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Abstract

Background—Cannabis is among the most frequently used substance in United States (U.S.).
Studies evaluating the association between cannabis use and inflammation in humans have been
few and have not explored potential sex-dependent effects.

Objective—To examine the relationship between self-reported cannabis use and high-sensitivity
C-reactive protein (hsCRP), Interleukin 6 (IL-6) and fibrinogen.

Methods—We used Wave 1 of the Population Assessment of Tobacco and Health (PATH) — a
nationally representative sample of adults in the U.S. Weighted linear regression models were used
to determine associations of self-reported cannabis use with natural log-transformed hs-CRP, IL-6
and fibrinogen adjusting for sociodemographic and psychosocial factors.

Results—Self-reported cannabis use, particularly cannabis use within the past 30 days, was
associated with lower levels of each biomarker of systemic inflammation, although findings were
imprecise. Specifically, in multivariable models, the associations between respondents who self-
reported cannabis use in the past 30 days compared to never use was imprecise for hs-CRP (B=
-0.15, 95% confidence interval (Cl): -0.32, 0.00), IL-6 (= - 0.02, 95% CI: —0.10, 0.05) and
fibrinogen (B=- 0.01, 95% CI: -0.04, 0.02). We did not find that these associations differed
significantly by sex.

Discussions—Data from this nationally representative study suggest potential anti-
inflammatory effects of recent cannabis use. Additional studies that biologically measure the THC
and CBD concentrations of the cannabis used and employ prospective and or experimental study
designs investigate cannabis and inflammation associations are needed.
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1. Introduction

Chronic, as opposed to acute inflammation, has been proposed to be involved in the
pathophysiology of several chronic physical health conditions, including coronary artery
disease, diabetes, cancer, Alzheimer’s, osteoarthritis, and autoimmune diseases (Bennett et
al., 2018; Chung et al., 2011; Furman et al., 2019; Newcombe et al., 2018). In 2017, these
four chronic conditions accounted for nearly 1.5 million deaths in the United States (U.S.)
(CDC, 2017). Additionally, a growing body of new evidence suggests that chronic low-grade
inflammation is involved in mental health conditions and recurrence such as depression (Liu
etal., 2019; Miller & Cole, 2012; Opel et al., 2019; Osimo et al., 2019; Slavich & Irwin,
2014; Tannous et al., 2020), as well as chronic pain (Bennett et al., 2018; Karshikoff et al.,
2016). As such, patients and clinicians, are increasingly exploring novel therapies for
chronic health conditions that target or mitigate chronic inflammation (Daily et al., 2016;
Edwards, 2005; Goldfine & Shoelson, 2017; Ricker & Haas, 2017).

The active constituents of cannabis, particularly tetrahydrocannabinol (THC) and
cannabidiol (CBD), have been shown to have immunomodulatory effects (Persidsky et al.,
2015; Rom & Persidsky, 2013), specifically anti-inflammatory properties (Klein, 2005;
Nagarkatti et al., 2009a). In non-human primates, THC administration attenuated tissue
inflammation (Chandra et al., 2014; Kumar et al., 2019; Molina et al., 2011). Consequently,
there has been an increase in cannabis use for medical purposes (Han et al., 2018),
particularly among conditions with an inflammatory component including HIV, cancer and
chronic pain (Boehnke et al., 2016; D’Souza et al., 2012). Currently, 33 states have laws
allowing medical cannabis use for a wide range of conditions, with 11 states allowing
recreational cannabis use (Legal Medical Cannabis States and DC - Medical Cannabis -
ProCon.Org, n.d.).

Yet, there have not been many studies evaluating the association between cannabis use and
inflammation in humans and findings from the few studies published have been mixed.
Cannabis use was significantly associated with lower levels of C reactive protein (CRP), but
only among those whose CRP levels were below the median (Alshaarawy & Anthony,
2015). Lifetime but not recent cannabis use was associated with lower levels of fibrinogen
(Alshaarawy et al., 2019). Further, studies have not found any significant association
between cannabis use and interleukin 6 (IL-6) and CRP, high sensitivity CRP (hs-CRP)
(Alshaarawy et al., 2019; Ferguson et al., 2019; Fond et al., 2017). Furthermore, cumulative
cannabis use (for 20 years) and cannabis dependence was not associated with levels of CRP
(Meier et al., 2016). In contrast, any cannabis was significantly associated with elevated
levels of CRP (Costello et al., 2013) and lifetime cannabis use was significantly associated
with lower levels of IL-6 (Keen et al., 2014).

We aim to evaluate three biomarkers of systemic inflammation including IL-6, fibrinogen
and hs-CRP — a more sensitive CRP test that can detect small changes in CRP levels (Ridker,
2004; Vodolazkaia et al., 2011), which may be more apt to estimating cannabis inflammation
effect. Furthermore, to understand the cannabis-inflammation association better, studies
need to address for confounding variables particularly sociodemographic, behavioral and
pharmacological confounders. Finally, studies on a potential sex-dependent effect of
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cannabis use on inflammation is scarce. In other studies, women reported higher ratings of
subjective effects of cannabis use compared to men (Cooper & Haney, 2014), while men
exhibited greater cannabis-induced analgesia compared to women (Cooper & Haney, 2016).
Women are more likely to report loss of appetite, while men are more likely to report
increased appetite associated with cannabis use (Cuttler et al., 2016). The mechanisms
underlying potential sex-dependent effects of cannabis use may be attributed to sex-
dependent differences in cannabis metabolism and interactions between the
endocannabinoid system and sex hormones (Calakos et al., 2017; Cooper & Craft, 2018;
Craft et al., 2013; Rubino & Parolaro, 2015). As such, the evidence suggests that women are
more sensitive than males to the behavioral and physiological effects of cannabis. This
emerging evidence on potential sex-dependent effects of cannabis call for investigating
cannabis use by sex interactions on health, including chronic inflammation.

Therefore, the objective of this analysis was the examine the relationship between self-
reported cannabis use and biomarkers of systemic inflammation, specifically high-sensitivity
C- reactive protein (hsCRP), Interleukin 6 (IL-6) and fibrinogen. In light of findings from
the extant literature (Alshaarawy & Anthony, 2015), we hypothesized that self-reported
cannabis use will be associated with significantly lower levels of each biomarker of systemic
inflammation compared to nonuse. Additionally, we investigated self-reported cannabis use
by sex interactions to determine whether sex-dependent differences emerge on the impact of
self-reported of cannabis use on biomarkers of systemic inflammation.

2. Methods
2.1. Study sample

Data came from Wave 1 (2013-2014) of the Population Assessment of Tobacco and Health
(PATH) study Biomarker Restricted-Use files (NAHDAP, 2018a). The PATH study is a
nationally representative, longitudinal cohort study of tobacco use and health outcomes in
the United States (U.S.). The PATH study is a collaboration between the National Institute
on Drug Abuse (NIDA), National Institutes of Health (NIH), the Center for Tobacco
Products (CTP), and the Food and Drug Administration (FDA) to collect data on tobacco use
patterns and related health outcomes from non-institutionalized residents of the U.S. aged 12
years and older.

Extensive details of the PATH study design and methods has been published previously
(Hyland et al., 2017). Of the 32,320 respondents who completed the Wave 1 adult interview,
21,801 (67.4 percent) provided a urine specimen. Among these, a stratified probability
sample of 11,522 adults were selected from a diverse mix of six tobacco product use groups
including: (i) current exclusive established users of cigarettes (ii), current established users
of one or more tobacco products other than cigarettes (who may also be current established
users of cigarettes or experimental users of other products, including cigarettes), (iii) current
experimental users of any tobacco products, (iv) former established users of any tobacco
product (last use within the past 12 months), (v) never users of any tobacco products and (vi)
current established users of cigarettes who are experimental users of at least one other
tobacco products. Of the 11,522 adults, 7,159 also provided a blood specimen. Blood was
collected from consenting adults at a separate study visit by a phlebotomist, who visited the
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respondent’s home. Blood specimens were shipped to the Division of Laboratory Sciences,
National Center for Environmental Health (NCEH), Centers for Disease Control and
Prevention (CDC) for analysis of biomarkers of inflammation. Thus, the analysis sample
comprised of 7,159 adults of PATH Wave 1.

Measures

2.2.1. Outcome: Biomarkers of systemic inflammation—High Sensitivity C
Reactive Protein (hsCRP) was measured in serum or plasma using the Cardiac C-reactive
Protein (Latex) Sensitive immunoturbidimetric assay on the automated Roche/Hitachi cobas
¢ 311 module. The lower limit of detection, as determined by the assay manufacturer, is 0.5
mg/L. Additional details of the laboratory procedures can be found here (NAHDAP, 2018b).

Interleukin 6 (1L-6) IL-6 assays were performed following GenWay Biotech’s Standard
Operating Procedure ANAO15 (High Sensitivity Human IL-6 in Serum ELISA). IL-6 was
measured in serum using the Quantikine Human IL-6 ELISA KIT (R&D Systems Cat#
HS600B and HS600C) and Immunoassay Control Group 10 (R&D Systems Cat#QC41).
Optical density was read using the Emax precision microplate reader (Molecular Devices)
set to 490 nm. The assay range is 0.255 to 9.755 pg/mL.

Fibrinogen was measured using the Clauss fibrinogen assay, a quantitative, clot-based,
functional assay. The assay measures the ability of fibrinogen to form fibrin clots after being
exposed to a high concentration of purified thrombin. The assay was run on the ACL Top
300, which adds a predetermined number of units of bovine thrombin to citrated human
plasma and measures the clotting kinetics turbidometrically. The assay range is 150 to 1000
mg/dL.

2.2.2. Predictor

Self-reported cannabis use.: We used three questions from wave 1 of the adult survey to
identify the participant’s self-reported recency of cannabis use. Respondents were asked the
following questions *“Have you ever used marijuana, hash, THC, grass, pot or weed and
“Have you ever smoked part or all of a cigar, cigarillo or filtered cigar with cannabis in it’.
All respondents who had ever used cannabis (based on affirmative responses above) were
additionally asked “How long has it been since you last used marijuana, hash, THC, grass,
pot or weed?” \We then used responses to all three questions to create a four-level categorical
variable for self-reported cannabis use: (1) never used, (2) more than a year ago, (3) more
than 30 days, but within the past year and (4) within the past 30 days.

2.2.3. Covariates—Sociodemographic covariates include age (in years), sex (male/
female), race/ethnicity (Non-Hispanic white, Non-Hispanic Black, Hispanic, and others),
educational attainment (Less than high school/GED, high school graduate, some college (no
degree)/associate degree and college degree or more. In light of a recent study (Ferguson et
al., 2019), we included anti- inflammatory medications use as a covariate and included
aspirin, Tylenol (acetaminophen), Cox-2 inhibitors, ibuprofen, Motrin, Advil, Naprosyn and
Aleve. Weight was measured in pounds and height in inches; using weight and height
measured, body mass index (BMI) was calculated in kgm?2. Alcohol, tobacco smoking and
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illicit drug use were measured of all respondents via self-report. Recency of alcohol use was
categorized using similar categories as the self-reported cannabis use variable, while recent
tobacco use was categorized as never/none, more than three days, but within the past year
and within the past year. We operationalized any illicit drug (including cocaine/crack,
methamphetamine/speed, heroin, inhalants, solvents, or hallucinogens) use in the past year
as a binary variable.

2.3. Data analysis

We used weighted frequencies, percentages (for categorical variables), medians, and
interquartile range (for continuous variables) to describe the characteristics of the Wave 1
PATH sample by their self-reported cannabis use. The primary predictor in this analysis was
the four- level variable of self-reported cannabis use and the primary outcomes were the four
biomarkers of inflammation (hsCRP, IL-6, and Fibrinogen). All the outcome variables were
highly skewed and were subsequently natural log-transformed to stabilize their distributions.
We used linear regression models to examine the association of self-reported cannabis use
and each of the biomarkers of inflammation. We conducted the crude and adjusted models.
We conducted the adjusted models in stages, model 1 adjusted for age and sex, model 2
additionally adjusted for race/ethnicity status, educational attainment, anti-inflammatory
medication use, recency of alcohol use, recency of tobacco smoking and any illicit drug use
in past 12 months, model 3 additionally adjusted for BMI. The set of covariates included in
the final models were based on a priori knowledge of their relationship to biomarkers of
systemic inflammation (Alshaarawy et al., 2019; Alshaarawy & Anthony, 2015; Ferguson et
al., 2019; Meier et al., 2016). To explore potential sex differences in association between
self-reported cannabis use and the biomarkers of systemic inflammation, we repeated all
analysis above and included a self-reported cannabis use by sex interaction term in the fully
adjusted model (i.e. model 3). The analysis was conducted in SAS version 9.4 (SAS Institute
Inc., Cary, North Caroline, USA) and accounted for the PATH study’s multi-stage stratified
area probability sampling design and nonresponse adjustments by using Wave 1 blood
biomarker weights (Westat, 2017), balanced repeated replication (McCarthy, 1966) and
Fay’s adjustment set to 0.3 to increase estimate stability (Judkins,1990). The replication
weights is also recommended for subpopulation analysis (NAHDAP, 2018c).

2.4. Sensitivity analysis

Because a hs-CRP level greater than 10 mg/L is indicative of serious infection, trauma or
chronic disease (Pearson et al., 2003; Shanahan et al., 2014), we further explored the impact
of high hs-CRP levels on our findings by limiting the analysis for hs-CRP among those with
hs- CRP in the normal range (i.e. hs-CRP < 10 mg/L).

3. Results

3.1. Population characteristics

Among the total population (N=7,159), we excluded respondents who reported that a doctor
told them that they had a heart disease or cancer (N=1,796), for a final analysis sample of
N=5,363. Among these, majority were male (51%), non-Hispanic white (63%), and over
half had attended some college, attained an Associate, college degree or more (53%; Table
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1). Sixty-three percent had used alcohol and over a third (35%) had smoked tobacco within
the past year, while 3% had used any illicit drugs within the past year. Median age of the
sample was 38 years IQR (27, 53) and median BMI was 26 (23, 30; Table 1). Among the
total population, 10.9% self- reported cannabis use within the past 30 days, 5.8% within the
past year and 21.8% used more than a year ago (Table 1).

3.2. Self-reported cannabis use and biomarkers of inflammation

Distribution of the untransformed biomarkers of systemic inflammation in the total
population and by cannabis use groups and relationships among the biomarkers of
inflammation are included in the Supplementary Material Tables S1 & S2. Figure 1 displays
mean estimated hsCRP, 1L-6 and fibrinogen levels (on logarithm scale) among categories of
cannabis use. These results show a general pattern of lower mean biomarkers of systemic
inflammation among respondents self-reporting cannabis use in the past 30 days compared
to other categories of cannabis use. We compared each category of cannabis use with the
group that self-reported never use.

hsCRP.—In bivariate analysis, cannabis use within the past 30 days was associated with
lower levels (i.e. negative association) of hs-CRP compared to nonuse, with narrow
confidence intervals around the beta estimates that excluded null and positive values (Table
2). Adjusting for covariates in model 2 attenuated the beta estimate of this association, with
confidence intervals also excluding null and positive values. In model 3 that additionally
adjusted for BMI, the beta estimate was further attenuated, indicating lower levels of hsCRP
in respondents who self- reported past 30 days cannabis use compared to nonuse, with
confidence intervals around the point estimates excluding null value. All other categories of
self-reported cannabis use indicated higher levels of hsCRP compared to nonuse (i.e.
positive beta estimates), but the confidence intervals around the points estimates spanned
both the null and negative values.

IL-6.—In bivariate analysis, self-reported cannabis use within the past 30 days was
associated with lower levels of IL-6 compared to nonuse, with confidence intervals around
the beta point estimates excluding null and positive values. However, adjusting for covariates
in models 2 and 3 progressively attenuated the beta estimate and increased the width of the
confidence intervals to include null and positive values. All other categories of self-reported
cannabis use produced wide confidence intervals that include null values.

Fibrinogen.—In bivariate analysis, self-reported cannabis use within the past 30 days was
associated with lower levels of fibrinogen compared to nonuse with confidence intervals
around the beta point estimates excluding null and positive value. Like IL-6, adjusting
covariates in models 2 and 3 attenuated the point estimates and widened the confidence
intervals to include the null value. Full model estimates with covariate results are included in
the Supplementary Material Table S3).
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3.3. Interactions between self-reported cannabis use and sex and biomarkers of
inflammation

In the fully adjusted analysis (model 3), the interaction terms between self-reported cannabis
use and sex were not statistically significant (all p’s = >0.05), indicating that the associations
between self-reported cannabis use and biomarkers of systemic inflammation did not
significantly differ by sex (Table 2). All other categories of self-reported cannabis use and
hs-CRP produced wide confidence intervals that included null and positive values.

3.4. Sensitivity analysis

The model that excluded respondents with hs-CRP level greater than 10 mg/L showed a
negative association between self-reported cannabis use in the past 30 days and hs-CRP,
although the confidence intervals around the beta estimate included null and positive values
(B =-0.12, 95% CI: -0.28, 0.04) (included in the Supplementary Material Tables S4). All
other categories of self-reported cannabis use and biomarkers of systemic inflammation
included both the null and positive values.

4. Discussion

In this analysis of nationally representative data from Wave 1 of the PATH study, there was a
pattern of lower levels of biomarkers of systemic inflammation, particularly hs-CRP among
respondents self-reporting recent (past 30 days’ use) cannabis use compared to never use,
although the wide confidence intervals around the point estimates indicated findings were
not statistically significant. Furthermore, statistical tests to determine whether the
association between self-reported cannabis use and biomarkers of systemic inflammation
differed by sex were also not statistically significant. The findings from our study are based
on a multivariable analysis that adjusted for important confounding variables, including
respondent’s BMI and use of anti-inflammatory medications.

The potential therapeutic effects of cannabis have been proposed to be mediated via its anti-
inflammatory properties (Lowin et al., 2019; Nagarkatti et al., 2009b; Perisetti et al., 2020).
Findings from preclinical and animal studies converge to suggest that the active constituents
in the cannabis plant — particularly THC and CBD induce anti-inflammatory properties
(Weiss et al., 2006). Our study found that more recent cannabis use is associated with lower
levels of biomarkers of systemic inflammation is consistent with anti-inflammatory
hypothesis and with findings from prior research. Data from the National Health and
Nutrition Examination Survey (NHANES) showed lower serum CRP levels in active
cannabis users compared to never users, but only when CRP levels were below the median
(Alshaarawy & Anthony, 2015). Also, self- reported cannabis use was not statistically
associated with lower levels of CRP in a recent analysis using data from the Adolescent to
Adult Health study, after adjusting for sociodemographic characteristics, tobacco exposure,
BMI and anti-inflammatory medication use (Ferguson et al., 2019). In a recent longitudinal
analysis of participants in the CARDIA cohort study, self-reported recent cannabis use was
not statistically associated with lower levels of CRP, IL-6 and fibrinogen among the
CARDIA sample (Alshaarawy et al., 2019).
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In sum, most epidemiologic studies investigating the association between self-reported
cannabis use and biomarkers of inflammation have found negative (i.e. inverse) associations
that were nonsignificant with the exception of a few that reported statistically significant
negative associations (Karoly et al., 2018; Keen et al., 2014, 2015). The reason for the
disparate findings may be related to differences in the study sample that focused on
primarily African Americans (Keen et al., 2014, 2015) and in the set of confounders
included in the multivariable models (Karoly et al., 2018). Our study adjusted for important
confounders such as anti-inflammatory medication use and BMI, which these prior studies
did not address in their analysis (Karoly et al., 2018). Indeed, our study found statistically
significant associations between recent cannabis use and lower levels of hs-CRP, IL-6 and
fibrinogen in limited models (i.e. models 1 and 2), which was no longer statistically
significant in the fully adjusted model 3, underscoring the importance of fully adjusting for
important confounders when investigating the relationships between cannabis use and
inflammation.

Our study extends findings from the extant literature by utilizing a large nationally
representative data to analyze the association between self-reported cannabis use and three
biomarkers of systemic inflammation. Although our results suggest lower levels of
biomarkers of systemic inflammation in respondents self-reporting cannabis use in the past
30 days (compared with never use), the estimates produced had wide confidence intervals.
The wide confidence intervals observed in our study might be a source of measurement error
related to the imprecise measurement of cannabis. Our study relied on self-report of
cannabis use, which is prone to inaccuracies. Specifically, respondents may not accurately
recall the last time they used cannabis, making it possible that some respondents who
reported that they used cannabis within the past year, but more than 30 days ago, might have
used in the past 30 days. Also, the cannabis use measurement in this analysis did not collect
data on the amount and or concentrations of the different active compounds in marijuana.
This is particularly relevant as emerging evidence suggest that the two primary active
constituents in cannabis — tetrahydrocannabinol (THC) and cannabidiol (CBD) — may have
opposing immunomodulatory effects (Bidwell et al., 2018).

Therefore, to move the field forward, better measurement of cannabis use, that includes the
amount, THC and CBD content and mode of consumption (i.e. smoking, vaping,
consumption) would help us ascertain the dose-response relationship between cannabis,
inflammatory markers, and symptomatology and whether findings differ by THC/CBD
concentrations and mode of consumption.

Our study also analyzed hs-CRP data which is a more stable and sensitive molecule (Ridker,
2004; Vodolazkaia et al., 2011) than the standard CRP test. The hs-CRP assay can detect
trace amounts of CRP than the standard CRP test. Although statistically nonsignificant, our
analysis showed that the differences between recent cannabis use and other categories of
cannabis use were more prominent for hs-CRP than other sensitive biomarkers of systemic
inflammation. This suggests that more sensitive biomarkers of systemic inflammation should
be employed in future research. Our analysis was based on only three biomarkers of
systemic inflammation; with the blood specimen to measure these biomarkers collected on a
separate visit from the visit cannabis data was collected. Future studies should include a
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broad panel of biomarkers, particularly anti-inflammatory molecules in order to increase our
understanding of the immunomodulatory effects of cannabis use.

We note that mean levels of all biomarkers of systemic inflammation were higher among
respondent self-reporting cannabis use within the past year, but not in the past 30-days
(Figure 1). It is possible that this group includes respondents who recently ceased cannabis
use due to illness that can drive inflammation response. The cross-sectional design of our
analysis precluded the assessment of directional relationships. Specifically, a cross-sectional
finding indicates a correlational association, precluding a directional or causal relationship
between cannabis use and biomarkers of systemic inflammation. Therefore, future research
using longitudinal and experimental designs that follow subjects across multiple time points
are needed to broaden our understanding of the cannabis and inflammation relationship,
specifically whether reductions in inflammatory markers mediate the association between
cannabis use and reduced self-reported chronic disease symptomatology or differences in
incident or recurring inflammatory-related disease (e.g., depression relapse).

5. Conclusion

In this nationally representative study of adults in the U.S. from the PATH study, we found
lower levels of biomarkers of systemic inflammation among respondents with self- reported
cannabis use in the past 30 days, compared to those reporting that they never used, although
the findings were not statistically significant. Future studies that biologically measure the
THC and CBD concentrations of the cannabis used and that employ prospective and or
experimental study designs are needed to move the field forward and provide robust data on
the impact of cannabis use on biomarkers of systemic inflammation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Studies assessing cannabis use and peripheral inflammation in humans have
been few

. We investigated associations of cannabis use and peripheral inflammation in
adults

. Cannabis use was not statistically associated with hs-CRP, IL-6 and
fibrinogen

. Studies with biological measures of cannabis use is warranted
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Estimated levels of biomarkers of systemic inflammation by self-reported cannabis use.
Estimates represent logarithm transformed scale. Error bars represent 95% confidence

intervals.
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