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Clinical Infectious Diseases

M A J O R A R T I C L E

Marijuana Use Is Not Associated With Progression
to Advanced Liver Fibrosis in HIV/Hepatitis C
Virus–coinfected Women
Erin M. Kelly,1,2 Jennifer L. Dodge,1 Monika Sarkar,1 Audrey L. French,3 Phyllis C. Tien,1,4 Marshall J. Glesby,5 Elizabeth T. Golub,6 Michael Augenbraun,7

Michael Plankey,8 and Marion G. Peters1

1Department of Medicine, University of California, San Francisco; 2Department of Medicine, University of Ottawa, Ontario, Canada; 3Infectious Diseases, CORE Center/Stroger Hospital of Cook County,
Chicago, Illinois; 4Department of Veterans Affairs Medical Center, San Francisco, California; 5Infectious Diseases, Weill Cornell Medical College, New York, New York; 6Department of Epidemiology,
Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland; 7Infectious Diseases, State University of New York, Downstate Medical Center, Brooklyn; and 8Department of Medicine,
Georgetown University Medical Center, Washington D.C.

Background. Marijuana (hereafter “tetrahydrocannabinol [THC]”) use has been associated with liver fibrosis progression in
retrospective analyses of patients with chronic hepatitis C (HCV). We studied long-term effects of THC on fibrosis progression
in women coinfected with human immunodeficiency virus (HIV)/HCV enrolled in the Women’s Interagency HIV Study
(WIHS).

Methods. Liver fibrosis was categorized according to FIB-4 scores as none, moderate, or significant. THC and alcohol use were
quantified as average exposure per week. Associations between THC use and progression to significant fibrosis were assessed using
Cox proportional hazards regression.

Results. Among 575 HIV/HCV-coinfected women followed for a median of 11 (interquartile range, 6–17) years, 324 (56%) re-
ported no THC use, 141 (25%) less than weekly use, 70 (12%) weekly use, and 40 (7%) daily use at WIHS entry. In univariable
analysis, entry FIB-4 score (hazard ratio [HR], 2.26 [95% confidence interval {CI}, 1.88–2.73], P < .001), log HCV RNA (HR,
1.19 [95% CI, 1.02–1.38], P = .02), tobacco use (HR, 1.37 [95% CI, 1.02–1.85], P = .04), CD4+ count (risk per 100-cell increase:
HR, 0.90 [95% CI, .86–.95], P < .001), and log HIV RNA (HR, 1.18 [95% CI, 1.05–1.32], P = .005) were associated with progression
to significant fibrosis, as was cumulative alcohol use in follow-up (HR, 1.03 [95% CI, 1.02–1.04], P < .001). In multivariable analysis,
entry FIB-4, entry CD4+ count, and cumulative alcohol use remained significant. Cumulative THC use was not associated with fi-
brosis progression (HR, 1.01 [95% CI, .92–1.10], P = .83).

Conclusions. In this large cohort of HIV/HCV-coinfected women, THC was not associated with progression to significant liver
fibrosis. Alcohol use was independently associated with liver fibrosis, and may better predict fibrosis progression in HIV/HCV-
coinfected women.

Keywords. liver fibrosis; marijuana; HIV; HCV; women.

The cannabinoid system has an important impact on liver-related
fibrosis, steatosis, regeneration, and portal hypertension [1–5].
Endocannabinoid ligands are ubiquitous and interact with can-
nabinoid receptors 1 and 2 (CB1 and CB2) [6], which have
high affinity for tetrahydrocannabinol (THC), the psychoactive
mediator of marijuana. Under physiologic conditions, hepatic
expression of CB1 and CB2 is weak or absent [7]. However,
both receptors are upregulated in a variety of liver diseases, in-
cluding alcoholic and nonalcoholic liver disease, liver fibrosis,
chronic hepatitis C, primary biliary cirrhosis, and hepatocellu-
lar carcinoma [8–13].

Limited studies have examined the impact of THC use and
liver fibrosis progression, with conflicting results. Some cross-
sectional studies have shown evidence of increased fibrosis
[14, 15], and other longitudinal studies of relatively short dura-
tion suggest no impact on fibrosis progression [16, 17].

Data are lacking on the influence of long-term THC use on
liver-related outcomes such as fibrosis in human immunodefi-
ciency virus (HIV)/hepatitis C virus (HCV)–coinfected individ-
uals. For this reason, we sought to examine the impact of THC
use on liver fibrosis progression in a well-characterized cohort
of women coinfected with HIV and HCV.

METHODS

Population
The Women’s Interagency HIV Study (WIHS) is a prospective,
multicenter, longitudinal observational cohort of adult women
infected with HIV or at high risk of acquiring HIV, described in
detail elsewhere [18, 19]. Approximately 30% of HIV-infected
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women enrolled were coinfected with HCV prior to enrollment
in WIHS. A total of 4137 women have been enrolled in the first
3 enrollment cohorts (1 = 1994–1995; 2 = 2001–2002; 3 = 2011–
2012). All women gave informed consent at entry, and the study
was approved by each center’s institutional review board. Pa-
tients are seen in follow-up every 6 months, where detailed so-
ciodemographic, medical, and behavioral data are collected
through structured interviews, physical examination, and bio-
logic specimen collection. As of visit 37 (conducted between
October 2012 and April 2013), a total of 790 women with
HIV/HCV coinfection at baseline had enrolled in the WIHS
into cohorts 1 and 2, and were included in our analysis. HIV
infection was confirmed by positive HIV enzyme-linked immu-
nosorbent assay and a confirmatory Western blot, and HCV in-
fection was defined as a positive result for serum HCV RNA at
entry into the study. THC use is prevalent in the WIHS; 14% of
participants regularly use marijuana, and 6% report daily use
[20]. Liver biopsy is not performed as part of the WIHS obser-
vational study. However, noninvasive markers of liver fibrosis,
aspartate aminotransferase to platelet ratio index (APRI), and
FIB-4 have been validated in this cohort [21].

Data Collection
Sociodemographic data including age, ethnicity, race, and past
substance use were collected at entry into WIHS. Biologic
specimens were collected at visits every 6 months with testing
for liver enzymes, renal function, complete blood count, CD4
count, and HIV RNA load. HIV RNA was measured using
the isothermal nucleic acid sequence–based amplification
(NASBA/Nuclisens) method (bioMérieux, Durham, North Ca-
rolina) with a lower limit of detection of 80 copies/mL. Highly
active antiretroviral therapy was defined by the contemporane-
ous US Department of Health and Human Services guidelines
[22]. Second- or third-generation enzyme immunoassays
were utilized for HCV antibody detection (Ortho-Diagnostic
Systems, Rochester, New York) and confirmed by documenting
HCV RNA seropositivity (Quantiplex 2.0 branched chain
DNA-enhanced label amplification assay; Bayer-Versant Diag-
nostics, Emeryville, California) and by reverse transcription po-
lymerase chain reaction (COBAS Amplicor HCV Detection Kit,
Roche Diagnostic Systems, Pleasanton, California). Hepatitis B
was tested within the first year of enrollment and was defined as
hepatitis B surface antigenemia. Data including body mass
index, history of hypertension, diabetes, and insulin resistance
were collected. Diabetes was defined as any fasting glucose mea-
surement of >126 mg/dL, hemoglobin A1c measured at ≥6.5%,
or self-report of taking antidiabetic medication.

Drug and Alcohol Use
THC use was assessed at the entry and follow-up visits. THC
users were asked to quantify the amount consumed over the
preceding 6 months (less than once per month, at least once
per month but less than once a week, once a week, 2–3 times

per week, 4–6 times a week, or daily [1 or more times per
day]). The number of uses per 6 months was cumulated to es-
timate the mean number of uses per week during the entire ob-
servation period. Women were then categorized based on
average in-WIHS THC use (abstinent throughout WIHS; <1
use per week; 2–3 uses per week; 4–7 uses per week). Similarly,
participants reported the number of alcoholic drinks consumed
over the preceding 6 months. Drinks per week were cumulated
to estimate the mean number of drinks per week during the ob-
servation period. For both THC and alcohol use, exposure was
tallied until the event of interest (severe fibrosis) or last obser-
vation for patients without the event. Women were considered
heavy drinkers if they consumed >7 drinks per week.

Fibrosis Measurements
Noninvasive fibrosis measurements including FIB-4 and APRI
have been validated in patients with HIV/HCV coinfection
[23, 24], including this cohort [21]. WIHS subjects had FIB-4
measured at every visit. Standard cutoffs of FIB-4 were used
to define no fibrosis (<1.5) and significant fibrosis (>3.25) for
each measure. FIB-4 values were considered invalid in patients
if aspartate aminotransferase or alanine aminotransferase was
>10 times the upper limit of normal or if platelet counts were
<25 000 × 106 cells/L, as these extreme values are unlikely to
be due to chronic liver fibrosis, and more likely to be caused
by acute hepatitis or another disease process.

Statistical Analysis
Discrete variables were summarized using frequency and per-
centages; continuous variables were summarized using mean
and standard deviation for normally distributed data, and me-
dian and interquartile range (IQR) for nonnormally distributed
data. Comparisons between THC use groups were made using
the χ2 or Fisher exact tests for categorical data and analysis of
variance or Kruskal–Wallis tests for continuous data. The cu-
mulative probability of progression to advanced fibrosis was es-
timated using the Kaplan–Meier method and compared by
THC use category with the log-rank test. All analyses were 2
tailed, with P < .05 considered statistically significant.

Risk of progression to advanced fibrosis was evaluated sepa-
rately for FIB-4 and APRI outcomes using Cox proportional
hazards regression. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were calculated from the models. To account
for the fact that patients must remain alive to enter the study,
age at study entry was treated as a left-truncated variable with
age used as the time scale. Patients were followed until their first
visit with significant fibrosis (>3.25 for FIB-4 and >1.5 for
APRI) or were censored at the date of last fibrosis measurement
for those not progressing to the event. Factors with a univariable
P < .1 and THC use were evaluated in the multivariable model.
The model was selected by backward elimination with P > .05
for removal from the model. The final model included 2 ad-
ditional variables: (1) biologically relevant HCV RNA and
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(2) THC use to assess the independent association of its use
with risk of fibrosis progression. Subanalyses were conducted
among patients with a minimum of 2 years of follow-up to

evaluate whether long-term THC exposure impacted fibrosis
progression. We also conducted subanalyses in participants
with at least mild fibrosis (FIB-4 score >1.5) to evaluate whether
the presence of some fibrosis is a prerequisite for THC to mod-
ulate fibrosis progression. Data were analyzed using SAS soft-
ware version 9.4 (SAS Institute, Cary, North Carolina).

RESULTS

Study Population
Characteristics at WIHS entry for the 575 HIV/HCV-coinfected
women included in this analysis are summarized in Table 1.
Median follow-up in WIHS was 11 (IQR, 6–17) years. The ma-
jority of women were African American (63%) and had HCV
genotype1 (88%); themeanHCVviral loadwas6.1 log10 IU/mL.
Mean log10 HIV RNA was 4.1 IU/mL, and median CD4 count at
entry was 375 cells/µL. Six percent of women were on antiretroviral
therapy (ART) at entry. Median FIB-4 score at entry was 1.3 (IQR,
0.9–1.8). Only 2% (n = 11) of women had evidence of significant
fibrosis (FIB-4 > 3.25) at entry, and these women were therefore ex-
cluded from the time to significant fibrosis analysis. Within the en-
tire cohort, a total of 15% (n = 88) received interferon-based HCV
treatment (11 achieved sustained virologic response, 73 did not
clear HCV, and 4 had unknown outcomes). Metabolic risk factors
were common in this cohort (Table 1). Overall, alcohol use at entry
was low in this cohort (median, 0.5 [IQR, 0–4] drinks per week),
but 19% of women had heavy alcohol use (>7 drinks per week) at
entry and 9% (n = 53) reported heavy alcohol use at last follow-up.

Table 2 describes cohort characteristics by entry THC use. The
groups were similar overall in terms of entry characteristics. THC

Table 1. Characteristics of Participants at Women’s Interagency Human
Immunodeficiency Virus Study Entry and at Last Visit

Variable
WIHS Entry
(n = 575)

Last Visit
(n = 575)

Age, y, mean (SD) 40 (6) 51 (7)

Race/ethnicity

White, non-Hispanic 16% (94)

African American, non-Hispanic 63% (363)

Hispanic 19% (108)

HCV genotype 1 88% (418)

HCV VL, log IU/mL, mean (SD) 6.1 (0.91) 6.3 (0.81)

CD4 count, cells/µL, median (IQR) 375 (218–569) 330 (109–583)

HIV VL, log IU/mL, mean (SD) 4.1 (1.1) 3.1 (1.62)

% HIV undetectable 7% (41) 33% (189)

ART use 6% (32) 63% (360)

FIB-4 score, median (IQR) 1.3 (0.9–1.8) 2.1 (1.4–3.8)

BMI, kg/m2, mean (SD) 26 (6) 26 (7)

Hypertension 30% (171) 49% (283)

Diabetes 18% (105) 18% (105)

eGFR, mL/min/1.73 m2, median (IQR) 88 (73–102) 83 (57–101)

Current cigarette use 80% (460) 66% (381)

Current intravenous drug use 23% (130) 8% (48)

Alcohol use, drinks/wk, median (IQR) 0.5 (0–4) 0 (0–1)

Heavy alcohol use (>7 drinks/wk) 19% (106) 9% (53)

Data are presented as % (No.) unless otherwise indicated.

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; eGFR, estimated glomerular
filtration rate; FIB-4, fibrosis 4; HCV, hepatitis C virus; HIV, human immunodeficiency virus;
IQR, interquartile range; SD, standard deviation; VL, viral load; WIHS, Women’s Interagency
HIV Study.

Table 2. Women’s Interagency Human Immunodeficiency Virus Study Entry Characteristics by Entry Tetrahydrocannabinol Use Category (n = 575)

Variable

WIHS Entry THC Use

None (n = 324) Monthly Use (n = 141) Weekly Use (n = 70) Daily Use (n = 40) P Value

Age, y, mean (SD) 40 (6) 40 (7) 39 (6) 40 (6) .61

Race/ethnicity

White, non-Hispanic 14% (45) 21% (29) 19% (13) 18% (7) .76

African American, non-Hispanic 66% (214) 60% (85) 57% (40) 60% (24)

Hispanic 19% (61) 17% (24) 21% (15) 20% (8)

HCV genotype 1 88% (239) 88% (102) 89% (50) 87% (27) .99

HCV VL, log IU/mL, mean (SD) 4.2 (1.1) 6.1 (0.9) 6.2 (0.8) 6.1 (1.0) .72

CD4 count, cells/µL, median (IQR) 354 (195–568) 388 (257–564) 378 (235–556) 391 (236–664) .25

HIV VL, log IU/mL, mean (SD) 4.2 (1.1) 3.9 (1.1) 4.0 (1.1) 3.8 (1.3) .03

FIB-4 score, median (IQR) 1.3 (1.0–1.9) 1.2 (0.8–1.8) 1.3 (1.0–1.9) 1.2 (1.0–1.7) .35

BMI, kg/m2, mean (SD) 26 (6) 26 (6) 26 (7) 25 (5) .71

Hypertension 30% (98) 28% (39) 31% (22) 30% (12) .93

Diabetes 18% (59) 19% (27) 16% (11) 20% (8) .93

eGFR, mL/min/1.73 m2, median (IQR) 87 (72–102) 88 (72–101) 87 (77–103) 93 (77–112) .42

Cigarette use 74% (241) 89% (126) 86% (60) 83% (33) .001

Intravenous drug use 19% (63) 28% (39) 31% (22) 15% (6) <.001

Alcohol use, drinks/wk, median (IQR) 0 (0–3) 1 (0–9) 1 (0–8) 0.5 (0–4.5) <.001

Heavy alcohol use (>7 drinks/wk) 12% (40) 28% (39) 26% (18) 23% (9) <.001

Data are presented as % (No.) unless otherwise indicated.

Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; FIB-4, fibrosis 4; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IQR, interquartile range; SD,
standard deviation; THC, tetrahydrocannabinol; VL, viral load; WIHS, Women’s Interagency HIV Study.
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users were more likely to smoke cigarettes, use intravenous
drugs, and consume alcohol. Eighty-three percent of participants
had used THC prior to entry intoWIHS, and 44% of women had
used THC in the 6 months prior to enrollment, 19% with at least
weekly use. Median follow-up in WIHS was similar between
THC use groups (abstinent group, 10 [IQR, 6–17] years; monthly
users, 10 [IQR, 5–17] years; weekly users, 11 [IQR, 6–17] years;
and daily users, 11 [IQR, 7–14] years). Eleven percent of women
reported at least weekly THC use in the preceding 6 months,
and 6% (n = 35) reported daily use. Forty-six percent (n = 262)
remained THC nonusers throughout follow-up. Figure 1 de-
scribes the distribution of THC use in WIHS over time.

Predictors of Fibrosis Progression
During follow-up, 51% (n = 291) of women developed significant
fibrosis (FIB-4 score >3.25). Fibrosis progression was similar be-
tween categories of THC use (Figure 2). On univariate analysis,

entry FIB-4, HIV RNA load, lower CD4 count, log HCV RNA,
alcohol use, and smoking status were associated with progression
to significant fibrosis during follow-up, whereas African American
race was found to be protective (Table 3). These variables were also
found to be predictive of fibrosis progression in the subgroup with
baseline fibrosis (FIB-4 score ≥1.5 at WIHS entry). Entry FIB-4,
lower entry CD4 count, and alcohol use in follow-up remained sig-
nificant in multivariable analysis (Table 3). Mean THC use per
week during the observation period was not independently associ-
ated with a greater risk of progression to significant fibrosis in mul-
tivariable analysis when evaluated as a continuous variable (HR,
1.01 per 1 use per week increase [95% CI, .92–1.10]). Similarly,
no association between fibrosis progression and THC use was de-
tected when mean THC use per week was treated as a categorical
variable (<1 use per week: HR, 0.84 [95% CI, .64–1.12], P = .23; 1
use per week: HR, 1.40 [95% CI, .95–2.07], P = .09; 2–3 uses per
week: HR, 1.11 [95% CI, .65–1.91], P = .70; 4–7 uses per week:
HR, 1.01 [95% CI, .61–1.66], P = .97, compared with no reported
THC use). There was no association between THC use and fibro-
sis progression among those women with fibrosis at entry (HR,
1.01 per 1 use per week increase [95% CI, .88–1.16]).

Of the 489 participants with at least 2 years (4 intervals) of
follow-up, 15% (n = 74) reported weekly or greater THC use
and 6% (n = 29) daily use for ≥2 years. Among these women,
neither duration nor frequency of THC use was found to be pre-
dictive of significant fibrosis (HR, 1.26 [95% CI, .86–1.83],
P = .23 for weekly or greater THC use vs no use). Similarly,
no association was detected between the number of intervals
with weekly or greater THC use and significant fibrosis com-
pared with abstainers with a similar length of follow-up (HR,
1.23 [95% CI, .87–1.73], P = .58). Similar results were seen in
the subgroup of women with baseline fibrosis at entry (FIB-4
score >1.5) and when APRI was used instead of FIB-4 as a
marker for liver fibrosis progression (results not shown).

Figure 1. Tetrahydrocannabinol (THC) use during the Women’s Interagency Human Immunodeficiency Virus Study (WIHS) from visit 1 (1997) to visit 37 (2012). Use was daily,
weekly, monthly, or nonusers.

Figure 2. Probability of developing advanced fibrosis (FIB-4 score >3.25) over time
by average weekly tetrahydrocannabinol use.
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DISCUSSION

Currently marijuana has been legalized for medicinal and/or
recreational use in 23 US states, as well as the District of Colum-
bia [25, 26], and its use in HIV/HCV-coinfected patients is
common. Given that it is becoming more widely available and
more regularly consumed, it is critical to assess its clinical ef-
fects, including any negative impact of THC use on liver fibrosis
progression.

We found no evidence that THC use increases the risk of pro-
gression of liver fibrosis in women with HIV/HCV coinfection
on univariable or multivariable analyses. We examined the im-
pact of THC use in a few key subgroups including women with
fibrosis at WIHS entry (FIB-4 score >1.5 or APRI >0.5), daily
THC users, and women with regular THC use throughout
WIHS follow-up, and found no evidence of an association
with accelerated liver fibrosis (compared with nondaily use or
abstinence). The development of liver fibrosis can take years,
and prolonged THC use may be required to change rates of
liver fibrosis. Similar to other published studies, we found that
presence of baseline fibrosis, entry CD4 count and HCV RNA
level, and ongoing alcohol consumption were predictive of sig-
nificant fibrosis in WIHS follow-up [27, 28], whereas African
American race was found to be protective [29, 30].

Chronic liver disease modulates hepatic cannabinoid (CB) re-
ceptor expression [3, 13, 31]. CB1 is upregulated in chronic liver
disease including HCV infection [12]. CB2 is also upregulated in
chronic liver disease and prevents fibrosis progression [3, 32, 33],
possibly through inhibition of hepatic myofibroblasts, or by in-
creasing hepatocyte survival [11], downregulation of interleukin
17 [34], and modulation of Kupffer cells [35]. Thus, the balance
between CB1 vs CB2 activationmaymodulate fibrosis progression
in patients with liver disease. If overexpression of both receptors is
balanced, there is no change in liver fibrosis.

Previous cross-sectional analyses suggested that marijuana use
was associated with accelerated fibrosis progression. In one study

of HCV-monoinfected patients, daily THC use was associated

with higher fibrosis progression rate than was occasional use or

nonuse, and remained significant on multivariable analysis [14].

In another study, daily THC use was correlated with advanced

fibrosis on liver biopsy in HCV-monoinfected and HIV/HCV-

coinfected participants [15]. Although THC users appeared to

have more advanced medical disease, daily THC use was predic-

tive of significant fibrosis on multivariable analysis.
To our knowledge, there is only one other large longitudinal

study that explores the relationship between THC use and fi-

brosis progression in HIV/HCV-coinfected individuals. In

this study, participants were predominantly male (73%) and

had minimal fibrosis at entry and at follow-up (median

APRI, 0.52 [IQR, 0.37–0.79] and 0.55 [IQR, 0.37–0.90], re-

spectively). This study also failed to demonstrate an increased

risk of fibrosis progression with THC use. Importantly, medi-

an follow-up was only 2.7 years, perhaps insufficient time to

demonstrate fibrosis progression in subjects with minimal fi-

brosis. In our cohort, the median follow-up time was 11 years,

with 25% having >13 years of follow-up. Despite long follow-

up, we still were unable to demonstrate a relationship between

THC use and fibrosis progression.
This is the first study describing liver fibrosis outcomes by

THC use in HIV/HCV-coinfected women and one of the few

longitudinal studies of the influence of THC on fibrosis pro-

gression. Strengths of this study include the long follow-up

and prospective collection of relevant data. However, there are

limitations. THC and alcohol use may have been underreport-

ed, which may impact results. Liver biopsy was not performed

in this observational study, and therefore we determined fibrosis

stage using noninvasive tests (FIB-4 and APRI). Although these

Table 3. Selected Univariable and Multivariable Predictors of Significant Fibrosis (FIB-4 > 3.25)a on Follow-up in Women Without Significant Fibrosis at
Women’s Interagency Human Immunodeficiency Virus Study Entry (n = 564)

Variable

Univariable Analysis Multivariable Analysis

HR (95% CI) P Value HR (95% CI) P Value

Entry FIB-4 score 2.26 (1.88–2.73) <.001 1.98 (1.62–2.42) <.001

Black (Hispanic or African American) vs non-black race 0.78 (.61–.99) .04b

Entry BMI 0.98 (.96–1.00) .09

Entry log10 HCV RNA 1.19 (1.02–1.38) .02 1.07 (.92–1.24) .37

Baseline log10 HIV RNA load 1.18 (1.05–1.32) .005b

Entry CD4 0.90 (.86–.95) <.001 0.93 (.89–0.98) .006

Entry tobacco use 1.37 (1.02–1.85) .04b

Heavy entry alcohol use (>7 drinks/wk) vs abstainers 1.26 (.94–1.70) .12

Risk per 1-drink increase in the weekly average 1.03 (1.02–1.04) <.001 1.02 (1.01–1.03) <.001

Risk per 1-use increase in average THC use per week 1.00 (.92–1.09) 1.00 1.01 (.92–1.10) .83

Abbreviations: BMI, body mass index; CI, confidence interval; FIB-4, fibrosis 4; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HR, hazard ratio; THC, tetrahydrocannabinol.
a Cox proportional hazards regression, accounting for left truncation.
b Not significant on multivariable analysis.
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measures may be less accurate than liver biopsy, FIB-4 was spe-
cifically developed for use in HIV/HCV-coinfected patients and
accurately predicts liver fibrosis in this group, with areas under
the receiver operating characteristic curve of 0.73–0.79 for pre-
dicting significant liver fibrosis [24]. Although FIB-4 increases
over time as age is incorporated into the calculation, it is an
accepted noninvasive measure of liver fibrosis. Moreover, we
repeated our calculations using APRI, which does not include
age in its calculation, and similar results were obtained. Addi-
tionally, both APRI and FIB-4 have been validated inWIHS and
shown to be independently associated with all-cause mortality
in HCV/HIV-coinfected women [21].

Overall THC use in this cohort was low, with 67% of women
abstaining from THC or using less than weekly for the entire
duration of follow-up. The relatively small number of heavy
THC users in this cohort may have impacted our ability to de-
tect an association between daily THC use and fibrosis progres-
sion. Nonetheless, the long duration of follow-up and size of the
study allowed us to conclude that occasional THC use is unlike-
ly to impact fibrosis progression. Current and ever THC use was
recorded at entry without an estimate of duration or frequency
of use prior to WIHS entry. Therefore, we are unable to assess
the impact of THC use prior to WIHS or lifetime cumulative
use on clinical outcomes. The majority of women in this cohort
are African American, with well-described lower rates of fibrosis
progression; therefore, our findings may not be generalizable to
males or white individuals. This study was a cohort study re-
cruited from the community, not a treatment study. Our data
found that HIV status did predict liver fibrosis, shown by
both CD4 and HIV RNA in univariate analyses. While baseline
CD4 count remained significant in multivariable analysis, HIV
RNA load was not predictive of fibrosis progression in multi-
variable analysis. This longitudinal cohort began in an era
with more limited treatment options for HIV and HCV. Few
women received interferon-based antiviral therapy, with low
rates of sustained virologic response. Most women were not re-
ceiving ART at study entry; therefore, entry FIB-4 may be influ-
enced by HIV-associated thrombocytopenia or elevations in
liver enzymes, leading to overestimates of baseline fibrosis,
which may underestimate fibrosis progression. We safeguarded
for this by censoring extreme laboratory values that were unlike-
ly to be related to HCV fibrosis. It is also possible that viral fac-
tors played a more important role in the development and
progression of fibrosis in this group of participants. Nonethe-
less, we did not identify a cohort effect when cohort 1 (1994–
1995 entry) and cohort 2 (2001–2002 entry) were compared
(data not shown).

CONCLUSIONS

In this longitudinal analysis of HIV/HCV-coinfected women,
we found no association between THC use and liver fibrosis
progression. Although few women had heavy prolonged THC

exposure, the robust follow-up data among light users in this
study supports that occasional THC does not impact fibrosis
progression. Fibrosis progression was associated with poor HIV
control and alcohol use. Clinicians should therefore counsel pa-
tients on limiting or excluding alcohol intake, in addition to
optimizing medical treatment for HIV and HCV, as these factors
are more important than THC use in modulating liver disease.
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