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Abstract
Introduction and Aims. Despite cannabis use being very common in patients co-infected with HIV and hepatitis C virus
(HCV), its effect on these patients’ immune systems remains undocumented. Documenting the potential effect of cannabis use on
HIV immunological markers would help caregivers make more targeted health recommendations to co-infected patients. We per-
formed a longitudinal analysis of the relationship between cannabis use and peripheral blood CD4 T-cell measures in co-infected pa-
tients receiving antiretroviral therapy. Design and Methods. Cannabis use was assessed using annual self-administered
questionnaires in 955 patients (2386 visits) enrolled in the ANRS CO13-HEPAVIH cohort. The effect of cannabis use on circu-
lating CD4 T-cell count and percentage was estimated using multivariate linear regression models with generalised estimating equa-
tions. Sensitivity analyses were conducted after excluding visits where (i) tobacco use and (ii) smoking>=10 tobacco cigarettes/day
were reported. Results. At the first visit, 48% of patients reported cannabis use during the previous four weeks, and 58% of these
patients also smoked ≥10 tobacco cigarettes/day. After multiple adjustment, cannabis use was not significantly associated with either
circulating CD4 T-cell count [model coefficient (95% confidence interval): 0.27 (�0.07; 0.62), P=0.12] or percentage [�0.04
(�0.45; 0.36), P=0.83]. Sensitivity analyses confirmed these results. Discussion and Conclusions. Findings show no evi-
dence for a negative effect of cannabis use on circulating CD4 T-cell counts/percentages in HIV-HCV co-infected patients.
In-depth immunological studies are needed to document whether cannabis has a harmful effect on CD4 levels in lungs and on cells’
functional properties. [Marcellin F, Lions C, Rosenthal E, Roux P, Sogni P,Wittkop L, Protopopescu C, Spire B, Salmon-
Ceron D, Dabis F, Carrieri MP, HEPAVIH ANRS CO13 Study Group. No significant effect of cannabis use on the
count and percentage of circulating CD4 T-cells in HIV-HCV co-infected patients (ANRSCO13-HEPAVIH French
cohort). Drug Alcohol Rev 2016;xxx–xxx]
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Introduction

In France, cannabis is considered an illicit drug [1]. The
oral spray Sativex® is the only tetrahydrocannabinol-
containing therapeutic drug currently authorised with
medical prescription in the country. However, its use re-
mains rare and restricted to patients with multiple sclero-
sis. Along with increased supply, cannabis use has
increased in recent years among people aged 18–64years
in the French general population, with 8% of users in
2010 and 11% in 2014. As in Canada [2], cannabis use
is frequent in patients co-infected with HIV and hepatitis
C virus (HCV) in France. In a survey conducted in 2011
in French hospitals among a nationally representative
sample of people living with HIV, 49% of HIV-HCV
co-infected patients reported cannabis use [3]. As canna-
binoids have immunomodulatory effects, cannabis use
may influence T-lymphocyte subpopulations. In this
study, we focused our attention on the possible effect of
cannabis use on peripheral blood CD4 T-cell measures
(i.e. CD4 T-cell counts and percentages in the total lym-
phocyte count), which are key markers of HIV infection
progression. Several studies addressing this issue have
been conducted in different populations, with mixed re-
sults [4–9]. However, no data are currently available in
the context of HIV-HCV co-infection.

We estimated the effect of cannabis use on CD4 T-cell
measures using longitudinal data collected among co-
infected patients receiving antiretroviral therapy (ART)
enrolled in an observational cohort. Given the high rate
of tobacco smokers among co-infected patients in France
[3], our study took into account the potential concomi-
tant (and possibly opposite) immune effects of tobacco
smoking. Indeed, higher CD4 counts have been observed
in tobacco smokers compared with non-smokers both in
the general population [10] and in HIV-infected and un-
infected men [5,11,12].

Patients and methods

Study sample

The sample for this study comprised patients participat-
ing in the ANRS CO13-HEPAVIH cohort [13,14] with
cannabis use data available at least once during the first
5 years of follow-up, i.e. until month 60 (M60). A de-
scription of the cohort methodology can be found in the
Supporting Information. Analyses included data from
all annual visits associated with a self-administered ques-
tionnaire. For the purpose of sample homogeneity re-
garding HIV treatment status, the data corresponding
to visits where ART was interrupted were excluded from
the analyses.

Variables

Use of cannabis and other illicit drugs. In the self-administered
questionnaire, patients were asked the following ques-
tion concerning their consumption of cannabis and
other illicit drugs (including cocaine, heroin, crack, ec-
stasy, street buprenorphine, amphetamines, LSD and
other hallucinogens): ‘During the last four weeks, have
you used one or more of the following drugs?’. Possible
answers were ‘never’, ‘sometimes’, ‘regularly’ and ‘every
day’ in relation to each drug type. This question has
been previously used to assess drug consumption in
the French general population [15] and in HIV-infected
patients [16]. Patients who answered ‘never’ to this
question for cannabis but who reported daily cannabis
use during face-to-face interviews by their physician
were classified as daily cannabis users.

Other behavioural variables. During a face-to-face med-
ical interview, patients were asked about their current and
past tobacco use practices, as well as the number of to-
bacco cigarettes they smoked per day. A cut-off of 10
tobacco cigarettes/day was used to distinguish moderate
smokers from non-moderate smokers [17–19]. Data
about patients’ alcohol consumption (during the previ-
ous six months) and adherence to ART (during the pre-
vious four days) were collected in the self-administered
questionnaire. In addition, history and current presence
of alcohol-related problems were documented by physi-
cians.With regard to alcohol consumption, patients were
classified into one of the following three categories [20]:
(i) current alcohol-related problems (physician’s report);
(ii) hazardous drinking or binge drinking without
alcohol-related problems, defined as an Alcohol Use Dis-
orders Identification Test–Consumption (AUDIT-C)
score ≥4 (for men) or ≥3 (for women) (with a time frame
for this scale fixed at six months in our study), or con-
sumption of ≥6 drinks on any one occasion during the
previous six months; and (iii) non-hazardous drinking,
defined as an AUDIT-C score <4 (for men), <3 (for
women) [21]. Patients were also classified into the cate-
gories ‘high’, ‘medium’ or ‘low’ adherence to ART,
according to both the rate of prescribed doses of ART
they actually took during the previous four days (100%,
between 80% and 99.9%, <80%) and their compliance
with drugs schedule [22,23].

Assessment of CD4 T-cell counts and percentages. CD4 T-
cell numbers and percentages were determined using
flow cytometry, following theWorldHealthOrganization
laboratory guidelines for enumerating CD4 T lympho-
cytes in the context of HIV/AIDS [24]. CD4 T-cell mea-
sures were performed by the laboratory of each given
hospital participating in the cohort.
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Biomedical and clinical variables. Analyses of circulating
CD4 T-cell counts and percentages were adjusted for
significant correlates from a list, including gender, age,
bodymass index, andHIV- andHCV-related characteristics
(time since HCV diagnosis, HCV status at enrolment in
the cohort, F3–F4 fibrosis stage defined as a FIB-4
index>3.25 [25,26], HCV treatment status, time since
HIV diagnosis, time since ART initiation, undetectable
HIV viral load defined as a viral load below the limit of
detection of the given hospital’s laboratory test, Centers
for Disease Control and Prevention clinical stage and
type of ART drugs received).

Statistical analyses

The main characteristics of the study sample at first
visit with available self-administered questionnaire
were compared between patients who reported canna-
bis use and those who did not (Student’s t-test or
Mann–Whitney test for continuous variables, χ2 test
for categorical variables). Linear regression models
using generalised estimating equations [27] were used
on repeated measures of the count and percentage of
circulating CD4 T-cells. The distribution of circulat-
ing CD4 T-cell counts was normalised using a square
root transformation. Six time-dependent variables
assessing cannabis use were tested for a possible rela-
tionship with CD4 measures. A dichotomous variable
(not using cannabis vs. using cannabis) was first
tested. Three variables exploring the frequency of
cannabis use were then tested, including a four-
category variable (no use; occasional use; regular
use; daily use), and two dichotomous variables for
‘daily use’ (yes vs. no) and ‘regular or daily use’ (yes
vs. no), respectively. Finally, in order to take into ac-
count potential interactions between cannabis use and
tobacco use, two variables cross-referencing these be-
haviours were then tested, including a four-category
variable (no regular or daily cannabis use and history
of tobacco use; no regular or daily cannabis use and
smoking<20 tobacco cigarettes (one pack)/day; no
regular or daily cannabis use and smoking>one
pack/day; regular or daily cannabis use), and a three-
category variable (cannabis use; cannabis use and
smoking<10 tobacco cigarettes/day; cannabis use
and smoking≥10 tobacco cigarettes/day). Variables
with a P value <0.25 in the univariate analyses were
considered eligible for multivariate analysis. Multivar-
iate models were adjusted for significant biomedical,
clinical and behavioural variables (P<0.05, backward
selection procedure). The variable ‘Current tobacco
use’ was systematically entered in the multivariate
models and retained when significant (P<0.05) or
when modifying substantially the model coefficients.

In order to minimise potential confounding between
the effect of cannabis use and that of tobacco use,
two sensitivity analyses were conducted after exclu-
sion of data corresponding to: (i) visits with self-
reports of tobacco use; and (ii) visits with self-reports
of tobacco use exceeding 10 tobacco cigarettes/day.
Finally, in order to account more directly for the issue
of varying ART use and adherence to ART, the sta-
bility of results from the main analysis was checked
in an additional analysis restricted to data collected
during follow-up visits with suppressed plasma HIV
viral load. All tests were two-sided, with a significance
threshold fixed at α=0.05. SAS version 9.3 for Win-
dows was used for the analyses.

Results

Among the 1246 participants with available records
in the HEPAVIH socio-behavioural database as of
21 November 2014, the 955 patients (reflecting 2386
visits) who had cannabis use data available at least
once until M60 constituted the study sample. A total
of 78 patients (8% of the study sample) were not
receiving ART at enrolment in the cohort. The pro-
portion of patients with undetectable HIV viral load
at enrolment was significantly higher in the study sam-
ple compared with the remaining cohort participants
(i.e. patients without available cannabis use data)
(74% vs. 59%; P<0.001). Further, median (interquar-
tile range) percentage of circulating CD4 T-cells was
significantly lower [26 (20; 34) vs. 28 (20; 36);
P=0.02]. No significant difference was detected be-
tween patients in the study sample and the remaining
cohort participants with respect to gender, age, circu-
lating CD4 T-cells count, HCV status and fibrosis
stage at enrolment (data not shown).

Characteristics of the study sample at first visit

In the study sample, median (interquartile range) count
and percentage of circulating CD4 T-cells were 454
(309; 652) cells/mm3 and 26% (20%; 34%), respectively,
with no significant difference between patients who re-
ported cannabis use at their first visit and those who did
not (Table 1). Patients who reported cannabis use at their
first visit were significantly younger, and more often un-
derweight than those who did not. They also reported
higher rates of tobacco, alcohol and illicit drugs con-
sumption, and they were diagnosedwithHIV for a longer
time.

The vast majority of patients (124 out of 132) who ini-
tiated HCV treatment during follow-up received
pegylated interferon and ribavirin. Mean (standard
deviation) duration of follow-up was 31 (24) months.

Cannabis use and circulating CD4 T-cells 3
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Table 1. Characteristics of the study sample (n=955) at first visit with available self-administered questionnaire: data according to cannabis use
status (ANRS CO13-HEPAVIH cohort, France)

Characteristics Overall Cannabis use P-valuea

Yes (48%) No (51%)

No. (%) of patients, mean (standard deviation) or
median [interquartile range]

Male gender 671 (70) 321 (73) 322 (69) 0.18
Age, years 45.6 (6.0) 45.1 (5.0) 46.0 (6.3) 0.01

Behavioural characteristics
Frequency of cannabis use (n=905)
- never 466 (51) — 466 (100.0) —
- sometimes 195 (22) 195 (44) —
- regularly 109 (12) 109 (25) —
- everyday 135 (15) 135 (31) —

History of tobacco use (n=924) 137 (15) 25 (6) 98 (22) <0.0001
Current tobacco use (n=927) 678 (73) 386 (91) 272 (60) <0.0001
Cannabis use according to past and current tobacco use (n=857) <0.0001
- no regular or daily cannabis use, history of tobacco use 112 (13) 14 (3) 98 (22)
- no regular or daily cannabis use, smoking <one 20-pack/day 306 (36) 94 (22) 212 (49)
- no regular or daily cannabis use, smoking >one 20-pack/day 195 (23) 71 (17) 124 (29)
- regular or daily cannabis use 244 (28) 244 (58) 0

Cannabis use according to the no. of daily tobacco cigarettes used (n=842)
- no cannabis use 434 (52) — 434 (100) —
- cannabis use and <10 tobacco cigarettes/day 113 (13) 113 (28) —
- cannabis use and ≥10 tobacco cigarettes/day 295 (35) 295 (72) —

Use of at least one illicit drugb 108 (11) 73 (17) 35 (7) <0.0001
Alcohol use categoryc

- non-hazardous drinking 575 (60) 236 (54) 304 (65) 0.002
- hazardous or binge drinking 259 (27) 135 (31) 112 (24)
- alcohol-related problems 121 (13) 68 (15) 50 (11)

Adherence to ARTd (n=941)
- low 72 (7) 37 (8) 31 (7) 0.30
- medium 223 (24) 111 (26) 104 (23)
- high 646 (69) 286 (66) 324 (70)

Biomedical and clinical characteristics
Body mass indexe (n=931)
- underweight 112 (12) 72 (17) 37 (8)
- normal 655 (71) 312 (73) 314 (69)
- overweight 141 (15) 34 (8) 92 (20)
- obese 23 (2) 8 (2) 13 (3) <0.0001

Time since HCV diagnosis—in years (n=947) 10.2 (5.5) 10.3 (5.3) 10.1 (5.6) 0.56
HCV status at enrolment
- chronically infected patient 846 (89) 395 (90) 408 (88) 0.25
- treatment-induced HCV-cleared patient 109 (11) 44 (10) 58 (12)

F3–F4 fibrosis stagef (n=939) 147 (16) 66 (15) 74 (16) 0.65
Time since HIV diagnosis, years (n=952) 16.2 (5.5) 17.0 (5.0) 15.8 (5.7) 0.001
Time since ART initiation, years 10.3 (4.6) 10.5 (4.4) 10.4 (4.7) 0.82
CD4 T-cell count♦, cells/mm3 (n=941) 454 [309; 652] 458 [311; 649] 455 [313; 660] 0.88
CD4 T-cell percentage♦ (n=942) 26 [20; 34] 26 [19; 33] 27 [20; 34] 0.30
Undetectable HIV viral loadg (n=940) 715 (76) 330 (76) 349 (76) 0.95
CDC stage (n=948)
- A 429 (45) 184 (42) 222 (48) 0.09
- B 248 (26) 128 (29) 108 (23)
- C 271 (29) 125 (29) 132 (29)

Receiving a protease inhibitor-containing ART regimen 694 (73) 315 (72) 337 (72) 0.85
Receiving a non-nucleoside reverse transcriptase inhibitor-
containing ART regimen

221 (23) 101 (23) 111 (24) 0.77

885 (93) 413 (94) 426 (91) 0.12

(Continues)
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Rates of cannabis use during follow-up

The percentage of patients reporting cannabis use varied
between 40% and 48% during follow-up. Occasional
users (i.e. patients reporting that they used cannabis
‘sometimes’) comprised the largest proportion of canna-
bis users (Figure 1a). Non-moderate tobacco users (≥10
tobacco cigarettes/day) accounted for 58% to 72% of
cannabis users (Figure 1b).

Analyses of circulating CD4 T-cells counts and percentages
during the follow-up

The counts and percentages of circulating CD4 T-
cells significantly increased with time (P<0.0001).
No systematic difference was observed for the dis-
tributions of these two variables between patients
who reported cannabis use and those who did not
(Figures 2 and 3).

Univariate analyses. In the univariate analyses, the sig-
nificant correlates of circulatingCD4T-cell count or per-
centage included CD4 levels at first visit, gender, age,
time since HIV and HCV diagnosis, duration and type
of ART, HCV treatment status, clinical parameters
(HIV viral load, Centers for Disease Control and Preven-
tion clinical stage, fibrosis stage) and alcohol-related
problems (Table 2).

Current tobacco use was not significantly associated
with the count (P=0.24) or percentage (P=0.33) of cir-
culating CD4 T-cells.

Cannabis use, whether combined or not with current
or past tobacco use, was not significantly associated with
the count or percentage of circulating CD4 T-cells
(Table 3).

Cannabis use overall and according to the number of
tobacco cigarettes smoked, i.e. <10 versus ≥10 tobacco
cigarettes/day, were both eligible to enter the multivariate
model for circulating CD4 T-cell count (P<0.25).

Multivariate analyses. In the multivariate analyses, cannabis
use and cannabis use according to the number of tobacco
cigarettes smoked (<10 vs. ≥10 tobacco cigarettes/day)
were not significantly associated with either count or per-
centage of circulating CD4 T-cells, after adjustment for
baseline CD4 value and time-dependent HIV- and
HCV-related clinical variables (Table 3). The variable
‘Current tobacco use’ was not retained in the multivari-
ate models, as it was not significant at the 0.05 level and
was not a substantial effect modifier.

Sensitivity analyses. After exclusion of the 1553 visits
with self-reported tobacco use, cannabis use was signifi-
cantly associated with a lower percentage of circulating
CD4 T-cells (P=0.049) in the univariate analyses.

Table 1. (Continued)

Characteristics Overall Cannabis use P-valuea

Yes (48%) No (51%)

No. (%) of patients, mean (standard deviation) or
median [interquartile range]

Receiving a nucleoside reverse transcriptase inhibitor-containing
ART regimen
Receiving an integrase inhibitor-containing ART regimen 34 (4) 14 (3) 20 (4) 0.38
Receiving a fusion inhibitor-containing ART regimen 17 (2) 10 (2) 6 (1) 0.26
Receiving a nucleoside and non-nucleoside reverse transcriptase
inhibitors combined ART regimen

2 (0.2) 1 (0.2) 1 (0.2) 0.97

♦In the peripheral blood (i.e. circulating cells). aComparison between patients reporting cannabis use and those not reporting cannabis
use (Student’s t-test or Mann–Whitney test for continuous variables, χ2 test for categorical variables). bDefined as reporting to have
used at least one of the following drugs during the previous four weeks: cocaine, heroin, crack, ecstasy, street buprenorphine, amphe-
tamines, LSD or other hallucinogens. cVariable using the following three-category classification for alcohol consumption [20]: (i) cur-
rent alcohol-related problems (physician’s report); (ii) hazardous or binge drinking without alcohol-related problems, defined as an
Alcohol Use Disorders Identification Test—Consumption (AUDIT-C) score ≥4 (for men) or ≥3 (for women), reporting consumption
≥6 drinks on any one occasion during the previous 6months; and (iii) non-hazardous drinking, defined as an AUDIT-C score<4 (for
men),<3 (for women) [21]. dPatients were classified into the categories ‘high’, ‘medium’ or ‘low’ adherence to ART according to both
the rate of prescribed doses of ART they actually took during the previous four days (100%, between 80% and 99.9%,< 80%) and their
compliance with their drugs schedule [22,23]. eThe four classifications for bodymass index were defined as follows [28]: ‘underweight’
for values <18.5, ‘normal’ for values between 18.5 and 24.99, ‘overweight’ for values between 25 and 30, ‘obese’ for values ≥30.
fDefined as an FIB-4 index> 3.25 [25,26]. gDefined as a plasma HIV viral load below the limit of detection of the given hospital’s
laboratory test. ART, antiretroviral therapy; CDC, Centers for Disease Control and Prevention; HCV, hepatitis C virus.

Cannabis use and circulating CD4 T-cells 5
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However, this relationship was no longer significant in
the multivariate analysis.

After exclusion of the 1144 visits with self-reported to-
bacco use exceeding 10 tobacco cigarettes/day, cannabis
use was not significantly associated with the count or per-
centage of circulating CD4 T-cells in the univariate anal-
yses, irrespective of whether or not it was combined with
current or past tobacco use (data not shown).

Analyses restricted to follow-up visits with suppressed plasma
HIV viral load. `The results of this additional analysis
(including 877 patients, for a total of 1943 visits)

confirmed that cannabis use has no significant effect
on the count or percentage of circulating CD4 T-cells
(data not shown).

Discussion

In this longitudinal analysis based on five-year follow-
up data, we found no significant effect of cannabis

Figure 1. Percentage of patients reporting cannabis use in the study sample:
data per visit (ANRS CO13-HEPAVIH cohort, France). 1a—Frequency of
cannabis use. Horizontal axis: months of follow-up; vertical axis: percentage of
patients in each category of cannabis users (light gray: patients who reported
using cannabis ‘sometimes’ (occasional use); medium gray: patients who
reported using cannabis ‘regularly’; dark gray: patients who reported using
cannabis ‘daily’). 1b—Cannabis use according to the number of tobacco
cigarettes smoked per day. Horizontal axis: months of follow-up; vertical
axis: percentage of patients in each category of cannabis users (medium gray:
patients who reported using cannabis and less than 10 tobacco cigarettes/day;
dark gray: patients who reported using cannabis and at least 10 tobacco
cigarettes/day).

Figure 2. Distribution of circulating CD4 T-cell count in the study sample
in terms of cannabis use or not, as a function of follow-up visit (ANRSCO13-
HEPAVIH cohort, France). Horizontal axis: follow-up visit (months);
vertical axis: circulating CD4 T-cell count (cells/mm3); light grey = cannabis
use; dark grey = no cannabis use. The boxplots present median values and
interquartile ranges (box), lines (whiskers) include all points within 1.5
interquartile range of the nearest quartile. The ‘+’ sign locates the mean.

Figure 3. Distribution of circulating CD4 T-cell percentage in the study
sample in terms of cannabis use or not, as a function of follow-up visit (ANRS
CO13-HEPAVIH cohort, France). Horizontal axis: follow-up visit
(months); vertical axis: circulating CD4 T-cell percentage (in the total
lymphocyte count); light grey = cannabis use; dark grey = no cannabis use.
The boxplots present median values and interquartile ranges (box), lines
(whiskers) include all points within 1.5 interquartile range of the nearest
quartile. The ‘+’ sign locates the mean.
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use on CD4 T-cells measures in the peripheral blood of
955 ART-treated HIV-HCV co-infected patients. This
result confirms those of previous studies conducted in
HIV-infected and uninfected patients [5,7]. However,
given the deleterious effects of the smoking route of ad-
ministration, studies considering other routes of admin-
istration for cannabis (such as oral sprays) may give

different results. In addition, the immune effects of
cannabinoids are highly dependent on the type, con-
centration and context (named the ‘entourage effect’)
of administered cannabinoids. The findings of this
study thus suggest that the cannabinoids contained in
cannabis—irrespective of their types and ratios in the
product used—do not influence circulating CD4 T-cell

Table 2. Main correlates of the count and percentage of circulating CD4 T-cells in the study sample: univariate linear regression models with
generalised estimating equations (ANRS CO13-HEPAVIH cohort, France)

Model outcome=CD4 T-cell
count*

Model outcome=CD4 T-cell
percentage*

Variables Coefficient [95% confidence interval] (P-value)
Male gender �1.63 [�2.46; �0.80] (P< 0.0001)* �3.89 [�5.19; �2.60] (P< 0.0001)*
Age, years 0.12 [0.07; 0.17] (P< 0.0001)* 0.21 [0.12; 0.30] (P< 0.0001)*

Behavioural characteristics
History of tobacco use �0.25 [�1.02; 0.51] (P=0.52) 0.08 [�1.01; 1.18] (P=0.88)
Current tobacco use 0.39 [�0.26; 1.05] (P=0.24)* �0.48 [�1.44; 0.48] (P=0.33)
Use of at least one illicit drug during the previous
4weeks

0.40 [�0.46; 1.25] (P=0.37) �0.48 [�1.43; 0.46] (P=0.31)

Alcohol use category (ref.=non-hazardous) (P=0.02)* (P=0.02)*
- hazardous or binge drinking 0.52 [�0.10; 1.04] �0.50 [�1.24; 0.25]
- alcohol-related problems �0.96 [�2.04; 0.11] �2.77 [�4.71; �0.82]

Adherence to ART (ref.= low) �0.18 [�0.72; 0.36] (P=0.52) �0.20 [�0.91; 0.50] (P=0.58)
- medium or high

Clinical characteristics
Body mass index (ref. =underweight) (P= 0.10) * (P=0.28)
- normal 0.15 [�0.67; 0.98] �0.97 [�2.11; 0.18]
- overweight 0.89 [�0.17; 1.94] �0.95 [�2.43; 0.53]
- obese 1.64 [0.09; 3.19] �0.08 [�2.17; 2.01]

Time since HCV diagnosis, years 0.12 [0.07; 0.18] (P< 0.0001)* 0.28 [0.18; 0.37] (P< 0.0001)*
HCV status at enrolment (ref. = chronically infected patient)
- treatment-induced HCV-cleared patient 0.96 [�0.03; 1.96] (P=0.06)* 1.05 [�0.74; 2.84] (P=0.25)

Receiving HCV treatment �3.77 [�4.46; �3.09] (P< 0.0001)* 5.00 [3.74; 6.25] (P< 0.0001)*
F3–F4 fibrosis stage �3.12 [�3.73; �2.51] (P< 0.0001)* �0.38 [�1.48; 0.71] (P=0.49)
Time since HIV diagnosis, years 0.13 [0.07; 0.18] (P< 0.0001)* 0.25 [0.17; 0.34] (P< 0.0001)*
Time since ART initiation, years 0.17 [0.11; 0.23] (P< 0.0001)* 0.35 [0.25; 0.45] (P< 0.0001)*
CD4 T-cell count♦ at first visit, cells/mm3 0.88 [0.85; 0.91] (P< 0.0001)* —
CD4 T-cell percentage♦ at first visit — 0.90 [0.87; 0.94] (P< 0.0001)*
Undetectable HIV viral load 1.42 [0.90; 1.95] (P< 0.0001)* 2.97 [2.35; 3.60] (P< 0.0001)*
CDC stage (ref.=A) (P=0.003) * (P=0.0002) *
- B �0.35 [�1.25; 0.54] �0.12 [�1.60; 1.36]
- C �1.49 [�2.37; �0.62] �2.74 [�4.11; �1.36]

Receiving a protease inhibitor-containing ART
regimen

�0.74 [�1.32; �0.16] (P=0.01)* �1.76 [�2.64; �0.88] (P< 0.0001)*

Receiving a non-nucleoside reverse transcriptase
inhibitor-containing ART regimen

0.87 [0.27; 1.46] (P= 0.005)* 1.45 [0.52; 2.38] (P=0.002)*

Receiving a nucleoside reverse transcriptase
inhibitor-containing ART regimen

�0.10 [�0.84; 0.64] (P=0.79) 0.61 [�0.53; 1.75] (P=0.29)

Receiving an integrase inhibitor-containing ART
regimen

0.11 [�0.52; 0.75] (P=0.73) 0.66 [�0.14; 1.47] (P=0.11)*

Receiving a fusion inhibitor-containing ART
regimen

�0.38 [�1.68; 0.92] (P=0.56) �3.09 [�4.73; �1.45] (P=0.0009)*

Receiving a nucleoside and non-nucleoside reverse
transcriptase inhibitors combined ART regimen

2.27 [1.33; 3.20] (P< 0.0001)* 4.82 [2.92; 6.71] (P< 0.0001)*

♦In the peripheral blood (i.e. circulating cells). aA square-root transformation was applied to normalise CD4 T-cell counts. *Variable
eligible for multivariate analysis (P<0.25). ART, antiretroviral therapy; CDC, Centers for Disease Control and Prevention; HCV,
hepatitis C virus.
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counts and percentages in HIV-HCV co-infected
patients. However, a potential effect of cannabinoids
on the functions of immune cells cannot be ruled out.
Indeed, cannabinoids are known to influence many
cellular and cytokine mechanisms [29]. The major
psychoactive component of marijuana, Δ9-
tetrahydrocannabinol, has been reported to suppress
immune functions, including cell proliferation, anti-
body production, natural killer cell activity and macro-
phage function [8]. Impaired rosetting capacity has
been observed in the peripheral blood CD4 and CD8
lymphocytes subsets of marijuana users [30,31].
Cannabinoids may also have important effects on T
helper 1- and 2-specific cytokines and TGF-β secretion
[32]. The inhibitory effects of cannabinoids on T-cells
[33], such as decreases in number or sensitivity, have
been found in some studies [34,35] but not others
[36,37]. This may be partly explained by the heteroge-
neity of the studies’ characteristics (routes of admi-
nistration, type and quantity of cannabis used,
tetrahydrocannabinol concentration, frequency of
smoking and duration of inhalation) [33]. In the con-
text of HIV infection, a randomised, prospective
placebo-controlled study comparing the short-term ef-
fects of cannabinoids in ART-treated patients [8]
showed no meaningful pattern of changes in immune
phenotype or function over the 21-day study period in
patients randomised to smoked marijuana or
dronabinol, compared with patients receiving a pla-
cebo. However, the long-term effect of cannabinoids
on the immune system of HIV-infected patients re-
mains to be explored. This issue is of specific interest
in light of the growing body of evidence on the struc-
ture and function of the endocannabinoid receptor sys-
tem and its possible role in HIV disease [38]. In
addition to their immunosuppressive and anti-
inflammatory properties, cannabinoids are indeed
hypothesised to have direct antiviral effects [39,40].
As expected, the prevalence of cannabis use was high

in our study sample [2,3] in comparison with the gen-
eral population [41]. Targeted actions for cannabis use
prevention are thus needed, given the well-documented
adverse health effects of cannabis use [42]. As some co-
infected patients use cannabis to relieve disabling
symptoms, research efforts on the therapeutic use of
cannabinoids should be pursued.
Interestingly, in this study, tobacco use was not

significantly associated with CD4 T-cell measures. This
contrasts with results from several other studies showing
a positive association between tobacco use and CD4
T-cell counts in HIV-infected and uninfected men
[5,11,12,43]. In the present study, cannabis use remained
non-significantly associated with CD4 levels after
considering concomitant tobacco use. Furthermore, no
significant association was observed between cannabis

use and CD4 levels in the sensitivity analyses conducted
in both moderate tobacco users and non-smokers. The
relatively low number of non-smokers in this study may
partly explain these results.

As observed elsewhere [9], use of illicit drugs other
than cannabis was not associated with CD4 levels in this
study.

As expected, both time since ART initiation—associated
with duration of infection—and undetectable HIV
viral load were identified as significant correlates of
higher CD4 levels. F3–F4 fibrosis stage was associated
with lower CD4 T-cell count, but was not significantly
associated with CD4 T-cell percentage. Receiving
HCV treatment was associated with lower CD4 T-cell
count and higher CD4 T-cell percentage. These
contrasting results may be related to the discordances
between CD4 T-cell counts and percentages observed
in HIV-infected patients with liver fibrosis [44].

Study limitations

The main limitation of this study is that analyses are re-
stricted to the effect of cannabis use on the frequency of
circulating CD4T-cells. Future studies are needed to ex-
plore a potential effect on the cells’ immune function,
and to analyse common immune parameters, such as cy-
tokine and chemokines, as well as their status in lungs,
which is the primary organ affected by cannabis exposure.
The frequency of CD4 T-cell subpopulations, including
naïve and memory cells (which are not routinely mea-
sured in the clinical follow-up of co-infected patients),
as well as CD8 T-cell measures, may also be analysed.
Nevertheless, this study adds interesting data to the
existing body of literature about cannabis use, which is
an issue of growing interest given its global increase and
the debate concerning the legalisation of cannabis in cer-
tain settings. This study is also limited by the high rate of
concomitant use of cannabis and tobacco (also shown
elsewhere [2,3]), preventing us from disentangling the ef-
fect of each of these two behaviours on CD4 measures.
Finally, the higher percentage of patients with undetect-
able HIV viral load in the study sample compared with
the remaining cohort participants may slightly restrict
the external validity of our results. However, this percent-
age was close to that observed in co-infected patients who
participated in the nationally representative survey
ANRS-VESPA2 in 2011 [3].

Conclusion

In conclusion, we found no negative effect of cannabis
use on the counts and percentages of circulating CD4
T-cells in ART-treated HIV-HCV co-infected patients.
Our findings, together with data on the relatively low
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contribution of cannabis use to globalmortality [45], may
help caregivers make useful recommendations to co-
infected patients. Indeed, cannabis use in co-infected
patients has probably both recreational and therapeutic
purposes, just as is observed in the context of HIV infec-
tion [46]. Caregivers’ recommendations should therefore
focus on preventing excessive use of cannabis in order to
lower the risk of addiction, cognitive problems and can-
cer [42]. Additional studies are needed to document the
potential effect of cannabis use on CD4 levels in the
lungs. Indeed, some differences have been observed in
the lymphocytic subpopulation profiles between bron-
choalveolar lavage fluid and peripheral blood in tobacco
and marijuana users [4]. Moreover, a potential deleteri-
ous effect of cannabis use on the functional properties
of CD4 T-cells needs in-depth research [5]. Finally, fur-
ther studies are required to disentangle the concomitant
effects of cannabis use and tobacco use on the immune
system of HIV-HCV co-infected patients.
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