the association with
other caffeine or cocoa-containing beverages or other sources of
similar polyphenols like green tea, which has been found to be
associated with inhibition of HCV cell entry [32] and protection
against development of primary hepatocellular carcinoma [33].
For this reason, it is possible that unidirectional misclassiﬁcation
may have occurred and individuals with a high consumption of caffeine or cocoa-containing beverages were misclassiﬁed as nonconsumers. This may have reduced the association found between
coffee/chocolate intake and the outcomes, which in turn may have
underestimated the OR expressing the association between polyphenol intake and higher level of AST and ALT.
6

In conclusion, our results provide the ﬁrst evidence that daily
chocolate intake and, more generally, polyphenol rich food
intake, may contribute to decrease AST and ALT levels and potentially improve liver function in HIV-HCV co-infected patients.
They also suggest that polyphenols contained in coffee, but also
in cocoa, can be involved in the causal process, which leads to
reduced inﬂammation.
Further experimental and observational research is needed to
better understand the role that polyphenol intake or supplementation can play on liver disease and liver injury.
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0.05
0.01

0.002

<0.0001
0.11

Never treated for HCV
Cleared or receiving HCV treatment
Treated not cured
Daily chocolate intake vs. other
Consuming at least 3 cups of coffee per day
Combined indicator of polyphenol rich foods intake
Excessive alcohol consumption
CD4 cell count <200 cells/mm3
Age
Genotype 3 vs. other

-

-

For ALT >2.5 x UNL
Model 1
Model 2
p value AOR (95% CI)
p value AOR (95% CI)
1
1
<0.0001 0.22 (0.10-0.47) <0.0001 0.21 (0.10-0.45)
0.02
1.39 (0.96-2.02) 0.08
1.36 (0.94-1.96)
0.57 (0.33-0.98) 0.04
0.65 (0.43-0.97) 0.04
0.003
0.57 (0.40-0.82)
0.02
0.001
0.97 (0.95-0.99) 0.02
0.98 (0.95-1.00)
1.70 (1.11-2.60) 0.03
1.75 (1.15-2.67)

p value

Conﬂict of interest

For AST >2.5 x UNL
Model 1
Model 2
AOR (95% CI)
p value AOR (95% CI)
1
1
0.08 (0.02-0.25) <0.0001 0.07 (0.02-0.24)
1.67 (1.13-2.47) 0.01
1.61 (1.09-2.39)
0.58 (0.31-1.07) 0.08
0.63 (0.40-0.99) 0.047
0.54 (0.36-0.82)
1.88 (1.11-3.18) 0.02
1.84 (1.09-3.10)
2.41 (1.45-4.00) 0.001
2.29 (1.38-3.81)

Table 3. Factors independently associated with AST >2.5 ULN or ALT >2.5 ULN in the HEPAVIH ANRS CO13 cohort (N = 990 patients, 1684 visits); multivariate analyses with OR estimates based on GEE logistic
regression analyses.
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