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Abstract

Among persons with HIV (PWH), higher alcohol use and having hepatitis C virus (HCV)
are separately associated with increased morbidity and mortality. We investigated
whether the association between alcohol use and mortality among PWH is modified
by HCV. Data were combined from European and North American cohorts of adult
PWH who started antiretroviral therapy (ART). Self-reported alcohol use data, col-
lected in diverse ways between cohorts, were converted to grams/day. Eligible PWH
started ART during 2001-2017 and were followed from ART initiation for mortality.
Interactions between the associations of baseline alcohol use (0, 0.1-20.0, >20.0 g/
day) and HCV status were assessed using multivariable Cox models. Of 58,769 PWH,
29,711 (51%), 23,974 (41%) and 5084 (9%) self-reported alcohol use of Og/day, 0.1-
20.0g/day, and>20.0g/day, respectively, and 4799 (8%) had HCV at baseline. There
were 844 deaths in 37,729 person-years and 2755 deaths in 443,121 person-years
among those with and without HCV, respectively. Among PWH without HCV, ad-
justed hazard ratios (aHRs) for mortality were 1.18 (95% Cl: 1.08-1.29) for 0.0g/day
and 1.84 (1.62-2.09) for >20.0g/day compared with 0.1-20.0g/day. This J-shaped
pattern was absent among those with HCV: aHRs were 1.00 (0.86-1.17) for 0.0g/
day and 1.64 (1.33-2.02) for >20.0g/day compared with 0.1-20.0g/day (interaction
p<.001). Among PWH without HCV, mortality was higher in both non-drinkers and
heavy drinkers compared with moderate alcohol drinkers. Among those with HCV,
mortality was higher in heavy drinkers but not non-drinkers, potentially due to differ-

ing reasons for not drinking (e.g. illness) between those with and without HCV.

KEYWORDS
alcohol, cause-specific, cohort, hepatitis C virus, HIV, mortality

1 | INTRODUCTION

Mortality is higher among persons with HIV (PWH) who also have
hepatitis C virus (HCV) than those who do not."? This is despite early
administration of combination antiretroviral therapy (ART) and dura-
ble suppression of HIV replication having improved overall survival
and delayed disease progression among PWH.® In some settings,
liver-related mortality has been ranked as a leading cause of mor-
tality among PWH,*” likely due to hepatic decompensation and/or

hepatocellular carcinoma.®™1°

Since the advent of direct acting antiviral (DAA)-based treatment
in 2014, sustained virological response (SVR) rates are >90% in HIV/

11-13 \who were on the priority list for DAA

HCV co-infected patients,
initiation soon after their arrival on the market. DAA treatment is
now recommended for all persons with HCV.!* Lifestyle factors, es-
pecially risk behaviours, are likely to differ between PWH with and
without HCV; the prevalence of HCV among PWH with histories of
injecting drug use (IDU) is estimated to be 82%.'° Furthermore, HCV
is frequent (weighted average 16.3%) among patients with alcohol

use disorders.'® Alcohol use in PWH with HCV has been related to
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increased risk of liver disease progression (liver fibrosis, liver can-

1718 and no safe level of alcohol use

cer and liver-related mortality),
has been described. Excess mortality in PWH with HCV could be
addressed by interventions to reduce harm from substance/alcohol
use and other risk behaviours. However, data on the association of
alcohol use with all-cause and cause-specific mortality in PWH with
HCV are scarce, especially in the era of DAAs.

Studies of alcohol use among PWH have found J- or U-shaped
associations with mortality: those with no alcohol use and heavy
alcohol use have higher mortality than those with low/moderate al-
cohol use.” Higher mortality among non-drinkers may arise because
some members of this group stopped drinking due to illness or alco-
hol dependency.?®?* Whether the same patterns holds among PWH
with HCV is unclear.

We aimed to investigate whether the association between al-
cohol use and all-cause mortality in PWH differed by HCV status,
and whether any such difference remained after accounting for HCV
cure. We then investigated these outcomes in separate follow-up
periods to account for the availability of DAAs and assessed trends
in all-cause and cause-specific mortality in groups of PWH defined
by HCV and alcohol use.

2 | MATERIALS AND METHODS

The Antiretroviral Therapy Cohort Collaboration (ART-CC) combines
data from cohorts of PWH in Europe and North America. Ethics
committees or institutional review boards approved the individual
cohorts, which used standardised data collection methods and regu-
larly followed-up patients. The 14 cohorts included in these analyses
were those with data on both grams of alcohol use per day (recorded
from 6 months before starting ART) and baseline HCV RNA testing
data available for over 50 patients. Included PWH started ART be-
tween 2001 and 2017 when aged 216years old,?? and had a CD4
count and HIV-1 RNA viral load measurement between 3 months be-
fore and 2 weeks after starting their first combination ART regimen.
We excluded those with known hepatitis B virus (HBV) infection,
defined as testing positive for hepatitis B surface antigen (HBsAg) at
baseline: data on HBV testing were unavailable for one cohort that

was included.

2.1 | Alcohol data

Data on self-reported alcohol use were recorded through ques-
tionnaires that varied between cohorts and included both alcohol
use disorders identification test consumption (AUDIT-C) and non-
AUDIT-C measures. AUDIT-C is a three-item questionnaire which
returns a score from O to 12 where increasing score means higher
risk alcohol use. Non-AUDIT-C cohorts recorded the self-reported
number of drinks/units per week/day. These data were harmonised
into grams of alcohol per day taking the mid-points of categories for
cohorts that measured alcohol use in categories (see supplementary

e

materials for further information). Distributions of alcohol use within
cohorts were examined, following which they were categorised as
0, 0.1-20.0and > 20.0g per day, to enable analyses to be combined
across cohorts, while still accounting for no alcohol use, low to me-
dium alcohol use and high alcohol use. This alcohol use measure was
taken at a single time point closest to ART start for each person,
using a window of émonths prior to ART start until the end of fol-
low-up. In a sensitivity analysis, we restricted the sample to those
with alcohol measurements taken from 6 months before ART initia-

tion up to 3months afterwards.

2.2 | HCVdata

HCV-RNA status at baseline was used to define baseline HCV status
when available (for 47% of patients with HCV), otherwise HCV an-
tibody status was used. Among PWH with HCV antibody status at
baseline but no baseline HCV RNA data, data on HCV-RNA testing
were subsequently available for 59%, and the earliest test was posi-
tive for 86%. Time-updated HCV status after baseline was defined
using only HCV RNA status. HCV cure or spontaneous clearance
was defined as two subsequent negative HCV RNA tests following
a positive test, while new HCV infection was defined as a positive
HCV RNA test following a negative test. Data on HCV treatment

were incomplete, and so were not used in analyses.

2.3 | Mortality data

Cohorts gathered information on mortality through linkage with
vital statistics agencies and hospitals or physician report, and the
active follow-up of participants. We adapted the Coding of Death in
HIV (CoDe) project protocol (https://www.chip.dk/Tools-Standards/
CoDe/About) to classify causes of death, as described previously,23
with causes of death further categorised into groups and tabulated
against HCV/alcohol use status.

2.4 | Statistical analyses

Patients were followed-up from ART start (baseline) until the earli-
est of death, loss to follow-up or cohort-specific database admin-
istrative censoring (mostly in 2019). Patients with a gap of greater
than 1year between the date last known to be alive and adminis-
trative censoring were considered lost to follow-up and censored
6 months after their last recorded measurement.

We fitted Cox models with baseline hazards stratified by cohort to
estimate associations of alcohol use with all-cause mortality accord-
ing to HCV status (negative, positive) by including interaction terms.
Follow-up from 2001 to 2017 was split at times of HCV cure, spon-
taneous clearance or infection (including reinfection), allowing for
multiple periods of follow-up per person. We then further stratified
follow-up time into calendar periods 2001-2013 and 2014-2017, to
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account for the availability of DAAs from 2014 onwards. The covari-
ates included were self-reported HIV acquisition mode (sex between
men, IDU, heterosexual sex, other/unknown), sex (male or female)
and variables time-updated at times of HCV cure, clearance, or in-
fection: prior AIDS events (binary), as well as age (years), CD4 count
(cells/pL) and log HIV-1 RNA (copies/mL). CD4 count and log HIV-1
RNA values were modelled using cubic splines with three knots and
time-updated measurements were taken from windows between
6 months before and 1 month after the time of cure or infection. We
investigated violations of the proportional hazards assumption using
Schoenfeld residuals: these suggested a time varying effect of prior
AIDS events so interactions between prior AIDS events and time (0-
6, 6-12, 12-24, >24 months) were included in subsequent models.
In additional analyses we stratified HCV negative PWH into
those who had never been HCV positive and those who were HCV
negative following cure or spontaneous clearance. Finally, using fol-
low-up after 2014 among PWH who had ever had HCV, we com-
pared mortality rates for different alcohol use categories separately
among PWH who were previously HCV-positive and PWH who

were HCV-positive at the time.

3 | RESULTS

There were 480,849 person-years follow-up (median 7.8 years) among
58,769 PWH, of whom 12,454 (21%) were female. At ART initiation,
the median age was 40years (interquartile range: 32-49), while 4799
(8%) had HCV. The daily alcohol use was Og in 29,711 (51%) PWH,
0.1-20.0gin 23,974 (41%), and>20.0g in 5084 (9%). The median tim-
ing of the measurement of daily alcohol use was taken 2 months after
ART start (interquartile range: Omonths before to 3years after ART
start). Table 1 presents the characteristics of those included stratified
by HCV status and alcohol use category. A higher percentage of per-
sons that acquired HIV through IDU were in the >20.0g alcohol use
category (20%), than among those that acquired HIV sexually (9%), or
through other/unknown modes of acquisition (6%).

3.1 | All-cause mortality

Of 3599 deaths (overall mortality rate 7.5 per 1000 person-years),
844 in 37,729 person-years follow-up were in PWH with HCV and
2755 in 443,121 person-years in PWH without HCV. The numbers
of deaths (person-years) were 1789 (244,405) among those report-
ing no alcohol use, 1302 (196,642) among those reporting alcohol
use of 0.1g-20g/day, and 508 deaths in 39,802 follow-up years and
>20g per day, respectively.

3.2 | Mortality hazard ratios

Table 2 shows adjusted mortality hazard ratios (aHRs) comparing
alcohol use categories, stratified by HCV status and year of ART

initiation; unadjusted HRs are shown in Table S1. Overall, there
was a J-shaped pattern, with aHRs of 1.17 (95% confidence inter-
val [95% Cl]: 1.09-1.27) for those with alcohol use of 0.0g/day and
1.88 (95% Cl: 1.68-2.09) with alcohol use of >20.0g/day, compared
with 0.1-20.0g/day. A similar pattern was seen in those without
HCV, with aHRs 1.18 (95% Cl: 1.08-1.29) for 0.0g/day and 1.84
(95% Cl: 1.62-2.09) for >20.0g/day, compared with 0.1-20.0g/day.
However, these associations differed in those with HCV (interaction
p-value<0.001): aHRs were 1.00 (95% CI: 0.86-1.17) for 0.0g/day
and 1.64 (95% Cl: 1.33-2.02) for >20.0g/day, compared with 0.1-
20.0g/day. These associations were similar when based on follow-up
between 2001-2013 and 2014-2017, although for PWH with HCV
the aHR for >20.0g/day of alcohol use, compared with 0.1-20.0g/
day was attenuated to 1.47 (95% Cl: 1.07-2.03) during 2014-17. For
PWH reporting 0.1-20.0g/day of alcohol, the aHR was 2.64 (95%
Cl: 2.28-3.04) comparing those with and without HCV. In a sensitiv-
ity analysis restricting the sample to 30,208 PWH with alcohol use
values taken between 6 months before ART initiation to 3months
afterwards, results were similar to in the main analysis: aHRs 1.12
(95% Cl: 0.99-1.26) for 0.0g/day and 1.69 (95% Cl: 1.44-1.97) for
>20.0g/day, compared with 0.1-20.0g/day.

3.3 | Mortality hazard ratios including time-
dependent HCV cure or clearance

Table 3 shows adjusted mortality HRs comparing alcohol use cat-
egories when additionally stratifying HCV status into periods fol-
lowing a cure or spontaneous clearance. Among PWH without HCV
a J-shaped pattern was seen overall and in the 2001-2013 and
2014-2017 time periods. The numbers of deaths (person years of
follow-up) were 844 (37,729) among those HCV positive and 103
(9846) among those whose HCV was cured/cleared. The small
number of deaths among those cured/cleared meant that associa-
tions with alcohol consumption were imprecisely estimated in the
2001-2013 period. However, in the overall and 2014-2017 periods
mortality was higher among PWH reporting >20.0g compared with
0.1-20.0g alcohol use, aHRs 1.87 (95% Cl: 1.00-3.48) and 2.45 (95%
Cl: 1.24-4.82), respectively.

3.4 | Mortality hazard ratios among those who had
ever had HCV

Table S2 shows aHRs comparing alcohol use categories in post-2014
follow-up among PWH who had ever had HCV, with follow-up split
into time HCV positive or after HCV cure or spontaneous clear-
ance (4576 PWH contributed 8973 time-periods). The overall aHR
for mortality comparing >20.0g with 0.1-20.0g daily alcohol use
was 1.32 (95% Cl: 0.93-1.88). The mortality aHR was lower during
follow-up for PWH who were currently HCV-positive (1.13 [95% Cl:
0.76-1.69]), than for PWH who were previously HCV-positive (2.32
[95% Cl: 1.16-4.63]). The aHRs for mortality comparing 0.0g with
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TABLE 1 Characteristics at start of ART stratified by HCV status and daily alcohol use category.

Total HCV negative HCV positive
Og 0.1-20g >20g Og 0.1-20g >20g

Overall 58,769 (100%) 27,202 (50%) 22,336 (41%) 4432 (8%) 2509 (52%) 1638 (34%) 652 (14%)
Age (years)

16-29 10,705 (18%) 5555 (20%) 4163 (19%) 667 (15%) 152 (6%) 116 (7%) 52 (8%)

30-39 17,921 (30%) 8693 (32%) 6994 (31%) 1178 (27%) 561 (22%) 321 (20%) 174 (27%)

40-49 16,502 (28%) 7136 (26%) 6228 (28%) 1390 (31%) 916 (37%) 575 (35%) 257 (39%)

250 13,641 (23%) 5818 (21%) 4951 (22%) 1197 (27%) 880 (35%) 626 (38%) 169 (26%)
Sex

Male 46,315 (79%) 18,939 (70%) 19,362 (87%) 4089 (92%) 1953 (78%) 1411 (86%) 561 (86%)

Female 12,454 (21%) 8263 (30%) 2974 (13%) 343 (8%) 556 (22%) 227 (14%) 91 (14%)
ART start year

2001-2013 46,174 (79%) 21,036 (77%)  17,615(79%) 3322 (75%) 2191 (87%) 1462 (89%) 548 (84%)

2014-2017 12,595 (21%) 6166 (23%) 4721 (21%) 1110 (25%) 318 (13%) 176 (11%) 104 (16%)
CD4 count (cells/uL)

0-49 7037 (12%) 3643 (13%) 2304 (10%) 512 (12%) 324 (13%) 185 (11%) 60 (9%)

50-99 4363 (7%) 2184 (8%) 1452 (7%) 331 (7%) 187 (7%) 144 (9%) 65 (10%)

100-199 9339 (16%) 4305 (16%) 3383 (15%) 690 (16%) 483 (19%) 332 (20%) 146 (22%)

200-349 18,048 (31%) 8118 (30%) 6971 (31%) 1389 (31%) 804 (32%) 532 (32%) 234 (36%)

2350 19,982 (34%) 8952 (33%) 8226 (37%) 1501 (34%) 711 (28%) 445 (27%) 147 (23%)
Viral load (copies/mL)

0-9999 9881 (17%) 4581 (17%) 3705 (17%) 597 (13%) 536 (21%) 347 (21%) 115 (18%)

10,000-99,999 23,287 (40%) 10,640 (39%) 8944 (40%) 1768 (40%) 1019 (41%) 644 (39%) 272 (42%)

>100,000 25,601 (44%) 11,981 (44%) 9687 (43%) 2067 (47%) 954 (38%) 647 (39%) 265 (41%)
HIV acquisition mode

Sex between men 22,576 (38%) 9406 (35%) 10,389 (47%) 2286 (52%) 231 (9%) 205 (13%) 59 (9%)

IDU 2502 (4%) 377 (1%) 342 (2%) 156 (4%) 853 (34%) 433 (26%) 341 (52%)

Heterosexual sex 20,487 (35%) 12,463 (46%) 5926 (27%) 1348 (30%) 440 (18%) 212 (13%) 98 (15%)

Other/unknown 13,204 (22%) 4956 (18%) 5679 (25%) 642 (14%) 985 (39%) 788 (48%) 154 (24%)
AIDS status

No 47,385 (81%) 21,872 (80%) 18,382(82%) 3488 (79%) 1906 (76%) 1253 (76%) 484 (74%)

Yes 11,384 (19%) 5330 (20%) 3954 (18%) 944 (21%) 603 (24%) 385 (24%) 168 (26%)
HCV status

Negative 53,970 (92%) 27,202 22,336 4432 (100%) 0 (0%) 0(0%) 0 (0%)

(100%) (100%)
Positive 4799 (8%) 0 (0%) 0 (0%) 0 (0%) 2509 (100%) 1638 (100%) 652 (100%)

Abbreviations: ART, antiretroviral therapy; HCV, hepatitis C virus; IDU, injecting drug use.

0.1-20.0g of daily alcohol use were 0.98 (95% Cl: 0.74-1.29) and
1.51 (95% Cl: 0.91-2.51) during follow-up for PWH who currently
HCV-positive and previously HCV-positive, respectively.

3.5 | Cause-specific mortality

Causes of death, stratified by alcohol use category and baseline
HCV status are presented in Table 4. The proportion of liver-related
deaths among PWH who had HCV was higher (18.0%) than among

those without HCV (3.1%). Most liver-related deaths among those
with HCV were due to hepatitis (including hepatitis-related liver can-
cers), while most among PWH without HCV were due to liver failure.
There was a higher proportion of liver-related deaths among PWH
with >20.0g/day of alcohol use (10.0%), than among those with 0.1-
20.0g/day use (6.2%), or 0g/day use (6.1%). The highest proportion
of deaths due to substance use (5.1%) was among PWH with HCV
who reported >20.0g/day of alcohol use.

Among PWH who had HCV at baseline and reported >20.0g/
day of alcohol use, 16.7% of deaths were due to liver and 6.3% due
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to substance use-related causes. The corresponding proportions
among those with HCV were 19.4% and 4.3% among those with
0.1-20.0g use per day, and 17.6% and 3.2% among those with Og
use per day (Table 4). Among those without HCV, the corresponding
proportions were 7.4% and 4.1%, 2.3% and 2.6%, and 2.5% and 1.5%
among those who in the >20.0, 0.1-20.0, and Og/day alcohol use

categories, respectively.

4 | DISCUSSION

The association between alcohol use and all-cause mortality in PWH
is modified by HCV status. Among PWH without HCV, there was a
J-shaped pattern of higher mortality in those reporting no drinking
and heavy drinking, compared with low or moderate drinking, while
among PWH with HCV, there was higher mortality only among those
reporting heavy drinking. Due to wide confidence intervals, further
evidence is required to ascertain whether a J-shaped pattern was
present among PWH who had been cured of or cleared HCV. 22%
of the deaths among PWH with HCV were liver- or substance use-
related, compared with only 5% among PWH without HCV. Among
PWH without HCV, the proportion of liver- or substance use-related
deaths was over twice as high in those reporting heavy drinking,
compared with no, low or moderate drinking.

Reasons for not drinking, or stopping drinking alcohol, may differ
between PWH with and without HCV: PWH with HCV may stop
or reduce their alcohol use because of knowledge of their HCV di-
agnosis?* or HCV-related illness, while those without HCV, may be
more likely to have stopped drinking due to other comorbidities,
potentially related to previous alcohol use. Abstaining from alcohol
is often due to religious or cultural reasons. Other behaviours may
differ between PWH with and without HCV: in particular there is a
higher prevalence of active IDU among PWH with than without HCV:
this is associated with higher mortality due to overdose, and worse
HIV-related outcomes.?” It is possible that PWH with no history of
heavy alcohol use were prioritised for DAAs early in the DAA-era,
resulting in reduced HCV-mortality. Finally, higher mortality among
the comparator low/moderate alcohol use group in those with HCV
than without HCV may contribute to the effect modification.

4.1 | Comparison with other literature

Our study is, to our knowledge, the first to demonstrate modifica-
tion by HCV of the association of alcohol use with all-cause mor-
tality among PWH. Higher mortality among PWH with high alcohol
use has been reported among those with and without HCV,2%:26-28
and binge-drinking is associated with higher mortality.?’ Alcohol use
in PWH with HCV may exacerbate liver damage arising from prior
long-term HCV infection by causing oxidative stress and promoting
fibrosis, thereby accelerating progression to cirrhosis.*° High alco-
hol use can lead to reduced adherence to medications, while alcohol

consumption is itself associated with other comorbidities, such as

— Qe

cardiovascular disease.'”®! Higher mortality among PWH who do
not drink alcohol than among light/moderate drinkers may be par-
tially explained by their prior drinking history.27 Differing propor-
tions of abstaining from alcohol have been reported across HCV/
HIV/IDU subgroups, with abstention from alcohol more common
among people without a history of IDU that had HCV than those
without HCV,%? although we did not see this in our study. The
ART-CC previously found that 62% of PWH with HCV had histories
of IDU, compared to only 2% of PWH without HcV.2 Nonetheless,
excess mortality in PWH with HCV was only partly explained by IDU
and even after adjusting for IDU and other important confounding
factors, PWH with HCV had a two times higher all-cause mortal-
ity and 7.5 times higher liver-related mortality than those without
HCV.? Several extra-hepatic co-morbidities (e.g. cardiovascular dis-
ease and non-AIDS cancers) are observed more often in PWH with
than without HCV.3%3*

4.2 | Strengths and limitations

This analysis was based on multiple cohorts of PWH spanning
many countries across the US and Europe. However, there were
several limitations. Firstly, individuals' alcohol use will vary over
time, but our analyses were based on a single report of alcohol
use for each individual, so we may miss changes in alcohol use.
We performed a sensitivity analysis to investigate the effect of
restricting the window of alcohol use values to between 6 months
before and 3months after ART start and found similar results.
Second, alcohol data were collected in different ways by different
cohorts, and detailed analyses were required to harmonise these
data (see supplementary materials), which may have resulted in
the use of broad categories that do not capture enough variation
in alcohol use. Self-reported alcohol use may be affected by recall
bias and perceived desirability of lower alcohol use, so the per-
centage of people in the highest alcohol use category may be an
underestimate. Equally, the percentage of people self-reporting as
not drinking alcohol may be an overestimate. However, we have
no evidence to suggest that any misreporting of drinking was
not equivalent among both PWH with and without HCV, so our
overall conclusions regarding the interaction between alcohol use
and HCV status would likely remain unchanged. Due to a lack of
data, we were unable to adjust our regression models for poten-
tial variables that may explain non-drinking such as religious or
cultural reasons, and previous diagnoses of alcohol use disorders.
The database close date for most cohorts (~2019) occurred 5 years
after the start of the DAA-era of HCV treatment, so some HCV
treatment information is for interferon-based treatments, which
are now rarely used in high-income settings. Finally, when HCV
RNA status was unavailable at ART start we used antibody status
to define HCV-infection, which may mean that we included some
individuals in the HCV group who had previously spontaneously
cleared their infections. However, our subsequent time-updating
of HCV status was performed only using HCV RNA testing data.
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4.3 | Implications

Both alcohol use and HCV are major causes of morbidity and mortal-
ity among PWH, whose importance is increasing as the rates of death
due to AIDS decrease and the population of PWH on ART ages with
corresponding increases in age-related comorbidities and consump-
tion of medications for these.®> The relative consequences of high
versus moderate alcohol use are similar in PWH with and without
HCV, which implies the excess mortality risk is higher among those
with HCV, as their underlying mortality risk is greater. This suggests
that interventions to reduce high alcohol use among PWH with HCV
may lead to lower mortality. Further research is required to under-
stand alcohol use patterns among PWH with and without HCV, and

to develop appropriate interventions to reduce alcohol use.

5 | CONCLUSIONS

We found differing associations between alcohol use and mortal-
ity among PWH with and without HCV. Whether mortality patterns
among PWH who have been cured of or cleared HCV follow the
patterns of PWH with or without HCV will require further analyses
with longer follow-up during the DAA era.
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