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Self-Reported Cannabis Use and Markers
of Inflammation in Men Who Have Sex
With Men With and Without HIV

Martin Krsak,"™ Nikolas I. Wada,? Michael W. Plankey,® Gregory L. Kinney,* Marta Epeldegui,””’
Chukwuemeka N. Okafor,? Mackey Reuel Friedman,” Frank J. Palella,'® and Kristine M. Erlandson’

Abstract

Background: Chronic inflammation contributes to aging and organ dysfunction in the general population, and
is a particularly important determinant of morbidity and mortality among people with HIV (PWH). The effect of
cannabis use on chronic inflammation is not well understood among PWH, who use cannabis more frequently
than the general population.

Materials and Methods: We evaluated participants in the Multicenter AIDS Cohort Study (MACS) beginning in
2004 with available data on cannabis use and inflammatory biomarkers. Associations of current cannabis use
with plasma concentrations of inflammatory markers were adjusted for hepatitis C, tobacco smoking, and comor-
bidities. Markers were analyzed individually and in exploratory factor analysis (EFA).

Results: We included 1352 men within the MACS. Twenty-seven percent of HIV-negative men, 41% of HIV vire-
mic men, and 35% of virologically suppressed men reported cannabis use at baseline. Among cannabis users,
20-25% in all groups defined by HIV serostatus were daily users, and the same proportion reported weekly
use. The remaining ~ 50% of users in all groups reported monthly or less frequent use. Four biomarker groupings
were identified by EFA: Factor 1: immune activation markers; Factor 2: proinflammatory cytokines; Factor 3: Th1-
and Th2-promoting cytokines; and Factor 4: inflammatory chemokines. In EFA, daily users had 30% higher levels
of Factor 2 biomarkers than nonusers (p=0.03); this was the only statistically significant difference by cannabis
use status. Among individual markers, concentrations of IL-1p, IL-2, IL-6, and IL-8 (Factor 2); IL-10 (Factor 3); and
BAFF (Factor 1) were higher (p < 0.05) among daily cannabis users than among nonusers, after adjusting for HIV
serostatus and other covariates.

Discussion: Associations between daily cannabis use and proinflammatory biomarker levels did not differ by HIV
serostatus. Further prospective studies with measured cannabis components are needed to clarify the impact of
these compounds on inflammation. Our findings can facilitate for hypothesis generation and selection of bio-
markers to include in such studies.
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Introduction

Chronic inflammation is a well-recognized contributor
to aging and progressive organ damage in the general
population, and this effect appears to be more pro-
nounced in people with HIV (PWH)."” Although
AIDS development can now be effectively prevented or
reversed by combination antiretroviral therapy (cART),
PWH continue to suffer from degenerative disorders,
organ dysfunction, and malignancies earlier in life than
their HIV-uninfected counterparts; much of this can
be attributed to persistently higher levels of chronic in-
flammation and resulting in systemic damage in addi-
tion to immune exhaustion (senescence).”™

Although levels of inflammation are lower among
PWH with greater adherence to cART, they do not typ-
ically normalize to levels as low as observed among
HIV-uninfected individuals.”” As PWH age and the
burden of inflammation-related comorbidities
creases, novel strategies are needed to decrease levels
of inflammation and their clinical sequelae.

Cannabis is the most commonly used psychoactive
substance in the United States with an estimated 26 mil-
lion people > 12 years of age currently utilizing it,*” and
recent trends toward its legalization suggest increased
recreational and therapeutic use.

A Cochrane review and meta-analysis of 79 trials in-
cluding 6462 participants reported that, among other
outcomes, moderate-quality evidence supported the
benefit of cannabinoids for chronic pain, and that
low-quality evidence suggests improvements in nausea
and vomiting, weight gain in HIV infection, all of
which are conditions over-represented in PWH. In
this study, cannabinoids were associated with an in-
creased risk of short-term adverse events (e.g., dizzi-
ness, dry mouth, confusion, and disorientation).'’

The long-term health risks and benefits of cannabis
use, including effects on chronic inflammation, have
not been sufficiently studied in humans.'’ Further-
more, the effects of cannabis use among PWH remain
unclear: several studies have suggested that individual
cannabinoids naturally occurring in the cannabis
plant can attenuate chronic inflammation and interfere
with HIV replication itself.'*""> However, other studies
point toward reduced cART adherence among regular
cannabis users and an association of cannabis use with
polysubstance use, both of which contribute to poorer
HIV-related and overall health outcomes.'®"”

Two analyses from the Multicenter AIDS Cohort
Study (MACS) have reported a higher risk for cardio-
vascular events and pulmonary conditions among self-
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reported cannabis users, particularly among men with
HIV."®'” Our understanding of the independent effects
of cannabis among PWH is incomplete, in part, be-
cause reasons for cannabis use are diverse. Cannabis
may be utilized for treatment of anxiety, depressive
symptoms, neuropathic or other types of pain, as well
as ART-associated side effects (e.g., nausea or lack of
appetite), many of which have also been reported as
reasons for lower ART adherence.”*"*

In this analysis, we examined the association be-
tween self-reported current cannabis use and concen-
trations of inflammatory biomarkers among MACS
participants with and without HIV, accounting for
other individual characteristics known, or suspected
to have an effect on inflammation.

Materials and Methods

Study design and population

The MACS is an ongoing prospective cohort study of
HIV infection among men who have sex with men
and is conducted at four sites in the United States: Bal-
timore, MD/Washington, DC; Chicago, IL; Los Angeles,
CA; and Pittsburgh, PA/Columbus, OH.?* Men in the
cohort are evaluated at study visits every 6 months
that include standardized interviews, physical examina-
tions, and collection of biological samples for laboratory
analysis and storage. MACS study protocols at all sites
were approved by their local institutional review boards
and all participants provided informed consent before
enrollment and before any new procedure.

The study population for this analysis consisted of all
MACS men contributing a study visit beginning in
2004, where both measurement of plasma inflamma-
tory biomarker concentrations and self-reported can-
nabis use were collected. The 2004 cutoff was used to
maximize the inclusion of men with HIV treated
with modern cART. For each participant, we selected
the first eligible visit after 2004.

Exposure, outcome, and covariate ascertainment
Cannabis use since the previous study visit (within the
prior 6 months) was assessed by self-report, and in
those reporting such use, the frequency was character-
ized as daily, weekly, monthly, or less than monthly.
Monthly and less than monthly were collapsed into a
single category for analysis.

As previously described, BAFF, sCD14, sCD27,
gp130, sIL2-Ra, sIL-6R, sTNFR2, CXCL10, GM-CSF,
IL-1p8, IL-2, IL-6, TNF-o, IL-8, CCL4, IL-10, IL-
12p70, CCL11, CCL2, and CCL13 were measured
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from stored plasma using the MesoScale Discovery
(MSD, Gaithersburg, MD) and Luminex (Luminex, Aus-
tin, TX) platforms.” C-reactive protein (CRP) was mea-
sured with an immunonephelometric assay by a clinical
reference laboratory (Quest Diagnostics, Madison, NJ).

CD4+ T cell counts (cells/ul) were assessed with
flow cytometry. Plasma HIV-1 RNA (viral load) was
measured with the Roche Amplicor assay, sensitive to
50 copies/mL. Infection with hepatitis C virus (HCV)
was defined as the presence of detectable HCV RNA.
Diabetes mellitus was defined by hemoglobin A1C
>6.5%, a fasting glucose of >126mg/dL, or self-
reported use of antidiabetes medication. Anemia was
defined by a hemoglobin concentration below the
fifth percentile in the general population. Obesity was
defined by a body mass index >30kg/m’. Tobacco
smoking was collected by self-report.

Statistical analysis

Crude differences in biomarker concentrations between
and among cannabis use groups were assessed with the
Wilcoxon rank sum and Kruskal-Wallis tests. In this
cross-sectional study, the causal relationship between
cannabis use and inflammation might be viewed as di-
rected either way; in conceptualizing the analysis, we
considered cannabis use as the exposure of interest
and inflammatory biomarker concentrations as the out-
comes. Because biomarker concentrations exhibited
heterogeneous distributions, we modeled them as gen-
eralized gamma to avoid imposing strong distributional
assumptions. In multivariable models, as previously
done with these biomarker levels in other MACS analy-
ses, we held scale (¢) and shape (1) parameters constant
and allowed the location parameter 5 to vary by cova-
riates, which allows one to interpret the effect of a
covariate as a constant percentage shift of the distribu-
tion across percentiles.’* We adjusted multivariable
models for measured covariates that were plausible con-
founders of the cannabis-inflammation relationship:
HIV serostatus, age, race, HCV infection, smokjng, obe-
sity, diabetes, and anemia. Statin use was not a significant
predictor of biomarker concentrations and was, therefore,
not included in adjusted models. To adjust for multiple
significance tests, we controlled the false discovery rate
at 5% using the Benjamini-Hochberg procedure.””

To parsimoniously capture the covariance structure
of the 24 biomarkers, we employed exploratory factor
analysis (EFA) using the same methods as Wada
et al.' In EFA, underlying “factors” are assumed to
give rise to the covariance structure among observed
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variables. We used iterative principal factor extraction
and selected four factors through the use of a scree
plot. Factor rotation was orthogonal, using the Vari-
max method. Each individual was assigned a score
for each factor based on his observed biomarker con-
centrations. Factor scores were created using Bartlett’s
method, which is unbiased with independent exposure
variables and latent outcomes.*® We then fit multivar-
iable linear regression models to model each factor
score as a function of cannabis use frequency and pos-
sible confounding variables. We used SAS v9.4 (Cary,
NC) and Stata 11 (College Station, TX) for all analyses.

Results

Characteristics of study population

The study population comprised 1352 men from the
MACS (281 HIV -uninfected men, 464 men with detect-
able HIV-1 RNA [“viremic”], and 607 men with unde-
tectable HIV-1 RNA [“suppressed”]) who contributed
study visits from 2004 to 2009; their characteristics
are displayed in Table 1. Among all participants, 73%
reported ever using cannabis; 27% of HIV-uninfected
men, 41% of viremic men, and 35% of suppressed
men reported cannabis use at the index visit. Among
all cannabis users (uninfected, viremic, and sup-
pressed), 20-24% were daily users, 24-26% reported
weekly use, and ~50% reported monthly or less fre-
quent use.

Individual biomarker analyses

Individual biomarker concentrations across groups
defined by HIV serostatus are displayed in Table 2. Sig-
nificant unadjusted differences in biomarker concen-
trations between cannabis nonusers and daily users
were detected in the following: HIV-uninfected canna-
bis daily users had higher concentrations of IL-2 than
HIV-uninfected nonusers; viremic cannabis daily
users had higher levels of GM-CSF, IL-1f, IL-2, and
IL-8 than viremic nonusers; and suppressed daily
users had higher concentrations of IL-12p70, CCLI11,
and IL-8 than suppressed nonusers.

In adjusted regression models, compared with non-
users, cannabis daily users had significantly higher con-
centrations of BAFF, IL-1f, IL-2, IL-6, IL-8, and IL-10
(Fig. 1 and Appendix Table A1). Only levels of IL-1p,
which were 54% higher among cannabis users than
nonusers, remained significant when adjusting for mul-
tiple tests by controlling the false discovery rate at 5%.
There were no significant differences in these results by
HIV serostatus or virological suppression group.
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Table 1. Characteristics of Study Population

KRSAK ET AL.

HIV uninfected

People with HIV,

People with HIV, suppressed

(n=281) viremic (N=464) HIV-1 RNA (n=607) Total (n=1352)
Cannabis use reported 27% 41% 35% 36%
Daily 23% 20% 24% 23%
Weekly 25% 24% 26% 25%
Monthly 14% 17% 13% 15%
<Monthly 38% 39% 37% 38%
Ever used cannabis 72% 75% 73% 73%
Age (years) 48 (42, 56) 46 (40, 51) 48 (42, 54) 47 (41, 53)
Body mass index (kg/mz) 26.1 (23.4, 29.3) 24.5 (22.6, 27.3) 24.6 (22.6, 27.3) 24.9 (22.7, 27.6)
Black, non-Hispanic 37% 38% 23% 31%
White, Hispanic 4% 6% 7% 6%
White, non-Hispanic 53% 46% 60% 54%
Other race 7% 8% 9% 8%
Cigarette smoking at visit 42% 41% 31% 37%
Statin use 14% 15% 31% 22%
Aspirin use 30% 23% 30% 28%
Hepatitis C infection 21% 12% 9% 13%
Diabetes 14% 13% 14% 14%
Anemia 10% 25% 16% 18%
Hypertension 25% 19% 21% 21%
Prior cancer diagnosis 2% 6% 7% 6%
Any prior cART exposure — 76% 99% 89%
No cART at visit — 53% 10% 32%
Prior AIDS diagnosis — 13% 14% 14%
CD4+ T cell count (cells/uL) —_ 380 (243, 561) 578 (415, 758) 490 (331, 676)
CD4 + nadir (cells/ulL) — 280 (156, 411) 269 (146, 383) 272 (152, 392)
HIV-1 viral load (RNA copies/mL) — 9514 (887, 46,500) 40 (40, 40) 40 (40, 4346)
Years since diagnosis — 13.3 (7.5, 18.6) 15.4 (11.8, 18.4) 14.7 (9.9, 18.4)
Years since cART initiation — 6.3 (4.0, 7.9) 6.5 (3.9, 8.2) 6.5 (3.9, 8.1)

Values reported as number (frequency) or median (interquartile range).
cART, combination antiretroviral therapy.

Exploratory factor analysis

EFA identified four factors, each characterized by bio-
markers with high loadings (defined by convention as
>0.4). Four biomarkers (CRP, CXCL13, IFN-y, and
CCL17) did not load within the prespecified range
for any of the four identified factors. The factors corre-
sponding to distinct immunological processes (detailed
in the discussion) are listed hereunder.

1. Factor 1 (BAFF, sCD14, sCD27, gp130, sIL2-Ra,
sIL-6R, sSTNFR2, and CXCL10): immune activa-
tion markers.

Factor 2 (GM-CSF, IL-1p, IL-2, IL-6, TNF-q,
IL-8, and CCL4): predominantly proinflamma-
tory cytokines.

. Factor 3 (IL-10, IL-12p70): Thl- and Th2-
promoting cytokines secreted by regulatory B
cells (Bregs) and T cells (Tregs) (IL-10), and by
dendritic cells and macrophages (IL-12p70).
Factor 4 (CCL11, CCL2, and CCL13): inflamma-
tory chemokines.

We next incorporated factor scores rather than indi-
vidual biomarkers into regression analyses (Table 3).
Daily cannabis users had significantly higher scores

for Factor 2 relative to nonusers, after adjustment for
HIV serostatus or virological suppression group and
other covariates (0.3 standard deviations higher,
p<0.05). No other statistically significant associations
were observed between cannabis use frequency and in-
flammatory factor scores.

Discussion

In this analysis of men with and without HIV, we found
a significant association between cannabis use and in-
flammatory biomarker concentrations that grouped in
our Factor 2 subset of inflammatory markers, as well
as BAFF (Factor 1) and IL-10 (Factor 3). We did not
find that these associations differed by HIV serostatus,
after accounting for other inflammatory comorbidities
and characteristics.

An interesting finding deserving further discussion
pertains to the association of reported cannabis use
with IL-10. IL-10 is regarded as an anti-inflammatory
Th2-pathway cytokine operative in dampening inflam-
mation in the gut, improving risk of atherosclerosis and
postmyocardial infarction healing, and in immune tol-
erance during pregnancy. A combination of CBD-
THC (but not THC or CBD alone) has been reported
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FIG. 1. Results from multivariable generalized gamma regression demonstrating the effect of cannabis
daily use versus nonuse on markers of inflammation and immune activation. Models are adjusted for HIV
serostatus, age, race, HCV infection, cigarette smoking, obesity, diabetes, and anemia. Squares indicate
adjusted estimates and bars indicate 95% confidence intervals; yellow indicates significance of p <0.05
before adjusting for multiple comparisons, red indicates significance after adjusting for multiple tests by
controlling false discovery rate at 5%. HCV, hepatitis C virus.
N\ J

to decrease inflammation in experimental autoimmune
encephalomyelitis by increasing IL-10 levels, while also
decreasing proinflammatory cytokines, including TNF-
o, IL-1B, IL-6 (our Factor 2), among others.?” Interest-
ingly, cannabinoid 2 receptor-specific cannabinoid has
been proposed as potentially beneficial for improved
transplanted graft survival by promoting IL-10-related
pathways.*®

Several limitations of our study should be noted, in-
cluding the cross-sectional approach and the inclusion
of only men. The self-reported use of cannabis as a mea-
surement of exposure lacks nuance and accuracy, partic-
ularly with respect to the concentrations of delta-9-THC
and CBD. These components of cannabis may have dif-
ferential effects on inflammatory marker responses, and
historically, during the period of these data collection,
CBD has not been as prominently present in various can-
nabinoids containing products as it is today.

Although we demonstrated an association with in-
creased IL-1f and IL-6 levels among self-reported

daily cannabis users, it is not clear whether these ele-
vated levels could be a predisposing condition or the re-
sult of high-THC/low-CBD cannabis consumption.
For instance, CBD has been shown to decrease the pro-
duction and inhibit the release of these markers in a re-
cent study of 23 individuals in Colorado that reported
that subjects who used a strain of cannabis that con-
tained both THC and CBD had lower levels of proin-
flammatory biomarkers, including TNF-o, IL-1f, and
IL-6 than subjects who used a strain with a high
THC content and minimal CBD.*

To improve upon the findings of our study, precise
measurements of cannabinoid, flavonoid, and terpe-
noid exposure can be done by liquid or gas chromatog-
raphy paired with mass spectrometry in biological
samples.’®* > Understanding the magnitude of expo-
sure to these cannabis components paired with pre-
and postexposure measurements of the same battery
of inflammatory markers may add to the understand-
ing of cannabinoids’ mediation as pertaining to the
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Table 3. Differences in Distributions of Latent Inflammatory
Factors Associated with Cannabis Use from Multivariable
Generalized Gamma Regressions Among People

With and Without HIV

Beta p 95% LL 95% UL

Factor 1

Monthly or less —0.093 0.186 —0.230 0.045

Weekly —0.029 0.773 —0.228 0.169

Daily —0.069 0.521 —0.280 0.142
Factor 2

Monthly or less 0.097 0.281 —0.079 0.272

Weekly 0.150 0.245 —0.103 0.404

Daily 0.302 0.028 0.032 0.571
Factor 3

Monthly or less 0.089 0.274 —0.070 0.247

Weekly 0.116 0.323 —-0.114 0.345

Daily 0.205 0.099 —0.039 0.448
Factor 4

Monthly or less 0.091 0.286 —0.076 0.258

Weekly —0.149 0.224 —0.390 0.091

Daily 0.080 0.537 —-0.175 0.336

Factor 1 (BAFF, sCD14, sCD27, gp130, slL2-Ra, sIL-6R, sTNFR2, and
CXCL10): immune activation markers. Factor 2 (GM-CSF, IL-14, IL-2, IL-6,
TNF-g, IL-8, and CCL4): predominantly proinflammatory cytokines. Factor
3 (IL-10 and IL-12p70): Th1- and Th2-promoting cytokines secreted by
regulatory B cells (Bregs) and T cells (Tregs) (IL-10), and by DCs and mac-
rophages (IL-12p70). Factor 4 (CCL11, CCL2, and CCL13): inflammatory
chemokines.

DCs, dendritic cells; 95% LL, lower bound of 95% confidence limit; 95%
UL, upper bound of 95% confidence limit.

inflammatory responses. EFA in a prospective study
may identify biological pathways affected by these
compounds. Improved understanding would be helpful
in designing studies of objective outcomes, such as the
effects of cannabinoids on the development of fibro-
sis/sclerosis within various organ systems and related
morbidity and mortality.

Conclusions

Although we found an association between cannabis
use and some inflammatory pathways, we did not find
that the effects of cannabis on inflammation differed
by HIV serostatus. The effects of specific doses, route
of exposure, and combinations of cannabinoids on
measured outcomes require further study to better un-
derstand the short- and long-term consequences of can-
nabis use among adults both with and without HIV, and
selection of biomarkers for future studies may now be
informed by the cross-sectional associations reported
here. Such efforts would be particularly timely now
since current sales of cannabis-containing products
continue to be driven mostly by anecdotal evidence of
benefit or, more commonly, by the recreational psycho-
active properties of THC.'"**** Further knowledge of
the therapeutic potential of cannabinoids can help elu-
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cidate additional benefits as well as potential risks asso-
ciated with their prolonged use in these settings.”> >’
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Abbreviations Used

95% LL =lower bound of 95% confidence limit
95% UL = upper bound of 95% confidence limit
CBD = cannabidiol
CART = combination antiretroviral therapy
CRP = C-reactive protein
DCs = dendritic cells
EFA = exploratory factor analysis
HCV = hepatitis C virus
IQR = interquartile range
MACS = Multicenter AIDS Cohort Study
PWH = people with HIV
THC = tetrahydrocannabinol
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CANNABIS VS INFLAMMATION IN MSM

Appendix Table A1. Differences in Distributions
of Inflammatory Biomarker Concentrations Associated
with Daily Cannabis Use (Compared with No Use)
from Multivariable Generalized Gamma Regressions

Appendix

Biomarker % Shift 95% LL 95% UL p q

BAFF 9.0% 1.7% 16.9% 0.015 0.006
CCL™ 8.9% —2.4% 21.4% 0.127 0.017
CccL13 0.1% —9.7% 11.0% 0.981 0.050
CcCL17 11.1% —5.6% 30.7% 0.206 0.021
CCL2 4.2% —5.9% 15.2% 0.430 0.035
CCL4 7.0% —9.3% 26.3% 0.420 0.033
CRP 3.8% —21.4% 37.1% 0.794 0.046
CXCL10 —8.1% —21.2% 7.3% 0.285 0.023
CXCL13 6.2% —23% 15.4% 0.155 0.019
GM-CSF 15.0% —12.1% 50.5% 0.308 0.025
IFN-y —2.2% —22.9% 24.1% 0.857 0.048
IL-10 22.4% 1.9% 47.0% 0.031 0.008
IL-12p70 8.4% —16.5% 40.8% 0.543 0.038
IL-15 53.8% 18.2% 99.9% 0.001 0.002
IL-2 35.9% 8.9% 69.6% 0.007 0.004
IL-6 19.8% 1.6% 41.2% 0.031 0.010
IL-8 15.6% 0.4% 33.1% 0.044 0.013
sCD14 3.7% —3.7% 11.6% 0.341 0.029
sCD27 —2.0% —10.5% 7.2% 0.658 0.044
sGP130 —2.2% —7.4% 3.2% 0418 0.031
sIL-2Ra 2.4% —6.3% 12.0% 0.601 0.040
sIL-6R —6.1% —12.4% 0.5% 0.070 0.015
sTNFR2 —2.1% —10.4% 7.0% 0.643 0.042
TNF-o 5.4% —5.3% 17.4% 0.334 0.027

Models are adjusted for HIV serostatus, age, race, HCV infection, ciga-
rette smoking, obesity, diabetes, and anemia. g-Values for controlling
false discovery rate at 5%; bold italics indicate p-value < g-value.

95% LL, lower bound of 95% confidence limit; 95% UL, upper bound
of 95% confidence limit; HCV, hepatitis C virus.
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