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Abstract

We examined the longitudinal association between alcohol use and liver fibrosis, measured by FIB-4 Score,
among HIV-infected individuals by (1) antiretroviral therapy (ART) class, and (2) the presence of hepatitis C
(HCV) co-infection. This was a prospective cohort study of 550 individuals in the Johns Hopkins HIV Clinical
Cohort initiating ART between 2000 and 2012. The relationship between alcohol consumption (defined using
NIAAA categories of non-, moderate, and hazardous drinkers) and liver fibrosis (FIB-4 score) by ART class
was assessed using linear mixed effects models. Additionally, we examined whether the presence of HCV
modified and whether viral load mediated the relationship between alcohol use and liver fibrosis. Overall, FIB-4
levels were 15.6% higher in hazardous drinkers compared to moderate drinkers ( p = 0.025) after adjusting by
age, sex, and race. Hazardous drinkers on PI-based regimens had FIB-4 scores 26.9% higher than moderate
drinkers ( p = 0.015). However, there was no difference in FIB-4 levels between hazardous drinkers on non-PI-
based regimens compared to moderate drinkers (1.83% versus moderate drinkers, p = 0.848). There was no
significant difference in FIB-4 between nondrinkers and moderate drinkers, irrespective of ART regimen. These
associations were not modified by HCV status or mediated by viral load changes. Individuals with hazardous
alcohol consumption and on PI-based regimens had significantly increased liver fibrosis, as measured by the
FIB-4. These data suggest that providers should consider level of alcohol consumption when choosing an ART
regimen to minimize detrimental effects on the liver.

Introduction

Hazardous alcohol use is a potent risk factor for liver
disease.1 In people living with HIV, hazardous alcohol

use may be especially harmful, as it is associated with de-
creased adherence to antiretroviral therapy (ART),2 increased
ART discontinuation,3 and decreased viral suppression.4

Hazardous alcohol use is prevalent among individuals with
HIV,5,6 and can indirectly affect the liver through its impact
on ART adherence and consequent HIV viremia, which has
been independently associated with liver disease progres-
sion.7 With the improved survival among persons living with
HIV (PLWH), liver related morbidity and mortality has in-
creased,8,9 possibly due to aging, long-term liver-toxic ex-
posures including antiretroviral drugs or residual immune
activation and chronic inflammation with treated HIV.

The effect of alcohol on liver fibrosis is particularly rele-
vant for individuals with HIV and hepatitis C virus (HCV)
co-infection, as both diseases have been independently as-
sociated with liver disease progression.10,11 A recent cross-
sectional study among United States veterans demonstrated12

that alcohol use in the past year was associated with a sig-
nificantly increased prevalence of advanced hepatic fibrosis
(defined as a Fibrosis-4 score or FIB-4 > 3.25) among HIV
infected, compared to HIV uninfected individuals, and HCV
infected compared to HCV uninfected individuals. This same
study found that the prevalence of fibrosis increased with
increased alcohol consumption.

Although there is a clear association between alcohol use and
advanced hepatic fibrosis among individuals with HIV, HCV,
and HIV/HCV co-infection, it is unknown how alcohol use
affects liver disease progression over time among individuals
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initiating ART. Furthermore, antiretroviral medications may
have a direct toxic effect on the liver. Early studies examining
both protease inhibitors (PI) and non-nucleoside reverse tran-
scriptase inhibitors (NNRTI) demonstrated an increase in liver
transaminases13–15 with these regimens, though newer PI and
NNRTI appear to have less hepatotoxicity. We longitudinally
examined the (1) effect of hazardous alcohol use on hepatic
fibrosis, measured by FIB-4 Score, among HIV infected indi-
viduals initiating ART, and (2) whether alcohol’s effect on
fibrosis would vary by ART class and by HCV co-infection.

Methods

Study design

This is a prospective cohort study of individuals enrolled in
the Johns Hopkins HIV Clinical Cohort ( JHHCC), a longi-
tudinal cohort of HIV-infected individuals receiving HIV
primary care in the Johns Hopkins HIV Clinic. All patients
are eligible to participate. Data collected on participants in-
clude demographic, clinical, laboratory, and pharmacy data.
Information from clinical records is abstracted by trained
staff. Laboratory data are obtained electronically. A more
detailed description of the methods for the JHHCC is avail-
able elsewhere.16

Since July 2000, an Audio Computer-Assisted Self-
Interview (ACASI) has been part of the data collection pro-
cedures of the JHHCC. The survey takes about 15 min to
complete and collects patient-reported outcomes including
alcohol use, illicit drug use, ART use, and ART adherence
over the prior 6 months. A description of the ACASI methods
has been published elsewhere.17 Written informed consent is
obtained from the participants. This study has been approved
by the Johns Hopkins University School of Medicine’s In-
stitutional Review Board.

Study inclusion

For this study, we included HIV-infected patients who
completed an ACASI within 6 months of ART initiation
between July 2000 and July 2012, had liver enzymes (AST
and ALT) and platelets measured within 6 weeks of initiation
of ART, and had at least one follow-up visit. ART was de-
fined as any regimen that included a combination of: nucle-
oside reverse transcriptase inhibitors (NRTI), protease
inhibitors (PI), non-nucleoside reverse transcriptase inhibi-
tors (NNRTI), or integrase strand transfer inhibitors (INSTI).

Outcome

The outcome for this study was the level of liver fibrosis as
measured using the Fibrosis-4 Score (FIB-4).18 This score was
specifically developed to detect liver fibrosis in HIV or HCV
infected patients and is calculated with the following formula:

FIB 4¼ Age � AST

PLT �
ffiffiffiffiffiffiffiffiffi

ALT
p

For descriptive purposes, FIB-4 was categorized as normal or
mildly elevated (<1.45), moderately elevated (1.45–3.25),
and elevated (‡3.25, indicating an 85% probability or more of
advanced liver disease or cirrhosis).

Exposure

The primary exposure of interest was alcohol consump-
tion, measured with a frequency/quantity and binge drinking
questions in the ACASI. We classified individuals’ alcohol
consumption according to the National Institute on Alcohol
Abuse and Alcoholism (NIAAA) categories: hazardous al-
cohol consumption as >7 standard drinks per week or more
than 3 drinks on one occasion for women, and >14 standard
drinks per week or more than 4 drinks on one occasion for
men.19 Moderate alcohol use was defined as alcohol use
below hazardous levels. No alcohol use was defined as none
reported at the time of the ACASI. As examined before in this
same cohort, changes in alcohol use over time were minimal
and therefore we treated alcohol as a time-fixed exposure.20

Covariates

Covariates of interest included age at clinical visit, self-
reported sex and self-reported race (categorized as African-
American or other), type of ART, HIV-RNA level (time-varying),
and HCV co-infection.

ART was categorized as PI-based (PI + NRTI with or
without an integrase strand inhibitor (INSTI)) or NNRTI-
based (NNRTI+ NRTI with or without an INSTI). Partici-
pants on both a PI and NNRTI (n = 36) were excluded from
the analysis, as the number of people in this group was small.
In addition, during the period of this study, few participants
were on NRTI + INSTI alone (n = 16) and thus these indi-
viduals were excluded. The final sample size for our analysis
was 533 patients.

HCV status was obtained from laboratory records with in-
dividuals categorized as having HCV co-infection based upon
having a positive antibody. The most valid definition of HCV
status is a detectable HCV-RNA but not all individuals in our
study had an HCV-RNA available at baseline. Moreover, for
those that had HCV-RNA available at baseline (n = 159) the
correlation between having a positive HCV antibody and de-
tectable HCV-RNA was very strong (OR = 179.3, with a
14.6% misclassification rate). Previous research conducted in
this same population found that the rates of sustained virologic
response to HCV treatment were extremely low (0.7%).21

Statistical analysis

Descriptive statistics were calculated for outcome, expo-
sure, and covariates for the entire cohort and stratified by
alcohol consumption level. Differences between alcohol
consumption groups at baseline were tested using ANOVA
(or Kruskal-Wallis test for non-normally distributed covari-
ates) or Fisher’s exact tests as needed, according to variable
type.

To study the association between alcohol consumption and
liver fibrosis by type of ART, we used linear mixed effects
models with the natural logarithm of FIB-4 (given the
skewness of the FIB-4 distribution) in each visit as the out-
come. First, we fitted a model with only time since ART
initiation to see if FIB-4 changed over time. Second, we
added alcohol consumption category (with moderate drink-
ing as the reference category) and ART type (with non-PI
based regimen as reference) as the main exposures to the
model. Third, we tested if FIB-4 changes over time differed
by alcohol consumption category. Fourth, we added the
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interaction of alcohol consumption category and ART type.
Last, we tested if the interaction of alcohol consumption and
ART was also associated with variations in FIB-4 change
over time.

A random intercept and random time slope were included
in all models. Adjusted models included age, race, sex, and
time on ART as covariates, as well as the natural logarithm of
FIB-4 at baseline. Given the log transformation of FIB-4, the
interpretation of the exponentiated coefficient for alcohol
consumption is the percent change in FIB-4 between levels of
alcohol consumption at any time point during follow-up for
individuals with the same baseline FIB-4 compared to the
reference group (moderate alcohol consumption). We esti-
mated model parameters using an unstructured covariance
matrix and allowed the residuals to have an exponential
correlation structure. We examined residuals (distribution,
trends over time, and dispersion) to confirm the validity of the
model assumptions.

Several additional analyses were conducted. First, given
the potential for a confounding or mediational role of dia-
betes and body mass index (BMI), we performed a secondary
analysis including them in our model. Second, we also ex-
amined the interaction between HCV, alcohol consumption,
and ART type by including HCV as a covariate along with the
interaction terms between HCV, alcohol consumption, and
ART type. Third, given the potential role of HIV RNA as a
mediator of this relationship, we performed mediation ana-
lyses by adding and removing HIV RNA as a predictor in our
models and checking the change in the regression coeffi-
cients. Fourth, given the potential for changes in prescription
patterns over time, we conducted a further analysis adding
date of ART initiation into the model. Fifth, since ART
prescription patterns may vary by CD4 nadir, we conducted a
further analysis adding CD4 nadir into the model.

Data on key variables (alcohol, ART type, or FIB-4 at
baseline) were missing in 52 participants (7.9%), but these
participants did not differ from those with complete informa-
tion so we chose to perform a complete-case analysis. All re-
sults presented below (including descriptive results in Table 1)
include a sample size of 533 individuals with complete data on
all variables.

Analyses were performed using STATA IC 13.1 (Stata-
Corp, College Station, TX).

Results

Study population

Baseline characteristics of participants by level of alcohol
consumption are shown in Table 1. Sixty-one percent of the
population reported no current alcohol use, 29% reported
moderate use, and 10% reported hazardous alcohol use.
Overall, 12% of the study sample had elevated FIB-4 levels
(FIB-4 > 3.25) at baseline (ART initiation). Participants were
followed for a median 1.7 years, similarly across the three
categories of alcohol consumption. During the follow-up,
patients had on average 10 measurements of FIB-4, with
hazardous drinkers having slightly higher number of mea-
surements ( p = 0.049). Moderate drinkers were significantly
younger (mean age of 40.2, compared to 44.3 in both not
drinkers and hazardous drinkers, p < 0.001), significantly
more likely to be men (74% were men, compared to 55% and
48% in nondrinkers and hazardous drinkers, p = 0.001).

Levels of liver enzymes and platelets were similar for
nondrinkers and moderate drinkers and higher (lower in the
case of platelets) for hazardous drinkers ( p = 0.066, p = 0.721,
and p = 0.081 for AST, ALT, and platelets, respectively). FIB-4
was higher in hazardous drinkers (40% and 16.8% had a
minimally elevated and elevated FIB-4 at baseline, respec-
tively), compared to 37.2% and 12.8% among nondrinkers
and 27% and 8.8% among moderate drinkers ( p = 0.023).

The proportion of individuals with HCV co-infection was
highest in hazardous drinkers (60%, compared to 45% and
28% in nondrinkers and moderate drinkers, respectively,
p < 0.001). Diabetes rates were also higher in nondrinkers and
hazardous drinkers ( p = 0.032).

Table 2 shows the most common antiretroviral medications
by date of ART initiation and regimen. For PI-based regimens,
the most common medication before 2001 was Nelfinavir (in
63% of regimens), whereas from 2002 the most common
medications were ritonavir-boosted PI regimens of Lopinavir
or Atazanavir (73% and 20% in 2002–2004, 25% and 52% in
2005–2007, respectively), and later Atazanavir or Darunavir
(48% and 40% in 2008–2010, 37% and 57% in 2010–2012,
respectively). For NNRTI based regimens, Efavirenz was the
most commonly used medication, in more than 90% of all
patients in NNRTI-based regimens. The most common NRTI
or combination thereof in all regimens was Zidovudine/
Lamivudine from 1999 to 2001 (45% of regimens), Lami-
vudine in 2002 to 2004 (25%), and Tenofovir/Emtricitabine
from then on (54% of regimens from 2005 onwards).

ART, alcohol consumption, and FIB-4

Controlling for age, sex, and race, hazardous drinkers had
FIB-4 levels 15.6% higher than moderate drinkers (95% CI
1.8–31.2%, p = 0.025), while nondrinkers did not have a
significant elevation in FIB-4 compared to moderate drinkers
(95% CI -2.6–14.4%, p = 0.189). There was a significant
difference in FIB-4 levels according to alcohol level and
ART class (Table 3). Among patients taking PI-based regi-
mens, hazardous drinking was associated with FIB-4 levels
26.90% higher (95% CI 4.83–53.63%, p = 0.015) compared
to moderate drinkers on NNRTI regimens (reference group).
Nondrinkers on PI-based regimens had no significant eleva-
tion (9.62%, 95% CI -2.69–23.48%, p = 0.131) of FIB-4
compared to the reference group (NNRTI moderate drink-
ers). Among patients taking NNRTI-based regimens, neither
hazardous nor nondrinkers had significantly different FIB-4
levels compared to moderate drinkers (hazardous drinkers:
1.83%, 95% CI -15.31–22.42%, p = 0.848; nondrinkers:
7.09%, 95% CI -4.62–20.27%, p = 0.248). The interaction
coefficient of hazardous drinking and ART regimen was
statistically significant ( p = 0.037), while the interaction be-
tween nondrinking and ART regimen was not ( p = 0.854).

Regarding changes over time, on average, study partici-
pants had an unadjusted relative increase in FIB-4 of 2.6%
per year (95% CI -0.4–5.6%). Neither hazardous nor non-
drinkers had different rates of increase in FIB-4 per year
when compared to moderate drinkers (hazardous: 2.4% per
year, p = 0.627; nondrinkers: 4.2% per year, p = 0.06). We
also found that the rate of change of FIB-4 was similar across
alcohol consumption and ART categories ( p-value for the
three-way interaction = 0.586 and 0.369 for nondrinkers and
hazardous drinkers, respectively).
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Interaction between ART type, HCV status
and alcohol consumption

HCV co-infected individuals had, on average, FIB-4 levels
29.2% higher compared to individuals without hepatitis C
(95% CI 19.8–39.2%, p < 0.001). Allowing for the interaction
(Table 4) between HCV status, alcohol consumption, and
ART regimen, non-HCV co-infected hazardous drinkers on
PI-based regimens had a large and significant elevation in
FIB-4 of 44.95% (95% CI 4.74–100.60%, p = 0.025) com-
pared to the reference group (no hepatitis C co-infection,

moderate drinkers on NNRTI regimens). However, nondrinkers
did not have a significant elevation (95% CI -5.63–32.80%,
p = 0.195) compared to the reference. Both hazardous and
nondrinkers on NNRTI regimens had no significant change in
FIB-4 levels ( p = 0.897 and p = 0.780, respectively) com-
pared to moderate drinkers. HCV co-infected individuals
showed significant and large elevations of FIB-4 compared to
the reference.

Figure 1 shows the predicted FIB-4 by alcohol consump-
tion, ART type, and HCV status. HCV-infected individuals
had higher elevations of FIB-4 compared to non-infected

Table 1. Baseline Characteristics of HIV-Infected Individuals Initiating ART

Not drinker Moderate Hazardous
All N = 328 N = 154 N = 51

N = 533 (61.5%) (28.9%) (9.6%) p Value*

Median follow-up—years [IQR] 1.65 [1.30–1.80] 1.65 [1.26–1.80] 1.65 [1.31–1.80] 1.72 [1.43–1.85] 0.405
Median visits [IQR] 10 [7–18] 10 [7–18] 9 [6–13] 12 [8–30] 0.049
Mean age at HAART initiation (SD) 42.80(10.21) 44.11(9.86) 40.37(10.93) 41.68(8.84) <0.001
Men, % 58.9 54.6 70.8 51 0.001

Race, %
African American 84.2 85.1 82.5 84.3 0.487
Other 15.8 14.9 17.5 15.7

BMI, mean (SD) 25.80(7.48) 25.81(7.23) 26.15(8.46) 24.75(6.38) 0.616

BMI WHO categories, %
<18.5 10.4 9.8 9.8 15.8 0.879
18.5–24.9 42.4 42.5 45.1 34.2
25–29.9 26.6 27.2 25.5 26.3
>30 20.6 20.5 19.6 23.7

CD4 nadir cells/mm3 Median [IQR] 181 [57–303] 196 [56–302] 163 [48–310] 173 [70–290] 0.594

CD4 nadir pre-HAART categories, %
>500 5.1 4.9 5.2 5.9 0.959
351 £ 500 12.4 12.8 12.4 9.8
201 £ 350 29.6 30.9 28.1 25.5
£200 52.9 51.4 54.2 58.8

Baseline HIV-RNA copies/mL
Median [IQR]

61187
[13727–168932]

60162
[12122–185684]

62472
[16357–151974]

63997
[14251–124307]

0.974

Baseline HIV-RNA categories, %
<10,000 22 22.3 21.6 21.6 0.858
10,000–99,999 42.2 41 42.5 49
>99,999 35.8 36.7 35.9 29.4

Baseline AST median [IQR] 33.0 [24.0–54.0] 33.0 [23.0–55.0] 33.0 [23.0–48.0] 36.0 [27.0–70.0] 0.373
Baseline ALT median [IQR] 24.0 [17.0–41.0] 25.0 [17.0–42.2] 24.0 [16.0–40.0] 25.0 [17.3–43.0] 0.791
Baseline PLT median [IQR] 203.0

[164.0–256.0]
197.0

[158.0–248.5]
213.0

[175.0–267.0]
207.0

[167.0–266.0]
0.308

Median FIB 4 at baseline [IQR] 1.4 [0.9–2.1] 1.5 [1.0–2.2] 1.2 [0.8–1.8] 1.5 [0.9–2.3] <0.001

FIB-4 category at baseline
<1.45 52.9 49.4 63 45.1 0.044
1.45–3.25 34.7 36.9 28.6 39.2
‡ 3.25 12.4 13.7 8.4 15.7

Number of drinking days/week, %
<1 80.9 100 62.3 24.5 <0.001
1–3 13.4 0 33.1 28.6
>3 5.7 0 4.6 46.9

HAART regimen,%
PI+NRTI 48.2 47.1 51 47.1 0.818
NNRTI+NRTI 50.9 51.7 49 51
Any INSTIa, % 1.7 2.4 0.6 0 0.369
Diabetes,% 8.8 11 3.9 9.8 0.025
Hepatitis C,% 40.9 44.5 27.9 56.9 <0.001

aINSTI, Integrase Inhibitor.
*p Values are for ANOVAs (for comparison of means), Kruskar Wallis tests (for comparison of medians) and v2 tests (for comparison of

proportions).
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individuals. Moreover, hazardous drinkers had significantly
higher FIB-4 levels compared to moderate drinkers only
among individuals on PI-based regimens. Nonetheless, the
alcohol and ART interaction was statistically similar in both
HCV coinfection categories ( p value for the three-way in-
teraction = 0.283 and 0.200 for nondrinkers and hazardous
drinkers, respectively), meaning that the association between
alcohol consumption and ART type was similar in HCV-
infected individuals and non HCV-infected individuals.

Secondary analyses

Adding diabetes and body mass index to the models above
did not change these associations (data not shown). Media-
tion analyses with HIV RNA showed only a slight attenuation
of the associations described above (data not shown). Adding
date of ART initiation or CD4 nadir to the model did not
change the results (data not shown).

Discussion

In this large clinic based study of PLWH initiating ART,
we found that hazardous drinking was associated with pro-
gression of liver fibrosis as determined using FIB-4. In ad-
dition, the effect of hazardous drinking was only significant
among those initiating PI-based ART. Those individuals co-

infected with HCV had a higher overall risk of progression of
liver fibrosis but this increased risk did not seem to interact
with the alcohol-ART association.

Our finding that hazardous alcohol consumption is asso-
ciated with increased FIB-4 is consistent with previous
studies. A recent study in the Veterans Aging Cohort Study
(VACS) found that among HIV-positive people, those with
hazardous or binge alcohol use (both included in the haz-
ardous drinking category in our analysis) had a significant
increase in markers of liver fibrosis, including FIB-4 com-
pared to individuals with non-hazardous alcohol consump-
tion.12 Among the mechanisms they proposed for this
association is the potential for direct hepatotoxicity of HIV,22

which may be accentuated by the diminished effect of ART
therapy with hazardous alcohol consumption.20 However,
our mediation analysis results do not support this hypothesis,
as changes in viral load with alcohol consumption were not
mediating this association.

Prior research has demonstrated increased liver toxicity
with the use of PI-based therapies,15,23 and Lim et al.12 has
suggested that there is an interaction between alcohol con-
sumption and antiretroviral therapy that results in increased
liver toxicity.24 Our results support this hypothesis, as we
found that hazardous alcohol drinkers on PI-based regimens
were more likely to have elevated FIB-4 levels compared to
moderate drinkers. This association was not present in indi-
viduals who were on NNRTI-based regimens. A potential
mechanism for this interaction is oxidative stress on the liver,
or PI-induced endoplasmic reticulum stress,25 believed to be
potentiated by alcohol consumption through the modulation
of calcium homeostasis26 and proapoptotic factors.27 Another
potential mechanism may be increased blood alcohol con-
centration caused by alterations in ethanol metabolism by
ARTs, but previous research has shown that commonly used
ARTs (Ritonavir and Efavirenz) are not associated with in-
creased blood alcohol concentration.28 Future research tar-
geting the underlying mechanism of this association between
alcohol use, PI and increased fibrosis will be important.

In our study, we found higher levels of FIB-4 in individuals
with hazardous alcohol consumption compared to those with
moderate alcohol consumption only if they were using a PI-

Table 2. Most Commonly Prescribed Medication by ART Regime and Date of ART Initiation

PIs in PI based
regimens

NNRTIs in NNRTI
based regimens

NRTIs in PI or NNRTI
based regimens

1st 2nd 1st 2nd 1st 2nd

1999–2001 Nelfinavir
(63%)

Indinavir/RTV
(27%)

Efavirenz
(95%)

Nevirapine
(4%)

3TC/ZDV
(45%)

Stavudine
(18%)

2002–2004 Lopinavir/RTV
(73%)

Atazanavir/RTV
(20%)

Efavirenz
(90%)

Nevirapine
(10%)

Lamivudine
(25%)

Tenofovir
(24%)

2005–2007 Atazanavir/RTV
(52%)

Lopinavir/RTV
(25%)

Efavirenz (100%) FTC/TDF
(48%)

3TC/ABC
(19%)

2008–2010 Atazanavir/RTV
(48%)

Darunavir/RTV
(40%)

Efavirenz (98%)a FTC/TDF
(53%)

3TC/ABC
(22%)

2010–2012 Darunavir/RTV
(57%)

Atazanavir/RTV
(37%)

Efavirenz (100%) FTC/TDF
(76%)

3TC/ABC
(12%)

aThe other 2% NNRTIs in the 2008-2010 period correspond to Etravirine.
FTC/TDF, fixed dose combination of Emtricitabine and Tenofovir; RTV, Ritonavir; 3TC/ABC, fixed dose combination of Lamivudine

and Abacavir; 3TC/ZDV, fixed dose combination of Lamivudine and Zidovudine.

Table 3. Percent FIB-4 Difference by Alcohol

and ART Regimen Class Adjusted

for Age, Sex, Race, and Time on ART

DFIB-4 (95% CI) p Value*

Drinking category*
NNRTI nondrinker 7.09% (-4.65;20.27%) 0.248
NNRTI moderate

(ref.)
0 (ref.)

NNRTI hazardous 1.82% (-15.31;22.42%) 0.848
PI nondrinker 9.62% (-2.69;23.48%) 0.131
PI moderate 3.94% (-9.14;18.90%) 0.573
PI hazardous 26.90% (4.83;53.63%) 0.015

*p Value represents comparison between each group and the
reference (moderate drinkers on NNRTI based regimens).
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based regimen. Our analysis did not support an acceleration of
the increase in FIB-4 over time in hazardous drinkers, that is,
the rate of increase in FIB-4 over time was similar across al-
cohol/ART categories. It should be noted that due to the nature
of our models (where the outcome is the natural logarithm of
FIB-4), a lack of an effect in the log scale means that hazardous
drinkers actually have an acceleration in their increase in FIB-4
compared to moderate and nondrinkers because hazardous
drinkers actually begin with higher levels of FIB-4.

Our finding of increased fibrosis even among current
nondrinkers may be secondary to the inclusion of sick ab-
stainers in this category, prior drinkers who were no longer
drinking for health reasons.29 As we did not have a measure
of past alcohol use for the nondrinkers, we were not able to
distinguish between true abstainers and sick quitters.29 In
addition, among HIV/HCV-infected individuals, there may
be under-reporting of alcohol use,30 given that they are fre-
quently counseled on alcohol reduction. Future studies that
examine past alcohol use and/or include an alcohol bio-

marker such as phosphatidylethanol to verify self-reported
current alcohol use, may further clarify the underlying
mechanisms of this finding.31

Prior studies have also indicated that there is a significant
interaction between HCV co-infection and PI use on liver
toxicity.15,23 However, these studies used high-dose ritona-
vir, while the majority of individuals in our study were on
100 mg of ritonavir used to boost protease inhibitors, and we
did not find this interaction with newer protease inhibitors.
Subsequent studies have shown no liver toxicity with
ritonavir-boosted regimens.14 We did find, however, that the
FIB-4 increased irrespective of regimen type among those
with HCV co-infection, likely due to the direct effect of HCV
viremia on liver fibrosis, which may be more potent than
regimen type or level of alcohol use and therefore hinder our
ability to find this interaction.

A second reason for the absence of this interaction may be
a lack of statistical power to detect three-way interactions
with a sample of 533 patients (as three-way interaction

Table 4. Percent FIB-4 Difference by Hepatitis C Infection, Alcohol, and ART Class Adjusted

for Age, Sex, and Race, Compared to the Reference Group (Hepatitis C Negative,

Moderate Drinkers, NNRTI ART Regimen)

Hepatitis C negative Hepatitis C positive

DFIB-4 (95% CI) p Value DFIB-4 (95% CI) p Value

Drinking category*
NNRTI nondrinker 1.08% (-14.05;18.88%) 0.897 66.99% (40.15;98.98%) <0.001
NNRTI moderate (ref.) 0 (ref.) 35.81% (6.25;73.59%) 0.004
NNRTI hazardous 4.06% (-21.27;37.56%) 0.780 70.32% (26.96;128.48%) 0.001
PI nondrinker 11.95% (-5.63;32.80%) 0.195 68.90% (41.84;101.12%) <0.001
PI moderate 3.24% (-13.72;23.54%) 0.728 75.09% (37.46;123.02%) <0.001
PI hazardous 44.95% (4.74;100.60%) 0.025 68.73% (26.98;124.21%) <0.001

*p Value represents comparison between each group and the reference (hepatitis C negative, moderate drinkers on NNRTI based
regimens).

FIG. 1. Predicted FIB-4 at baseline by HCV infection status, type of ART, and alcohol consumption. Solid circle markers
represent the point estimate for change, and error bars indicate 95% confidence intervals.
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requires a fourfold increase in sample size compared to two-
way interactions to achieve the same power).32 Studies with a
larger sample size may be needed to detect these three-way
interactions between alcohol consumption, ART regimen,
HCV co-infection, and liver fibrosis. Newer treatments for
HCV and higher rates of sustained virological response and
cure provide an important opportunity to decrease liver dis-
ease progression. Recent research has found that newer
treatments for HCV may interact directly with boosted-PI
regimens, making the choice of ART in HCV infected indi-
viduals a non-trivial one.33 It is worth noting that data ana-
lyzed for this study ranged from the years 2000 to 2012, when
only less effective treatments for HCV were available and
therefore these results may shift when these newer treatments
become more widely available. Effective treatment of both
HIV and HCV is needed since these two infections may have
synergistic effects on mortality.34

Limitations

As examined previously,20 most people in our cohort have
stable alcohol consumption and therefore we decided to use
alcohol consumption as a time-fixed variable measured at
baseline. Therefore, we cannot exclude the possibility that
our results may be driven by people with changes in alcohol
consumption not captured by our time-fixed operationaliza-
tion of this exposure. Similarly, we treated ART as a time-
fixed variable that was set at initiation. Therefore, we cannot
exclude the possibility that our results may be driven by
people with changes in alcohol consumption or ART regimen
not captured by our time-fixed operationalization of these
exposures. Our cohort is largely urban and African American
so generalization to other populations may be limited.

Regarding our outcome, FIB-4 is an indirect composite
measure of liver fibrosis and not a gold standard, but it has
previously been shown to be a good marker of liver fibrosis in
HIV-infected populations.18 It is also important to note that
the FIB-4 Score includes platelets, which can be affected
directly by alcohol use independent of liver toxicity, resulting
in an elevation in FIB-4 not entirely related to liver fibrosis.
Nonetheless, we have no reason to believe this effect would
be different by type of ART, our main finding in this study. In
addition, our nondrinker category likely included individuals
with past alcohol use.

In addition, though we added the date of ART initiation to
our models to adjust for baseline differences in hepatotoxicity
between older PIs and newer PIs (atazanavir and darunavir),
questions remain as to whether these two medications have the
same associations. Nonetheless, from 2008, more than 90% of
PI prescriptions were either atazanavir or darunavir, meaning
that an adjustment for date of ART initiation should control for
these potential differences in the associations. Lastly, we
cannot exclude the possibility of unmeasured confounding in
our study, including confounding on the associations between
alcohol or type of ART therapy and our outcome, including
differential prescription behaviors (increased prescription of
PI-based regimens) towards individuals with hazardous alco-
hol consumption. Nonetheless, previous literature has shown
results consistent with ours.

In conclusion, in this sample of HIV-infected individuals
who have recently initiated ART, PI-based regimens were
associated with an increase in liver fibrosis among those with

hazardous alcohol consumption. This association was not
observed in HIV-infected individuals on non-PI based regi-
mens. We believe that our study has clinical implications for
the treatment of HIV among hazardous drinking individuals.
Given the potential increase in hepatic fibrosis among haz-
ardous drinkers using protease inhibitors, screening for and
counseling on alcohol reduction, and consideration of alcohol
pharmacotherapy is an important component of comprehen-
sive HIV care. In addition, for those with persistent hazardous
alcohol use, alternate agents including NNRTIs and INSTIs,
with less potential hepatotoxicity could be considered.
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