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Abstract
Background & aims: Individuals with human immunodeficiency virus (HIV) infection 
frequently also are infected with hepatitis C virus (HCV) (co-infection), but little is known 
about its effects on the progression of HIV-associated disease. We aimed to determine the 
effects of co-infection on mortality from HIV and/or acquired immune deficiency syndrome 
(AIDS), and hepatitis or liver disease, adjusting for the duration of HIV infection. 

Methods: We analyzed data from the 16 cohorts of the Concerted Action on Seroconversion 
to AIDS and Death in Europe (CASCADE) collaboration, which included information on HCV 
infection and cause of death. A competing-risks proportional subdistribution hazards model 
was used to evaluate the effect of HCV infection on the following causes of death: HIV- and/
or AIDS-related, hepatitis- or liver-related, natural, and non-natural. 

Results: Of 9164 individuals with HIV infection and a known date of seroconversion, 2015 
(22.0%) also were infected with HCV. Of 718 deaths, 395 (55.0%) were caused by HIV 
infection and/or AIDS, and 39 (5.4%) were caused by hepatitis or liver-related disease. 
Among individuals infected with only HIV or with co-infection, the mortality from HIV 
infection and/or AIDS-related causes and hepatitis or liver disease decreased significantly 
after 1997, when combination antiretroviral therapy became widely available. However, 
after 1997, HIV and/or AIDS-related mortality was higher among co-infected individuals 
than those with only HIV infection in each risk group: injection drug use (adjusted hazard 
ratio [aHR], 2.43; 95% confidence interval [CI], 1.14–5.20), sex between men and women 
or hemophilia (aHR, 3.43; 95% CI, 1.70–6.93), and sex between men (aHR, 3.11; 95% CI, 
1.49–6.48). Compared with individuals infected with only HIV, co-infected individuals had a 
higher risk of death from hepatitis or liver disease. 

Conclusions: Based on analysis of data from the CASCADE collaboration, since 1997, when 
combination antiretroviral therapy became widely available, individuals co-infected with 
HIV and HCV have had a higher risk of death from HIV and/or AIDS, and from hepatitis or 
liver disease, than patients infected with only HIV. It is necessary to evaluate the effects of 
HCV therapy on HIV progression.
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Introduction

Because of shared transmission routes, human immunodeficiency virus (HIV)-infected 
persons are at risk of other blood-borne and sexually transmitted infections. Hepatitis 

C virus (HCV) infection, which predominantly is transmitted parenterally, is common in this 
group. Because HIV-infected persons live longer in the era of combination antiretroviral 
therapy (cART), they are increasingly more likely to die from non-HIV-related causes,1 with 
the sequelae of hepatitis infections being a leading cause of non-HIV deaths.2 HIV infection 
adversely affects both the natural history and therapy outcome of HCV3 and even in the 
cART era HIV continues to accelerate HCV disease progression.4 However, there is conflicting 
evidence as to whether HCV co-infection accelerates HIV disease progression. A recent 
meta-analysis including 10 studies from the pre-cART era and 27 studies from the cART era5 

reported that HIV–HCV co-infected individuals were not at higher risk of all-cause morta-
lity compared with those with HIV monoinfection in the pre-cART era, but were at a higher 
risk of all-cause mortality in the cART-era. However, no effect of co-infection on the risk of 
acquired immune deficiency syndrome (AIDS)-defining events in the cART era was observed. 
Liver-related mortality was not studied in the meta-analysis but another study reported 
an increased risk of liver-related mortality in HIV–HCV co-infected individuals compared 
with HIV-monoinfected individuals in the cART era.6 The effect of HCV on specific causes of 
mortality, other than HIV and/or AIDS and liver-related causes, in HIV co-infected individuals 
is very limited.7

 Only a few studies, all from individual countries, have explored changes in the impact 
of HCV co-infection on HIV disease progression in the cART era compared with the pre-
cART era8-13 and reported conflicting results. These studies, however, were limited by their 
design because they did not consider competing causes of death and accurate estimates 
of the duration of HCV and HIV infection were not available, except for one study that 
estimated HIV infection duration.8 Moreover, individuals with missing HCV status often 
were excluded from analysis, which can introduce serious bias.14 Better estimates of the 
effect of HCV co-infection on cause-specific mortality, including HIV and/or AIDS-related 
mortality, are needed to improve our understanding of prognosis and to guide the care of 
co-infected patients. The Concerted Action on SeroConversion to AIDS and Death in Europe 
(CASCADE) collaboration, which includes a large group of HIV seroconverters, provides a 
unique opportunity to study the impact of HCV co-infection on both HIV and/or AIDS and 
hepatitis or liver-related mortality, adjusting for the duration of HIV infection. We studied 
the impact of HCV co-infection in HIV-infected persons on deaths from different causes and 
evaluated whether any effect changed after the introduction of cART.
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Materials and methods

Study population
CASCADE is a collaboration within EuroCoord (www.EuroCoord.net), currently of 28 
HIV seroconverter cohort studies in Europe, Australia, Canada, and sub-Saharan Africa. 
Details of CASCADE are described elsewhere.15 In brief, all cohorts included HIV-1–infected 
individuals for whom a date of HIV seroconversion could be estimated reliably. The end date 
used for this analysis was June 2007, when 21 seroconverter cohorts were included in the 
collaboration: 1 Canadian, 2 Australian, and 19 European cohorts.
 Analyses were restricted to 16 cohorts from Europe and Canada for which the cause 
of death was available for at least 50% of reported deaths, and HCV status was known for 
at least 50% of study participants. Survival of individuals from the included and excluded 
cohorts was compared and did not differ significantly. Individuals younger than 15 years 
of age at HIV seroconversion and those with a time period of more than 3 years between 
the last HIV-seronegative and first HIV-seropositive test were excluded. For each cohort 
we collected information on the start date of routine HCV data collection/testing. HCV 
positivity was defined as any positive HCV test (anti-HCV antibody, HCV RNA, or test for 
HCV infection not recorded) during follow-up. HCV-positive individuals were assumed to be 
HCV positive from HIV seroconversion onward. Classification of cause of death (COD) was 
based on the 1993 clinical definition of AIDS from the Centers for Disease Control and the 
International Classification of Diseases 10th revision. Furthermore, the Coding of Death in 
HIV classification system was used to standardize causes of death reported by cohorts.16 
COD were grouped into 4 categories: HIV and/or AIDS-related, hepatitis- or liver-related, 
other natural causes, and non-natural death. When more than one cause of death was 
given, the most likely underlying cause of death was scored independently by members of 
the CASCADE Clinical Advisory Board. 

Statistical analysis
Because effective cART became widely available in 1997, we split the follow-up period into 
2 periods: pre-1997 and 1997 onward, reflecting the pre-cART and cART eras, respectively. 
Follow-up was calculated from the estimated date of seroconversion until the earliest of 
the following: death, loss to follow-up, or the cohort censor date, with the latest being June 
2007. Individuals who contributed to both calendar periods were left-truncated for the cART 
era at December 31, 1996. Those who were enrolled retrospectively after seroconversion 
into the cohort were included in the risk set from their time of cohort enrolment (ie, left 
truncation was applied to control for survivorship bias). Moreover, we applied additional 
left truncation at the first date of routine data collection on HCV for the cohorts that started 
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collecting this information later than the date of their cohort start because information on 
HCV status before routine data collection might be biased (eg, retrospective testing may 
be more likely for individuals suspected of having HCV infection).17 Because a substantial 
number of individuals remained with missing HCV status after the start of routine HCV data 
collection, we used multivariate imputation of HCV status by chained equations and created 
5 imputed datasets.18,19 We assumed that after the start of routine data collection the deci- 
sion to test for HCV was not related to HCV status. Missing COD also was imputed. The 
same variables used in the survival analysis were used in the imputation models (ie, risk 
group, sex, age at HIV seroconversion, co-infection status, cause of death, calendar period, 
left truncation time, and follow-up time). For all analyses, the results from the 5 imputed 
datasets were combined using Rubin’s 20 method. We validated the imputation procedure 
and checked whether the imputed values were reasonable under the assumptions that 
values were missing at random.21 Furthermore, the imputation model was checked by 
including the country of the cohort site.
 To describe whether differences in outcomes were related to use of cART, we 
compared uptake of antiretroviral therapy, achieving an HIV RNA response of 500 copies/
mL or less after therapy initiation and virologic failure (defined as the first of 2 consecutive 
viral loads >500 copies/mL) after initial suppression between monoinfected and co-infected 
individuals using a Cox proportional hazards model, adjusting for sex, risk group, and age 
at HIV seroconversion. Also, an interaction between age at HIV seroconversion and co-
infection status was included. The adjusted hazard ratio (aHR) and 95% confidence interval 
(CI) are presented.
 We estimated all-cause mortality, stratified by cART period and co-infection status, 
through Kaplan-Meier survival estimates. In a Cox proportional hazards model, the effects 
of co-infection and calendar period, and their interaction, were adjusted for sex, risk group, 
and age at HIV seroconversion. Furthermore, we included an interaction between risk 
group and calendar period and an interaction between age at HIV seroconversion and co-
infection status. This latter interaction was included to correct for time since HCV infection. 
We assumed mortality was increasingly different between monoinfected and co-infected 
individuals with increasing HCV infection duration. Therefore, age at HIV seroconversion 
was used as a proxy for the duration of HCV infection. We did not include an interaction 
between risk group and co-infection status as a result of colinearity (eg, all hemophilic men 
were co-infected).
 We estimated cause-specific cumulative incidence curves stratified by co-infection 
status for the pre-cART and cART eras separately. In a multivariable model, the impact of 
co-infection on each cause of death was analyzed using a proportional sub-distribution 
hazards model. In contrast to a proportional cause-specific hazards model, a proportional 
subdistribution hazards model quantifies the effect of each covariable on the cumulative 
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scale, taking into account the effects of other competing causes. Because some CODs 
were rare, some effects of covariables were assumed to be equal for different CODs as 
described in detail in the Supplementary Materials and Methods section.22 The effect of 
HCV status was allowed to depend on age (ie, we included an interaction between age and 
HCV status). We present the results for those aged 30 years because this was the median 
age in the population. In a sensitivity analysis individuals who seroconverted for HIV in the 
pre-cART era and contributed to the cART era were excluded because there may have been 
differences in the proportions surviving into the cART era between monoinfected and co-
infected individuals. For the competing risks analyses, we used the approach described by 
Geskus,23 in which individuals who experienced a competing event remained in the risk 
set with a weight that was determined by the censoring pattern. Analyses were performed 
using R version 2.10.1 (Vienna, Austria).24 The package mstate25 was used to calculate the 
weights.
 All authors approved the final version of the manuscript.

Results
Description of the study population
Of the 9164 HIV seroconverters included in the analyses, 1279 contributed to both calendar 
periods. HCV status was available for 7892 (86.1%) and imputed for 1272 (13.9%). After 
imputation, 2015 (22%) were HCV co-infected. Total person-years of follow-up was 7158 in 
the pre-cART era and 22,230 in the cART era (Table 1). Men having sex with men (MSM) was 
the main risk for HIV transmission (57%), followed by sex between men and women (MSW) 
(25%), injection drug use (IDU) (16%), and hemophilia (2%). Compared with the pre-cART 
era, the proportion of IDU and hemophilic patients in follow-up was lower whereas that of 
MSW and MSM patients was higher in the cART era. HCV infection was much more frequent 
among those infected through IDU (90%) and hemophilia (99%) compared with MSM (7%) 
and MSW (9%). Consequently, 936 (53%) were HCV co-infected in the pre-cART era and 1767 
(20%) were HCV co-infected in the cART era. In both periods, co-infected individuals were 
younger at HIV seroconversion than monoinfected individuals. In the cART era, co-infected 
individuals were infected with HIV in an earlier calendar year than monoinfected individuals. 
After adjustment for sex, risk group, age at HIV seroconversion, and the interaction between 
age at HIV seroconversion and HCV status, neither uptake of therapy (aHR, 1.10; 95% CI, 
0.93–1.31 for those aged 25–29 years) nor achieving an HIV-RNA response of 500 copies/mL 
or less after therapy initiation differed significantly between monoinfected and co-infected 
individuals from all age groups in the cART era (aHR, 0.97; 95% CI, 0.82–1.15 for those <25 
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y; 0.92; 95% CI, 0.80–1.06 for those aged 25–29 y; 0.97; 95% CI, 0.80–1.17 for those aged 
30–34 y; and 1.00; 95% CI, 0.82–1.21 for those aged ≥35 y). Virologic failure after initial 
suppression was comparable for monoinfected and co-infected individuals in all age groups 
of 25 years and older (aHR, 1.05; 95% CI, 0.85–1.30 for those aged 25–29 y; 1.02; 95% 
CI, 0.80–1.31 for those aged 30–34 y; and 0.98; <95% CI, 0.75–1.26 for those aged ≥35 
y). However, co-infected individuals aged younger than 25 years had a slightly higher risk 
of virologic failure (aHR, 1.23; 95% CI, 1.02–1.48). In total, 718 individuals died. A specific 
cause of death was available for 576 (80%) individuals and 142 (20%) causes of death were 
imputed. After imputation, 395 deaths were caused by HIV and/or AIDS and 39 were caused 
by hepatitis or liver-related causes.

All-cause mortality
All-cause mortality unadjusted for possible confounders is shown in Figure 1. In the pre-cART 
era, all-cause mortality was higher, although not significantly, among monoinfected than co-
infected individuals, with 78% (95% CI, 59%–88%) of the monoinfected group estimated 
to die within 15 years after HIV seroconversion compared with 58% (95% CI, 50%–64%) of 
the co-infected group. In contrast, in the cART era, co-infected individuals had significantly 
higher mortality than monoinfected individuals, 35% (95% CI, 31%–39%) vs 11% (95% CI, 
9%–14%), respectively, by 15 years after HIV seroconversion. After adjustment for sex, risk 
group, and age, all-cause mortality did not significantly differ between co-infected and 
monoinfected individuals in the pre-cART era (aHR, 0.75; 95% CI, 0.41–1.37), but remained 

Table 1. General Characteristics of 9164 HIV-Infected Individuals With a Known Interval of HIV Seroconversion, Stratified by
HCV Infection Status and Period of Follow-Up in the CASCADE Collaboration

Characteristic

Pre-cART (n n(TRAc)9671 8674)

HCV (N (N (n (n 6907)

Person-years of follow-up 4211 2947 6923 15307
Median age at HIV seroconversion,

y (IQR)
Mode of HIV infection (%)

Sex between men 51 (5) 605 (73) 329 (19) 4,727 (68)
Injection drug use 726 (78) 70 (8) 1,164 (66) 132 (2)
Hemophilia 141 (15) 0 (0) 68 (4) 2 (0.03)
Sex between men and women 19 (2) 157 (19) 206 (12) 2046 (30)

Sex (%)
Men 696 (74) 719 (86) 1,254 (71) 5574 (81)

Calendar year of HIV
seroconversion, median (IQR)

Total deaths 191 176 223 128
Causes of death (%)

HIV- and/or AIDS-related 123 (64) 140 (80) 91 (41) 41 (32)
Hepatitis or liver-related 15 (8) 1 (1) 20 (9) 3 (2)
Non-natural 40 (21) 6 (3) 63 (28) 21 (16)
Natural 13 (7) 29 (16) 49 (22) 63 (49)

NOTE. Follow-up periods were as follows: pre-cART, before 1997; and cART, 1997 and later. There were 1279 individuals who contributed to both
periods. Because results in this table are based on rounded mean values ofthe 5 imputed datasets, results may not always count up exactly
to the total value.
IQR, interquartile range.



72 Chapter 3.2

higher in co-infected individuals in the cART era (aHR, 1.84; 95% CI, 1.16–2.93). In each 
calendar period there was a significant difference in all-cause mortality by risk group (P< 
.001). Compared with MSM, all-cause mortality in the pre-cART era was 62% higher for 
IDU (aHR, 1.62; 95% CI, 0.97–2.71), almost equal in those with hemophilia (aHR, 0.98; 95% 
CI, 0.55–1.74) and 54% lower (aHR, 0.46; 95% CI, 0.24–1.88) for MSW. In the cART era, all-
cause mortality was higher among all risk groups compared with MSM (aHR, 3.52; 95% CI, 
2.35–5.26 for IDU; 4.77; 95% CI, 2.65–8.58 for those with hemophilia; and 1.51; 95% CI, 
1.03–2.20 for MSW). Overall, there was a significant age effect, but the interaction between 
age and HCV status was not significant (P= .55).

Cause-specific cumulative incidences
Cumulative incidences for each specific COD in the pre-cART era are shown in Figure 2 (upper 
panel). In this era, deaths from HIV and/or AIDS had the highest cumulative incidence in both 
co-infected and monoinfected individuals. The cumulative probability of dying from HIV 
and/or AIDS within 15 years from HIV seroconversion was lower in co-infected individuals 
than in monoinfected individuals. In contrast, the probability of dying of hepatitis or liver-
related causes within 15 years from HIV seroconversion was 4.1% (95% CI, 1.7–6.6) in co-
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Figure 1. Cumulative incidence of all-cause mortality for monoinfected and co-infected individuals in the pre-cART and cART eras 
in the CASCADE collaboration. Dashed line, HIV-monoinfected individuals; solid line, HIV/HCV co-infected individuals; gray area 
around line, 95% confidence interval.
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infected individuals but only 0.4% (95% CI, 0–1.2) in monoinfected individuals.
 In the cART era (Figure 2, lower panel), HIV and/or AIDS-related mortality decreased 
drastically, compared with the pre-cART era for both monoinfected and co-infected 
individuals, although it was less pronounced for the latter with a cumulative incidence at 
15 years of 3.7% (95% CI, 2.2–5.1) and 14.5% (95% CI, 11.1–17.7) for monoinfected and co-
infected individuals, respectively. HIV and/or AIDS and non-natural causes were the most 
likely COD in co-infected individuals whereas HIV and/or AIDS and natural causes were the 
most likely COD in monoinfected individuals. The probability of dying from hepatitis or liver-
related causes in monoinfected individuals in the cART era remained extremely low and was 
comparable with that in the pre-cART era (0.4% within 15 years; 95% CI, 0–0.9). Deaths from 
hepatitis or liver-related causes among co-infected individuals remained more frequent in 
the cART era (2.4% within 15 years; 95% CI, 0.8–4.0) but still decreased and had a somewhat 
later onset after HIV seroconversion.

Comparison of the risk of cause-specific mortality by HCV status
Subdistribution hazards ratios for the relationship between death from each specific cause 
and HCV status are shown in Table 2. In the pre-cART era progression to HIV and/or AIDS-
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Figure 2. Cause-specific cumulative incidence of death from (A) HIV and/or AIDS, (B) hepatitis or liver-related causes, (C) natural 
causes, and (D) non-natural causes for monoinfected and co-infected individuals in the pre-cART and cART eras in the CASCADE 
collaboration. Dashed line, HIV-monoinfected individuals; solid line, HIV/HCV co-infected individuals; gray area around line, 95% 
confidence interval.
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related death was comparable for co-infected and monoinfected individuals from the 
same risk group, except for IDU, whose risk was reduced if they were co-infected (aHR, 
0.55; 95% CI, 0.33–0.90). In the cART era this association was reversed, with co-infected 
individuals from all 4 risk groups having a higher risk of progression to HIV and/or AIDS-
related death than monoinfected individuals: IDU (aHR, 2.43; 95% CI, 1.14–5.20), MSW or 
those with hemophilia (aHR, 3.43; 95% CI, 1.70–6.93), and MSM (aHR, 3.11; 95% CI, 1.49–
6.48), compared with monoinfected individuals of the same risk group. In the pre-cART 
era, co-infected individuals had a much higher risk of hepatitis or liver-related mortality 
than monoinfected individuals (aHR, 21.8; 95% CI, 6.26–75.9 for IDU and aHR, 27.9; 95% CI, 
8.39–92.6 for all other risk groups combined). The same association was seen in the cART 
era, although hazard ratios were slightly less increased (aHR, 7.86; 95% CI, 2.56–24.1 for IDU 
and aHR; 10.0; 95% CI, 95% CI, 3.14–32.2 for all other groups). In the pre-cART era the risk 
of dying from natural causes was lower for co-infected individuals from all risk groups (aHR, 
0.36; 95% CI, 0.16–0.82 for MSW or those with hemophilia; aHR, 0.33; 95% CI, 0.13–0.84 for 
MSM and aHR; 0.26; 95% CI, 0.10–0.63 for IDU), whereas in the cART era hazard rates for 
this COD were comparable for co-infected and monoinfected individuals from the same risk 
group. The risk of dying from non-natural causes did not differ significantly for co-infected 
and monoinfected individuals from all risk groups in both the pre-cART and post-cART eras, 
with the exception of a higher risk of mortality in the cART era among co-infected MSW indi- 
viduals or those with hemophilia (aHR, 2.91; 95% CI, 1.02–8.29).

Table 2. Subdistribution Hazards and 95% CIs for the Relationship Between Death From Each Specific Cause and HCV
Status in the Pre-cART and cART Eras: CASCADE Collaboration

COD by HCV status and risk group combinations

HIV and/or AIDS
HCV-negative MSM, MSW, or those with hemophilia  1 (ref) 1 (ref)
HCV-positive MSM 0.70 (0.42–1.17) 3.11 (1.49–6.48)
HCV-positive MSW or those with hemophilia 0.78 (0.56–1.07) 3.43 (1.70–6.93)
HCV-positive IDU
HCV-negative IDU

Hepatitis or liver a

HCV-negative MSM, MSW, or those with hemophilia
or IDU

)fer(1)fer(1

)1.42–65.2(68.7)9.57–62.6(8.12UDIevitisop-VCH
HCV-positive MSM or MSW or those with

hemophilia
27.9 (8.39–92.6) 10.0 (3.14–32.2)

Natural
HCV-negative MSM, MSW or those with hemophilia  1 (ref) 1 (ref)
HCV-positive MSM 0.33 (0.13–0.84) 1.49 (0.79–2.79)
HCV-positive MSW or those with hemophilia 0.36 (0.16–0.82) 1.64 (0.87–3.08)
HCV-positive IDU
HCV-negative IDU

Non-natural
HCV-negative MSM, MSW, or those with hemophilia  1 (ref) 1 (ref)
HCV-positive MSM 1.78 (0.50–6.35) 2.64 (0.95–7.34)
HCV-positive MSW or those with hemophilia 1.96 (0.58–6.66) 2.91 (1.02–8.29)
HCV-positive IDU
HCV-negative IDU

NOTE. The aHR was adjusted by sex and age.
aBecause of a low number of events, no further distinction between risk groups could be made.
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Changes in the risk of cause-specific death in the cART era within groups with the same 
HCV status
Subdistribution hazards for the relationship between death from each specific cause and 
calendar period are shown in Table 3. Among co-infected MSM or MSW or men with 
hemophilia, the risk of death from both HIV and/or AIDS (aHR, 0.19; 95% CI, 0.10–0.35) and 
hepatitis or liver-related causes (aHR, 0.36; 95% CI, 0.16–0.81) was significantly lower in 
the cART compared with the pre-cART era within the same risk group. A similar pattern was 
seen for co-infected IDUs (aHR, 0.34; 95% CI, 0.22–0.52 and aHR; 0.36; 95% CI, 0.16–0.81, 
respectively). For the co-infected groups, the risk of natural and non-natural causes of death 
did not differ significantly between the pre-cART and cART eras. Among monoinfected MSM, 
MSW, or men with hemophilia the risk of death from both HIV and/or AIDS (aHR, 0.043; 95% 
CI, 0.03–0.07) and natural causes (aHR, 0.34; 95% CI, 0.20–0.58) was lower in the cART 
era compared with the pre-cART era, with similar patterns among the monoinfected IDUs 
(aHR, 0.077; 95% CI, 0.031–0.19; and aHR, 0.20; 95% CI, 0.07–0.57, respectively). Because of 
the small numbers of hepatitis or liver-related deaths among monoinfected individuals the 
effect of risk group could not be estimated.
 In a sensitivity analysis in which country of cohort site was included in the imputation 
model, results did not change. In addition, in a sensitivity analysis that excluded individuals 
from the cART era who seroconverted in the pre-cART era (n=4414), the direction of the aHR 
for HIV- and/or AIDS-related causes remained unchanged, although the reduced size of the 
sample meant that these sensitivity analyses were no longer sufficiently powered to detect 
significant effects (data not shown).

Table 3. Subdistribution Hazards and 95% CIs for the Relationship Between Death From Each Specific Cause and Calendar
Period for HCV-Positive and HCV-Negative HIV-Infected Individuals: CASCADE Collaboration

HCV-positive aHR (95% CI) HCV-negative aHR (95% CI)

HIV and/or AIDS
Pre-cART (within risk group) 1 (ref) 1 (ref)

cART MSM or MSW or those with hemophilia 0.19 (0.10–0.35) 0.04 (0.03–0.07)
cART IDU 0.34 (0.22–0.52) 0.07 (0.03–0.19)

Hepatitis or liver a

Pre-cART (within risk group) 1 NA
cART MSM or MSW or those with hemophilia or IDU 0.36 (0.16–0.81) NA

Natural
Pre-cART (within risk group) 1 (ref) 1 (ref)

cART MSM or MSW or those with hemophilia 1.53 (0.62–3.74) 0.34 (0.20–0.58)
cART IDU 0.90 (0.41–1.94) 0.20 (0.07–0.57)

Non-natural
Pre-cART MSM (within risk group) 1 (ref) 1 (ref)

cART MSM or MSW or those with hemophilia 1.76 (0.72–4.30) 1.18 (0.39–3.58)
cART IDU 1.03 (0.64–1.66) 0.70 (0.17–2.84)

NOTE. The aHR was adjusted by sex and age.
NA, not applicable.
aBecause ofthe low number of events, no further distinction between risk groups could be made.
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Discussion

Our study had a number of clinically relevant findings. First, we found that although all-cause 
mortality did not differ significantly between co-infected and monoinfected individuals in 
the pre-cART era, it became significantly higher for co-infected individuals in the cART era. 
This is in concordance with a recent meta-analysis that reported an increased risk of all-
cause mortality for co-infected compared with monoinfected individuals in the cART era.5 

Second, among co-infected individuals, we found that their risk of hepatitis or liver- related 
mortality decreased in the cART era compared with the pre-cART era. In addition, despite 
the reduction in hepatitis or liver-related mortality in the cART era, co-infected individuals 
still experienced a higher rate of death from these causes compared with monoinfected 
individuals. Third, and importantly, we found that, in the cART era, HCV co-infection 
increased the risk of HIV- and/or AIDS-related mortality. In fact, we found that co-infected 
individuals from all risk groups were at increased risk of HIV- and/or AIDS-related mortality, 
compared with monoinfected individuals from the same risk group. This is in contrast to the 
meta-analysis whose investigators concluded that increased overall mortality was unrelated 
to HIV disease progression in the cART era because the risk of AIDS-defining events was 
not increased.5 Interestingly, although HIV- and/or AIDS-related mortality was not assessed 
in that review, the pooled risk ratio of 1.49 reported for a combination of AIDS and death 
as outcome was statistically significant and in line with our finding. Conflicting results 
might be owing to differences in follow-up duration, inability to correct for duration of HIV 
infection, different statistical methods, and differences in patient population (eg, ethnic 
background).26,27

 Thus, although the effect of HCV on HIV disease progression is still under debate, our 
large study provides strong evidence of an increased risk of HIV- and/or AIDS-related mortality 
among co-infected individuals in the cART era. The underlying mechanisms by which HCV 
affects HIV disease progression are not known, however, although it has been suggested that 
high levels of T-cell activation in co-infected individuals may lead to immune dysfunction.28 
Cirrhosis and advanced liver disease might act as possible intermediate variables. These 
conditions affect immune function, thereby promoting AIDS-defining conditions, which 
might result in classification as an AIDS-related death. In addition, although therapy uptake 
in the cART era is similar for co-infected and monoinfected individuals, it might be that 
cART effectiveness was less in co-infected individuals by increasing the risk of drug-related 
hepatotoxicity, which might explain the poorer outcome.29 Another explanation might be 
lower adherence. In line with previous studies, we found no significant difference in the 
probability of experiencing an initial viral load response after starting therapy between co-
infected and monoinfected individuals.26,30 Moreover, virologic failure did not differ between 
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co-infected and monoinfected individuals aged 25 years and older and differed only slightly 
among the youngest age group. We cannot unravel whether this is the result of toxicity or 
adherence. The difference in virologic failure is unlikely to be caused by progressive liver 
disease because in general the duration of HCV infection is longer in older individuals. More 
research on the effect of HCV co-infection on virologic failure is necessary.31

 Co-infected individuals had a much higher risk of hepatitis or liver-related mortality 
compared with monoinfected individuals in the pre-cART as well as the cART eras. This has 
been reported previously,6 although a substantial proportion (>40%) of the study population 
in that seroprevalent cohort with a missing HCV status were excluded. Individuals with 
a missing HCV status often are excluded from studies6,8,11 and can bias the results.14 To 
overcome this, we imputed missing HCV status and applied additional left truncation from 
the start of routine HCV data collection in each cohort.
 Among co-infected individuals in our study, mortality from hepatitis or liver-related 
causes was lower in the cART era compared with the pre-cART era. This decrease might 
be explained by the use of cART, and by the wide availability of HCV therapy since 2001. 
We were not able to estimate at a population level the effect of cART before HCV therapy 
became available owing to the small number of hepatitis or liver-related deaths observed 
between 1997 and 2000. Furthermore, no data on HCV treatment were available in the 
current CASCADE dataset. However, coverage and effectiveness of HCV treatment is low 
in co-infected individuals,32 especially in co-infected drug users who account for the 
majority of HCV infections in this population.33 Several studies have shown that use of cART 
is associated with a lower rate of liver fibrosis and cirrhosis34,35 and that these benefits 
outweigh the risks of hepatotoxicity caused by cART,36 but these studies are limited because 
they did not take time since HIV infection into account.
 In monoinfected patients, guidelines recommend that the decision to start treatment 
for HCV infection is based on the degree of liver fibrosis and HCV genotype.37 An increased 
risk of both HIV and/or AIDS and hepatitis or liver-related mortality among co-infected 
individuals in the cART era might suggest that co-infected patients should start HIV and HCV 
treatment sooner after diagnosis to reduce the likelihood of disease progression, even in 
the absence of liver fibrosis.28,38 Direct-acting antivirals against HCV are likely to be available 
in the near future; these may provide a cure to a large number of HIV/HCV co-infected 
patients.39 Although results with the HCV protease inhibitors telaprevir and boceprevir 
are highly encouraging, their effects in co-infected patients are still in the trial phase. This 
emphasizes the need for careful evaluation of uptake and effectiveness of the direct-acting 
antivirals in co-infected individuals. Extended follow-up in the cART era also will provide 
insight into the effect of current and future HCV therapy regimens on mortality.
 CD4 cell count and HIV RNA were not taken into account in our analysis because they 
might be intermediate variables in the causal pathway of the effect of HCV on mortality. Then 
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the residual effect of HCV on mortality, over and above that driven through immunologic 
or virologic progression, would be reflected instead of the effect of HCV on mortality in the 
population. This would be of interest for future research. Because HCV status is measured 
frequently in only a small group of individuals, HCV status could not be included as a time-
dependent covariable in our analyses. In addition, a substantial proportion of individuals 
were not tested for HCV RNA, but it is most likely that they are chronically infected because 
spontaneous clearance of HCV in HIV-infected individuals is rare.40

 Although information on the duration of HIV infection is known for all patients, 
information on the duration of HCV infection for all is lacking. Thus, co-infected individuals 
were assumed to be HCV positive from the time of HIV seroconversion onward. This is likely 
to be true for IDUs and those with hemophilia but MSM are more likely to be infected with 
HIV before HCV infection because HIV is spread more efficiently sexually than HCV. Because 
the main expansion of the HCV epidemic started after 2002,17 most of the MSM in our study 
will have been infected with HCV for a relatively short time and this may be too short a time 
for us to witness the sequelae of HCV infection.4 The increase in the proportion of recently 
HCV-infected MSM in the cART era might, in addition to cART use, explain a later onset 
of death after HIV seroconversion from hepatitis or liver-related causes among co-infected 
individuals in the cART era compared with the pre-cART era. We included an interaction 
between age at HIV seroconversion and co-infection status in the analysis as proxy for the 
duration of HCV infection. Although the lack of direct information on the duration of HCV 
infection is a potential limitation of our study, studies with information on the timing of 
both infections and sufficient follow-up to permit analyses of mortality are non-existent. 
 Several potential limitations of our study should be mentioned. Because classification 
of COD might not have been uniform within cohorts, we cannot exclude the possibility of 
misclassification in COD. Furthermore, because all cohorts were initiated to evaluate the 
consequences of HIV infection, COD might have been more likely to be classified as HIV 
and/or AIDS when individuals had a low CD4 cell count. On the other hand, we did not have 
sufficient information on hepatitis B status and alcohol use, which might have resulted in 
hepatitis or liver-related death.41

 To reliably impute missing HCV status and COD, the analyses were restricted to 
cohorts for whom information on COD was available for at least 50% of reported deaths 
and HCV status was known for at least 50% of individuals. There is no reason to expect the 
effect of HCV on HIV disease progression to differ between cohorts that collect data on 
COD and/or co-infection status and those that do not. Furthermore, the relative hazard of 
dying did not differ significantly between the 16 included and the 5 excluded cohorts (data 
not shown) and, given that our dataset was international, we believe that the results are 
generalizable to high-income countries.42

 In conclusion, HCV co-infected individuals appear to be at increased risk of HIV- and/
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or AIDS-related mortality in the cART era. Although the risk of hepatitis or liver-related 
mortality has decreased since cART became available, it is higher among co-infected 
individuals compared with those with only HIV. This underscores the importance of early 
diagnosis of HCV infection in HIV-infected individuals and the need for routine screening 
of HCV among high-risk groups, including those not (yet) infected with HIV. Our findings 
highlight the importance of interventions to increase the uptake of HCV treatment in co-
infected individuals. 
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Supplementary materials 
and methods

Quantifying the effects of the covariables on the subdistribution hazard
We provide a detailed description and motivation of the model that was used for quantifying 
the effects of the covariables on the subdistribution hazard. The time origin of the survival 
analyses was the moment of HIV infection. Because of the small number of events for some 
causes of death and some covariable combinations, we had to assume several effects to be 
equal. In total, we estimated 26 parameters.

Cause-specific and subdistribution hazards
In competing-risks situations, there are 2 types of hazards that can be estimated, the cause-
specific hazard and the subdistribution hazard. The cause-specific hazard quantifies the 
progression rate to the different end points, given that an individual is still event free. A 
regression model on the cause-specific hazard reflects how this progression rate depends 
on covariables. The subdistribution hazard regression model, which we used, quantifies the 
effect of each covariable on the cumulative scale, taking into account the effects of the 
covariable on the competing causes. For example, individuals at risk may have the same 
death rate for natural causes in both calendar periods (ie, same cause-specific hazard that 
reflects etiology). However, the subdistribution hazard for natural causes, which also takes 
into account calendar period effects on other causes, might decrease in the cART era because 
fewer individuals die of AIDS and remain at risk for natural causes. Thus, the subdistribu- 
tion hazard reflects a combination of etiology and cumulative effect. When estimating the 
cause-specific hazard more effects can be assumed to be equal compared with using the 
subdistribution hazard because the subdistribution hazard takes into account the effects 
on competing causes. So, if we assume effects of covariables to be different for the cause-
specific hazard, then we certainly assume such effects to differ for the subdistribution 
hazard.

Assumptions on calendar time effect and HCV
Individual CODs may have completely different hazards over time since HIV infection. 
Therefore, we assume the baseline hazard to differ by COD.
 Our main interest was to investigate the effect of hepatitis C co-infection on the 
different CODs, and how this has changed after the introduction of cART. Therefore, 
when studying mortality from each COD, the HCV status, calendar period, as well as their 
interaction were included in the model. The only exception was that we assumed hepatitis 
or liver-related mortality not to depend on calendar time in HIV-monoinfected individuals 
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because of the small number of events. The following assumptions were applied.
 
Assumptions on sex effect and HCV 
Males were the reference group. Although a sex effect in HCV progression has been 
suggested, effects of sex were assumed not to depend on HCV status. In the pre-cART era 
we allowed for a sex effect, which we assumed equal for every COD. In the cART era it 
has been suggested that females are more likely to benefit from cART,1 which affects their 
AIDS-specific hazard. The same effect is reflected in the AIDS subdistribution hazard and 
therefore this also affects the subdistribution hazards for non-natural and natural death. 
Because of the small number of events we did not assume a sex effect for hepatitis or liver-
related mortality between the calendar periods among monoinfected persons. Because we 
assumed sex effects to be independent of HCV status, we assumed sex effects on hepatitis 
or liver-related mortality to be independent of the calendar period among co-infected 
persons as well.
 In a sensitivity analysis we took into account a sex effect (ie, the effects of sex were 
assumed to depend on HCV status), which did not change the results.

Assumptions on age effect and HCV
Among the monoinfected group, the effect of age was assumed to be equal for HIV- and/
or AIDS-related, hepatitis or liver-related, and natural death, but different for non-natural 
death because mortality generally increases with increasing age, except for non-natural 
causes. Among the co-infected group, the relative age effect on the subdistribution hazard, 
compared with monoinfected persons, was assumed to be the same for the 3 CODs. For 
hepatitis or liver-related mortality, we allowed this change in age effect to be different 
because age at HIV infection is a proxy for time since HCV infection (eg, an HCV-infected 
individual aged 50 at HIV infection is likely to have been HCV infected for a longer duration 
than a person aged 20 at HIV infection). The effect of age was assumed to be independent 
of calendar period.

Assumptions on risk group effect and HCV 
IDUs especially are seen as a group for which effects of HCV on COD are different. Among 
monoinfected persons, we assumed subdistribution hazards of MSW and those with 
hemophilia to be equal to MSM of the same sex and age in both calendar periods for all 
CODs. The subdistribution hazard of IDUs was assumed to differ for every COD in the pre-
cART era, except for hepatitis or liver-related causes. We assumed the effect in the cART era 
to be different from the pre-cART era, but the effect on the relative subdistribution hazard 
in the cART era, compared with the combined other risk groups, was assumed to be the 
same for natural and non-natural death.
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 Among co-infected persons, for hepatitis or liver-related mortality, because of the 
small numbers, we assumed subdistribution hazards of MSW and those with hemophilia to 
be equal to MSM of the same sex and age, and not to depend on the calendar period. For the 
other 3 CODs, we assumed the subdistribution hazard of MSW and those with hemophilia 
to be different from MSM. However, the effect relative to HCV-positive MSM was assumed 
to be equal, and the same in both calendar periods. For IDU we assumed effects, relative 
to co-infected MSM of the same sex and age, to be the same for HIV and/or AIDS-related, 
hepatitis or liver-related, and natural death causes, and not to differ by calendar period. It 
is known that co-infected IDUs are at increased risk of non-natural mortality. Therefore, we 
assumed that the relative effect had a different value, but again no interaction with calendar 
period was assumed.
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