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Marijuana Smoking Does Not Accelerate
Progression of Liver Disease in HIV–Hepatitis C
Coinfection: A Longitudinal Cohort Analysis
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Background. Marijuana smoking is common and believed to relieve many symptoms, but daily use has been associated with liver ﬁbrosis in cross-sectional studies. We aimed to estimate the effect of marijuana smoking on liver
disease progression in a Canadian prospective multicenter cohort of human immunodeﬁciency virus/hepatitis C
virus (HIV/HCV) coinfected persons.
Methods. Data were analyzed for 690 HCV polymerase chain reaction positive (PCR-positive) individuals
without signiﬁcant ﬁbrosis or end-stage liver disease (ESLD) at baseline. Time-updated Cox Proportional Hazards
models were used to assess the association between the average number of joints smoked/week and progression to
signiﬁcant liver ﬁbrosis (APRI ≥ 1.5), cirrhosis (APRI ≥ 2) or ESLD.
Results. At baseline, 53% had smoked marijuana in the past 6 months, consuming a median of 7 joints/week
(IQR, 1–21); 40% smoked daily. There was no evidence that marijuana smoking accelerates progression to signiﬁcant liver ﬁbrosis (APRI ≥ 1.5) or cirrhosis (APRI ≥ 2; hazard ratio [HR]: 1.02 [0.93–1.12] and 0.99 [0.88–1.12], respectively). Each 10 additional joints/week smoked slightly increased the risk of progression to a clinical diagnosis
of cirrhosis and ESLD combined (HR, 1.13 [1.01–1.28]). However, when exposure was lagged to 6–12 months
before the diagnosis, marijuana was no longer associated with clinical disease progression (HR, 1.10 [0.95–1.26]).
Conclusions. In this prospective analysis we found no evidence for an association between marijuana smoking
and signiﬁcant liver ﬁbrosis progression in HIV/HCV coinfection. A slight increase in the hazard of cirrhosis and
ESLD with higher intensity of marijuana smoking was attenuated after lagging marijuana exposure, suggesting that
reverse causation due to self-medication could explain previous results.
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In developed countries, over 30% of persons infected with
human immunodeﬁciency virus (HIV) are coinfected
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with hepatitis C virus (HCV) [1], and HCV has been
shown to progress more rapidly in the presence of HIV
infection [2]. Liver disease is an important and growing cause of morbidity and mortality in coinfected patients [3, 4]. While impaired immunity due to HIV
infection may partly explain more rapid ﬁbrosis progression, coinfected patients experience a number of
other potentially hepatotoxic exposures that could contribute to liver disease such as illicit drug use.
Marijuana is widely used in Canada: in a 2005 survey,
44% of Canadians reported cannabis use in their lifetime, and 14% reported use in the past year [5]. In a
study of medication and alternative therapy use among
104 HIV patients in Ontario, 43% of patients self-reported

HIV-HCV: Marijuana and Liver Disease

•

CID 2013:57 (1 September)

•

663

marijuana use in the past year, and 29% reported a medicinal
use [6].
The literature regarding the effects of cannabis on liver diseases is conﬂicting. Cell culture and animal model studies
support that cannabinoids could have a therapeutic effect on
liver injury and ﬁbrosis progression [7–12]. However, 3 crosssectional studies in patients with chronic HCV suggest that
daily cannabis use is associated with ﬁbrosis and steatosis [13–15].
A small cohort study of 58 HIV/AIDS patients reported no statistically signiﬁcant change in liver enzymes in dronabinol and/
or marijuana users over the span of 1 year [16]. There have
been no large prospective studies of the effect of cannabis on
liver ﬁbrosis progression. Despite this, there is a general acceptance that cannabis use negatively affects liver ﬁbrosis.
This study aimed to estimate the effect of marijuana smoking
on liver disease progression longitudinally in HIV-HCV coinfected individuals.
METHODS

regularly/1–2 days per week, regularly/3–6 days per week, every
day) and the number of joints consumed on the days they
smoked. The average number of joints smoked per week for each
interval was calculated by multiplying the number of joints reported by the mean number of days in the frequency interval reported.
Participants were also asked for what reason they smoked marijuana. No information was collected on ingestion of marijuana.
Signiﬁcant Liver Fibrosis, Cirrhosis and End-stage Liver Diseases

At each visit, the APRI was calculated as: APRI = 100(AST/
upper limit of normal)/platelet count (109/L) to predict signiﬁcant ﬁbrosis and cirrhosis. An APRI score ≥1.5 was used to indicate signiﬁcant liver ﬁbrosis (equivalent to a score ≥2 on the
Metavir scale), and a score ≥2 was used to indicate cirrhosis
(equivalent to a score of 4 on the Metavir scale) [18]. Clinical
cirrhosis was determined radiologically or by liver biopsy.
ESLD was deﬁned as a diagnosis of ascites, portal hypertension,
spontaneous bacterial peritonitis, encephalopathy, oesophageal
varices, or hepatocellular carcinoma collected using dedicated
case report forms and validated centrally.

Cohort Design and Study Population

The Canadian Coinfection Cohort study is a multicenter longitudinal study of HIV-HCV coinfected individuals from 17 HIV
clinics across Canada. The eligibility criteria are: (1) over 16
years old; (2) documented HIV infection (HIV positive by
enzyme-linked immunosorbant assay with Western blot conﬁrmation); and (3) evidence of HCV infection (HCV seropositive
by enzyme-linked immunosorbant assay with recombinant immunoblot assay II or enzyme immunoassay conﬁrmation, or if
serologically false negative, HCV RNA positive).
After informed consent, each participant underwent an
initial evaluation followed by study visits approximately every 6
months. At each visit, sociodemographic and behavioral information were self-reported in questionnaires; medical treatments and diagnoses were collected by research personnel
and laboratory analyses, including aspartate aminotransferase
(AST) and platelet count, were performed. Details of the cohort
are presented elsewhere [17]. As of 1 July 2012, 1118 patients
had been recruited and followed for a median of 31.8 months
(interquartile range [IQR], 6.0–36.9). A subcohort was deﬁned
for this study and included all coinfected patients with HCV
replication ( plasma HCV RNA reverse transcription polymerase chain reaction [RT-PCR], Roche COBAS Amplicor),
without signiﬁcant ﬁbrosis (AST-to-platelet ratio [APRI] score
<1.5), radiological or histological diagnosis of cirrhosis and/or
end-stage liver disease (ESLD) at baseline.
Marijuana Use

At each study visit, participants were asked to report their marijuana use since the last interview. Marijuana smokers also reported how often they smoked (occasionally/not every week,
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Statistical Analyses

Participants were censored at initiation of HCV treatment
because treatment can affect the AST and platelet counts, thus
impacting the measurement of APRI score, and when curative,
reduces risk of ﬁbrosis progression and ESLD. Time-dependent
Cox proportional hazards models were used to assess the presence of an association between the number of joints smoked
per week and progression to signiﬁcant liver ﬁbrosis, cirrhosis
or ESLD. The average number of joints smoked per week in the
6 months preceding the study visit and a binary indicator of
marijuana smoking were updated at each study visit. All
models were adjusted for baseline APRI score, age, duration of
HCV infection, sex, and income and for time-updated CD4 cell
count, HIV viral load and antiretroviral therapy (ART) use at
the preceding visit, and alcohol abuse and injection drug use in
the 6 months preceding the visit. Duration of HCV infection
was based on the date of HCV seroconversion, if known, or
year of ﬁrst injection drug use (IDU) or blood product exposure
as a proxy of HCV infection [19]. Income was treated as a dichotomous variable, using a yearly income of 24 000 CAD as
the cutoff based on low-income cutoffs calculated by Statistics
Canada [20]. Alcohol abuse was deﬁned as drinking at least 3
alcoholic drinks on a typical day when drinking and having ≥6
drinks on one occasion more than once per month.
Reverse causation bias may occur when patients modify their
behavior due to illness, for example, start or increase their marijuana consumption to alleviate symptoms related to advancing
liver disease. Thus, when exposure and outcome are ascertained
concurrently, it could appear that marijuana causes signiﬁcant ﬁbrosis when in fact ﬁbrosis was present before marijuana exposure

occurred. We therefore repeated the analyses using marijuana
smoking exposures 6–12 months before outcome assessment in
order to reduce the possibility of reverse causation by ensuring
temporality of the exposure-outcome relationship is preserved.
We investigated the presence of a dose-response relationship
between the number of joints smoked per week and the natural
logarithm of the APRI score with a linear spline regression
model, introducing ﬂexibility to linear regression by allowing
the slope of the curve to change at the prespeciﬁed knots. The
location of the knots was selected a priori based on meaningful
cutoff at 7 joints/week (eg, regular, low dose use) and 21 joints/
week. This model was adjusted for baseline age, sex, and
income, and for updated alcohol use, IDU, ART use, CD4 cell
count, HIV RNA, and duration of HCV infection.
RESULTS
A total of 690 participants conformed to the eligibility criteria
of this study, contributing 1875.3 person-years of follow-up,
with a median follow-up time of 2.7 years (IQR, 0.8–3.8). Selection of the study population is represented in Figure 1. The majority of participants were male, with low income, and the
median age at baseline was 44 years. The majority of the participants had undetectable HIV viral loads; the median CD4 cell
count was 400 and 38% used injection drugs at baseline. About
half the participants used alcohol, among whom 53 (15%) reported alcohol abuse at baseline. The baseline and updated
characteristics of the study population are presented in Table 1.

Table 2 summarizes marijuana smoking behaviors in the
study population at baseline and over follow-up. Over half of
the participants reported smoking marijuana in the past 6
months (median, 7 joints/week). About 40% of marijuana users
reported smoking daily. A little over 40% of participants who
reported marijuana smoking used it for symptom relief at baseline, and this proportion increased to half during follow-up.
Progression to Liver Diseases

Over the course of follow-up, 132 persons (19.1%) reached an
APRI score of 1.5, 102 (14.8%) reached a score of 2, 8 developed
cirrhosis alone (1.2%), and another 11 (1.6%) developed endstage liver disease. The incidence rate for progression to an
APRI ≥ 1.5 was 39.2 per 1000 person-visits; to an APRI ≥ 2, 29.2
per 1000 person-visits; to a clinical diagnosis of cirrhosis, 2.1 per
1000 person-visits; and to ESLD, 2.9 per 1000 person-visits.
There were no differences in the crude rates between marijuana
users and nonusers for any of the outcomes assessed.
Tables 3 and 4 present the results of the multivariate models
for the association between marijuana smoking and progression to liver diseases. No signiﬁcant association could be found
between marijuana use and development of signiﬁcant ﬁbrosis
or cirrhosis measured with the APRI score. Lagging the exposure variable by one visit had no impact on these conclusions.
Neither current nor lagged marijuana smoking accelerated progression to ESLD.
Smoking marijuana seemed to accelerate progression to a
clinical diagnosis of cirrhosis (HR, 1.33 per 10 joints/week;
95% CI, 1.09–1.62). However, lagging the exposure attenuated
this association (HR, 1.12; 95% CI, .94–1.34). Marijuana
smoking was also associated with a slightly increased risk of
progression to clinically diagnosed cirrhosis and ESLD combined: hazard ratio 1.13 (95% CI, 1.01–1.28). This association
was no longer signiﬁcant when marijuana exposure was lagged
(HR, 1.10; 95% CI, .95–1.26). Baseline APRI score was a strong
predictor of reaching an APRI score of 1.5 or 2, and of a clinical
diagnosis of cirrhosis.
Dose-response Relationship With APRI Score

There was no evidence of a dose-response relationship between
marijuana and APRI scores in follow-up. Figure 2 illustrates
that the APRI score would not be expected to change signiﬁcantly with increased smoking in any of the joints/week intervals evaluated. The linear spline regression model did not
provide a better ﬁt to the data over a simple linear regression.
DISCUSSION

Figure 1. Study population ﬂow chart. Abbreviations: ESLD, end-stage
liver disease; HCV, hepatitis C virus.

In this ﬁrst longitudinal study to our knowledge of marijuana
smoking and risk of liver disease among HIV-HCV coinfected
persons without signiﬁcant ﬁbrosis at baseline, we found no
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Table 1.

Baseline and Updated Characteristics of the Study Population

Characteristics

Baseline

No. (persons or person-visits)

Follow-upa

690

3112

Follow-up time (months), median (IQR)
Age (years), median (IQR)

(. . .)
43.9 (38.4–49.2)

32.2 (10.1–45.6)
(. . .)

Male, No. (%)

503 (72.9)

(. . .)

Yearly income <24 000 CAD, No. (%)
Homeless, No. (%)

583 (84.5)
33 (4.8)

(. . .)
(. . .)

Alcohol use in past 6 mo, No. (%)

348 (50.4)

1724 (55.4)

Alcohol abuse in past 6 mo (among alcohol users), No. (%)
Used injection drugs in past 6 mo, No. (%)

53 (15.2)
263 (38.1)

253 (14.7)
1064 (34.2)

Duration of HCV infection (years), median (IQR)

18.0 (10.4–24.5)

(. . .)

Duration of HIV infection (years), median (IQR)
CD4 cell count, median (IQR)

10.3 (5.6–15.6)
400 (270–570)

(. . .)
420 (280–598)

CD4 cell count <200 cells/mm3, No. (%)
Undetectable HIV viral load (<50), No. (%)
BMI, median (IQR)
Non-fasting glucose (mmol/L), median (IQR)
Diabetes, No. (%)
APRI score, median (IQR)

99 (14.3)

394 (12.7)

375 (54.3)
24.0 (21.2–26.8)

2018 (64.8)
23.5 (21.0–26.8)

5.1 (4.6–5.8)

5.1 (4.6–5.8)

24 (3.5)
0.52 (0.37–0.79)

39 (5.6)
0.55 (0.37–0.90)

First occurrence of APRI ≥ 1.5, No. (%)

(. . .)

132 (19.1)

First occurrence of APRI ≥ 2, No. (%)
First occurrence of cirrhosis, No. (%)

(. . .)
(. . .)

102 (14.8)
8 (1.2)

First occurrence of end-stage liver disease, No. (%)

(. . .)

11 (1.6)

First occurrence of cirrhosis or end-stage liver disease, No. (%)

(. . .)

16 (2.3)

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio; BMI, body mass index; CAD, Canadian dollars; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; IQR, interquartile range.
a

The numbers in this column represent the number and proportion of intervals during follow-up in which each characteristic was reported (No. [%]), or the
distribution of the characteristic for all intervals of follow-up (median (IQR)).

evidence that cannabis smoking increases the risk of progression to signiﬁcant liver ﬁbrosis or cirrhosis as measured by the
standard APRI cutoffs. Furthermore, there was no evidence of
any dose-response relationship with increasing cannabis use on
APRI score. In addition, we did not observe any effect of marijuana use on the development of ESLD. We did observe a slight
increase in the risk of progression to clinically diagnosed cirrhosis or cirrhosis and ESLD combined with high levels of
marijuana smoking (33% or 13% increase for each additional
10 joints/week, respectively). However, this association disappeared after lagging the exposure, suggesting that previous
cross-sectional studies reporting an association between marijuana smoking and liver ﬁbrosis may be biased by reverse
causation due to self-medication with marijuana for relief of
symptoms related to signiﬁcant liver ﬁbrosis.
The 2 principal studies implicating marijuana as an independent risk factor for liver ﬁbrosis were cross-sectional in design.
Hézode et al [13] estimated ﬁbrosis progression rates among
270 HCV monoinfected patients undergoing biopsy in a single
center, which were correlated with history of marijuana use obtained contemporaneously with performance of the liver biopsy.
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They found daily cannabis use was associated with values of
ﬁbrosis progression rates >0.074 Metavir U/yr and with severe
ﬁbrosis (≥F3), OR, 3.4 (1.5–7.4) and 2.3 (1.1–4.8), respectively.
Ishida et al [15] studied 204 consecutive HCV chronically infected patients recruited from community-based clinics who
had undergone a liver biopsy; 21% were HIV coinfected. They
found a strong association between daily cannabis use and moderate to severe ﬁbrosis (OR, 6.78; 95% CI, 1.89–24.3) compared
to mild ﬁbrosis, but little association was apparent between cannabis use and the presence of mild ﬁbrosis compared to no ﬁbrosis. They concluded that cannabis may have little or no
inﬂuence on the initiation of ﬁbrosis, but once ﬁbrosis is
present, it may be an important cofactor in ﬁbrosis progression.
To our knowledge, the only longitudinal study published described a small cohort of 58 HIV/AIDS patients recruited from
an outpatient clinic and followed for 12 months and reported a
non-statistically signiﬁcant decrease in liver enzymes (ALT and
AST) among dronabinol and/or marijuana users over the span
of 1 year [16]. Finally, Hézode et al [14] estimated the association between cannabis use and the presence of marked steatosis
(≥30% of hepatocytes containing cytoplasmic fat vacuoles) in a

Table 2.

Marijuana Smoking Behaviors of the Study Population
Baseline
(n = 690
persons)

Marijuana Smoking
Characteristic

Smoked in past 6 mo/since last
367 (53.2)
interview, No. (%)
Smoking frequency, No. (%; among smokers)

Follow-up
(n = 3112
person-visits)

Table 4. Full Models for the Effect of Current Marijuana
Smoking on Progression to Signiﬁcant Liver Fibrosis (Aspartate
Aminotransferase-to-Platelet Ratio Score ≥1.5) and Cirrhosis or
End-stage Liver Disease

1654 (53.1)
Outcome
APRI ≥ 1.5

119 (32.4)

513 (31.0)

10 joints/wk, current
Marijuana use, current

50 (13.6)
50 (13.6)

203 (12.3)
232 (14.0)

Baseline

145 (39.5)

685 (41.4)

3 (0.8)
7 (1–21)

21 (1.3)
7 (1–27)

To relieve symptoms
To increase appetite

150 (40.9)
152 (41.4)

838 (50.7)
827 (50.0)

Recreational purposes

167 (45.5)

776 (46.9)

1 (0.3)

1 (0.1)

Occasionally, not every week
Regularly, 1–2 d/wk
Regularly, 3–6 d/wk
Everyday
Missing
No. of joints/week, median (IQR)
Main reason for smokinga, No. (%)

Sleep

Categories are not mutually exclusive.

Cirrhosis or
ESLD

cross-sectional study of 315 HCV monoinfected patients undergoing biopsy. They found an OR of 0.5 (0.1–1.8) for occasional cannabis use and of 2.1 (1.01– 4.5) for daily cannabis use
compared no use.

Table 3. Effect of Marijuana Smoking on Progression of Liver
Diseases

Hazard Ratio
(95% CI)
1.02 (.93, 1.12)
0.78 (.51–1.20)

APRI score
Age (per 5 y)

6.12 (3.46–10.83)
1.00 (.87–1.14)

Duration of HCV infection
(per 5 y)
Female

1.06 (.95–1.18)

Income <24 000 CAD

0.92 (.49–1.75)

Time-updated
Alcohol abuse

Abbreviation: IQR, interquartile range.
a

Model

1.50 (.99–2.25)

1.49 (.84–2.62)

Injection drug use

1.12 (.75–1.69)

ART use
CD4 count (per 100 cell)

1.00 (.56–1.80)
0.98 (.91–1.06)

HIV RNA (log copies/mL)

1.03 (.94–1.12)

10 joints/wk, current

1.13 (1.01, 1.28)

Marijuana use, current

0.72 (.20–2.55)

Baseline
APRI score

2.41 (.43–13.41)

Age (per 5 y)

1.34 (.91–1.98)

Duration of HCV infection
(per 5 y)

1.01 (.77–1.34)

Female

1.06 (.27–4.15)

Income <24 000CAD
Time-updated

0.49 (.12–2.03)

Alcohol abuse

1.08 (.13–8.65)

Injection drug use
ART use

0.42 (.09–2.04)
(. . .)

Outcome

Model

Hazard Ratio
(95% CI)

APRI ≥ 1.5

10 joints/wk, currenta

1.02 (.93, 1.12)

CD4 count (per 100 cell)

0.93 (.72–1.19)

Lagged exposureb

0.95 (.85, 1.07)

HIV RNA (log copies/ml)

1.15 (.92–1.44)

APRI ≥ 2

Current exposurea
Lagged exposureb

0.99 (.88, 1.12)
0.96 (.85, 1.10)

Cirrhosis

Current exposurea

1.33 (1.09, 1.62)

ESLD

Lagged exposureb
Current exposurea

1.12 (.94, 1.34)
1.08 (.90, 1.28)

Lagged exposureb

1.07 (.85, 1.34)

10 joints/wk, currenta
Lagged exposureb

1.13 (1.01, 1.28)
1.10 (.95, 1.26)

Cirrhosis or ESLD

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio; CI, confidence interval; ESLD, end-stage liver disease.
a

Current exposure models report on the effect associated with an increase of
10 joints per week in the past 6 mo. Models are adjusted for baseline: age,
duration of hepatitis C virus infection, sex, and income, time-updated alcohol
and injection drug use in the 6 mo preceding the visit, CD4 cell count, human
immunodeficiency virus viral load, and antiretroviral therapy use at the
preceding visit and binary indicator of marijuana smoking.

b

Lagged exposure models report on the effect associated with an increase of
10 joints per week in the past 6–12 mo prior to the current follow-up visit.
Models adjusted for same variables, with the exception of binary indicator of
marijuana smoking relating to 6–12 mo before outcome assessment.

Abbreviations: APRI, aspartate aminotransferase-to-platelet ratio; ART, antiretroviral therapy; CAD, Canadian dollars; CI, confidence interval; ESLD, endstage liver disease; HCV, hepatitis C virus; HIV, human immunodeficiency virus.

Reported use for symptom relief was very prevalent suggesting that the association of daily cannabis use and more advanced ﬁbrosis may, in fact, be related to an increased use for
symptom management as disease advances. Interestingly,
Ishida et al [15] found that daily cannabis users had lower body
mass index (BMI) and were much more likely to have medically
prescribed cannabis (57% vs 9%), suggesting they may have
been experiencing more symptoms.
The cannabinoid system consists of 2 receptors (CB1 and
CB2) to which cannabinoids can bind [11]. Depending on
which receptor is expressed, cannabinoids could have opposite
effects on the liver. Antiﬁbrogenic and antiinﬂammatory effects
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Figure 2. Relationship between the number of joints smoked per week
and the aspartate aminotransferase-to-platelet ratio (APRI) score, linear
spline regression model with knots at 7 and 21 joints/wk. There was no
difference in the slope of ln(APRI) observed with increasing marijuana
use. The ln(APRI) score would increase by 0.003 units (95% conﬁdence
interval [CI], −.001, .006) for each additional joint smoked per week for
someone smoking between 0 and 7 joints/wk. For someone smoking
between 7 and 21 joints/wk, it would increase by 0.004 units (95% CI,
−.020, .028) and would decrease by .009 units (95% CI, −.024, .006) for
someone smoking more than 21 joints/wk. Abbreviation: APRI, aspartate
aminotransferase-to-platelet ratio.

of CB2 receptor have been observed in mice [10, 21–23]. Cannabinoids have been shown to decrease oxidative/nitrative
stress and cell death [8], normalize liver enzymes in mice [9],
and present antiinﬂammatory properties such as: (1) suppression of macrophage function, of antigen presentation and of
chemokine production by human B cells; (2) inhibition of macrophage nitric oxide production, of cytotoxic T-cell activity and
of T lymphocytes proliferative responses; and (3) regulation of
tumor necrosis factor, interleukin-1, and interferon gamma
production by human peripheral blood mononuclear cells [8,
24, 25]. However, expression of the CB1 receptor seems to have
pro-ﬁbrogenic properties [10, 26]. In cell culture, cannabidiol
induces death of hepatic stellate cells, activation of which contributes to development of ﬁbrosis [7]. The role of CB1/CB2 receptors expression and ratio is unclear in HCV progression.
However, levels of CB1 are 6 times higher in chronic HCV patients than in controls, and twice higher in cirrhotic patients
than in those at a low ﬁbrosis stage [27–29]. In this study, we
selected a population with evidence of chronic HCV infection,
thus more likely to express high levels of proﬁbrogenic CB1 receptors. It is also possible that we favored the inclusion of those
with higher CB2 expression by selecting a population free of
signiﬁcant ﬁbrosis and ESLD. However, this is unlikely to have
biased our results because we were interested in studying progression to liver disease.
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Our study has several strengths. It is a large, prospective,
cohort study that is broadly representative of HIV-HCV coinfected persons in care in Canada. In previous studies, patients
were only selected based on having undergone liver biopsy, which
potentially introduces selection bias. Indeed, excluded patients
in the Ishida study were signiﬁcantly less likely to use marijuana. We assessed marijuana use and other potential confounders
such as alcohol use and HIV disease stage concurrently at each
study visit and exposures were updated longitudinally, thus
limiting the potential for reverse causality. In addition to using
a noninvasive surrogate for signiﬁcant ﬁbrosis and cirrhosis, we
corroborated our results with clinical outcomes.
There are several limitations worth noting. We used APRI as
a noninvasive surrogate for signiﬁcant liver ﬁbrosis, which may
underestimate the degree of ﬁbrosis present and may be inﬂuenced by factors other than ﬁbrosis that affect AST and platelet
values. The area under the receiver operating characteristic
(AUROC) curve of APRI is 0.77 for signiﬁcant ﬁbrosis and 0.83
for cirrhosis without signiﬁcant change in accuracy in HIV-HCV
coinfected as compared to HCV monoinfected patients [30].
APRI is highly predictive of liver-related and all-cause mortality in HIV-HCV coinfection [19, 31, 32]. However, the reference
standard for the diagnosis of signiﬁcant hepatic ﬁbrosis, liver
biopsy, is invasive, costly and prone to sampling error and therefore not amenable to be used repeatedly [33]. Given the 18 years
median duration of HCV infection, it is expected that many
participants would have some degree of ﬁbrosis at baseline. For
this reason we also adjusted for baseline APRI in multivariate
models, itself a strong predictor of liver ﬁbrosis progression.
Although the relatively short follow-up time and the lack of
information on duration of smoking before cohort entry do not
allow us to make inference about long-term use of marijuana,
the results of this study could still be valuable to clinicians who
need to provide advice to their patients about immediate risks
of marijuana smoking. Longer follow-up would be very valuable, however, to conﬁrm our ﬁndings for extended exposure.
Clinical outcomes were relatively rare over the course of this
study so it remains possible that we have missed a true effect
(type II error) that may have been present if follow-up were extended so as to capture more events. However, the upper bounds
of the 95% conﬁdence intervals we observed are not consistent
with an effect anywhere near as large as those previously reported (ORs of 3.4 and 6.78) –our study had 100% power to detect
such a large effect for APRI ≥ 1.5 and APRI ≥ 2. Thus, if there is
any effect of marijuana exposure it is likely to be quite small and
only in more advanced disease. Indeed, our estimates are in line
with lower bounds of the 95% conﬁdence intervals reported
from previous studies (ie, 1.01 and 1.89) and are much less than
those for known important risk factors such as alcohol use.
We lacked detailed information on marijuana use history before cohort entry and therefore were only able to lag marijuana

exposure by 6 months. However, in analyses when exposures
were lagged by this amount, risks were attenuated. It is therefore
unlikely that even more remote use would be expected to have
had an effect. Moreover, exploratory analyses showed that current
exposure provided the best ﬁt to the data. We may have underestimated cannabis use as we did not collect information about
ingested marijuana. We were also unable to investigate the effect of
prescribed cannabinoid use such as marinol, nabilone, or sativex.
However, use of these drugs was limited in our population.
It remains possible that the risk associated with cannabis exposure differs among HIV coinfected persons for whom there
may be other more important predictors of liver disease. However, our analyses were controlled for antiretroviral use, and time
updated CD4 cell count and HIV virologic control in addition to
alcohol and drug use, which might be more common in our population. Finally, we could not assess the role of hepatic steatosis
and insulin resistance, both important predictors of ﬁbrosis progression [34, 35]. As marijuana use has been associated with the
presence of steatosis, failure to account for steatosis would likely
have biased our results away from the null rather than masking
an effect of marijuana on ﬁbrosis progression. Including BMI in
the models did not change results (not shown).
To conclude, in this ﬁrst prospective evaluation of liver disease
progression among HIV-HCV infected persons, we could not
demonstrate any important effect of marijuana on liver disease
outcomes. A causal association is unlikely: hazard ratios were
weak and most importantly were attenuated when accounting for
temporality in the exposure-disease relationship and there was no
dose-response relationship. It is likely that previous studies have
been biased by reverse causality as patients use more marijuana
to relieve symptoms as liver disease progresses.
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