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Objective: To determine mortality due to end-stage liver disease (ESLD) in a nation-
wide cohort of HIV-infected patients 5 years after the introduction of highly active
antretroviral therapy (HAART) and to compare this with that observed before and
during the early years of HAART.

Design and methods: All departments of internal medicine and infectious diseases
from the GERMIVIC Study Group prospectively recorded all deaths in HIV-infected
patients during 2001. Sixty-five departments, following a total of 25 178 HIV-infected
patients, participated in the study. Results were compared with those of previous
surveys conducted using similar methodology in 1995 and 1997.

Results: Among 265 deaths observed during 2001, 129 (48.7%) were related to AIDS,
38 (14.3%) to ESLD, and 98 (36.7%) to other causes. Mortality due to ESLD
represented 28% of non AIDS-related deaths; 36 of the 38 patients (95%) dying from
ESLD had chronic hepatitis C virus (HCV) infection. In 2001, deaths due to ESLD
(14.3%) were significantly more frequent than in 1995 (1.5%; P , 0.01) and 1997
(6.6%; P , 0.01). During this interval, the prevalence of hepatocellular carcinoma as
a cause of death increased (1995, 4.7%; 1997, 11%; 2001, 25%; P , 0.05), as did
alcohol consumption (P , 0.01).

Conclusions: In the post-HAARTera, ESLD due to HCV is a growing cause of mortality
in HIV-infected patients. Increased longevity attributable to HAART, and a higher
prevalence of alcohol consumption, are probably involved in this trend.
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Hôpital Raymond Poincaré, Garches, the cService de Médecine Interne, Groupe Hospitalier Cochin, Paris, the dService de
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Introduction

Coinfection with hepatitis C virus (HCV) and HIV is
common as both viruses are transmitted by parenteral
routes, i.e., injecting drug use and blood transfusion. In
the USA, it is estimated that 30% of the 800 000 HIV-
infected individuals are coinfected with HCV [1,2];
similar rates have been reported in Western Europe [3].
Among certain subgroups of HIV-infected patients,
such as in injecting drug users and haemophiliacs, the
prevalence of coinfection approaches 70–90% [2–4].
HCV infection leads to chronic hepatitis in 85% of
HIV-negative patients; approximately 20% will even-
tually develop cirrhosis of the liver [5,6]. In HIV-
positive individuals, chronic hepatitis C is more severe,
particularly in those with advanced immunosuppression
[7–10]. Regardless of HIV serostatus, time represents a
critical factor in determining mortality due to end-stage
liver disease (ESLD). In HIV-positive patients, longer
survival observed since the introduction of highly
active antiretroviral therapy (HAART) may permit the
progression of HCV-related liver disease and increase
mortality due to complications including liver failure
and hepatocellular carcinoma (HCC). Moreover,
HAART itself may accelerate the progression of HCV-
related liver disease [11]. Several studies have suggested
an increased risk of mortality caused by ESLD in HIV–
HCV coinfected patients [12–21]. However, most of
these studies examined cohorts of haemophilic patients
[12,13] or single-centre cohorts of HIV seropositive
patients and compared mortality rates during the pre-
HAART era with that during the early years of
HAART.

Five years following the introduction of HAART, we
have examined the mortality associated with HCV-
related ESLD in a nationwide cohort of HIV-infected
patients in France. The objective of the study was to
assess trends in mortality by comparing current data to
two previous surveys conducted by our study group in
the pre-HAART era (1995) and during the first few
years of this therapy (1997) [20].

Patients and methods

Study design
The current study (2001) was a multi-centre prospec-
tive survey of French departments of internal medicine
and infectious diseases active in the treatment of HIV-
infected individuals. In each department, a standardized
questionnaire similar to that used in our previous
studies [20] was completed prospectively on a quarterly
basis. The questionnaire included information regarding
the number of HIV-infected patients regularly seen
(i.e., at least every 3 months), risk factors for HIV
transmission, and the number of deaths during the

interval. The causes of death were specified as AIDS-
related, ESLD-related (cirrhosis and/or HCC), or
other.

A second questionnaire [20] was completed for each
patient who died of ESLD indicating the patient’s
demographic data, mode of HIV transmission, criteria
for diagnosis of cirrhosis and/or HCC (considered
‘definite’ if documented histopathologically or ‘prob-
able’ if documented clinically, based on raised serum
alpha-fetoprotein levels, and/or with imaging), positive
test results for HCV (anti-HCV antibody revealed by a
third generation ELISA), hepatitis B virus [HBV; HBV
surface antigen (HBsAg) revealed by ELISA] and
hepatitis D virus (HDV; anti-HDV antibody revealed
by ELISA), self-reported daily alcohol consumption,
concomitant use of hepatotoxic drugs; previous treat-
ment with interferon alpha (IFN-Æ); and CD4 cell
count, Centers for Disease Control and Prevention
(CDC) stage of HIV infection [22], and antiretroviral
therapy at the time of death.

Statistical analysis
Kruskall–Wallis, Pearson chi-square, and chi-square for
trends were used for comparing HIV characteristics and
HCV-related events between the three study periods
(1995, 1997, 2001).

Results

Study population
Eighty-two questionnaires were distributed to French
departments of internal medicine and infectious dis-
eases; a total of 65 departments (79%) responded.
During the year 2001, these departments followed
25 178 HIV-infected patients. The modes of HIV
infection were homosexual transmission (31%), inject-
ing drug use (21%), heterosexual transmission (38%),
transfusion of blood products (3%), and other or
unknown (7%) (Table 1).

Mortality rates
Among the 25 178 HIV-infected patients followed in
2001, 265 deaths were observed, representing a mortal-
ity rate of 1.05%. Causes of death were as follows
(Table 2): AIDS (n ¼ 129, 48.7%), ESLD (n ¼ 38,
14.3%) and other (n ¼ 98, 37.0%). ESLD represented
27.9% of the non AIDS-related deaths.

Mortality due to ESLD in relation to hepatitis
viruses
The main characteristics of the 38 patients who died
due to ESLD are outlined in Table 3. These patients
were predominantly male (79%) and the mean age was
42 years (range, 32–69 years). HIV transmission oc-
curred predominantly via injecting drug use (76%).
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Among the 38 cases with death due to ESLD, 19 (50%)
were considered definite and 19 (50%) probable. Thirty
of these patients had HCV-related cirrhosis (including
HCC in seven cases), six had cirrhosis due to HBV–
HCV coinfection (including HCC in one case), and
two had HBV-related cirrhosis (including HCC in one
case and HDV coinfection in another). Of the 30
patients who died due to HCV-related cirrhosis (with-
out HBV coinfection), 25 (83%) consumed alcohol. In
these patients, daily alcohol consumption was high
(. 60 g) in 11 (44%), moderate (30–60 g) in eight
(32%), and low (, 30 g) in six (24%). Ten of the 38
patients (26.3%) who died as a result of ESLD had
previously received treatment with IFN-Æ alone
(n ¼ 6) or in combination with ribavirin (n ¼ 3). HIV
category according to the 1993 revised CDC classifica-
tion system was determined in 34 patients: seven (21%)
were asymptomatic (stage A), nine (26%) were sympto-
matic (stage B), and 18 (53%) had AIDS (stage C). At
the time of death, the mean CD4 lymphocyte count
was 200 3 106/l (range, 3–700 3 106/l), and 28 pa-
tients (74%) were receiving HAART.

Comparison with the 1995 and 1997 surveys
The distribution of risk factors for HIV transmission
differed between 2001 and the previous cohorts
(Table 1). Whereas heterosexual transmission was more
common in 2001 (1995, 25% versus 2001, 38%;
P , 0.01), transmission due to homosexual activity
(1995, 39% versus 2001, 31%; P , 0.01) and injecting
drug use decreased (1995, 25% versus 2001, 21%;
P , 0.01). Although overall mortality decreased from
1995 to 2001 (8.15% versus 1.05%; P, 0.01), the
proportion of deaths attributable to cirrhosis and/or

HCC increased (1995, 1.5%; 1997, 6.6%; 2001, 14.3%;
P , 0.01) (Table 2). During the same interval, the
percentage of patients who died because of AIDS
decreased from 91.6% in 1995 to 48.7% in 2001
(P, 0.01). Among the patients who died from ESLD,
the percentage of patients with HCV infection (with-
out HBV or HDV coinfection) was higher in 2001
(78.9%) than in 1995 (57.1%) and 1997 (55.5%)
(P, 0.05; Table 4). HCC as a cause of death also
increased over this time interval (1995, 4.7%; 1997,
11.1%; 2001, 25%; P , 0.05). The percentages of
injecting drug use and alcohol consumption were also
higher in 2001 (76% and 66%, respectively) when
compared with that observed in the 1995 (29% and
38%, respectively; P , 0.05) and 1997 surveys (39%
and 33%, respectively; P , 0.05). Finally, prescription
of HAART was more frequent in 2001 (74%) than in
1997 (42%, P, 0.01), and there was a non-significant
increase in median CD4 cell counts at death between
these time points.

Discussion

As in our previous surveys [20], our current study
analysed approximately half of the HIV-related deaths
reported to the French Public Health Network (Institut
de Veille Sanitaire) in 2001 [23]. During this year,
death due to ESLD represented 28% of all non AIDS-
related deaths in the HIV-positive population. These
findings are in accordance with recent studies from
Europe showing the growing importance of liver
disease as a cause of mortality in HIV-infected patients

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Table 1. Comparison of the risk factors for HIV transmission among the 1995, 1997 and 2001 cohorts.

Variable 1995 1997 2001 P

Total HIV-infected patients (n) 17 487 26497 25 178
Risk factor for HIV transmission (%)
Homosexual 39.0 34.7 31.0 , 0.01
Injecting drug use 25.0 18.9 21.0 , 0.01
Heterosexual 24.5 34.6 37.6 , 0.01
Transfusion 2.9 1.4 3.0 , 0.01
Other 8.6 10.4 7.4 , 0.01

Table 2. Comparison of mortality rates from the 1995, 1997 and 2001 surveys.

Variable 1995 1997 2001 P

Total HIV-infected patients (n) 17 487 26 497 25 178
Total HCV-infected patients [n (%)] ND 4465 (16.8%) 6168 (24.5%)
Total deaths [n (annual incidence)]a 1426 (8.15%) 543 (2.04%) 265 (1.05%) , 0.01
AIDS-related deaths [n (% of total death)] 1307 (91.6%) 459 (84.5%) 129 (48.7%) , 0.01
ESLD-related deaths [n (% of total death)] 21 (1.5%) 36 (6.6%) 38 (14.3%) , 0.01
Other causes of death [n (% of total death)] 99 (6.9%) 48 (8.8%) 98 (36.7%) , 0.01

aAnnual incidence was calculated by comparison with the total number HIV-infected patients followed during the
interval. HCV, Hepatitis C virus; ESLD, end-stage liver disease.
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Table 3. Characteristics of the 38 HIV-infected patients with deaths due to ESLD.

Patient
number

Sex /age
(years) Viral hepatitis

Alcohol
consumptiona

Diagnosis of
cirrhosisb

Diagnosis
of HCCb

Risk factor for HIV
transmission

CD4 cell count
(3 106 cells/l)

CDC
stage

Prior HCV
treatment

Anti-HIV
medications (n)

1 M/51 HCV /HBV High Definite No IDU 107 C – 4
2 M/51 HCV No Probable No Homosexual 58 C – 3
3 M/42 HCV High Probable No IDU 24 C – 3
4 M/43 HCV Low Definite No IDU 82 C IFN 3
5 M/37 HBV /HDV No Definite Probable ND 184 A – 2
6 M/42 HCV No Probable No IDU 50 ND – 3
7 M/45 HCV High Definite No IDU 310 C – 3
8 M/42 HCV /HBV High Probable No IDU 80 ND – 3
9 F/39 HCV Mod Probable No IDU ND ND IFN 3

10 F/44 HCV No Probable No IDU 297 B IFN 3
11 F/36 HCV No Definite No IDU 148 B IFN 3
12 M/44 HCV High Definite No IDU 158 B IFN 0
13 F/37 HCV Mod Definite No IDU 134 C – 3
14 M/40 HCV /HBV No Definite No IDU 700 A – 3
15 M/37 HCV /HBV Mod Definite No IDU 358 ND – 3
16 M/34 HBV No Definite No Heterosexual 178 B – 3
17 M/36 HCV High Probable No IDU 297 A – 3
18 F/40 HCV Mod Probable No IDU 30 C – 3
19 M/46 HCV Low Definite No IDU 129 C – 3
20 M/37 HCV High Probable No IDU 64 B – 2
21 F/37 HCV Mod Probable No IDU 54 C – 3
22 M/51 HCV /HBV High Probable No IDU 437 C – 3
23 M/50 HCV No Definite No Hemophilia 326 B – 3
24 F/41 HCV Mod Probable No IDU 592 B – 2
25 M/62 HCV No Definite Probable Hemophilia 82 C IFN 2
26 M/47 HCV No Definite No Heterosexual 160 A – 2
27 M/44 HCV High Definite No IDU 184 C – 0
28 M/36 HCV Mod Probable No IDU 463 B IFN�Riba 2
29 M/40 HCV Low Probable No IDU 370 A – 3
30 M/51 HCV Mod Probable Probable IDU 110 C – 3
31 M/36 HCV High Probable Probable IDU 44 C – 3
32 M/32 HCV Low Definite Definite IDU 90 C – 3
33 M/38 HCV No Definite Definite IDU 450 A IFN 3
34 M/39 HCV /HBV No Definite Definite Heterosexual 3 C – 2
35 M/36 HCV Low Probable No IDU 191 C IFN-Riba 3
36 M/42 HCV High Definite No IDU 240 B PEG-Riba 3
37 F/69 HCV No Probable Probable Transfusion 180 A – 3
38 M/51 HCV Low Probable Probable Homosexual 58 C – 3

aDaily alcohol consumption defined as low (, 30 g), moderate (30–60 g), or high (. 60 g). bDefinite (histologically proven); probable (clinically, biologically, or ultransonographically proven).
ESLD, End-stage liver disease; M, male; F, female; HCV, hepatitis C virus; HBV, hepatitis B virus; HDV, hepatitis delta virus; Mod, moderate; HCC, hepatocellular carcinoma; IDU, injecting drug use;
CDC, Centers for Disease Control and Prevention; IFN, interferon; Riba, ribavirin; PEG, pegylated interferon alfa-2b; ND, not determined.
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[24,25]. For example, Camino et al. reviewed the
causes of death among 1600 HIV-infected patients in
Spain during a 21-month period in 1998 and 1999
[24]. Of the 44 deaths registered during this interval,
liver disease was responsible for 25%. In another multi-
centre study from France, 422 deaths were reported
among HIV-infected patients during the year 2000
[25]. HCV coinfection was the most frequent non
AIDS-related cause of death, representing 10% of all
cases.

Combining our contemporary data with our previous
surveys from 1995 and 1997 [20], has allowed us to
evaluate temporal trends in the mortality of HIV-
infected patients in France. Importantly, unlike pre-
vious studies addressing this issue [14–16,18,24], our
data were derived from a large population of HIV-
infected patients from a national network. All partici-
pating centres were involved in three consecutive
surveys conducted with similar methodology. Although
the annual incidence of death decreased between 1995
and 2001, mortality attributable to ESLD (expressed as
a percentage of the total number of deaths) increased
progressively from 1.5% in 1995, to 6.6% in 1997, and
14.3% in 2001. These findings confirm those of
previous studies of predominantly single-centre cohorts
in Europe and North America [14–16,18,24] (Table 5),
emphasizing the growing importance of ESLD in HIV-
infected patients. Several factors may be implicated in
this evolution. First, prior to the HAART era, early
mortality due to opportunistic infections probably

precluded future deaths related to associated chronic
viral hepatitis. Moreover, the progression to cirrhosis
and HCC in patients with chronic HCV infection
occurs over an average of two or three decades [5,6],
potentially leading to a burden of disease over time.
Increased longevity of HIV-infected patients in the era
of HAART, along with accelerated progression of
HCV-related liver disease [26] places this group of
patients at extremely high risk for liver disease and its
complications in future years.

In the current study, mortality due to ESLD in HIV-
infected patients was predominantly related to HCV
coinfection (95%). However, additional factors, such as
alcohol consumption (66%), HBV coinfection (21%),
and the use of hepatotoxic medications, must be
considered as potential cofactors in accelerating the
progression of chronic liver disease or promoting
decompensation in some of these patients. In particular,
the use of alcohol was more prevalent among patients
who died from ESLD in 2001 (66%) than in those
during previous years (1995, 38%; 1997, 33%). In
parallel, the proportion of injecting drug users, whom
are often co-dependent on alcohol, was higher in 2001
(76%) than in 1995 (29%) and 1997 (39%). As observed
in HIV-negative patients with chronic hepatitis C [27],
the incidence of HCC as a cause of death increased
over the study interval (1995, 4.7%; 2001, 25%).
Regardless of its aetiology, cirrhosis per se is an
important risk factor for HCC [28]. Thus, longer
survival of HIV-infected patients with HCV-related
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Table 4. Characteristics of patients with deaths due to ESLD in 1995, 1997 and 2001.

Variable 1995 n ¼ 21 1997 n ¼ 36 2001 n ¼ 38 P

Mean age [years (range)] 41 (26–66) 42 (31–62) 42 (32–69) NS
Injecting drug use [n (%)] 6 (28.5%) 14 (38.8%) 29 (76.3%) 0.03
Alcohol consumption [n (%)] 8 (38.0%) 12 (33.3%) 25 (65.7%) 0.01
HCC [n (%)] 1 (4.7%) 4 (11.1%) 9 (25.0%) 0.03
Anti-HCV treatment [n (%)] 4 (19.0%) 3 (8.3%) 10 (26.3%) NS
Median CD4 cell count [ 3 106/l (IQR)] 113 (27–257) 131 (46–306) 158 (72–303) NS
HAART [n (%)] 0 15 (41.6%) 28 (73.6%) , 0.01

ESLD, End-stage liver disease; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; HAART, highly active
antiretroviral therapy.

Table 5. End-stage liver disease-related mortality among HIV-infected individuals in the pre-
highly active antiretroviral therapy (HAART) and HAART erasa.

Pre-HAARTera HAARTera

Cohort Year(s) % (n) Year(s) % (n)

Brescia, Italy [11] 1987 13% (35/305) 1996 35% (16/46)
Boston, USA [14] 1991 11.5% (3/26) 1998–1999 50% (11/22)
Madrid, Spain [10,12] 1991–1995 4.8% (15/312) 2000 45% (9/20)
France (present study) 1995 1.5% (21/1426) 2001 14.3% (38/265)

aMortality figures expressed as number of deaths attributable to end-stage liver disease out of
the total number of deaths during the interval.

Mortality due to hepatitis C liver disease Rosenthal et al. 1807



cirrhosis may be implicated in the higher rate of HCC
observed in 2001. Similarly, a higher prevalence of
alcohol abuse probably played a major factor in the
rising proportion of HCC-related deaths [29]. These
data emphasize the importance of abstinence from
alcohol due to its role in accelerating fibrosis progres-
sion [30] and promoting hepatocarcinogenesis in
HCV-infected patients.

Our data demonstrate that approximately three-quarters
of patients who died from ESLD in 2001 were
receiving HAART. This is significantly higher than in
1997 (44%), and parallels the rising prescription of
HAART in France during the period. The association
of chronic HCV infection with hepatotoxicity during
HAART constitutes a potential concern for morbidity
and mortality in HIV–HCV coinfected patients
[31,32]. In particular, HCV infection is an independent
risk factor for HAART-related hepatotoxicity [33], and
it has been reported that HAART may increase the
severity of hepatic necroinflammatory lesions in pa-
tients with chronic hepatitis C [9]. However, other
studies have suggested that the use of protease inhibi-
tors may be protective with respect to the progression
of HCV-related liver disease [26]. Unfortunately, the
design of our study did not allow us to determine the
role of HAART in overall or liver-related mortality in
our patient population. Nevertheless, a recent study
demonstrating that HAART is the strongest predictor
of survival in HIV-positive patients [34] suggests that
treatment for HIV is more important in terms of
overall survival than concerns regarding the potential
exacerbation of HCV-related liver disease by these
medications.

Our multi-centre, national study demonstrates that
ESLD, predominantly due to HCV coinfection, is now
a leading cause of mortality in the HIV-infected popu-
lation. Five years after the introduction of HAART,
the importance of liver disease as a cause of death has
increased progressively. This finding probably relates to
prolonged longevity attributable to HAART, and
possibly due to an increased prevalence of alcohol use.
These findings emphasize the importance of developing
effective strategies for the prevention and treatment of
chronic HCV infection and the moderation of alcohol
intake in HIV-positive patients.
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on Retroviruses and Opportunistic Infections. Seattle, February
2002 [abstract 753].

26. Benhamou Y, Di Martino V, Bochet M, Colombet G, Thinault V,
Liou A, et al. Factors affecting liver fibrosis in HIV and hepatitis
C coinfected patients: impact of protease inhibitor therapy.
Hepatology 2001, 34:283–287.

27. Deuffic S, Buffat L, Poynard T, Valleron AJ. Modeling the
hepatitis C virus epidemic in France. Hepatology 1999,
29:1596–1601.

28. Colombo M. Natural history and pathogenesis of hepatitis C
virus related hepatocellular carcinoma. J Hepatol 1999, 31
(suppl 1):25–30.

29. Donato F, Tagger A, Gelatti U, Parrinello G, Boffetta P, Albertini
A, et al. Alcohol and hepatocellular carcinoma: the effect of
lifetime intake and hepatitis virus infections in men and women.
Am J Epidemiol 2002, 155:323–331.

30. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis
progression in patients with chronic hepatitis C. The OBSVIRC,
METAVIR, CLINIVIR, and DOSVIR groups. Lancet 1997,
349:825–832.

31. Lenzo N, Garas B, French M. Hepatic steatosis and lactic
acidosis associated with stavudine treatment in an HIV patient:
a case report. AIDS 1997, 11:1294–1296.

32. Karras A, Rabian C, Zylberberg H, Hermine O, Duchatelle V,
Durand F, et al. Severe anoxic hepatic necrosis in an HIV-
hepatitis C virus-coinfected patient starting antiretroviral triple
combination therapy. AIDS 1998, 12: 827–829.

33. Soriano V, Sulkowski M, Bergin C, Hatzakis A, Cacoub P,
Katlama C, et al. Care of patients with chronic hepatitis C and
HIV co-infection: recommendations from the HIV-HCV interna-
tional panel. AIDS 2002, 16:813–828.

34. Tedaldi E, Baker R, Moorman A, Alzola CF, Furher J, McCabe RE,
et al. Hepatitis viruses: influence on morbidity, mortality and
response to antiretroviral therapy. Ninth Conference on Retro-
viruses and Opportunistic Infections. Seattle, February 2002
[abstract 659].

Acknowledgements

We thank J. N. Mazza (CISIH, Hôpital Archet 1,
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Valleron, J.L. Vildé; Orleans: P. Arsac, G. Calamy, C.
Mille; Pessac: P. Mercie, J.L. Pellegrin; Poitiers: B.
Becq-Giraudon, J.P. Breux; Rennes: F. Cartier; Reims:
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